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OPERATORS SAFETY INFORMATION 

The following general safety information applies to all Grounding the Instrument 
operators and service personnel. Specific warnings will be 

This instrument is safety class 1 equipment (IEC 
found throughout the manual where they a p p l y  and designation). All accessible conductive parts are directly 
should be followed in each instance. connected through the grounding conductor of the power 

cord to the grounding contact of the power connector. 

WARNING statements identify conditions or 
practices which could result in personal injury or loss of 
life. The power-input plug must be inserted only into a 

mating receptacle with a grounding contact. Do not defeat 
the grounding connection. Any interruption of the groun- 

CAUTION statements identify conditions or prac- 
ding connection can create an electric-shock hazard. 

tices which could result in damage to the equipment or 
Refer to qualified service personnel for verificat~on of 

other property. 
adequate protective grounding system to which this 
instrument is to be connected. 

The word DANGER on the equipment i 
-& :---A:-+- I-.--.-rA ..,k:-CI rrr- lmlb i r  

The following safety symbols may appear on the 
equipment. 

 CAUTION-~efer to manual Do Not Remove Instrument Covers 

f DANGER-~lgh voltage To avoid electric-shock hazard, operating personnel 
must not remove the protective instrument covers. Com- 

Protective ground (earth) terminal ponent replacement and internal adjustments must be 
made by qualified service personnel only. 

Other warning symbols where they apply. 

AC Power Source and Connection Do Not Remove CRT Implosion Shield 

This instrumenf operates from a single-phase power Do not remove the clear plastic implosion shield 

source. It has a three-wire power cord and a two-~ole,  covering the crt face plate. This crf implosion shield 

three-terminal grounding-type connector. The voltage to provides protection to the operator from crt implosion. 

ground (earth) from either pole of the power source must 
not exceed the maximum rated operating voltage, 250 
volts. 

Before making connection to the power source, deter- 
mine that the instrument is adjusted to match the voltage 

Do Not Operate in Explosive Atmosphere 

of the power source, and has a suitable two-pole, three- To avoid explosion, do not operate this instrument in an 
terminal groundmg-type connector. Refer any changes to explosive atmosphere unless it has been certified for such 
qualified service personnel. operation. 

7904



Prevent Instrument Damage 

Plug-in units should not be installed or removed 
without first turning the instrument power off, to prevent 
instrument damage. 

7904 (SN B260000-UP) 

EJ Exercise Care with Intensity Level 

Crt phosphor damage can occur under adverse con- 
ditions. Avoid any condition where an extremely bright, 

Use the Proper Fuse sharply focused dot exists on the crt. Also, remember that 

Refer fuse replacement to qualified service personnel the light filter reduces the apparent light output from the 

only. l o  avoid fire hazard, use only the fuse specified in crt. 

the parts list for your instrument and which is identical in 
the following respects: 

A. Type: Slow blow, fast blow, etc. 
6. Voltage rating: 250 V, etc. 
C. Current rating. 

Operating-Power Consideration 

To prevent damage to the instrument always check the 
LINE VOLTAGE SfLECTORswitch, locatedon the rearof 
the instrument, before connecting the instrument to the 
supply circuit. 

v 
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SERVICE SAFETY INFORMATION 

The following are safety precautions which appear in 
the servicing information sections of this manual. This Disconnect the instrument from the power source and 
Service Safety lnformation is in addition to the Operators allow the line storage capacitors to discharge before 
Safety Information given previously. removing the power-unit cover. The line storage 

capacitors remain charged with high-voltage dc for 
several minutes after the iine power is disconnected 
unless they are manually discharged. A warning-indicator 
neon bulb, located on the Power-Supply lnverter board, 
flashes when this stored voltage exceeds about 80 volts. 

Do Not Service Alone Do not remove the power-unit cover while this light is 

Do not attempt internal service or adjustment unless 
another person, capable of rendering first aid and 
resuscitation, is present. 

Exercise Care When Operating lnstrument with 
Covers Removed 

Dangerous potentials exist at several points 
throughout this instrument. When the instrument is 
operated with the covers removed, do not touch exposed 
connections or components. Some transistors have 
voltages present on their cases. Disconnect power before 
cleaning the instrument or replacing parts. 

flashing. 

Use extreme caution when troubleshooting in the 
power-supply unit, to avoid electric shock. Stored dc 
potentials on the Power-Supply lnverter circuit board 
remain long after the instrument is disconnected from the 
power source. Verify that the power-cord plug is dis- 
connected and that the line storage capacitors (C1216 and 
C1217) are completely discharged before attempting any 
repairs or ohmic measurements. (A warning-indicator 
neon bulb, located on the Power-Supply lnverter board, 
flashes when this storage voltage exceeds about 80 volts. 
However, simply because the neon bulb is not flashing 
does not mean that the capacitors are fully discharged.) 

Disconnect Instrument Power 

To avoid electric-shock hazard, always disconnect the 
7904 from the power source before removing or replacing 
components. 

To avoid electric-shock hazard, disconnect the insfru- 
ment from the power source before soldering. 

Silicone Grease Handling 

Handle silicone grease with care. Avoid getting the 
silicone grease in your eyes. Wash hands thoroughly after 
use. 

Exercise Care When Servicing Power Unit 

The power supply unit has been tested at the factory to 
ensure safe operation, Improper repair of this unit can 

CRT Handling 

Use care when handling a crt. Breakage of the crt 
causes a high-velocity scattering of glass fragments 
(implosion). Protective clothing andsafety glasses should 
be worn. Avoid striking the crt on any object which might 
cause it to crack or implode. When storing a crt, place it in 
a protective carton or set it face down in a protected 
location on a smooth surface with a soft mat under the face 
plate. 

C A U t l O N  

Avoid Excessive Moisture 

Circuit boards and components must be dry before 
applying power to prevent damage from electrical arcing. 

result in hazardous potentials on the instrument chassis. 
Do not remove the plate insulator, block insulator, or 

Exercise Care When Checking Diodes 

transistor shield from the heat-sink. (See the exploded 
view drawing of the power supply unit for the location of 
these components.) 

When checking diodes, do not use an ohm-meter scale 
that has a high internal current, since high currents may 
damage the diodes under test. 
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Exercise Care When Soldering on Multi-Layer 
Boards 

Several of the crrcutl baords tn the 7904 are muitr-layer 
type boards wrlh a conductrve path Iarnrnatedbetween the 
fop and bottom boardlayers. Ailsoidering on these boards 
should be done with extreme care to prevent breaking the 
connecttons to this center conductor On& experrenced 
maintenance personnel should atternpf repair of tfleSe 
boards: A2--Main Interface, A#--Logtc, AS-Trigger 
Selector, A7 - Vertical Interface, A 12-Gap-Rectrfier. 

Exercise Care When Handling CRI Anode Lead 

Do not touch any components with the crt anode lead 
unhl rt rs fuily drscharged. 

Use Proper Cleaning Agents 

Avold the use of chemical cleanrng agents whrchm~ghl 
damage the plasr~cs used rn this instrument, Use a non- 
residue type of cleaner, preferably isopropyl alcohol, 
totaily denatured ethyl akohol, or TP35. Before using any 
other type of ~Ieaner consult your lektronix Service 
Center or representative. 

Do Not Use Pin Sockets for Connection Points 

The spring tension of the ptn sockets ensures a good 
connectron between the crrcurt board and the pin, This 
spring tension can be destroyed by using the pin sockets 
as a connecting point for sprmg-foaded probe tips, 
alligator clips, etc. 

Universal Euro 
220 volt150 Hz 

Rated 16 ampere 

Australian 
240 volt/50 Hz 

Rated 10 ampere 

North American 
120 volt/60 Hz 

Rated 15 ampere 
(12 amp rnax; NEC) 

Rated 13 ampere 

North Amerlcan 
240 volt, 60 HZ 

Rated 15 ampere 
(12 amp max. NEC) 

Power plug options. 

REV A DEC 1980 vii 
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7904 FEATURES 
The TEKTRONIX 7904 Oscilloscope is a solid-state, high performance instrument designed for general purpose 

applications. The 7904 features a crt with small spot size and high writing rate. Graticuleareais8X 10cm. Additionally, the 
instrument includes a readout system providing crt display of alphanumeric information from the plug-ins, including 
deflection factor, sweep rate, and other encoded parameters. 

The instrument's high vertical bandwidth (500 MHz), and four plug-in compartments which accept 7-series plug-in 
units, form a highly flexible measurement system. 

viii 
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GENERAL INFORMAT 

INTRODUCTION 

The Instruction Manual contains both operating and 
servicing information for the 7904 Oscilloscope. 

Section 1 -General Information; contains safety infor- 
mation, instrument description, electrical specifications, 
environmental characteristics, standard and recommend- 
ed accessories, and packaging for shipment instructions. 

Section 2-Operating Instructions; contains informa- 
tion relative to operating and checking the instrument 
operation. 

INSTALLATION 
Initial Inspection 

This instrument was inspected both mechanically and 
electrically before shipment. It should be free of mars or 
scratches and should meet or exceed all electrical 
specifications. l o  confirm this, inspect the instrument for 
physical damage incurred in transit and test the electrical 
performance by following the Operating Instructions in 
Section 2 and Performance Check Procedure in Section 5 
of the Instruction Manual. i f  there is damage or deficiency, 
contact your local Tektronix Field Office or represen- 
tative. 

Section 3-Circuit Description; contains basic and 
general circuit analysis that may be useful for servicing or 
operating the instrument. Operating-Power Information 

This instrument can be operated from either a 115-volt 
Section 4-Maintenance; describes routine and correc- or 230-volt nominal supply source, 48 to 440 HZ. 

tive maintenance procedures with detailed instructions for 
replacing assemblies, subassemblies, and individual com- 
ponents. 

Section 5-Performance Check and Adjustment; con- C A U T l O N  
tains procedures to check the operational performance 
and electrical characteristics of the instrument. 
Procedures also include methods for adjustment of the 

D 
To prevent damage to the instrument, always check 

instrument to meet specifications. the LINE VOLTAGE SELECTOR switch located on 
the rear of the instrument before connecting the 
instrument to the supply circuit. 

Section 6--Instrument Options; contains a description 
of available options and locations of incorporated infor- 
mation for those options. 

Section 7-Replaceable Electrical Parts; contains in- 
formation necessary to order replaceable parts and 
assemblies related to the electrical functions of the 
instrument. AC POWER SOURCE AND CONNECTION. This 

instrument operates from a single-phase power 

Section 8-Diagrams and Circuit Board illustrations; 
includes detailed circuit schematics, locations of 
assembled boards within the instrument, voltage and 
waveform information, circuit board component locators, 
and locations of adjustments to aid in performing the 
Adjustment procedure. 

source. I t  has a three-wire power cord and two-pole, 
three terminal grounding-type plug. The voltage to 
ground (earth) from either pole of the power source 
must not exceed the maximum rated operating 
voltage, 250 volts. 

Before making connection to the power source, 
Section 9-Replaceable Mechanical Parts; includes determine that the instrument i s  adjusted to match 

information necessary to order replaceable mechanical the voltage of the power source, and has a suitable 
parts and shows exploded drawings which identify two-pole, three-terminal grounding-type plug. Refer 
assemblies. any changes to qualified service personnel. 
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GROUNDING. This instrument is safety class I 
equipment (IEC designation). All accessible con- 
ductive parts are directly connected through the 
grounding conductor of the power cord to the 
grounding contact of the power plug. 

The power input plug must only be inserted in a 
mating receptacle with a grounding contact. Do not 
defeat the grounding connection. Any interruption 
of the grounding connection can create an electric 
shock hazard. 

For electric shock protection, the grounding con- 
nection must be made before making connection to 
the instrument's input or output terminals. 

Table 1-1 
POWER-CORD CONDUCTOR IDENTIFlCATlON -- - T--T o-l-o-r-" 

Alternate Color 

Ungrounded (Line) -- 
Grounded (Neutral) 

The power-cord plug required depends upon the ac 
input voltage and the country in which the instrument is to 
be used. Should you require a power-cord plug other than 
that supplied with your instrument, refer to the standards 
listed in Table 1-2. 

Table 1-2 
POWER-CORD PLUG CONFIGURATION 

eference Standards 
--- 

"'EC 83 

E 7, sheets IV, VI, and VII 

"ANSI-American National Standards Institute 
b ~ ~ ~ A - N a t i o n a l  Electrical Manufacturer's Association 
'IEC-International Electrotechnical Commisslon 
d~~-Br i t ish Standards Institution 
'CEE-international Commission on Rules for the Approval of 
Electrical Equipment 
'AS-S 

Operating Voltage 

The 7904 can be operated from eithera 115 V ora 230 V 
nominal line voltage source. The Line Selector assembly 
on the rear panel converts this instrument from one 
operating voltage to the other. This assembly also in- 
cludes fuses to provide protection for the line-input 
portion of this instrument. Use the following procedure to 
obtain correct instrument operation from the line voltage 
available. Refer to Table 1-3. 

Table 1-3 
REGULATING RANGE LIMITS 

--- ---- 
Line Selector r Regulating 

Switch Position Range ---- 
----a- 

-- 
90 to 132 volts -- -. - . - - 

230 V -- - 180 to 264 volts 

I .  Disconnect the instrument from the power source. 

2. Loosen the two captive screws which hold thecover 
onto the selector assembly; then pull to remove the cover. 

3. To convert from 115 V to 230 V nominal linevoltage, 
or vlce versa, pull out the Line Selectorswitch bar (see Fig. 
1-1) and plug it back into the remaining hole. Change the 
line-cord power plug to match the power source recep- 
tacle or use a 115 V to 230 V adapter. 

4. Re-install the cover and tighten the captive screws. 

Fig. 1-1. Line Selector assembly on rear panel (shown with cover 
removed). 
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5. Before applying power to the instrument, check that 
the indicator tab on the switch bar is protruding through 
the correct hole for the desired nominal line voltage. 

This insfrument may be damaged i f  operated with 
the Line Selector assembly set to incorrectpositions 
for the line voltage applied. 

Operating Position 

A bail-type stand is mounted on the bottom of this 
instrument. This stand permits the 7904 to be tilted up 
about 10" for more convenient viewing, 

Operating Temperature 

The 7904 can be operated where the ambient air 
temperature is between 0°C and 1-50°C. This instrument 
can be stored in ambient temperatures between -55°C 
and i-75°C. After storage at temperatures beyond the 
operating limits, allow the chassis temperature to come 
within the operating limits before power is applied. 

The 7904 is cooled by convection air flow through the 
instrument. Adequate clearance must be provided on all 
sides to allow heat to be dissipated from the instrument. 
Do not block or restrict the air flow through the holes in the 
cabinet. Maintain the clearance provided by the feet on the 
bottom and rear and allow about two inches clearance on 
the top and sides (more if possible). 

A thermal cutout in this instrument provides thermal 
protection and disconnects the power from the instrument 
if the internal temperature exceeds a safe operating level. 
Power is automatically restored when the temperature 
returns to a safe level. Operation of this instrument in 
confined areas or in close proximity to heat-producing 
instruments may cause the thermal cutout to open more 
frequently. 

REPACKAGING FOR SHIPMENT 
If the Tektronix instrument is to be shipped to a 

Tektronix Service Center for service or repair, attach a tag 
showing: owner (with address) and the name of an 
individual at your firm that can be contacted. Include 
complete instrument serial number and a description of 
the service required. 

Save and re-use the package in which your instrument 
was shipped. If the original packaging is unfit for use or 
not available, repackage the instrument as follows: 

Surround the instrument with polyethylene sheeting to 
protect the finish of the instrument. Obtain a carton of 
corrugated cardboard of the correct carton strength 
and having inside dimensions of no less than six inches 
more than the instrument dimensions. Cushion the 
instrument by tightly packing three inches of dunnage 
or urethane foam between carton and instrument, on all 
sides. Seal carton with shipping tape or industrial 
stapler. 

The carton test strength for your instrument is 3f5 
pounds. 
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SPECIFICATION 
The electrical characteristics listed in Table 1-4 apply when the following conditions are met: (1) Adjustment of the 

instrument must have taken place at an ambient temperature between t-20°C and 4-30°C; (2) the instrument must be 
allowed a 30-minute warm-up period; (3) all specifications are valid at an ambient temperature of 0" to 4-50°C, unless 
otherwise stated; (4) the instrument must be in an environment that meets the limits described in Table 1-5. Any applicable 
conditions not listed above are expressly stated as part of that characteristic. 

ltems listed in the Performance Requirements column are verified by completing the Performance Check in this 
manual. ltems listed in the Supplemental Information column are not verified in this manual; they are either explanatory 
notes or performance characteristics for which no limits are specified. 

Table 1-4 

ELECTRICAL CHARACTERISTICS 

VERTlCAL SYSTEM 

Deflection Factor Compatible with all 7-series plug-in units. 
"- I -- - - 

Accuracy Less than 1% difference between vertical 

I pansion of a center-screen two-division I 

-- -- - 
Low-frequency linearity 

--" -" -------- 
Bandwidth 

- -- -- ---- .- 

Isolation Between 
partments (eight-division 
reference signal) 
--- ------ 
Chopped Mode 

Repetition rate 
-- 
Time segment from each 
compartment 

-- -- - 
Delay Line Permits viewing of leading edge of 

triggering signal. ---- - - 
Difference in Delay Between 0.1 ns or less. 
Compartments 

Vertical Display Modes Selected by front-panel VERTICAL 
MODE switch. 

compartments, -- 
0.1 div or less compression or ex- 

LEFT: 1 Left vertical unit only. 
-"- " -em-- -- -* - "-- -- --------- -- -. --- C 

-- - 

ALT: / Dual-trace, alternates between vertical units. I 
ADD: I Added algebraically. I 
CHOP: I Dual-trace. chopped between vertical units. I 
RIGHT: / Right vertical unit only. 

Trace Separation Range for 
Dual-Sweep Modes 

-- 
B trace can be positioned approxi- 
mately -1-4 and --4 div from 
the A trace. -----.- 
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Table 1-4 (cont) 

ELECTRICAL CHARACTERISTICS 

Characteristic - I Performance Requirement -- -- - 4 Supplemenlal lnformatlon 
- - - .-- - -- - - - - - -- -- .- --- - -- - - - - - - - - - -- -- -- -- - -- --- - -- - -- - 

TRIGGER SYSTEM 

1 
- --- 

Trigger Source by front-panel A 
TRIGGER SOURCE AND B 

VERT MODE: Determined by vertical mode. TRIGGER SOURCE switches. 
VERT MODE position auto- 

LEFT VERT: From left vertical unit only. matically provides opti- 
-- mum trigger source for 

RIGHT VERT: From right vertical unit only. each vertical display mode. 

- .- 
HORIZONTAL SYSTEM - -  I-- --- - 

Deflection Factor Compatible with all 7-series plug-in units. 
--- 

Deflection Accuracy Less than 1 O/O difference between 
compartments. 

-------- 
DC Linearity 0.1 div or less error at each graticule 

I line after adjusting for no error at 1 I the second and tenth graticule lines. 1 -- I - 
Bandwidth dc to at least 1 MHz. 

10 div reference 
" --- - 
Fastest Calibrated Sweep Rate 0.5 ns/div With 7B92A time-base unit only. 

Other 7B-series units are uncal- 
ibrated for first 60 ns of sweep 
time when used with 7904. -- t "- "- -- 

Horizontal Display Modes Selected by front-panel HORIZ- /-- ONTAL -- MODE switch. 
A: 1 A horizontal unit only. 1 
-------- 
ALT: )bual-sweep. alternates between hori- --I 

1 zontat units. 1 
CHOP: Dual-sweep, chopped between hori- 

B: -- -- -- - - B horizontal unit only. ------- 
Phase Shift Between Vertical 
and Horizontal Deflection 
Systems 

Without phase correction 2" or less from dc to at least 
35 kHz. ---------- ------7--- 

With phase correction Adjustable to less than 2" from dc to 
(Option 2) 1 MHz. 

Chopped Mode 
Repetition rate 200 kHz 120%. 

Time segment from each ( 2.0 to 3.0 ps. I 
compartment I I 

Display Factor 1 ~t least 75%. I 
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Table 14  (cont) 

ELECTRICAL CHARACTERISTICS 
PA- - 

Characteristic Performance Requirement 1 Supplemental Information 
.. --- 

- -- - - - -- - CALIBRATOR 
v-'-.'-' ' -- 

I zero. I 

Wave Shape 
- - 

Polarity 

Output Voltage 

Open circuit 

Square wave and dc. 
- . +  

Positive-going with baseline voltage at 

Selected by front-panel CALIBRATOR 
switch. 

Into 50 ohms 1 2 mV, 20 mV, 0.2 V, 0.4 V. I 
-. -- - - --- - - - - -- 

Output Current , 7 4 0  r n ~  through front-panel c u r ~ n ; ~ ~ l  

0" C to 1-50" C Within 2%. 

Repetition Rates 1 kHz. t Selected by front-panel RATE switch. t 
Amplitude Accuracy (Voltage 
and Current) 

+IS0 C to 4-35" C 

/ 112 repetition rate of B Sweep gate. 

Within 1%. 

-" "." 

1 kHz Accuracy (Voltage 
and Current) 

-tl5"C to 135°C I Within 0.25%. I 
0" C to 4-50" C Within 0.5%. 

-- 
Dual Cycle 50% within 0.1%. 

..-. .- 

Risetime and Falltime 
4 rnV through 4V 

40 V Less than 2 ps with 10 pF load. 
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Table 1-4 (cont) 

ELECTRICAL CHARACTERISTICS 
- 

--- 

---- 
Sensitivity 2 V p-p provides trace modulatio imately 0 V input produces 

over full intensity range. 

Polarity of Operation 
intensity; negative-going signal increases 

- I -- 
intensity Circuit Pulse 
Performance (Between Rear- 
Panel Connector and crt) 

Low-frequency limit 
-- --- - 

Response to negative-going 
input 

"" I - -- 
Response to positive-going 
input - 
Propagation delay I 

Approximately 10 ns. 

Approximately 20 ns. 

Approximately 25 ns. 
-- 7- 
Recovery time--- Approximately 50 ns. 
to positive input step -- ---- 
Recover time in response Approximately 0 ns. 
to negative input ste 

"- -- - 
Input Resistance at D ---- -- - - 

- ---- 

Source I A HORlZ time-base unit or B HORlZ I Selected by internal Sweep switch. 

" - - -- 
Polarity 

Output voltage 
Rate of rise 

time-base unit. 

-- 

50 mvlunit of time selected by the 

Positive-going with baseline at 0 V 
within 1 V (into 1 Mn). 

- - - -. 

time base TIME/DIV switch, within 15%. 
Into 50 100 nsldiv maximum. 4- 
Into 1 M a  
(parallel with 150 pF) 

Peak voltage 
lnto 50 C2 

lnto 1 MR 

1 V/unit of time selected by the 1 
time-base TlMElDlV switch, within 10%. 
7 psldiv maximum. 

At least 500 mV. 

At least 10 V. 
-- 
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Table 14  (cont) 

ELECTRICAL CHARACTERISTICS 

Characteristic Performance Requirement 
I 
I Supplemental Information 

-- - - - - - -- - -- - - - - -- -- -- - . --- - - ------ - - -- - -- -- ---- - - - - - - -- -- - -- -- - - - -- -- d - - 

EXTERNAL Z-AXIS INPUT (cont) 
- - - -- - - - - - - - - 
Output resistance 
- - - - -- - -  - 
+Gate 

Source A HORIZ time-base unit. Selected by internal Gate switch. 
- -  - - - - - - - -- - "- "-- - 

B HORlZ tlme-base unit. 

I Delaying time-base unit (in either 

i horizontal compartment). 
- -- - - - - -- -- -- --- - 

Polarity 
, - * - -- - - - - .- 
I Positwe-going with base-line at 0 V 
/ within 0.1 V (into 1 MR). 

- - -  -- - -- --- - - - - - -- - - 

Output voltage 
Into 50 R 0.5 V within 10%. I 

- - - - - - 1 - - - - - - - -A - -- - --- 
Into 1 MR 10 V within 10°/o. 

-. - - - - - -- -- 

Risetime into 50 R 

Output resistance 
-- - - 

Determined by B TRIGGER SOURCE 

Output voltage 
Into 50 fl 25 mV/div of vertical deflection -+25%. 

Into 1 MR 0.5 V/div of vertical deflection f 25%. 
- - --- -- -- --. -- - 
Bandwidth 

I READOUT DISPLAY I 

- -- 
Output resistance 

Readout Modes 

see System Speclflcations. - - - - 

Free-run independent of sweep. -- - - -- - -- -- -- .-- - -. 
Selected by internal Readout Mode 
switch. 

Triggered at end of selected sweep. 

I 
Single-shot controlled through rear-panel I 
Remote Control Connector J90. I 

Word Location I I See Fig. 2-5. 

Character Height 1 0.25 div to 0.5 div. 
.-.. -. -.. -. ". " .. "" .." 

REV A, SEP 1978 
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ELECTRICAL CHARACTERISTICS 
.- -- 

I 
Characteristic 1 Performance Requirement 

-" 

Supplemental Information 
-- -- - 

--- - - - -- -- - - 
READOUT DISPLAY (cont) 

Zero Display 
Total characters 

(Each row) 

Horizontal Centering 

40 zeros displayed, no overlap, 
at least 9.5 div in width. 

- - - .-- - - -- 
Left side within 0.25 div of 0 
graticule line. 

Right side within 0.25 div of 10th 
graticule line. 

Vertical Centering 
Top Row CH 1 characters located within 

upper graticule line. 

With (22225 removed 

Bottom Row CH 2 characters located within 
lower graticule line. 

Cathode Ray Tube 
Graticule 

Type 

DISPLAY 

Internal, illuminated with variable edge 
lighting. 

Area 
Standard instrument 8 div vertical by 10 div 

horizontal. Each division equals 1 cm. 
- 

Option 4 

Phosphor 

8 div vertical by 10 div 
horizontal. Each division equals 0.5 cm. 
--- - 

P31 standard. Others available on special order. 

Beam Finder Limits display within graticule area 
when actuated. 

Minimum Photographic Writing 
Speed with PolaroidType 
410 Film (without film fogging 
techniques) 

Standard instrument 

Tektronix C-51 R camera 
with f 1.2 lens and 1 :0.5 
object-to-image ratio 

Option 4 

Tektronix C-51 R camera 
with f1.2 lens and 1:0.5 
object-to-image ratio 

"Registered trademark of the Polaroid Corporation. 
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Table 1-4 (cont) 

ELECTRICAL CHARACTERISTICS 
-- -- 

Characteristic Performance 
-" -- Supplemental Information 

- - -- - - --- - --- 
POWER SUPPLY 

- 

Selected by rear-panel Line Selector 
assembly. 

11 5 V nominal 90 to 132 V. 
.- - "*"- 

230 V nominal 180 to 264 V. 

Line Frequency 48 to 440 Hz. 
- -- -- 

- - - -- - . - - - -- -- - -- 
190 W, 2.5 A at 60 Hz, 115 V line. 

Table 1-5 

- ------- Characteristic 
-- --- L Information 

- - -  - "  - ---- ---- - 
NOTE 

Thls instrument wlll meet the electr~cal characteristics given in the Performance 
Requrrement column of Table 1-4 over the following environmental limits. 

- - ----- 
Temperature Range 

Operating 
- - - -- - * 

Nonoperating - -- - - - - -- -- --- - - 
Altitude 

MIL-STD-462A (when equipped with Option 3) Any unused plug-in compartments must be covered with a 
blank plug-in panel (EMC shielded) in order to meet EMC 
specifications. See Instrument Options sectlon for 
additional information. -- --. - "- 

Operating 
- - - -- 

Nonoperating 
- - - - ---- -. 

EMC (Electro-Magnetic Compatib~lity) in accordance with 

Radiated Interference interference radiated from the instrument undertest within 
the given limits from 150 kHz to 1000 MHz. -- -- - 

Conducted Interference Interference conducted out of the instrument under test 
through the power cord within the given limits from 

-- -- 
150 kHz to 25 MHz. 

- - --- - --" - 
Transportation (packaged instrument, without plug-ins) Qualifies under National Safe Transit Committee test 

15,000 feet, 
-- -- ---- - - -- - --- - 

Test limit 50,000 feet. 
--- --- - -- - -- 

NOTE 

/ procedure 1A. Category 11. 
-" -- ----- 
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Table 1-6 

PHYSICAL -- -- -- - -- 

Characteristic . -- - --zIz-- information - 
Ventilation I Convection cooling. Automatic resetting thermal 

cutout protects instrument from overheating. 

Warm-up Time 20 minutes for rated accuracy. 
---- 

Finish Anodized front- and rear-panel with blue-vinyl painted 
aluminum cabinet. 

Overall Dimension (measured at maximum points); 
See Fig. 1-2 for dimensional drawing. 

Height 1 13.5 in. 

-I- 34.2 cm 
-' ....---------p.,-------.-p--.- 

Width 12.0 in. 

1 30.5 cm -- ----- 
Length 23.8 in. 

Net Weight (Instrument Only) 

NOTE: DIMENSIONS ARE GIVEN WITH 
TOP FIGURE I N  INCHES AND BOITOM 
FIGURE IN CENTIMETERS. 

Fig. 1-2. 7904 dimensional drawing. 
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SYSTEM ELECTRICAL SPECIFICATION 
Your TEKTRONIX 7904 Oscilloscope System provides 

exceptional flexibility in operation with a wide choice of 
general- and special-purpose plug-in units. The type 
number of a particular plug-in unit identifies its usage as 
follows: 

The first digit (7) denotes the oscilloscope system for 
which the plug-in is designed (7000-series). 

The second letter describes the purpose of the plug-in 
unit: 

A-Amplifier L-Spectrum Analyzer 
B-Time base (real time) M-Miscellaneous 
C-Curve Tracer S-Sampling 
D-Digital T-T ime base (sampling) 

The third and fourth digits of the plug-in type number 
do not carry any special connotation. 

The "N" suffix letteradded to the normal four-digit type 
number identifies a unit not equipped with the circuitry 
necessary to encode data for the 7000-series readout 
system. 

Table 1-7 lists the vertical specifications which are 
system dependent. For more complete specifications on 
plug-in units for the 7000-Series Oscilloscope System, 
refer to the Tektronix Products catalog. 

Table 1-8 iists the horizontal specifications which are 
system dependent. For more complete specifications on 
plug-in units for the 7000-Series Oscilloscope System, 
refer to Table 1-7 and the Tektronix Products catalog. 
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Table 1-7 

7904 OSCILLOSCOPE VERTICAL SYSTEM SPECIFICATION 

Qeflection Factor accuracy is checked as follows: 
EXT CAL O°C to +5O0C-Plug-in gain set at a temperature within 10°C of operating temperature, uslng an external calibrator 
whose accuracy is within 0.25%. 
IN7 GAL t l S ° C  to +3!i°C--Plug-in gain set while operating within a temperature range of +lS°C to -k3S°C, uslng the 
oscilloscope calibrator. 
INT CAL 0°C to +50°C-Plug-in gain set using the oscilloscope calibrator (within 10°C of the operating temperature) In a 
temperature range between O°C and +SO0 C. 
9 ~ 1 8  Opt. 6 (offset) version. Add 1% to accuracy figures when switched to "OFFSET". 
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Table 1-8 

7904 OSCILLOSCOPE HORIZONTAL SYSTEM SPECIFICATION 

Delayed Sweep and Ext 

Dual Sweep Delaying 

- 
Dc to 400 MHz 

Table 1-9 

SPECIAL PURPOSE PLUG-IN UNITS 

-- 

- - 

STANDARD ACCESSORIES 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 each Instruction Manual 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 each Lead, Test; bnc, red 18-inch long 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 each Adapter, conn: female bnc post 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 each conn, plug, elec: 9 pin cable, with male insert 

1-14 REV A APR 1980 
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OPERAT NG INSTRUCT 

PRELIMINARY OPERATION 
To operate this instrument effectively, the user must 

become familiar with the operation and capabilities of the 
instrument. This section describes how to use the front- 
and rear-panel controls and connectors. 

To avoid electric-shock hazard, see instaliation in 
the General Information section of this manual 
before operating this instrument. 

PLUG-IN UNITS 

The 7904 accepts up to four Tektronix 7000-Series 
plug-in units. This feature allows selection of bandwidth, 
sensitivity, display mode, etc., and provides for future 
expailsion of the system. 

To install a plug-in unit into a compartment, align the 
slots in the top and bottom of the plug-in unit with the 
associated guide rails in the plug-in compartment. Insert 
the plug-in unit into the compartment until it locks into 
place. To remove a plug-in unit, pull out on the release 
latch to disengage the plug-in. To meet the EMC (elec- 
tromagnetic compatibility) specifications, cover all unus- 
ed plug-in compartments with an EMC shielded blank 
plug-in panel, Tektronix Part 016-0155-00. 

The gain of the 7904vertical and horizontal systems has 
been normailzed to allow plug-in units to be interchanged 
among plug-in compartments without adjustment of the 
system. The basic calibration of the plug-in units should 
be checked when installed toverify theiraccuracy (referto 
the operating instructions in the &ug-in manual)] 

CONTROLS AND CONNECTORS 

The 7904 front and rear panels are shown in Figure 2-1. 
The overall capabilities of the system are mainly A brief, functional description of each control and connec- 

determined by thecharacteristicsoftheselectedplug-ins. tor is included in the illustration. Refer to Detailed 
Some typical combinations are given under Applications, Operating lnformation for additional information. 
in this section, along with simplified setup instructions. 
For information on other plug-in units, refer to thecurrent 
Tektronix Products catalog. Front-Panel Color Coding 

Installation of Plug-In Units 

The 7904 front panel has color coded areas. These 
colors define areas by function. Blue identifies controls 
that affect the display mode; green identifies triggering 
controls. 

Plug-in units should not be instalied or removed Other colors such as gray, orange and yellow, have no 
without first turning the instrument power off, to functional assignment, but indicate the relationships 
prevenf instrument damage. among controls and connectors. 
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Fig. 2-1. Front and rear-panel controls, connectors and indicators. 

2-2 
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READOUT Intensity (Option 1 deletes Readout System)-Controls brightness of readout display. Disables Readout @ System in counterclockwise detent position. 

TRACE ROTATION-Screwdriver adjustment to align trace(s) with graticule lines. I 
ASTIG-Screwdriver adjustment used in conjunction with FOCUS control to obtain a well-defined display. 

A INTENSITY (Indicator)-Illuminates when selected by HORIZONTAL MODE switch. 

0 A INTENSITY-Controls brightness of trace produced by the plug-in unit installed in the A HORIZ compartment. 

FOCUS-Control optimizes crt trace definition. I 
0 B INTENTSITY (indicator)-Illuminates when selected by HORIZONTAL MODE switch. 

0 B INTENSITY-Controls brightness of trace produced by plug-in unit installed in B HORlZ compartment. 

0 BEAM FINDER-When pressed, compresses and defocuses display within graticule area. 

CONTROL ILLUM-Controls illumination of readout characters. I 
CALIBRATOR-Provides 1 kHz calibrated square-wave voltages. I 
RATE-Selects repetition rate of calibrator: selects B GATE t2 providing a variable calibrator rate. I 
+SAWTOOTH-Sawtooth output signal derived from A or B time-base unit. I 

@ +GATE-Output signal derived from: A Gate. B Gate, or A Dly'd Gate. 

CAL VOLTS--Square-wave output signal used for application to external equipment. 

Ground-(not labeled) Binding post for use as chassis ground. I 
SIG OUT-Output signal derived from vertical signal as selected by A TRIGGER SOURCE switch. I 
B TRIGGER SOURCE--Selects internal trigger source for B HORlZ plug-in. 

Current loop-.(not labeled) Provides a 40-milliampere output current to check and calibrate current-measuring probe @ systems. 

VERT TRACE SEPARATION (a).--Vertically positions B HORlZ trace with respect to A HORlZ trace. I 
0 HORIZONTAL MODE-Selects input source for horizontal deflection. 

0 GRAT ILLUM-Controls illumination of graticule lines. 

0 POWER-Switch controls power to instrument. 

A TRIGGER SOURCE-Selects internal trigger source for A HORlZ plug-in. I 
VERTICAL MODE-Selects input source for vertical deflection. I 
Camera Power Connector (not labeled)--Three-pin connector provides power for camera operation and receives singie- @ sweep-reset signal. I 

0 J90 Connector-Input for external operation of certain instrument functions. 

0 PROBE POWER-Connectors (2) provide power to active probe system. 

0 Z AXIS INPUT-Input for external intensity modulation of crt display, 

Fig. 2-1. Front and rear-panel controls, connectors and indicators. fcont) 

2-3 

7904



Operating Instructions-7904 (SN B260000-UP) 

FUNCTIONAL CHECK 

General 

The following Functional Check procedure can be used 
for incoming inspection to verify proper operation and 
may also be used by the operator for instrument 
familiarization. Only instrument functions (not measure- 
ment quantities or specifications) are checked in the 
procedure; therefore, a minimum amount of test equip- 
ment is required. If performing the Functional Check 
procedure reveals improper performance or instrument 
malfunction, first check the operation of associated 
equipment; then refer to qualified service personnel for 
repair or adjustment of the instrument. 

This procedure also demonstrates the use of the 
controls and connectors of the 7904. It is recommended 
that this procedure be followed completely forfamiliariza- 
tion with this instrument. 

Set-Up Information 

1. Set the front-panel controls as follows: 

A INTENSITY Counterclockwise 
FOCUS Midrange 
B INTENSITY Counterclockwise 
BEAM FINDER Released 
READOUT OFF 
CONTROL ILLUM OFF 
GRAT ILLUM Counterclockwise 
POWER Off 
CALiBRATOR 4 V 
RATE 1 kHz 
VERTICAL MODE LEFT 
A TRIGGER SOURCE VERT MODE 
HORIZONTAL MODE A 
VERT TRACE Midrange 

SEPARATION (8) 
B TRIGGER SOURCE VERT MODE 

2. Connect the 7904 to a power source that meets the 
voltage and frequency requirements of this instrument. If 
the available iine voltage is outside the limits of the Line 
Selector switch setting (on rear panel,) see Operating 
Voltage in section 1. 

3. Insert Tektronix 7A-series amplifier units into both 
the LEFT VERT and RIGHT VERT compartments, Insert 
Tektronix7B-series time-base units into both the A HORlZ 
and B HORlZ compartments. 

4. Set the POWER switch to ON. Allow several minutes 
warmup so the instrument reaches a normal operating 
temperature before proceeding. 

5.  Set both vertical units for a vertical deflection factor 
of two volts/division and center the vertical position 
controls. Set both vertical units for ac input coupling. 

6. Set both time-base units for a sweep rate of one 
millisecond/division in the auto, internal trigger mode. 

7. Advance the A INTENSITY control until the trace is 
at the desired viewing level (near midrange). 

8. Connect the CAL VOLTS connector to the input of 
the left vertical unit with a bnc-to-bnc patch cord (supplied 
accessory). 

Display Focus 

9. Adjust the FOCUS control so the top and bottom of 
the displayed square wave are as thin as possible but not 
elongated. Set the ASTlG adjustment so the top and 
bottom of the displayed square wave are as thin as 
possible. Repeat the adjustments for best overall focus. 

NOTE 

This instrument contains circuitry to automatically 
protect the crt phosphor against damage due to 
excessive crt beam current. If the A or B INTENSITY 
control is set to a point where crt phosphor damage 
could occur, this c~rcuit  I~mits the beam current to a 
safe level. Afso, this circuit action will cause the trace 
to de-focus (widen] to indicate that the intensity 
control setting should be reduced. I f  the FOCUS and 
ASTlG adjustments cannot be made as given in step 
nine, decrease the setting of the A INTENSITY 
control and repeat the step. 

Trace Alignment 

10. Disconnect the input signal and position the trace 
with the left vertical unit position control so it coincides 
with the center horizontal line of the graticule. If 
necessary, adjust the TRACE ROTATION adjustment so 
the trace is parallel with the center horizontal graticule 
line. 

Graticule Illumination 

11. Rotate the GRAT ILLUM control throughout its 
range and notice that the graticule lines are illuminated as 
the control is turned clockwise (most obvious with tinted 
filter installed). Set control so graticule lines are il- 
luminated as desired. 
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Control Illumination 

12. Notice that only the light associated with the A 
INTENSITY control is illuminated. Sequentially press all 
the HORIZONTAL MODE switch buttons and notice theA 
or B INTENSITY lights; these lights indicate which 
intensity control is active. The lights also provide an 
indication that the POWER switch is on. Set the CON- 
TROL ILLUM switch to the LOW position. Notice that the 
selected pushbuttons of the 7904 and the plug-in unitsare 
illuminated. 

13. Change the CONTROL ILLUM switch to the HIGH 
position. Notice that the selected pushbuttons of the 
instrument and the plug-in units are illuminated at max- 
imum intensity. Return the HORIZONTAL MODE switch 
to A. 

Vertical Deflection System 

14. Connect the CAL VOLTS connector to the input 
connectors of both vertical units with the bnc-to-bnc 
jumper leads. The display amplitude should be two 
d~visions within 0.12 division. Note the exact display 
amplitude. 

15. Notice that the position control of only the left 
vertical unit has any effect on the vertical position of the 
displayed trace. Position the trace to the upper half of the 
graticule with the left vertical unit position control. 

16. Press the RIGHT button of the VERTICAL MODE 
switch. The display amplitude should be two divisions 
within 0.12 division. Note the exact display amplitude. 

17. Notice that the position control of only the right 
vertical unit has any effect on the vertical position of the 
displayed trace. Position the trace to the lower half of the 
graticule with the right vertical unit position control. 

18. A correct display in both steps 14 and 16 indicates 
that the Vertical Deflection System and thevertical plug-in 
units are calibrated. Re-calibration is indicated when the 
display amplitudes noted in steps 14 and 16 are both 
outside the given tolerance by an equal amount in the 
same direction (i.e., high or low); otherwise, re-calibration 
of one or both vertical plug-in units is indicated. 
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19. Press the ALT button of the VERTICAL MODE 
switch. Notice that two traces are displayed on the crt. The 
top trace is produced by the left vertical unit and the 
bottom trace is produced by the right vertical unit; the 
sweep for both traces is produced by theA time-base unit. 
Reduce the sweep rate of the A time-base unit to 50 
milliseconds/division. Notice that the display alternates 
between the left and right vertical plug-ins after each 
sweep. Turn the A time-base sweep rate switch 
throughout its range. Notice that the display alternates 
between vertical units at all sweep rates. 

20. Press the CHOP button of the VERTICAL MODE 
switch. Turn the A time-base unit sweep rate switch 
throughout its range. Notice that a dual-trace display is 
presented at all sweep rates, but unlike ALT, both vertical 
units are displayed on each sweepon a time-sharing basis. 
Return the A time-base unit sweep rate switch to 0.5 
millisecond/division. 

21. Press the ADD button of the VERTICAL MODE 
switch. The display should be four divisions in amplitude. 
Notice that the position control of either vertical unit 
moves the display. Return the VERTICAL MODE switch to 
the LEFT position. 

Horizontal Reflection System 

22. Notice that the position control of only the A time- 
base unit has any effect on the horizontal position of the 
displayed trace. Position the start of the trace to the left 
graticule line with the A time-base unit position control. 

23. The center eight complete cycles of the displayed 
waveform should occupy the center eight graticule 
divisions within 0.25 division. Note the exact number of 
horizontal divisions occupied by the center eight com- 
plete cycles of the waveform (see Fig. 2-2). 

24. Press the B button of the HORIZONTAL MODE 
switch. Advance the B INTENSITY control until the 
display becomes de-focused. The de-focused display 
indicates that the B INTENSITY control is set too high and 
the crt beam-current limiting circuit isoperating to protect 
the crt phosphorfrom damage. Reduce thesetting of the B 
INTENSITY control to obtain a bright, well-defined dis- 
play. 

25. Notice that the position control of only the B time- 
base unit has any effect on the horizontal position of the 
display trace. Position the start of the Zrace to the left 
graticule line with the B time-base unit position control. 
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26. The center eight complete cycles of the displayed 29. Press the CHOP button of the HORIZONTAL 
waveform should occupy the center eight graticule MODE switch. Notice that two traces are shown on the crt 
divisions within 0.25 division. Note the exact number of in a manner similar to the ALT display. Turn the sweep rate 
horizontal divisions occupied by the center eight com- switches of both time-base units throughout their range, 
plete cycles of the waveform (see Fig. 2-2). Notice that two traces are displayed on the crt at all sweep 

rates. Also notice that when both time-base unitsareset to 
a slow sweep rate (50 milliseconds/division or slower), 
both traces are visible on the crt at the same time. Return 
the sweep rate switches of both time-base units to 0.5 
millisecond/division. 

30. Set the CALIBRATOR switch to 0.4 V. Press the 
CHOP button of the VERTICAL MODEswitch. Four traces 
should be displayed on the crt. If not, adjust the position 
controls of the vertical units and the VERT TRACE 
SEPARATION (B) control to position the four traces onto 
the viewing area. Adjust the position controls of the plug- 
in units to identify which traces are produced from each of 
the plug-in units (if vertical units have the identify feature, 
it can be used to identify the traces). Also, set one of the 
time-base units to a sweep rate of one millisecond/divi- 
sion. Notice that the vertical deflection produced by the 

Fig. 2-2. Dlsplay showing correct calibration of the Horizontal left vertical unit is displayed at the sweep rate of both the A 
Deflection System. and B time-base units and that the vertical deflection 

produced by the right vertical plug-in unit isalso displayed 
at the sweep rate of both time-base units. 

27. A correct display in both steps 23 and 26 indicates 
that the Horizontal Deflection System and the time-base 
plug-in units are calibrated. Re-calibration is required if 
the waveform displays noted in both steps 23 and 26 are 
outside the given tolerance by an equal amount in the 
same direction (i.e., long or short); otherwise, recatibra- 
tion of one or both plug-in units is required. 31. Press the ALT button of the HORIZONTAL MODE 

switch. Notice that the display is very similarto thedisplay 
obtained in the previous step. The main difference in this 
display is that the sweeps are produced alternately by the 

28' Press the ALT button Of the HORIZONTAL time-base units (noticeable only at slow sweep rates). 
switch. Two traces should be presented on the crt. If the 
display overlaps, adjust the VERT TRACE SEPARATION 
(B) control to position one trace to the bottom of the 
graticule area. Turn the sweep rate switches of both time- 
base units throughout their range. Notice that each time- 
base unit controls one of the traces independent of the 
other time-base unit. Also notice that when one of the 
time-base units is set to a slow sweep rate (below about 50 
milliseconds/division), sweep alternation is evident. Only 
one of the traces is presented on the crt at a time. Set the 
sweep rates of both time-base units to 0.5 
millisecond/division. Adjust the A INTENSITY control. 
Notice that it changes the intensity of the trace produced 
by the A time-base unit only. Likewise, the B INTENSITY 
control changes the intensity of the trace produced by the 
B time-base unit only. Return both intensity controls to the 
desired level. 

32. Press the ALT button of the VERTICAL MODE 
switch. Set the CALIBRATOR switch to 4 V. Notice that 
only two traces are displayed on the crt. Also notice that 
one of the traces is produced by the left vertical unit at the 
sweep rate of the B time-base unit and the other trace is 
produced by the right vertical unit at sweep rate of the A 
time-base unit. This feature is called independent-pairs 
operation and is obtained only when the VERTICAL 
MODE switch is in the ALT position and the HORIZON- 
TAL MODE switch is in either the ALT or the CHOP 
position. 
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Triggering 

33. Press the LEFT button of the VERTICAL MODE 
switch and the A button of the HORIZONTAL MODE 
switch. Center the display on the crt with the left vertical 
unit position control. Disconnect the input signal from the 
rightvertical unit input connector. Sequentially pressall of 
the VERTICAL MODE switch buttons. Notice that a stable 
display is obtained in all positions of the VERTICAL 
MODE switch (straight line in RIGHT position). Also 
notice that in addition to the VERT MODE pushbutton of 
the A TRIGGER SOURCE switch, the RlGHT VERT or 
LEFT VERT (or both) pushbuttons are illuminated to 
indicate the trigger signal source for each VERTICAL 
MODE switch setting. 

34. Press the LEFT VERT button of the A TRIGGER 
SOURCE switch. Again, sequentially press all of the 
VERTICAL MODE buttons. Notice that the display is again 
stable in all positions, as in the previous step. 

35. Press the RlGHT VERT button of the A TRIGGER 
SOURCE switch. Sequentially press all the VERTICAL 
MODE switch buttons and notice that a stable display 
cannot be obtained in any position. This is because there 
is no input signal connected to the right vertical unit. 
Return the A TRIGGER SOURCE switch to VERT MODE. 

36. The B TRIGGER SOURCE switch operates in a 
similar manner to the A TRIGGER SOURCE switch when 
the B time-base unit is selected for display. Return the B 
TRIGGER SOURCE switch to VERT MODE. 

37. Press the ALT button of the VERTICAL MODE 
switch. Notice that all the A and B TRIGGER SOURCE 
pushbuttons are illuminated. This indicates that the 
internal trigger signals are being obtained alternately from 
the LEFT and RIGHT VERT compartments. 

38. Press the ALT or CHOP button of the HORIZON- 
TAL MODE switch. Notice that this is the same display 
obtained in step 32 (independent-pairs operation). Also, 
notice that the VERT MODE and RIGHT VERT pushbut- 
tons of the A TRIGGER SOURCE switch and the VERT 
MODE and LEFT VERT pushbuttons of the B TRIGGER 
SOURCE switch are illuminated. This indicates the true 
trigger source for both time-base units for independent- 
pairs operation. 

Readout 

NOTE 

The following three steps apply only to instruments 
equipped with a Readout System. 

39. Turn the READOUT control clockwise until an 
alphanumeric display is visible within the top or bottom 
division of the crt. Change the deflection factor of the 
vertical unit that is selected for display. Notice that the 
readout portion of the display changes as the deflection 
factor is changed. Likewise, change the sweep rate of the 
time-base unit which is selected for display. Notice that 
the readout display for the time-base unit changes also as 
the sweep rate is changed. 

40. Set the time-base unit for magnified operation. 
Notice that the readout display changes to indicate the 
correct magnified sweep rate. If a readout-coded 10X 
probe is available for use with the vertical unit, install it on 
the input connector of the right vertical plug-in unit. 
Notice that the deflection factor indicated by the readout 
is increased by 10 times when the probe is added. Return 
the time-base unit to normal sweep operation and dis- 
connect the probe. 

41. Sequentially press all of the VERTICAL MODE 
switch buttons and the HORIZONTAL MODE buttons. 
Notice that the readout from a particular plug-in occupies 
a specific location on the display area, If either of the 
vertical plug-in units is a dual-trace unit, notice that the 
readout for channel 2 appears within the lower division of 
the crt. Return the VERTICAL MODE switch to LEFT 
VERT. 

Beam Finder 

42. Set the deflection factor of the left vertical plug-in 
to 0.1 volts/division. Notice that a square-wave display is 
not visible since the deflection exceeds the scan area of 
the crt. 

43. Press the BEAM FINDER button. Notice that the 
display is returned to the viewing area in compressed 
form. Release the BEAM FINDER switch and notice that 
the display again disappears from the viewing area. Pull 
the BEAM FINDER outward so it locks in the "find" 
position. Notice that the display is again returned to the 
viewing area in compressed form, but that in this position 
it remains on the viewing area as long as the BEAM 
FINDER switch is locked in the outward position. 

44. With the BEAM FINDER switch locked in the 
outward position, increase the vertical unit deflection 
factor until the display is reduced to about two divisions 
vertically. Adjust the position control of the displayed 
vertical unit to position the compressed display about the 
center of the graticule. Press the BEAM FINDER switch in 
and release. Notice that the display remains within the 
viewing area. 
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Calibrator 

45. Set the RATE switch to the B GATE +2 position. 
Press the A button of the HORIZONTAL MODE switch and 
set the B time-base unit for free-running operation (auto- 
triggering with level control set so unit is not triggered). 
Change the sweep rate of the B time-base unit and notice 
that the repetition rate of the displayed signal changes as 
the sweep rate is changed. The repetition rate of the 
displayed signal rate is one-half the repetition rate of the 
gate signal produced by the B time-base unit (duration of 
one cycle of Calibrator waveform equals approximately 20 
times the setting of the B sweep rate switch). Also notice 
that the amplitude of the square wave is adjustable with 
the CALIBRATOR switch. 

46. Set the RATE switch to dc. Establish a ground 
reference level on the crt (such as center horizontal lineof 
graticule). Set the vertical unit for dc input coupling. 
Notice that the display is a straight line deflected from the 
ground reference line by the amount selected by the 
CALIBRATOR switch. 

47. If a current-probe amplifier plug-in is available, the 
current function of the Calibrator can be demonstrated. 
Install the current-probe amplifier plug-in unit in the 
instrument and press the VERTICAL MODE button which 
will display this unit. Set the RATE switch to the 1 kHz 
position and the CALIBRATOR switch to the 40 mA 
position. Connect the current probe to the 40 mA current 
loop (observe current direction shown by arrow). Set the 
deflection factor of the current-probe amplifier to display 
several divisions of the calibrator waveform. Set the RATE 
switch to the B GATE +2 position. Notice that the display 
is the same amplitude as obtained previously, but that the 
repetition rate is variable with the B time-base unit sweep 
rate switch. Change the RATE switch to the dc position. 
Notice that there is no deflection on the crt. This is 
because thedc current function can bedemonstrated only 
with a current-probe that is sensitive to dc current. 

Z-Axis Input 

48. If an external signal is available (two volts peak-to- 
peak minimum), the function of the Z-AXIS INPUT can be 
demonstrated. Remove the bnc cap from the Z-AXIS 
INPUT connector (on rear panel). Connect the external 
signal to both the input connectorof the displayed vertical 
unit and the Z-AXIS INPUT connector. Set the sweep rate 
of the displayed time-base unit todisplay about five cycles 
of the waveform. Adjust the amplitude of the signal 
generator until intensity modulation is visible on the 
display (change the vertical unit deflection factor as 
necessary to produce an on-screen display). The positive 
peaks of the waveform should be blanked out and the 
negative peaks intensified. Notice that the setting of the 
intensity controls determines the amount of intensity 
modulation that is visible. Replace the bnc cap on the Z- 
AXIS INPUT connector. 

49. This completes the Function Check procedure. 
Instrument operations not explained here, or operations 
which need further explanation are discussed under 
Detailed Operating Information. 

SIMPLIFIED OPERATING 
INSTRUCTIONS 

General 

The following information is provided to aid in quickly 
obtaining the correct setting for the 7904 controls to 
present a display. The operator should be familiar with the 
complete function and operation of this instrument as 
described in this section before using this procedure. For 
detailed operating information for the plug-in units, see 
the instruction manuals for the applicable units. 

Single-f race Display 

The following procedure will provide a display of a 
single-trace vertical unit against one time-base unit. For 
simplicity of explanation, thevertical unit is installed in the 
LEFT' VERT compartment and the time-base unit is 
installed in the A HORlZ compartment. Other com- 
partments can be used if the following procedure is 
changed accordingly. 

1. Install a 7A-series amplifier unit in the LEFT VERT 
compartment. 

2. Press the LEFT' button of the VERTICAL MODE 
switch. 

3. lnstall a 78-series time-base unit in the A HORIZ 
compartment. 

4. Press the A button of the HORIZONTAL MODE 
switch. 

5. Press the VERT MODE button of the A TRIGGER 
SOURCE switch. 

6. Set the POWER switch to ON. Allow several minutes 
warmup. 

7. Connect the signal to the input connector of the 
vertical unit. 

8. Set the vertical unit for ac input coupling and 
calibrated deflection factors. 
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9. Set the time-base unit for auto mode, internal 
triggering at a sweep rate of one millisecond/division. 

10. Advance theA INTENSITY control until adisplay is 
visible (if display is not visible with A INTENSITY at about 
midrange, press BEAM FINDER switch and adjust the 
vertical deflection factor until the display is reduced in size 
vertically; then center compressed display with vertical 
and horizontal position controls; release BEAM FINDER). 
Adjust the FOCUS control for a well-defined display. 

11. Set the vertical deflection factor and vertical 
position control for a display which remains within the 
graticule area vertically. 

12. If necessary, set the time-base triggering controls 
for a stable display. 

13. Adjust the time-base position control so the dis- 
play begins at the farthest left vertical line of thegraticule. 
Set the time-base sweep rate to display the desired 
number of cycles. 

Dual-Trace Display 

The following procedure will provide a display of two 
single-trace vertical units against one time-base unit. 

1. Install 7A-series amplifier units in both vertical plug- 
in compartments. 

2. Press the LEFT button of the VERTICAL MODE 
switch. 

3. Install a 7B-series time-base unit in the A HORlZ 
compartment. 

4. Press the A button of the HORIZONTAL MODE 
switch. 

5. Press the VERT MODE button of the A TRIGGER 
SOURCE switch. 
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6. Set the POWER switch to ON. Allow several minutes 
warmup. 

7. Connect the signals to the input connectors of the 
vertical units. 

8. Set the vertical units for ac input coupling and 
calibrated deflection factors. 

9. Set the time-base unit for auto mode, internal 
triggering at a sweep rate of one millisecond/division. 

10. Advance theA INTENSITY control until a display is 
visible (if display is not visible with A INTENSITY at 
midrange, press BEAM FINDER switch and adjust vertical 
deflection factor until display is reduced in size vertically; 
then center compressed display with vertical and horizon- 
tal position controls; release BEAM FINDER). Set the 
FOCUS control for a well-defined display. 

11. Set the left vertical unit deflection factor for a 
display about four divisions in amplitude. Adjust the 
vertical position control to move this display to the top of 
the graticule area. 

12. Press the RIGHT button of the VERTICAL MODE 
switch. 

13. Set the right vertical unit deflection factor for a 
display which is about four divisions in amplitude (if 
display cannot be located, use BEAM FINDER switch). 
Position this display to the bottom of the graticule area 
with the right vertical unit position control. 

14. Press the ALT or CHOP button of the VERTICAL 
MODE switch. A dual-trace display of the signal from the 
left vertical and right vertical piug-insshould be presented 
on the crt. (For more information on choice of dual-trace 
mode, see Dual-Trace Displays in this section.) 

15. If necessary, adjust the time-base triggering con- 
trols for a stable display. 

16. Adjust the time-base position control so the dis- 
play begins at the left graticule line. Set the time-base 
sweep rate for the desired horizontal display. 
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Dual-Sweep Display 

The following procedure will provide a dual-sweep 
display of a single-trace vertical unit against time-base 
units. 

1. Instali a PA-series amplifier unit in the LEFT' VERT 
compartment. 

2. Press the LEFT button of the VERTICAL MODE 
switch. 

3. lnstall 7B-series time-base units in both the A 
HORIZ and B HORIZ compartments. 

4. Press the A button of the HORIZONTAL MODE 
switch. 

5. Press the VERT MODE buttons of the A TRIGGER 
SOURCE and B TRIGGER SOURCE switches. 

6. Set the POWER switch to ON. Allow several minutes 
warmup. 

7. Connect the signal to the input connector of the 
vertical unit. 

8. Set the vertical unit for ac input coupling and 
calibrated deflection factors. 

9. Set both time-base units for auto mode, internal 
triggering at a sweep rate of one millisecond/division. 

10. Advance theA INTENSIW control until adisplay is 
visible (if display is not visible with A INTENSITY at 
midrange, press BEAM FINDER switch and adjust vertical 
deflection factor until display is reduced in size vertically; 
then center compressed display with vertical position 
control; release BEAM FINDER). Set the FOCUS control 
for a well-defined display. 

11. Set the vertical unit for a display about four 
divisions in amplitude and move the display to the top of 
the graticule area with the vertical position control. 

12. If necessary, set the A tima-base unit for stable 
triggering. 

13. Set the A time-base sweep rate for the desired 
display. 

14. Press the B button of the HORIZONTAL MODE 
switch. 

15. Advance the B INTENSITY control until adisplay is 
visible (if dtsplay is not visible with B INTENSITY at 
midrange, press BEAM FINDER switch and adjust the 
vertical deflection factor until display is reduced in size 
vertically; then center compressed display with vertical 
position control; release BEAM FINDER). 

16. If necessary, set the B time-base unit for stable 
triggering. 

17. Set the B time-base unit sweep rate for the desired 
display. 

18. Press the ALT or CHOP button of the HORIZON- 
TAL MODE switch (see Dual-Sweep Displays in this 
section for further information on selecting sweep mode). 

19. Adjust the VERT TRACE SEPARATION (B) control 
to position the trace produced by the B time-base unit with 
respect to the trace produced by the A time-base unit. 

Dual Trace-Dual Sweep Display 

The following procedure will providea dual-trace, dual- 
sweep display of two single-trace vertical units against 
two time-base units (four traces displayed on crt). 

1. Install 7A-series amplifier units in both vertical 
compartments. 

2. Press the LEFT button of the VERTICAL MODE 
switch. 

3. Install 7B-series time-base units in both horizontal 
compartments. 

4. Press the B button of the HORIZONTAL MODE 
switch. 

5. Press the VERT MODE buttons of the A TRIGGER 
SOURCE and B TRIGGER SOURCE switches. 

6. Set the POWER switch toON. Allow several minutes 
warmup. 
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7. Connect the signals to the input connectors of the 
vertical units. 

8. Set the vertical units for ac input coupling and 
calibrated deflection factors. 

9. Set both time-base units for auto mode, internal 
triggering at a sweep rate of one millisecond/division. 

10. Advance the B INTENSITY control until a display is 
visible (if display is not visible with B INTENSITY at 
midrange, press BEAM FINDER switch and adjust the left 
vertical unit deflection factor until display is reduced in 
size vertically; then center compressed display with left 
vertical position control; release BEAM FINDER). Set the 
FOCUS control for a well-defined display. 

11. Set the left vertical unit deflection factor for a 
display which is about two divisions in amplitude and 
position the display to the top of the graticule area. 

12. If necessary, adjust the B time-base unittriggering 
controls for a stable display. 

13. Position the start of the trace to the left graticule 
line with the B time-base unit position control. Set the B 
time-base unit sweep rate for the desired display. 

14. Press the RIGHT button of the VER "ICAL MODE 
switch and the A button of the HORIZONTAL MODE 
switch. 

15. Advance theA INTENSITY control until adisplay is 
visible (if display is not visible with A INTENSITY at 
midrange, press BEAM FINDER switch and adjust the 
right vertical unit deflection factor until dis2lay is reduced 
in size vertically; then center compressed display with 
right vertical unit position control; release BEAM 
FINDER). 

16. Set the right vertical unit deflectiorl factor for a 
display about two division in amplitude and position the 
d~splay just below the center horizontal line of the 
graticule. 

17. If necessary, adjust the A time-base unittriggering 
controls for a stable display. 
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18. Position the start of the trace to the left graticule 
line with the A time-base unit position control. Set the A 
time-base sweep rate for the desired display. 

19. Press the ALT or CHOP button of the HORIZON- 
TAL MODE switch. 

20. If necessary, adjust the VERT TRACE 
SEPARATION (B) control to separate the two traces. 

21. Press the CHOP button of the VERTICAL MODE 
switch. 

22. Adjust the vertical position controls and the VERT 
TRACE SEPARATION (B) control as necessary to obtain 
the desired display. 

Independent-Pairs Display 

The following procedure will providea dual-trace, dual- 
sweep display where the left vertical unit is displayed only 
at the sweep rate of the B time-base unit and the right 
vertical unit is displayed only at the sweep rate of the A 
time-base unit. 

1. Follow steps 1 through 190f the previous procedure 
for Dual-Trace/Dual-Sweep displays. 

2. Press the A L I  button of the VERTICAL MODE 
switch. 

3. If necessary, adjust the position controls of the 
vertical units to separate the two traces. The vertical 
deflection produced by the unit in the LEFT VERT 
compartment is displayed at the sweep rate of the time- 
base in the B HORIZ compartment, and the vertical 
deflection produced by the unit in the RIGHT VERT 
compartment is disp;ayed at the sweep rate of the time- 
base in the A HOR!Z compartment. 

Delayed Sweep-Single Trace Display 

The following procedure will provide a delayed-sweep 
display of a single-trace vertical unit. 

1. Follow the complete procedure given under Single- 
Trace Displays. 

2. Be sure the time-base unit installed in the A HORIZ 
(DELAYING TIME BASE) compartment is a delaying time- 
base unit. 
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3. install a 7B-series time-base unit in the B HORIZ 
compartment. 

4. Follow the procedure given in the instruction 
manual for the delaying sweep time-base unit to obtain a 
delayed-sweep display. 

5. Press the B button of the HORIZONTAL MODE 
switch and advance the B INTENSITY control until a 
display is visible. Only the delayed sweep is shown on this 
display. 

6. Press the ALT or CHOP button of the HORIZONTAL 
MODE switch. 

7. If necessary, adjust the VERT TRACE 
SEPARATION (B) control to separate the two traces. This 
display provides a simultaneous presentation of the 
delaying (A HORIZ) time-base unit and the delayed (B 
HORIZ) time-base unit. 

Delayed Sweep-Dual Trace 

The following procedure will provide a delayed-sweep 
display of two single-trace vertical units (four traces 
displayed on screen). 

1. Follow the complete procedure given under Dual- 
"Trace Displays. 

2. Be sure the time-base unit installed in the A HORIZ 
(DELAYING TIME BASE) compartment isadelaying time- 
base unit. 

3. Install a 7B-series time-base unit in the B HORIZ 
compartment. 

4. Follow the procedure given in the instruction 
manual for the delaying sweep time-base unit to obtain a 
delayed-sweep display. 

5. Press the B button of the HORIZONTAL MODE 
switch and advance the B INTENStTY control until a 
display is visible. Only the delayed sweep display of both 
vertical traces is shown on this display. 

6. Press the ALT or CHOP button of the HORIZONTAL 
MODE switch. 

7. Adjust the vertical position controls and the VERT 
TRACE SEPARATION (B) control as necessary to obtain 
the desired display. 

When operated in the delayed-sweep mode, there is 
no special display relationshtp between the vertical 
and horizontal plug-ins as for independent-pairs 
operatton, regardless of the verbcal mode selected. 

X-Y Display 

The following procedure will provide an X-Y display 
(one signal versus another rather than against time). 

NOTE 

Some 7B-series time-base unlfs have provisions for 
amplifier operation in the X- Y mode; see X- Y Opera- 
tion in this section for detatls of operation in this 
manner. 

1. Install 7A-series amplifier units in both the LEFT 
VEHT and the A HORIZ compartments. 

2. Press the LEFT button of the VERTICAL MODE 
switch and the A button of the HORIZONTAL MODE 
switch. 

3. Set the POWER switch to ON. Allow several minutes 
warmup. 

4. Connect the X-s~gnal to the ampl~fier unit in the 
LEFT VEHT compartment. 

5 Connect the Y-signal to the amplifier unit in the 
LEFT VERT compartment. 

6. Set both amplifier units for ac input coupling and 
calibrated deflection factors. 

7. Advance the A INTENSITY control until a display is 
visible (if display is not visible, press BEAM FINDER 
switch and adjust the deflection factors of both amplifier 
units until display is reduced in size both vertically and 
horizontally; then center compressed display with the 
position controls; release BEAM FINDER) 
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8. Set the deflection factor of both amplifier units for 
the desired display and center thedisplay with the position 
controls. The amplifier unit in the A HORlZ compartment 
controls the horizontal deflection, and the unit in the LEFT 
VERT compartment controls the vertical deflection. 

DETAILED OPERATING INFORMATION 

Intensity Controls 

General. The 7904 has three separate intensity con- 
trols. The A IN 1"ENSITY control determines the brightness 
of the display produced by the plug-in unit in theA HORlZ 
compartment. Likewise, the B INTENSITY control deter- 
mines the brightness of the display produced by the plug- 
in unit in the B HORlZ comwartment. The READOUT 
intensity control determines the brightness of only the 
readout portion of the crt display. 

Crt Phosphor Protection. To protect the crt phosphor, 
this instrument contains protection circuitry which limits 
the display intensity by limiting the crt beam current to a 
safe level. If the intensity control(s) is advanced to a point 
where the crt beam current exceeds a potentially damag- 
ing level for more than about ten milliseconds, the circuit 
action atuomatically limits the beam current to asafe level. 
This circuit action also de-focuses the trace to Indicate 
that the setting of the intensity control(s) should be 
reduced. The crt beam current is limited to an even lower 
level when operating in an X-Y mode, or if either one of the 
time-base unlts is set to aslow sweep rate (even if the time- 
base unlt with slow sweep rate is not selected for display 
by the HORIZONTAL MODE switch) This reduces the 
danger of damaging the crt phosphor with a stationary or 
slowly moving spot. Since beam-current limiting does not 
take effect until after about ten milliseconds, the full 
display-intensity capability of this instrument is available 
for most single-shot and photography uses. 

Light Filters. Light filters reduce the observed light 
output from the crt. When the highest intensity display is 
desired. remove the filters and use only the clear faceplate 
protector (permanently installed behlnd bezel). Apparent 
trace intensity can also be improved In such cases by 
reducing the ambient ltght or uslng a viewing hood. 

Display Focus 

This instrument contains an automatic-focusing circuit 
which maintains optimum focus after correct setting of the 
FOCUS control is established. This eliminates the need to 
re-adjust the FOCUS control for various intensity settings 
within the range of the crt phosphor-protection circuitry 
(see Crt Phosphor Protection). Set the FOCUS control for 
best definition of a low-intensity display. 

Astigmatism Adjustment 

If a well-defined display cannot be obtained with the 
FOCUS control, adjust the ASTIG adjustment as follows: 

NOTE 

To check for proper setting of the ASTIG adjust- 
ment, slowly turn the FOCUS control through fhe 
optimum setting. If the ASTIG adjustment is correct- 
ly set, the vertical and horizontal portions of the 
display will come into sharpest focus at the same 
position of the FOCUS control. This setting of the 
ASTIG adjustment should be correct for any display. 

1. Connect the CAL VOL1"S connector to the input of 
the vertical unit with a bnc-to-bnc jumper lead. 

2. Set the CALIBRATOR switch to 4 V and the RATE 
switch to 1 kHz. Adjust the vertical deflection factor to 
produce a two- or three-division display. 

3. Set the time-base unit for a sweep rate of 0.2 
rnillisecond/division. 

4. Set the A INTENSITY control so the display is at 
normal intensity (about midrange). 

5. Turn the FOCUS control fully counterclockwiseand 
set the ASTIG adjustment to midrange. 

6. Adjust the FOCUS control so the top and bottom of 
the displayed square wave are as thin as possible, but not 
elongated. 

7. Set the ASTIG adjustment so the top and bottom of 
the displayed square wave are as thin as possible. 

8. Repeat steps 6 and 7 for the best overall focus. 

Trace Alignment Adjustment 

If a free-running trace is not parallel with the horizontal 
graticule lines, set the TRACE ROTATION adjustment as 
follows: Position the trace to the center horizontal line and 
adjust the TRACE ROTATION adjustment so the trace is 
parallel with the horizontal graticule lines. 
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Graticule 

The graticule is internally marked on the faceplate of 
the crt to provide accurate, no-parallax measurements. 
The graticule is divided into eight vertical and ten 
horizontal divisions. In addition, each major division is 
divided into five minor divisions at the center vertical and 
horizontal lines. The vertical gain and horizontal timing of 
the plug-ins are calibrated to the graticule so accurate 
measurements can be made from the crt. The illumination 
of the graticule lines can be varied with the GRAT ILLUM 
control. 

NOTE 

Two types of crt graticules have been used in some 
Tektronix oscilloscopes. One graticule has 0% and 
7 00% risetime reference points that areseparted by 6 
verticaf graticule divisions. The other graticufe has 
the 0°/0 and 7 00% rtsetime reference points separated 
by 5 verticaf divisions. In your manual, illustrations 
of the crt face or risetime measurement instructions 
may not correspond with the graticule markings on 
your oscilioscope. 

Figure 2-3 shows the oscilloscope graticuleand defines 
the various measurement lines. The terminology defined 
here will be used in all discussions involving graticule 
measurements. Notice theO%, l0,90, and 100 markingson 
the left side of the graticule. These markings are provided 
to facilitate risetime measurements. 

Fig. 2-3. Definitlon of measurement lines on the graticule. 

Light Filter 

The tinted filter provided with this instrument 
minimizes light reflections from the face of the crt to 
improve contrast when viewing the display under high 
ambient light conditions, This filter should be removed for 
waveform photographs or when viewing high writing rate 
displays. To remove the filter, pull outward on the bottom 
of the plastic crt mask and remove it from the crt. Remove 
the tinted filter (leave the metal light shield in place) and 
snap the plastic crt mask back into place. A clear plastic 
faceplate protector is mounted between the crt faceplate 
and the bezel. This faceplate protector should be left in 
place at all times to protect the crt faceplate from 
scratches. 

An optional mesh filter is available for use with the 
instrument (included with Option 3). This filter provides 
shielding against radiated EM1 (electro-magnetic in- 
terference) from the face of the crt. It also serves as a light 
fitter to make the trace more visible under high ambient 
light conditions. The mesh filter fits in place of the plastic 
crt mask and the tinted filter. 

Beam Finder 

The BEAM FINDER switch provides a means of 
locating a display which overscans theviewing areaeither 
vertically or horizontally. When the BEAM FINDER switch 
is pressed, the display is compressed within the graticule 
area. This switch can also be pulled outward to lock it in 
the beam-finder position. The latter feature is convenient 
when attempting to locate traces from more than one of 
the plug-in units in this instrument. Press the BEAM 
FINDER switch in to release it from the locked position. To 
locate and reposition an overscanned display, use the 
following prodecure: 

1. Press the BEAM FlNDERswitch in (or if desired, pull 
it outward to the lock position). 

2. While the display is compressed, increase the 
vertical and horizontal deflection factors until the vertical 
deflection is reduced to about two divisions and the 
horizontal deflection is reduced to about four divisions 
(the horizontal deflection needs to be reduced only when 
in the X-Y mode of operation). 

3. Adjust the vertical and horizontal position controls 
to center the display about the vertical and horizontal 
center lines of the graticule. 

4. Release the BEAM FINDER switch; the display 
should remain within the viewing area. 
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Control Illumination 

The CONTROL ILLUM switch determines the illumina- 
tion level of the pushbutton switches on this instrument 
and the associated plug-in units. This switch controls the 
illumination of only the pushbutton switches on the plug- 
in units, and does not affect the intensity of lights which 
are used as function indicators (for example, it does not 
affect the illumination of the ready light on a time-base 
unit which has the single-sweep feature). In the OFF 
position, all pushbutton lights on the instrument and the 
associated plug-ins are off. The Aand B INTENSITY lights 
remain on at low intensity to provide a power-on indica- 
tion. In the LOW position, the selected buttons are 
illuminated at low intensity. This is the recommended 
position for the CONTROL ILLUM switch, since it 
provides an adequate indication of switch position and 
also results in longest bulb life. The HIGH position 
provides maximum intensity for the pushbuttons and can 
be used so the selected switch is obvious even under high 
ambient light conditions. 

NOTE 

I f  the Readout System is not installed in thls 
Instrument (Option I ) ,  disregard the following infor- 
matfon. Also, the READOUT control has no effect 
upon tnstfument operation m this case. 

Readout 

The Readout System allows alphanumeric display of 
information on the crt along with the analog waveform 
displays. The information displayed by the Readout 
System is obtained from the plug-in units which are 
installed in the plug-in compartments. The characters of 
the readout display are written by the crt beam on a time- 
shared basis with the signal waveforms. 

The Readout Mode switch, located behind the right 
side panel (see Fig. 2-4), determines the operating mode 
of the Readout System. When this switch is in the Free 
Run--Remote position, the Readout System operates in a 
free-running mode to randomly interrupt the waveform 
display to display characters. However, the waveform 
display is interrupted for only about 20 microseconds for 
each character that is displayed. The Readout System can 
also be remotely switched to thesingle-shot mode when in 
this position (see Remote Readout for further informa- 
tion). In the Gate 'Trig'd position, the Readout System is 
locked out so no characters are displayed during the 
sweep. At the end of the sweep, the Readout System is 
triggered and a complete frame of all applicable readout 
words is displayed, This mode of operation can be used 
when the trace interruptions necessary to display 
characters would not otherwise allow a satisfactory 
waveform d~splay to be obtained. The trigger for the 
Readout System in the Gate Trig'd position is produced 

from the sweep gate selected by the Gate switch (located 
on the Output Signals and Calibrator board; see Fig. 2-4) 
and is the same as the gate signal connected to the front- 
panel +GATE connector (time-base unit must be installed 
in selected horizontal compartment). 

The readout information from each plug-in channel is 
called a word. Up to eight words of readout information 
can be displayed on the crt (twochannels from each of the 
four plug-in compartments). The location at which each 
readout word is presented is fixed and isdirectly related to 
the plug-in unit and channel from which it originated. Fig. 
2-5 shows the area of the graticule where the readout from 
each plug-in unit and channel is displayed. Notice that the 
readout from channel I of each plug-in unit is displayed 
within the top division of the graticule, and the readout 
from channel 2 is displayed directly below within the 
bottom division of the graticule. Only the readout from 
plug-ins or channels which are selected for display by the 
VERTICAL MODE or HORIZONTAL MODE switches, or 
by the mode switches of dual-channel plug-ins, appear in 
the readout display (some special purpose plug-in units 
may over-ride the mode switches to display readout even 
though the compartment is not selected for waveform 
display). 

Fig. 2-4. Locatlon of Readout Mode and Gate switches (behind 
right side panel). 
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Fig. 2-5. Location of readout on the crt identifying theoriginating 
plug-in and channel. 

An "identify" feature is provided by the Readout 
System to link the readout word with the originating plug- 
in unit and channel (amplifier units only). When the 
"ldentify" button of an amplifier unit is pressed, the word 
IDENTIFY appears in the readout locaionallocated to that 
plug-in and channel. Other readout words in the display 
remain unchanged. When the "ldentify" button is releas- 
ed, the readout display from this plug-in channel is again 
displayed. Circuitry may also be provided in the amplifier 
unit which produces a noticeable change in the analog 
waveform display to also identify the associated trace 
when the "ldentify" button is pressed; see the plug-in 
instruction manuals for details. 

The READOUT control determines the intensity of only 
the readout portion of the display independent of the other 
traces. The Readout System is inoperative in the fully 
counterclockwise OFF position. This may be desirable 
when the top and bottom divisions of the graticule are to 
be used for waveform display. 

Remote Readout 

The operating mode of the Readout System can be 
remotely controlled through the rear-panel Remote con- 
trol connector J90. Grounding Pin E inhibits (locks out) 
the Readout System; grounding Pin F triggers one com- 
plete frame of applicable readout words (single-shot). 
This mode of operation can be used todisplay the readout 
independent of the waveforms, such as for display 
photography. Requirements for remote readout operation 
are as follows: 

Remote Readout Lockout 

Pin of J90 E 

Signal Required Closure to ground (within 0.1 V) 
from a positive level locks out 
Readout System 

Maximum current 2 mA 
required 

Maximum open -1-2 V 
circuit voltage 

Maximum safe t-5 V, -1 V (dc I peak ac) 
input voltage 

Remote Single-Shot Readout 

Pin of J90 F 

Signal required Closure to ground (within 0.4 V) 
from a positive level with pin E 
grounded allows Readout System 
to display one complete frame. 
Rate of change must be at least 
0.1 Vlps. 

Maximum current 3 mA 
required 

Maximum open +- lo  V 
circuit voltage 

Maximum safe -I 10 V, -5 V (dc 4- peak ac) 
input voltage 

Display Photography 

A permanent record of the crt display can be obtained 
with an oscilloscope camera system. The instruction 
manuals for the Tektronix Oscilloscope Cameras include 
complete instructions for ob ta~n ing waveform 
photographs. 

The crt bezel of this instrument provides integral 
mounting for a Tektronix Oscilloscope Camera. The three 
pins located on the left side of the crt bezel connect power 
to compatible camera systems. Control signals are also 
received from Tektronix automatic cameras to allow 
camera-controlled single-shot photography (see camera 
manual for further information). 
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If the readout portion of the display is to be included on 
waveform photographs, the following suggestions will aid 
in obtaining good photographs. 

1. Focus the oscilloscope display and the camera on 
the center of the crt display. The auto-focus feature in this 
instrument will maintain the traces at optimum focus. 

2. Set the READOUT intensity control for a minimum 
setting that allows the characters to be written. This 
normally occurs at a slightly lower intensity level than is 
necessary for complete writing of the waveform display. 
Some experimentation may be necessary to establish the 
correct level. Too high asetting of the READOUT intensity 
control will result in a broad, poorly defined photograph of 
the readout display. 

3. If single-shot photography is used, set the Readout 
Mode switch to the Gate Trig'd position (see Readout for 
complete operating information). Then, the readout is 
displayed in a single-shot manner after the trace is 
complete (be sure the camera shutter remains open at 
least 0.5 second after the sweep is completed to 
photograph theentire readout). Also,set theGRAT ILLUM 
control counterclockwise while the trace is being 
photographed. Then, the graticule can be photographed 
later to produce a double-exposure picture showing 
complete information. 

Vertical and Horizontal Mode Switch Logic 

There are 20 possible combinations of VERTICAL 
MODE and HORIZONTAL MODE switch settings. The 
total possible number of display combinations is further 
multiplied by the variety of plug-in units available for use 
with this instrument (such as voltage amplifiers, current 
amplifiers, sampling units, etc.), the interchangeability of 
plug-ins (i.e., an amplifier or time-base unit can be 
installed in either of the vertical or horizontal com- 
partments}, or by the capabilities of the plug-in units 
which are used in this instrument (e.g., a dual-trace 
vertical unit can be used in either of the two single-channel 
modes, in either dual-trace mode, or added algebraically; 
a delaying time base may be used either for a normal 
sweep or for delayed sweep). Therefore, it isdifficult to list 
all of the display combinations which can occur using the 
plug-in units which are available, since the display 
combinations possible are dictated by the specific com- 
bination of plug-in units used. Table 2-1 lists the combina- 
tion of VERTICAL MODE and HORIZONTAL MODE 
switch positions available and the type of display provided 
with each combination. For further information on opera- 
tion in each position of the VERTICAL MODE and 
HORIZONTAL MODE switch positions, see the following 
sections on Vertical Mode and Horizontal Mode. 

VERT 
MODE Sw. 

Position - ----- 
LEFT 

Table 2-1 

ALT 

ADD 

--,-.- 

CHOP 

RIGHT 

DISPLAY COMBINATIONSa -- 

A 

8 

ALT 

CHOP 

------- 
A 

B 

ALT 

CHOP 

HORlZ 
MODE Sw. 

Position 

A 

8 

ALT 

CHOP 

A 

8 

ALT 

CHOP 

Comments 
-. 

One trace. Vertical deflec- 
t ion from single unit; 
horizontal deflection from 
single unit. 

Two traces. Vertical deflec- 
tion from single unit; hori- 
zontal deflection from both 
units. 

A 

B 

ALT 

CHOP 

Two traces. Vertical deflec- 
tion from both units; hori- 
zontal deflection from single 
unit. 

1 l w o  traces. Vertical deflec- 
tion from both units; hori- 
zontal deflection from both 
units. Provides independent- 
pairs operation between the 
LEFT VERT and B HORlZ 
plug-ins and the RIGHT 
VERT and A HORIZ plug-ins 
(except for delayed-sweep 
operation). 

-. -- 
One trace. Vertical deflec- 
tion is algebraic summation 
of both units; horizontal 
deflection from single unit. 

I Two traces. Vertical deflec- 
tion is algebraic summation 
of both units; horizontal 
deflection from both units. 

Two traces. Vertical deflec- 
tion from both units; hori- 
zontal deflection from single 
unit. 

Four traces. Vertical deflec- 
tion from both units; hori- 
zontal deflection from both 

One trace. Vertical deflec- 
t ion from single unit; 
horizontal deflection from 
single unit. 

Two traces. Vertical deflec- 
tion from single unit; hori- 
zontal deflection from both 

I units. 

"Combinations given for single-channel vertical and horizontal 
units only. 
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Vertical Mode 

Left and Right Mode. When the LEFT or RIGHT button 
of the VERTICAL MODE switch is pressed, only thesignal 
from the plug-in unit in the selected compartment is 
displayed. 

Alternate Mode. The ALT position of the VERTICAL 
MODE switch produces a display which alternates 
between the plug-in units in the LEFT' VERT and RIGHT 
VERT compartments with each sweep on thecrt. Although 
the ALT mode can be used at all sweep rates, the CHOP 
mode provides a more satisfactory display at sweep rates 
below about 20 milliseconds/division. At these slower 
sweep rates, alternate-mode switching becomes visually 
perceptible. 

She A and B TRIGGER SOURCE switches allow 
selection of the triggering for an alternate display. When 
these switches are set to the VERT MODE positions, each 
sweep is triggered by the signal being displayed on the crt. 
This provides a stable display of two unrelated signals, but 
does not indicate the time relationship between the 
signals. In either the LEFT VERT or the RIGHT VERT 
positions, the two signals are displayed showing true time 
relationship. However, if the signals are not time-related, 
the display from the plug-in which is not providing a 
trigger signal will be unstable on the crt. 

When the ALT vertical mode is selected and either the 
ALT or CHOP buttons of the HORIZONTAL MODEswitch 
are pressed, the instrument operates in the independent- 
pairs mode. Under this condition, the left vertical unit is 
always displayed at the sweep rate of the time-base unit in 
the B HORIZ compartment and the right vertical unit is 
displayed at the sweep rate of the time-base unit in the A 
HORIZ compartment (non-delayed sweep only). This 
results in two displays that have completely independent 
vertical deflection and sweep rate. This display is 
equivalent to the display obtainable with a dual-beam 
oscilloscope for most repetitive display combinations. See 
Horizontal Mode for information on selection of either 
ALT or CHOP horizontal mode. See Trigger Source for 
information on obtaining correct trigger operation. If 
delayed-sweep operation is used under this condition, a 
different sequence of display occurs. First, the left vertical 
unit is displayed at the sweep rate of the time-base unit in 
the A HORIZ compartment (delaying sweep) and then at 
the sweep rate of the time-base unit in the B HORIZ 
compartment (delayed sweep). The vertical display then 
shifts to the right vertical unit and it is displayed con- 
secutively at the delaying and delayed sweep rate. 

Chopped Mode. The CHOP position of the vertical 
mode swrtch produces a display which is electronically 
switched between channels at a one-megahertz rate. In 
general, the CHOP mode provides the best display at 
sweep rates slower than about 20 milliseconds/division or 
whenever dual-trace, single-shot phenomena are to be 
displayed. At faster sweep rates, the chopped switching 
becomes apparent and may interfere with the display. 

Correct internal triggering for the CHOP mode can be 
obtained in any of the three positions of the triggersource 
switches. When the A or B TRIGGER SOURCE switches 
are set to VERT MODE or LEFT VERT, the internal trigger 
signal is obtained from the left vertical plug-in unit. Useof 
the RIGHT VERT trigger source position triggers the time- 
base un~ts on the internal trigger signal from the right 
vertical unit. Thrs allows two time-related signals to be 
displayed showing true time relationship. However, if the 
signals are not time-related, the display from the channel 
which is not providing the trigger signal will appear 
unstable. The CHOP mode can be used to compare two 
single-shot, transient, or random signals which occur 
within the time interval determined by the time-base unit 
(ten times selected sweep rate). To provide correct 
triggering, the display which provides the trigger signal 
must precede the second display in time. Since thesignals 
show true t~me relationship, time-difference mea- 
surements can be made from the display. 

Algebraic Addition. She ADD position of the VER- 
TICAL MODE switch can be used to display the sum or 
difference of two signals, for common-mode rejection to 
remove an undesired s~gnal, or for dc offset (appiying adc 
voltage to one channel to offset the dc component of a 
signal on the other channel). The common-mode rejection 
ratio between the vertical plug-in compartments of this 
instrument is at least 5:1 at 500 megahertz. The relection 
ratio increases to 100:l at 100 megahertz. 

The overall deflection on the crt in the ADD mode is the 
resultant of the algebraic addition of the signals from the 
two vertical plug-in units. It is difficult to determine the 
voltage amplitude of the resultant display unless the 
amplitude of the signal applied to one of the plug-ins is 
known. This is particularly true when the vertical units are 
set to different deflection factors, since it is not obvious 
which portion of the display is a result of thesignal applied 
to either plug-in unit. Also, the polarity and repetition rate 
of the applied signals enters into the calculation. 

The following general precautions should be observed 
to provide the best display when using the ADD mode: 

1. Do not exceed the input voltage rating of the plug-in 
units. 
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2. Do not apply large signals to the plug-in inputs. A 
good rule to follow is not to apply a signal which exceeds 
an equivalent of about eight times the vertical deflection 
factors. For example, with avertical deflection factor of 0.5 
volt/division, the voltageapplied to that plug-in should not 
exceed four volts. Largervoltages may result in a distorted 
display. 

3. To ensure the greatest dynamic range in the ADD 
mode, set the position controls of the plug-in units to a 
setting which would result in a mid-screen display if 
viewed in the LEFT or RIGHT positions of the VERTICAL 
MODE switch. 

4. For similar response from each channel, set the 
plug-in units for the same input coupling. 

Horizontal Mode 

A and B. When either the A or B button of the 
HORIZONTAL MODE switch is pressed, the display is 
presented at the sweep rate of only the selected time-base 
unit. Set the applicable intensity control and trigger 
source switch for the desired display. 

Alternate Mode. The ALT position of the HORIZONTAL 
MODE switch produces a display which alternates 
between time-base units after each sweep on the crt. 
Although the ALT horizontal mode can be used at all 
sweep rates, the CHOP horizontal mode provides a more 
satisfactory display at sweep rates below about 20 
milliseconds/division. At slower sweep rates, the 
switching between the alternate-mode traces becomes 
apparent and may interfere with correct analysis of the 
display. 

NOTE 

This instrument will not operate in the ALT position 
of the HORIZONTAL MODE switch i f  either horizon- 
tal plug-in compartment is left vacant. 

'The A and B INTENSITY controls allow individual 
adjustment of the traces produced by the time-base units 
in the A HORlZ and B HORlZ compartments. Correct 
triggering of both time-base units isessential to obtain the 
correct display in the AL'T horizontal mode. If either of the 
time-base units does not receive a correct trigger, and 
therefore does not produce a sweep, theother unit cannot 
produce a sweep either. This means that one time-base 
unit cannot begin its sweep until the previous unit has 
completed its entire display. This can be avoided if the 
time-base units are set for auto-mode triggering (sweep 

free runs if not correctly triggered). TheA and B TRIGGER 
SOURCE switches allow individual selection of the trigger 
source for the A HORIZand B HORIZ time-base units. See 
the information on Trigger Source for complete operation 
of the A and B TRIGGER SOURCE switches. Also, see 
Vertical Trace Separation for information on positioning 
the B HORlZ display when in the ALT dual-sweep mode. 

Chopped Mode. When the CHOP button of the 
HORIZONTAL MODE switch is pressed, the display is 
electroni'ca~l~ switched between the two time-base units at 
a 200-kilohertz rate. In general, the CHOP horizontal 
mode provides the best display when either of the time- 
base units is set to a sweep rate slower than about 20 
milliseconds/division. It also provides the best display 
when the two time-base units are set to widely varying 
sweep rates. In the CHOP horizontal mode, equal time 
segments are displayed from each of the time-base units. 
This provides a display which does not change greatly in 
intensity as the sweep rate of one of the time-base units is 
reduced (in contrast to ALT horizontal mode operation, 
where the slowest trace tends to be the brightest). 

The A and El INTENSITY controls allow individual 
adjustment of the intensity of the traces produced by the 
time-base units in the A HORIZ and B HORIZ com- 
partments respectively. Triggering is not as critical in the 
CHOP horizontal mode as in ALT, since only the trace 
from the un-triggered time-base unit is missing from the 
display if one of the units is not triggered properly. The 
other trace will be presented in the normal manner. The A 
and B TRIGGER SOURCE switches allow individual 
selection of the trigger source for the A HORlZ and B 
HORlZ time-base units. See the information on Trigger 
Source. Also, see Vertical Trace Separation for informa- 
tion on positioning the trace produced by the B t-lORlZ 
unit in relation to the trace from the A HORIZ unit. 

Vertical Trace Separation 

The VERT TRACE SEPARATION (B) control allows the 
trace produced by the B HORIZ plug-in to be positioned 
about four divisions above or below the trace produced by 
the plug-in unit in the A HORlZ compartment when one of 
the dual-sweep horizontal modes is selected. This control 
effectively operates as a vertical position control for all 
dual-sweep modes except independent-pairs operation. 
Then, the vertical position of the B HORlZ trace is 
determined by the plug-in unit in the LEFT'VERT compart- 
ment only. 
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To use the VERT TRACE SEPARATION (B) control, 
first establish the desired portion of the trace produced by 
the unit in the A HORlZ compartment. Then adjust the 
VERT TRACE SEPARATION (B) control to move the trace 
produced by the unit in the B HORlZ compartment away 
from the A HORlZ display. If both of the waveforms are 
larger than four divisions in amplitude, the displays can 
only be positioned so they do not directly overlap, since 
each waveform cannot be positioned to a unique area of 
the crt. 

Trigger Source 

The A and B TRIGGER SOURCE switches allow 
selection of the internal trigger signals for the A HORlZ 
and I3 HORlZ time-base units respectively. For most 
applications, these switches can be set to the VERT MODE 
positions. This position is the most convenient, since the 
internal trigger signal is automatically switched as the 
VERTICAL MODE switch is changed. Table 2-2 shows the 
internal trigger source selected in the VERT MODE 
position of both trigger switches for each position of the 
VERTICAL MODE switch. 

Table 2-2 

VERT MODE 

Trigger Source 

VERTICAL MODE Trigger Source for 
Switch Position -- - ---- - ,- . --.--p-.-.'.u..--- 

LEFT LEFT VERT unit only 

ALT Determined by HORIZONTAL 
MODE Switch (see Table2-3) 

ADD Algebraic sum of signalsfrom 
LEFTand RIGHTVERT units 

CHOP / LEFT VERT unit only 

RIGHT 1 RIGHT VERT unit only 
- -.- . - .- -- - 

The internal trigger signal obtained in the ADD position 
of the VERTICAL MODE switch is a composite of the 
signals from the left and right vertical plug-in units. In the 
ALT position of the VERTICAL MODE switch, the internal 
trigger source is pre-selected by the HORIZONTAL 
MODE switch. This automatically selects the proper 
trigger source for the A and B time-base units for 
independent-pairs operation (ALT vertical mode with ALT 
or CHOP horizontal mode unless time-base units are set 

for delayed-sweep operation; see Independent-Pairs 
Operation). For the A or B positions of the HORIZONTAL 
MODE switch, the internal trigger signal is automatically 
switched as the display iselectronically switched between 
the LEFT VERT and RIGHT VERT plug-ins. Table 2-3 
shows the trigger source selected in the ALTvertical mode 
for the A HORlZ and B HORlZ time-base units for each 
position of the HORIZONTAL MODE switch. Therefore, 
the VERT MODE positions ensure that the time-base units 
receive a trigger signal regardless of the mode switch 
settings without the need to change the trigger source 
selection. 

The pushbuttons of the A and B TRIGGER SOURCE 
switches are illuminated (CONTROL ILLUM switch set to 
LOW or HIGH) to indicate the selected position (VERT 
MODE) and the actual internal trigger source obtained as 
a result of the VERTICAL and HORIZONTAL MODE 
switch settings and operating mode of the time-base units 
(LEFT VERT or RIGHT VERT). 

Table 2-3 

A AND B VERT MODE TRIGGER 
SOURCE FOR ALT VERTICAL MODE 

HORIZONTAL MODE I Trigger Source 
Switch Position B - - - -- 

A Alternates between vertlcal 

I units (follows display). 

ALT b ~ l ~ ~ ~  b~~~~ 

VERT unit VERT unit 
.-.------.,.-p---.------.-.----------.u-.." 

CHOP b ~ l ~ ~ ~  b~~~~ 

VERT unit VERT unit 

B I Alternates between vertical 
units (follows display). 

--- - -. - . . . ... --- .- .. .- - .. .- 

h~lternates between vertical units when time-base units are set for 
delayed-sweep operation. 

If correct triggering for the desired display is not 
obtained in the VERT MODE position, the trigger source 
for either the A HORlZ or B HORlZ time-base unit can be 
changed to obtain the trigger signal from either the LEFT 
VERT or RIGHT VERT plug-in. The internal trigger signal 
is obtained from the selected vertical compartment, 
whether the plug-in in that compartment is selected for 
display on the crt or not. If the internal trigger signal is 
obtained from one of the vertical units, but the other 
vertical unit is selected for display, the internal trigger 
signal must betime-related to thedisplayed signal in order 
to obtain a triggered (stable) display. 
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X-Y Operation 

In some applications, it is desirable to display one 
signal versus another (X-Y) rather than against time 
(internal sweep). "The flexibility of the plug-in units 
available for use with this instrument provides a means for 
applying an external signal to the horizontal deflection 
system for this type of display. Some of the 7B-series time- 
base units can be operated as amplifiers in addition to 
their normal use as time-base generators. This feature 
allows an external signal to provide the horizontal deflec- 
tion on the crt. For most of the time-base units with the 
amplifier function, the X (horizontal) signal can be con- 
nected either to an external input connector on the time- 
base unit or it can be routed to the time-base through the 
internal triggering system (see time-base instruction 
manual fordetails). If the latter method isused, the Aand B 
TRIGGER SOURCE switches must be set so that the X 
(horizontal) signal is obtaineq from one of the vertical 
units and the Y (vertical) signal is obtained from the other 
vertical unit. The advantages of using the internal trigger 
system to provide the X signal are that the attenuator 
switch of the amplifier unit providing the horizontal signal 
determines the horizontal deflection factor to allow full- 
range operation, and the plug-in units do not have to be 
moved between compartments when X-Y operation is 
desired. 

Another method of obtaining an X-Y display is to install 
an amplifier plug-in unit in one of the horizontal plug-in 
compartments (check amplifier unit gain as given in the 
plug-in instruction manual to obtain calibrated horizontal 
deflection factors). This method provides the best X-Y 
display, particularly if two identical amplifier units are 
used, since both the X and Y input systems will have the 
same delay time, gain characteristics, input coupling, etc. 
For further information on obtaining X-Y displays, see the 
plug-in unit manuals. Also, the reference books listed 
under Applications provide information on X-Y 
measurements and interpreting the resultant lissajous 
displays. 

An optional X-Y delay compensation network is 
available for this instrument. This network provides close 
delay matching between the vertical and horizontal 
deflection systems up to one megahertz for use in X-Y 
applications which require precise phase measurement. 
The network can be added to this instrument at any time. 
Order the X-Y Conversion kit from your local "Fektronix 
Field Office or representative; installation instructions are 
included. 

While the X-Y delay compensation network provides 
minimum phaseshift between theXandY portionsof an X- 
Y display, it adds negative preshoot distortion and some 
corner rounding to fast step functions. An internal Delay 
Disable switch (see Fig. 2-6) is provided for both the A and 
6 delay compensation networks to allow selection of 
either minimum phase-shift characteristics or optimum 
step response. When the Delay Disable switch is set to In 
(up), minimum phase-shift operation is provided as con- 
trolled by the plug-in units in the associated horizontal 
compartment. When set to the Out (down) position, theX- 
Y delay compensation network fortheapplicable horizon- 
tal compartment is disabled; the horizontal signal is 
connected to the horizontal deflection system with 
minimum distortion. 

Fig. 2-6. Location of Aand 8 Delay Disable switches (behind right 
side panel). 

intensity Modulation 

Intensity (Z-axis) modulation can be used to relate a third 
item of electrical phenomena to the vertical (Y-axis) and the 
horizontal (X-axis) coordinates without affecting the 
waveshape of the displayed signal. The Z-axis modulating 
signal applied to the crt circuit changes the intensity of the 
displayed waveform to provide this type of display. "Gray 
scale" intensity modulation can be obtained by applying 
signals which do not completely blank the display. Large 
amplitude signals of the correct polarity will completely 
blank the display; the sharpest display is provided by 
signals with a fast rise and fall. The voltage amplitude 
required for visible trace modulation depends on the setting 
of the intensity controls. 
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Time markers applied to the Z-AXIS INPUT provide a 
direct time reference on the display. With uncalibrated 
horizontal sweep or X-Y mode operation, the time markers 
provide a means of reading time directly from the display. 
However, if the markers are not time-related to the 
displayed waveform, a single-sweep display should be 
used (for internal sweep only) to provide a stable display. 

The Z-AXIS INPUT (on rear panel) permits intensity 
modulation of the crt display through the intensity circuit. 
Negative-going signals increase the display intensity and 
positive-going signals decrease the display intensity. At 
dc and low frequencies, a two-volt peak-to-peak signal will 
completely blank the display even at maximum intensity 
levels. At higher frequencies, the signal characteristics 
necessary to obtain intensity modulation without distor- 
tion are determined by the intensity circuit pulse perfor- 
mance characteristics (see Section 3). The maximum 
input voltage should be limited to 15 volts (dc plus peak 
ac). When the Z-AXIS INPUT is not in use, replacethe bnc 
cap. 

Raster Display 

A raster-type display can be used to effectively increase 
the apparent sweep length. For this type of display, the 
trace is deflected both vertically and horizontally by 
sawtooth signals. This is accomplished by installing a 76- 
series time-base unit in one of the vertical plug-in 
compartments. Normally, the time-base unit in thevertical 
compartment should be set to aslower sweep rate than the 
time-base unit in the horizontal compartment; the number 
of horizontal traces in the raster depends upon the ratio 
between the two sweep rates. Information can be dis- 
played on the raster using several different methods. In the 
ADD position of the VERTICAL MODE switch, the signal 
from an amplifier unit can be algebraically added to the 
vertical deflection. With this method, the vertical signal 
amplitude on the crt should not exceed the distance 
between the horizontal lines of the raster. Another method 
of displaying information on the raster is to use theZ-AXIS 
INPUT to provide intensity modulation for the display. 
This type of raster display could be used to provide a 
television-type display. Complete information on opera- 
tion using the Z-axis feature is given under intensity 
Modulation. 

To provide a stable raster display, both time-base units 
must be correctly triggered. Internal triggering is not 
provided for the time-base units when they are in the 
vertical compartments; external triggering must be used. 
Also, blanking is not provided from the time-base units 
when they are installed in a vertical compartment. To 
blank out the retrace portion from the time-base unit in the 
vertical compartment, special connections must be made 
from this time-base unit to the blanking network (for 
further information, see the instruction manual for the 
applicable time-base unit). 

Calibrator 

General. The internal calibrator provides a convenient 
signal source for checking basic vertical gain and sweep 
timing. The calibrator output signal is also very useful for 
adjusting probe compensation as described in the probe 
instruction manual. In addition, the calibrator can be used 
as a convenient signal source for application to external 
equipment. 

Voltage. The calibrator provides accurate output 
voltages at the CAL VOLTS connector from 4 millivolts to 
40 volts in decade steps into high impedance loads. In 
addition, the positions from 4 mV to 4 V provide an output 
of two millivolts to 0.4 volts into 50 R (shown on front 
panel in brackets). The amplitude of the output voltage is 
selected by the CALIBRATOR switch. The output voltage 
is available at the front-panel CAL VOLTS connector. 

Current. The current loop provides a 40 rnA output 
current which can be used to check and calibratecurrent- 
measuring probe systems. The current output is selected 
by the CALIBRATOR switch when set to the 40 mA 
posttion. The current signal is obtained by clamping the 
probe around the current loop. The arrow above the 
current loop indicates conventional current flow; i.e., from 
plus to minus. 

Repetition Rate. The calibrator circuit uses frequency- 
stable components to maintain accurate frequency and 
constant duty cycle. Thus, the calibrator can be used for 
checking the basic sweep timing of time-base units (one 
kilohertz rate only). The RATE switch selects the repeti- 
tion rate of the calibrator Two positions of the RATE 
switch provide a square-wave output signal both at the 
CAL VOLTS connector and through the current loop. In 
the 1 kHz position, the repetition rate of the calibrator is 
one kilohertz. The B GATE 2 position of the RATE switch 
provides a variable calibrator repetition rate In this 
position, the repetition rate of the calibrator output signal 
in one-half the repetition rate of the gate signal produced 
by the time-base unit in the B HORlZ compartment (length 
of B gate is about ten times the setting of the B sweep rate 
switch). This position of the RATE switch allows selection 
of the repetition rate of the calibrator output signal by 
changing the sweep rate of the time-base unit in the B 
HORlZ compartment. The calibrator circuit maintains a 
constant 50% duty cycle on the output waveform, 
regardless of the repetition rate ( 6  time-base free run- 
ning). 

in the dc position, positive dc voltage levels are 
available at the CAL VOLTS connector; the amplitude of 
the dc voltage is determined by the setting of the 
CALIBRATOR switch to one of the voltage ranges. When 
the CALIBRATOR switch is set to the 40 mA position, a dc 
current of 40 mA is provided through the current loop. 
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Wave Shape. The square-wave output signal of the 
calibrator can be used as a reference wave shape when 
checking or adjusting the compensation of passive, high- 
resistance probes. Since the square-wave output from the 
calibrator has a flat top, any distortion in the displayed 
waveform is due to the probe compensation. 

Signal Outputs 

-t Sawtooth. The -t. SAWTOOTH connector provides a 
positive-going sample of the sawtooth signal from the 
time-base units in the horizontal plug-in compartments. 
The internal Sweep switch (located behind right side 
panel; see Fig. 2-7) allows the output sawtooth to be 
selected from the time-base unit in either theA HORIZor B 
HORIZ compartments. Rate of rise of the sawtooth output 
signal is about 50 millivolts/unit of time into a50 O load, or 
about one volt/unit of time into a 1 M f l  load. Unitof time is 
determined by the time-base time/division switch (e.g., if 
timeidivision switch is set to one millisecond/division, a 
unit of time is one millisecond; at five milfiseconds/divi- 
sion, a unit of time is five milliseconds). The peak output 
voltage is about 500 millivolts into a 50 O load or about 10 
volts into a 1 MO load. 

+ Gate. The 4- GATE output connector provides a 
positive-going rectangular output pulse from the time- 
base unit in the horizontal plug-in compartments. The 
Gate switch (located behind the right side panel; see Fig. 
2-7) allows the output signal to be selected from the time- 
base unit in the A HORlZ compartment, B HORlZ 
compartment, or the delayed gate from a delaying time- 
base unit in either horizontal compartment. Duration of 
the gate output signal is the same as the duration of the 
respective sweep or, in the case of the delayed gate, it 
starts at the end of the delay period and lasts until the end 
of the sweep from the delaying time-base unit. Amplitude 
of the output signal at the -+ GATE connector is about 0.5 
volt into 50 O. or about 10 volts into 1 Mn. 

Vertical Signal. The SIG OUT connector provides a 
sample of the vertical deflection signal. The source of the 
output signal at this connector is determined by the B 
TRIGGER SOURCE switch (notice line connecting SIG 
OUT connector to B TRIGGER SOURCE switch), In the 
VERT MODE position of the BTRIGGER SOURCEswitch, 
the output signal is determined by the setting of the 
VERTICAL MODE switch. The output signal in the LEFT 
and RIGHT positions of the VERTICAL MODE switch is 
obtained only from the selected vertical unit. The vertical 
output signal in the ADD position of theVEHTlCAL MODE 
switch is the algebraic sum of the left and right vertical unit 
signals. In the CHOP position of the VERTICAL MODE 
switch, the output signal is obtained from the left vertical 
unit. In the ALT position of the VERTICAL MODE switch, 
the output signal source is also determined by the setting 
of the HORIZONTAL MODE switch. 

When the HORIZONTAL MODE switch is set to A or B, 
the output signal at the SIG OUT connector switches 
between vertical units along the crt display. However, 
when the HORIZONTAL MODE switch is set to ALT or 
CHOP, the output signal is obtained from the left vertical 
unit (except for delayed sweep operation; then the output 
signal is the same as in the A or B positions). The LEFT 
VERT and RIGHT VERT positions of the B TRIGGER 
SOURCE switch provide the vertical output signal only 
from the selected vertical unit even when it is not selected 
for display. The output voltage into a 50 C2 load isabout 25 
millivolts/division of crt display and about0.5volt/division 
of display into a 1 MC2 load. The bandwidth of the output 
signal is determined by the vertical plug-in unit which is 
used (see Systems Specification given in Section 1). 

Fig. 2-7. Location of Sweep and Gate switches (behind right side 
panel). 

Probe Power Connectors 

The two PROBE POWER connectors on the rear panel 
of this instrument provide operating power for active 
probe systems. It is not recommended that these connec- 
tors be used as a power source for applications otherthan 
the compatible probes or other accessories which are 
specifically designed for use with this system. 

Remote Connector 

The nine-terminal connector (J90) on the rear panel 
provides input for remote operation of the instrument and 
the assiciated plug-in units. Table 2-4 lists the function of 
each terminal of J90. The methods of obtaining remote 
single-sweep reset and ready indication are given under 
Remote Single-Sweep Reset. See Remote Readout for 
information on remote operation of the Readout System. 
Notice that there are several blank terminals on J90. These 
terminals can be used for special remote applications. 
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Table 2-4 

REMOTE CONNECTIONS 

Function 

reset 
(A and B HORIZ) 

Chassis ground 

Remote ready indicator (A 1 HORIZ) 

Remote ready indicator (B I HORIZ) 

E I Remote readout lockout 

F I Remote single-shot readout 

H I No connection 

J No connection -- --- 
K t NO connection 

-. -- 

Remote Single-Sweep Reset 

Remote single-sweep reset operation can be provided 
to 7B-series time-base units with compatible features 
through rear-panel connector J90. The remote single- 
sweep reset actuation can be obtained from either an 
active system (pulse generator, logic circuit, etc.) or a 
passive system (switch or relay). Requirements for remote 
single-sweep reset operation are: 

Remote Single-Sweep Reset (A and B HORIZ) 

Pin of J90 A 

Signal required Closure to ground (within ----.5 
to $0.5 volts) from a positive 
level. 

Maximum current 10 mA 
required 

Minimum pulse 10 ,us at 50°/o amplitude 
width points 

Maximum input 15 V (dc + peak ac). 
voltage 

A HORIZ Remote Ready lndicator 

Pin of 390 C 

Output signal Open or ground when not 
ready; 1-5 V at 47 C2 source 
impedance when ready. Out- 
put sufficient to lighta No. 49 
bulb. 

B HORIZ Ready lndicator 

Pin of J90 D 

Output signal Open or ground when not 
ready; +5 V at 47 Q source 
impedance when ready. Out- 
put sufficient to light a No. 49 
bulb. 

Figure 2-8 shows a typical passive system to provide 
remote single-sweep reset operation. The remote ready 
lights are optional and can be used with an active or 
passive system whenever it is necessary to provide an 
indication at the remote location that reset has occurred. 

w 
Mating connector 

for J90 

Normally open relay 

eset to A and B 
HORlZ 

compartments 

> A HORlZready 
indication 

Remote 
A Ready >+ l3 HORIZ ready 

indication 

1 

1399-05 - 
Fig. 2-8. Typical circuit for remote single-sweep reset operation. 

Applications 

The 7904 Oscilloscope and its associated plug-in units 
provide a very flexible measurement system. The 
capabilities of the overall system depend mainly upon the 
plug-ins that are chosen for use with this instrument. 
Specific applications for the individual plug-in units are 
described in the plug-in unit manuals. The overall system 
can also be used for many applications which are not 
described in detail, either in this manual or in the manuals 
for the individual plug-in units. Contact your local 
Tektronix Field Office or representative for assistance in 
making specific measurements with this instrument. 
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CIRCUIT DESCRIPT 
Introduction 

This section describes the circuitry used in the 7904 
Oscilloscope. The circuit description begins with a dis- 
cussion of the instrument, using the basic block diagram. 
Next, each circuit is described in detail, using detailed 
block diagrams when appropriate, to show the 
relationship between the stages in each major circuit. 
Detailed schematics of each circuit are located in the 
Diagrams section at the back of this manual; referto these 
schematics throughout the following circuit description 
for specific electrical values and relationships. 

The theory of operation for circuits unique to this 
instrument is described in detail in this discussion. 
Circuitscommonly used in theelectronics industry are not 
discussed in detail. If more information isdesired on these 
commonly used circuits, refer to the following textbooks 
(also see books under Logic Fundamentals): 

Llody P. Hunter (Ed.), "Handbook of Semiconductor 
Electronics", third edition, McGraw-Hill, New York, 
1970. 

Jacob Millman and Herbert Taub, "Pulse, Digital, and 
Switching Waveforms", McGraw-Hill, New York, 1965. 

The detailed circuit analysis is written around the 
detailed block diagrams that are given for each major 
circuit. These detailed block diagrams give the names of 
the individual stages within the major circuits and show 
how they are connected together to form the major circuit. 
The block diagrams also show the inputs and outputs for 
each circuit and the relationship of the front-panel 
controls to the individual stages. The circuit diagrams 
from which the detailed block diagrams are derived are 
shown in the Diagrams section. 

NOTE 

Ail references to direction of current in this manuai 
are in terms of conventionalcurrent; i.e., from plus to 
minus. 

LOGIC FUNDAMENTALS 

Digital logic techniques are used to perform many 

subject. For further information on binary number 
systems and the associated Boolean Algebra concepts, 
the derivation of logic functions, a more detailed analysis 
of digital logic, etc., refer to the following textbooks: 

Robert C. Baron and Albert T. Piccirilli, "Digital Logic 
and Computer Operation", McGraw-Hill, New York 
1967. 

Thomas C. Bartee, "Digital Computer Fundamentals", 
McGraw-Hill, New York, 1966. 

Yaohan Chu, "Digital Computer Design Fundamen- 
tals", McGraw-Hill, New York, 1962. 

Joseph Millman and Herbert Taub, "Pulse, Digital, and 
Switching Waveforms", McGraw-Hill, New York, 
Chapters 9-1 1, 1965. 

Symbols 

The operation of circuits in this instrument which use 
digital techniques is described using the graphic symbols 
set forth in military standard MIL-STD-806B. 'Table 3-1 
provides a basic logic reference for the logic devices used 
within this instrument. Any deviations from the standard 
symbology, or devices not defined by the standard are 
described in the circuit description for the applicable 
device. 

NOTE 

Logic symbols used on the diagrams depict the logic 
function as used in this instrument and may differ 
from the manufacturer's data. 

Logic Polarity 

All logic functions are described using the positive 
logic convention. Positive logic is a system of notation 
where the more positive of two levels (HI) is called the true 
or 1-state; the more negative level (LO) is called the false 
or 0-state. The HI-LO method of notation is used in this 
logic description. The specific voltages which constitutea 
HI or LO state vary between individual devices. 

NOTE 

functions within this instrument. The function and opera- The HI-LO logic notation can be conveniently 
tion of the logic circuits are described using logic converted to 1-0 notation by disregardrng the ffrst 
symbology and terminology. This portion of the manual is letter of each step. Thus: 
provided to aid in the understanding of thesesymbolsand 
terms. The following information is a basic introduction to 
logic concepts, not a comprehensive discussion of the 
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Wherever possible, the input and output lines are 
named to indicate the function that they perform when at 
the HI (true) state. For example, the line labeled "Z-Axis 
OFF Command" means that the Z-Axis is turned off when 
this line is HI. 

Input/Output Tables 

Input/Output (truth) tables are used in conjunction 
with the logic diagrams to show the input combinations 
important to a particular function, along with the resultant 
output conditions. This table may be given either for an 
individaul device or for a complete logic stage. 

Non-Digital Devices 

Not all of the integrated circuit devices in this instru- 
ment are digital logic devices. The function of non-digital 
devices is described individually, using operating 
waveforms or other techniques to illustrate their function. 

BLOCK DIAGRAM 

Introduction 

The basic block diagram in Fig. 3-1 shows the primary 
interconnections between the individual blocks; each 
block representsa major circuit within the instrument. The 
numbered diamond in each block refers to the circuit 
diagram (located at the rear of the manual) that covers that 
specific part of the instrument. 

Block Diagram Description 

Vertical signals to be displayed on thecrt are applied to 
the Vertical Channel Switch from both vertical plug-in 
compartments. The Vertical Channel Switch determines 
whether the signal from the left or right vertical unit is 
displayed. The selected vertical signal is then amplified by 
the Vertical Amplifier circuit to bring it to the level 
necessary to drive the vertical deflection plates of the crt. 
This circuit also includes an input to produce the vertical 
portion of an alphanumeric readout display. 

Horizontal signals for display on the crt are connecte 1 
to the Horizontal Channel Switch from both horizontal 
plug-in compartments. The Horizontal Channel Switch 
determines whether the signal from the A or B horizontal 
unit is displayed. The horizontal signal selected by the 
Horizontal Channel Switch is connected to the Horizontal 
Amplifier circuit which amplifies it to provide the horizon- 
tal deflection for the crt. This circuit also accepts the X- 
signal from the Readout System to produce the horizontal 
portion of the readout display. 

The Readout System provides alphanumeric display of 
information encoded by the plug-in units. 'Ph~s d~splay is 
presented on the crt, and is written by the crt beam on a 
time-shared basis with the analog waveform display. 

The internal trigger signals from the vertical plug-in 
unitsare connected to the Aand B Trigger Channel Switch 
circuits. These circuits, in conjunction with the Trigger 
Select Logic circuit, determine whether the trigger signal 
from the left or right vertical unit is connected to theA or B 
horizontal unit. The B Trigger Channel Switch also 
produces the drive signal forthe Output Signals circuit to 
provide an output that is a sample of the vertical signal. In 
addition, the Output Signals circuit provides a sawtooth 
output signal and a gate output signal. 

The Calibrator circuit produces an output with ac- 
curate amplitude that can be used to check the calibration 
of this instrument and the compensation of probes. The 
repetition rate of the Calibrator signal is selectable 
between dc, one kilohertz, or one-half the B-gate signal. 
This signal is available as a voltage at the CAL VOL'rS 
connector oras acurrent through the40 mA current loop. 

The Logic circuit develops control signals for use in 
other circuits within this instrument and the plug-in units. 
These control signals automatically determine the correct 
instrument operat~on In relation to the plug-in units 
installed or selected, plug-in control settings, and 7904 
control settings. The crt circuit contains the Z-Axis 
Amplifier which provides the drive signal to control the 
intensity level of the display. The crt circuit also contalns 
the controls necessary for operation of the cathode-ray 
tube. 

The Converter/Rectifiers and Low-Voltage Regulator 
circuits provide the power necessary for operation of this 
instrument. These voltages are connected to all circuits 
within the instrument. The High-Voltage Power Supply 
provides the positive accelerating potential for the crt. The 
Front-Panel Interconnect circuit contains the front-panel 
controls, sw~tches, and interconnection circuitry. 

MAIN INTERFACE @ 
Diagram 1 shows the plug-in interface and the inter- 

connect~ons between the plug-in compartments, clrcuit 
boards, etc. of this instrument. Also, thesignal and voltage 
connections of each interface connector are ~dentlfied. 
The s~gnals connected to only the vertical plug-ln inter- 
face connectors (J1 and J2) are labeled (V); those 
connected to only the horizontal connectors (J3 and J4) 
are labeled (H). 
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Fig. 3-2. Detailed block diagram of Logic circuit. 
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FRONT-PANEL INTERCONNECT @ The operation of each stage is discussed, relating the 
input signals or levels to the output, with consideration 
given to the various modesof operation that may affect the 

The Front-Panel interconnectdiagram shows the front- stage, A diagram is also provided for each stage. 
panel controls, switches, and interconnection circuitry. These diagrams are not discussed in detail, but are 

provided to aid in relating the function performed by a 
given stage to standard logic techniques. It should be 
noted that these logic diagramsare not an exact represen- 
tation of the internal structureof the integrated circuit, but 
are only a logic diagram of the function performed by the 
stage. An input/output table is given, where applicable, for 

Introduction use along with the circuit description and logic diagram. 

The Logic circuit develops control signals for use in 
other circuits within this instrument and any plug-in units 
installed. '1-hese control signals automatically determine 
the correct instrument operation in relation to the plug-in 
units installed or selected, plug-in control settings, and 
7904 control settings. A block diagram of the Logiccircuit 
is shown in Fig. 3-2. 

This circuit description for the Logic circuit is written 
with the approach that each of the integrated circuits and 
its associated discrete components composes an in- 
dividual stage as shown by the block diagram (Fig. 3-2). 

These input/output tables document the combination of 
input conditions that are of importance to perform the 
described function of an individual stage. 

Horizontal Logic 

The Horizontal Logic stage performs three separate 
logic functions: A Sweep Inhibit, B Sweep Inhibit, and 
Alternate Pulse Generator. Figure 3-3 identifies the three 
individual stages and the input and output terminals 
associated with each. Note that some of the input levels 
are connected internally to more than one of the individual 
stages. 

XEOMPENSATION INHIBIT (A HORIZONTAL) 

XEOMPENSATION INHIBIT (B HORIZONTAL) A SWEEP INHIBIT 
STAGE *A I--- A SWEEP INHIBIT 

DELAY MODE CONTROL OUT ----/'I2 U305A ' 1  

ALT MODE fHORlZl - - 1  
B SWEEP INHIBIT 

X-COMPENSATION INHIBIT (B HORIZONTAL) STAGE B SWEEP INHIBIT 

DELAY MODE CONTROL OUT 
U305B 

DISPLAY B COMMAND 0 ---------  

X-COMPENSATION I NHIBI'I. (B HORIZONTAL) -4 I 

B MODE 

B HOLDOFF 

A MODE 

ALTERNATE PULSE 
STAGE 
U305C 

DELAY MODE CONTROL OUT 
8r ALTERNATE PULSE 

Fig. 3-3. Breakdown of separate stages within Horizontal Logic IC, U305, showing inputs and outputs for each stage. 
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A Sweep Inhibit. The A Sweep Inhibit stage produces B Sweep Inhibit. The B Sweep Inhibit stage produces 
an output level at the collector of (2362 that determines if an output level at the collector of Q367 that determines if 
the A HORIZ time-base unit can produce a sweep. If this the B HORIZ time-base unit can produce a sweep. A HI 
output is HI, the A HORIZ unit is lockedout (disabled) so it output level locks out (inhibits) theB HORIZ unit and a LO 
cannot produce a sweep. If the level is LO, the A HORIZ level enables the B HORIZ unit to produce a sweep. 
unit is enabled and can produce a sweep when triggered. 

As shown by the logic diagram and input/output table 
of Fig. 3-4, only two combinations of input conditions 
produce an A Sweep lnhibit level (HI); if any of the 
prescribed conditions is not met, the ASweep lnhibit level 
is LO and the A HORIZ time-base unit is enabled. 

The first combination disables the A sweep while the B 
sweep is being displayed in the ALT horizontal mode (both 
units must be in time-base mode), if non-delayed opera- 
tion is being used. Thesecond combination disables the A 
sweep during delayed-sweep operation so that the B 
sweep can complete its holdoff before the next A sweep 
begins. 

Asshown by Fig. 3-58, theoutputof thisstage isHI only 
under one set of input conditions. This set of conditions 
disables the B sweep while the A sweep is being displayed 
in the ALT horizontal mode, if both units are in a time-base 
mode and non-delayed sweep is used. For any other 
combination of input conditions, the B Sweep lnhibit level 
is LO. However, the output level to the B time-base unit is 
determined by both the Delay Gate from the A time-base 
unit and the B Sweep lnhibit level produced by this stage. 
The B Sweep is enabled only when both of these levelsare 
LO. 

1 
ALT MODE (HORIZ) 1 

XEOMPENSATION INHIBIT 
(A HORIZONTAL) 

XCOMPENSATION INHIBIT 
(B HORIZONTAL) 

DISPLAY B COMMAND 

DELAY MODE CONTROL OUT 

A GATE - 

E HOLDOFF 

Fig. 

INPUT 

I ALL OTHER COMBINATIONS I LO 1 
L -------------.--------..--.. -*--- L .----. -, _-A 

@ = HAS NO EFFECT IN THIS CASE 

3-4. (A) Logic diagram for A Sweep Inhibit stage; (B) Table of inputloutput combinations. 

A SWEEP 
INHIBI'P' 
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DELAY GATE FROM + 

A TIME-BASE UNIT 

SWEEP INHIBIT 
TO B TIME-BASE 

ALT MODE (HORIZ) 

XCOMPENSATION INHIBIT 
(A HORIZONTAL) 

XCOMPENSATION INHIBIT 
(B HORIZONTAL! 

DELAY MODE 
CONTROL OUT 

DISPLAY B 
COMMAND 

INPUT /OUTPI 

I ALL OTHER COMBINATIONS 

Fig. 3-5. (A) Logic diagram for B Sweep Inhibit stage; (B) Table of inputloutput combinations. 

Figure 3-5A shows the logic diagram of the B Sweep The following discussions describe the operation of the 
lnhibit stage. The gate connected to the output of this Alternate Pulse Generator stage in relation to the various 
stage is a phantom-OR gate shown on the Main Interface combinations of input conditions shown in Fig. 3-6B. 
diagram. (A phantom-OR gate performs the OR-logic 
function merely by interconnection of the two signal 
lines.) 1. A (ONLY) MODE 

An Alternate Pulse is produced at the end of each A 
sweep when the HORIZONTAL MODE switch is set to the 
A position. 

Alternate Pulse Generator. The third function per- 
forrrred by the Horizontal Logic stage is to produce an 
Alternate Pulse signal for use by the Horizontal and 
Vertical Binary stages. The Alternate Pulse is produced at 
the end of either sweep, depending upon the operating 
conditions as shown in Fig. 3-6B. The holdoff gate 
produced at the end of the sweep by the respective tirne- 
base unit is differentiated by either C311 or C309 to 
provide a positive-going pulse to pin 6 or 9. 

In Fig. 3-6A, notethe resistorsshown connected to pins 
6 and 9 These resistors, which are internal to the IC, hold 
the levels at pins 6 and 9 LO unless a HI level is applied to 
the corresponding input. Since the holdoff gate is 
capacitively-coupled to pins 6 and 9, these inputs are at 
the LO level except when a differentiated A or B Ho1dof.f 
gate is rece~ved. 

2. B (ONLY) MODE 

In the B position of the HORIZONTAL MODEswitch, an 
Alternate Pulse is produced at the end of each B sweep (A 
time-base must be in independent, non-delayed mode). 

3. ALT OR CHOP MODE 

When the HORIZONTAL MODE switch is set to ALT or 
CHOP (A time-base unit must be in independent, non- 
delayed mode), an Alternate Pulse is produced at the end 
of each sweep. For example, an Alternate Pulse is 
produced at the end of the A sweep, then at the end of the 
B sweep, again at the end of the A sweep, etc. Although 
Alternate Pulses are produced in the CHOP horizontal 
mode, they are not used in this instrument. 
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DELAY MODE 
CONTROL OUT 

X-COMPENSATION INHIBIT 
(A HORIZONTAL) 

XCOMPENSATION INHIBIT 
(B HORIZONTAL) 

ALTERNATE 
PULSE 

B HOLDOFF ----fL-ltt 

- C309 

A U C  @ 

l NPUT / OUTPUT 

--.--.---.---- 

ALL OTHER COMBINATIONS -- 
@ = HAS NO EFFECT IN THIS CASE 

'POSITIVE-GOING PULSE. WHERE BOTH A AND B HOLDOFF ARE REQUIRED TO BE HI, A H I  AT EITHER 
INPUT PRODUCES AN ALTE RNATE PULSE. 

'NEGATIVE-GOING PULSE. 

Fig. 3-6. (A) Logic diagram for Alternate Pulse Generator stage; (B) Table of Inputloutput combinations. 
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4. DELAYED SWEEP (A DELAYS B) 

When the A time-base unit is set for delayed operation, 
the operation of the Alternate Pulse Generator is changed 
so an Alternate Pulse is produced only at the end of the A 
sweep, even when the HORIZONTAL MODE switch is set 
to B. This is necessary since the A time-base establishes 
the amount of delay time for the B time-base unit 
whenever it is displayed. 

5. AMPLIFIER UNIT IN HORIZONTAL COMPARTMENT 

When an amplifier unit is installed in either of the 
horizontal plug-in compartments, the Alternate Pulse can 
be produced only from the remaining time-base unit. If 
amplifier units are installed in both horizontal com- 
partments, an Alternate Pulse is not produced since there 
are no time-base units to produce a holdoff pulse. 

Z-Axis Logic 

The 2-Axis Logic stage produces an output current 
which sets the intensity of the display on the crt. The level 
of this output current is determined by the setting of the A 
or B INTENSITY controls, by a current added during B 
sweep time to provide an intensified zone on the A sweep 
for delayed-sweep operation, or by an external signal. The 
input current from the A and B INTENSITY controls is 
switched so the output current matches the horizontal 
display. The Vertical Chopped Blanking, Horizontal 
Chopped Blanking, and readout blanking signals are 
applied to this stage to block the output current and blank 
the crt display for vertical chopping, horizontal chopping, 
or during a readout display. 

Figure 3-7 identifies the inputs to the 2-Axis Logic 
stage. This circuit is current-driven at all inputs except 
pins 5 and 15. The current at pins 1,2,9, and 16 is variable 
from zero to four milliamperes and is determined by the 
applicable current source to control the output current at 
pin 8. 

The Vertical Chopping Blanking lnhibit connected to 
pin 6, and the Horizontal Chopped Blanking lnhibit 
connected to both pins 6 and 7 through 0238-CR240- 
CR241, enables or disables this stage to control all output 
current. Quiescently, the level at pins 6 and 7 is HI so that 
the intensity current from pins 1, 2, 9, and 16 can pass to 
the output. However, pin 6 goes LO during Vertical 
Chopped Blanking and both pins 6 and 7 go LO for 
Horizontal Chopped Blanking orduring a readoutdisplay. 
This blocks the output current and thecrt is blanked. The 
Vertical Chopped Blanking lnhibit signal is connected to 
pin 6 of U235 directly from pin 4 of U215. The Horizontal 

Circuit Description-7904 (SN B260000-UP) 

Chopped Blanking inhibit signal is connected to U325 
from pin 4 of U225 through LR232, (2238, and CR240- 
CR241. Notice that thissignal is connected to thecollector 
of Q238. This transistor is normally operating in the 
saturated condition, and the HI Horizontal Chopped 
Blanking lnhibit level from U225 is the collector source 
voltage. When the Horizontal Chopped Blanking lnhibit 
level goes LO, the current through Q238 drops to produce 
a corresponding LO level at its emitter. This level is 
connected to pins 6 and 7 of U325 through CR240 and 
CR241 respectively. 

Q238 also controls the level at pins 6 and 7 for readout 
displays. The 21-Axis Logic OFF Command from the 
Readout System is connected to the baseof Q238 through 
VR235 and R237. This level is normally HI, so Q238 
operates as controlled by the Horizontal Chopped Blank- 
ing lnhibit level at its collector. When a readout display is 
to be presented, the Z-Axis Logic OFF Command drops 
LO and this level is coupled to the base of Q238 through 
VR235 with very little voltage attenuation. (2238 is reverse 
biased to produce a LO level at its emitter. This level is 
coupled to pins6and 7of U325 through CR240 and CR241 
to block the Z-Axis Logic output current during the 
readout display. (The intensity of the readout display is 
determined by a separate READOUT intensity level con- 
nected directly to the 2-Axis Amplifier; see crt circuit 
description.) Diode CR239 clamps the emitter of Q238 at 
about -0.66 volt when this transistor is off. 

B INTENSITY 

A INTENSIFIED 2 I 
B GATE 4 I 
DELAY MODE CONTROL - 5 I 
CHOPPED BLANKING 
INHIBIT AND READOUT 
BLANKING INHIBIT 

CHOPPED BLANKING 
INHIBIT, READOUT 
BLANKING INHIBIT, 
AND INTENSITY 
LIMITING 

AUXILIARY 2-AXIS AND 
INTENSITY LIMITING 9 

A GATE 14 I 
DISPLAY B COMMAND - 
A INTENSITY - 
1 195-8 

-Z-AXIS 
SIGNAL 

Fig. 3-7. Input and output pins for Z-Axis Logic IC, U325. 
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The Beam I (current) Sense input from the crt circuit 
limits the output current of thisstageto limit the maximum 
trace intensity. Further intensity limiting is provided for 
high crt beam currents at slow sweep rates and X-Y 
operation by the lntensity Limit and X-Compensation 
lnhibit inputs respectively. For low and medium levels of 
crt beam current, Q248 is reverse biased; resistors R241- 
R242-R243-R245-R246-R248 establish the current at 
pines 7 and 9 of U325. When the crt beam current exceeds 
a safe level, the Beam I Sense level goes positive to 
forward bias Q248. When forward-biased, Q248 takes 
current from pins 7 and 9 of U325 to limit the output 
current from this stage. 

The lntensity Limit and X-Compensation lnhibit inputs 
are connected to ground in the plug-in units for slow 
sweep rates and amplifier operation, respectively. This 
connects the emitter of Q248 to ground through CR248, 
CR250, or CR251 to further limit the output current of 
U325. The lntensity Limit and X-Compensation lnhibit 
inputs have no effect at low or medium crt beam current 
levels since Q248 is reverse biased by the Beam I Sense 
input. 

The A INTENSITY control sets the output current level 
when the A Gate at pin 14 is HI and the Display B 
Command at pin 15 is LO. Whenever the A Gate level goes 
LO indicating that the A sweep is complete or the Display 
B Command goes HI indicating that the B sweep is being 
displayed, the A INTENSITY current is blocked. The 
current from the A INTENSITY control isconnected topin 
16 through R335. 

In the delayed mode, current is added to the A 
INTENSITY current during the A-sweep time to intensify a 
portion of the trace. This intensified portion is concident 
with the B-sweep time to provide an indication of which 
portion of the A sweep is displayed in the delayed mode. 
The A Intensified current is supplied to pin 2 of U325 from 
the A INTENSITY control through R331. With this con- 
figuration, the intensified current increases as the A 
INTENSITY control setting is advanced to provide a 
proportional intensity increase in the intensified zone as 
the overall A-sweep intensity increases. Therefore, the 
intensified zone is more readily visible at high intensity 
levels. The intensified current is added to the A INTEN- 
SITY current to produce an intensified zone on the A 
sweep under the following conditions: HI A Gate level at 
pin 14, LO Display B Command at pin 15, HI B Gate level at 
pin 4, and HI Delay Mode Control Out level at pin 5. 

The B INTENSITY control determines the output 
current when the B Gate level at pin 4 and the Display B 
Command at pin 15 are both HI. The current from the B 
INTENSI'TY control is connected to the Z-Axis Logic stage 
through R337. 

The current level established by the intensity controls 
can be altered by the Auxiliary Z-Axiscurrent level at pin 9. 
The current at this pin can come from the Z AXlS INPUT 
connector on the rear panel (see diagram 1) or from any of 
the plug-in compartments. This current either increases or 
decreases (depending on polarity) the output current to 
modulate the intensity of the display. Input from the Z 
AXlS INPUT connector allows the trace to be modulated 
by external signals. The Auxiliary Z-Axis inputs from the 
plug-in compartments allow special-purpose plug-in units 
to modulate the display intensity. Diodes CR253 and 
CR254 limit the maximum voltage change at pin 9 to about 
+ and -0.6 volt to protect the Z-Axis Logic stage if an 
excessive voltage is applied to the Z AXlS INPUT connec- 
tor. 

Figure 3-8A shows a logic diagram of the Z-Axis Logic 
stage. Notice the current-driven inputs as indicated by the 
current-generator symbols at the associated inputs. An 
input/output table for the Z-Axis Logic stage is given in 
Fig. 3-8B. 

Horizontal Binary 

The Horizontal Binary stage produces the Display B 
Command todeterminewhich horizontal unit provides the 
sweep display on the crt. When this level is HI, the B 
HORIZ unit is displayed; when it is LO, theA HORlZunit is 
displayed. 

The Display B Command is used in the following stages 
within the Logic circuit: Horizontal Logic (A and B Sweep 
lnhibit), Z-Axis Logic, Vertical Binary, and Trace Separa- 
tion. In addition, it is connected to the following circuits 
elsewhere in the instrument to indicate which horizontal 
unit is to be displayed: Main Interface (A and B HORIZ 
plug-in compartments), Horizontal Amplifier (for horizon- 
tal channel selection), and the crt circuit. 
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LO =MINIMUM VOLTAGE OR CURRENT. 'CURRENT LEVEL. LO = 0 mA 
H I  =VARIABLE FROM 0 TO 4 mA 

H I  -MAXIMUM VOLTAGE OR CURRENT. 

4, = HAS NO EFFECT IN THIS CASE. a~~~~~~~ CAN BE ADDED OR SUBTRACTED FOR INTENSITY MODULATION. 

Flg. 3-8. (A) Logic diagram for Z-Axis Logic stage; (6) Table of input/output comblnations. 
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Figure 3-9 identifies the function of the input pins for 
this stage. Notice that the levels at pins 3, 4, 7, and 10 are 
determined by the HORIZONTAL MODE switch (see 
diagram 2). This switch indicates which horizontal mode 
has been selected by providing a HI output level on only 
one of four output lines; the remaining lines are LO. 
Therefore, at any one time, either pin 3, pins 4 and 7 
(notice that pins 4 and 7 are tied together at U265), or pin 
10 can be HI and the two unselected lines from the 
HORIZONTAL MODE switch remain LO. 

HORIZONTAL 
CHOPPE D 

BLANKING 

4. ALT MODE 

For ALT horizontal operation, the Display B Command 
switches to the opposite state each time the negative 
portion of the Alternate Pulse is received from the 
Horizontal Logic stage. Repetition rate of the Display B 
Command in this mode is one-half the repetition rate of 
the Alternate Pulse. 

Figure 3-10A shows a logic diagram for the Horizontal 
Binary stage. An input/output table showing the con- 
ditions for each position of the HORIZONTAL MODE 
switch is shown in Fig. 3-108. 

A MODE 

Vertical Binary 

ALTERNATE PULSE --Is I 
CHOP MODE (HORIZ) 

1195-10 

Fig. 3-9. Input and output pins for Horizontal Binary IC, U265. 

The Horizontal Binary stage operates as follows for 
each position of the HORIZONTAL MODEswitch (refer to 
Fig. 3-108 for input/output conditions): 

1. A MODE 

When the HORIZONTAL MODE switch is set to A, the 
Display B Command is LO to indicate to all circuits that the 
A HORIZ unit is to be displayed. 

2. B MODE 

Selecting the B horizontal mode provides a HI Display 
B Command to all circuits. 

3. CHOP MODE 

In the CHOP position of the HORIZONTAL MODE 
switch, the Display B Command switches between the HI 
and LO levels to produce a display that switches between 
the A and B HORIZ units at a 0.2-megahertz rate. The 
repetition rate of the Display El Command in this mode is 
determined by the Horizontal Chopped Blanking pulse. 
(See Chop Counter stage for further information on this 
pulse.) Each time the Horizontal Chopped Blanking pulse 
at pin 1 drops LO, the output at pin 6 switches to the 
opposite state. 

The Vertical Binary stage produces the Display Right 
Command to determine which vertical unit is to be 
displayed on the crt. When this output level is HI, the 
RIGHT VERP unit is displayed; when it is LO, the LEFT 
VERT unit is displayed. In the ALT or CHOP positions of 
the HORIZONTAL MODE switch (non-delayed operation 
only), the output of this stage is slaved to the output of the 
Horizontal Binary stage so that the Display Right Com- 
mand is always HI when the Display B Command is LO, 
and vice versa. This action allows independent-pairs 
operation (sweep-slaving) in the AL'T position of the 
VERTICAL MODE switch and the ALT or CHOP positions 
of the HORIZONTAL MODE switch, whereby the LEFT 
VERT unit is always displayed at the sweep rate of the B 
time-base and the RIGHT VERT unit is displayed at the 
sweep rate of the A time-base. Thus, independent-pairs 
operation can simulate dual-beam operation for repetitive 
sweeps. 

When the A time-base unit is set to the delaying mode, 
the repetition rate of the Display Right Command is one- 
half the repetition rate of the Display B Command input. 
This results in each vertical unit being displayed first 
against the A time-base unit (delaying), then the B time- 
base unit (delayed), before the display is switched to the 
other vertical unit. 

The Display Right Command is used in the following 
stages within the Logic circuit: Plug-In Binary, Vertical 
Chopped Blanking, and Vertical Mode Logic. It is also 
connected to the following circuits elsewhere in the 
instrument to indicate which vertical unit is to be displayed 
(through Vertical Mode Logic stage; ALT vertical mode 
only): Main Interface (LEFT and RIGHT VERT plug-in 
compartments), Vertical Amplifier, and Trigger Selector. 
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B MODE r 
L 

A MODE 

@ = HAS NO EFFECT IN  THIS CASE 

n+l = I F  OUTPUT IS LO PRIOR TO LO' ,  I T  GOES HI,  AND VICE VERSA 

'ACTUATED BY NEGATIVE-GOING EDGE. 

REPETITION RATE ONE-HALF HORIZONTAL CHOPPED BLANKING RATE. 

3REPET~TION RATE ONE-HALF ALTERNATE PULSE RATE. 

Fig. 3-10. (A) Logic diagram for Horizontal Binary stage; [B) Table of inputloutput combinatfons. 
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Also, the Vertical Binary stage produces the Horizontal 
Slave Enable output to indicate that the HORIZONTAL 
MODE switch is set to ALT or CHOP and that the A time- 
base unit is set for non-delayed operation. These are the 
horizontal-mode conditions necessary for independent- 
pairs operation. When this output level is HI, the 
horizontal-mode conditions are correct for independent- 
pairs operation. A LO output level indicates improper 
horizontal modes for independent-pairs operation. The 
Horizontal Slave Enable output is used within the Vertical 
Binary stage, and is also connected to the Trigger Selector 
circuit. This enables the trigger-selection circuitry to 
automatically select the correct internal trigger signal 
source for both time-base units when operating in the 
independent-pairs mode (VERT MODE trigger source; see 
Trigger Selector circuit). 

Figure 3-11 identifies the function of the input pins for 
the Vertical Binary IC (U275). This stage uses the same 
type of IC as the Horizontal Binary stage. Notice the 
Display A level at pin 7. This input is the inverse of the 
Display B level at pin 8. Therefore, the Display A level is 
always Hi  when the Display B level is LO, and vice versa. 

The following discussions describe the operations of 
the Vertical Binary stage in relation to the modes of 
operation that can occur. 

NOTE 

Although the output at pin 6 of U275 is always 
controlled by the HORIZONTAL MODE switch as 
described here, this level determines the Vertical 
Mode Control level at the collector of Q296 only in 
the ALT position of the VERTICAL MODE switch 
due to AND gate CR201 -CR204. See the discussion 
on the Vertical Mode Logic stage in this section for 
further information. 

ALTERNATE PULSE 

ALT OR CHOP MODE 
(HORIZ) AND NOT 
DELAYED MODE 

DISPLAY A 

DISPLAY B COMMAND --I8 I 
A OR B MODE 

DISPLAY 
RIGHT 
COMMAND 

1195-12 

Fig. 3-11. Input and output pins far Vertical Blnary IC, U275. 

1. AOR B MODE 

When the HORIZONTAL MODE switch is set to either A 
or B, the Display Right Command switches to theopposite 
state each time an Alternate Pulse is received from the 
Horizontal Logic stage. Repetition rate of the Display 
Right Command in this mode isone-half the repetition rate 
of the Alternate Pulse. The input conditions for these 
modes are: 

Pin 1 LO-Alternate Pulse generated by Horizontal 
Logic stage goes negative. 

Pin 4 LO--HORIZONTAL MODE switch in any position 
except ALT or CHOP, or the A time-base unit is set for 
delayed sweep. 

Pin 10 HI-HORIZONTAL MODE switch set to A or B. 

2. ALT OR CHOP MODE (HORI2)---NON-DELAYED 

In the ALT or CHOP positions of the HORIZONTAL 
MODE switch, the output level at pin 6 is the same as the 
Display A level at pin 7. The Display A level is produced by 
inverting the Display B Command from the Horizontal 
Binary stage. Therefore, the repetition rate of the output 
signal is the same as the Display B Command. The result, 
with the VERTICAL MODE switch set to A L I  and the A 
time-base unit set for non-delayed operation, is that the 
RIGHT VERT unit is always displayed at the sweep rate of 
the A time-base unit, and the LEFTVERT unit at thesweep 
rate of the B time-base unit (independent-pairs operation 
or sweep slaving). The input conditions to provide a HI 
output level so that the RIGHT VERT unit can be displayed 
at the A-sweep rate are: 

Pin 4 HI-HORIZONTAL MODE switch set to ALT or 
CHOP with non-delayed sweep. 

Pin 7 HI-A sweep is to be displayed (Display B 
Command LO). 

Pin 10 LO-HORIZONTAL MODE switch set to any 
position except A or B. 

The input conditions to providea LO output level so the 
LEFT VERT unit can be displayed at the B-Sweep rateare: 

Pin 4 HI--HORIZONTAL MODE switch set to ALT or 
CHOP with non-delayed sweep 

Pin 7 LO--B sweep is to be displayed (Display B 
Command HI). 

Pin 10 LO-HORIZONTAL MODE switch set to any 
position except A or B. 
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DISPLAY B 
COMMAND 

ALT MODE 
(HORIZ) 

CHOP 
MODE 
(HOR1 

DELAY M O D E ' ~ ~  . 
CONTROL OUT I L 

A MODE 

B MODE 

ALTERNATE PULSE 

DISPLAY 
RIGHT 

@ = HAS NO EFFECT I N  THIS CASE. 

n+l =IF OUTPUT IS LO PRIOR TO LO' IT  GOES HI, AND VICE VERSA. 

'ACTUATED BY NEGATIVE-GOING EDGE. 

REPETITION RATE ONE-HALF ALTERNATE PULSE RATE. 

iB) 3REPET1TION RATE ONE-HALF DISPLAY B RATE. 

Fig. 3-12. (A) Logic diagram for Vertical Binary stage; (8) Table of inputloutput combinations. 

HORIZONTAL 
SLAVE ENABLE 
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The Display Right Command switches from HI to LO 
along with the Display A level at pin 7 (inverseof Display B 
Command). However, notice that the Display Right Com- 
mand changes from HI to LO as the Display B Command 
changes from LO to HI, and vice versa. 

3. ALT OR CHOP MODE (H0RIZ)-DELAYED 

If the A time-base unit is set to the delayed mode when 
the HORIZONTAL MODE switch is set to either ALT or 
CHOP, the operation of the stage is changed from that 
discussed above. Now, the Display Right Command 
switches between the HI and LO states at a rate that is one- 
half the repetition rate of the Display B Command. The 
resultant crt display in the ALT position of the VERTICAL 
MODE switch allows the RIGHTVERT unit to be displayed 
first against the A sweep (delaying) and then against the B 
sweep (delayed). Then the display switches to the LEFT 
VERT unit and is displayed consecutively against the A 
and B sweeps in the same manner. The input conditions 
for this mode of operation are: 

Pin 4 LO-A time-base unit set for delayed operation. 

Pin 8 LO-.Display B Command generated by Horizon- 
tal Binary stage goes negative. 

Pin 10 LO--HORIZONTAL MODE switch set to any 
position except A or B. 

A logic diagram of the Vertical Binary stage isshown in 
Fig. 3-12A. Several logic functions in this stage are 
performed by logic devices made up of discrete com- 
ponents. The components that make up these logic 
devices are identified on the logic diagram. An inputlout- 
put tabiefortheverticai Binarystage is given in Fig. 3-12B. 

Plug-In Binary 

The Plug-In Binary stage produces the Plug-In Aiter- 
nate Command to dual-trace units. Figure 3-13 identifies 
the function of the input pins for the Plug-In Binary IC, 
U285. This stage uses the same type of integrated circuit 
as the Horizontal Binary and Vertical Binary stages. 

When the Plug-In Alternate Command level is HI and 
the plug-in unit is set for alternate operation, Channel 2 of 
the dual-trace unit is displayed. When it is LO, Channel 1 is 
displayed. The repetition rate of the Plug-in Alternate 
Command is determined by the setting of the VERTICAL 
MODE switch. For all positions of the VERTICAL MODE 
switch except ALT, the Plug-in Alternate Command level 

ALT MODE INHIBIT ( v E f W j  I 
U 285 

DISPLAY RIGHT 
COMMAND 7 

PLUG-IN 
6 ALTERNATE 

COMMAND 

DISPLAY RIGHT 
COMMAND 

Fig. 3-13. Input and output pins for Plug-In Binary IC, U285. 

is the same as the Display Right Command from the 
Vertical Binary stage. Since the Display Right Command is 
derived directly from the D~splay B Command, this allows 
the two channels of a dual-trace vertical unit to be slaved 
to the time-base units (non-delayed, dual-sweep horizon- 
tal modes only) in the same manner as previously 
described for independent-pairs operation between the 
vertical and time-base units. The resultant crt presenta- 
tion, when the dual-trace unit is set for alternate operation, 
displays the Channel I trace at the sweep rate of the B 
time-base unit and the Channel 2 trace at the sweep rateof 
the A time-base unit. Input conditionsfora LOoutput level 
so that Channel 1 of the vertical plug-in can be displayed 
at the B-sweep rate are. 

Pin 4 HI--VERTICAL MODE switch set to any position 
except ALT. 

Pin 7 LO - £3 sweep to be displayed (Display Right 
Command and Display B Command HI). 

The input conditions to providea HI output level so that 
Channel 2 of the plug-in unit can be displayed at the A- 
sweep rate are: 

Pin 4 HI-VERTICAL MODE switch set to any position 
except ALT. 

Pin 7 HI-A sweep to be displayed (Display Right 
Command and Display B Command LO). 

The Plug-In Alternate Command switches from HI to 
LO as the Display B Command from the Horizontal Binary 
stage switches from LO to HI, and vice versa. 
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When the VERTICAL MODE switch is set to ALT, the 
Display Right Command from the Vertical Binary stage 
switches the vertical display between the two vertical 
units. However, if either of the vertical plug-in units are 
dual-trace units, they can be operated in the alternate 
mode also. To provide a switching command to these 
units, the Plug-In Binary stage produces an output signal 
with a repetition rate that is one-half the repetition rate of 
the Display Right Command. The sequence of operation, 
when two dual-trace vertical units are installed in the 
vertical plug-in compartments and they are both set for 
alternate operation, is as follows (VERTICAL MODE and 
WORIZONJ-AL MODE switches set to AL'T): 1. Channel 1 
of LEFT VERT unit at sweep rate of B time-base unit, 2. 
Channel 1 of RIGHT VERT unit at sweep rate of A time- 
base unit, 3. Channel 2 of LEFT VERT unit at sweep rateof 
B time-base unit, 4. Channel 2 of RIGHT VERT unit at 

sweep rate of A time-base unit. Notice that under these 
conditions, both channels of the LEFT VERT unit are 
displayed at the B-sweep rate and that both channels of 
the RIGHT VERT unit are displayed at the A-sweep rate. 
The repetition rate at the output of this stage is one-half 
the Display Right Command rate. Input conditions when 
the VERTICAL MODE switch is set to ALT are: 

Pin 4 LO-VERTICAL MODE switch set to ALI .  

Pin 8 LO-Display Right Command generated by 
Vertical Binary stage goes negative. 

Figure 3-14A shows a logic diagram of the Plug-In 
Binary stage. An input/output table for this stage is given 
in Fig. 3-148. 

DISPLAY RIGHT 
COMMAND 

PLUG-IN 

ALT MODE (VERT) - ALTERNATE 
COMMAND 

@ = HAS NO EFFECT 1N THIS CASE. 

n+f = I F  OUTPUT IS LO PRIOR TO LO1 IT  GOES HI ,  AND VICE VERSA. 

'ACTUATED BY NEGATIVE-GOING EDGE. 

(B) REPETITION RATE ONE-HALF DISPLAY RIGHT COMMAND RATE. 

Fig. 3-14. (A) Logic diagram for Plug-In Binary stage; (B) Table of input/output combinations. 
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Clock Generator 
Part of integrated circuit U215, along with the external 

components shown in Fig. 3-15A, make up the Clock 
Generator stage. R1, Q1, Q2, and Q3 represent an 
equivalent circuit within U215A. This circuit, along with 
discrete components C213-R212-R213-R214, compose a 
two-megahertz free-running oscillator to provide a time- 
ing (Clock) signal used to synchronize the vertical, 
horizontal, and plug-in chopping modes. 

This stage operates as follows: Assume that Q2 is 
conducting and Q1 is off. The collector current of Q2 
produces a voltage drop across R1 to cut off Q1. This 
negative level at the collector of Q2 is also connected to 
pin 14 through Q3 (see waveforms in Fig. 3-15BattimeT0). 
Since there is no current through Q1, C213 begins to 
charge towards - 1 5  volts through R212-R213. Theemitter 
of Q l  goes negative as C213 charges, until it reaches a 
level about 0.6 volt more negative than the level at its base. 
Then, Q1 is forward biased and its emitter rapidly rises 
positive (see time TI on waveforms). Since C213 cannot 
change its charge instantaneously, the sudden change in 
voltage at the emitter of Q1 pulls the emitterof Q2 positive 
also, to reverse-bias it. With Q2 reverse biased, its 
collector rises positive to producea positiveoutput level at 
pin 14. 

begin to discharge through R214. The emitter level of Q2 
follows the discharge of C213 until it reachesa levelabout 
0.6 volt more negative than its base. 'Then, Q2 is forward 
biased and its collector drops negative to reverse-bias Q1. 
The level at pin 14 drops negative also, to complete the 
cycle. Once again, C213 begins to charge through R212- 
R213 to start the second cycle. 

"Two outputs are provided from this oscillator. The 
Delay Ramp signal from the junction of R212-R213 is 
connected to the Vertical Chopped Blanking stage. This 
signal has the same waveshape as shown by the waveform 
at pin 13; its slope is determined by the divider ratio 
between R212-R213. A square-wave output is provided at 
pin 14. The frequency of this square wave isdetermined by 
the overall RC relationship between C213-R212-R213- 
R214, and its duty cycle is determined by the ratio of R212- 
R213 to R214. 

The square wave at pin 14 is connected to pin 16 
through C218. C218, along with the internal resistance of 
U215A, differentiates the square wave at pin 14 to produce 
a negative-going pulse coincident with the falling edge of 
the square wave (positive-going pulse coincident with 
rising edge has no effect on circuit operation). This 
negative-going pulse is connected to pin 15 through an 
inverter-shaper that is also part of U215A. The output at 

Now, conditions are reversed. Since Q2 is reverse pin 15 is a positive-going Clock pulse with a repetition rate 
biased, there is no current through it.Therefore, C213can of about two megahertz. 

Fig. 3-15. (A) Diagram of Clock Generator stage; Idealized waveforms for Clock Generator stage. 
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VERTICAL 
CHOPPED 
BLANKING 

- COMPARATOR 

INPUT / OUTPUT 

ALL OTHER COMBINATIONS I HI I NO VERTICAL CHOPPED BLANKING 
PULSES AT OUTPUT I 

4 = HAS NO EFFECT I N  THIS CASE 

"AMP SIGNAL: CONSIDERED LO WHEN MORE NEGATIVE THAN ABOUT ZERO VOLTS. 

'NEGATIVE-GOING PULSE AT TWO MEGAHERTZ RATE. 

(B) 'PIN 5 CAN BE H I  AND NOT AFFECT OPERATION I F  PIN 8 IS LO, AND VICE VERSA. 

Fig. 3-16. (A) Logic diagram for Vertical Chopped Blanking stage; (B) Table of Inputlouwut comblnatlons. 

Vertical Chopped Blanking 

The Vertical Chopped Blanking stage is made up of the 
remainder of U215. This stage determines if Vertical 
Chopped Blanking pulses are required, based upon the 
operating mode of the vertical system or the plug-in units 
(dual-trace units only). Vertical Chopped Blanking pulses 
are produced if: 1. VERTICAL MODE switch is set to 
CHOP; 2. Dual-trace vertical unit 1s operating in the 
chopped mode and that unit is being dtsplayed; 3. Dual- 
trace vertical unlt operating in the chopped mode with the 
VEHT ICAL MODE switch set to ADD. The repetition rate 

of the negative-going Vertical Chopped Blanking pulse 
output at pin 4 is two megahertz for all of the above 
conditions as determined by the Clock Generator stage. 

Figure 3-16 shows a logic diagram and an inputloutput 
table for the Vertical Chopped Blanking stage. Notice the 
comparator block on the diagram. The output of this 
comparator is determined by the relationship between the 
levels of its inputs. If pin 10 is more positive (Hi) that the 
grounded input, the output is HI also: if it is morenegative, 
the output is LO. 
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The Delay Ramp signal from the Clock Generator stage 
determines the repetition rate and pulse width of the. 
Vertical Chopped Blanking pulses. The Delay Ramp 
applied to pin 70 starts to go negative from a level of about 
t1.7 volts coincident with the leading edge of the Clock 
pulse (see waveforms in Fig. 3-17). This results in a HI 
quiescent condition for the Vertical Chopped Blanking 
pulse. The slope of the negative-going Delay Ramp is 
determined by the Clock Generator stage. As it reaches a 
level slightly negative from ground, the Vertical Chopped 
Blanking pulse output level changes to the LO state and 
remains LO until the Delay Ramp goes HI again. 

Notice the delay between the leading edge of the Clock 
pulse generated by U215A. and the leading edge of the 
Vertical Chopped Blanking pulses. The amount of delay 
between the leading edges of these pulses is determined 
by the Delay Ramp applied to pin 10. This delay is 
necessary due to the delay line in the vertical deflection 
system. Otherwise, the trace blanking resulting from the 
Vertical Chopped Blanking pulse would not coincide with 
the switching between the displayed traces. The duty 
cycle of the square wave produced in the Clock Generator 
stage determines the pulse width of the Vertical Chopped 
Blanking pulses (see Clock Generator description for 
more information). 

Chop Counter 

The Chop Counter stage (U255) produces the Vertical 
Chopping signal, the Plug-In Chop Command, and the 
Horizontal Chopped Blanking signal. The Clock pulse 
produced by the Clock Generator stage provides the 
timing signal for this stage. The functions of the input and 
output pins for the Chop Counter IC, U225, are identified 
in Fig. 3-18A. Idealized waveforms showing the timing 
relationship between the input and output signals for this 
stage are shown in Fig. 3-180. 

The repetition rate of the output signals from thisstage 
is determined by the setting of the HORIZONTAL MODE 
switch. When the HORIZONTAL MODE switch is set to 
any position except CHOP, the repetition rate of the 
Vertical Chopping Signal output at pin 1 is one megahertz 
(one-half Clock rate). This determines the switching 
between the LEFT and RIGHT VERT units when the 
VERTICAL MODEswitch is set to CHOP. At thesame time, 
the repetition rate of the Plug-In Chop Command at pin 8 
is 0.5 megahertz (one-fourth Clock rate). This provides a 
chopping signal to dual-trace vertical units to provide 
switching between the two channels. The relationship 
between these output signals and the Clock input is shown 
by the waveforms in Fig. 3-186 in the area between TO and 
TI. During this time, the level at pin 4 remains HI. 

When the HORIZONTAL MODE switch is set to CHOP, 
the basic repetition rate of the Vertical Chopping Signal 
and the Plug-In Chop Command haltered. Forexample, if 
the HORIZONTAL MODE switch is changed to the CHOP 
position at time Ti (see Fig. 3-185)' a HI level is applied to 
pin 6. This stage continues to produce outputs at pins 1 
and 8 in the normal manner until both outputs are at their 
HI level. (See time 7-1; this condition only occurs once 
every fifth Clock pulse when the HORIZONTAL MODE 
switch is set to CHOP.) When both of these outputs are at 
their HI level, the next Clock pulse switches both outputs 
LO, and at thesame timeswitches the Horizontal Chopped 
Blanking to the LO level. 

This change at time T2 does not appear at pin 4 
immediately, due to a delay network in the circuit. The 
delay is necessary to make the Horizontal Chopped 
Blanking coincide with the Vertical Chopped Blanking 
produced by U215A and the switching between the 
displayed signals. (Compare bottom two waveforms of 
Fig. 3-18B; also see Vertical Chopped Blanking forfurther 
information.) After the delay time, the output level at pin 4 
goes LO where it remains for about 0.5 microsecond 
which is equal to the period of the Clock pulse (two- 
megahertz repetition rate). 

The Horizontal Chopped Blanking time must be longer 
than the Vertical Chopped Blanking time, since it takes 
more time for the display to switch between horizontal 
units than between vertical units. During the time that the 
level at pin 4 is LO, the crt is blanked and the Vertical 
Chopping Signal and the Plug-In Chop Command cannot 
change levels. The Clock pulse at T3 changes only the 
Horizontal Chopped Blanking output at pin 4. The level on 
this pin goes HI after the delay time to unblank the crt. 

For the next three Clock pulses, the Vertical Chopping 
Signal output and Plug-In Chop Command operate in the 
normal manner. However, just prior to the fourth Clock 
pulse (time T4). both outputsare again at their HI level. The 
fourth Clock pulse at T4 switches the output at pin 1, pin 8, 
and pin 4 )after delay) to the LO level to start the next 
cycle. Notice that a Horizontal Chopped Blanking pulse is 
produced at pin 4 with every fifth Clock pulse. Also notice 
that with the HORIZONTAL MODE switch set to CHOP, 
two complete cycles of the Vertical Chopping Signal are 
produced with each five Clock pulses (repetition rate two- 
fifths Clock rate) and one complete cycle of the Plug-in 
Chop Command for every five Clock pulses (one-fifth 
Clock rate). Notice that the large shaded area produced by 
the Horizontal Chopped Blanking pulse (see Fig. 3-180) is 
not part of the display time (crt display blanked). However, 
about thesame time segment isdisplayed from thevertical 
signal source with or without Horizontal Chopped Blank- 
ing, due to the change in repetition rate when in the CHOP 
horizontal mode. 
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CLOCK, PIN 15 U215A 

VERTICAL CHOPPED BLANKING, 
PIN 4 U215B 

Fig. 3-17. Idealized waveforms for Vertical Chopped Blanking stage. 

1 VERTICAL CHOPPING SIGNAL 
CHOP MODE (HORIZI 6 

U225 4 HORIZONTAL CHOPPED BLANKING 

CLOCK 10 
8 PLUG-IN CHOP COMMAND 

(.I @ 
CRT DISPLAY BLANKED 

CLOCK, PIN 10 

VERTICAL 
CHOPPING SIGNAL, 

PIN 1 

PLUG-IN CHOP 
COMMAND 

PIN 8 

1 I 
CHOP MODE 1 I 

(HORIZI, PIN 6 I 
I I I I  I 
I 

HORl ZONTAL 
CHOPPED 

BLANKING, PIN 4 1 
€ 

1 
VERTICAL CHOPPED 

BLANKING, PIN 4 
OF U215B 

Fig. 3-18. (A) Input and output pins for Chop Counter IC, U225; (B) Idealized waveforms tor Chop Counter Stage. 
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The Vertical Chopping at pin 1 of U255 is connected to 
the Vertical Mode Logic stage (see following description) 
through L2244224. This signal is HI when the RIGHT 
VERT unit is to be displayed and it is LO when the LEFT 
VERT unit is to be displayed. The Plug-In Chop Command 
at pin 8 is connected to the plug-in units in the vertical 
compartments through L228-R228 via the Main Interface 
board. When this signal is HI, Channel 2 of the plug-in 
units can be displayed; when this level is LO, Channel 1 
can be displayed. The Horizontal Chopped Blanking 
signal at pin 4 is connected through LR232 to the 
Horizontal Binary stage U265, and to the Z-Axis Logic 
stage U325 by way of Q238. When this signal is HI, the crt 
is unblanked to display the selected signal. When it is LO, 
the crt is blanked to allow switching between the horizon- 
tal units. 

A logic diagram of the Chop Counter stage is shown in 
Fig. 3-19. Use the waveforms given in Fig. 3-1 88 along with 
this diagram for reference of time relationships with other 
signals. 

Vertical Mode Logic 

The Vertical Mode Logic stage is made up of discrete 
components CR202-CR203, CR201 ,-CR204, and buffer 
(2292-(2296. These components develop the Vertical 
Mode Command, which is connected to the Main Inter- 
face, Vertical Amplifier, and Trigger Selector circuits to 
indicate which vertical unit is to be displayed. When this 
output level is HI, the RIGHT VERT unit isdisplayed; when 
it is LO, the LEFT VERT unit is displayed. 

The VERTICAL MODE switch shown on diagram 2 
provides control levels to this stage. This switch provides a 
HI level on oniy one of five output lines to indicate the 
selected vertical mode; the remaining lines are LO. Notice 
that only four of the lines from the VERTICAL MODE 
switch are connected to the Logic circuit. Operation of this 
stage is as follows: 

When the VERTICAL MODE switch is set to RIGHT, a 
HI  level is connected to the base of Q292 through R204. 
This forward biases (2292, and the positive-going level at 
its emitter is connected to the emitter of Q296. The 
collector of Q296 goes HI to indicate that the RIGHT VERT 
unit is to be displayed. For the CHOP position of the 
VERTICAL MODE switch, a HI level is applied to the 
anodes of CR202-CR203 through R202. Both diodes are 
forward biased so that the Vertical Chopping Signal from 
pin 1 of U225 can pass to the base of Q292. This signal 
switches between the HI and LO levels at a one-megahertz 
rate and produces a corresponding Vertical Mode Com- 
mand output at the collector of (2296, When the output is 
HI the RIGHT VERT unit is displayedand when itswitches 
to LO, the LEFT VERT unit is displayed. 

In the ALT position of the VERTICAL MODE switch. a 
HI level is applied to the anodes of CR201-CR204 through 
R201. These diodes are forward biased so the Display 
Right Command from pin6 of thevertical Binary stagecan 
pass to the base of Q292 to determine the Vertical Mode 
Command level. The Display Right Command switches 
between its HI and LO levels at a rate determined by the 
Vertical Binary stage. 
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The control levels in the LEFTand ADD positionsof the 
VERTICAL MODE switch are not connected to this stage. 
However, since only the line corresponding to theselected 
vertical mode can be HI, the RIGHT, CHOP, and ALT lines 
must remain at their LO level when either LEFTor ADDare 
selected. Therefore, the base of Q292 remains LO to 
produce a LO Vertical Mode Command output level at the 
collector of (2296. 

A logic diagram of the Vertical Mode Logic stage is 
shown in Fig. 3-20. Thediscretecomponents that make up 
each logic function are identified. 

Trace Separation 

The Trace Separation stage is made up of discrete 
components (2342, Q347, Q350, and Q352. This stage 
produces the Trace Separation output to the Vertical 
Amplifier circuit to offset the B-sweep display when 
operated in a dual-sweep mode (horizontal). The level of 
this output current is determined by the setting of the 
VERT TRACE SEPARATION (B) control. Thecurrent from 
the VERT TRACESEPARATION (8) control is switched so 
that the Trace Separation output is provided only when the 
B sweep is being displayed in the ALTor CHOP horizontal 
modes and not when B sweep only is being displayed, nor 
for independent-pairs operation (sweep slaving). Opera- 
tion of this stage is as follows: 

The VERT TRACE SEPARATION (B) control provides 
current to the Trace Separation output through R35f and 

r RIGHT MODE --j---- 

VERTICAL 
MODE CHOP MODE 

SWITCH 

Q352 when Q352 is forward biased. When the B sweep is 
being displayed (for ALT or CHOP horizontal operation), 
the Display B Command at the base of (2347 is HI. This 
forward biases Q347 causing its collector to go negative to 
forward-bias (2350. This causes Q350 to saturate and its 
collector goes positive to forward bias (2352. During the 
time the A sweep is being displayed, the Display B 
Command is LO. This reverse biases Q347 and Q350; 
Q352 is reverse biased through CR349 and R349. Since 
Q352 is reverse biased, the VERT TRACE SEPARATION 
(B) control is disconnected while the A sweep is being 
displayed. 

When the HORIZONTAL MODE switch is set to B 
(only), a HI level is connected to the emitter of Q347 
through R344. This reverse biases (2347 even though the 
Display B Command at its base is HI for this mode. 
Therefore, the VERT TRACE SEPARATION (B) control 
has no effect. When the VERTICAL MODE switch is set to 
ALT and the Delay Mode Control Out level from the A 
time-base unit is LO (indicating non-delayed sweep 
operation), a HI level is applied to the emitter of Q347 
through R342 and CR343. This HI level reverse biases 
Q347 even though the Display 8 Command is Hi. This 
action disconnects the VERT TRACE SEPARATION (B) 
control for independent-pairs operation so that the ver- 
tical position of the B-sweep display is determined by the 
slaved LEFT VERT pilrg-in unit only. If delayed-sweep 
operation is selected, the Delay Mode Control Out level is 
HI to forward bias Q342 and (2347. This allows the VER'T 
'TRACE SEPARATION (B) control to position the 8-sweep 
display, since independent-pairs operation is not poss~ble 
when operating in a delayed-sweep mode. 

PIN 1, U225 I I v 

PIN 6, U275 

Fig. 3-20. Logic diagram of Vertical Mode Logic stage. 
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A logic diagram of the Trace Separation stage is shown 
in Fig. 3-21A. The discrete components which make up 
each logic function are identified. An input/output tabte 
for this stage is given in Fig. 3-216. 

TRIGGER SELECTOR @ 
The Trigger Selector circuit determines the source of 

the internal triggering signals connected to the A and B 
HORIZ plug-in compartments. In addition, the B Trigger 
Channel Switch stage also includes the Vertical Signal 
Out Amplifier. Figure 3-22 showsa detailed block diagram 
of the Trigger Selector circuit. 

Slave Enable 

The Slave Enable stage provides an output to the A and 
B Trigger Select Logic stages to indicate when 
independent-pairs operation (sweep slaving) is selected. 
The output of this stage is determined by the Horizontal 
Slave Enable level from the Logic circuit and by the 
VERTICAL MODE switch. (For further information on 
independent-pairs operation and the Horizontal Enable 
level, see the description of the Vertical Binary stage in the 
Logic circuit.) When independent-pairs operation is 
selected, the output of the Slave Enable stage (at the 
emitter of Q438) is LO. In this condition, the Left Vertical 
unit provides athe B Horizontal trigger signal and the 
Right Vertical unit provides the A Horizontal triggersignal 
in theVERT MODE position of the trigger source switches. 

VERT TRACE 
SEPARATION (B) TRACE 

SEPARATION 

DISPLAY B 
COMMAND 

B MODE (HORIZ) 

ALT MODE (VERT) 

DELAY MODE 
CONTROL OUT 

INPUT OUTPUT 
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A and B Trigger Select Logic 

The A and B Trigger Select Logic stages select the 
operation of the Aand B Trigger Channel Switch stages as 
determined by the Horizontal Slave Enable level from the 
Logic circuit and the setting of the VERTICAL MODE, A 
TRIGGER SOURCE, and B TRIGGER SOURCEswitches. 
These stages also include the circuitry to illuminate the 
trigger-source pushbutton lights. 

Table 3-1 and Table 3-2 show the output of the A and B 
T rigger Select Logic stages respectively for each com- 
bination of the Horizontal Slave Enable level, thesetting of 
the VERTICAL MODEswitch, and thesetting of the trigger 

source switches. The trigger-source pushbutton il- 
luminated for each combination isalso shown. Notice that 
only the trigger source switches control the output when 
in the LEFT or RIGHT VERT positions; the trigger signal is 
obtained from the indicated plug-in compartment. 

A and B Trigger Channel Switch 

The A and B Trigger Channel Switch stages determine 
which input signal provides the internal trigger signal to 
the horizontal units as controlled by the trigger Right and 
Add signals from the trigger select logic stages. 

/ ;;;;::ER 
AMPLIFIER 

VERTICAL 

COMMAND 

TRIGGER SIGNAL 
TO A HORiZ 
COMPARTMENT 

B TRIGGER TRIGGER SIGNAL 
SELECT LOGIC TO B HORlZ 
Q484U500-0.506 COMPARTMENT 

SiGNAL OUT 

Fig. 3-22. Detailed block diagram of Trigger Selector circuit. 
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'Tabte 3-1 

lNPUT/OUTPUT COMBINATIONS FOR A TRIGGER SELECT LOGIC 

VERT MODE 

- Has no effect in this case. 

h~witches between HI and LO at a rate determined by Logic circuit. 

Table 3-2 

--- "-" " - 

"a - Has no effect in this case. 

"Switches between HI and LO at a rate determined by Logic circuit. 

Resistor networks R401 through R407, R409, R410, Bias current for the respective switches is provided by 
R4 l l .  and R413, R414, R415 are connected as 50 D power R5510, R5512, R5597, R5530, R5532, R5598, and resistors 
dividers. These power dividers, along with R5508, R5516, R5516, R5536. Transistor array U5502A, B, C, and D 
R5530, R5534, and R5608, R5616, R5630, R5634, providea provide a logic drive for channel switches U5510 and 
100 f'2 differential load for the trigger outputs of the U5530, when the proper trigger signal selection is provid- 
vertical plug-in units and establish the input resistance of ed by A and B rrigger Selector Logiccrrcuit. When the L/R 
the trigger channel switch stages. signal is present, its low level turns off U5502C and turns 

on U5502D, causing a low at pin 12 and a high at pin 11 of 
U5510. This conditton routes the left trigger signal at 
J5512 and J5516, through U5510, to pins 33-16, and 1-14 
of U5550. At the same time, U5530 pin 12 is high and pln 11 

The A and B Trigger Channel Switch stages are made is low, causing the right trrgger s~gnal current to pass 
up primarily of intesrated clrcuits U5502, U5510, and through pins 5 and 9, and cancel ~tself. The right trigger 
U5530 for the A Trigger, and U5602, U5610, and U5630 for signal is routed through U5530 in a similar manner. When 
the B Trigger. The operation of the A and B Trigger the Add signal is present, the left and right trigger signals 
Channel Switch is similar. Therefore, only a discussion of are added algebraically at pins 6 and 8 of U5510 and 
the A "Trigger Channel Switch is given. U5530 

3-26 
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A Trigger Output Amplifier 

The ATrigger Output Amplifierstage (U5550) amplifies 
the output signals from channel switches U5510 and 
U5530 and drives the level shifters. Resistors R5541 and 
R5542, together with the channel switch bias current, set 
the input dc bias of U5550. Resistors R5561 and R5559set 
the dc bias for common-base output stage, U5550. 

B Trigger Output Amplifier 

The B Trigger Output Amplifier stage (U5650) operates 
in a slmilar manner to the A Trigger Output Amplifier, 
except the output circuit provides the signal current for 
the Signal Output Amplifier. Resistors R5668, R5659, and 
R5661 set the correct signal current for the output 
amplifier circuit. 

A and B Trigger Level Shifters 

The level shifters remove the trigger signal from the dc 
bias signal at the output of U5550 and U56fi0. The A 
Trlgger Level Shifter circuit is composed of a network of 
components connected between pin 5 of U5550 and pin 
CC, and between pin 9 of U5550 and pin CB. Resistors 
R5565 and R5566, along with VR5565 and VR5566, supply 
bias current to U5550; they also serve as a reverse 
termination for the signal. R5570sets the output common- 
mode level by setting the amount of current to zeners 
VR5565, VR5566, and resistors R5574, and R5576. The B 
Trigger Level Shifter circuit operates in a similar manner. 

Signal Out Amplifier 

The signal out amplifier stage (Q5679) receives trigger 
signals by the selection of the B TRIGGER SOURCE 
switch, and provides a sample of the trigger signal to a 
front-panel connector. Resistor R5678 biases (25679 and 
U5650 Resistors R5682, R5683, and R5684 set the base 
blas voltage of Q5679. Signal Out centering adjustment 
R5683 is set for zero-volt quiescent output level. Resistor 
R5687 sets the (25679 bias current and R5686 sets the 
output impedance (950 n). 

READOUT SYSTEM @ 
Introduction 

The Readout System provides alphanumeric display of 
Information encoded by the plug-in units. This display is 
presented on the crt and is written by the crt beam on a 
time-shared bass with the analog waveform display. 

The definition of several terms follows: 

Character--A character is a single number, letter, or 
symbol displayed on the crt either aloneor in combina- 
tion with other characters. 

Circuit Description-7904 (SN B260000-UP) 

Word--A word is made upof a related group of characters. 
In the 7904 Readout System, a word can consist of up to 
ten characters. 

Frame----A frame is a display of all words for a given 
operating mode and plug-in combination. Up to eight 
words can be displayed in one frame. Figure 3-23 
shows the position of each word in a complete frame. 

Column--One of the vertical lines in the Character 
Selection Matrix (see Fig. 3-24). Columns C-0 (column 
zero) to C-10 (column 10) can be addressed in the7904 
system. 

Row--One of the horizontal lines in the Character Selec- 
tion matrix. Rows R-1 (row 1) through R-10 (row 10) 
and R-14 (row 14) can beaddressed in the 7904system. 

Time-Slot-A location in a pulse train. In the7904 Readout 
System, the pulse train consists of 10 negative-going 
pulses. Each time-slot pulse is assigned a number 
between one and ten. For example, the first time-slot is 
TS-1. 

Time-multiplexing-Transmission of data from two or 
more sources over a common path by using different 
time intervals for different signals. 

Display Format 

Up to eight words of readout information can be 
displayed on thecrt. The position of each word is fixed and 
is directly related to the plug-in unit from which it 
originated. Figure 3-23 shows the area of the graticule 
where the readout from each plug-in unit is displayed. 
Notice that Channel 1 of each plug-in unit is displayed 
within thetopdivision of the crt and Channel 2 isdisplayed 
directly below within the bottom division. Figure 3-25 
shows a typical display where only Channel 2 of the Right 
Vertical and B Horizontal units is selected for display. 

Fig. 3-23. Location of readout display on the crt Identifying the 
originating plug-in and channel. 
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Fig. 3-24. Character Selection Matrix for 7904 Readout System. 
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Fig. 3-25. Pyplcal readout display where only Channel 2 of the 
Right Vertical and B Horizontal units is displayed. 

Each word in the readout display can contain up to 10 
characters, although the typical display will contain 
between two and seven characters per word. The 
characters are selected from the Character Selection 
Matrix shown in Fig. 3-24. In addition, 12 operational 
addresses are provided for special instructions to the 
Readout System. The unused locations in the Matrix 
(shaded area) are available for future expansion of the 
Readout System. The method of addressing the locations 
in the Character Selection Matrix is described in the 
following discussion. 

Developing the Display 

The following basic description of the Readout System 
uses the block diagram shown in Fig. 3-26, This descrip- 
tion is intended to relate the basic function of each stage to 
the operation of the overall Readout System. Detailed 
information on circuit operation is given later. 

The key block in the Readout System is theTimerstage. 
This stage produces the basic signals that establish the 
timing sequences within the Readout System. Period of 
the timing signal is about 250 microseconds (drops to 
about 210 microseconds when Display-Skip is received; 
see detailed description of Timer stage for further infor- 
mation.) This stage also produces control signals for other 
stages within this circuit and interrupt signals to the 
Vertical Amplifier. Horizontal Amplifier, and Logic cir- 
cuits, which allow a readout display to be presented. The 
Time-Slot Counter stage receives a trapezoidal voltage 
signal from the Timer stage and directs it to one of ten 
output lines. These output lines are labeled TS-1 through 
TS-10 (time-slots one through ten) and are connected to 
the vertical and horizontal plug-in compartments as well 
as to various stages within the Readout System. The 
output lines are energized sequentially, so there is a pulse 
on only one of the 10 lines during any 250-microsecond 
timing period. After the Time-Slot Counter stage has 
counted time-slot 10, it produces an End-of-Word pulse 
which advances the system to the next channel. 

Two output lines, row and column, are connected from 
each channel of the plug-in unit back to the Readout 
System. Data is typically encoded on theseoutput lines by 
connecting resistors between them and the time-slot input 
lines. The resultant output is a sequence of ten analog 
current levels that range fromzero toone milliampere (100 
microamperes/step) on the row and column output lines. 
This row and column correspond to the row and column of 
the Character Selection Matrix in Fig. 3-24. The standard 
format for encoding information onto the output lines is 
given in Table 3-3. (Special-purpose plug-in units may 
have their own format for readout; these special formats 
will be defined in the manuals for these units.) 

The encoded column and row data from the plug-in 
units is selected by the Column Dataswitch and Row Data 
Switch stages respectively. These stages take the analog 
currents from the eight data lines (twochannelsfromeach 
of the four plug-in compartments) and produce a time- 
multiplexed analog voltage output containing all of the 
column or row information from the plug-ins. The Column 
Data Switch and Row Data Switch are sequenced by the 
binary Channel Address Code from the Channel Counter 

The time-multiplexed output of the Column Data 
Switch is monitored by the Display-Skip Generator to 
determine if it represents valid information that should be 
displayed. Whenever information is not encoded in a time- 
slot, the Display-Skip Generator produces an output level 
to prevent the Timer stage from producing the control 
signals that normally interrupt the crt display and present 
a character. 

The analog outputs of the Column Data Switch and 
Row Data Switch are connected to the Column Decoder 
and Row Decoder stages respectively. These stages sense 
the magnitude of the analog voltage input and produce an 
output current on one of ten lines. The outputs of the 
Column Decoder stage are identified as C-1 through C-10 
(column 1 through 10) corresponding to the encoded 
column information. Likewise, the outputs of the Row 
Decoder stage are identified as R-1 through R-10 (row 1 
through 10) corresponding to the encoded row informa- 
tion. The primary function of the row and column outputs 
is to select a character from the Character Selection 
Matrix to be produced by the Character Generator stage. 
These outputs are also used at other points within the 
system to indicate when certain information has been 
encoded. One such stage is the Zeros Logic and Memory. 
During titne-slot 1 (TS-1 1, this stage checks if zero-adding 
or prefix-shifting information has been encoded by the 
plug-in unit, and stores it in memory until time-slots5,6, or 
8. After storing this information, it triggers the Display- 
Skip Generator stage so that there is no display during 
time-slot 1 (as defined by Standard Readout Format; see 
Table 3-3). When time-slots 5,6, and 8 occur, the memory 
IS addressed and any information stored there during 
time-slot 1 is transferred to the input of the Column 
Decoder stage to modify the analog data during the 
applicable time-slot. 
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PLUG-IN1 
INTERFACE 

I 

ENCODED IN 
THIS TIMESLOT) 

COLUMN ANALOG 
-- 

DATA I N  FROM 

TIMEMULTIPLEXED 

RESISTORS I N  
PLUG-IN UNITS 

Fig. 3-26. Detailed block dlagram of Readout System. 

7904



Circuit Description-7904 (SN B260000-UP) 

NOTE: INDICATES 
NUMBER OF LINES. 

WHERE N O  NUMBER 
APPEARS; THERE IS 
ONE LINE. 

Fig. 3-26. (coni). 
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Table 3-3 

TS-2 I Indicates normal or inverted input (no 
display for normal). 

STANDARD READOUT FORMAT 

character is generated during these time-slotsor not. This 
action fixes the starting point of the standard-format 
display such that the first digit of the scaling factoralways 
starts at the same point within each word regardlessof the 
information encoded in time-slot 1,2, or 3 preceding this 
digit. Also, by encoding row 10 and column 0 during any 
time-slot, a blank space can be added to the display. 
Decimal points can be added to the display at any time by 
addressing the appropriate row and column. (See 
Character Selection Matrix for location of decimal points.) 
The Decimal Point Logic and Character Position Counter 
stage is reset after each word by the Word Trigger pulse. 

,. ..-- ..-.- 

Time-Slot 
Number - 

, .- -.-. . .. 
IS-1 

lndicates calibrated or uncatibrated condi- 
tion of plug-in variable control (no dis- 
play for calibrated condition). - - -- - - -- . - The Format Generator stage provides the output 
Scaling. signals to the vertical and horizontal deflection systems of 

.~. -.- - -. 

Description 
.. - - 

Determines decimal magnitude (number 
of zeros displayed or prefix change 
information) or the IDEN'I-IFY function 
(no display during this time-slot). 

- - - - - -- - - - 
Defines the prefix which modifies the with the plug-in and channel originating the word (see Fig. 

units of measurement. 3-23). The positioning current or decimal point location 
current qenerated by the Decimal Point Logic and 

. --- 
TS-5 
TS-6 
TS-7 

Define the units of measurement of the ~haracte; Position ~ o l n t e r  stage is added to the Horizon- 
plug-in unit. May be standard units of tal (X )  signal at the input to the Format Generator stage to 

measurements (V, A, S, etc.) or special provide horizontal positioning of the characters within 

units selected from the Character each word. The X- and Y-Readout signals are connected 

Selection Matrix. to the Horizontal Amplifier and Vertical Amplifier through 
----- " -- the X- and Y-Buffer stages. 

the instrument to produce the character display. The 
Not encoded by plug-in unit. Left blank binary Channel Address Code from the Channel Counter 
to allow addition of zeros by Readout stage is connected to this stage, so that the display from 
System. each channel is positioned to the area of the crt associated 

Also, the Zeros Logic and Memory stage produces the 
IDENTIFY function. When time-slot 1 is encoded for 
IDENTIFY (column 10, row 3), this stage produces an 
output level, which connects the Column Dataswitchand 
Row Data Switch to a coding network within the Readout 
System. Then, during time-slots 2 through 9, an analog 
current output is produced from the Column Data Switch 
and Row Data Switch, which addresses the correct points 
in the Character Selection Matrix to display the word 
"IDENTIFY" on the crt. The Zeros Logic and Memory 
stage is reset after each word by the Word Trigger pulse. 

'The Character Generator stages produce the 
characters which are displayed on the crt. Any of the 50 
characters shown on the Character Selection Matrix of 
Fig. 3-24 can be addressed by proper selection of the 
column and row currents. Only one character is ad- 
dressable in any one time-slot; a space can be added into 
the displayed word by the Decimal Point Logic and 
Character Position Counter stage when encoded by the 
plug-in. The latter stage counts the number of characters 
generated and produces an output current to step the 
display one character position to the right for each 
character. In addition, the character position is advance 
once during each of time-slots 1, 2, and 3, whether a 

The Word Trigger stage produces a trigger from the 
End-of-Word pulse generated by the Time-Slot Counter 
stage after the tenth time-slot. This Word Trigger pulse 
advances the Channel Counter to display the information 
from the next channel or plug-in. It also provides a reset 
pulse the Zeros Logic and Memory stage and the Decimal 
Point Logic and Character Position Counter stage. The 
Word Trigger stage can also be advanced to jump a 
complete word or a portion of a word when a Jump 
command is received from the Row Data Switch stage. 

The Single-Shot Lockout stage allows the display 
sequence of the Readout System to be changed. Normal- 
ly, the Readout System operates in a free-running mode, 
so the waveform display is interrupted randomly to display 
characters. However, under certain conditions (such as 
single-shot photography), it is desirable that the Readout 
System operate in a triggered mode where the readout 
portion of the display is normally blanked out, but can be 
presented on command. The Readout Mode switch, 
S2110, determines the operating mode of the Readout 
System. 
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Timer 
Timer U2126 establishes the timing sequence for all 

circuits within the Readout System. This stage produces 
seven time-related output waveforms (see Fig. 3-27). The 
triangle waveform produced at pin 6 forms the basis forthe 
remaining signals. The basic period of this triangle 
waveform is about 250 microseconds as controlled by RC 
network R2135-C2135. The triangle waveform is clipped 
and amplified by U2126 to form the trapezoidal output 
signal at pin 10. The amplitude of this output signal is 
exactly 15 volts as determined by U2126 (exact amplitude 
necessary to accurately encode data in plug-in units; see 
Encoding the Data). The Trigger output at pin 5 provides 
the switching signal for the Time-Slot Counter and Word 
"I" rigger stages. 

The signals at pins 12, 13, 14, and 16 are produced only 
when the triangle waveform ison its negativeslopeand the 
trapezoidal waveform has reached the lower level. The 
timing sequence of these waveforms is important to the 
operation of the Readout System (see expanded 
waveforms in Fig. 3-28). The Z-Axis Logic OFF Command 
at pin 14 is produced first. This negative-going signal 
provides a blanking pulse to the Z-Axis Logic stage (see 
diagram 3) to blank thecrt before thedisplay isswitched to 
the Readout System. It also produces the Strobe pulse 
through (22138 and CR2142 to signal other stages within 
the Readout System to begin the sequence necessary to 
produce a character. The collector level of Q2138 is also 
connected to Character Generator No. 2, U2272, through 
CR2140. This activates U2272 during thequiescent period 
of the Strobe pulse (collector of Q2138 negative) and 
diverts the output current of Row Decoder U2185 to row 2. 
The purpose of this configuration is to prevent the Zeros 
Logic and Memory stage U2232 from storing incorrect 
data during the quiescent period of the Strobe pulse. 
When the Strobe pulse goes positive, CR2140 is reverse- 
biased to disconnect Q2138 from U2272 and allow the 
Row Decoder to operate in the normal manner. 

The next signal to be produced is the Vertical and 
Horizontal OFF Command at pin 13. This positive-going 
signal disconnects the plug-in signals from the vertical 
and horizontal deflection systems, so the plug-in units do 
not control the position of the crt beamduring the readout 
display. The Ready signal derived from this output is 
connected to the Decimal Point Logic and Character 
Position Counter stage and the Format Generator stage. 

The Readout Intensity output at pin 12 is produced 
next. This current is connected to thecrt circuit to unblank 
the crt to the intensity level determined by the READOUT 
intensity control. The Character Scan ramp at pin 16 
started to go negative as this timing sequence began. 
However, character generation does not start until the 
readout intensity level has been established. The 
triangular Character Scan ramp runs from about .-2 volts 
to about -8.5 volts, then returns back to the original level. 
This waveform provides scanning signal for the Character 
Generator stages. Full Character Scan adjustment R2128 
sets the dc level of the Character Scan ramp for complete 
characters on the display. 

ov 

PIN 6 

O V  

PIN 10 

TRIGGER 
PIN 5 

CHARACTER 
SCAN 
PIN 16 

Z-AXIS 
LOGIC 

OFF 
COMMAND 

PIN 14 

VERTICAL 
AND 

HORIZONTAL 
OFF 

COMMAND 
PIN 13 

READOUT 6 V 
INTENSITY 

PIN 12 

NOTE: TEST OSCILLOSCOPE EXTERNALLY TRIGGERED 
FROM TP2251. 

Fig. 3-27. Output waveforms of Tlmer stage. 
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CHARACTER 
SCAN 
PIN 16 

Z-AXIS LOGIC 
OFF COMMAND 

PIN 14 

VERTICAL AND 
HORIZONTAL 

OFF 
COMMAND 

PIN 13 

READOUT 
INTENSITY 

PIN 12 

NOTE: TEST OSCILLOSCOPE EXTERNALLY TRIGGERED 
FROM TP2251 

Fig. 3-28. Detail of output at pins 12, 13, 14, and 16 of U2126. 

The Timer stage operates in one of two modes as 
controlled by the Display-Skip level at pin 4. The basic 
mode just described is a condition that does not occur 
unless all ten characters of each word (80characters total) 
are displayed on the crt. Under typical conditions only a 
few characters are displayed in each word. The Display- 
Skip level at pin 4 determines the period of the Timer 
output signal. When a character is to begenerated, pin 4 is 
LO and the circuit operates as just described. However, 
when a character is not to be displayed, a HI level is 
applied to pin 4 of U2126 through CR2125 from the 
Display-Skip Generator stage. This signal causes the 
Timer to shorten its period of operation to about 210 
microseconds. The waveforms in Fig. 3-29 show the 
operation of the Timer stage when the Display-Skip 
conditions occurs for all positions in a word. Notice that 
there is no output at pins 12, 13, 14, and 16 under this 
condition. 'This means that the crt display is not in- 

The Timer operation is also controlled by the Single- 
Shot Lockout level at pin 2. If this level is LO, the Timer 
operates as just described. However, if the Single-Shot 
Lockout stage sets a HI level at this pin, the Timer stage is 
locked out and can not produce any output signals (see 
Single-Shot Lockout description for further information). 

READOUT intensity control R2124 (seediagram 2) sets 
the intensity of the readout display independently of theA 
or B INTENSITY controls. The READOUT intensity con- 
trol also provides a means of turning the Readout System 
off when a readout display is not desired. When R2124 is 
turned fully counterclockwise, theswitch in series with the 
Readout Intensity line opens. The current to pin 11 of 
U2126 is interrupted, and at the same time, a positive 
voltage is applied to pin 4 through CR2124. The positive 
voltage switches the stage to the same conditions as were 
present under the Display-Skip condition. Therefore, the 
crt display is not interrupted to present characters. 
However, time-slot pulses continue to be generated. 

Time-Slot Counter 

Time-Slot Counter U2159 is a sequential switch which 
directs the trapezoidal waveform input at pin 8 toone of its 
10 output lines. These time-slot pulses are used to 
interrogate the plug-in units to obtain data for the Readout 
System. 7'he Trigger pulse at pin 15 switches the Time- 
Slot Counter to the next output line; the output signal is 
sequenced consecutively from time-slot 1 through time- 
slot 10. Figure 3-30 shows the time relationship of the 
time-slot pulses. Notice that only one line carries a time- 
slot pulse at any given time. When time-slot 10 is 
completed, a negative-going End-of-Word pulse is 
produced at pin 2. The End-of-Word pulse providesa drive 
pulse for the Word Trigger stage and also provides an 
enabling level to the Display-Skip Generator during time- 
slot 1 only. 

Pin 16 is a reset input for the Time-Slot Counter. When 
this pin is held LO, the Time-Slot Counter resets to time- 
slot 1. The Time-Slot Counter can be reset to this manner 
only when a Jump Command is received by U2155Cand D 
(see following discussion). 

Word Trigger 

The Word Trigger stage is made up of U2155A and B. 
Quiescently, pin 3 of U2155A is LO as established by the 
operating conditions of U2155C and D. Therefore, the LO 
End-of-Word pulse produced by the Time-Slot Counter 
results in a HI level at pin 1 of U2155A. This level is inverted 
by U2155B to provide a negative-going Word Trigger 
pulse to the Channel Counter. 

terrupted to display, characters. Also notice that the 
triangle waveform at pin 6 does not go as far negative, and Also, a Word Trigger pulse is produced by U2155B 
that the negative portion of the trapezoidal waveform at when a Jump Command is received at pin 8 of U2155C. 
pin 10 is shorter. Complete details on operation of the This condition can occur during any time-slot (see Row 
Display-Skip Generator are given later. Decoder for further information on origin of the Jump 

7904



Circuit Description-7904 (SN B260000-UP) 

PIN 6 

PIN 10 

TRIGGER 
PIN 5 

CHARACTER 
SCAN 
PIN 16 

Z-AXIS LOGIC 
OFF COMMAND 

PIN 14 

VER'TICAL AN 
HORIZONTAL 

OFF 
COMMAND 

PIN 13 

READOUT 
INTENSITY 

PIN 12 

NOTE: TEST OSCILLOSCOPE EXTERNALLY TRIGGERED 
FROM TP2251. 

O V  
TIMESLOT 

PULSE 2 
PIN 13 

TIMESLOT 
PULSE 3 
PIN 12 

TIMESLOT 
PULSE 4 
PIN 11 

TIMESLOT 
PULSE 5 
PIN 10 

TIMESLOT 
PULSE 6 

PIN 9 

TIMESLOT 
PULSE 7 

PIN 7 

TIME-SLOT 

TIMESLOT 
PULSE 9 

PIN 5 

TIMESLOT 
PULSE 10 

NOTE: TEST OSCILLOSCOPE EXTERNALLY TRtGGEREO 
FROM TP2251. SWEEP RATE UNCALIBRATED. 

Fig. 3-29. Timer stage operation when Display-Skip condition Fig. 3-30. time relationship of the time-slot (TS) pulses produced 
occurs. by U2159. 
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Command). U2155C and D are connected as a bistable 
flip-flop. The positive-going Jump Command at pin 8 of 
U2155C produces a LO at pin 10. This LO is inverted by 
U2155D to produce a HI at pin 13, which allows pin 9 to  be 
pulled HI through CR2156. The flip-flop has now been set 
and remains in this condition until reset, even though the 
Jump Command at pin 8 returns to its LO level. The HI 
output level at pin 13 turns on Q2159 to pull pin 16 of the 
Time-Slot Counter LO. This resets the Time-Slot Counter 
to time-slot 1 and holds it there until the Word Trigger is 
reset. At the same time, a HI level is applied to pin 4 of the 
Timer through CR2157 and CR2125. This HI level causes 
the Timer to operate in the Display-Skip mode, so a 
character is not generated. 

The next Trigger pulse is not recognized by the Time- 
Slot Counter, since U2159 is locked in time-slot 1 by 
U2155. However, this Trigger pulse resets the Word 
Trigger stage through C2155. Pin 13 of U2155D goes LO to 
enable the Time-Slot Counter and Timer stages for the 
next time-slot pulse. Simultaneously, when U2155D 
switches output states, the resulting negative-going edge 
is connected to pin 3 of U2155A. This results in a negative- 
going Word Trigger output at pin 4 toadvance the Channel 
Counter to the next word. When the next Trigger pulse is 
received at pin 15, the Time-Slot Counter returns to the 
normal sequence of operation and produces an output on 
the time-slot 1 line. 

Channel Counter 

Channel Counter U2250 is a binary counter that 
produces the Channel Address Code for the Column and 
Row Decoder stages and the Format Generator stage. 
This code instructs these stages to sequentially select and 
display the eight channels of data from the plug-ins. Table 
3-4 gives the eight combinations of the Channel Address 
Code and the resultant channel selected with each 
combination. 

Readout Control 

Q2108 and Q2112, along with 321 10, control the 
operating mode of the Readout System through the 
Single-Shot Lockout stage. When Readout Mode switch 
S2110 is in the Free-Run position, the Readout System 
runs continuously in a free-running manner. The emitter 
of Q2108 has no ground return in this position, so it can 
not conduct. The collector of Q2108 rises positive through 
R2108 to enable the Readout System. 

In the Gate Trig'd position, the emitter of Q2108 is 
connected to ground through R2109 and S2110 to 
produce a LO lockout level to the Single-Shot Lockout 
stage. At the end of the selected gate, a negative level is 
applied to the base of emitter-follower (22112. The 
negative level at the emitter of (22112 is differentiated by 
C2112-R2112. The resulting negative-going pulse reverse 
biases Q2108 to momentarily allow its collector to go HI. 

Table 3-4 

CHANNEL ADDRESS CODE 

Left Vertical 

Left Vertical 

A Horizontal 

A Horizontal 

B Horizontal 

B Horizontal 

This enables the Single-Shot Lockout stage for a single- 
shot readout display. (For further information, see the 
following discussion,) 

Single-Shot Lockout 

U2120 makes up the Single-Shot Lockout stage. This 
stage allows a single readout frame (eight complete 
words) to be displayed on the crt, after which theReadout 
System is locked out, so further readout displays are not 
presented until the circuit is reset. U2120B and U2120C 
are connected to form a bistable flip-flop. For normal 
operation, pin 8 of U212QC is pulled HI through R2108. 
This activates U2120C to result in a LO output level at pin 
10, enabling the Timer stage to operate in the free-running 
manner described previously. 

The output of the Single-Shot Lockout stage remains 
LO to allow U2126 to operate in the free-running mode 
until a LO is receivedat pin 8of U2120C. When thisoccurs, 
the output level at pin 10 of U2120C does not change 
immediately. Iiowever, the Readout System is now 
enabled as far as the single-shot lockout function is 
concerned. If the Channel Counter has not completed 
word eight (Channel 1 of B HORIZ unit), the Readout 
System continues to operate in the normal manner. 
However, when word eight is completed, the negative- 
going End-of Frame pulse is produced at pin 11 of U2250 
as the Channel Counter shifts to the code necessary to 
display word one. This pulse is coupled to pin 6 of U2120B. 
The momentary HI at pin 6 activates U2120B and its output 
stage goes LO to disable U2120C (pin 8 already LO). The 
output of U2120C goes HI to disable the Timer, so it 
operates in the Display-Skip mode. The HI at pin 10 of 
U2120C also holds U2120B enabled, so it maintains 
control of the flip-flop. 
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The Single-Shot Lockout stage remains in this condi- 
tion until a positive-going trigger pulse is applied to pin 8 
of U2120C. This trigger pulse produces a LO at pin 10 of 
U2120C to enable U2126 and disable U2120B. Now, the 
Timer can operate in the normal manner for another 
complete frame. When word eight is completed, the 
Channel Counter produces another End-of-Frame pulse 
to again lock out the Timer stage. (For further information 
on the Readout Mode, see the Readout Control descrip- 
tion.) 

Encoding the Data 
Data is conveyed from the plug-in units to the Readout 

System in the form of an analog (current level) code. The 
characters that can be selected by the encoded data are 
shown on the Character Selection Matrix (see Fig. 3-24). 

TIMESLOT 
PULSES 
FROM 

READOU'r 
SYSTEM 

Each character requires two currents to define it; these 
currents are identified as the column current and the row 
current, corresponding to the column and row of the 
matrix. The column and row data is encoded by program- 
ming the plug-in units. Figure 3-31 shows a typical 
encoding scheme using resistors for a voltage-sensing 
amplifier plug-in unit. Notice that the 10 time-slots ('TS) 
pulses produced by the Time-Slot Counter stage are 
connected to the plug-in unit. However, time-slots 5,6,7, 
and 10 are not used by the plug-in unit to encode data 
when using the Standard Readout Format. (See Table 3-3 
for Standard Readout Format.) The amplitude of the time- 
slot pulse is exactly -15 volts as determined by the Timer 
stage. Therefore, the resultant output current from the 
plug-in unitscan beaccurately controlled by theprogram- 
ming resistors in the plug-in units. 

---.-- PLUG-IN UNIT - 
--9 B37 

ROW 
ANALOG 
DATA TO 
READOUT 
SYSTEM 

-".".,--- 

COLUMN 
ANALOG 
DATA TO 
READOUT 
SYSTEM 

---- A37 

* NOT USED IN  STANDARD FORMAT. 

Fig. 3-31. Typical encoding scheme for voltage-sensing plug-in unit. Coding shown for deflection factor of 100 microvolts. 
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For example, in Fig. 3-31 resistors R10 through R90 
control the row analog data, which is connected back to 
the Readout System. Figure 3-32A shows an idealized 
output current waveform of row analog data, which results 
frorn the time-slot pulses. Each of the row levelsof current 
shown in these waveforms corresponds to 100 
microamperes of current. The row numbers on the left- 
hand side of the waveform correspond to the rows in the 
Character Selection Matrix (see Fig. 3-24). The row analog 
data is connected back to the Readout System via terminal 
837 of the plug-in interface. 

The Column analog data is defined by resistors R110 
through R190. The program resistors are connected to the 
time-slot lines by switch closures to encode the desired 
data. The data asencoded by thecircuit shown in Fig. 3-31 
indicates a 100-microvolt sensitivity with the crt display 
inverted and calibrated deflection factors. This results in 
the idealized output current waveforms shown in Fig. 3- 
328 at the column analog data output, terminal A37 of the 
plug-in interface. 

Resistor R111, connected between time-slot 1 and the 
column analog data output, encodes two units of current 
during time-slot 1. Referring to the Character Selection 
Matrix, two units of column current, along with the two 
units of row current encoded by resist~r R10 (row 3), 
indicates that two zeros should be added to the display. 
Resistor R120 adds one unit of column current during 
time-slot 2 and, along with the one unit of current from the 
row output, the Readout System is instructed to add an 
invert arrow to the display. Resistor R130 is not connected 
to the time-slot 3 line, since the deflection factor is 
calibrated, therefore, there is no column current output 
during this time-slot and no display on the crt. (See 
Display-Skip Generator for further information). 

During time slot 4, two units of column current are 
encoded by R140. There is no row current encoded during 
this time-slot; this results in the numeral 1 being displayed 
on the crt. Neither row nor column analog data isencoded 
during time-slots 5, 6, and 7 as defined by the Standard 
Readout Format. During time-slot 8, two units of column 
current and three units of row current are encoded by 
resistors R181 and R80, respectively. This addresses thep 
prefix in the Character Selection Matrix. 

The final data output is provided from time-slot 9 by 
R190 connected to the column output and R90 to the row 
output. These resistors encode two units of column 
current and four units of row current to cause aV (volts) to 

R.9 ----.-. "" -.--- --.,---*----.---.-.------ -- ...- .--.-.--- 
R.10 -"---"" -.--------.---- -.---,.*.* ----------- (A) 

PROGRAM FOR 100 uV. INVERT Ei3,CALlBRATE D (UNCALIB- 
RATED OPERATION SHOWN BY SHADED AREA) 

Fig. 3-32. Idealized current waveforms of: (A) Row analog data, 
(B) Column analog data. 

be displayed. Time-slot 10 is not encoded, in accordance 
with the Standard Readout Format. The resultant crt 
readout will be 1 100 pV. 

In the above example, the row analog data was 
programmed to define which row of the Character Selec- 
tion Matrix was addressed to obtain information in each 
time-slot. The column data changes to encode the 
applicable readout data as the operating conditions 
change. For example, if the variable control of the plug-in 
unit was activated, R130 would be connected between 
tirne-slot 3 and the column analog data output line. This 
encodes 10 units of column current (see shaded area in 
time-slot 3 of the waveform shown in Fig. 3-238). Since 
one unit of row current is also encoded during this time- 
slot by R30, A > symbol is added to the display. The crt 
readout will now show 1>100 pV. In a similar manner, the 
other switches can change the encoded data for the 
column output and thereby change the readout display. 
See the descriptions which follow for decoding this 
information. 
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The analog data output from the Column Data Switch encoded, the base of Q2153 is pulled negative enough so 
produces a 0.5 volt (approximatelyf change for each unit that this transistor is reverse biased to produce a H f  Jump 
of column current that has been encoded by the plug-in Command output at its collector. The Jump Command is 
unit. Whenever any information appears at the output of connected to the Word Trigger stage to advance the 
the Column Data Switch, the base of Q2215A is pulled Channel Counter to the next word and to reset the Time- 
more negative than the base of Q22158, resulting in a Slot Counter to time-slot 1. 
negative (LO) Display-Skip output to the Timer stage 
through (22225. Recall that a LO was necessary attheskip 
input of the Timer so it could perform the complete 
sequence necessary to display a character. 

Zeros Logic and Memory 

Q2223-Q2229 also provide Display-Skip action. The 
End-of-Word level connected to their emitters is LO only 
during time-slot 1. This means they are enabled only 
during this time-slot. These transistors allow the Zeros 
Logic and Memory stage to generatea Display-Skip signal 
during time-slot 1 when infromation that is not to be 
displayed on the crt has been stored in memory (further 
information is given under Zeros Logic and Memory). 

Column and Row Decoders 

The Zeros Logic and Memory stage U2232 stores data 
encoded by the plug-in units to provide zeros-adding and 
prefix-shifting logic for the Readout System, The Strobe 
pulse at pin 15 goes positive when the data has stabilized 
and can be inspected. This activates the Zeros Logic and 
Memory stage so that it can store the encoded data. A 
block representation of the memory sequence is shownin 
Fig. 3-33. 

Typical output waveforms for the five possible input 
conditions that can occur are shown in Fig. 3-34. When 
time-slot 1 occurs, a store command is given to all of the 
memories. If the plug-in units encoded data for column 1, 

The Column Decoder U2244 and 'Ow Decoder U2' 85 2,3,4, or 10 during time-slot 1, the appropriate memory (or 
sense the magnitude of the analog voltages at their inputs memories) is set. Notice that row information from the 
(pin l o )  and produce a Output On One of ten lines Row Decoder also be present at pin 16 for data to be 
corresponding to the column or row data encoded by the stored in the memory of U2232. 
plug-in unit. These outputs provide the Column Digital 
Data and Row Digital Data, which is used by the Character 
Generator stages to select the desired character for 
display on the crt. The column and row data is also used 
throughout the Readout System to perform other func- 
tions. 

The input current at pin 9 of the Column Decoder stage 
is steered to only one of the ten Column Digital Data 
outputs. When a Display-Skip signal is present (collector 
of Q2225 HI), pin 9 is pulled HI  through CR2226. This 
ensures that no current is connected to the Character 
Generator stage under this condition. Notice the cor- 
responding input on the Row Decoder. This input is 
connected to ground and causes only one of the ten row 
outputs to saturate to ground. 

The network at the input of the Row Decoder, made up 
of (22153 and its associated components, is a Row-14 
detector that produces the Jump Command. This row 
current is encoded by special-purpose plug-ins to cause 
all or part of a word to be jumped. Whenever row 14 
(thirteen units of row current, or 1.3 milliamperes) is 

I f  data was encoded during time-slot 1, a negative- 
going output is produced at pin 7 while the memories are 
being set. This negative-going pulse is connected to the 
base of (22229 in the Display-Skip Generator to producea 
Display-Skip output. Since the information encoded dur- 
ing time-slot 1 was only provided to set the memories and 
not intended to be displayed on the crt at this time, the 
Display-Skip output preventsa readout display during this 
time-slot. 

During time-slot 5, memory A is interrogated. If infor- 
mation was stored in this memory, a positive-going output 
is produced at pin 7. This pulse is connected to pin 10 of 
the Column Decoder through Q2240 to add one unit ot 
current at the input of the Column Deocder. This produces 
a zero after the character displayed during time-slot 4. 
During time-slot 6, memory B is interrogated to see if 
another zero should be added. If another zero is 
necessary, a second positive output is produced at pin 7, 
which again results in a column 1 output from the Column 
Decoder and a second zero in the crt display. 
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INTERROGATION PULSES 

COLUMN 1 

COLUMN 2 

COLUMN 3 

COLUMN 4 

TIMESLOT 5 TIMESLOT 6 TIMESLOT 8 
4 3 6 

7 

----- 
COLUMN 10 14 -- 

'TIMESLOT 1 STORE COMMAND 
TO ALL MEMORIES 

ROW3 16 ENABLE TO ALL MEMORIES 

WORD TRIGGER 9 RESET TO ALL MEMORIES 

Fig. 3-33. Block representation of memory sequence in U2232. 

Finally, memory C is interrogated during time-slot 8 to 
obtain information on whether the prefix should be 
changed, or left at the value that was encoded. If data has 
been encoded that calls for a shift in prefix, a negative- 
going output level is produced at pin 7. This negative level 
subtacts one unit of column current from the data at the 
input to the Column Decoder. Notice on the Character 
Selection Matrix of Fig. 3-24 that when row4 is programm- 
ed, a reduction of one column results in a one-colum shift 
of the prefix. Forexample, with the 100 flV program shown 
in Fig. 3-31, if the data received from the plug-in called for 
a shift in prefix, the crt readout would be changed to 1 mV 
(zeros deleted by program; see Encoding the Data). 

The 100 microamperes of quiescent current through 
R2213 provided by (22240 (see Display-Skip Generator) 
allows the prefix to be shifted from m (100 microamperes 
column current, column 1) to no prefix (zero column 
current, column zero) so only the unit of measurement 
encoded during time-slot 9 is displayed. Notice that 
reducing the prefix program from column 1 to column 0 
programs the Readout System to not display a character at 
this readout location. 

A further feature of the Zeros Logic and Memory is the 
ldentify function. If 10 units of column current are 
encoded by the plug-in unit along with row 3 during time- 
slot 1, the Zeros Logic and Memory produces a negative- 
going output pulse at pin 1 to switch the Column Data 
Switch and Row Data Switch to the ninth channel. Then, 
time-slot pulses 2 through 9 encode an output current 
through resistors R2191-R2199 for column data and 
R2201-R2209 for row data. This provides the currents 
necessary to display the word IDENTIFY in the word 
position allotted to the channel that originated the ldentify 
command. After completion of this word, the Column Data 
Switch and Row Data Switch continue with the next word 
in the sequence. 

The Word Trigger signal from the Word Trigger stage is 
connected to pin 9 of U2232 through C2242. At the end of 
each word of readout information, this pulse goes LO. This 
erases the four memories in the Zeros Logic and Memory 
in preparation for the data to be received from the next 
channel. 
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Fig. 3-34. Typical output waveforms for Zeros Logic and Memory stage operation (at pln 7 Of lJ2232). 

Character Generators 
the numerals 0 through 9 shown in row 1 of the Character 

The Character Generator stage consists of five similar Selection Matrix (Fig. 3-24). U2272 can produce the 
integrated circuits (U2270 through U2278), which symbols shown in row 2 of the Character Selection Matrix 
generate the X (horizontal) and Y (vertical) outputsat pins and U2274 produces the prefixesand some letters, used as 
16 and 1, respectively, to produce the character display on prefixes, shown in row 4. U2276 and U2278 produce the 
the crt. Each integratkd circuit can produce 10 individual remaining letters shown in rows 5 and 6 of the Character 
characters. U2270 (designated "Numerals") can produce Selection Matrix. 
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All of the Character Generator stages receive the 
Column Digital Data from the Column Decoder U2244 in 
parallel. However, only one of the Character Generators 
receives row data at a particular time and only the stage 
receiving this row data isactivated. Forexample, if column 
2 is encoded, the five Character Generators are enabled so 
that either a 1, < ,p ,  V, or an N can be produced. If row4 has 
been encoded at the same time, only the Prefix Character 
Generator U2274 will produce an output to result in a "p" 
being displayed. The activated Character Generator 
provides current output for the Format Generator to 
produce the selected character on the crt. In a similar 
manner, any of the characters shown in the Character 
Selection Matrix can be displayed by correct addressing 
of the row and column. 

Decimal Point Logic and Character Position 
Counter 

Decimal Point Logic and Character Position Counter 
U2260 performs two functions. The first function is to add 
a staricase current to the X (horizontal) signal to space the 
characters horizontally on the crt. After each character is 
generated, the negative-going edge of the Ready signal at 
pin 5 advances the Character Position Counter. This 
produces a current step output at pin 3 which, when added 
to the X signal, causes the next character to be displayed 
one character space to the right. This stage can also be 
advanced when a Space instruction is encoded so a space 
is left between the displayed characters on thecrt. Row 10 
information from the Row Decoder is connected to pin 4 of 
U2260. When row 10 and column 0 are encoded, the 
output of this stage advances one step to move the next 

DECIMAL-POINT LOCATION ENCODED 
DURING THlS TIMESLOT -- NO 
DISPLAY 

ALWAYS 
SKIPPED 
EVEN I F  

NO DATA 
ENCODED 

character another space to the right. However, under this 
condition, no display is produced on the crt during this 
time-slot, since the Character Generators are not ac- 
tivated. 

Time-slot pulses 1,2, and 3 are also connected to pin 4 
of U2260 through VR2262, VR2263, and VR2264 respec- 
tively and R2262-R2265. This configuration adds a space 
to the displayed word during time-slots 1, 2, and 3 even if 
information is not encoded for display during these time- 
slots. With this feature, the information displayed during 
time-slot 4 (scaling data) always starts in the fourth 
character position whether data has been displayed in the 
previous time-slots or not. Therefore, the resultant crt 
display does not shift position as normal-invert or cal- 
uncal information is encoded. The Word Trigger pulse 
connected to pin 8 resets the Character Position Counter 
to the first character position at the end of each word. 

The Decimal Point Logic portion of this stage allows 
decimal points to be added to the crt display. With the 
Standard Readout Format, row 7, encoded coincident with 
columns 3 through 7, addresses a decimal at one of the five 
locations, identified in row 7 of the Character Selection 
Matrix (Fig. 3-24). This instruction refers to the decimal 
point location in relation to the total number of characters 
possible in one word (see Fig. 3-35). For example, column 
3 encoded with row 7 during time-slot 1 places a decimal 
point in location No. 3. As shown in Fig. 3-35, thisdisplays 
a decimal point after the third character that can be 
displayed on the crt. (The first three time-slots produce a 
space whether data is encoded or not; see previous 
paragraph.) 

FIRST POSSIBLE CHARACTER DIS- 
PLAYED ON CRT AT THIS LOCA- 
TION 

FIRST NUMBER OF MEASUREMENT 
NORMALLY DISPLAYED AT THlS 
LOCATION 

I 1 I 
DECIMAL POINT DECIMAL POINT DECIMAL POINT 
LOCATION NO. 3 LOCATION NO. 5  LOCATION NO. 7 

(COLUMN 3) (COLUMN 5 )  (COLUMN 7) 

Fig. 3-35. Readout word relating 10 possible character locations to the decimal point instructions that can be encoded, and the 
resultant crt display. 
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When decimal-point data is encoded, the crt is un- 
blanked so a readout display is presented. Since row 7 
does not activate any of the five Character Generators, the 
crt beam is deflected vertically by the application of row-7 
data to the Y input of the Format Generator through 
R2280. This placed the decimal point between the 
characters along the bottom line of the readout word. After 
the decimal point is produced in the addressed location, 
the crt beam returns to the location indicated by the 
Character Position Counter to produce the remainder of 
the display. 

Format Generator 

The X- and Y- deflection signals produced by the 
Character Generator stage are connected to pins 2 and 7, 
respectively, of Format Generator U2284. The Channel 
Address Code from the Channel Counter is also con- 
nected to pins 1, 8, and 15 of this stage. The Channel 
Address Code directs the Format Generator to add current 
to the X and Y signals to deflect the crt beam to the area of 
the crt associated with the plug-in channel that originated 
the information (see Fig. 3-23). The Channel Address 
Code and the resultant word positions are shown in Table 
3-4. The Ready signal at pin 13 (coincident with the 
Vertical and Horizontal OFF Command output) activates 
this stage when a character is to be displayed on the crt. 
R2274 and R2275 determine the horizontal and vertical 
size, respecitvely, of the displayed characters. R2273 
provides an adjustment to set the vertical size of the 
characters (Character Height) as desired. The character 

position current form the Decimal Point Logic and 
Character Position Counter stage is added to the X 
(horizontal) input signal to space the characters horizon- 
tally on the crt (see previous discussion), 

Y-Output Amplifier 

The Y-output signal at pin 6 of Format Generator U2284 
is connected to the Y-Output Amplifier (22287-02299. 
This stage provides a low-impedance load for the Format 
Generator while providing isolation between the Readout 
System and the driven circuits. Vertical Separation adjust- 
ment R2291 changes the gain of this stage to control the 
vertical separation between the readout words displayed 
at the top and bottom of the graticule area. 

X-Output Amplifier 

The X-Output Amplifier Q2286-Q2296 operates like the 
Y-Output Amplifier, to provide the horizontal deflection 
from the readout signal available at pin 4 of U2284. The 
gain of this stage is fixed by the values of the resistors in 
the circuit. 

Display Sequence 

Figure 3-36 shows a flow chart forthe Readout System. 
This chart illustrates the sequence of events that occurs in 
the Readout System each time a character is generated 
and displayed on the crt. 
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VERTICAL AMPLlFlER @ 
General 

The Vertical Amplifier circuit includes the Vertical 
Channel Switch and Main Vertical Amplifier circuits. The 
Vertical Channel Switch circuit selects the vertical deflec- 
tion signal from the output of the LEFT or RIGHT VERT 
plug-in unit. This circuit also accepts an input from the 
Readout System to block the vertical signal while readout 
information is displayed on the crt. The Main Vertical 
Amplifier circuit provides the final amplification for the 
vertical signal before it is applied to the vertical deflection 
plates of the crt. This circuit includes the delay lineand an 
input to produce the vertical portion of a readout display. 
The BEAM FINDER switch limits thedynamic range of this 
circuit to compress an over-scanned display within the 
viewing area of the crt. An input from the Readout System 
is provided to over-ride the beam-finder function, so the 
BEAM FINDER switch has no effect on the readout portion 
of the crt display. In addition, this circuit accepts the 
Auxiliary Y-Axis input from the Main Interface circuit. 

Figure 3-37 shows a detailed block diagram of the 
Vertical Amplifier circuit. A schematic of this circuit is 
shown on diagram 5 at the rear of this manual. 

Vertical Channel Switch 

The Vertical Channel Switch determines which input 
signal provides the vertical signal to the Main Vertical 
Amplifier, as controlled by the Vertical Mode Command 
from the Logic circuit. This stage is made up primarily of 
integrated circuit U4625 and U4685. An input/output table 
for these switches is shown in Fig. 3-38. The positive and 
negative-signal channels from the vertical plug-in com- 
partments are connected to the inputs of U4625 and 
U4685, through 50 0 coaxial cables. Each coaxial cable is 
terminated in its characteristic impendance by U4625 and 
external components. For example, R4602-R4603-C4603 
and U4625 (at pins 12 and 13) terminate the Left Vertical 
positive-signal channel. R4603 is selected for a termina- 
tion impedance of 50 n. Bias inputs to U4625 and U4685 
permit the characteristics of each channel to be set by 
external components. For example, the Left Vertical 
positive-signal channel operating level is set by R4605, 
R4607, and R4608. Frequency compensation is provided 
by R4610-C461O and R4611-C4611. Likewise, other com- 
ponents in the same configuration perform these func- 
tions for the remaining signal channels. 

Transistor array U4641A, B, C, and D provide a logic 
drive for U4625 and U4685, and serve as emitter-coupled 
switches for routing left and right vertical signals through 
the respective channel switches. 

The output signal at J4688 and J4689 is a push-pull 
signal, which is connected to the Main Vertical Amplifier 
through Delay Line DL650. R4689 is selected to set the 
Channel Switch gain to 115 mvldivision. The sum of the 
dc current at J4688 and J4689 is always equal to the sum of 
the dc currents at the bias inputs in all modes. This 
provides a constant dc bias to the respective stage as the 
VERTICAL MODE switch is changed. When one in- 
tegrated circuit is in the off state, the signal currents are 
canceled within it, but the dc bias current must still pass 
through the output connectors to maintain dc biasvoltage 
at the next stage. This current comes from pin 6 of theoff- 
state integrated circuit, and passes through R4625, R4627, 
R4685, and R4687, which also decouples pin 6 from the 
signal path. 

Auxiliary lnput Amplfier 

The Auxiliary lnput Amplifier controls the bias current 
to the High-Frequency Amplifier stage to provide center- 
ing for the Main Vertical Amplifier circuit. This stage also 
provides readout and auxiliary inputs to the Main Vertical 
Amplifier circuit. 

Auxiliary Y-axis signals are connected to the base of 
(2694. (2694-Q698 are connected as a paraphase amplifier 
to convert the single-ended input to a push-pull output to 
drive Q710-Q716. The Vertical OFF Command from the 
Readout System goes HI when readout information is to 
be displayed. This HI level turns on Q705; the emitter of 
Q705 goes HI to turn off Q694-(2698, thus blocking any 
auxiliary Y-axis signals. During the readout time, bias 
current to (2710-Q716 is supplied through R7074708- 
R709. Readout Vertical Centering adjustment, R707, 
balances this bias current to adjust the vertical position of 
the readout portion of the crt display. The Vertical 
Centering adjustment R712 balances the quiescent dc 
levels in this stage so the trace isdisplayed at thecenter of 
the crt when the inputs to the Main Vertical Amplifier 
circuit are at the same potential. 

The signal at the collectors of Q710-Q716 is applied to 
the bases of (2723-Q728 through R718-R721. For readout 
displays, the Y-signal from the Readout System is con- 
nected to the base of Q723 through R719. Since thesignal 
from the vertical units is blocked in the Vertical Channel 
Switch, the readout signal provides the only vertical 
deflection. Although this signal is connected to the base of 
Q723 as a single-ended signal, this transistor pairacts as a 
paraphase amplifier to convert the signal to push-pull. The 
output of this stage at the collectors of Q723-(2728 is 
connected to the bias inputs of U685 in the High- 
Frequency Amplifier stage. 
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VERTICAL 
OFF COMMAND FROM 
READOUT SYSTEM 

LEFT VERTICAL 
UNlT SIGNAL 

RIGHT VERTICAL 
UNIT SIGNAL 

VERTICAL MODE COMMAND 
FROM LOGIC CIRCUIT 

V E R f  ICAL 
ADD MODE FROM VERTICAL SIGNAL TO 
MODE SWITCH VERTICAL 

DEFLECTION 
VERTICAL OFF COMMAND PLATES 
FROM READOUT SYSTEM OF CRT 

Y-READOUT SIGNAL 
FROM READOUT 
SYSTEM 

AUXILIARY Y-AXIS 
SiGNAL FROM MAIN 
INTERFACE 

VERTICAL 
OFF COMMAND FROM ----- 
READOUT SYSTEM 

Fig. 3-37. Vertical Amplifier detailed block diagram. 

LEFT VERTICAL SIGNAL 
------- 

- -" 
BOTH (ADDED ALGEBRAICALLY) 

- -- 
THER (BLOCKED BY READOUT SYSTEM) 

1 

cP = HAS NO EFFECT I N  THIS CASE 

Fig. 3-38. Input/output table for Vertical Channel Switch IC, U4625, U4685. 
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Delay Line Output Amplifier 

Delay Line DL650 provides approximately 60 
nanoseconds of delay for the vertical signal to allow the 
horizontal circuits time to initiate a sweep before the 
vertical signal reaches the vertical deflection plates of the 
crt. This allows the instrument to display the leading edge 
of the signal originating the trigger pulse when using 
internal triggering. The delay line used in this instrument 
has a characteristic impedance of 100 ndifferentially, It is 
of the coaxial type that does not produce preshoot or 
phase distortion in the crt display, 

High-Frequency Amplifier 

The High-Frequency Amplifier stage, consisting 
primarily of integrated circuit U685, provides a 50 input 
impedance (100 !2 differentially) for the Main Vertical 
Amplifier circuit to permit accuratedelay-line termination. 
The components connecting the input signal to U685 
provide forward termination and compensation for the 
delay line. R658-C658 provide adjustable high-frequency 
compensation. The internal circuitry of U685 is 
represented in Fig, 3-39. Terminals to the emitters of the 
input transistors of U685 at pins 5-6 and 11-12 permit the 
quiescent operating conditions of the stage to be set by 
discrete components. R682 and R689 set the quiescent 
operating level; R684 and R688 are selected to accurately 
set the gain of the differential channels. These emitter 
inputs also provide a means of injecting the output of the 
Auxiliary Y-Axis Amplfier. The Vertical Gain adjustment 
R730 and sensistor R731 set the resistance between the 
output terminals of U685 to control the current gain of this 
stage. This adjustment sets the overall gain of the Main 
Vertial Amplifier circuit; the sensistor provides thermal 
compensation. 

Fig. 3-39. U685 internal circuitry representation. 

3-48 

The Output Amplifier stage, consisting primarily of 
integrated circuit U745, providesfinal amplification forthe 
vertical signal to drive the crt vertical deflection plates. A 
representation of the internal circuitry of U745 isshown in 
Fig. 3-40. Terminals to the emitters of the input transistors 
at pins 1-12 and 6-7 allow the use of discrete components 
to establish the quiescent operating characteristics of this 
stage. R741 and R756 are selected to accurately set the 
gain of the differential channels. R753-R754-R767-R768- 
R770 set the operating level of this stage. The series RC 
networks in parallel with R741 and R756 provide frequen- 
cy compensation for uniform gain at all frequencies within 
the bandpass of this instrument. 

The BEAM FINDER switch, S125, switches the emitter 
current source for U745 to provide the beam finder 
function. Normally, the emitter current for U745 is 
supplied from ground through 5725. However, when S125 
is actuated, the only emitter current source for U745 is 
through R771. This limits the dynamic range of this stage 
by limiting its current, so the display is compressed 
verticalfy within the graticule area. 

The signal at the output collectors of U745 isconnected 
directly to the vertical deflection plates of the crt, A 
distributed deflection plate system is used in this instru- 
ment for maximum frequency response and sensitivity. 
The signal at the output of U745 is connected to the 
deflection-plate structure in the crt and then to termina- 
tion network LR780-R782A-LR784-R782B. As the signal 
passes through the deflection-plate structure in the crt, its 
velocity is essentially the same as the velocity of the 
electron beam passing between the vertical deflection 
plates. This synchronism of the deflection signal and the 
electron bearn reduces the loss in high-frequency sen- 
sitivity due to electron-transit time through the defiection- 
plate structure. 

Fig. 3-40. U745 internal circuitry representation. 
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Transistors (2785 and 0786 make up a protection 
circuit for U745, in case the +15 volt supply is shorted to 
ground. If this occurs Q786 turns on causing the base of 
Q785 to drop below 4-35 volts, Thus, the emitter voltage of 
(2785 is kept at a safe level for 11745. 

Beam Finder Over-Ride 

The Beam Finder Over-Ride stage switches the current 
source for the Output Amplifier stage to over-ride the 
beam-finder function as determined by the Vertical OFF 
Command from the Readout System. Quiescently, the 
Vertical OFF Command is LO with Q776conducting to cut 
off (2773. When the BEAM FINDER switch is actuated, 
R771 limits the current for the Output Amplifier. When 
readout information is to be displayed, the Vertical OFF 
Command goes HI to cut off Q776. The resultant HI on the 
emitter of Q776 causes Q773 to saturate. The current 
necessary for full-range operation of U745 is supplied 
from ground through (2773 during this time. 

HORIZONTAL AMPLIFIER @ 
General 

The Horizontal Amplifier circuit includes the X-Y Delay 
Compensation Network (Option 2 only), Horizontal 
Channel Switch, and Main Horizontal Amplifier circuits. 
The X-Y Delay Compensation Network provides a delay 
for the horizontal (X) signal portion of an X-Y display to 
match the delay of the vertical (Y) signal due to the Delay 
Line. The Horizontal Channel Switch portion of thecircuit 
selects the horizontal deflection signal from the output of 
the A HORlZ and B HORIZ plug-in unit. The Main 
Horizontal Amplifier circuit amplifies the push-pull 
horizontal deflection signal from the Horizontal Channel 
Switch for application to the horizontal deflection plates of 
the crt. This circuit also accepts the X-signal from the 
Readout System to produce the horizontal portion of a 
readout display. Figure 3-41 shows a detailed block 
diagram of the Horizontal Amplifier circuit. A schematic of 
this circuit is shown on diagram 6 at the rear of this 
manual. 

X-Y Delay Con~pensat ion (Option 2 Only) 

Time-Base Operation. When the plug-in unit installed 
in the A or B HORIZ compartment is operated as a 
standard time-base unit to produce a horizontal sweep for 
deflection of the crt beam, the Aor B Delay Compensation 
Networks are effectively disabled. The delay disable 
command is HI and relays K802-K805 or K812-K815 are 
not actuated. Therefore, the relay contacts remain in the 
normally-closed position so the horizontal signal passes 
directly through this network to the Horizontal Channel 
Switch without delay. 

X-Y Operation. If the time-base unit installed in the Aor 
B HORlZ compartment is operated as an amplifier, or if an 
amplifier unit is installed in a horizontal compartment, the 
delay disable command to the applicable Delay Compen- 
sation Network drops to the LO level (zero volts). This 
provides an actuating level to relays K802-K805 or K812- 
K815 to connect the Delay Compensation Network into 
the circuit. For example, if the A Delay Disable command 
from the A HORlZ unit goes LO, K802 and K805 close to 
route the A HORlZ signal through the A Delay Compensa- 
tion Network. Diode CR801 shunts the voltage produced 
across the relays when the actuating level is removed. 

The Delay Compensation Network provides flat time 
delay with frequency. LC network L806-C806, L807-C807, 
L808-C808, L809-C809 is an all-pass lattice network with a 
100 fl input impedance when terminated in 100 fl (50 n 
each side). Low-pass network L802-R802, C803-C804, 
L805-R805 also has a 100 fl input impedance when 
terminated in 100 n. Only the low-pass network deter- 
mines the bandwidth of the Delay Compensation Network. 
The total time delay is the sum of the low-passand lattice- 
network time delays. C804, in the low-pass network, is 
adjusted to match the horizontal-system time delay to the 
vertical-system time delay up to at least one megahertz. 

The Delay Compensation Network normally produces 
negative preshoot distortion along with some corner 
rounding of fast step functions. The A Delay Disable 
switch S801 allows selection of a display with either 
minimum phase-shift characteristics or optimum step 
response. When this switch is set to Out, the A Delay 
Disable command is disconnected from relays K802- 
K805. Now, the signal from the A HORlZ unit passes 
directly to the Horizontal Channel Switch without delay to 
provide a horizontal display with optimum step response. 

The B Delay Compensation Network operates in the 
same manner as described above. The X-Y Delay 
Compensation Network is an optional feature. For in- 
struments which are not equipped with this feature, the 
horizontal signals from the plug-in units are connected 
directly to the Horizontal Channel Switch through the 
Horizontal Interconnect board. 

Horizontal Channel Switch 

The Horizontal Channel Switch determines which input 
signal provides the horizontal signal to the Main Horizon- 
tal Amplifier as controlled by the Display B Command 
from the Logic circuit. Resistors R821-R823 and R825- 
R827 establish the 50 fl input resistance of this stage and 
provide a load for the A and B HORlZ units or terminte the 
actuated Delay Compensation Network (Option 2 only). 
Resistors R835-R836-R837 and R845-R846-R847 es- 
tablish the operating levels for this stage. R835-R836 and 
R845-R846 set the current gain for each channel. 
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Circuit Description-7904 (SN B260000-UP) 

This stage is made up primarily of integrated circuit 
U825. An inputloutput table for U825 isshown in Fig. 3-42. 
U825 provides a differential input for the signal from the A 
HORIZ unit at pins 2 and 15 and the signal from the B 
HORIZ unit at pins 7 and 10. The output signal at pins 12 
and 13 is a differential signal which is connected to the 
Main Horizontal Amplifier circuit. The sum of the dc 
current at pins 12 and 13 is alwaysequal to the sum of the 
dc durrents at pins 1, 8, 9, and 16 in all modes. This 
provides a constant dc output current level to the follow- 
ing stage as the HORIZONTAL MODE switch is changed. 

The Horizontal OFF Command from the Readout 
System, which is applied to pin 6, has final control over the 
output signal from this stage. Quiescently, this signal is 
LO and the signal from the selected horizontal unit can 
pass to output pins 12 and 13. However, when the Readout 
System is ready to display readout information, the level at 
pin 6 goes HI. This level blocks the signal from both 
horizontal units so there is nosignal output from thisstage 
under this condition. 

lnput Amplifier 

The l nput Amplifier stage is a paraphase amplifier 
consisting of Q4885 and Q4895. Overall gain for the 
Horizontal Amplifier is determined by Gain adjustment 
R4873. Thermal compensation forthe horizontal system is 
provided by the thermistor network, RT4877 and R4877. 
The Display Center adjustment, R4867, compensates for 
centering error in the channel switch and input amplifier 
circuit. Capacitor C4874 increases the gain of the input 
stage at high frequency, and provides adjustment for the 
0.5 ns/div timing. 

INPUT / OUTPUT 

READOUT SYSTEM) 

Q, = HAS NO EFFECT IN THIS CASE 

Fig. 3-42. input/output table for Horizontal Channel Switch IC, 
U825. 

The lnput Amplifier emitter current source is normally 
supplied from the i-15 Volt Supply through R4882 and 
R4881, with (24883 off. When the BEAMFINDER switch is 
activated the emitter current to (24885 and Q4895 is 
supplied only through R4881. This reduces the dynamic 
range of the input stage by limiting its current source. 
Transistor (24883 is forward biased and supplies the 
required current to the Driver and Output Amplifiers. This 
action reduces thedynamic range of the horizontal system 
to keep the display within the horizontal limits of the 
graticule, regardless of the setting of the positioning 
controls or signal amplitude. 

Left and Right Driver Amplifiers 

The Left and Right Driver Amplifiers are current driven 
shunt-feedback amplifiers, consisting of Q4901 and 
Q4911, and feedback resistors R4889 and R4899. Tran- 
sistors (24905 and (24915 are emitter followers that drive 
the capacitive load that is presented by the output stage. 

Left Output Amplifier 

The Left Output Amplifier is an operational amplifier 
consisting of common-emitter transistors Q4948 and 
(24949, and common-base transistor (24953. R4912 is the 
input resistor and R4955 is the feedback resistor. To 
provide higher speed, the input resistor is paralleled by 
input capacitors C4918 and C4919, and the feedback 
resistor is paralleled by C4955. C4919 also provides the 
2 ns/div timing adjustment. Q4959 acts as a current 
source for the output stage. 

Right Output Amplifier 

Basic operation of the Right Output Amplif!er is similar 
to  that described for the Left Output Amplifier. However, 
(24939 in addition to serving as a collector current source 
for the output amplifier (24933 is also the high-frequency 
signal path from the collectors of (24928 and (24929 to the 
crt deflection plates. 

REV A APR 1980 
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OUTPUT SIGNALS AND CALIBRATOR @ (21052 is connected to the front-panel +SAWTOOTH 
connector J1059 through R1057. 

General 

The Output Signals and Calibrator circuit provides 
output signals to the connectors located in the OUTPUT 
section of the front panel. These output signals are either 
generated within this instrument or are samples of signals 
from the associated plug-in units. Figure 3-43 shows a 
detailed block diagram of the Output Signals and 
Calibrator circuit. A schematic of this circuit is shown on 
diagram 7 at the rear of this manual. 

Sawtooth Amplifier 

The sweep signals (sawtooth waveforms) from the A 
time-base unit orthe B time-base unit areconnected to the 
emitter of (21042 through series resistor R1033 and R1038 
respectively. The Sweep switch S1035 determines which 
sawtooth signal provides the output. The other sawtooth 
signal is terminated by S1035 grounding the previously 
mentioned series resistor to provide a similar load to the 
signal source. The signal at the collector of Q1042 is 
connected to transistors (21046-Q1052, which compose 
an inverting feedback amplifier. Thesignal at thecollector 
of Q1052 feedback amplifier. The signal at the collectorof 

Gate Amplifier 

The output signal at the front-panel -C- GATE connector 
J1089 is selected from three input gate signals by Gate 
switch 51065. In the A position, the A Gate signal from the 
A time-base unit is connected to the base of emitter- 
follower Q1069 through R1067. The base of Q1073 is 
connected to ground by S1065 in this position so it 
operates as a common-base stage. Q1069 provides a high 
input impedance for the stage, while the emitter coupling 
between Q1069-01073 provides temperature compensa- 
tion. Operation is the same in the B position of S1065 
except that the B Gate signal from the B time-base unit 
provides the input signal. In the Dly'd position, S1064 
connects the base of Q1069 to ground through R1067and 
disconnects both the A and B Gate signals. Now, the 
Delayed Gate signal from a delaying time-base unit (in 
either A or B WORlZ compartments) can pass to the base 
of Q1073 through R1077. (21073 inverts this negative- 
going input signal so the gate output signals at the -1- 
GATE connector are all positive-going. C1070 provides 
high-frequency compensation for this stage. 

A SWEEP FROM-* 
MAlN 
INTERFACE 

BSWEEP 
FROM MAIN 
INTERFACE 

SAWTOOTH AMPLIFIER 
01042-Q1046Q1052 

SWEEP 

FROM 
MAlN 

INTERFACE 

GATE AMPLIFIER DELAYED * 

GATE 
Q1069-Q1073Q1084 

A GATE --------- 

B GATE INPUT AMPLIFIER 
01116-Q1118 OUTPUT AMPLIFIER 

Q1128-Q1131-01135 
Q1137Q1140 

Fig. 3-43. Output Signals and Calibrator circuit detailed block diagram. 

7904



Circuit Description-7904 (SN B260000-UP) 

The input gate signal selected by S1065 isconnected to 
the emitter of (21084. Diode CR1081 provides temperature 
compensation for Q1084. The signal at the collector of 
Q1084 is connected to the i GATE connector through 
CR1086. CR1086 protects Q1084 if a high-level positive 
voltage is applied to the +GATE connector, and CR1087 
clamps the output at about --0.6 volt if a negative voltage is 
applied to this connector. 

B Gate Amplifier 

The B Gate signal from the B time-base unit is 
connected to the base of Q1118. Q1118 amplifies and 
inverts the B Gate signal to provide a negative-going gate 
signal to the Calibrator circuit for B GATEL-20peration of 
the Calibrator. Q1116 provides temperature compensa- 
tion for this stage. 

Calibrator 

General. The Calibrator circuit provides a 40- 
milliampere current output at the front-panel 40 mA 
current loop and voltage output in calibrated steps from 
four millivolts to 40 volts at the front-panel CAL VOLTS 
connector. The repetition rate of the output signal is 
selected by the calibrator RATE switch; voltage orcurrent 
output and the output voltage amplitude are selected by 
the CALIBRATOR switch. 

2 kHz Oscillator. Q1103 and Q l l  1 1 are connected as a 
two-kilohertz, square-wave oscillator to provide the drive 
signal for the Calibrator Countdown stage (one-kilohertz 
output rate only). Oscillation occurs as follows: Assume 
that Q1103 is conducting and Q1111 is off. The collector 
current of Q1103 through R1101-R1102 produces a 
voltage level which hold the base of Q111 1 low. This keeps 
Q1111 turned off and since there is no current through it, 
its collector is positive to produce the positive portion of 
the square wave. Atthesametime, C1108 beginstocharge 
toward -50 volts through R1109. The emitter of Q1117 
goes negative also, as C1108 charges, until it reaches a 
level about 0.6 volt more negative than the level at its base. 
Then, Q1111 is forward biased and its emitter rapidly rises 
positive. Since Cl108 cannot change its charge instan- 
taneously, the sudden change in voltage at the emitter of 
Q1111 pulls the emitter of Q1103 positive also, to reverse 
bias it. The current through Q1111 produces a voltage 
drop at its collector to produce the negative portion of the 
square wave. 

Now, conditions are reversed. Since Q1103 is reverse 
biased, there is no current through it. Therefore, C1108 
can begin to discharge through R1106. Theemitter level of 

Q1103 follows the discharge of C1108 until it reaches 
about -0.6 volt. Then, Q1103 is forward biased and its 
collector drops negative to reverse bias Q1111. This 
interrupts the current through Q l l l l  and its collector 
goes positive again to complete the square wave. Once 
again, C1108 begins to charge through R1109 to start the 
second cycle. The signal produced at the collector of 
Q1111 is a two-kilohertzsquare wave. C1114 differentiates 
this signal to produce positive- and negative-going output 
pulses, coincident with the rise and fall of the square wave, 
which provides negative-going trigger pulses for the 
Calibrator Countdown stage (positive-going pulses have 
no effect on circuit operation). The 1 kHz adjustment, 
R1101, sets this stage so an accurate one-kilohertz square 
wave is produced at the output of the Calibrator circuit. 

Calibrator Countdown, Integrated circuit U1125 is a 
triggered set-clear (J-K) flip-flop. The calibrator RATE 
switch 51 120 selects the source of the trigger signal for 
U1125. S1 120 is a cam-type switch; a contact-closure 
chart showing its operation is given on diagram 8. The 
dots on this chart indicate when the associated contact is 
closed. For the dc position (contacts on diagram shown in 
this position), a LO level is applied to the J input (pin 1) and 
a HI level is applied to the K input (pin 3). The next 
negative-going trigger from the 2 kHz Oscillator stage 
switches the output at pin 7 to its LO level. The output at 
pin 7 remains at the LO level as long as the RATE switch 
remains in this position. 

For the 1 kHz position, all contacts except 1 areclosed. 
This places a LO level at both the J and K inputs so that pin 
7 changes output levels with each negative-going trigger 
from the 2 kHz Oscillator stage. This results in a one 
kilohertz square-wave output signal at pin 7, The J and K 
inputs arealso held LO in the B GATE 1-2 position of S1 120 
so that U1125 changes output levels with each negative- 
going pulse at its trigger input. However, the signal from 
the 2 kHz Oscillator is disconnected and the B Gate signal 
provides the triggerto pin 2, resulting in an output square 
wave with a repetition rate that is one-half the B Gate 
repetition rate. 

Output Amplifier. Transistors Q7135 and Q1137 are 
connected as a comparator; the reference level at the base 
of Q1137 is determined by network Rl144-Rl145-R1146- 
R1148-Q1140. This network establishes a voltage level at 
the base of Q1137 that results in a 40 volt level at its 
collector when it is on. The 0.4 V adjustment R1148 is set 
in the 0.4 V position of the CALIBRATOR switch to 
provide accurate calibrator output voltages at the CAL 
VOLTS connector J1169. With R1148 accurately set, 
Output Voltage Dividier resistors R1150 through R1162 
form a current divider such that eight milliamperes flow 
through R1152 and the current loop when the 
CALIBRATOR switch is in the 40 mA position. Thecurrent 
loop is a five-turn current transformer, so the effective 
current applied to a current probe is 40 milliamperes. 
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The output of the Calibrator Countdown stage is 
connected to the base of (21128 through R1126. Q1128 
acts as a switch to control the current through Q1131, and 
the output of Q1131 controls the conduction of cmparator 
Q1135-Q1137. When dc operation is selected by the 
calibrator RATE switch, a LO level isapplied to the base of 
Q1128 to cut it off. Therefore, there is no current through 
Q1131 and the base of Q1135 rises positive to cut it off 
also. Now, the collector current of Q1137 produces a 
voltage drop across the output voltage dividerto provide a 
dc voltage output or current output at determined by the 
CALIBRATOR switch. 

For the 1 kHz and B GATE +2 positions of the RATE 
switch, the base of Q1128 varies between the LO and HI 
levels at the rate selected by the RATE switch. When the 
base of (21128 is LO, Ql125 is off and Ql137 is conduc- 
ting. This produces an output as for dc operation. When 
the level at the base of Q1128 is switched to HI, Q1135 
conducts and (21137 is reverse biased. Now, the output 
drops to zero. The level at the base of (21128 is HI in the 
OFF position of the RATE switch to provide zero output, 

Output Divider. The collector current of Q1137 in the 
Output Amplifier stage is applied across the voltage 
divider made up of R1150-R1153-R1155-R1156-R1158- 
R1159-Rt 161-R1162. This divider is designed to provide a 
low output resistance in all positions except 40 V while 
allowing selection of output voltages between 4 mV and 
40 V. CALIBRATOR switch $1 150 selects the output from 
the divider to provide the output voltages listed on the 
front panel (into high-impedance load). The values shown 
in brackets indicate the output voltage into a 50 R load 
(notice that the 40 V position lists no output into 50 R and 
should not be used in this manner). S1 150 is a cam-type 
switch and the dots on the contact-closure chart (see 
diagram 7) indicate when the associated contact is closed. 

Block Diagram 

The ConverterfRectifiers circuit provides theoperating 
power for this instrument from an ac line-voltage source. 
This circuit includes a Line Selector assembly to permit 
selection of the nominal operating voltage for the instru- 
ment. Figure 3-44 shows a detailed block diagram of the 
Converter/Rectifiers circuit. 

Line Input 

Power is applied through the Line Filter, line fuse 
F!200, POWER switch S1200, and Line Selector switch 
51212. The Line Filter is designed to keep power-line 
interference from entering the instrument and to keep the 
25 kitohertz (approximately) lnverter signal from entering 

the power line. L1201 -L1203, with C1201-C1203, provide 
EM! (electromagnetic interference) filtering. R1201- 
R1203 provide common-mode resonance damping. 
R1205-C1205-C1206 suppress reverse-recovery tran- 
sients of CR1215. 

Line Selector switch S1212 aflows the instrument to 
operate from either a 115 V nominal or a 230 V nominal 
line-voltage source. tn the 115 Vposition, rectifier CR1215 
operates as a full-wave doubler with energy-storage 
capacitors C1216-C1217, so the voltage across the two 
capacitors in series will be the peak-to-peak value (ap- 
proximately) of the line voltage. For 230 V operation, 
CR1215 is connected as a bridge rectifier and the voltage 
across C1216-C1217 will be the peak value (approximate- 
ly) of the line voltage. As a result, the output voltage 
applied to the lnverter stage is about the same for either 
1 15 V or 230 V operation. 

Thermistor R1209 limits the surge current demanded 
by the power supply when it is first turned on. After the 
instrument is in operation, the resistance of the thermistor 
drops so it has little effect on the operation of this stage. 
When the instrument is turned off, the lnverter is turned off 
by the lnverter Control Line Stop stage to prevent the 
sudden discharge of C1216 and C1217; C1216 and C1217 
discharge slowly through R1221. The discharge time- 
constant of 61216-C1217-R1221 is about equal to the 
thermistor thermal-recovery time. This ensures sufficient 
thermistor resistance to limit the turn-on surge current to a 
safe level. Since C1216 and 61217 discharge slowly, 
dangerous potentials exist within the power supply for 
several minutes after the POWER switch is turned off.The 
presence of voltage in the circuit is indicated by the 
relaxation oscillator R1219-C1219-DS1219. Neon bulb 
DS1219 will blink until the potential across Cl216-C1217 
drops to about 80 V. 

DS1208-DS1213 are surge-voltage protectors. When 
the Line Selector switch is in the 115 V position, onlk 
DS1208 is connected across the line input. If a peak 
voltage greater than 230 V is present on the line, 051208 
will break down and demand high current. This excess 
current will quickly open line fuse F1200 to interrupt the 
input power before the instrument can bedamaged. In the 
230 V position, DS1208 and DS1213 are connected in 
series across the line input to provide protection for peak 
voltages greater than 460 V. 

Transformer 71208 provides a sample of the line 
voltage to the plug-in connectors in the Main Interface 
circuit for internal triggering at line frequencies. This line- 
frequency signal is also connected to the lnverter Control 
Line Stop stage to indicate when line voltage is applied 
and the POWER switch is on. F1223 protects the lnverter 
stage if excessive current is demanded due to a malfunc- 
tion. 
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Circuit Description-7904 (SN B260000-UP) 

Start Network The normal seauence of operation is as follows: 

Voltage divider Rl210-R1242 is connected between the 
input line (ac) and the negative side of C1217 (through 
T I  225). The voltage across R1242 charges C1242 on each 
half cycle of the input line voltage. When the charge on 
C1242 reaches about 32 V, trigger diode CR1238 con- 
ducts and C1242 isdischarged through CR1238 to provide 
base drive to turn on Q1241 through C1239. When Q1241 
is turned on, it shock-excites series-resonant network 
L1237-C1237 to generate a damped oscillation. This 
damped oscillation provides the drive necessary to start 
the lnverter switching action. After the lnverter is 
operating, the recurrent waveform at the collector of 
Q1241 keeps C1242 discharged through CR1242. This 
disables the Start Network while the instrument is on. 

lnverter 

The lnverter stage converts the dc output of the Line 
Input stage to a sine-wave current to drive Power 
Transformer T1310. Once the lnverter has beenstarted by 
the Start Network, transformer TI230 provides feedback 
to the bases of (21234 and (21241 to sustain oscillation. 
The polarity of the windings causes Q1234 and Q1241 to 
switch alternately (i.e., only one transistor on at a time). 
These transistors operate at a forced beta of four due to 
the turns ratio of T1230. Also, T1230 provides an input 
from the lnverter Control and Regulator stages for pre- 
regulation and fault protection. This is accomplished by 
effectively short-circuiting one-half of the60-turn, center- 
tapped winding to either delay the turn-on of Q1234- 
Q1241 or to completely stop their switching action. 

The switching action of Q1234-Q1241 generates a 
square-wave voltage at the emitter of Q1234 with an 
amplitude approximately equal to the dc voltage at the 
input to this stage. The square-wave voltage at the emitter 
of (21234 supplies the drive necessary to maintain a sine- 
wave current in the series-resonant network of L1237- 
C1237. Diodes CR1234 and CR1241 provide reverse- 
conduction paths across Q1234 and 01241 respectively 
when these transistors are held off for pre-regulation. 

To aid in understanding circuit operation, Fig. 3-45A 
shows a representation of the lnverter stage with a dc 
input voltage equal to E. The three possible states of the 
lnverter are depicted by the three possible positions of 
switch S1: Q1234 is on in position (a); (21241 is on in 
position (c); or, both transistors are held off for pre- 
regulation in position (b). In the composite current 
waveform of Fig. 3-458, the relative phase and amplitude 
of each component of I, is shown for periods Y., I'b, and T, 
corresponding to the three positions of S1 or the three 
states of the Inverter. The idealized voltage waveforms in 
Fig. 3-45C and Fig. 3-45D show the relationship of their 
amplitude to the dc input voltage and their phase with 
respect to the current waveform of Fig. 3-458. 

Assume that I, is passing through'zero and is increasing in 
the direction to cause CR1234 to conduct. At zero 
crossing, the Regulator stage ((21252) is turned on to hold 
off (21234 and (21241; CR1234 is forward biased to 
conduct l as shown in Fig. 3-458. Afterzero crossing, at a 
time determined by the lnverter Control stage, the 
Regulator allows (21241 to conduct and reverse bias 
CR1234. Q1241 conducts as lz goes through its peak and 
back to zero. At zero crossing, with current increasing in 
the opposite direction, the Regulator is turned on to hold 
off (21234 and Q1241. During this pre-regulation hold-off 
time, CR1241 conducts 13. When the Regulator is turned 
off, Q1234 is turned on to conduct l4 and reverse bias 
CR1241. Q1234 conducts as 14 goes through its peak and 
back to zero. The cycle then repeats itself. 

The lnverter operates on the low side of the resonant 
frequency of L1237-C1237, which is about 29 kilohertz. 
Pre-regulation is achieved by varying the hold-off time of 
the lnverter transistors (Tb in Fig. 3-458) and thereby 
varying the lnverter frequency. The power delivered to 
TI310 varies with the lnverter frequency because the 
impedance of the series-resonant network varies with 
frequency. At the lowest line voltage and highest load, the 
lnverter will operate at a frequency close to the resonant 
frequency. If either the linevoltage is increased or the load 
is reduced, the lnverter frequency will decrease. 

Over-Voltage Stop 

The Over-Voltage Stop stage stops the lnverter 
whenever the voltage across the primary of TI31 Oexceeds 
a safe level to protect lnverter components from damage. 
This stage is activated whenever the normal voltage 
regulating path through Q1252 and TI230 is inoperative. 

C1243 is charged through CR1244 to the peak of the 
voltage across the primary of T1310. If this voltage 
exceeds a safe level, VR1246 conducts to trigger SCR 
(31248 into its forward-conduction state. C1243 then 
discharges through R1248, Q1248, and the base-emitter 
junction of (21246. This discharge current turns on 01246 
to effectively short-circuit the base-drive winding of TI230 
and stop the lnverter switching action. Since CR1249 
becomes forward biased when Q1248 is triggered on, 
Rl245-C1243 is effectively paralleled with 61242 in the 
Start Network. The relatively large capacitance of C1243 
prevents C1242 from charging to the breakdown voltage 
of CR1238, thus preventing the Start Network from turning 
the lnverter on. (21248 and Q1246 continue to conduct 
until the discharge current of C1243 drops below the 
holding current of Q1248. After Q1248 returns to its 
forward-blocking state, CR1249 remains forward biased 
to inhibit the lnverter Start Network while C1243 is 
charged through R1247. When the charge on C1243 is 
sufficient to reverse bias CR1249, the Start Network can 
start the Inverter. 
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Fig. 3-45. (A) Representation of lnverter stage. Idealized waveforms of: (B) total lnverter current, I,; (C) voltage at junctlon of 
CR1234-CR1241; and (D) voltage across prlrnary of T1310. 

Inverter Control information fed back from the Inverter. The charge ramp 

The Inverter Control stage, made up primarily of U1275, 
provides pre-regulation and fault protection for the low- 
and high-voltage power supplies. For pre-regulation pur- 
poses, U1275 provides the Regulator output of the 
Regulator stage tovary energy delivered by the Inverter by 
varying the frequency. Fault protection is achieved 
through the Regulator output (as for pre-regulation) or by 
providing the Stop Trigger output to the lnverter Stop 
stage to turn the lnverter off. 

U12'75 includes a variable pulse-width monostable 
multivibrator which is initally triggered by current-phase 

for the multivibrator is availableat pin 120f U1275. R1300- 
C1300 determine the rate-of-rise of the charge ramp. The 
sensing inputs to U1275 determine the pulse width of the 
charge ramp (i.e., the multivibrator on time). The pulse 
width of the charge ramp corresponds to the inverter hold- 
off time (T,, in Fig. 3-458). The multivibrator Regulator 
output drives the Regulator stage through pin 9-111275. 
Under normal operating conditions, only the E Sense 
input at pin 15 has control over the output pulse width for 
pre-regulation. However, an error detected by any of the 
sensing inputs will affect the output pulse width and will 
also produce a Stop Trigger to the Inverter Stop stage. The 
operation of each individual function of the lnverter 
Control stage is described in the following discussion. 
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Pre-Regulator. The Pre-Regulator portion of U1275, in 
conjunction with the Regulator stage, maintains constant 
voltages at the outputs of the Low- and High-Voltage 
Rectifiers. 

Transformer TI235 provides lnverter power and phase 
information to U1275. The phase information is connected 
to the trigger input of the lnverter Control Multivibratorvia 
pins 10 and 11 through C1275 and C1276. Bridge rectifier 
CR1280-CR1281-CR1282-CR1283 provides positive and 
negative operating voltages to U1275. Ashunt regulator in 
U1275 regulates the +7.5 V output of the bridge rectifier 
connected to pin 6. The --2 V (nominal) output connected 
to pin 7 is unregulated, VR1297 providesastabie reference 
voltage for the sensing-divider resistors R1291-R1293- 
R1294-R1296-R1297. R1293 in this divider adjusts the 
voltage level at the ESense input to the Pre-Regulator (pin 
15-U1275) to set the output voltage of the rectifiers by 
controlling the t130 V supply. The output of the other 
supplies is set by the turns ratio of T1310. 

In the stable state of the inverter Control multivibrator, 
the Regulator output at pin 9 is near ground to turn off the 
Regulator stage. After the lnverter current passes through 
zero, either pin 10 or 11 will go positive to trigger the 
lnverter Control multivibrator on. While the multivibrator 
is on, the Regulator output voltage level is positive to turn 
on the Regulator stage. The duration of the on state is 
determined by the voltage level at the E Sense input at pin 
15. If this voltage level is low, the duration is short. As this 
voltage level increases, the duration increases. 

Fault Protection. The fault-protection portions of 
U1275 provide protection for the power-supply com- 
ponents from damage due to short circuits, turn-on surge 
currents, and other malfunctions. When a fault isdetected 
at the Balance or I (current) Sense inputs (pins 2 and 13 
respectively), a current output from the Sample Period 
Timer output (pin 1) charges C1264. If the detected fault 
lasts longer than about 15 milliseconds, C1264 will charge 
positive enough to produce a positive StopTriggeroutput 
at pin 8 to turn the lnverter off. When the lnverter is shut 
off, the current charging C1264 is interrupted and C1264 
will discharge. Once pin 8 goes positive, C1259 discharges 
through R1261 and the base-emitter junctions of Q1254 
and Q1252. The discharge of C1259 keeps (31254 and 
Q1252 turned on, and the lnverterturned off,forabout250 
milliseconds. After thjs period, pin 8 returns toa nearzero- 
volt level, turning off Q1254 and Q1252 to allow the 
lnverter to run, This cycie repeats until the fault is 
corrected, with the lnverter on for about 15 milliseconds 
then off for about 250 milliseconds, 

Inverter Current Limiter. 'The lnverter Current Limiter 
provides protection for the lnverter components from 
damage due to excessive current. Operation of this stage 
is similar to the Pre-Regulator (voltage regulation). The 
lnverter Current Limiter takes control of the lnverter 
Control Regulator output pulse width during turn-on or 
whenever an overload causes the lnverter current to reach 
the limit value. 

R1287 is the current-sensing resistor. The voltage at the 
junction of R1287-R1286-CR1288 is the negative rectified 
lnverter current, The I Sense input at pin 13 is normally 
held positive through R1285. If the lnverter current 
increases, the voltage at the I Sense input will become 
more negative. The lnverter Control Regulator output 
pulse width (i.e., inverter hold-off time) increases until the 
lnverter current reaches a level that will hold pin 13 near 
the zero-volt level. If the voltage at pin 13 remains near 
zero for more than approximately 15 milliseconds, the 
Stop Trigger output at pin 8 will go positive to trigger the 
lnverter Stop stage. The lnverter Current Limiter will limit 
the peak inverter current to about five amperes under fault 
conditions. 

Balance. The Balance portion of U1275 provides over- 
load protection for the Low- and High-Voltage Rectifiers 
by sensing a malfunction in these circuits. Beam I 
(current) Sense and I (current) sense inputs from the crt 
circuit and outputs from the Low-Voltage Rectifiers are 
applied to the Balance Sense input at pin 2-U1275 through 
divider R1302-R1304-R1305. During normal operation, 
this divider biases the Balance Sense input near a zero- 
volt level. If one of the inputs changes sufficiently to cause 
the voltage level at pin 2 to vary about 200 milliseconds, a 
positive Stop Trigger output is produced at pin 8-U1275. 

Line Stop. The Line Stop portion of U1275 protects the 
Line-input componentsfrom damage due to turn-on surge 
current. This is achieved by triggering the lnverter Stop 
stage to stop the inverter when the POWER switch is 
turned off. The Line Stop stage will also stop the lnverter if 
the ac line voltage falls below a minimum value. 

The line-frequency signal from transformer T1208 is 
connected to the Line Stop Sense input of U1275 at pin 4. 
During normal operation, the line-frequency signal 
causes the Line Stop Timer terminal (pin 3) to be near a 
zero-volt level (ground). This zero-volt level keeps C1267 
from being charged toward -1-7.5 V through R1267. When 
the line-frequency signal is interrupted or falls below a 
minimum value, C1267 will begin to charge to 1.-7.5 V. 
When the voltage at pin 3 reaches approximately f 0.7 V, 
the Line Stop stage will produce a positive Stop Trigger 
output at pin 8-U1275 to trigger the lnverter Stop stage, 
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Regulator Zener diode VR1505 sets a reference level of about 

The Regulator stage operates in conjunction with the 
lnverter Control and lnverter Stop stages to regulate the 
lnverter switching. (21252 acts as a switch controlled by 
the Regulator output of U1275 (pin 9) or by the lnverter 
Stop stage. When Q1252 is turned on, CR1251 or CR1252 
is forward biased. This effectively short circuits one-half of 
the 60-turn, center-tapped winding of'T1230 to shut off the 
lnverter. For further information, see the discussion of the 
lnverter stage. 

lnverter Stop 

The lnverter Stop stage, (21254, is controlled by the 
Stop Trigger output of U1275 (pin 8) to shut off the Inverter 
through the Regulator stage (Q1252). During the start 
period, T1230 supplies current to charge C1256-C1259 
through CR1256-CR1259. Also during this time, (21254 is 
reverse biased by U1275. Once triggered on by a positive 
Stop Trigger, (21254 will stay on while C1256-C1259 
discharge through the base of Q1254. If U1275 is removed 
from its socket or is otherwise non-functional, the lnverter 
Stop stage will stop the lnverter after about two or three 
lnverter cycles. 

Low-Voltage Rectifiers 

The rectifiers and filter components in the secondaries 
of 'Tl310 provide rectified, pre-regulated voltages for re- 
regulation by the Low-Voltage Regulators circuit. 

LOW-VOLTAGE REGULATORS @ 
General 

The Low-Voltage Regulators convert semi-regulated 
voltages from the ConverterlRectifiers circuit to stabiliz- 
ed, low-ripple output voltages. The regulators are series 
type, using the --50 V Supply as a reference for the 
remaining voltage supplies. Figure 3-46 shows a detailed 
block diagram of the Low-Voltage Regulators circuit. A 
schematic is given on diagram 10. 

-50-Volt Supply 

Semi-regulated -54 V from the ConverterlRectifiers 
circuit provides the unregulated voltage source for this 
supply. Transistors Q1508-Q1522-Q1534 operate as a 
feedback-stabilized amplifier to maintain a constant 
--50 V output level. (21508 is connected as a differential 
amplifier to compare the feedback voltage at the base of 
Q1508B against the reference voltage at the base of 
Q1508A. The error output at the collector of Q15088 
reflects the difference, if any, between these two inputs. 
The change in error output level at the collector of 015088 
is always in the opposite direction to the change in the 
feedback input at the base of Q1508B. 

---9 Vat the baseof Q1508A. Asample of theoutput voltage 
from the --50 V Supply is connected to the base of Q1508B 
through divider network R1512-R1513-R1514. R1513 in 
this divider is adjustable to set the output level of this 
supply. Notice that the feedback voltage to this divider is 
obtained from a line labeled -50 V Sense. If the feedback 
voltage were obtained at the supply, the voltage at the load 
would not stay constant, due to the inherent resistance of 
the interconnecting cable between the supply and its load 
(as the load current varies, the voltage drop along the 
cable also varies). The Sense configuration overcomes 
this problem by sensing the voltage at the load. Since the 
current in the Sense line is small and constant, the load 
voltage is held constant regardless of the load current. 

Regulation of the supply occursasfollows: If the output 
level of this supply decreases (becomes less negative) due 
to an increase in load or a decrease in input voltage (as a 
result of line-voltage changes or ripple), the voltage 
across divider R1512-R1513-Rl514 decreases also. This 
results in a more positive level at the base of Q1508B than 
that established by the -50 V Reference stage at the base 
of Q1508A. Since the transistor with the more positive 
base controls the conduction of the differential amplifier, 
the output current at the collector of Q1508B increases. 
This increase in output from (215088 causes an increase in 
current through Qf 522. This allows more current to flow 
through Q1534, resulting in increased conduction of 
Q1538, the ---50 V Series Regulator. The load current 
increases and the output voltage of this supply also 
increases (becomes more negative). As a result, the 
feedback voltage from the 450 V Sense line increasesand 
the base of 015088 returns to the same level as the base of 
Q1508A. Similarly, if the output level of this supply 
increases (more negative), the output current of Q1508B 
decreases. The feedback through Q1522 and (21534 
reduces the conduction of the -50 V Series Regulator to 
decrease the output voltage of this supply. The -50 V 
adjustment, R1513, sets the output level of this supply. 

The -50 V Current Limiting stage (Q1256) protects the 
-50 V Supply if excess current is demanded from this 
supply. Since the load is connected to thissupply through 
R1537, all current from the -50 V Supply must flow 
through this resistor. Transistor Q1526 senses thevoltage 
drop across R1537. Under normal operation there is 
insufficient voltage drop across R1537 to forward bias 
Q1526. However, when excess current is demanded from 
the --50 V Series Regulator due to ashortcircuitorsimilar 
malfunction at the output of this supply, the voltage drop 
across R1537 increases until i t is sufficient to forward bias 
Q1526. The collector current of Q1526 results in a 
reduction of current through Q1522 and (21534 to limit the 
conduction of (21538. Thiscurrent limiting protects Q1538 
from damage due to excess power dissipation. 
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SEM I-REGULATED 
+54 VOLTS 

SEMI-REGULATED 
+17 VOLTS 

SEMI-REGULATED 
-17 VOLTS R1498 

REGULATOR 

Fig. 346 .  Detailed block diagram of Low-Voltage Regulators circuit. 
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SEMI-REGULATED 
-54 VOLTS 7 

-- 

REFERENCE 

- 

Fig. 3-46. (cont). 
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Several protection diodes are also included in this 
circuit. CR1539 prevents the output of this supply from 
going more positive than about +0.6 V if it is shorted to a 
positive supply. VR1501 and CR1502 supply a turn-on 
voltage for Q1508 to start the -50 V Supply when the 
instrument is first turned on. As soon as the -50 V Supply 
turns on, VR1501 and CR1502 turn off to disconnect the 
turn-on voltage from Q1508. 

-..I§-Volt Supply 

Basic operation of all stages in the -15 V Supply is the 
same as for the -50 V Supply. Reference level for this 
supply is established by divider R1463-R1464 between 
ground and the 50 V Sense voltage. The divider ratio of 
R1463-R1464 sets a level of -15 V at the base of Q1466A. 
The level on the -50 V Sense line is held stable by the 

50 V Supply. Any change at the output of the - 15 V 
Supply appears at the base of Q1466B as an error signal. 
The output voltage is regulated in the same manner as 
described for the -50 V Supply. CR1499 limits the output 
of this supply from going more positive than about 4-0.6 V 
if it is shorted to one of the positive supplies. Diodes 
CR1468 and CR1469 provide reverse voltage protection 
for transistors 014668 and Q1466A, respectively. 

CS-Volt Supply 

The operation of the -t5 V Supply is basically the same 
as described for previous supplies. The reference level for 
this supply is established by the ground connection at the 
base of Q1560A. Feedback voftage to the base of (215608 
is provided by divider R1564-R1589 between the -50 V 
Sense line and the i-5 V Sense lin. The divider ratio of 
R1564-Rl589 is 10:1, so the base of Q1560B is at zero volt 
when the supply is operating normally. The level on the 
-50 V Sense line is held stable by the -50 V Supply. 
Therefore, any change at the output of the --5 V Supply 
appears at the base of Q1560B as an error signal. The 
output voltage is regulated in the manner described 
previously for the --50 V Supply. Diode CR1589 limits the 
output of this supply to about -0.6 V if it is shorted to one 
of the negative supplies. 

The +5 V Current Limiting stage (Q1576A and B) 
protects this supply from damage due to a demand for 
excessive output current. Q7576A and Q1576B are con- 
nected as a comparator to detect excessive current 
through R1587. With normal supply current through 
R1587, the voltage drop across R1587 is such that the base 
of Q1567B is more positive than the base of Q1576A. 
Therefore, Q1576A is cut off and CR1576 is reverse biased. 
If the current through R1587 increases above a safe level, 
the base of Q1576B becomes more negative than the base 
of Q1576A. Now, Q1576B is cut off and Q1576Aconducts. 
The collector current of Q1576A forward biases CR1576 
and decreases the voltage on the base of Q1582. This 
limits the conduction of Q1588 to a safe current level. 

-t-15-Volt Supply 

The +15 V Supply regulates in the same manner as the 
-50 V Supply; current limiting operates in the manner 

described for the i-5 V Supply, The ground connection at 
the base of Q1436A provides the reference for this supply. 
Feedback voltage to the base of 014368 is provided 
through divider R1440-Rl459 between the -50 V Sense 
line and the t-5 V Sense line. The divider ratio of R1440- 
R1459 setsthe base of Q1436Batzerovolts. Any change in 
the output level of the +15 V Supply appearsat the base of 
Q1436B as an error signal. This results in an opposite 
change at the collector of Q1436B and at the base of 
Q1451. This change is connected to the +15 V Series 
Regulator stage through Q1455 to correct the error in the 
output voltage of the supply. 

Diode CR1439 protects Q1436B against negative 
voltages if the +-I5 V Supply is shorted to ground. Diode 
CR1459 limits the output of thissupply toabout 50.6 V if it 
is shorted to one of the negative supplies. 

+SO-Volt Supply 

Operation of the 1-50 V Supply is basically the same as 
described for the -50 V Supply; current limiting operates 
in a similar manner as described for the i 5 V Supply. 
Reference voltage for this supply is established by the 
ground connection through R1406 at the base of Q1409A. 
Feedback voltage to the base of Q1409B is provided by 
divider R1412-R1429 between the -- 50 V Sense line and 
-15 V Sense line. The divider ratio of R1412-R1429 sets 

the base level of Q1409B at zero volts when the output of 
this supply is correct. The protection diodes in this circuit 
operate similarly to those in the other supplies. 

Graticule-Light Supply 

The Graticule-Light Supply provides voltage to the 
graticule lights, DS1552-DS1553-DS1554. The front-panel 
GRAT ILLUM control, R1541, sets the output of this supply 
to set the brightness of the graticule lights. Q1546-Q1550- 
CR1549 form a pseudo differential amplifier. The output 
voltage at the collector of (21550 follows the voltage set at 
the base of Q1546 by thedivider made upof R1544, R1545, 
R1543, and the GRAT ILLUM control R1541. R1551 limits 
the output current from this supply to protect Q1550 from 
damage due to a short circuit. 

CRT CIRCUIT @ 
General 

The crt circuit provides the high voltage and control 
circuits necessary for operation of the cathode-ray tube 
(crt). This circuit also includes the 21-Axis Amplifier and 
the Auto-Focus Amplifier. Figure 3-47 shows a detailed 
block diagram of the crt circuit. A schematic of thiscircuit 
is shown on diagram 11 in the rear of this manual. 
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Circuit Description-7904 (SN B260000-UP) 

Power Transformer Regulation occurs as follows: If the crt cathodevoltage 

Power Transformer TI310 provides semi-regulated 
voltages for the crt heater and high-voltage supplies. One 
secondary winding of TI310 provides 6.3 V for the crt 
heater. The crt heater is elevated to the cathode potential 
through R1690. The high-voltage winding of 11310 
provides a three-kilovolt peak-to-peak square-wave 
voltage to the Anode Voltage Multiplier, crt Cathode 
Supply, Control-Grid DC Restorer, and Focus-Grid DC 
Restorer stages. One end of the high-voltage winding is 
connected to ground through current-sensing resistor 
R1604. 

Anode Voltage Multiplier 

Positive accelerating potential for the crt anode is 
supplied by the seven times voltage multiplier contained 
within U1615. The applied voltage to the input of U1615 
from the high-voltage secondary of TI310 is about three 
kilovolts peak-to-peak. This results in an output voltage of 
about 1-27 kilovolts at the crt anode. The Beam I Sense 
output of U1615 is fed back to the Converter/Rectifiers 
and Logic circuits to limitthe crt beam current if itexceeds 
a safe level. 

CRT Cathode Supply 

'The negative three-kilovolt accelerating potential for 
the crt cathode is generated by a voltage doubler con- 
sisting of CR1607-CR1608-C1607-C1608. High-frequency 
filtering is accomplished by R1609-C1609-R1612-C1612. 
R1612 and C1612 also provide an ac-coupling path for 
error correction from the Cathode-Supply Regulator. 

Cathode-Supply Regulator 

The Cathode-Supply Regulator maintains the potential 
on the crt cathode and reduces the ac ripple from the crt 
Cathode Supply. Asample of the output of the crt Cathode 
Supply is connected to the Cathode-Supply Regulator 
stage through divider resistors R1640B-R1640A. High- 
frequency changes from the crt Cathode Supply are 
coupled to the Cathode-Supply Regulatorthrough C1642- 
R1642. 

becomes less negative, a positive-going change is 
coupled to the input of U1635 at pin 3 and results in a 
positive-going output at pin 6. this positive-going change 
is inverted by Q1627-Q1631 into a negative-going change 
at their collectors. This results in avoltage increase across 
C1606 during the positive half cycle of the high-voltage 
winding of T1310. (Note that the voltage across C1606 is 
the difference between the positive voltage on TI310 and 
the voltage at TP1625.) During the negative half cycle, the 
increased voltage across C1606 increases the output 
voltage of the crt Cathode Supply to correct the original 
error. High-frequency correction signals from the 
Cathode-Supply Regulator are ac coupled to the crt 
cathode through C1612. Short-circuit protection for the 
Cathode-Supply Regulator is provided by CR1625- 
CR1632-CR1638-CR1639. 

Z-Axis Amplifier 

The Z-Axis Amplifier provides the drive signal to the crt 
control grid to control the crt intensity. The Z-Axis signal 
from the Logic circuit and the Readout Intensity signal 
from the Readout System are connected to the emitter of 
Q1805 through Rl8Ol-R1802, and form the input signals 
to the Z-Axis Amplifier. The output of the Z-Axis Amplifier 
provides the drive signal to control the crt intensity level 
through the Control-Grid DC Restorer. 

Transistor (21805 is a common-base amplifier to es- 
tablish a low input impedance for the Z-Axis Ampli 
fier. (21808-(21824-Q1815-Q1827 form a non-inverting, 
current-driven, operational amplifier. The Z-Axis Am- 
plifier Gain and Output Level are set in this stage through 
R1810 and R1817 respectively. The output stage of the Z- 
Axis Amplifier circuit consists of Q1834-Q1836-Q1854- 
Q1874-(21876 in a high-speed operational amplifier con- 
figuration. Transistor (21838 is a constant-current source 
for (21834-Q1836. The signal at the emitter of Q1827 is dc 
coupled to the bases of Q1834-Q1836 through R1833 to 
provide a fast rising pulse at the output of (21854. 
Transistors (21874-(21876 maintain the output level of the 
Z-Axis Amplifier. The Z-Axis Amplifier is compensated to 
provide a fast rising pulse with optimum square corner by 
C1871 -C1842-R1842-C1846. 

The Cathode-Supply Regulator consists of a non- Controi-~rid DC R~~~~~~~ 
inverting preamplifier U1635 and an inverting output 
amplifier Q1627-Q1631. The t-50 V Supply, connected to The Control-Grid DC Restorer circuit couples dc and 
R1640A, and the ground connected to pin 2 of U1635 low-frequency components of the Z-Axis Amplifier signal 
through R1637, provide the reference for error amplifier to the crt control grid. This allows the Z-Axis Amplifier to 
U1635. (21627 and (21631 are connected as a collector- control the crt beam current (intensity). The potential 
coupled, complementary amplifier driven by U1635 to difference between the Z-Axis Amplifier output and the 
provide error correction to the crt Cathode Supply. control grid (about 3000 volts) prohibits direct coupling. 
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Circuit Description-7904 (SN B260000-UP) 

The dc restorer is actually a cathode-referenced bias Transistors Q1740, Q1744, and Q1746 select current 
supply for the crt control grid. Quiescently, its output from the A INTENSITY control, B INTENSITY control, or 
voltage is more negative than the cathode by an amount READOUT INTENSITY control inputs as determined by 
set by crt Grid Bias adjustment R1674. the Vertical and Horizontal OFF Command at the base of 

Q1740 and the Display B Command at the base of (21748. 
The inputloutput table shown in  Fig. 3-48 shows the input 

The Control-Grid DC Restorer stage is current drive of Q1755. 
from the high-voltage winding of TI310 through R1618- 
R1619-R1671-R1672. This drive signal is an approximately 
25 kilohertz sianal connected to the iunction of CR1676- 
~ ~ 7 6 8 0 - C l 6 7 8 .  CR1676 and ~ ~ 1 6 8 b  limit the peak-to- 
peak amplitude of the drive at their junction to the 
difference between their forward-bias levels. Crt Grid Bias 
adjustment R1674 and the output level of the Z-Axis 
Amplifier set the forward-btas levels of CR1676 and 
CR1680 respectively. C1678 couples the lirnited- 
amplitude drive to the junction of CR1679-CR1682. During 
positive half cycles of the drive, CR1682 clamps the 
cathode of CR1679 to the level of the crt cathode 
(--3000 V). This provides the reference level for the 
Control-Grid DC Restorer stage. During negative half 
cycles of the drive, CR1679 charges the control-grid side 
of C1680 to a levet more equal to the difference between 
the crt Grid Bias adjustment setting and the Z-Axis 
Amplifier output level. 

Auto-Focus Stages 

The Auto-Focus Amplifier stages provide control 
voltages to maintain optimum focus of the crt display. 
When the FOCUS control is set for best definition of thecrt 
display at low to medium settings of the intensity controls, 
thesestages maintain optimum focus for all portions of the 
display as it is switched between readout, A Horizontal, 
and B Horizontal displays. 

Q1755-Ql757-Ql765-QI769 are connected as a non- 
inverting operational amplifier to amplify the output of 
U1745 and drive the focus-grid electrode of the crt. 
Resistors R1751-Rl752-Rl753-Rl754, in conjunction with 
diodes CR1753 and CR1754, shape the output of U1745. 
Auto-Focus Gain adjustment R1751 determines the 
amount of signal to the base of (21755 to set the overall 
gain of the Auto-Focus Amplifier. Output Level adjust- 
ment R1757 determines the output level of this stage. 

Focus-Grid DC Restorer 

The Focus-Grid Restorer circuit coupies dc and tow- 
frequency components of the Auto-Focus Amplifier signal 
to the crt focus grid. This allows the Auto Focus Amplifier 
to control the focus-grid potential. The potential 
difference between the Auto-Focus Amplifier output and 
thefocus grid (about 2000volts) prohibits direct coupling. 

The dc restorer is actually a bias supply forthe crt focus 
grid. The output of this stage is referenced to the level set 
by Focus Preset adjustment R1711. Quiescently, the 
focus-grid voltage is more negative than the reference 
level by 10 volts. 

(h = HAS NO EFFECT IN THIS CASE. 

Fig. 3-48. Inputloutput table for Auto-Focus Data Switch IC, U1745. 
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The Focus-Grid DC Restorer stage is current drive from 
the high-voltage winding of TI310 through R1618-R1619- 
R1651-R1652. This drive signal is an approximately 25 
kilohertz signal connected to the junction of CR1653- 
CR1656-CR1654. CR1653 and CR1656 limit the peak-to- 
peak amplitude of the drive at their junction to the 
difference between their forward-bias levels. The +I30 V 
Supply and the output level of the Auto-Focus Amplifier 
set the forward-bias levels of CR1653 and CR1656 respec- 
tively. C1654 couples the limited-amplitude drive to the 
junction of CR1655-CRl658. During positive half cycles of 
the drive, CR1658 clamps the cathode of CR1658 to the 
level set by Focus Preset adjustment R1711. This provides 
the reference level for the Focus-Grid DC Restorer stage. 
During negative half cycles of the drive, CR1655 charges 
the focus-grid side of C1656 to a level more negative than 
the reference level. The resulting focus-grid voltage is 
more negative than the reference level by an amount equal 
to the difference between the -+-I30 V Supply and the 
Auto-Focus Amplifier output level. 

CRT Control Circuits 

The ASTIG adjustment, R1733, used in conjunction 
with the FOCUS control to obtain a well-defined display, 
varies the potential on the astigmatism grid of the crt. The 
Geometry adjustment, R1727, varies the potential on the 
crt mesh to control the overall geometry of the display. 

Two adjustments control the trace alignment by vary- 
ing the magnetic field around the crt. The Y-Axis Align 
adjustment, R1730, controls the current through L1730, 
which affects the crt beam after vertical deflection but 
before horizontal deflection. Therefore, R1730 affects 
only the vertical (Y) components of the display. TRACE 
ROTATION adjustment R1725 controls the current 
through L1725, which affects both the vertical and 
horizontal rotation of the crt beam. 
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Section 4-7904 (SN B260000-UP) 

MAINTENANCE 

This section of the manual contains maintenance information for use in preventive maintenance, corrective 
maintenance, or troubleshooting of the 7904, 

PREVENTIVE MAINTENANCE 

Preventive maintenance, when performed on a regular 
basis, can prevent instrument breakdown and may im- 
prove the reliability of the instrument. The severity of the 
environment to which the instrument is subjected will 
determine the frequency of maintenance. A convenient 
time to perform preventive maintenance is preceding 
electrical adjustment of the procedure. 

CABINET PANEL REMOVAL 

C A U T I O N  D 
Avoid the use of chemical cleaning agents which 
might damage the plastics used in this instrument. 
Use a non-residue type of cleaner, preferably 
isopropyl alcohol, totally denatured ethylalcohol, or 
TP35. Before using any other type of cleaner, 
consult your Tektronix Service Center or represen- 
tative. 

W A R N I N G  

Exterior 
Dangerous potentials exist at several points 
throughout this instrument. When the instrument is Loose dust accumulated on the outside of the instru- 

operated with the covers removed, do not touch ment can be removed with a soft cloth or small brush. The 

exposed connections or components. Some tran- brush is particularly useful for dislodging dirt on and 

sistors have voltages present on their cases. around the front-panel controls. Dirt which remains can 

Disconnect power before cleaning the instrument or be removed with asoft cloth dampened in a mild detergent 

replacing parts. and water solution. Abrasive cleaners should not be used. 

CRT 
The side, top, and bottom cabinet panels provide 

protection to personnel from operating potentials present Clean the plastic light filter, implosion shield, and the 
within the instrument. In addition, they reduce radiation of crt faceplate with a soft, lint-free cloth dampened with 

electro-magnetic interference from the instrument. The denatured alcohol. 
cabinet panels are held in place by slotted fasteners. To 
remove the panels, turn each fastener counterclockwise a 
quarter turn with a large screwdriver, Lift the panels away. Thecrt mesh filter (furnished with Option3only) can be 

Operate the instrument with the panels in place to protect cbaned as follows: 

the interior from dust. 

CLEANING 

-["he 7904 should be cleaned as often as operating 
conditions require. Accumulation of dirt in the instrument 
can cause overheating and component breakdown. Dirt 
on components acts as an insulating blanket and prevents 
efficient heat dissipation. It also provides an electrical 
conduction path which may result in instrument failure. 
The side panels reduce the amount of dust reaching the 
interior of the instrument. Operation without the panels in 
place necessitates more frequent cleaning. 

1. Hold the mesh filter in a vertical position and brush 
lightly with a soft, No. 7 water color brush to remove light 
coatings of dust or lint. 

2. Greasy residues, or dried-on dirt, can be removed 
with a solution of warm water and a neutral-pH liquid 
detergent. Use the brush to lightly scrub the filter. 

3. Rinse the filter thoroughly in clean water and allow 
to air dry. 
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4. If any lint or dirt remains, use clean low-pressureair 
to remove it. Do not use tweezers or other hard cleaning 
tools on the filter, as the special finish may be damaged. 

5. When not in use, store the mesh filter in a lint-free 
dust-proof container, such as a plastic bag. 

interior 

Cleaning the interior of the instrument should only be 
occasionally necessary. The best way to clean the interior 
is to blow off the accumulated dust with dry, low-velocity 
air (approximately 5 lb/in2). Remove any dirt which 
remains with a soft brush or a cloth dampened with a mild 
detergent and water solution. A cotton-tipped applicator 
is useful for cleaning in narrow spaces, or for cleaning 
more delicate circuit components. 

Circuit boards and components must be dry before 
appfying power to prevent damage from electrical 
arcing. 

The high-voltage circuits, particularly parts located in 
the high-voltage compartment and the area surrounding 
the post-deflection anode leads, should receive special 
attention. Excessive dirt in these areas may cause high- 
voltage arcing and result in improper instrument opera- 
tion. 

VISUAL INSPECTION 

The 7904 should be inspected occasionally for such 
defects as broken connections, broken or damaged 
ceramic strips, improperly seated semiconductors, 
damaged or improperly installed circuit boards, and heat- 
damaged parts. The corrective procedure for most visible 
defects is obvious; however, particular care must be taken 
if heat-damaged components are found. Overheating 
usually indicates other trouble in the instrument; 
therefore, it is important that the cause of overheating be 
corrected to prevent recurrence of the damage. 

SEMICONDUCTOR CHECKS 

Periodic checks of the semiconductors are not 
recommended. The best check of semiconductor perfor- 
mance is actual operation in the instrument. More details 
on checking semiconductor operation are given under 
troubleshooting. 

PERIODIC ELECTRICAL ADJUSTMENT 

To ensure accurate measurements, check the electrical 
adjustment of this instrument after each 1000 hours of 
operation, or every six months if used infrequently. In 
addition, replacement of components may necessitate 
adjustment of the affected circuits. Complete adjustment 
instructions are given in Section 5, Performance Check 
and Adjustment. This procedure can be helpful in localiz- 
ing certain troubles in the instrument, and in some cases, 
may correct them. 
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TROUBLESHOOTING 

The following information is provided to facilitate 
troubleshooting of the 7904 Oscilloscope. Information 
contained in other sections of this manual should be used 
in conjunction with the following data to aid in locating a 
defective component. An understanding of the circuit 
operation is helpful in locating troubles. See Section 3, 
Circuit Description, for this information. 

TROUBLESHOOTING AIDS 

Diagrams 

Complete schematic diagrams are given on the pullout 
pages in Section 8, Diagrams and Circuit Board 
Illustrations. The component number and electrical value 
of each component in this instrument are shown on these 
diagrams. (See the first page of the Diagrams and Circuit 
Board Illustrations section for definitions of the reference 
designators and symbols used to identify components in 
this instrument.) Voltages and numbered waveform test 
points are also shown on the diagrams. Waveforms, and 
the numbered test points where they were obtained, are 
located adjacent to each diagram. The portions of circuits 
mounted on circuit boards are enclosed with heavy, solid- 
black lines. 

Circuit Board Illustrations 

mance Check and Adjustment procedure, the Adjustment 
and Test Point Locations pullout pages are provided in 
Section 8, Diagrams and Circuit Board Illustrations. 

Component Color Coding 

The instrument contains brown composition resistors, 
some metal-film resistors, and some wire-wound 
resistors. The resistance values of wire-wound resistors 
are usually printed on the component body. The 
resistance values of composition resistors and metal-film 
resistors are color coded on the components using the EIA 
color code (some metal-film resistors may have the value 
printed on the body). The color code is read starting with 
the stripe nearest the end of the resistor. Composition 
resistors have four stripes, which consist of two significant 
figures, a muitiplier, and a tolerance value (see Fig. 4-1). 
Metal-film resistors have five stripes consisting of three 
significant figures, a multiplier, and a tolerance value. 

-The values of common disc capacitors and small 
electrolytics are marked on the side of the component 
body. The white ceramic and epoxy-coated tantalum 
capacitors used in the instrument are color coded using a 
modified EIA code (see Fig. 4-1). 

The cathode end of glass-encased diodes is indicated 
by a stripe, a series of stripes, or a dot. The cathode and 

To aid in locating circuit boards, a circuit board anode ends of metal-encased diodes can be identified by 
location illustration appears on the back of the pullout the diode symbol marked on the body. 
page facing the schematic diagram. In addition, an 
illustration of thecircuit board(s) is included here, with the 
physical location of the components that appear on the 
schematic diagram. Each circuit board illustration is Cam-Switch Contact identification 
arranged in a grid locator with an index to facilitate rapid 
location of components contained in the schematic 
diagrams. 

Troubleshooting Chart 

A troubleshooting chart is given in Section 8, Diagrams 
and Circuit Board illustrations to aid in locating a 
defective circuit .  The shaded blocks on the 
Troubleshooting Chart indicate circuit(s) that may cause 
the indicated malfunction. The circuits listed are discuss- 
ed in detail in Section 3, Circuit Description. 

Cam switches shown on the diagrams are coded to 
indicate the position of the contact in the completeswitch 
assembly counting from the front, or knob end of the 
switch, toward the rear. The contact closure chart on the 
diagrams indicates when each contact is closed. 

Semiconductor Lead Configurations 

Figure 4-10 in this section shows the lead configurations 
of the semiconductor devices used in the 7904 
Oscilloscope. 

Mutti-Connector Holders 
Adjustment and Test Point Locations 

The multi-connector holders are keyed with two 
To aid in locating test points and adjustable corn- triangles, one on the holder and one on the circuit board. 

ponents called out in the various sections of the Perfor- When a connection is made perpendicular to a circuit 

REV MAR 1983 4-3 

7904



Maintenance-7904 (SN B260000-UP) 

Q COLOR CODE 

CAPACITORS 

METAL-FILM SMALL DISC 
RESISTORS CAPACITORS 

'TANTALUM 
I. - ELECTROLYTICS 

@ @ and@- IST, 2ND, AND 3RD SIGNIFICANT FIGS. @ AND/OR @ COLOR CODE MAY NOT 

@ - MULTIPLIER @ - TOLERANCE; BE PRESENT ON SOME CAPACITORS; 

@ - rEMPERATURE COEFFICIENT. 

_l_lI_mT!TEZToRT- 

COLOR SIGN1 FlCANT 
FIGURES 

GREEN 1 5 ~ 1 0 ~ o r l 0 0 ~ f  +1/2% 

BLUE 6 

--- 

WHITE 

GOLD 1 --- 1 1  or I  1 +5% 

SILVER I -- - 1 10-2 or 0.01 1 '1 0% 

@ - POLARITY AND VOLTAGE RATING 

CAPACITORS 

MULTIPLIER 

Fig. 4-1. Color code for resistors and capacitors. 
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board surface, the orientation of the triangle on the end-lead A 1 OX, 10-megohm voltage probe should be used to 
multi-pin connector holder is determined by the placement of reduce circuit loading for voltage measurements. For 
the multi-pin connector index (see Fig. 4-2). current waveforms, use a TEKTRONIX P6021 current 

7 Probe with passive termination, or the equivalent. 

END-LEAD 
MUtTI.$lhl 

-- 
Fig. 4-2. Orientation of multi-connector holders. 

Purpose: Check operating waveforms. 

4. Variable Autotransformer 

Description: Output variable from 0 to 140 volts, 10 
amperes minimum rating. Must have three-wire power 
cord, plug, and receptacle. 

Purpose: Vary input line voltage when 
troubleshooting in the power-supply unit. 

Recommended type: General Radio WlOMT3W 
Variac Autotransformer. 

5, isolation Transformer 

Description: 1: l  turns ratio, 500 volt-amperes 
minimum rating, 50-60 cycle. Must have three-wire 
power cord, plug, and receptacle with ground 
connection carried through from input to output. 

Purpose: To isolate 7904 from line potential when 
troubleshooting power supply. 

Recommended type: Stancor #P6298 (for 115-volt 
line only) modified to include three-wire power cord, 
plug, and receptacle. 

TROUBLESHOOTING TECHNIQUES 
TROUBLESHQQTIING EQUIPMENT 

This troubleshooting procedure is arranged to check the 
simple trouble possibilities before proceeding with extensive 

The following equipment is useful for troubleshooting the troubleshooting, The first few checks ensure proper 
7904 Oscilloscope: connection, owration, and adiustment. If the trouble is not 

1. Transistor Tester 

Description: Dynamic-type tester 

. . 
located by these checks, the remaining steps aid in locating 
the defective component. When the defective component is 
located, replaced it following the replacement procedures 
~ i ven  under Corrective Maintenance. - 

Purpose: Test semiconductors. 

Recommended type: Tektronix 5771177 Curve Trac- 1. Check Control Settings. 

er, TEKTRONIX 576 Curve Tracer, 7CTlN Curve Incorrect control settings can indicate a trouble that does 
Tracer plug-in unit and a 7000-series oscilloscope not exist. If there is any question about the correct function 
system, or a 5CTlN Curve Tracer plug-in unit and a or operation of any control, refer to Section 2, Operating 
5000-series oscilloscope system. Instructions. 

2. Multimeter 2. Check Associated Equipment. 

Description: 10 MQ input impedance and 0 to 500 
volts range, ac and dc; ohmmeter, 0 to 50 MQ; accu- 
racy, within 0.1%. Test probes must be insulated to 
prevent accidental shorting. 

Purpose: Check voltages and resistances. 

3. Test Oscilloscope 

Description: Frequency response, dc to 100 
megahertz minimum; deflection factor, 5 millivolts to 5 
voltsldivision and 1 milliampere to 1 ampereldivision. 

Before proceeding with troubleshooting, check that the 
equipment used with this instrument is operating correctly. 
Also, check that the input signals are properly connected 
and that the interc2nnecting cables are not defective. Check 
the line-voltage source. 

3. Visual Check. 
Visually check the portion of the instrument in which the 

trouble is located. Many troubles can be found by visual 
indications such as unsoldered connections, broken wires, 
damaged circuit boards, and damaged components. 
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broken wires, damaged circuit boards, and damaged 
components. 

4. Check Instrument Adjustment 

Check theelectrical adjustment of this instrument,orof 
the affected circuit if the trouble appears in one circuit. 
The apparent trouble may only be a result of misadjust- 
ment. Complete adjustment instructions are given in 
Section 5, Performance Check and Adjustment. 

5. Isolate Trouble to a Circuit 

To isolate trouble to a particular circuit, note the 
trouble symptom. The symptom often identifies the circuit 
in which the trouble is located. When trouble symptoms 
appear in more than one circuit, check the affected 
circuits by taking voltage and waveform measurements. 
Also check for the correct output signals at the rear-panel 
output connectors with a test oscilloscope. If the signal is 
correct, the circuit is working correcly up to that point. For 
example, correct sawtooth output indicates that the time- 
base unit and sawtooth output portion of the Output 
Signals circuit is operating correctly. If a malfunction in 
the Readout System is suspected of causing trouble to 
appear in the Z-Axis Amplifier, Vertical Amplifier, or 
Horizontal Amplifier circuits, the trouble can be localized 
by removing the Readout System circuit board. This board 
can be removed without significantly affecting the opera- 
tion of other circuits in the instrument. 

Incorrect operation of all circuits often indicates trou- 
ble in the power supply. Check first for correct voltage of 

the individual supply. Check first for correct voltageof the 
individual supplies. However, a defective component 
elsewhere in the instrument can appearas a power-supply 
trouble and may also affect the operation of other circuits. 
If incorrect operation of the power supplies is suspected, 
refer to Troubleshooting the High-Efficiency Power- 
Supply Unit given later in this section. After the defective 
circuit has been located, proceed with steps 6 and 7 to 
locate the defective component(s). 

If incorrect operation of the power supplies is 
suspected, connect the 7904 to a variable 
autotransformer. Then, check each power supply for 
correct regulation with a dc voltmeter (0.7% accuracy), 
and correct ripple with a test oscilloscope, while varying 
the autotransformer throughout the regulating range of 
this instrument (see rear-panel Line Selector for 
regulating range of this instrument). 

lncorrect operation of all circuits often indicates trou- 
ble in the power supply. Check first for correct voltage of 
the individual supplies. However, a defective component 
elsewhere in the instrument can appearasa power-supply 
trouble and may also affect the operation of othercircuits. 
Table 4-1 lists the tolerance of the power supplies in this 
instrument. These voltages are measured between the 
power-supply test points (on Regulator board) and the 
GND SENS test point on this board. See Fig. 4-3 for power- 
supply test point location. If a power-supply voltage is 
within the listed tolerance, the supply can be assumed to 
be working correctly. If outside the tolerance, the supply 
may be misadjusted or operating incorrectly. Use the 
procedure given in the Performance Check and Adjust- 
ment section to adjust the power supplies. 

Fig. 4-3. Location of power-supply test points on Regulator board. 
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Table 4-1 

POWER SUPPLY TOLERANCE AND RIPPLE 
(REFERENCED TO TP GND SENS) 

Power 1 Test Point I~olerance I Typical ripple 
Supply I (see Fig. 4-3) / I(peak-to-peak) 

. 
I 5 v TP - 1  5.sensq *OTTI%V-- 

. I d-5 V TP t -5 Sense rtO.10 V 1 mV 

-1157- - - -  T --- -m15 -- ~ e n i q  ------ - - - 3 ~ 1 5 ~ -  -- - ~ m i ~ -  - -- 
+Gv - TP 1-50 Sense f0.50 V 3 mV 

6. Check Votages and Wavefornis 

Often the defective component can be located by 
checking for the correct voltages or waveforms in the 
circuit. Typical voltages and waveforms are given in 
Section 8, Diagrams and Circuit Board Illustrations. 

NOTE 

Voltages and waveforms given in Section 8, 
Diagrams and Circuit Board Illustrations, are not 
absolute and may vary slightly between 7904 
Oscilloscopes. To obtain operating conditions 
similar to those used to take these readings, see the 
appropriate schematic. 

7. Check Individual Components 

The following procedures describe methods of check- 
ing individual components in the 7904. Components 
which are soldered in place are best checked by first 
disconnecting one end. This isolates the measurement 
from the effects of surrounding circuitry. 

To avoid electric-shock hazard, always disconnect 
the 7904 from the power source before removing or 
replacing components. 

Fuses. Check for open fuses by checking continuity 
with an ohmmeter. 

Transistors. A good check of transistor operation is 
actual performance under operating conditions. A tran- 
sistor can most effectively be checked by substituting a 
new component for it (or one which has been previously 
checked). However, be sure that circuit conditionsare not 
such that a replacement transistor: might also be damaged. 

If substitute transistors are not available, use a dynamic 
tester. Static-type testers are not recommended, since 
they do not check operation under simulated operating 
conditions. 

lntegrated Circuits. lntegrated circuits can be checked 
with a voltmeter, test oscilloscope, or by direct sub- 
stitutuion. A good understanding of the circuit operation 
is essential to troubleshooting circuits using integrated 
circuits. In addition, operating waveforms, logic levels, 
and other operating information forthe integrated circuits 
are given in Section 3, Circuit Description and Section 8, 
Diagrams and Circuit Board Illustrations. Use care when 
checking voltages and waveforms around the integrated 
circuits so that adjacent leads are not shorted together. A 
convenient means of clipping a test probe to the in-line, 
multi-pin integrated circuits is with an integrated-circuit 
test clip. This device also doubles as an integrated-circuit 
extraction tool. 

Diodes. A diode can be checked for an open or shorted 
condition by measuring the resistance between terminals 
with an ohmmeter scale having a low internal source 
current, such as the R X 1 Kscale. The resistanceshould be 
very high in one direction and very low when the meter 
leads are reversed. 

When checking diodes, do not use an ohmmeter 
scale that has a high internal current, since high 
currents may damage the diodes under test. 

Resistors. Check the resistors with an ohmmeter. 
Resistor tolerances are given in Section 7, Replaceable 
Electrical. Parts. Normally, resistors do not need to be 
replaced unless the measured valuevaries widely from the 
specified value. 

Capacitors. A leaky or shorted capacitor can best by 
detected by checking resistance with an ohmmeter on the 
highest scale. Do not exceed the voltage rating of the 
capacitor, The resistance reading should be high after 
initial charge of the capacitor. An open capacitor can best 
be detected with a capacitance meter or by checking if the 
capacitor passes ac signals. 

8. Repair and Adjust the Circuit 

If any defective parts are located, follow the replace- 
ment procedures given under Component Replacement in 
this section. Check the performance of any circuit that has 
been repaired or that has had any electrical components 
replaced. Adjustment of the circuit may be necessary. 
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TROUBLESHOOTING THE HIGH- 3. Remove the power-supply unit from the mainframe 

EFFICIENCY POWER-SUPPLY UNIT following the procedure given later in this section under 
Component Removal and Replacement. 

General 

The following information is provided to facilitate 
troubleshooting the high-efficiency power-supply unit. 
Information contained in other sections of this manual 
should be used in conjunction with this procedure to aid in 
locating a defective component. An understanding of the 
circuit operation is valuable in locating troubles. See 
Section 3, Circuit Description, for this information. 
Specifications for the troubleshooting equipment referred 
to in this procedure are given earlier in this section under 
Troubleshooting Equipment. 

4. Connect the power-cord plug of the 7904 to the 
output of a variable autotransformer that is set for 115 
volts. 

5. Set the POWER switch to ON and note the trouble 
symptoms. 

6. Turn the 7904 off and proceed to the appropriate 
step in the Troubleshooting Procedureas indicated by the 
Trouble Symptom column in Table 4-2. 

/ W A R N I N G  ) 

Extreme caut ion must be used when 
troubleshooting in the power-supply unit due to the 
line voltage and the high-voltagelhigh-current 
potentials present in the unit. 

When a fault condition occurs which is not of sufficient 
magnitude to open the line fuse, power-supply protection 
circuitry will cause the inverter to operate in a pulse mode. 
In this mode the inverter will turn on for a short period of 
time, and then turn off for a longer period of time. This 
cycle repeats until the malfunction is corrected. This pulse 
mode causes either a "ticking" dr a "chirping" sound. 
Whenever either of these scqlnds is heard, turn off the 7904 
and proceed with the Preliminary Procedure. 

Preliminary Procedure 

I W A R N I N G  ) 

To avoid eiectric shock, always disconnect the 
instrument from the power source before removing 
or replacing components or plug-in units. 

1. Remove all plug-on units from the mainframe. 

2. Set the CONTROL ILLUM control to the OFF 
position, and the GRAT ILLUM control to the fully 
clockwise position. 

Table 4-2 

RECOMMENDED POWER SUPPLY 
TROUBLESHOOTING SEQUENCE 

.~ 

1 Proceed to 
Trouble Troubleshoot- 

-- 
Procedure Symptom 1 n g  7: -- "" 

7904 inoperative; 1. Check line fuse. 
no pulse mode. 

7904 inoperative; 1. Isolate malfunc- 
no pulse mode; line tion from the main- 
fuse open. frame circuitry. 

2. Check line input 
circuit. 

3. Check inverter 
circuit. 

fuse normal. 

7904 operating in 1. Isolate malfunc- 
the pulse mode. tion from the main- 

3. Check crt and 
high-voltage circuits. 

/frame circuitry. 

2. Check pre-regu- 
lated power supplies. 

4. Check inverter 
control circuit. 

C 

I 5. Check inverter 
circuit, -- 

I 
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Troubleshooting Procedure NOTE 

Step A: Check Line Fuse. To check the line fuse, 
perform the following procedure: Place the Common lead of the ohmmeter to ground 

when measuring power-supply resistance. 

1. Check the line fuse (F1200), located on the rear 
panel of the power-supply unit, for continuity and proper 
rating as given in Section 7, Replaceable Electrical Parts. 

Table 4-3 

2. If the line fuse is open, replace with a new one of 
proper rating. 

Step B: Isolate Malfunction from the Mainframe 
Circuitry. To isolate the malfunction, perform the follow- 
ing procedure: 

Use extreme caution when troubleshooting in the 
Power-Supply Unit, to avoid electric shock. Stored 
dc potentials on the Power-Supply lnverter circuit 
board remain long after the instrument is dis- 
connected from the power source. Verify that the 
power-cord plug is disconnected and that the line 
storage capacitors (C1216 and C1217) are com- 
pletely discharged before attempting any repairs or 
ohmic measurements. (A warning-indicator neon 
bulb, located on the Power-Supply lnverter board, 
flashes when this stored voltage exceeds about 80 
volts. However, simply because the neon bufb is not 
flashing does not mean that the capacitors are fully 
discharged.) 

TYPICAL POWER-SUPPLY RESISTANCE 

Typical 
Power I Test Ohmmeter Resistance 
Supply I Point 1 Scale 1 Reading 

-1 5 y  [F-T~TF'~? - - -- -- 
-50 V TP -50 V -- - -- X loo -- -- 270 n 

+130V 
-- 

350 V 
+15 V 

" 

+5 V 

5. If any of the resistance readings are significantly 
lower than that listed, remove the electrical connections 
between the mainframe and the power-supply unit. 
Disconnect P1417, P1482, P1483 on the LV Regulator 
board (see Fig. 4-3). This isolates the circuitry in the 
mainframe from the power-supply unit. Recheck the 
resistance. If the readings remain low, the malfunction is 
located within the mainframe circuits. If the readings 
increase to normal or above, the malfunction is in the 
power supplies. 

6. Replace all electrical connections which were dis- 
connected in part 5. 

TPf130V 
- -- 

TP +50 V 

- TP -i 15 v 
TP +5 V 

1. Remove the 7904 power-cord plug from the power 
source. 

2. Remove the protective cov_erfrom the power-supply 
unit following the procedure under Access to Com- 
ponents in the Power-Supply Unit. 

X1k  
X l k  
x 100 
X l o0  

3. ~ a n u a l l y  discharge the line storage capacitors 
using the procedure given later in this section under 
Access to Components in the Power-Supply Unit. 

6.6 k n  
.- -- 
3.4 k n  - 
70 n -- 
50 C2 

Step C: Check the Pre-Regulated Power Supplies. To 
check the pre-regulated power supplies, perform the 
following procedures: 

1. Connect a 10X voltage probe from the test os- 
cilloscope to resistor R1287 on the Cap-Rectifier board. 
Set the test oscilloscope vertical deflection factor as 
necessary for an on-screen display; set the horizontal 
sweep rate for 2 milliscondsldivision. 

4. Check the resistance of the power supplies at the 2. Set the variable autotransformer for 115 V. Connect 
test points given in Table 4-3 (see Fig. 4-3 for the location the 7904 power-cord plug to thevariableautotransformer; 
of these test points). turn on the 7904. 
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3. Compare the waveform on the test oscilloscope to 
those shown in Figure 4-4. If the waveform resembles that 
of Figure 4-4A, proceed to Step E of this procedure. If it 
resembles that of Figure 4-4B, proceed with part 4 of this 
step. 

Table 4-4 

BURST VOLTAGE TEST POINTS 

Pre-Regulated Test Point Located 
Power Supply 

a- --- on Cap Rectifier Board 
-- - - --- - - - - - - --- - -- - - - 

Pin 4 of PI354 
Pln 3 of PI352 
Pin 4 of Pf352 
Pin 2 of PI352 -- .. .- ------ "~ 

1-7 V Pin 1 of P1315 ..-"."----.-- -- .------.-- "" 

-.-54 V Pin 6 of PI352 .- -" 

4.5 V Liahts Pin 4 of Pf 315 

Components in the Power-Supply Unit. Check forshorted 
components in the suspected power supply; also check 
the fiiter capacitors for leakage. 

Step D. Check Line Input Circuit. To check the input 
circuit, perform the following procedure: 

1. Disconnect the 7904 from the variable 

Fig. 4-4. Current senstng waveform at R1287 showing: (A) Power 
autotransformer and discharge the line storage capacitors 

supplies not in current limit operation. (B) Power supplies in the procedure given under Access 
current limit operation. ponents in the Power-Supply Unit. 

4. Remove the 10X voltage probe from R1287. Set the 
test oscilloscope vertical coupling to dc and the horizontal 
sweep rate to 10 milliseconds/division. 

5. Connect the 1OX probe to each power supply at the 
test points given in Table 4-4. Note the polarity, amplitude, 
and shape of the waveform present at each test point. 
(Adjust the vertical deflection factor of the test os- 
cilloscope as necessary to maintain an on-screen display.) 

NOTE 

Look for a power supply where the burst voltage is 
very low in  relation to the specified supply voltage. 

6. When a low supply voltage is found, disconnect the 
7904 from the power sourceand discharge the line storage 
capacitors following the procedure given under Access to 

2. Replace the line fuse. 

3. Check diode bridge CR1215 on the Power-Supply 
Inverter board (see A1 1 circuit board) and the associated 
line input circuit for a shorted component. If the circuit 
appears normal, connect the power-cord plug to the 
variable autotransformer. 

4. Attach a 10X voltage probe from the test os- 
cilloscope to one of the screws used to discharge C1216 
and C1217 (see A l l  circuit board). Set the variable 
autotransformer for 20 volts and turn the 7904 on. Set the 
test oscilloscope for line triggering. 

5. Check for an ac waveform on the test oscilloscope 
(see Fig. 4-5). Note the amount of dc the waveform is 
offset. Move the probe tip to the other capacitor screw. 
Check for an ac waveform which is both offset an equal 
amount of dc, and isopposite in polarity, from the previous 
waveform. (This checks the condition of the line storage 
capacitors.) 
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3. Connect the 7904 power-cord plug to the variable 
autotransformer. Turn the 7904 on and apply 115 volts 
from the variable autotransformer. If the power supplies 
stabilize, check the inverter control circuit for a malfunc- 
tion. If the 7904 continues in pulse mode, proceed to part 4 
of this step. 

4. Repeat part 1 of this step. Then remove Q1252 from 
the Cap-Rectifier board. 

5. Set the variable autotransformer to 0 volt. Connect 
the 7904 power-cord plug to thevariable autotransformer. 
Turn the 7904 on. While monitoring the .-+I30 V test point 
on the LV Regulator board (see Fig. 4-3) with a voltmeter, 
slowly increase the output of thevariableautotransformer 
until the voltmeter just reads .+-I30 volts. 

Fig. 4-5. Typical waveforms on Cl216 and C1217 with the line 
voltage set to approximately 20 volts. 

Step E. Check C R I  and High-Voltage Circuits. To 
NOTE 

checkthe crt circuitry, perform the following procedure: i f  the variable autotransformer's output is increased 
past the point where the voltmeter just reaches a 

1. Disconnect the 7904 from the power source and reading of -1-130 volts, the 7904 will switch to pulse 

discharge the line storage capacitors following the mode. 

procedure given under Access to Components in the 
Power-Supply Unit. 

6. If the power supplies stabilize, check U1275 and the 
2. Remove one end of R1304 and R1305 on the Cap- inverter control circuit for a malfunction. If the 7904 

Rectifier circuit board (see A12 circuit board). continues in the pulse mode, proceed to Step G of this 
procedure. 

3. Set the variable autotransformer for 115 volts. 
Connect the 7904 power-cord plug to the variable Step G: Check Inverter Circuit. l o  check the inverter 
autotransformer: turn the 7904 on. circuit, perform the following procedure: 

4. Check for stable operation (no pulse mode) of the 1. Disconnect the 7904 power-cord plug from the 
power supplies. If the power supply is still in the pulse power source and discharge the line storage capacitors 
mode, a crt failure or malfunction in the high-voltage following the procedure given under Access to Com- 
circuitry is indicated. ponents in the Power-Supply Unit. 

5. Resolder R1304 and R1305 on the Cap-Rectifier 2. Remove Q1234, Q1241, CRl234, and CR1241 on the 
circuit board. Power-Supply Inverter board (see A l l  circuit board) and 

check the characteristics of each with a curve tracer. 
Install the checked or replaced components in the Power- 

Step F: Check the lnverter Control Circuit. To check the Supply lnverter board. Replace the line fuse, if it is open. 
inverter control circuit, perform the following procedure: 

1. Disconnect the 7904 from the power source and 3. If the faulty component was not found, check Q1248 
discharge the line storage capacitors following the and VR1246 with a curve tracer. 
procedure given under Access to Components in the 
Power-Supply Unit. 

NOTE 

2. Remove Q1254 (see A12 circuit board) from the A shift in the Zener voltage of VR1246 can cause 
Cap-Rectifier board. erratic operation of the inverter circuit. 
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4. If the 7904 continues in the pulse mode or to open 
the line fuse, check the current waveform through T1230. 
To do this, first repeat part 1 of this step. Then connect a 
current probe from the test oscilloscope to the gray lead 
that passes through toroid transformer T1230. Set the test 
oscilloscope for a vertical deflection factor of about 1 
voltldivision and a horizontal sweep rate of 12 milli- 
secondsldivision. Connect the 7904 power-cord plug to 
the variable autotransformer which is set fora voltage of 0. 
Turn the 7904 on and slowly increase the variable 
autotransformer's output to about 60 volts. Check for a 
burst waveform on the test oscilloscope (similar to that 
shown in Fig. 4-6). 

NOTE I I 
The burst waveform indicates that the inverter Fig. 4-6. Current waveform at T1230 showing burst operation at 
circuit is attempting to start. I f  no burst waveform line voltage of approximately 60 volts. 

occurs, proceed to part 6; i f  a burst waveform is 
obtained, proceed to part 5. 

5. If a burst waveform was obtained in part 4 above, 
check for stable inverter operation when the line input 
voltage is increase to about 85 volts. Figure 4-7 shows the 
current waveform at T I  230 for normal inverter operation at 
a line source of 115 volts. 

NOTE 

The test osciiloscope horizontal sweep rate has 
been changed to about 50 microsecondsidivision 
for ~ i g .  4-7. 

6. If no burst waveform occurred in part 4, repeat part 1 
of this step. Then remove the current probe from the 7904 
and the test oscilloscope. Connect a 10X voltage probe 
from the test oscilloscope toTP1234on the Power-Supply 
lnverter board (see A l l  circuit board). Set the variable 
autotransformer for 20 volts and check for a line ripple 
waveform which is about dc centered (see Fig. 4-8). If the 
waveform is not centered, check Q1246, CR1232, CR1240, 
CR1242, CR1249, and CR1244 for shorts or leakage. 

Fig. 4-7. Current waveform at TI230 tor normal Inverter operation 
at fine voltage of 115 volts. 

Fig. 4-8. Waveform at TP1234 on the Power Supply lnverter board 
with the line voltage at approximately 20 volts. 
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CORRECTIVE MAINTENANCE 

Corrective maintenance consists of component 
replacement and instrument repair. Special techniques 
required to replace components in this instrument are 
given here. 

OBTAINING REPLACEMENT PARTS 

All electrical and mechanical part replacements for the 
7904 can be obtained through your Tektronix Field Office 
or representative. However, many of the standard elec- 
tronic components can be obtained locally in less time 
than is required to order them from Tektronix, Inc. Before 
purchasing or ordering replacement parts, check the parts 
list for value, tolerance, rating, and description. 

NOTE 

When selecting replacement parts, remember that 
the physical size and shape of a component may 
affect its performance in the instrument. All replace- 
ment parts should be direct replacements unless 
you know that a different component will not 
adversely affect instrument performance. 

Some parts are manufactured or selected by Tektronix, 
Inc. to satisfy particular requirements, or are manufac- 
tured for Tektronix, Inc. to our specifications. Most of the 
mechanical parts used in this instrument have been 
manufactured by Tektronix, Inc. To determine manufac- 
turer of parts, refer to Parts List, Cross Index Mfr. Code 
Number to Manufacturer. 

When ordering replacement parts from Tektronix, Inc., 
include the following information: 

1. lnstrument type. 

2, lnstrument serial number. 

3. A description of the part (if electrical, includecircuit 
number). 

4. Tektronix part number. 

SOLDERING TECHNIQUES 

1 W A R N I N G  1 

To avoid electric-shock hazard, disconnect the 
instrument from the power source before soldering. 

The reliability and accuracy of this instrument can be 
maintained only i f  proper soldering techniques are used 
when repairing or replacing parts. General soldering 
techniques which apply to maintenance of any precision 
electronic equipment should be used when working on 
this instrument. Use only 60/40 rosin-core, electronic- 
grade solder. The choice of soldering iron is determined 
by the repair to be made. 

Several of the circuit boards in the 7904 are multi- 
fayer type boards with a conductive path laminated 
between the top and bottom board layers. All 
soldering on these boards should be done with 
extreme care to prevent breaking the connections to 
this center conductor. Oniy experienced 
maintenance personnel should attempt repair of 
these boards: A2-Main Interface, A#-Logic, A5, 
A6.- Trigger Selector, A7- Vertical Interface and 
A12-Cap-Rectifier circuit board. 

When soldering on circuit boards or small wiring, use 
only a 15-watt, pencil-type soldering iron. A higher 
wattage soldering iron can cause the etched circuit wiring 
to separate from the board base material and melt the 
insulation from small wiring. Always keep the soldering- 
iron tip properly tinned to ensure the best heat transfer to 
the solder joint. Apply only enough heat to remove the 
component or to make a good solder joint. To protect 
heat-sensitive components, hold the component lead with 
a pair of long-nose pliers between the component body 
and the solder joint. Use a solder-removing wick to remove 
excess solder from connections or to clean circuit board 
pads. 

7904



Maintenance-7904 (SN B260000-UP) 

The following technique should be used to replace a 7. Clean the area around the solder connection with a 
component on any of the circuit boards not mentioned in flux-removing solvent. Be careful not to remove informa- 
the preceding Caution. Most component scan be replaced tion printed on the circuit board. 
without removing the board(s) from the instrument. 

1, Touch the soldering iron to the lead at the solder 
connection. Never place the iron directly on the board, as 
this may damage the board. COMPONENT REMOVAL AND 

REPLACEMENT 
2. Melt a small amount of solder onto the component 

lead connection, This replaces the flux, which may have 
been removed during instrument cleaning, and facilitates 
removal of the component. 

/ W A R N I N G  I 

To avoid electric-shock hazard, alwavs disconnect 
the instrument from the power source before remov- 

3. Grip the component lead with a pair of long-nose ing or replacing components or plug-in units. 
pliers. When the solder begins to flow, gently pull the 
component lead from the board. If  unableto separate the 
lead from the board, try removing the other end of the The exploded-view drawings associated with the 
component. Replaceable Mechanical Parts list (located at the rear of 

this manual) may be helpful in the removal or disassembly 

NOTE 
of individual components or sub-assemblies. 

Some components are difficult to remove from the 
circuit boards due to a bend placed in each lead 

Power-Supply Unit Removal 

during machine insertion of the component. The 
purpose of the bent leads is to hold the component in 
position during a flow-solder manufacturing 
process which solders all components at once. To 
make removal of machine inserted components 
easier, straighten the leads of the component on the 
back of the circuit baord, using a small screwdriver 
or pliers, while heating the soldered connection. 

4. Bend the leads of the replacement component to fit 
the holes in the circuit board. If thecomponent is replaced 
while the board is mounted in the instrument, cut the leads 
so they will just protrude through the board. Insert the 
leads into the holes in the board so that the component is 
firmly seateij against the board, or as originally position- 
ed. 

The power-supply unit can be slid out of the rear of the 
7904 to gain better access to the Logic board, Main 
Interface board, LV Regulator board, or for power-supply 
maintenance and troubleshooting. l o  remove the power- 
supply unit from the mainframe, first remove the four 
screws which hold the power-supply unit to the rear frame 
of the instrument. Slide the power-supply unit out of the 
mainframe until it can be set down on the work surface (be 
sure to guide the interconnecting cables so they do not 
catch on other parts of the instrument). The power-supply 
unit remains electrically connected to the rest of the 
instrument in this position, allowing for troubleshooting. If 
it is necessary to operate this instrument with the power- 
supply unit removed for a period of time, we recommend 
that the power-supply unit be secured to the instrument 
with spacers between the rear frameand the power-supply 
unit. 

5. Touch the iron to the connection and apply enough Reverse the above procedure when placing the power- 
solder to make a firm solder joint. supply unit into the mainframe of the instrument; be 

careful not to pinch the interconnecting cable when 
replacing the unit. Be sure that all the securing screws are 

6. Cut off any excess lead protruding through the tight enough to hold the power-supply unit properly in 
board (if not clipped in step 4). place. 
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Access to Components in the Power-Supply Unit 1. Remove the protective cover from the power-supply 
unit following the preceding procedure. 

T o  reach the components located inside the power- 
supply unit for maintenance or repair, use the following 2. Apply a 1.5 kilohm, 2-watt, insulated resistor across 
procedure: the capacitor screws. 

Disconnect the instrument from the power source 
and allow the Iine storage capacitors to discharge 
before removing the power-unit cover. The line 
storage capacitors remain charged with high voltage 
dc for several minutes after the line power is 
disconnected unless they are manually discharged. 
A warning-indicator neon bulb, located on the 
Power Supply tnverter board, flashes when this 
stored voltage exceeds about 80 volts. Do not 
remove the power-unit cover while this light is 
flashing. 

1 .  Slide out the power unit as described previously. 

Cathode-Ray Tube Removal 

Remove the cathode-ray tube (crt) as follows: 

1 W A R N I N G  1 

The crt may retain a dangerous electrical charge. 
Before removing the crt, the anode must be fully 
discharged by shorting the anode lead from the crt 
to the chassis. Wait approximately ten minutes and 
again firmly short this lead to the chassis. Then 
remove the crt. After removal, short the anode lead 
to the silvered patch on the funnelportion of the crt 
just prior to further handling. 

2. Disconnect the crt anode plug from the jack located Use care when handling a crt. Breakage of the eft 
at the front of the power unit. Ground this lead to  the causes a high-velocity scattering of glass fragments 
chassis t o  dissipate any stored charge, (implosion). Protective clothing and safety glasses 

should be worn. Avoid striking the crt on any object 

3. Disconnect all the multi-pin connectors which con- which might cause it to crack or implode. When 

nect the power unit t o  the rest of the instrument. storing a crt, place it in a protective carton or Set it 
face down in a protected location on a smooth 
surface with a soft mat under the faceplate. 

4. Disconnect the power-unit ground lead (green- 
with-yellow stripe wire terminated with spade lug) by 

1 .  Remove the plastic crt mask, light filter, and metal loosening the securing screw at the rear of the 2-Axis 
l ight shield. chassis (near A16, 2-Axis circuit board). 

2. Remove the four screwssecuring the crt bezel to  the 
the nut h o l d i n g  the switch to the 

front panel. Disconnect the multi-pin connector from the front panel. Remove this switch and the interconnecting 
left rear of the crt bezel. cable through the rear of the instrument. 

6. Remove the screws which secure the protective 3. Release the crt anode lead from the plastic fasteners 

cover t o  thefront and bottom of the power unit and pull the near the top of the instrument. Disconnect the anode plug 

cover off of the power unit. from the jack on the power unit. Ground this lead to  the 
chassis t o  dissipate any stored charge. 

7. The power unit is now open for maintenance or 
repair. For information on circuit board removal and 4. Disconnect the deflection-plate connectors. Be 

replacement, see the instructions piven under Circuit careful not t o  bend these pins. 

Board Replacement for the applicabie board. To replace 
the transformer, see Power Transformer Replacement. 

5. Loosen the two screws located on each side of the 
crt socket until the tension of the springs on these screws 
is released. Then, press in on the screws to  besure that the 8. Reverse the order of removal t o  replace the power- 
crt clamp is loose. unit cover. 

Before performing maintenance or taking ohmic 7. Hold one hand on the crt faceplate and push forward 

measurements in the power-supply unit ,  manually dis- on the crt base with the other. As the crt starts out of the 

charge the line storage capacitors (e l216 and C1217) as grasp it Guide the allode lead through the 

follows: cutout in the crt shield as the crt is removed. 
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Cathode-Ray Tube Replacement 

Replace the cathode-ray tube (crt) as follows: 

The pin connectors, except for coaxial-type connec- 
tors, used for interconnection between circuit boards are 
color-coded to aid in identification and circuit tracing. The 
color of the connector body matches the resistor color- 
code forthe last digit of the connector circuit number; e.g., 

1. Insert the crt into the shield. Guide the anode lead P60, is brown, P603 is orange, etc. 
through the hole in the crt shield. Set the crt firmly against 
the cishions mounted on each corner of the frame panel. 

Most of the circuit boards in this instrument are 
mounted on the chassis; pin connectors are used for 

2. Clean the crt facepiate, piastic facepiate protector, electrical interconnection with chassis mounted 
and the light filter with denatured alcohol. ponents and other circuit boards. Several boards plug 

onto the front and rear or the Main interface board; feed- 
thru connectors connect the plug-on board to the Main 3. Place the black plastic crt mask over the crt 

board. 
faceplate. 

Chassis-Mounted Boards. Remove and replace all 
4. Reconnect the multi-pin connector to the crt bezel chassis-mounted circuit boards as follows: 

(alian arrow on connector with arrow on bezel). Hold the 
l ie& faceplate protector in position and install the crt 
bezel. ~ i r m l ~  tighten the four-screws. 1. Disconnect all pin connectors attached to the 

board, or which connect the board to other parts of the 
instrument. 

5. Push forward on the crt base to be certain that the 
crt is as far foward as possible. Then tighten the two 
screws beside the crt base socket until the springs on the 2. Remove the securing screws. 
screws are fully compressed. 

6. Replace the crt base socket. 
3. Remove the chassis-mounted board. 

4. Replace chassis-mounted boards in the reverse 
7. Fasten the crt anode lead into the plastic fasteners. order of removal, ~~~~h the index arrow on the 

Reconnect the crt anode plug. connectors to the corresponding arrow on the board. 
Correct location of the pin connectors is shown on the 
circuit board illustration in section 8, Diagramsand Circuit 

8. Carefully reconnect the deflection-plate connec- Board Illustrations, 
tors. After each connector is installed, lightly pull on its 
lead to be sure that it will remain in place. 

Plug-On Boards. Remove and replace the plug-on 
boards as follows: 

9. Replace the metal light shield and the tinted filter. 
Then snap the plastic crt mask into the crt bezel. 

1. Remove the plug-in units or the power-supply unit 
(see Power-Supply Unit Removal) as necessary to gain 
access to the boards mounted on the front or rear of the 

NOTE Main Interface board. 

The replacement of the crt will require that the 
instrument be re-adjusted. Refer to Section 5, Per- 2. Disconnect any end-lead coaxial connectors 
formance Check and Adjustment. located on the front of the board, or those which pass 

across a portion of the board. 

Circuit Boards 3. Loosen all of the board's securing screws. 

If a circuit board is damaged beyond repair, replace the 
entire board assembly. Part numbers are given in section 4. Keeping the board parallel to the Main Interface 
7, Replaceable Electrical Parts, for the completely wired board, gently pull out on the edge of the board until the 
board. feed-thru terminals are cleared. 
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5. To replace a plug-on circuit board, pos~tion the 
board parallel to the Main lnterface board so that all feed- 
thru pins are properly aligned with their sockets. 

6. Gently press the circuit board against the mounting 
surface. Be sure that ail feed-thru pins and sockets mate 
properly. 

7. Uniformly tighten the securing screws 
(recommended torque: four to six inch-pounds). 

Al-Probe Power Circuit Board. Remove and replace 
the Probe Power circuit board as follows: 

1. Disconnect the multi-pin connector and coaxial 
cables from the board. 

2. Remove the twoscrewssecuring the circuit board to 
the chassis. 

3. Using a vacuum-type desoldering tool, remove the 
solder attaching the board to the probe power connector 
f J90). 

4. Replace the circuit board in the reverse order of 
removal. Match the index arrow on the multi-pin connec- 
tor to the corresponding arrow on the circuit board. 
Correct location of the multi-pin connector is shown on 
the circuit board illustration in Section 8, Diagrams and 
Circuit Board Illustrations, 

AP-Main lnterface Circuit Board. Remove and replace 
the Main lnterface circuit board as follows: 

1. Slide out the power-unit as described previously. 

2. Remove all of the plug-on circuit boards from the 
Main lnterface circuit board as given previously (remove 
plug-in units to gain access to plug-on boards on front of 
Main lnterface board). 

3. Disconnect the pin connectors from the Main 
lnterface board. Note the order of these connectors so 
they can be correctly replaced. 

4. Remove the screws from inside each plug-in com- 
partment which hold the plug-in interface connectors to 
the chassis of this instrument. Also remove the screws 
which hold the ground straps to the chassis. 

5. Slide the Main lnterface board assembly to the rear 
and remove it from the instrument. 

6. To repface the Main lnterface board, reverse the 
order of removal. Match the arrows on the pin connectors 
to the arrows on the board. Correct location of the pin 
connectors is shown in the circuit board iIlustrations in the 
Diagrams section. Also see Pin Connectors Color-Code 
under Troubleshooting in this section. 

A3-Front Panel lnterconnect Board. Remove or 
replace the Front Panel lnterconnect circuit board as 
follows: 

I .  Disconnect all pin connectors and cables from the 
board, and remove the two screws holding the board to the 
chassis. 

NOTE 

When removing wires from a circuif board, always 
tag the wire and fhe corresponding connection point 
on the circuit board. 

2. Slide the board toward the rear of the instrument 
until the board clears the pushbutton switch pins. 

3. Remove the board from the instrument. 

4. Replace the board by reversing theorderof removal. 
Match the index arrow on the multi-pin connectors to the 
corresponding arrow on the board- Correct locations of 
the multi-pin connectors is shown on the circuit board 
illustration in Section 8, Diagrams and Circuit Board 
Illustrations. 

A8-Vertlcel Amplifier Circuit Board. Remove and 
replace the Vertical Amplifier circuit board as follows: 

I. Disconnect at1 multi-pin connectors and coaxial 
cables from the board. Also, remove the vertical output IC 
leads from the crt neck pins. 

2. Remove the seven securing screws holding the 
circuit board to the chassis. 

3. Remove the circuit board from the instrument, 

4. To replace the circuit board, place the board in the 
instrument, but do not tighten the securing screws at this 
time. 
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5. Align the output IC leads to the crt neck pirrs, 5. Remove the screws which hold the switch/board 
located behind the circuit board. Then tighten the secur- assembly to the chassis and remove the assembly from the 
ing screw. instrument. 

6. Reconnect the coaxial cablesand multi-pin connec- 6. To replace the Calibrator-Signals switch/board 
tors. Match the index arrow on the connectors to the assembly, reverse the removal procedure. Match the 
corresponding arrow on the circuit board. arrows on the multi-pin connectors to the arrows on the 

board. Correct location of the pin connectors and coaxial 
cables is shown on thecircuit board illustration insection 

7. Correct location of the multi-pin connectors is 8. Be sure the front-panel knobs are installed so they 
shown on the circuit board i l l ~ ~ t r a t i ~ n  in Section 8, indicate the correct switch positions. 
Diagrams and Circuit Board lilustrations. 

AS-,-Horizontal Amplifier Circuit Board. Remove or 
replace the Horizontal Amplifier circuit board as follows: 

All--Power Supply Inverter Board. To remove and 
replace the Power Supply Inverter board, use the foliow- 

1. Disconnect all multi-pin connectors and coaxial ing procedures. An exploded-view drawing of the power 
cables from the board. Also, disconnect the two output unit is shown in the Replaceable Mechanical Parts list. All 
leads form the crt neck pins. references to direction or location (e.g., left side) assume 

that the power unit is placed as shown in this drawing. 
Several critical parts are identified in Fig. 4-4, an 

2. Remove the foursecuring screws holding thecircuit exploded-view drawing of a portion of the power unit. 
board to the chassis. 

3. Remove the circuit board from the instrument 

4. To replace the circuit board, reverse the removal The power-unit assembly has been tested at the 
procedure. Match the arrows on the multi-pin connectors factory to assure safe operation. Improper repair of 
to the arrows on the circuit board. Correct location of the this unit can result in hazardous voltages on the 
pin connectors and coaxial cables is shown on the circuit chassis of this instrument. Do not remove the plate 
board illustration in Section 8, Diagrams and Circuit insulator, block insulator, or transistor shield from 
Board Illustrations. the rear heat-sink (see Fig. 4-9). 

AlO-Calibrator-Signal Board. To replace the 
Calibrator-Signals circuit board, proceed as follows: REMOVAL: 

1. Disconnect the instrument from the power source. 
1. Disconnect all pin connectors and cables from the 

board. 

2. Remove the power unit from the instrument as 
2. Set the CALIBRATOR and RATE switches as described under Power-Unit Removal. 

necessary to gain access to the shaft-coupling set screws 
(one in front of both switch sections). Note the knob 
positions so they can be correctly replaced. 3. Remove the protective cover from the power unit as 

described under Access to Components in Power Unit. 

3. Loosen the set screw in the rear shaft coupling with 
a 0.050-inch hex-key wrench. Remove the RATE knob and 4. Disconnect the multi-pin connectors from A12 Cap- 
shaft through the front of the instrument. Rectifier board. 

4. Loosen the front set screw in the front shaft 5. Remove the mounting hardware securing the 
coupling with a 5/64-inch hex-key wrench. Remove the plastic-cased power transistors to the rear heatsink. Note 
CALIBRATOR knob and shaft through the front of the the orientation of the lockwashers so they can be correctly 
instrument. replaced. 
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r--- -"-#- ---*------ ~ -- 
1 11. The left side of A12, Cap-Rectifier board issecured 

to the capacitor bracket by two screws. Remove these 
screws. 

12. The top right corner of A12, Cap-Rectifier board, is 
secured to the nut block by a screw. Remove this screw. 

13. The left side of A l l ,  Power Supply lnverter board, 
is secured to two capacitors by four screws. Remove these 
screws to remove the capacitors and capacitor bracket. 

14. Move the bottom edge of A12, Cap-Rectifier board, 
away from A l l ,  Power Supply lnverter board, until the 
interconnecting pins are cleared. Remove A12, Cap- 
Rectifier board, and the high-voltagesupply box as a unit. 

15. Unsolder the eight line-input leads from A l l ,  
Power Supply lnverter board. These leads are identified 
on the circuit board illustration, A l l  in the Diagrams 
section. Remove all excess solder from the board with a 
vacuum-type desoldering tool. 

Fig. 4-9. Exploded-view drawing of a portion of the power unit 
16. The line-filter shield is held to the rear heatsink by 

identifying several critical parts. two screws. Remove these screws; it is not necessary to 
disconnect the line-filter leads. 

6. Remove the Regulator chassis. This chassis is 17. Remove the two transistors by removing the nuts 
secured to the rear heatsink by two screws; access to the and pulling the transistors from their sockets. 
remaining four screws is provided by holes in A13, LV 
Regulator board. Remove this chassis along with the LV 
Regulator board and plastic-cased transistors. 18. Shield is held to the insulator block by three 

screws. Remove these screws. 

7. Remove the right sidecover. This cover issecured to 
the rear heatsink by two screws and to the side by one 79. Move A l l ,  Power Supply Inverter board, away 
screw. from the heatsink-shield until the transistor mounting 

studs clear the heatsink-shield. Remove A l l ,  Power 
Supply lnverter board, and shield as a unit. 

8. Remove the left side cover. This cover is secured to 
the rear heatsink by two screws and to the side by four 
screws. 

9. Remove transistor shield from A l l ,  Power Supply 
inverter board, by removing two plastic screws and split 
lockwashers. REPLACEMENT: 

1. Set the back of the rear heatsink on the work 
surface. Replace A l l ,  Power Supply lnverter board, with 

10. Unsolder the three power-transformer leads from shield, by guiding the transistor mounting studs through 
A l l ,  Power Supply lnverter board. These leads, which the holes in the heatsink-shield. 
pass through holes in the board, are identified on the 
circuit-board illustration in the Diagrams section. Remove 
the excess solder from the board with a vacuum-type 2. Secure the shield to the insulator block with three 
desoldering tool. screws. 
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3. Apply a thin coat of silicone grease to both sides of 
the transistor insulating washers and place these washers 
over the transistor mounting studs. 

4. Replace transistors and secure with nuts. 

5. Secure the line-filter shield to the rear heatsink with 
the two screws, Be sure no wires get caught between the 
shield and heatsink. 

6. To mount A12, Cap-Rectifier board, and high- 
voltage supply box, guide the power-transformer leads 
through the appropriate holes in A l l ,  Power Supply 
lnverter board. Then, align A12, Cap-Rectifier board, to 
properly mate the interconnecting pins and sockets. 

7. Replace the screw which secures A12, Cap-Rectifier 
board, to the nut block. 

8. Place the power-unit ground lead and power-switch 
cable in the slot in the top of A12, Cap-Rectifier board. 

9. Mount the capacitors with capacitor bracket to A l l ,  
Power Supply lnverter board, with four screws. 

10. Replace the two screws which secure A12, Cap- 
Rectifier board to the capacitor bracket. 

11. Solder the three power-transformer leads and 
eight line-input leads to A l l ,  Power Supply lnverter board. 
Correct connection of these leads is shown on the circuit 
board illustration, A l l ,  in the Diagrams section. 

12. Replace the transistor shield; secure with two 
plastic screws. 

13. Replace the left side cover; secure with screws. 

14. Replace the right side cover; secure with screws, 

15. Before replacing the Regulator board chassis 
along with A13, LV Regulator board and plastic power 
transistors, apply a thin coat of silicone grease to the back 
(mounting surface) of each transistorcase. Check thatthe 
transistor insulating washers are in place on the rear 
heatsink. If any of these insulating washers are replaced, 
apply a thin coat of silicone grease to each side. 

16. Place the Regulator board chassis on the power 
unit. Check that the plastic transistors are aligned with 
their mounting holes and that the insulating washers are 
still in place between the transistor cases and the rear 
heatsink. 

17. Replace the screws that secure the Regulator 
board chassis; do not yet tighten these screws. 

18. Secure the plastic transistors to the rear heatsink, 
with the mounting hardware. Do not over-tighten these 
nuts; recommended torque, 4 to 6 inch-pounds. Tighten 
the screws replaced in the previous step. 

19. Connect the rnulti-pin to A12, Cap-Rectifier board; 
match the arrows on the connectors to the arrows on the 
board. 

Al2-Cap-Rectifier Board. To remove and replace the 
Cap-Rectifier circuit board, use the following procedure: 

1. Follow the first 12 steps of the removal procedure for 
the Power Supply inverter board, as given previously. 

2. Unsolder the power-transformer leads connected to 
the rear side of the board. Remove theexcesssolderwith a 
vacuum-type desoldering tool. 

3. Remove the screws which hold the circuit board to 
the high-voltage supply box. 

4. To replace the board, reverse the order of removal. 
Place ail of the power-transformer leads in the circuit 
board holes; then re-solder them to the board. To replace 
the Regulator board chassis along with the LV Regulator 
board and pfastic power transistors, see the instructions 
given in the replacement procedure for the Power Supply 
lnverter board. 
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A13-LV Regulator Board, To remove and replace the the high-voltage supply box and are removed as a unit. To 
LV Regulator circuit board, use the following procedure: replace either of these boards, proceed as follows: 

REMOVAL: 1. Follow the first six steps given under Access to 
Components in Power Unit. 

1. Slide the power unit out of the rear of the instrument 
as described previously. 

2. Disconnect the remaining multi-pin connectors 

2. Disconnect the multi-pin connectors from the 
from the LV Regulator board. 

board. 

3. Remove the hardware which secures the plastic 

3. Remove the mounting hardware securing the power transistors to the rear heatsink. 

plastic-cased power transistors to the rear heatsink. Note 
the orientation of the lockwashersso they can be correctly 
replaced. 4. Remove the four screws which hold the Regulator 

chassis to the power unit (accessible through holes in the 
LV Regulator board). 

4. Remove the screws which hold the LV Regulator 
board to the top chassis. Remove the board along with the 

5. Remove the two screws securing the lip of the 
plastic-cased transistors. Regulator chassis to the rear heatsink. 

REPLACEMENT: 
6. Remove the Regulator chassis along with the LV 

1. Apply a thin coat of silicone grease on the back Regulator board and plastic transistors. 
(mounting surface) of each plastic transistor case. 

7. Remove the screw securing the High-Voltage board 
2. Place the LV Regulator board on the chassis. to the high-voltage supply box. 

Replace the screws which hold the board to the chassis; 
do not yet tighten these screws. 

8. Unsolder the five power-transformer leads con- 
nected to the High-Voltage board. Note the location of 

3. Check that the plastic transistors are aligned with these leads so they can be correctly re-connected. 
their mounting holesand that the insulating washersare in Remove the excess solder from the board with a vacuum- 
place between the transistor cases and the rear heatsink. type desoldering tool. 

4. Secure the transistors to the heatsink with the 9. Remove the High-Voltage and Auto Focus boards 
mounting hardware. Do not over-tighten the nuts; from the high-voltage supply box. 
recommended torque, 4 to 6 inch-pounds. 

10. To replace the two boards, reverse the removal 
5. Tighten the screws holding the LV Regulator board procedure. To replace the Regulator chassis along with 

to the chassis. the LV Regulator board and plastic transistors, see the 
instructions given in the replacement procecure for the 
Power Supply inverter board. 

6. Connect the multi-pin connectors to the board. 
Match the arrows on the connectors to the arrows on the 
board. 

Al8-Readout Circuit Board. Remove and replace the 

7. Replace the power unit in the instrument. Readout circuit board as follows: 

1. Disconnect the multi-pin connectors and coaxial 
A14, A15-High-Voltage and Auto Focus Boards. The cables from the board. Note the location of theconnectors 

High-Voltage and Auto Focuscircuit boardsare located in so they may be correctly replaced. 
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2. Remove the single screw securing the circuit board 
to the chassis. 

3. Gently, push back the plastic fasteners holding the 
circuit board, and remove the board from the instrument. 

4. Replace the Readout circuit board by reversing the 
order of removal. Match the index arrow on the multi-pin 
connectors to the corresponding arrow on the circuit 
board. Correct location of the multi-pin connectors is 
shown on the illustration in Section 8, Diagrams and 
Circuit Board Illustrations. 

Plug-In lnterface Connectors. - 

The individual contacts of the plug-in interfaceconnec- 
tors can be replaced. However, we recommend replacing 
the entire Main Interface board if a large number of the 
contacts are damaged. An alternative solution is to refer 
the maintenance of the damaged Main lnterface board to 
your local Tektronix Field Office, Use the following 
procedure to remove and replace an individual contact of 
the plug-in interface connectors: 

NOTE 

The plug-in interface contacts which are mounted 
on the Follower circuit boards cannot be replaced. A 
Follower board with contacts and interconnecting 
cables is replaced as a unit. See Circuit Boards 
earlier in this section. 

1. Remove the Main lnterface circuit board from the 
instrument as previously described. 

2. Snap the white plastic connector cover off the side 
of the damaged plug-in interface connector. 

3. Unsolder and remove the damaged contact. 

4. Install the replacement contact. Carefully position it 
to fit against the connector body. 

5. Snap the white plastic connector cover back onto 
the plug-in interface connector. Check that the replaced 
contact is aligned with the other contacts. 

6. Replace the Main lnterface board. 

Semiconductors 

Semiconductors should not be replaced unless actual- 
ly defective. if removed from their sockets during routine 
maintenance, return them to their original sockets. 
Unnecessary replacement of semiconductors may affect 
the adjustment of the instrument. When semiconductors 
are replaced, check the operation of circuits which may be 
affected. 

I W A R N I N G  ) 

To avoid electric shock hazard, always disconnect 
the 7904 from the power source before removing or 
replacing components. 

Replacement semiconductors should be of the original 
type or a direct replacement. Lead configurations of the 
semiconductors used in this instrument are shown in Fig. 
4-10. Some plastic case transistors have lead con- 
figurations which do not agree with those shown. If a 
replacement transistor is made by a different manufac- 
turer than the original, check the manufacturer's basing 
diagram for correct basing. All transistor sockets in this 
instrument are wired for standard basing as used for 
metal-cased transistors. When removing soldered-on 
transistors, use a solder-removing wick to remove the 
solder from the circuit board pads. Transistors which have 
heat radiators or are mounted on the chassis use silicone 
grease to increase heat transfer. Replace the silicone 
grease on both sides of the insulating washer when 
replacing these transistors. 

I W A R N I N G  ) 

Handle silicone grease with care. Avoid getting the 
siliconegrease in youreyes. Wash hands thoroughly 
after use. 

To replace one of the powertransistors mounted on the 
heatsink at the rear of the power-supply unit, first remove 
the mounting hardware. Then, unsolder and remove the 
defective transistor. When replacing the transistor, be sure 
to install the insulating washer between the transistor and 
the heatsink (use silicone grease as previously described). 
Tighten the mounting nut just tight enough to hold the 
transistor in place. Then solder the replacement transistor 
to the LV Regulator board. 

An extracting tool should be used to remove the in-line 
integrated circuits to prevent damaging the pins, This tool 
is available from Tektonix, Inc. If an extracting tool is not 
available, use care to avoid damaging the pins. Pull slowly 
and evenly on both ends of the integrated circuit. Try to 
avoid one end disengaging from the socket before the 
other end. 
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LEAD CONFIGURATIONS AND CASE 
STYLES ARE TYPICAL, BUT MAY 
VARY DUE TO VENDOR CHANGES OR 
INSTRUMENT MODIFICATIONS. 

I Plast~c-Cased Tranststors 

f Metal-Cased Transistors 
L Plastic-Power Transistors 

lntegrated Circucts 

NOTE: Circult board is keyed with arrow ( ). or dot to 
locate either pln 1 or tab of Integrated clrcuit. 

Fig. 4-10. Electrode configuration for semiconductors in this instrument. 

REV OCT 1981 
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Interconnecting Pins 

Two methods of interconnection are used in this 
instrument to electrically connect the circuit boards with 
other boards and components. When the interconnection 
is made with a coaxial cable, a special end-lead connector 
plugs intosocket on the board. Other interconnections are 
made with a pin soldered into the board. Two types of 
niating connectors are used for these interconnecting 
pins. If the mating connector is mounted on a plug-on 
circuit board, a special socket issoldered into the board. If 
the mating connector is on the end of a lead, an end-lead 
pin connector is used which mates with the interconnec- 
ting pin. The following information provides the removal 
and replacement procedure for the various types of 
interconnecting methods. 

Coaxial-Type End-head Connectors. Replacement of 
the coaxial-type end-lead connectors requires special 
tools and techniques; only experienced maintenance 
personnel should attempt to remove or replace these 
connectors. We recommend that the damaged cable or 
wiring harness be replaced as a unit. An alternative 
solution is to refer the replacement of the defective 
connectorto your local Tektronix Field Officeor represen- 
tative. Figure 4-1 1 gives an exploded view of a coaxial end- 
lead connector assembly. 

Circuit-Board Pins. A circuit-board pin replacement kit 
(including necessary tools, instructions, and replacement 
pins with attached ferrules) is available from Tektronix, 
Inc. Replacing circuit-board pins on multi-layer boards is 
not recommended. (The multi-layer boards in this instru- 
ment are listed under Soldering Techniques in this 
section.) 

To replace a damaged pin, first disconnect any pin 
connectors. Then unsolder the damaged pin and pull it 
from the board with a pair of pliers, leaving the ferrule (see 
Figure 4-12) in the circuit board if possible. I f  the ferrule 
remains in the circuit board, remove thespare ferrule from 
the replacement pin and press the new pin into the hole in 
the circuit board. If the ferrule is removed with the 
damaged pin, clean out the hole using a solder-removing 
wick and a scribe. Then press the replacement pin, with 
attached spare ferrule, into the circuit board. Position the 
replacement pin in the same manner as the original pin 
had been. Solder the pin to the circuit board on each side 
of the board. If the original pin was bent at an angle to mate 
with a connector, carefully bend the new pin to the same 
angle. Replace the pin connector. 

Circuit-Board Pin Sockets. The pin sockets on the 
circuit boards are soldered to the back of the board. To 
remove or replace one of these sockets, first unsolder the 
pin (use a vacuum-type desoldering tool to remove excess 
solder). Then straighten the tabs on the socket and 

remove the socket from the board. Place the new socket in 
the circuit board hole and press the tabs down against the 
board. Solder the tabs of the socket to the circuit board; be 
careful not to get solder inside the socket. 

'The spring tension of the pin sockets ensures a good 
connection between the circuit board and the pin. 
This spring tension can be destroyed by using the 
pin sockets as a connecting point for spring-loaded 
probe tips, afligator clips, etc. 

End-Lead Pin Connectors. The pin connectors used to 
connect the wires to the interconnecting pins are clamped 
to the ends of the associated leads. To remove or replace 
damaged end-lead pin connectors, remove the old pin 
connector from the end of the lead and clamp the 
replacement connector to the lead. 

. CABL 

,EYEL 

RECEPTACLE 
HOLE 

SOCKET 
HOLE 

L 

Fig. 4-11. Coaxlal end-lead connector assembly. 
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2. Remove the plastic screws securing the Front-Panel 
lnterconnect board and remove this board. 

3. Remove the two Phillips-head screws holding the 
upper plug-in guide bar to the top of the plug-in com- 
partments associated with the modeswitch which is being 
removed (vertical compartments for VERTICAL MODE 
switch, horizontal compartments for HORIZONTAL 
MODE switch). 

4. Remove the switch from the instrument. It will be 
necessary to carefully guidetheswitch around thecabling 
and structural members of the instrument as it is removed. 

5. To replace the switch, reverse the above procedure. 
Be sure the EM1 gasketing is in place between the switch 
and the front panel when the switch is replaced. Match the 
arrows on the multi-pin connectors to the arrows on the 
Front-Panel lnterconnect board. 

Trigger Source Switches. To replace the A TRIGGER 
SOURCE or B TRIGGER SOURCE pushbutton switches, 
proceed as follows: 

1. Disconnect the multi-pin connectors from the 
Front-Panel lnterconnect board. 

Fig. 4-12. Exploded view of circuit-board pin and ferrule. 
2. Remove the plastic screws securing the Front-Panel 

lnterconnect board and remove this board. 
Some of the pin connectors are grouped together and 

mounted in a plastic holder; the overall result is that these 
connectors are removed and installed as a multi-pin 3. Press the center of the release bar on the switch 

connector (see Troubleshooting Aids). If the individual holder, then press on the front-panel pushbuttons to 

end-lead pin connectors are removed from the plastic remove the switch from the holder. 

holder, note the order of the individual wires for dorrect 
replacement in the holder. 

4. To replace the switch, reverse the above procedure. 
Press the center of the release bar as theswitch is pressed 

Pushbutton Switches into place. Match the arrows on the multi-pin connectors 
to the arrows on the Front-Panel lnterconnect board. 

The pushbutton switches are not repairableand should 
be replaced as a unit if defective. Components which are 
mounted on thecircuit board associated with the pushbut- Light-Bulb Replacement. The following procedures 
ton switch can be replaced using the normal replacement describe replacement of the light bulbs in this instrument, 
procedures. See the information under Light-Bulb 
Replacement for instructions on replacing the light bulbs. 

Mode Switches. Use thefollowing procedure to replace 
A. MODE SWI'TCHES. 

the VERTICAL MODE or HORIZONTAL MODE pushbut- Use the following procedure to replace light bulbs in 
ton switches: the VERTICAL MODE or HORIZONTAL MODE switches: 

1. Disconnect the multi-pin connectors from the rear 1. Remove the applicable mode switch as given 
of the Front-Panel Interconnect board. previously. 
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2. Unsolder the leads of the bulb and the plastic holder D. GRAT ~CULE BULB REPLACEMENT (FOR SN ~ ~ $ 2 0 9 2  
from the circuit board; remove these itemsfrom theswitch g, BELOW) 
assembly as a unit. 

To replace the graticule bulbs, first remove the plastic crt 
mask, light filter, and metal light shield. Pull on the white 

3. Remove the defective bulb from the plastic holder. tabs to remove the graticule lamp assembly. Now, slide the 
lamp retaining strips to the side, off the bulb base. Pull the 
bulb out of the circuit board. Reverse the order of removal 

4. Install the new bulb in the plastic holder; install this for replacement. 
unit in the switch assembly. 

5.  Solder the bulb and holder to the circuit board. 

6. Replace the mode switch as described previously. 

8. TRIGGER SOURCE SWITCHES 

GRATICULE BULB REPLACEMENT (FOR SN 8282093 & 
UP) 

Ib remove or replace the graticule light bulbs, first 
remove the plastic crt mask, light filter, and metal shield. Pull 
on the white tabs to removethe graticule lamp assembly. To replace light in the ATRIGGER 
Next unsolder the leads of the damaged bulb and pull the TRIGGER SOURCE switches, proceed as follows: 
bulb out of the circuit board. Pre-form the leads of the 
replacement bulb and insert it into the circuit board and re- 

1. Remove the applicable trigger source switch, using solder. Now reverse the order of removal for replacement of 

the procedure described previously. the entire crt graticule lamp assembly, 

2. Remove the light-bulb cover by prying between the 
cover and the circuit board. 

Relay Replacement. The relays on the X-Y Delay 
~orn~ensat ion  board (optional feature) are mounted in 

3. Unsolder the defective bulb from the circuit board. sockets. The basing (as well as the internal connections) 
of these relays is symmetrical so that these relays may be 

4. lnstall the new bulb so it is positioned in the same 
plugged into their socket facing in either direction. 

manner as the original bulb 

5. Solder the bulbtothecircuit board. I f  possibte, usea 
heat sink to protect the bulb during soldering. 

Power Transformer Replacement, Replace the power 
transformer only with a direct replacement Tektronix 

6. Replace the bulb cover. transformer. l o  replace the power transformer, proceed 
as follows: 

7. Install the switch using the procedure described 
previously. I .  Remove the Line Inverter board assembly, Cap- 

Rectifier, and High-VoltagelAuto Focus boards as given 

C. INTENSITY INDICATORS. under Circuit Board Replacement. 

The light bulbs which provide an indication of which 
intensity control is active are mounted in a cap which 2. Remove the brass spring retainers which hold the 
snaps into a holder mounted behind the front panel of the transformer windings and core in place and remove these 
instrument. To replace either of these bulbs, pull the items. 
bulblcap assembly off the holder. Then unsolder and 
remove the defective bulb. Replace the new bulb so it is 
positioned in the same manner as the original. Snap the 3. To replace the power transformer, reverse theorder 
bulbicap assembly back into the holder, of removal. 

REV DEC 1982 
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Vertical Amplifier Replacement. Vertical Amplifiers 
U685 and U745 can be replaced without removing the 
Vertical Amplifier board from the chassis. To remove 
U745, the crt connectors must be unsoldered from the 
integrated circuit leads. Touch a low-wattage iron tip to 
the leads near the solder connection and push the leads 
away from the connectors. See Fig. 4-74. 

The code number on the respective integrated circuit 
must match the replacement integrated circuit code. See 
Fig. 4-1 3 for location of code number. 

If the code number on the replacement integrated circuit 
does not match the number on the original integrated circuit, 
the emitter shunt resistors must also be replaced. Table 4-5 
lists the resistor value to be used with each code. The shunt 
resistors are located on the bottom of the board near the 
integrated circuits. Replacement resistors must be 118 watt 
rating. 

Table 4-5 

SHUNT RESIS"I"0R REPLACEMENT VALUES 

Fig. 4-13, Integrated circuit code location for U685 and U745. 

ADJUSTMENT AFTER REPAIR 

After any electrical component has been replaced, the 
adjustment of that particular circuit should bechecked, as 
well as the adjustment of any closely related circuits. 
Since the low-voltage supplies affect all circuits, adjust- 
ment of the entire instrument should be checked if 
component replacements have been made in these 
supplies or if the power transformer has been replaced. 
See Section 5 for a complete adjustment procedure. Fig. 4-14. U745 and the crt connector lead location. 

REV OCT 1981 

7904



Section 5-7904 (SN B260000-UP) 

PERFORMANCE CHECK AND 
ADJUSTMENT 

Introduction ADJUSTMENT. Completion of each step in the Perfor- 

Thissection contains information necessary to perform 
a complete instrument performance check and adjust- 
ment. Limits given in the procedure are adjustment guides 
and should be interpreted as performance requirements 
unless preceded by a check mark (J). Where possible, 
instrument performance is checked before an adjustment 
is made. 

PRELIMINARY INFORMATION 

Adjustment Interval 

To maintain instrument accuracy, check the perfor- 
mance of the 7904 every 1000 hours of operation, or every 
six months if used infrequently. Before complete adjust- 
ment, thoroughly clean and inspect this instrument as 
outlined in Section 4. Maintenance. 

Tektronix Field Service 

Tektronix Field Service Centers and the Factory Ser- 
vice Centers provide instrument repair and adjustment 
services. Contact your Tektronix Field Office or represen- 
tative for further information. 

mance Check and Adjustment procedure ensures thatthe 
instrument is correctly adjusted and performing within 
specified limits. For best overall performance when per- 
forming the complete adjustment procedure, make each 
adjustment to the exact setting indicated. 

PARTIAL PROCEDURES. The following procedure is 
written to completely check and adjust the instrument to 
the Performance Requirements listed in Section 1, 
Specification. If the applications for which the instrument 
is used do not require the full available performance, the 
procedures and the required equipment list can be 
shortened accordingly. 

A partial performance check and adjustment may be 
desirable after replacing components, or to touch up the 
adjustment of a portion of the instrument. To check or 
adjust only part of the instrument, refer to the Equipment 
Required list which precedes that portion of the procedure 
to be performed. To avoid unnecessary adjustment of 
other parts, adjust only if the tolerance given in each 
CHECK is not met. 

Using This Procedure 

This Performance Check and Adjustment procedure 
can be used for a complete adjustment procedure or as a TEST EQUIPMENT REQUIRED 
check of the instrument's performance. Completion of 
each step in the procedure ensures that the instrument is The test equipment listed in Table 5-1 is required for a 
correctly adjusted and operating within specified limits. complete performance check and adjustment of this 
Refer to the following discussion for instructions on a instrument. The specifications given in Table 5,.1 for test 
complete or partial check and adjustment. eaui~ment are the minimum required to meet the Perfor- 

mance Requirements listed in section 1, Specification. 
Detailed operating instructions for test equipment are INDEX' An index precedes the procedure to aid i~ 
omitted in this procedure. Refer to the test equipment 

locating Performance Check and Adjustment steps. 
instruction manual if more information is needed. 

PERFORMANCE CHECK. Instrument performance 
can be checked by performing the complete Performance Special Fixtures 

Check and Adjustment procedure and omitting only the Special fixtures are used only where they facilitate 
ADJUST part of the steps. A check mark (J)  preceding a instrument adjustment. These fixtures are available from 
CHECK indicates that the limit given is a performance Tektronix, Inc. Order by part numberfromTektronix Field 
requirement specified in Section 1, Specification. Offices or representatives. 
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Test Equipment Alternatives 

The test equipment listed in the Examples of Applicable 
Test Equipment column, Table 5-1, is required to check 
and adjust this instrument. The Performance Check and 
Adjustment procedure is based on the first item of 
equipment given as an example. If other equipment is 
substituted, control settings or setups may need to be 
altered. If the exact item or equipment given as an example 
is not available, refer to the Minimum Specifications 
column to determine if other equipment may be sub- 
stituted. Then check the Purpose column. If you deter- 
mine that your measurement requirements will not be 

affected, the item and corresponding step@) can be 
deleted. 

Signal Connections 

Detailed signal-connection information is not provided 
except when critical for a particular test. Rear-panel 
output connectors should be connected to other equip- 
ment with 50-ohm bnc cables. When simultaneously 
connecting a signal to two inputs, use a bnc Tee connec- 
tor. For test equipment signal-connection and termination 
information, refer to the test equipment instruction 
manuals. 

Table 5-1 

TEST EQUIPMENT 

Description ------ -- Minimum Specification 
--- -- -- - - -- - - 

1. Digital voltmeterb Range, 0 to 150 V; accuracy, 
within 0.1%. 

Purpose -- -- - - - -- - - - -- -- -- - - - - -- -- - - - - - - - -- 
Check and adjustment of 
calibrator output accuracy, 
and power supply voltages. 

Examples of Applicable 
Test Example 

- - -- - - - - - - - - - - - -- -- -- 

a. TEKTRONIX DM 501 Digital 
Multimeter." 

b. Fluke Model 825A differ- 
ential DC Voltmeter. 

with Test Leads 

2. DC voltmeter fvomlb I Range, to 3000 V; accu- 1 racy checked to within lob 

3. Time-mark generator 

Tektronix Part Number 003- 
01 20-00 test leads. 

High-voltage power supply 
adjustment. 

- .- - .- 

Marker outputs, 2 ns. to horizontal timing, a.TEKTRONIX TG 501 
0.1 s; marker accuracy, and calibration frequency. Time-Mark Generator." 
within O.lO/o; trigger output, 
1 ms. 

Valhatla Model 4500 H.V 
Digital Multimeter. 

35 kHz tocheck 
wave generator 1 MHz; output amplitude, 

variable from 50 mV to 
100 mV into 50 C2. 

"- 

Check and adjust X-Y 
phasing (Option 2 only). 

a. TEKTRONIX FG 503 
Function Generator. 

b. General Radio 1310-6 
oscillator. 

"Requires TM 500-Series Power Module. 

'used for adjustment only; NOT used for performance check. 

REV JAN 1982 
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Table 5-1 (cont) 

TEST EQUIPMENT 
----- 

Description Minimum Specification 
~ 

5. High-frequency sine- Frequency, 245 MHz to 
wave generator 500 MHz; reference fre- 

from 0.5 to 4 V into 50 fl; 
amplitude accuracy, con- 
stant within 1% of refer- 
ence as output frequency 
changes. 

Examples of Applicable 
Test Equipment 

a. TEKTRONIX SG504, 
Variable-Leveled Output.' 

b. General Radio 1362 
UHF Oscillator with 
12634 Amplitude-Reg- 
ulating Power Supply. 

c. Wiltron Model 670C 
Swept Frequency Gener- 
ator with Model 61083C, 
10 to 1220 MHz plug-in. 

6. Test oscilloscope Bandwidth, dc to 75 MHz; 
minimum deflection factor 
10 mvldiv; accuracy, with- 
in 3%. Dual channel with 
an inverting input and 
both added and alternate 
vertical modes. 

Used for performance check 
and adjustment. 

a. TEKTRONIX 7603 Os- 
cilloscope System with 
7A18 Amplifier, 7B53A 
Time Base, and P6063B 
Probe. 

b. TEKTRONIX 465 OS- 
cilloscope with P6063B 
Probe. 

c. Refer to the Tektronix 
Products catalog for com- 
patible oscilloscope sys- 
tem. 

7. Amplifier plug-in 
unit 

Tektronix 7A-series plug-in 
unit. 

Used throughout procedure 
to provide vertical input to 
the instrument under adjust- 
ment. 

a. TEKTRONIX 7A19 Ampli- 
fier unit. 

8. Amplifier plug-in 
unit (Dual Trace) 

Any 7A-series dual display 
amplifier unit. 

Used to check position and 
operation of READOUT 
display. 

a. Any 7A-series dual am- 
plifier unit (may be 
shared with a 7000-series 
test oscilloscope). 

9. Time-base plug-in 
unit (two required) 

Tektronix 7880 series; de- 
laying unit needed for 
checking DLY'D gate out 
(7885). 

Used throughout prodecure 
to provide sweep (delaying 
time base). 

a. TEKTRONIX 7885 Time 
Base. 

b. TEKTRONIX 7B80 Time 
Base. 

"Requires TM 500-Series Power Module. 
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Table 5-1 (cont) 

TEST EQUIPMENT 
--- . - . , - 

10. Calibration Fixture 
(signal standardizer) 

Produces gain-check and 
pulse-response waveforms. 

Used throughout procedure 
to standardize instrument 
so plug-in units can be 
interchanged without com- 
plete readjustment. 

a. TEKTRONIX Calibration 
Fixture 067-0587-02. 

b. 7000-series plug-in 
units with suitable signal 
sources may be sub- 
tituted if lower per- 
formance is acceptable. 

1 OX Passive Compatible with test os- 
cilloscope to be used. 

Used to check power supply 
ripple, signals out, cali- 
brator and Z-axis adjust- 
ment. 

-- - -- 

a. Tektronix Part No 
103-0030-00. 

12. Tee Connector bnc-to-bnc. External Z-axis operation 
check. 

13. Termination (two 
required) 

Inpedance, 50 Q; accu- 
racy, within 2%; connec- 
tors, bnc. 

Output termination for 
signal generators, if ampli- 
fier unit is not 50 Q input 
impedance. 

a. Tektronix Part No. 
01 1-0049-01. 

14. Cable (Two of each 
Length Required) 

Impedance, 50 0; type, 
RG-58/U; length, 18 and 
42 inches, connectors, 
bnc 
-- - -- - - - - - *- - - 

Signal interconnection. a. Tektronix Part No. 
01 2-0076-00 (1 8 inches) 
Tektronix Part No. 012- 
0057-01 (42 inches). 

.......... w-.--..---.----.--..--.- 

Three-inch shaft, 3132-inch 
bit. 

Used throughout adjustment 
procedure to adjust vari- 
able resistors. 

a. Xcelite R-3323. 

16. Low-Capacitance 
Screwdriverh 

1-1/2 inch shaft. Used throughout procedure 
to adjust variable capacitors. 

....... 

Vertical high-frequency com- 
pensation. 

a. Tektronix Part No. 
003-0000-00. 
....... 

a. Handle and insert, 
Tektronix Part Nos. 003- 
0307-00 and 003-031 0-00. 

- -" -- - --- - - - -"-- -- 
Fits 5/64-inch (ID) hex 
cores. 

17. Nylon Tuning foolb 

18. Plug-in ~ x t e n d e r ~  
(Rigid Calibration 
Fixture). 

Provides access to power 
supply voltages. 

Power Supply Voltage, 
Trigger System check and 
adjustment. 

a. Tektronix Part No. 
067-0589-00. 

for adjustment only; NOT used for performance check. 

REV B M A Y  1979 
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PERFORMANCE CHECK/ 
ADJUSTMENT PROCEDURE 

............ 7904 Serial No . -- .. 

Calibration Date 

Performance Check Date . , .. 

Tested By .... ... 

Introduction 

The following procedure checks and adjusts the 7904 
to meet the performance requirements given in the 
Specification section . 

Index to Performance Check/Adjustment 
Procedure 

Page 

................... A . POWER SUPPLY 5-7 

. . . . . . . .  1 . Adjust -50 Volt Power Supply 5-7 

2 . Adjust Inverter Control . . . . . . . . . . . . .  5-8 

Page 

2 . Check/Adjust B Trigger Selector DC Cen- 
tering and Gain . . . . . . . . . . . . . . . . . .  5-14 

3 . ChecklAdjust Vertical Signal Out DC Cen- 
. . . . . . . . . . . . . . . . . . . . . . . . .  tering 5-15 

d 4  . Check Trigger Selector Operation . . . . .  5-15 

5 . Check High-Frequency Triggering . . . . .  5-16 

D . VERTICAL SYSTEM ................. 5-17 

d 1 . Check/Adjust Vertical Amplifier Cen- 
. . . . . . . . . . . . . . . . . . . . . . . . .  tering 5-17 

\/ 2 . Check/Adjust Vertical Amplifier 
Gain . . . . . . . . . . . . . . . . . . . . . . . . . .  5-17 

d 3  . Check Low-Frequency Linearity . . . . . . .  5-17 

4 . Check/Adjust Vertical Low. High Fre- 
quency Compensation . . . . . . . . . . . . .  5-18 

\/5 . Check Vertical Amplifier Band- 
. . . . . . . . . . . . . . . . . . . . . . . . . .  width 5-19 

. . . . . . . .  . 3 Check Power-Supply Voltages 5-8 
d 6  . Check Vertical Channel Isolation . . . . . .  5-20 

vi7 . Check Vertical Display Modes . . . . . . . .  5-20 
. . . . . . . . . . . . . . . .  B . Z-AXIS AND DISPLAY 5-9 

1 . Check .. 2960 V Supply . . . . . . . . . . . . .  5-9 

. . . . . . . . . . . .  2 . Adjust Z-Axis DC Levels 5-9 

3. Adjust Z-Axis Transient Response . . . . .  5-1 0 

. . . . . . . . . . .  4 . Adjust Shield Volts Preset 5-11 

. . . . . . .  4 5  . Check/Adjust Trace Alignment 5-1 1 

. . . . . . . .  6 . CheckiAdjust Geometry 5-1 2 

d 7 . Adjust Auto-Focus Operation . . . . . . . . .  5-1 2 

d 8  . Check/Adjust External 2-Axis 
. . . . . . . . . . . . . . . . . . . . . .  Operation 5-1 2 

C . TRIGGER SYSTEM . . . . . . . . . . . . . . . . . .  5-1 3 

1 . Check/Adjust A Trigger Selector DC Cen- 
tering and Gain . . . . . . . . . . . . . . . . . .  5-1 3 

8 . Check Vertical 'Trace Separation Oper- 
. . . . . . . . . . . . . . . . . . . . . . . . . .  ation 5-20 

E . HORIZONTAL SYSTEM . . . . . . . . . . . . . . .  5-21 

1 . Check/Adjust Horizontal Amplifier Limit 
. . . . . . . . . . . . . . . . . . . . . .  Centering 5-21 

2 . Check/Adjust Horizontal Amplifier Cen- 
tering . . . . . . . . . . . . . . . . . . . . . . . . .  5-22 

d3 . Check/Adjust Horizontal Gain and Low- 
Frequency Linearity . . . . . . . . . . . . . . .  5-22 

4 . Check/Adjust Readout Centering and 
Gain . . . . . . . . . . . . . . . . . . . . . . . . . .  5-22 

d 5  . Check/Adjust High-Frequency 
Timing . . . . . . . . . . . . . . . . . . . . . . . . .  5-22 

\/ 6 . Check/Adjust X-Y Delay Compen- 
sation . . . . . . . . . . . . . . . . . . . . . . . . .  5-23 
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Page 

. . . . .  F. CALIBRATOR AND OUTPUT SIGNAL 5-25 

,/ 1 .  Check/Adjust Calibrator Output 
Voltage . . . . . . . . . . . . . . . . . . . . . . . .  5-25 

2. ChecklAdjust Calibrator 1 kHz Repeti- 
tion Rate . . . . . . . . . . . . . . . . . . . . . . .  5-25 

,/ 3. Check Calibrator Rise f ime, Fall Time, 
and Duty Cycle . . . . . . . . . . . . . . . . . .  5-26 

. . . . . . . . .  d 4 .  Check Calibrator B Gate +- 2 5-26 

d 5 .  Check A and B Sawtooth Output 
Signals . . . . . . . . . . . . . . . . . . . . . . . .  5-27 

d 6. Check A and B Gate, and Delayed Gate 
Output Signals . . . . . . . . . . . . . . . . . . .  5-27 

G. READOUT SYSTEM . . . . . . . . . . . . . . . . .  5-28 

1. Check/Adjust Readout Character Height, 
Vertical Separation, and Vertical 
Centering . . . . . . . . . . . . . . . . . . . . . .  5-28 

. . . . .  v/2. Check/Adjust Full Character Scan 5-29 

3. Check/Adjust Column and Row 
Match . . . . . . . . . . . . . . . . . . . . . . . . .  5-29 

\ /4 .  Check Readout Modes . . . . . . . . . . . . .  5-29 

Setup Procedure 

NOTE 

The performance of this instrument can be checked 
at any ambient temperator from 0" to 50°C unless 
otherwise stated. Adjustments must be performed at 
an ambient temperature from 4-20" to +30°C for 
specified accuracies. 

1. Remove the side and bottom covers from the 7904 
(Refer to the Maintenance section in this manual for panel 
removal information.) 

2. Connect the instrument to a power source which 
meets the voltage and frequency requirements marked on 
the instrument rear panel. (Refer to the General Informa- 
tion section in this manual for operating voltage informa- 
tion.) 

3. Ensure that all test equipment is suitably adapted to 
the applied line voltage. 

4. If applicable, install the TM 500-series test equip- 
ment into the test equipment power module. 

5. Connect the equipment under test and the test 
equipment to a suitable line voltage source. Turn all 
equipment on and allow at least 20 minutes for the 
equipment to stabilize. 

Titles for external controls of this instrument are 
capitalized in this procedure (e.g., B TRIGGER 
SOURCE), internal adjustments are initial capitaliz- 
ed (e.g., f-loriz Gain). 

C A U T I O N  

To prevent instrument damage, plug-in units should 
not be installed or removed without first turning the 
instrument power off. 
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A. POWER SUPPLY 

Equipment Required 

1. Digital voltmeter 2. Screwdriver (three-inch) 

Control Setting 

Set the 7904 controls as follows: 

e. Adjust- --50 V Adj, R1513, for a meter reading of 
-50 volts within 0.2 volt. See Fig. 5-1 for adjustment 
location. 

POWER switch Off 
A INTENSITY Counterclockwise 
B INTENSITY Counterclockwise f. Interaction--any change in the setting of R1513 may 
CONTROL ILLUM OFF affect the operation of all circuits in the instrument. 

GRAT ILLUM Counterclockwise 
RATE OFF 

1. Adjust -50 Volt Power Supply (R1513) 

I W A R N I N G  ) 

Extreme caution must be used when operating the 
7904 with the power unit cover removed due to the 
high voltage, high current, and line voltage poten- 
tials present. Refer to the Maintenance section for 
information on how to remove the protective cover 
and shieid from the power unit. 

a. Disconnect the line cord from the power source. 
Remove any plug-in units from the plug-in compartments. 
Using the instructions given in the Maintenance section, 
slide the power unit from the rear of the 7904 and remove 
the power unit cover (interconnecting cables remain 
connected). 

b. Connect the line cord to the power source and 
switch the POWER switch to ON. 

c. Connect the digital voltmeter between TP -50 Volt 
Sense and TP Gnd Sense on the Low-Voltage Reguiator 
circuit board. See Fig. 5-1 for test point location. 

Fig. 5-1. (A) Location of low-voltage power supply test points and 
d. Check the meter reading for -50 volts, within the -5ovolts adjustment on Regulator board, (B) Location of Inverter 

limits of -49.8 to -50.2 volts. Control adjustment and TP1625 on Cap-Rectlfler board. 

REV. A SEP 1978 
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2. Adjust Inverter Control (R1293) c. Disconnect the digital voltmenter 

a. Connect the digital voltmeter between TP1625 and 
chassis ground. See Fig. 5-1 for location. 

NOTE 

b. Check-meter reading for t 40 volts within the limits 
of 1.35 to 145 volts. If the meter reading is within thegiven 
tolerance, proceed to Step 3. 

c. Adjust---Invertercontrol, R1293, fora meter reading 
of 1-40 volts with t 5  volts. See Fig. 5-1 for adjustment 
location. 

d. Interaction---any change in lhe setting of R1293 
may affect the adjustment of the -50 Volts Power Supply 
(R1513). 

3. Check Power-Supply Voltage 

a. Table 5-2 lists the low voltage power supplies in this 
instrument. Check each supply with the digital voltmeter 
for output voltage within the given tolerance. Connect the 
meter common lead to TP Gnd Sense. See Fig. 5-1 for 
adjustment location. 

b. Interaction--if the power supplies are not within the 
tolerances given in Table 5-2, repeat Steps 1 and 2. 

Table 5-2 

POWER SUPPLY TOLERANCE 

Power Supply I Output Voltage Limits 
.-.. " . ." 
TP -SO V Sense t I-.. -49,8 ... to -50.2 Volts 
I P  -15 V Sense 14.85 to -. 15.15 Volts 1"-I. " " . 

Regufation of the individual power supplies can be 
checked using the procedure given under 
Troubleshooting Techniques in the Maintenance 
section. 

PP .1-5 V Sense 
*" 

TP 315 V Sense 
" .- .-.-- -" "" 

TP 4-50 V Sense 

d. Disconnect the line cord from the power 
source. 

1-4.9 to -1-5.1 Volts "---" 
-1-14.85 to 1.-15.15 Volts ". - -- "" 

-1 49.5 to -+-50.5 Volts 

e. Replace the power-unit cover. 

f, Install the power unit in the instrument. 

4. Check Protection Circuit 
a. Connect the digital voltmeter between theemitterof 

Q785 (pin 2, P780) (vertical amplifier) and TP GNn 

b. Check the meter reading for approximately $49 
volts. 

c. With the voltmeter probe still attached to pin 2 of 
P780, momentarily short across TP786 and TP GND 
(vertical amplifier) while reading the voltage. The meter 
reading should be approximately 1-31 volts. (If meter 
reading is correct, tile protection circuit will operate 
correctly.) 

d. Disconnect the digital voltmeter. 
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Z-AXIS AND DISPLAY 

1 Equipment Required 
I 

I i 1 Digital Voltmeter 6. Test oscilloscope with 10X passive probe i 

I 2. Dc voltmeter (VOM) 7. Tee connector (bnc) i 
1 I 
I I 
I 3. Calibration Fixture (Signal Standardizer) 8. Screwdriver (three-inch) I 
1 

I 
4. lime-base unit 9. Low-capacitance screwdriver , 

Control Settings 

Preset the 7904 controls as follows: 

POWER switch 
VERTICAL MODE 
VERT TRACE 

SEPARATION (B) 
A TRIGGER SOURCE 
A INTENSITY 
HORIZONTAL MODE 
B INTENSITY 
B TRIGGER SOURCE 
FOCUS 
READOUT Intensity 
GRAT ILLUM 
CONTROL ILLUM 
CALIBRATOR 
RATE 

Off 
LEFT 

Midrange 
VERT MODE 
Fully counterclockwise 
A 
Fully counterclockwise 
VERT MODE 
Midrange 
OFF (in detent) 
Midrange 
LOW 
0.4 V 
1 kHz 

c. Connect the 1OX passive probe to the input of the 
test oscilloscope (check the probe compensation). 

d. Set the testoscilloscopefordc inputcoupling with a 
vertical deflection factor or 0.2 Vldiv (2 Vldiv at probe tip) 
and a sweep rate of 1 msldiv. 

e. Establish a ground reference for the test os- 
cilloscope by either grounding the probe tip or setting the 
input coupling to ground. Then, position the test os- 
cilloscope trace to the bottom horizontal line of the 
graticule. Do not change the test oscilloscope position 
control after setting this ground reference. 

f. Connect the probe tip to TP1876; connect the probe 
ground to chassis ground with a short grounding strap. 
See Fig. 5-2 for location. 

g. Check--test oscilloscope trace for dc level of +-9 
volts k l  volt (4.5 divisions within 0.5 division above 

. ground reference level). 

1. Check the -2960 Volt Supply h. Adjust--Z-axis Amplifier Level, R1817, for adc level 
a. Set the dc voltmeter (vom) to measure at least 3000 of i-9 volts (4.5 divisions above ground level). See Fig. 5-2 

volts and connect it between the HV Test Point, and for adjustment location. 
chassis ground. See Fig. 5-2 for test point location. 

i. Connect the dc voltmeter (vorn) between TP 1778 
b. Set the POWER switch to ON. and chassis ground. See Fig. 5-2 for location. 

c. Check meter reading for .-..2960 volts within i l % .  j. Check--.-meter reading for 4-123 volts :ir3 volts. 

d. Set the POWER switch to off and disconnect the k. Adjust---Focus Amplifier Level, R1757, for a meter 
voltmeter. Set the POWER switch to ON. reading of -t 123volts. See Fig. 5-2for adjustment location. 

I. Set the A INTENSITY control for a dc level of -1-14 
volts (test oscilloscope trace seven divisions above 

2 w  DC Levels (R17571 8107 R1817) ground reference level). Disregard the momentary dc level 
a, Install an amplifier unit in the LEFT VERT compart- shift to the -t 9 volts level during sweep retrace. 

ment and the time-baseunit in theA HORIZcompartment. 
m. Adjust--Crt Grid Bias, R1674, so that the trace on 

b. Set the time-base unitforafree-runningsweepata the crt screen is just extinguished. See Fig. 5-2 for 
sweep rate of 0.2 sidiv. adjustment location. 
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Fig. 5-2. Location of Z-Axis dc level and transient response adjustments and test polnts. 

n. Adjust the amplifier unit position control fully 
clockwise. 

o. Set the test oscilloscope for a vertical deflection 
factor of 1 Vfdiv (10 Vldiv at the probe tip). 

p. Adjust the A INTENSITY control fully clockwise. 

q. Check-test oscilloscope display for a pulse 
waveform with a peak amplitude of 74 volts13voltsabove 
the ground reference level. 

r. Adjust-Z-Axis Amplifier Gain, R1810, for a pulse 
waveform peak amplitude of 74 volts above the ground 
reference level. See Fig. 5-2 for adjustment location. 

s. Interaction-repeat parts d through r until no in- 
teraction is noted. 

t. Adjust the A INTENSITY control fully coun- 
terclockwise. 

u. Remove the time-base unit from the A HORIZ 
compartment and install it in the B HORIZ compartment. 

v. Repeat parts g through r for the B HORlZ (B 
INTENSITY control for part p). 

w. Disconnect the voltmeter and oscilloscope probes. 

3. Adjust Z-Axis Transient Response (C1842, 
C1846, C1871, R1842, R1844) 

a. Set the time-base unit for a sweep rate of 0.1 psldiv. 

b. Connect the test oscilloscope 10X probe tip to 
TP 1883; connect the probe ground to chassis ground TP 
located in the middle of the Z-Axis circuit board. See Fig. 
5-2 for test point location. 

c. Set the test oscilloscope for a vertical deflection 
factor of 0.1 V/div (1 V/div at probe tip) at a sweep rate of 
.05 psldiv. 

d. Adjust the B INTENSITY control for fivedivisions of 
vertical deflection on the test oscilloscope. Position the 
display so the leading edge of the waveform is displayed. 

e. Check--test oscilloscope display for optimum 
square corner and flat top on the displayed pulse. 
Aberrations must be less than 7% (0.35 division). 

f. Adjust--C1871 for flat top and R1842, C1842, R1844, 
and C1846 for optimum square corner on the displayed 
pulse (use low-capacitance screwdriver to adjust variable 
capacitors). See Fig. 5-2 for adjustment location. 

g. Using the B INTENSITY control, reduce the pulse 
signal amplitude to 1.5 divisions of display on the test 
oscilloscope. Note any radical changes in the front corner. 
If a severe overshoot or undershoot of the front corner 
occurs, repeat part f of this step. 
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h. Adjust-431842 and C1842 for optimum square 
corner at 1.5 divisions of displayed pulse, See Fig. 5-2 for 
adjustment location. 

i. Using the B INTENSITY control, adjust the pulse 
signal amplitude to five divisions of disptay on the test 
oscilloscope. 

j. Adjust---R1844 and C1846 for optimum square cor- 
ner at five divisions of displayed pulse. See Fig. 5-2 for 
adjustment location. 

k. Set the test oscilloscope sweep rate to 10 ns/div. 

1. Check-the pulse risetime of approximately 12 ns 
(measured between the 10% and 90% point of the pulse). 

m. Set the B INTENSITY control for a normal viewing 
level and disconnect the 10X probe. 

4. Adjust Shield Volts Preset (R1733) 
a. Set the VERTICAL MODE switch to RIGHT, 

b. Connect the dc voltmeter (vom) between the lower 
lead of C1733, on the Z-Axis circuit board, and chassis 
ground. See Fig. 5-3 for test point location. 

c. Check--for a meter reading of approximately 4-35.0 
volts. 

d. Adjust---Shield Volts, R1733, for a meter reading of 
i-34.5 volts. See Fig. 5-3 for adjustment location. 

e. Disconnect all test equipment. 

J 5. ChecklAdjust Trace Alignment (R1730) 

a. Install a time-base unit in the RIGHTVERT compart- 
ment and a Calibration Fixture in the A HORIZ compart- 
ment. 

b. Set the time-base unit for auto, internal triggering at 
a sweep rate of 1 fis/div. 

c. Set the Calibration Fixture Test switch to Vert or 
Horiz Freq Response and the Rep Rate switch to 100 kHz. 

d. Set the VERTICAL MODE switch to ACT, the 
HORlf ONTAL MODE switch to CHOP, and both A and B 
INTENSITY controls to midrange. 

e. Position the traces to the vertical and horizontal 
center lines of the graticule. Use the Calibration Fixture 
Position control to position the vertical trace and the 
amplifier unit Position control to position the horizontal 
trace. 

f. Adjust the FOCUS, ASTIG, and INTENSITY controls 
for well-defined traces. 

dg. Check-the vertical trace aligns with the center 
vertical line within 0.1 division and the horizontal trace 
aligns with the center horizontal line within 0.1 division. 

h. Adjust--front-panel TRACE ROTATION adjust- 
ment (horizontal alignment) and Y-Axis Align, R1730, 
(vertical alignment), so the traces align with the vertical 
and horizontal center lines. See Fig. 5-3 for adjustment 
location. 

Fig. 5-3. Location of crt display adjustments and test points. 
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6. ChecklAdjust Geometry (R1711, R1727f 

a. Set the Calibration Fixture Test switch to Vert or 
Horiz Gain, and superimpose the vertical traces over the 
graticule lines, using the vertical and horizontal position 
controls. 

b. Position the horizontal trace slowly to the top 
graticule line and then to the bottom graticule line with the 
Calibration Fixture Position control. 

d c .  Check-vertical and horizontal trace bowing and tilt 
is less than 0.1 division. 

d. Adjust-Geometry, R1727, for minimum bowing of 
vertical and horizontal traces when positioned to top and 
bottom graticule lines. See Fig. 5-3 for adjustment loca- 
tion. 

e. Set the front-panel FOCUS control to midrange. 

f. Adjust-Focus Preset, R1711, and front-panel 
ASTlG adjustment for the best overall resolution of the 
traces. See Fig. 5-3 for adjustment location. 

g. Poor focus at one edge of the crt may be com- 
promised by adjusting the Shield Volts control, R1733. If 
R1733 is re-adjusted, repeat part f of this step. 

7. Adjust Auto-Focus Operation 

a. Transpose the time-base unit (Right Vert compart- 
ment) and the Calibration Fixture. 

b. Set the VERTICAL MODE switch to RIGHT and the 
HORIZONTAL MODE switch to A. 

c. Set the Calibration Fixture Test switch to Vert or 
Horiz .$-Step Resp, and the Rep Rate switch to 100 kHz. 

d. Set the time-base unit for auto, internal triggering at 
a 0.1 us/div sweep rate. 

e. Adjust the Calibration Fixture Position and 
Amplitude controls for acentered 4-division pulse display. 
Center the leading edge of the pulse to the middle of the 
crt with the time-base unit position control. 

f. Adjust the INTENSITY control for a low-intensity 
display. Adjust the FOCUS control for a well-defined 
display. 

g. Adjust the A INTENSITY control fully clockwise. 

h. Adjust-"-Focus Amplifier Gain, R1751, for a well- 
defined, high intensity display. See Fig. 5-3 for adjustment 
location. 

i. Adjust the INTENSITY control for a normal viewing 
level. 

-,/ 8. Check External Z-Axis Operation 
a. Set the VERTICAL MODE switch to LEFT and the 

amplifier unit deflection factor to 0.1 V/div. 

b. Connect a 0.4 volt calibrator signal from the CAL 
VOLTS output connector to the amplifier-unit input (usea 
bnc Tee connector at the amplifier input). 

c. Set the amplifier unit for a calibrated deflection 
factor of 0.1 V/div. 

d. Set the time-base unit for auto, internal triggering at 
a calibrated sweep rate of 0.5 ms/div. 

e. Connect the signal from the output of the Tee 
connector at the amplifier input to the Z-Axis INPUT 
connector on the rear panel. 

df. Check--top portion of disptay waveform is just 
blanked out. (An increase in A INTENSITY should unblank 
the top of the waveform.) 

g. Disconnect all test equipment and remove the plug- 
in units. 
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C. TRIGGER SYSTEM 
. .- . ~ 

/ ~ ~ u i ~ m e n t  Required 

1. Calibration Fixture (Signal Standardizer) 6. Digital voltmeter 

2. Time-base unit (two required) 7. Test oscilloscope (dual trace) 

3. Amplifier Unit 8. Cable (42-inch, 50 Q bnc, two required) 

4. Plug-in extender (rigid calibration fixture) 9. Cable (18-inch, 50 C2 bnc) 

5. High-frequency sinewave generator constant 10. Termination (50 C2 bnc, two required) 
amplitude 

11. Screwdriver (three-inch) 

Control Settings 

Preset the 7904 controls as follows: 

POWER switch Off 
VERTICAL MODE RIGHT 
VEHTlCAL TRACE 

SEPARATION (B) Midrange 
A TRIGGER SOURCE VERT MODE 
A INTENSITY 
HORIZONTAL MODE 
B INTENSITY 
B TRIGGER SOURCE 
READOUT Intensity 
GRAT ILLUM 
CONTROL ILLUM 
CALI BRATOR 
RATE 

Midrange 
A 
Midrange 
VERT MODE 
OFF (in detent) 
As desired 
LOW 
0.4 V 
1 kHz 

d. Establish a ground reference level for the test 
oscilloscope by disconnecting the plug-in extender from 
the 7904 and positioning the trace to the center horizontal 
tine of the graticule. Do not change the test oscilloscope 
position controls after setting this ground reference. 

e. Return the plug-in extender to the 7904 A HORIZ 
compartment. 

f. Check-the test oscilloscope display for a dc level 
within 0.5 division (25 mV) of theground reference level in 
the LEFT, RIGHT, and ADD positions of the VERTICAL 
MODE switch. 

g. Adjust-A DC Centering, R5575, for a display dc 
level within 0.5 division (25 mV) of ground reference level 
in the LEFT, RIGHT, and ADD positions of the VERTICAL 
MODE switch. See Fig. 5-4 for adjustment location. 

h. Set the digital voltmeter to the 2 V scale. 

i. Connect the negative lead of the digital voltmeter to 
1. Check/Adjust A Trigger Selector DC Centering chassis ground. 
and Gain (R5547, R5570, R5575) 

a. Within the plug-in extender (rigid calibration fix- j. Connect the positive lead of the digital voltmeter to 
ture), disconnect the top connector on the left and right the pius Output On the A trigger See 
sides (labeled A20 and 820). Connect each female Fig. 5-4 location. 

connector to one of the test oscilloscope channels with 
the 42-inch 50 Q bnc cableand 50 C2 bnc termination (omit k. Check-meter reading for less than ic0.05 volts. 

50 C2 bnc termination if the test oscilloscope has 50 C2 input 
impedance). 

b, Install the plug-in extender (rigid Calibration Fix- 
ture) in the A HORIZ compartment and set the POWER 
switch to ON. 

c. Set the test oscilloscope for differential operation 
between the two channels (added display mode with one 
channel inverted) at a sweep rate of 2 msldiv, with both 
vertical channel inputs set to dc and a vertical deflection of 
50 mV. 

I. Adjust-Common Mode, R5570, for a voltage of 
approximately zero, 10.05 volt. 

m. Move the positive digital voltmeter lead from the 
plus output connector (-t) to the minus (---) output 
connector on the A Trigger board. See Fig. 5-4 for 
location. 

n. Check---for a meter reading of less than :1.0.05 volt. 
If these voltage conditions cannot be met, repeat parts f 
and g of this step. 
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M5S70 
a cswLluoru 

MODE CENTERING 

RS575 f 

R5547 I 

rr\, TRIGGER + OUTPUT 
GAlM CONNECTOR 

Fig. 5-4. Location of interface and trigger system adjustments (A 
and B Trigger Selector circuit boards.) 

o. Install the Calibration Fixture in the LEFT VERT 
compartment. 

p. Set the VERT ICAL MODE switch to LEFT 

q. Set the Calibration FixtureTest switch to Triggering 
Gain and the Rep Rate switch to 100 kHz. 

r. Check-test oscilioscope display for six divisions of 
vertical deflection between the center seven traces, within 
0.3 division (300 mV within 15 mV). 

s.Adjust--A Trigger Gain, R5547, for a test 
oscilloscope display of six divisions of deflection between 
the center seven traces, within 0.3 division (300 mV within 
15 mV). See Fig. 5-4 for adjustment location. 

t. Remove the Calibration Fixture from the LEFTVERT 
compartment and install it in the RIGHT VERT compart- 
ment. 

u. Set the VERTICAL MODE switch to RIGHT. 

v. Check that the display is within tolerances given in 
part r of this step. 

w. Adjust-if necessary, compromise the setting of 
R5547 for optimum gain for both vertical compartments. I f  
readjustment is necessary, recheck parts o through v of 
this step. 

x. Remove the Calibration Fixture and plug-in ex- 
tender from the compartments (leave cables connected 
for the next step). 

2. Check/Adjust B Trigger Selector DC Centering 
and Gain (R5647, R567'0, R5675) 

a. Install the plug-in extender in the B HORIZ compart- 
ment (test oscilloscope connections are same as in Step 
la). 

b. Set both channels of the test oscilloscope for a 
deflection factor of 50 mV/div with the inputs grounded. 

c. Set the test oscilloscope for differential operation 
between the two channels (added display mode with one 
channel inverted) at a sweep rate of 2 ms/div. 

d. Establish a ground reference level for the test 
oscilloscope by positioning the trace to the center 
horizontal line of the graticule. Do not change the test 
oscilloscope position controls after setting this ground 
reference. 

e. Set both channels of the test oscilloscope for dc 
input coupling. 

f. Check--test oscilloscope display for a dc level 
within 0.5 division (25 mV) of theground reference level in 
the LEFT, RIGHT, and ADD positions of the VERTICAL 
MODE switch. 

g. Adjust---I3 DC Centering, R5675, for a dc level 
within 0.5 division (25 mV) of ground reference level in the 
LEFT, RIGHT, and ADD positions of the VERTICAL 
MODE switch. See Fig. 5-4 for adjustment location. 

h. Set the digital voltmeter to the 2 V scale 

i. Connect the negative lead of the digital voltmeter to 
chassis ground. 

j. Connect the positive lead of the digital voltmeter to 
the plus (-t) output connector on the B Trigger board. See 
Fig. 5-4 for location. 

k. Check-..-meter reading for less than Jr0.05 volt. 

I. Adjust- Common Mode, R5670, for a voltage of 
approximately zero, ~ 0 . 0 5  volt. 

5-14 REV DEC 1982 

7904



Performance Check and Adjustment-7904 (SN B260000-UP) 

m. Move the positive digital voltmeter lead from the 
plus output connector (4-) to the minus (--) output 
connector on the B Trigger board. (see Fig. 5-4 for 
location. 

n. Check-for a meter reading less than 50.05 volt. If 
these voltage conditions cannot be met, repeat parts f and 
g of this step. 

o. Install the Calibration Fixture in the LEFT VERT 
compartment. 

p. Set the VERTICAL MODE switch to LEFT 

q. Set the Calibration Fixture'Test switch to Triggering 
Gain and Rep Rate switch to 100 kHz. 

r. Check-test oscilloscope display for six divisions of 
vertical deflection between the center seven traces, within 
0.3 division (300 rnV within 15 mV). 

s. Adjust---B Trigger Gain, R5647, for a test os- 
cilloscope display of six divisions of deflection between 
the center seven traces, within 0.3 division (300 mV within 
15 mV). 

t. Remove the Calibration Fixture from the LEFT VERT 
compartment and install it in the RIGHT VERT compart- 
ment. 

u. Set the VERTICAL MODE switch to RIGHT. 

v. Check that the display is within tolerances given in 
part r of this step. 

w. Adjust--if necessary, compromise the setting of 
R5647 for optimum gain for both vertical compartments. If 
readjustment is necessary, recheck parts o through v of 
this step. 

x. Remove the plug-in extender and disconnect all test 
equipment. 

3. ChecklAdjust Vertical Signal Out DC Centering 
(R5683) 

a. Set the test oscilloscope vertical deflection factor to 
1 V/div and establish a ground reference at the graticule 
center line. 

b. Connect the SIG OUT connector to the vertical 
input of the test oscilloscope with the 42-inch, 50 C? bnc 
cable. 

c. Set the Calibration Fixture Test switch to COM 
MODE. 

d. Check-test oscilloscope display for a dc level 
within one division of the ground reference established in 
part a. 

e. Adjust-Signal Out Centering, R5683, for a dc level 
within one division of the ground reference level. 

f. Set the Calibration Fixture Test switch to Triggering 
Gain. 

g. Check-test oscilloscopedisplay for 11 gain display 
traces in five divisions of display within 0.5 division (5 V 
within 0.5 V). 

h. Disconnect all cables. 

J 4. Check Trigger Selector Operation 

a. Install the Calibration Fixture in the RIGHT VERT 
compartment, an amplifier unit in the LEFT VERT com- 
partment, and time-base units in both horizontal com- 
partments. 

b. Set both time-base units forauto, internal triggering 
at a 0.2 ms/div sweep rate. 

c. Connect the CALIBRATOR 0.4 V output to the 
amplifier unit, using the 18-inch bnc cable. Set the 
amplifier for a two division display in the upper half of the 
graticule area. 

d. Set the VER'TICAL MODE switch to RIGHT. 

e. Set the Calibration Fixture Test switch to Vert or 
Horiz +-Step Resp, the Rep Rate switch to 10 kHz, and the 
Amplitude control for a two division display in the lower 
half of the graticule area. 

f. Set the VERTICAL MODE switch to ALT 

dg. Check-the crt display for 1 kHz and 10 kHz 
triggered waveforms (adjust the time-base unit trigger 
level control as necessary). 

h. Set the ATRIGGER SOURCEswitch to LEFTVERT. 

d i. Check--sequentially select all positions of the VER- 
TICAL MODE switch and check for a stable display of only 
the 1 kHz waveform. 

j. Set the A TRIGGER SOURCE switch to RIGHT 
VERT. 

d k. Check---sequentially select all positionsof theVER- 
TICAL MODE switch and check for a stable display of only 
the 10 kHz waveform. 

I. Set the VERTICAL MODE switch to ALT and the 
HORIZONTAL MODE switch to B. 

d m. Check--crt display for 1 kHz and 10 kHz triggered 
waveform. 
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n. Set the B TRIGGER SOURCE switch to LEFT VERT 
and the A TRIGGER SOURCE switch to VERT MODE. 

d o. Check--sequentially select all positions of the 
VERTICAL MODE switch and check for astable display of 
only the 1 kHz waveform. 

p. Set the B TRIGGER SOURCE switch to RIGHT 
VERT. 

dq. Check--sequentially select all positions of the 
VERTICAL MODE switch and check for astable display of 
only the 10 kHz waveform. 

r. Set the VERTICAL MODE switch to ALT, the 
HORIZONTAL MODE switch to ALT, and the B TRIGGER 
SOURCE switch to VERT MODE. 

d s .  Check-the crt display for the B HORlZ time-base 
unit should be triggered on the 1 kHz waveform; the A 
HORlZ time-base unit should be triggered on the 10 kHz 
waveform. 

t. Remove the bnc cable, the amplifier unit, and the 
time-base unit in the B HORlZ compartment. 

5. Check High-Frequency Triggering 

a. Set the VERTICAL MODE switch to RIGHT and the 
HORIZONTAL MODE switch to A. 

b. Set the Calibration FixtureTest switch to Aux In and 
adjust the Amplitude control fully clockwise. 

c. Set the time-base unit triggering for auto modewilh 
ac coupling from the internal source at a sweep rate of 
1 ns/div. 

d. Connect the high-frequency sine-wave generator to 
the Calibration Fixture Aux In CW In (Freq Resp) input 
connector. 

e. Set the high-frequency sine-wave generator for a 
one-divison display at 500 MHz frequency, centered on 
the graticule. 

f. Check---crt display for a triggered sweep. 

g. Move the time-base unit into the B HORlZcompart- 
ment. 

h. Set the HORIZONTAL MODE switch to B. 

i. Check-crt display for a triggered sweep. 

j .  Disconnect all test equipment and remove the plug- 
in units. 
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D. VERTICAL SYSTEM 

Equipment Required 

1. Calibration Fixture (Signal Standardizer) 4. Screwdriver (three-inch) 

2. Time-base unit (two required) 5. Low-capacitance screwdriver I 
3. High-frequency sinewave generator (constant 6. Nylon tuning tool 

amplitude) 

Control Setting 

Preset the 7904 controls as follows: 

POWER switch Off 
VERTICAL MODE CHOP 
VERTICAL TRACE 

SEPARATION (B) Midrange 
A TRIGGER SOURCE VERT MODE 
A INTENSITY Midrange 
HORIZONTAL MODE A 
6 INTENSITY Midrange 
B TRIGGER SOURCE VERT MODE 
READOUT Intensity OFF (in detent) 
GRAT ILLUM As desired 
CONTROL ILLUM LOW 
CALI BRATOR 0.4 V 
RATE 1 kHz 

1. Check/Adjust Vertical Amplifier Centering 

J 2. ChecklAdjust Vertical Amplifier Gain (R730, 
R4619) 

a. Set the VERTICAL MODE switch to RIGHT. 

b. Set the Calibration Fixture Test switch to Vert or 
Horiz Gain. Position the display to align the bright center 
trace with the graticule center line. 

d c .  Check--for one trace per graticule division within 
0.06 division over the center six graticule divisions; note 
the exact error for comparison in part g of this step. 

d. Adjust-Vertical Gain, R730, for one division 
between each of the center seven displayed traces within 
0.01 division. See Fig. 5-5 for adjustment location. 

e. Remove the Calibration Fixture from the RIGHT 
VERT compartment and install it in the LEFT VERT 
compartment. 

f. Set the VERTICAL MODE switch to LEFT. 

(R712) d g .  Check-for one trace per graticule division within 

a. Install the time-base unit in the A HoR~Z cornpart- 0.06 division of the error noted in part c,overthecenter six 

ment. graticule divisions. 

b. Set the time-base unit for auto triggering at a sweep h. Adjust-Vertical Interface Gain, R4619, for one 

rate of 2 ms/div. division between each of the center seven displayed traces 
within 0.01 division. (Remove the right side cover from the 

c. instail the Calibration Fixture in the RIGHT VERT Calibration Fixture for access to R4619,) See Fig. 5-4 for 

compartment. adjustment location. 

d. Set the Calibration Fixture Test switch to Corn 
Mode, the Rep Rate switch to 100 kHz, and set the J 3. Check Low-Frequency Linearity 
POWER switch to ON. a. Set the Calibration Fixture Test switch to Vert or 

Horiz +Step Resp. 
d e .  Check-that the vertical position of the two traces 
(might appear as a single trace) is within 0.4division of the b. Set the Calibration Fixture Amplitude control so the 
graticule center line with less than 0.5 division separation display is two divisions in amplitude in the center of the 
between traces. graticule area. 

f. Adjust-Vert Cent, R712, for equal spacing of the 
traces from the graticule center line. (If the traces appear L/c. Check-position the two-division display vertically 
as a single trace, adjust R712 to position the trace to the and check for not morethanO.l division of compression or 
graticulecenter line. See Fig. 5-5 for adjustment location.) expansion anywhere within the graticule area. 
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Fig. 5-5. Location of vertical system adjustments. 

4. CheckIAdjust Vertical Low, High-Frequency 
Compensation (R743, R749, R758, R764, 
L667, R658, C658, L4661, L4681) 

a. Set the Calibration Fixture Test switch to Vert or 
Horiz +Step Resp with the Rep Rate switch set to 100 Hz, 
and adjust the amplitude control fora six-division display. 

b. Set the time-base unit sweep rate for 2 msidiv and 
triggering for auto mode with ac coupling from the internal 
source; set triggering and position controls for a stable 
centered display. 

Table 5-3 

LOW-FREQUENCY COMPENSATION 
(Signal Rep Rate vs Sweep Speed) 

- - - - -- -- , --- - -- 
Calibration Fixture 

Rep Rate 
-- -- - - - Sweep Speed - - - -- - - - - - - - -- - - - - 

c. Adjust-R764 and R749 for flat top within 0.06 
division. See Fig. 5-5 for adjustment location. 

100 Hz - - -- - - - - - - 
1 kHz - - - -- - - - . 

10 kHz - - - - - --- 
100 kHz 

d. Adjust READOUT control for visible characters. 
Note how R749 affects readout characters. R749 must be 
adjusted for minimum vertical flutter of readout 
characters. (Adjust at 100 kHz Rep Rate only). 

2.0 ms -- - -- - - - - - - 
- 0.2 - ms 

- 

20 ps - - -- - - - - -  

2 us 

h. Check-for optimum square corner and flat top on the 
displayed pulse. Aberrations starting 50 ns after the initial 
step should be less than 0.03 divisions peak-to-peak, 
except allow 0.12 division of aberrations for delay-line 
termination at about 125 ns from step. 

e. Check-displayed pulse for optimum flat top within 
0.06 division as given in Table 5-3. 

NOTE 

f. Set the Calibration Fixture Rep Rate switch to Typically aberrations of 7% or less, peak-to-peak 
1 MHz. Set the Amplitude and Position controls for a six- within 50 ns of step. 
division display, centered on the graticule area. 

g. Set the time-base unit fora sweep rate of 100 ns/div. i. Adjust-High-frequency compensation as given in 
Set the triggering controlsfor astabledisplay triggered on Table 5-4 for optimum square leading corner and flat top 
the rising portion of the pulse. with minimum aberrations within limits given in part h. 
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Location of the adjustments is shown in Fig. 5-4 and Fig, 5- 
5. Use the low-capacitance screwdriver to adjust variable 
capacitors. Repeat the complete adjustment procedureas 
necessary to obtain optimum response. 

Table 5-4 

L667, R658, C658 First 5 ns t t 5 ns/div 
-.." - - - 

R751, C751 First 5 ns 5 ns/div 
, .- .. ... . . -- - . -- - . .- "- 

HIGH-FREQUENCY COMPENSATION 

j. If the dis~layed pulse now has a large overshoot easily 
ex~eeding$~/$fi4emove the vertical circuit board and check 
for presence of R736 and C736. Selectable components 
R736 and C736 may be added in series between pln 5 and 
11 of U745 (bottom of board). Nominal 1.5 pF and 100 R. 
Thls should bring the overshoot to within adjustable range. 

I. Other possible displayed pulse errors may be cor- 
rected by: 

-- -- 

Best Time-Base 
Sweep Rate 

. - - - - 

100 nsld~v 
- -- --. --- 

5 nsidlv 

- - - - 

Adjustment - ---- - - , - -- -- --- - -- - 

R743, R758 
- - - 

Poslt~on crt term- 
~natlon leads to 
reduce aberrat~ons. 
(The termlnatlon 
leads connect to 
crt plns dlrectly In 
front of the Vertlcal 
Ampl~frer board ) 

Rolloff or rise of first 3 ns may be corrected by 
changing length of L657 and L659 (bottom of circuit 
board) 

-- 

Primary area of 
Pulse Affected - - - - - - - - -, 

F~rst 50 ns 
----- -- - - -- 

Slngle aberration 
5 ns from leadlng 
edge of step. 

, -. , - 
1. Short to raise corner. 
2. Long to lower corner. 

First nanosecond of waveform too positive or 
negative may be corrected by changing length of 
L730 and L731. (See Fig. 5-4 for location.) 

1. Long to raise corner. 
2. Short to lower corner. 

m. Adjust---Repeat adjustment R658 and C658 to 
obtain the least aberration in the region immediately 
following the initial overshoot or undershoot. 

n. Check-for optimum square corner and flat top on 
the displayed pulse with aberrations within limits given in 
part h of this step. 

o. Move the Calibration Fixture to the RIGHT VERT 
compartment and set the VERTICAL MODE switch to 
RIGHT. 

p. Check-for optimum square corner and flat top on 
the displayed pulse with aberrations within limits given in 
part h of this step. 

NOTE 

If U4625 and U4685 were replaced (matched pair), 
high-frequency mismatching may exist between the 
LEFT and RIGHT VERT compartment; adjust the 
length of wire loop inductors L4667, L4687, and 
L4601, L4621, (located on the rear of the interface 
board) to provide matching. 

q. Adjust-if necessary, compromise the high- 
frequency compensation adjustments for optimum pulse 
response for both vertical compartments. If readjustment 
is necessary, recheck parts a through h of this step. 

J 5. Check Vertical Amplifier Bandwidth 

a. Install the Calibration Fixture in the RIGHT VERT 
compartment and set the Test switch to Vert or Horiz Freq 
Resp with the Amplitude control fully clockwise. 

b. Set the VERTICAL MODE switch to RIGHT. 

c. Connect the high-frequency sine-wave generator to 
the Calibration Fixture Aux In CW In (Freq Resp) input. 

d. Set the time-base unit sweep rate for 50 psldiv and 
the triggering for a free-running sweep. 

e. Set the high-frequency sine-wave generator for a 
eight-division display at a reference frequency (between 3 
and 20 mt-tz), centered on the graticule. 
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f. Set the Calibration Fixture Amplitude control for a 
six-division display, centered on the graticule. (The CW 
Leveled indicator should be lit.) 

g. Without changing the output amplitude, increase 
the generator frequency until the displayed amplitude is 
reduced to 4.5 divisions. If the CW Leveled indicator goes 
off, increase the amplitude of the sine-wave generator 
until the light just turns on. 

d j .  Check---crt display amplitude for 0.08 division or 
less of signal (verifies isolation at least 100:l at 250 MHz) 
at 250 MHz. 

k. Set the VERTICAL MODE switch to RIGHT. 

I. Set the high-frequency sine-wave generator and the 
Calibration Fixture for eight divisions of deflection at 
500 MHz. 

m. Set the VERTICAL MODE switch to LEFT. 
NOTE 

The Calibration Fixture C W Leveled light must be on 
and the sine-wave generator must be properly 
connected for a valid check. Refer to the Calibration 
Fixture and high-frequency sine-wave generator 
manuals. 

v/ h. Check-generator frequency is 500 MHz or higher 
(400 MHz if check outside +20°C to 430°C temperature 
range). 

i. Move the Calibration Fixture to the LEFT VERT 
compartment (leave signal connected) and set the VER- 
TICAL MODE switch to LEFT. 

d j .  Check-repeat parts e through h for the left vertical 
compartment. 

6. Check Vertical Channel Isolation 

a. Set the high-frequency sine-wave generator and the 
Calibration Fixture for eight divisions of deflection at 
500 MHz. 

C/ b Set the VERTICAL MODE switch to RIGHT. 

c. Check-crt display amplitude for 0.20 division or 
less of signal (verifies isolation at least 403 at 500 MHz) at 
500 MHz. 

d. Set the VERTICAL MODE switch to LEFT. 

e. Set the high-frequency sine-wave generator and the 
Calibration Fixture for eight divisions of deflection at 
250 MHz. 

1/ n. Check-crt display amplitude for 0.20 division or 
less of signal (verifies isolation at least 40:1 at 500 MHz) at 
500 MHz. 

o. Disconnect the signal connection. 

J 7. Check Vertical Display Modes 

a. Install an amplifier or a Calibration Fixture in the 
LEFT VERT compartment. 

b. Position the trace to the upper half of the graticule 
area with the left-vertical unit position control. 

c. Set the VERTICAL MODE switch to RIGHT and 
position the trace to the lower half of the graticule area 
with the right-vertical unit position control. 

d d .  Check--crt display for two traces in the ALT and 
CHOP positions of the VERTICAL MODE switch. 

e. Set the VERTICAL MODE switch to ADD. 

df. Check-crt display for a single trace that can be 
positioned vertically with either vertical-unit position 
control. 

J 8. Check Vertical Trace Separation Operation 

a. Set the VERTICAL MODE switch to LEFT. 

b. Center the trace vertically with the left-vertical unit 
position control. 

c. Install a time-base unit in the B HORlZ compart- 
ment. 

d. Set both time-base units fora free-running sweep at 
a rate of 0.2 msldiv. 

f. Set the VERTICAL MODE switch to RIGHT. 
e. Set the HORIZONTAL MODE switch to CHOP. 

C / g  Check-crt display amplitude for 0.08 division or 
less of signal (verifies isolation at least 100:l at 250 MHz) at 
250 MHz. 

h. Remove the Calibration Fixture from the LEFT 
VERT compartment and install it in the RIGHT VERT 
compartment without disturbing set-up. 

i. Set the VERTICAL MODE switch to LEFT. 

d f .  Check-Adjust the VERT TRACE SEPARATION (8 )  
control throughout its range and check that the trace 
produced by the B time-base unit can be positioned above 
and below the trace produced by the A time-base unit, 
approximately four divisions. Also, check this operation 
with the HORIZONTAL MODE switch set to ALT. 

g. Remove all plug-in units. 
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E. HORIZONTAL SYSTEM 

Equipment Required 

1. Calibration Fixture (Signal Standardizer) 7. Cable (18-inch, 50 i2 bnc) 

1 2. Time-base unit 8. Cable (12-inch, jumper, with alligator clips) 

3. Amplifier unit (two required) 

4. Time-mark generator 

i 

9. Termination (50 i2 bnc) 

10. Tee connector (bnc) 

5. Low-frequency sinewave generator 11. Screwdriver (three-inch) 

1 6. Cable (42-inch, 50 i2 bnc) 12. Screwdriver, low capacitance 

Control Settings 

Preset the 7904 controls as follows: 

POWER switch Off 
VERTICAL MODE RIGHT 
VERTICAL TRACE 

SEPARATION ( 0 )  Midrange 
A TRIGGER SOURCE VERT MODE 
A INTENSITY MIDRANGE 
HORIZONTAL MODE A 
B INTENSITY Midrange 
B TRIGGER SOURCE VERT MODE 
READOUT Intensity OFF (in detent) 
GRAT ILLUM As desired 
CONTROL ILLUM LOW 
CALI BRATBR 0.4 V 
RATE 1 kHz 

1. ChecklAdjust Horizontal Amplifier Limit 
Centering (R4925) 

a. Install a time-base unit in the RIGHTVERTcompart- 
ment and the Calibration Fixture in theA HORIZcompart- 
ment. 

b. Set the Calibration FixtureTest switch to Triggering 
Gain and the time-base unit for auto, internal triggering at Fig. 5-6. Location of horizontal System adjustments On Main 

a sweep rate of 5 ps/div. Set the POWER switch to ON. Horizontal Amplifier board. 

c. Short TP 4901 to TP 4911 with a 12-inch jumper 
cable. e. Adjust-Limit Ctr, R4925, to align the displayed 

trace with the center vertical graticule line. See Fig. 5-6 for 
adjustment location. 

d. Check-that the vertical trace is within 0.5 division 
of the center vertical graticule line. f. Remove the 12-inch jumper cable. 
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2. ChecklAdjust Horlrontai Amplifier Centering 
(R4868) 

a. Check--that the vertical trace is within 0.5 division 
of the center vertical graticule line. 

b. Adjust-Ctr, R4868, to align the displayed trace with 
the center vertical graticule line, See Fig. 5-6 for adjust- 
ment location. 

c. Move the Calibration Fixture to the B HORIZ 
compartment and change the HORIZONTAL MODE 
switch to B. 

d. Check-that the vertical trace is within 0.5 division 
of the center vertical graticule line. 

e. Adjust-if necessary, compromise the setting of 
R4868 for optimum centering for both horizontal com- 
partments. If readjustment is necessary, recheck parts a, 
b, c, and d of this step. 

3. Check/Adjust Horizontal Galn and Aaw- 
Frequency Linearity (R4873) 

a. Set the Calibration Fixture Test switch to Vert or 
Horiz Gain with the Rep Rate switch set to 100 kHz, Align 
the bright vertical trace with the center vertical graticule 
line using the Calibration Fixture Position control. 

v'b. Check-that the second and tenth vertical traces 
align with the second and tenth graticule lines within 0.05 
division. 

c. Adjust--Gain, R4873, for eight divisions of deflec- 
tion between the second and tenth graticule lines. 

d. Check-for 0.05 division or less error at each 
graticule line after adjusting for noerror at thesecond and 
tenth graticule lines. 

e. Move the Calibration Fixture to the A HORlZ 
compartment and change the HORIZONTAL MODE 
switch to A. 

df. Check---that the deflection between the second and 
tenth graticule lines is the same as in part d of this step, 
within 0.08 division. 

g. Adjust---if necessary, compromise the setting of 
R4873 for optimum gain for both horizontal com- 
partments. If readjustment is necessary, recheck parts a, 
b, c,  and d of this step. 

4. ChecklAdjust Readout Centering and Gain 
(R4857, R4850) (Omit this step for instruments with 
Option 1) 

a. Set the POWER switch to off and remove ail plug-in 
units. 

b. Remove (22225 from its socket on the Readout 
circuit board. See Fig. 5-10 for location. 

c. Set the POWER switch to ON and adjust the 
READOUT control for visible characters (all zeros). 

d. Check--the crt display for two rows of zeros 
centered horizontally within the graticule area. See Fig. 5- 
10A. 

e. Adjust --RO Ctr, R4857, to horizontally center the 
readout display within the limits of the graticule area. See 
Fig. 5-6 for adjustment location. 

f. Adjust-- RO Gain, R4850, so all the characters are 
displayed within the limits of the graticulearea, See Fig. 5- 
6 for adjustment location. 

g. Set the POWER switch to off and replace Q2225 in 
its socket. 

4 5. GheckIAdjust High Frequency Timing 
(C4894, C4909, C4919) 

a. Install the time-base unit in the 6 HORlZ compart- 
ment and the amplifier unit in the LEFT VERT compart- 
ment. 

NOTE 

For optimum performance at fast sweep ratas, install 
the time-base unit normally used with the R7904 
being calibrated. 

b. Set the VERTICAL MODE switch to LEFT and the 
HORIZONTAL MODE switch to 6, Turn the POWER 
switch to ON. 

c. Set the time-base unit for auto mode with ac 
coupling from the internal source at a sweep rate of 
1 ms/div. 

d. Connect one millisecond markers from the time- 
mark generator to the amplifier unit input and adjust the 
amplifier unit deflection factor for about two divisions of 
display. 
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e. Position the first marker to the extreme left line on 
the graticule. 

f. Set the time-base unit sweep-calibration adjustment 
for one marker at each major graticule division between 
the second and tenth graticule lines (center eight 
divisions). 

g. Set the time-mark generator for 2 ns time markers 
and the time-base unit sweep rate for 2 ns/div. If 
necessary, change the deflection factor of the amplifier 
unit to maintain a vertical deflection of at least two 
divisions. 

d h .  Check-the crt display for one cycle each division 
and timing over the center eight divisions within 4% (0.32 
divisions). 

i. Adjust--2 NS, C4904 and C4919, equally for one 
cycleeach division overthe center eight divisions. See Fig. 
5-6 for adjustment location. 

j. Set the time-base unit sweep rate to 0.5 ns/div 

t /k .  Check--the crt display for timing over the center 
eight divisions within5% (0.40divisions). (Onecycleevery 
four divisions). 

I. Adjust---HF Adj, C4874, for one cycle every four 
divisions over the center eight divisions. 

d m .  Check--using the procedure outlined in parts g 
through j, the timing accuracy at sweep rates of both 
2 ns/div and 1 ns/div within 4% (0.32 division). 

n. Adjust-if necessary, compromise the settings of 
C4909 and C4919 (2 NS) for optimum timing accuracy of 
both 2 nsldiv and 1 ns/div sweep rates. 

d o .  Check---repeat parts j through I to recheck 
0.5 nsldiv timing. 

p. Disconnect all test equipment and remove the plug- 
in units. 

6. Check/Adjost X-Y Delay Compensation 
(C804, C814) 

a, Install amplifier units in the LEFT VERT and A 
HORIZ compartments. 

b. Set the HORIZONTAL MODE switch to A and the 
VERTICAL MODE switch to LEFT. 

d. Connect the low-frequency sine-wave generator to 
the input of either amplifier with the 42-inch 50 C? bnc 
cable, and a Tee connector (bnc). Connect the output of 
the Tee connector to the input of the other amplifier with 
the 18-inch 50 cable. 

e. Set the low-frequency sine-wave generator output 
for eight divisions of vertical and horizontal deflection at a 
frequency of 35 kHz. 

d f .  Check-the crt lissajous display for a separation of 
0.28 division or less (indicates 2" or less phase shift; see 
Fig. 5-7A). 

g. Remove the amplifier unit from the A HORIZ 
compartment and install it in the B HORIZ compartment 
(leave signal connected). Set the HORIZONTAL MODE 
switch to B. 

h. Repeat parts e and f of this step. 

Fig. 5-7. (A) Typical display when checking X-Y delay 
c. Set both units a compensation, (B) Location of phasing adjustments (X-Y Delay 

10 mV/div with dc coupling. Compensation board). 
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NOTE 

Option 2 adds a X-Y Delay Compensation network to 
equalize the signal delay between the vertical and 
horizontal deflection systems. I f  the instrument 
under test does not contain Option 2, omit the 
remainder of this step. 

i. Set both internal delay disableswitches to the In (up) 
position. See Fig. 5-78 for location. 

j. Set the low-frequency sine-wave generator for eight 
divisions of vertical and horizontal deflection at 1 MHz. 

J k. Check-the crt lissajous display for a separation of 
0.28 division or less (indicates 2" or less phase shift; see 
Fig. 5-7A). 

I. Adjust-X-Y Comp, C814, for minimum separation 
of the display (see Fig. 5-7A). See Fig. 5-78 for adjustment 
location. 

m. Remove the amplifier unit from the B HORlZ 
compartment and install it in the A HORlZ compartment 
(leave signal connected). 

n. Set the HORIZONTAL MODE switch to A. 

d o .  Check-.,-the crt lissajous display for a separation of 
0.28 division or less (indicates 2" or less phase shift; see 
Fig. 5-7A). 

p. Adjust--X-Y Comp, C804, for minimum separation 
of the display (see Fig. 5-7A). See Fig. 5-78 for adjustment 
location. 

q. Disconnect all cables and remove plug-in units. 
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F. CALIBRATOR AND OUTPUT SIGNALS 
rv.-_l_̂ -----.----- 

Equipment Required 

1. Digital voltmeter 6. Time-mark generator 

2. Amplifier unit 7. Cable (18-inch, 50 i2 bnc) 

I 3. Time-base unit (with delaying mode) 8. Cable (42-inch, 50 i2 bnc) 

4. Time-base unit 9. Tee connector (bnc) 

1 5. Test oscilloscope (dual trace) 10. Screwdriver (three-inch) 
- p-.-p-p.p" 

Control Settings 

Preset the 7904 controls as follows: 

POWER switch Off 
VERTICAL MODE RIGHT 
VERTICAL TRACE 

SEPARATION (B) Midrange 
A TRIGGER SOURCE VERT MODE 
A INTENSITY Midrange 
HORIZONTAL MODE A 
B INTENSITY Midrange 
B TRIGGER SOURCE VERT MODE 
READOUT Intensity OFF (in detent) 
GRAT ILLUM LOW 
CALI BRATOR 0.4 V 
RATE DC 

I. ChecklAdjust Calibrator Output Voltage (R1148) 

a. Connect the digital voltmeter between the center 
contact of the CALVOLTSconnectorand chassis ground. 
Set the POWER switch to ON. 

b. Check-meter reading for 0.4000 volt 10.0004 volt 
(within 0.0008 volt if measurement is made outside the 
i-15' C to -+-35" C range). 

c. Adjust-0.4 V, R1148, for a meter reading of 0.4000 
volt. See Fig. 5-8 for adjustment location. 

d. Check-remaining calibrator output voltage supply 
as listed in Table 5-5. 

e. Disconnect the digital voltmeter, 

Table 5-5 

CALIBRATOR SUPPLY AND TOLERANCE 

Supply (volts) Tolerance 
-- 

0.004 -I== +0.00004 V 

2. ChecklAdjust Calibrator 1 kHz Repetition 
Rate (R1101) 

NOTE 

A frequency counter with an accuracy of at least 
0.1% may be used to adjust the calibrator repetition 
rate. 

a. Connect 1 ms time-markers to the vertical amplifier 
of the test oscilloscope and adjust the deflection for four 
divisions of display. 

b. Set the test oscillosc~pe triggering to auto mode 
with ac coupling from the internal source, and adjust the 
triggering level control for a stable display. Set the sweep 
rate for 1 msldiv. 

c. Set the other test oscilloscope vertical channel 
deflection factor to 0.1 Vldiv and connect the 0.4 V, 1 kHz 
signal from the CAL VOLTS connector to the vertical input 
connector. 

d. Set the test oscilloscope to observe only the 
calibrator signal display and set the triggering level 
control to trigger only on the 1 ms markers. 
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Fig. 5-8. Location of calibrator adjustments and switch locations. 

e. Observe the drift of the 1 kHz signal across the test 
oscilloscope crt. 

d f .  Check-the time required for onecycleof thesquare 
wave signal to drift from one side of the display area to the 
other, is more than 10 seconds. 

g. Adjust-1 kHz, R1101, for minimum drift.See Fig. 5- 
8 for adjustment location. 

h. Disconnect all test equipment. 

4 3. Check Calibrator Rise Time, Fall Time, and 
Duty Cycle 

a. Set the CALIBRATOR switch to the 4 V position. 

b. Connect the CAL VOLTS output to the inverting 
vertical input of the test oscilloscope and set the vertical 
mode to display the inverting channel. 

c. Set the test oscilloscope vertical deflection to 
display four divisions of CALIBRATOR signal. 

d. Set the test oscilloscope for a stable display, 
internally triggered on the rising portion of the calibrator 
signal, at a sweep rate of 100 ns/div. 

t /e. Check--displayed waveform for not more than 2.5 
divisions between the 10% to 90% points of the waveform 
(risetime, 250 ns or less). 

f. Set the test oscilloscope for a stable display 
triggered on the falling portion of the waveform. 

dg. Check--displayed waveform for not more than 2.5 
divisions between the 90% to 10% points of the waveform 
(falltime, 250 ns or less). 

h. Set the test oscilioscope triggering to auto with ac 
coupling from the internal source, at a sweep rate of 
0.1 ms/div. Center the display on the crt. Trigger the test 
oscilloscope on the -t- slope and position the negative- 
going slope of the waveform to the center graticule line. 

i. Set the test oscilloscope sweep magnifier to XlO. 
Then, position the display horizontally so the falling edge 
of the waveform aligns with the center graticule line. 

j. Set the test oscilloscope vertical to invert thedisplay. 
(NOTE: The display is triggered on the opposite slope, 
even though the display appears the same.) 

4 k. Check--the 50% point on the falling edge of the 
waveform now displayed is within 0.4 division horizontally 
of the centerline (indicates duty cycle of 50% within 
*O.l O/o. 

I. Disconnect all cables. 

4 4. Check Calibrator B Gate +2 Repetition Rate 
a. Install an amplifier unit in the RIGHT VERT com- 

partment. Set the VERTICAL MODE switch to RIGHT. 

b. Install a time-base unit in the A HORIZ compart- 
ment and another time-base unit in the B HORIZ compart- 
ment. 

c. Set the HORIZONTAL MODE switch to A; set the 
time-base unit to auto mode with ac coupling from the 
internal source at a sweep rate of 1 msldiv. 

d. Connect the CAL VOLTS output to the vertical 
amplifier input. Set the CALIBRATOR to the 0.4 V posi- 
tion. 

e. Set the vertical amplifier deflection to display two 
divisions of CALIBRATOR signal. 

f. Set the time-base in the B HORIZ compartment to 
auto mode, external triggering at a sweep rate of 
0.1 msldiv. 

g. Set the CALIBRATOR switch to B GATE +2. 
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d h .  Check.-the crt display for approximately five cycles 
of signal in ten horizontal divisions. 

i. Disconnect the cable from the equipment. 

t/ 5. Check A and B Sawtooth Output Signals 

a. Connect the +SAWTOOTH output connector to the 
test oscilloscope vertical input (1 megohm input). 

b. Set the vertical amplifier unit for a deflection factor 
of 2 V/div with dc coupling, and the sweep rate to 
2 ms/div. 

c. Set the Sweep selector switch, S1035, to A. See Fig. 
5-8 for location. 

d d .  Check-that the slope of the test oscilloscope 
display is 2 V/div within 10% (ten volt sawtooth display for 
f ive-division sweep). 

e. Set the Sweep selector switch, S1035, to B, and the 
time-base in B HORIZ compartment to 1 msidiv. See Fig. 
5-8 for location. 

v'f. Check--that the slope of the test oscilloscope 
display is 2 V/div within 10% (ten volt sawtooth display for 
five division sweep). 

t/ 6. Check A and B Gate, and Delayed Gate 
Output Signals 

a. Disconnect the cable from the +SAWTOOTH out- 
put connector and connect it to the +GATE output 
connector. 

b. Set the Gate selector switch, S1065, to A. See Fig. 5- 
8 for location. 

dc .  Check-that the test oscilloscope display for a gate 
waveform is five divisions in amplitude within 10%. 

d. Set the Gate selector switch, S1065, to B. See Fig. 5- 
8 for location. 

d e .  Check-that the test oscilloscope display for a gate 
waveform is five divisions in amplitude within 10%. 

f. Set the Gate selector switch, S1065, to Dly'd. See 
Fig. 5-8 for location. 

g. Set the delaying time-base for delaying sweep 
operation. 

I,/ h. Check-that the test oscilloscope display for a gate 
waveform is five divisions in amplitude within 10%. 

i. Disconnect cables and remove plug-in units. 
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G. READOUT SYSlEM 

NOTE 

Option I deletes the Readout System from the instrument. I f  the instrument under test is an Option 
1 instrument, omit this section of the procedure. 

Equipment Required 

1. Amplifier unit (dual trace) 

1 2 Time-base unit 

3. Screwdriver (three- inch) 

Control Settings 

Preset the 7904 controls as follows: 

POWER switch Off 
VERTICAL MODE RIGHT 
VERTICAL TRACE 

SEPARATION (B) Midrange 
A TRIGGER SOURCE VERT MODE 
A INTENSITY Midrange 
HORIZONTAL MODE A 
B INTENSITY Midrange 
B "TRIGGER SOURCE VERT MODE 
READOUT Intensity OFF (in detent) 
GRAT ILLUM As desired 
CONTROL ILLUM LOW 
CALI BRATOR 0.4 V 
RATE 1 kHz 

1. CheckIAdjust Readout Character Height, 
Vertical Separation, and Vertical Centering (R2273, 
R2291, R707) 

a. Remove 02225 from its socket on the Readout 
circuit board. See Fig. 5-98 for location. 

b. Set the POWER switch to ON. 

c. Set the READOUT control for visible characters (all 
zeros). 

d. Check---the crt display for two rows of zeros, 40 
zeros to a row with no overlap. The baseline of the upper 
characters should be located vertically between the 7.2 
and 7.5 division graticule lines. The top of the lower 
characters should be located vertically between the 0.5 
and 0.8 division graticule lines. See Fig. 5-9A for location. 

e. Adjust-"Character Height, R2273, for desired 

NOTE 

The Verticaf Amplifier and Horizontal Amplifier 
Centering adjustment must be correct before mak- 
ing the next adjustment. Refer to 0. Vertical, and E. 
Horizontal System adjustment. 

readout character size within 0.25 div and 0.5 div. See Fig. ~ i ~ ,  5-9. {A) ~ ~ ~ d ~ ~ t d i ~ ~ l ~ ~  with ~ 2 2 2 5  removed, (6) Location of 
5-9B for adjustment location. 02225 and reedout adjustments. 
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Performance Check and Adjustment-7904 (SN B260000-UP) 

f. Adjust-Vertical Separation, R2291, and Vertical 
Centering, R707, to desired location within limits given in 
part d of this step. See Fig. 5-98 for R2291 location and Fig. 
5-5 for R707 location. 

g. Set the POWER switch to off and replace Q2225 in 
its socket; return the POWER switch to ON. 

J 2. CheckIAdjust Full Character Scan (R2128) 

a. Install the dual-trace amplifier unit in the RIGHT 
VERT compartment. 

b. Set the amplifier unit for a deflection factor of 
50 rnV/div. 

L/c Check-the displayed characters for completeness 
without overscanning (overscanning causes a bright dot 
where traces overlap). 

d. Adjust.--Full Character Scan, R2128, for fully 
scanned characters without overscanning. The m and the 
5 will show the most changes. See Fig. 5-98 for adjustment 
location. 

3. ChecklAdjust Column and Wow Match (R2182, 
R2213) 

a. Set the amplifier unit for a dual-trace display mode. 

b. Press and hold the amplifier unit trace-identify 
buttons. 

c. Check-,-the readout display for correct indications 
of "IDENTIFY". If the readout display blinks or is in- 
correct, adjustment is required. 

d, Adjust-Column Match, R2213, and Row Match, 
R2182, for correct readout of "IDENTIFY". Set these 
adjustments to the center of the adjustment range which 
provides correct readout indication. Release the amplifier 
unit trace-identify buttins. See Fig. 5-9B for adjustment 
location. 

,/ 4. Check Readout Modes 
a. Install a time-base unit in the A HORlZ compart- 

ment. 

b. Set the time-base unit for a free-running sweep. 

c. Set the Readout switch (S2110), to F.R. (Free Run) 
and the Gate switch (S1065), to A. See Fig. 5-98 for 
Readout switch location and Fig. 5-8 for Gate switch 
location. 

d. Set the time-base unit on several sweep rates 
throughout the time/division switch range. Check that the 
readout characters are presented on a free-run basis and 
are displayed independently of the sweep rate. 

e. Set the Readout Mode switch (S2110). to Gate 
Trig'd position. See Fig. 5-98 for location. 

f. Set the time-base unit for a free-running sweep at a 
rate of 0.1 s/div. 

d g .  Check that the readout characters are blanked out 
while the sweep is running, and are displayed immediately 
after the end of the sweep; each character encoded by the 
plug-in units is displayed only once for each sweep. 

h. This completes the Performance Check and Adjust- 
ment procedure. Disconnect all test equipment and 
replace the side panels. 
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Section 6-7904 (SN 8260000-UP) 

Your instrument may be equipped with one or more instrument options. A brief 
description of each available option is given in the following discussion. Option information is 
also incorporated into the appropriate sections of the manual. This page and the Table of 
Contents directs the reader to where the option is documented. 

Conversion kits for most options are available and can be installed at a later time. For 
further information on instrument options, see your Tektronix Catalog or contact your 
Tektronix Field Office. 

Option 1 

This option deletes the Readout System. Operation of the instrument is 
unchanged except there is not alphanumeric display on the crt and the front-panel 
READOUT control is non-functional. The Readout board A18 has been replaced 
with Dummy Readout A26 to maintain continuity of the remaining circuitry. 

Option 2 

This option adds a X-Y Delay Compensation network to equalize the signal 
delay between the vertical and horizontal deflection system. When this network is 
installed and activated, the phase shift between the vertical and horizontal channels 
is less than 2 O  from dc to 1 mHz. Option 2 adjustment procedure is outlined in 
Section 5E, Step 6 of this manual. 

Option 3 

This option adds special shielding and equipment to the instrument for EM1 
protection when operated in most severe EM1 environments. Also, in order to meet 
EM1 specifications, any unused plug-in compartment must be covered with an EM1 
shielded blank plug-in panel. One is required for each unused compartment. 

Option 3 parts illustrations are located in Fig. 6 Options section of this manual. 
EM1 Specifications may be found in the Specification section of this manual, Table 
1-5. 
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Instrument Options-7904 (SN B260000-UP) 

Option 4 
Maximum Brightness CRT 

This option changes the standard CRT to a 4 X 5-cm type that provides 
maximum trace brightness and optimum photographic writing speed. 

Parts List Changes 

DELETE: 
V1725 154-0644-05 Standard 8 X 10-cm CRT, P31 phosphor. 

331 -0245-00 Mask, CRT 

ADD: 
V1725 154-0661 -05 4 X 5-cm CRT, P31 phosphor. 

154-0661 -09 4 X 5-cm CRT, P l l  phosphor 
331 -031 8-00 Mask, CRT (4 X 5) 

After installation of the 4 X 5-crn CRT, perform adjustment steps in 58, 5D, and 5E in 
this manuai. 

Option 78 

This option adds a Type P I  1 phosphor CRT to the instrument. 

Parts List Changes 

DELETE: 
V1725 154-0644-00 Standard 8 X 10-cm CRT, P31 phosphor 

ADD: 
V1725 154-0644-09 8 X 10-crn CRT, PI 1 phosphor. 

After installation of the GRT, perform adjustment steps in Section 58, 50, and 5E in 
this manual. 

REV OCT 1981 
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Section 7-7904 (8260000 & UP) 

REPLACEABLE 

ELECTRICAL P A W S  

PARTS ORDERING INFORMATION 

Replacement parts are available from or through your IocalTektronix, Inc. Field Office 
or representative. 

Changes to Tektronix instruments are sometimes made to accommodate improved 
components as they become available, and to give you the benefit of the latest circuit 
improvements developed in our engineering department. It is therefore important, when 
ordering parts, to include the following information in your order: Part number, instrument 
type or number, serial number, and modification number if applicable. 

If a part you have ordered has been replaced with a new or improved part, your local 
Tektronix. Inc. Field Officeor representative will contact you concerning any change in part 
number, 

Change information, if any, is located at the rear of this manual. 

SPECIAL NOTES AND SYMBOLS 

XOOO Part first added at this serial number 

OOX Part removed after this serial number 

ITEM NAME 

In the Parts List, an ltem Name is separated from the description by a colon (:). 
Because of space limitations, an ltem Name may sometimes appear as incomplete. For 
further ltem Name identification, the U.S. Federal Cataloging Handbook H6-1 can be 
utilized where possible. 

ABBREVIATIONS 

ACTR 
ASSY 
CAP 
CER 
CKT 
COMP 
CONN 
ELCTLT 
ELEC 
INCAND 
LED 
NONWIR 

ACTUATOR 
ASSEMBLY 
CAPACITOR 
CERAMIC 
CIRCUIT 
COMPOSITION 
CONNECTOR 
ELECTROLYTIC 
ELECTRICAL 
INCANDESCENT 
LIGHT EMIITJNG DIODE 
NON WIREWOUND 

PLSTC 
QTZ 
RECP 
RES 
RF 
SEL 
SEMICOND 
SENS 
VAR 
WW 
XFMR 
XTAL 

PLASTIC 
QUARTZ 
RECEPTACLE 
RESISTOR 
RADIO FREQUENCY 
SELECTED 
SEMICONDUCTOR 
SENSITIVE 
VARIABLE 
WIREWOUND 
TRANSFORMER 
CRYSTAL 

REV A, APR 1980 
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Replaceable Electrical Parts-7904 (SN 8260000 81 UP) 

CROSS INDEX--MFR. CODE NUMBER 'PO MANUFACTURER 

Mfr. Code Manufacturer w, State, Zip - 

OOOJO 
00853 
01 121 
01 295 

DILEC'TRON INC. 
SANGAMO ELECTRIC CO.. S. CAROLINA DIV. 
ALLEN-BRADLEY COMPANY 
'TEXAS INSTRUMENTS, INC.. SEMICONDUCTOR 
GROUP 
SPECTROL ELECTRONICS CORPORATION 
FEHROXCUBE CORPORATION 
RCA CORPORATION, SOLID STATE DlVlSlON 
HOPKINS ENGINEERING COMPANY 
GENERAL ELECTRIC COMPANY, SEMI-CONDUCTOR 
PRODUCTS DEPARTMENT 
KDI PYROFILM CORPORATION 
AVX CERAMICS, DIVISION OF AVX CORP. 
MOTOROLA, INC., SEMICONDUCTOR PROD. DIV. 
UNION CARBIDE CORPORATION, MATERIALS 
SYSIEMS DlVlSlON 
FAlRCHlLD SEMICONDUCTOR. A DIV. OF 
FAlRCHlLD CAMERA AND INSTRUMENT' CORP. 
GENERAL ELECTRIC CO., MINIATURE 
LAMP PRODUCTS DEPARTMENT 
C'r'S KEENE. INC. 
UNITRODE CORPORATION 
AMERICAN COMPONENTS, INC., AN 
INSILCO COMPANY 
ITT- SEMICONDUCTORS 

2669 S MYRTLE AVE 
P 0 BOX 128 
1201 2ND STREET SOUTH 
P 0 BOX 5012. 13500 N CENTRAL 
EXPRESSWAY 
17070 EAST GALE AVENUE 
PO BOX 359, MARION ROAD 
ROUTE 202 
12900 FOOTHILL BLVD. 

MONROVIA, CA 91016 
PICKENS, SC 29671 
MILWAUKEE. WI 53204 

DALLAS, TX 75222 
ClTY OF INDUSTRY, CA 91745 
SAUGERTIES, NY 12477 
SOMERVILLE. NY 08876 
SAN FERNANDO, CA 91342 

ELECTRONICS PARK 
60 S JEFFERSON ROAD 
P 0 BOX 867, 19TH AVE. SOUTH 
5005 E MCDOWELL RD,PO BOX 20923 

SYRACUSE, NY 13201 
WHIPPANY, NJ 07981 
MYRTLE BEACH, SC 29577 
PHOENIX. AZ 85036 

11901 MADISON AVENUE CLEVELAND, OH 44101 

464 ELLIS STREET MOUNTAIN VIEW, CA 94042 

NELA PARK 
3230 RIVERSIDE AVE. 
580 PLEASANT STREET 

CLEVELAND, OH 441 12 
PAS0 ROBLES, CA 93446 
WATERTOWN, MA 02172 

8TH AVE. AT HARRY STREET 
3301 ELECTRONICS WAY 
P 0 BOX 3049 
2830 E FAIRVIEW ST. 
171 0 S. DEL MAR AVE. 

CONSHOHOCKEN. PA 19428 

WEST PALM BEACH, FL 33402 
SANTA ANA, CA 92704 
SAN GABRIEL. CA 91776 

MICRO SEMICONDUCTOR CORP. 
ELECTRO CUBE INC. 
ITT SEMICONDUCTORS, A DlVlSlON OF INTER 
NATIONAL TELEPHONE AND TELEGRAPH CORP. 
RODAN INDUSTRIES, INC. 
SILICONIX. INC. 
CUTLER-HAMMER, INC. 
SPECIALTY PRODUCTS DlVlSlON 
BOURNS. INC.. TRIMPOT PRODUCTS DIV. 
MIDWEST COMPONENTS INC. 

P.O. BOX 168.500 BROADWAY 
2905 BLUE STAR ST. 
2201 LAURELWOOD DRIVE 

LAWRENCE. MA 01841 
ANAHEIM, CA 92806 
SANTA CLARA. CA 95054 

4201 N. 27TH ST. 
1200 COLUMBIA AVE. 
P. 0. BOX 787 
1981 PORT ClTY BLVD. 
640 PAGE MILL ROAD 
2820 E COLLEGE AVENUE 
7485 AVENUE 304 
134 FULTON AVENUE 
BOX 698 
6435 N PROESEL AVENUE 
87 MARSHALL ST. 
16931 MILLIKEN AVE. 
1142 W. BEARDSLEY AVE. 

MILWAUKEE, WI 53216 
RIVERSIDE. CA 92507 

MUSKEGON. MI 49443 
PAL0 ALTO. CA 94304 
STATE COLLEGE, PA 16801 
VISALIA, CA 93277 
GARDEN ClTY PARK, NY 11040 
PAULS VAI_L.EY. OK 73075 
CHICAGO. IL 60645 
NORTH ADAMS, MA 01247 
IRVINE, CA 92713 
ELKHART. IN 46514 

HEWLE'TT-PACKARD COMPANY 
CENTRE ENGINEERING INC. 
HIGH VOLTAGE DEVICES. INC. 
SPRAGUE GOODMAN ELEC., INC. 
ELI' INC., GLOW LlTE DlVlSlON 
NICHICON/AMERICA/CORP. 
SPRAGUE ELECTRIC CO. 
R-OHM CORP. 
CTS OF ELKHART INC 

CTS OF ELKHART INC. 
TUSONIX INC. 
CENTRALAB INC 
SUB NORTH AMERICAN PHILIPS CORP 
CERA-MITE CORP. 
BUSSMAN MFG.. DlVlSlON OF MCGRAW- 
EDISON CO. 
CENTHALAB ELECTRONICS. DIV. OF 
GLOBE-UNION, INC. 
ERIE TECHNOLOGICAL PRODUCTS. INC. 
BECKMAN INSTRUMENTS, INC., HELIPOT DIV. 
JFD ELECTRONICS COMPONENTS CORP. 
SlGNALlTE DIV.. GENERAL INSTRUMENT CORP. 
JOHNSON, E. F., CO. 
TRW ELECTRONIC COMPONENTS. IRC FIXED 
RESISTORS, PHILADELPHIA DIVISION 
BELL INDUSTRIES. INC.. 
MILLER, J. W., DIV. 
OAK INDUSTRIES, INC., SWITCH DIV. 
STACKPOLE CARBON CO. 
C-W INDUSTRIES 

1142 W. BEARDSLEY AVE. 
2155 N FORBES BLVD 
7158 MERCHANT AVE 

ELKHART. IN 4651 4 
TUCSON, AZ 85705 
EL PASO, TX 79915 

1327 6TH AVE. GRAFTON. WI 53024 

2536 W. UNIVERSITY ST. ST. LOUIS. MO 63107 

P 0 BOX 858 
644 W. 12TH ST. 
2500 HARBOR BLVD. 
PINETREE ROAD 
1933 HECK AVE. 
299 lOTH AVE. S. W. 

FORT DODGE, IA 50501 
ERIE, PA 16512 
FULLERTON, CA 92634 
OXFORD. NC 27565 
NEPTUNE, NJ 07753 
WASECA. MN 56093 

401 N. BROAD ST. PHILADELPHIA, PA 19108 

19070 REYES AVE., P 0 BOX 5825 
S. MAIN ST. 

COMPTON, CA 90224 
CRYSTAL LAKE. IL 60014 
ST. MARYS, PA 15857 
WARMINISTER. PA 18974 550 DAVlSVlLLE RD.,P 0 BOX 96 

REV MAR 1983 
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Replaceable Electrical Parts-7904 (SN 8260000 81 UP) 

CROSS INDEX-MFR. CODE NUMBER TO MANUFACTURER 

Mfr. Code Manufacturer 
p- 

Address City, State, Zip 

TEKTRONIX, INC. 
ELECTRA-MIDLAND CORP., MEPCO DIV. 
BOURNS, INC., INSTRUMENT DIV. 
VARO, INC. 
TRW ELECTRONIC COMPONENTS, TRW CAPACITORS 
MALLORY CAPACITOR CO., DIV. OF 
P. R. MALLORY AND CO., INC. 
DALE ELECTRONICS, INC. 
SYLVANIA MINIATURE LIGHTING PRODUCTS, 
INC., SUB OF GTE SYLVANIA, LIGHT. PROD. 
ESSEX INTERNATIONAL, INC., CONTROLS DIV. 
LEXINGTON PLANT 

P 0 BOX 500 
22 COLUMBIA ROAD 
6135 MAGNOLIA AVE. 
P 0 BOX 41 1,2203 WALNUT STREET 
112 W. FIRST ST. 
3029 E. WASHINGTON STREET 
P. 0. BOX 372 
P. 0. BOX 609 

526 ELM STREET 

P. 0. BOX 1007 

BWERTON, OR 97077 
MORRISTOWN. NJ 07960 
RIVERSIDE, CA 92506 
GARLAND, TX 75040 
OGALLALA, NE 691 53 

INDIANAPOLIS, IN 46206 
COLUMBUS, NE 68601 

KEARNY, NJ 07032 

MANSFIELD, OH 44903 

REV MAR 1983 
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Replaceable Electrical Parts---7904 (SN B260000 & UP) 

Tektronix 
Part No. 

Serial/Modc 
Eff - - -. 

?I No. 
Dscont 

Mfr 
Code --.-.-- Ckt No. ----- Name & Description . . .-----" .-u--.-.--.-------.-.--------- Mfr Part Number 

CKT BOARD ASSY:PROBE POWER 
CKT BOARD ASSY:MAIN INTERFACE 
CKT BOARD ASSY:MAIN INTERFACE 
CKT BOARD ASSY:MAIN INTERFACE 
CKT BOARD ASSY:FRONT PANEL. INTERCONNECT 
CKT BOARD ASSY:LOGIC 

CKT BOARD ASSY:LOGIC 
CKT BOARD ASSY:LOGIC 
CK7 BOARD ASSY:A TRIGGER SELECTOR 
CKT BOARD ASSY:A TRIGGER SE1.ECTOR 
CKT BOARD ASSY:A TRIGGER SELECTOR 
CKT BOARD ASSY:B TRIGGER SELECTOR 

CK'F BOARD ASSY:B TRIGGER SELECTOR 
CKT BOARD ASSY:B TRIGGER SELECTOR 
CKT BOARD ASSY:VERTICAL INTERFACE 
C K I  BOARD ASSY:VERTICAL AMPLIFIER 
CKT BOARD ASSY:MAIN HORIZOWFAL AMPL 
CKI BOARD ASSY:MAIN HORIZONTAL AMPL 

cK'r BOARD ASSY:CALIBRAT'OR SIGNAL 
CKT BOARD ASSY:CALIBRATOR SIGNAL 
CKT BOARD ASSY:POWER SUPPLY INVERT 
CKT BOARD ASSY:POWER SUPPLY INVERT 
CKT BOARD ASSY:POWER SUPPLY INVERT 
CKT BOARD ASSY:POWER SUPPLY INVERT 

CKT BOARD ASSY:CAPACI'rOR RECTIFIER 
CKT BOARD ASSY:CAPACITOR RECTIFIER 
CKT BOARD ASSY:CAPACITOR RECTIFIEH 
CKI' BOARD ASSY:CAPACITOR RECTIFIER 
CKT BOARD ASSY:CAPACITOR RECTIFIER 
CKT BOARD ASSY:CAPACITOR RECTIFIER 

CKT BOARD ASSY:CAPACITOR RECTIFIER 
CUT BOARD AASY:CAPACITOR RECTIFIER 
C K I  BOARD ASSY:POST REGULATOR 
CKT BOARD ASSY:LV REGULATOR 
C K I  BOARD ASSY:HIGH VOLTAGE 
CKT BOARD ASSY:AUTO FOCUS 

CKT BOARD ASSY.Z AXlS 
CK'T BOARD ASSY:Z AXlS 
C K I  BOARD ASSY:X&Y DELAY COMPENSArlON 
(A17, OPTION 2 ONLY) 
C K I  BOARD ASSY.READOUT 
CKT BOARD ASSY:READOUT 

CKT BOARD ASSY:READOUT 
CKT BOARD ASSY:READOUT 
CKT BOARD ASSY:HORIZONTAL INTERCONNECT 
C K I  BOARD ASSY:VERTICAL MODE SW 
CK'I BOARD ASSY:HORI%ONTAL MODE SW 
CKT BOARD ASSY:A TRIGGER SW 

CKT BOARD ASSY:50 OHM FOLLOWER 
C K I  BOARD ASSY:B 7 RIGGER SW 
CUT BOARD ASSY:GRATICULE LAMPS 
CKT BOARD ASSY:GRATICULE LAMPS 
CKT BOARD ASSY:READOUT DUMMY 
CK7 BOARD ASSY:READOUT PROTECTION #I 

REV MAY 1983 
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Replaceable Electrical Parts-7904 (SN 8260000 & UP) 

Tektronix 
Part No. 

Serial/Modei No. 
E ff Dscont Name 8 Description --------" -.p------pp----.----.- 

Mfr 
Code .----- Ckt No. Mfr Part Number 

CAP.,FXD,CER DI:O.O05UF.+100-0%.500V 
CAP..FXD,MICA D:113PF,2%,300V 
(C803 OPTION 2 ONLY) 
CAP..VAR,MICA D:8-90PF,175V 
(C804 OPTION 2 ONLY) 
CAP..FXD,MICA D:82PF,1%,500V 

(CEO6 OPrlON 2 ONLY) 
CAP..FXD,MICA D:184PF,1%.500V 
(C807 OPTION 2 ONLY) 
CAP.,FXD,MICA D:184PF,1%,500V 
( a 0 8  OPTION 2 ONLY) 
CAP.,FXD,MICA D:82PF,1%,500V 

(C809 OPTION 2 ONLY) 
CAP.,FXD.MICA D:113PF,2%,300V 
(62813 OPTION 2 ONLY) 
CAP..VAR,MICA D:&90PF,175V 
(C814 OPTION 2 ONLY) 
CAP..FXD.MICA D:82PF,1%,500V 

(C816 OPTION 2 ONLY) 
CAP.,FXD,MICA D:184PF,1%,500V 
(C817 OPTION 2 ONLY) 
CAP.,FXD,MICA D:184PF,1%,500V 
(C818 OPTION 2 ONLY) 
CAP.,FXD.MICA D:82PF,l%,500V 

(C819 OPTION 2 ONLY) 
CAP.,FXD.CER DI:12PF,-(../-I .2PF,500V 
CAP.,FXD.CER Dl: 1 ZPF, +I-1.2PF,500V 
CAP..FXD.CER DI:0.0047UF,10%,100V 
CAP.,FXD,CER DI:0.0047UF,10%.100V 
CAP.,FXD.CER DI:47PF,10%.100V 

REV MAY 1983 
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Replaceable Electrical Parts-7904 {SN B260000 & UP) 

Tektronix 
Part No. -- 

Serial/Model No. 
Eff Dscont ----- 

Mfr 
Code -- Mfr Part Number -----."..-- Ckt No. - Name & DescriDtion 

CAP.,FXD,CER DI:68PF,10°/o,100V 
CAP.,FXD,PLSTC:O.O47UF,2%,1 OOV 
CAP.,FXD,CER D1:O.l UF,20°/o,50V 
CAP.,FXD.CER DI:O.Ol UF,IWo,100V 
CAP..FXD,CER Dl:O.OIUF,lOO/o,lOOV 
CAP.,FXD.CER DI:0.01 UF,lO%,lOOV 

CAP.,FXD,CER DI:O.O2UF,1400VDCAC 
CAP.,FXD,ELCTLT:950UF, t-50-10°h,200V 
CAP.,FXD,ELCTLT:950UF,+ 50-10°/o,200V 
CAP..FXD,CER D1:O.l UF, -1 80-20°h,200V 
CAP.,FXD,CER DI:2200PF,10%,2000V 
CAP.,FXD,CER DI:2200PF,10%.2000V 

CAP..FXD,PLSTC:3UF,5%,400V 
CAP..FXD,ELCTLT:4.7UF,2(P/o,50V 
CAP..FXD,ELCTLT:I OUF, + 50-10%,20V 
CAP.,FXD,CER 01:0.001 UF,20%,500V 
CAP.,FXD,CER DI:lOOPF,5%,200V 
CAP.,FXD,CER DI:0.001UF,20%,500V 

CAP..FXD,ELCTLT:PUF, -1-50-10%,150V 
CAP.,FXD,CER D1:0.01 UF, + 80-2O0h,150V 
CAP..FXD,ELCTLT:lUF, i 50-100/o,150V 
CAP..FXD,CER DI:O.Of UF,+80-ZWh,l50V 
CAP.,FXD,CER D1:0.01 UF,+80-20%,150V 
CAP.,FXD,CER D1:0.01 UF,+8@200/0,150V 

196D225XOMOHAl 
ULAl V4R7TEA 
196D275X0050JAl 
196D225X0020HAl 
855-535U2J101 J 
831 -500S2L270K 

CAP.,FXD,ELCTLV:l UF,200/0,50V 
CAP.,FXD.ELCYLT:l UF.+75-100/0,50V 
CAP..FXD,ELCTLfO.l UF,20%,50V 
CAP..FXD.ELCTLT:2.2UF,20%,20V 
CAP.,FXD,ELCTLT:f UF,20%,50V 
CAP..FXD,ELCTLT:l UF. -t 75-100h.50V 

196D105X0050HA1 
ULAl H01OTEA 

REV MAY 1983 
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Replaceable Electrical Pans-7904 (SN 8260000 & UP) 

Tektronix 
Part No. ----- 

SerialiModel No. 
Eff Dscont 

Mfr 
Code --- Ckt No. - Name & Description -. Mfr Part Number 

"------ 

CAP..FXD,CER DI:0.03UF,+80-20°/o,200V 
CAP..FXD.CER D1:O.l UF, + 80-20°h,12V 
CAP.,FXD,CER DI:O.O0lUF,20%,500V 
CAP..FXD,CEH D1:0.001 UF,20%.500V 
CAP.,FXD,CER DI:O.Ol UF, +80-20°&,1 50V 
CAP..FXD,ELCTLT:lOOUF,20%,2OV 

TLBl E221TAAANA 
T362C476M020AS 
T368C476M020AZ 
.FHF107M020PI G 
TLBl E221 TAAANA 
TDCl07M020WLD 

CAP.,FXDSELCTLF5UF, $75-10%.150V 
CAP.,FXD,CER D1:O.l UF, + 80-20°/o,200V 
CAP.,FXD,ELCTLT:lOOUF,20%,20V 
CAP.,FXD,ELCTLT:220UF,+30-10%,25V 
CAP.,FXD,ELCTLT: 1 00UF,2O0/o,2OV 
CAP.,FXD,ELCTLT:22OUF, +30-10°&,25V 

115AON150COP3P 
2C20Z5U104Z2008 
THFI 07M020PlG 
TLBl F221TAAANA 
THF107M020Pl G 
TLBl E221TAAANA 

CAP..FXD,ELCTLT:0.27UFF2Oo/o,50V 
CAP..FXD,CER Dl:0.1UFV+80-20%.200V 
CAP..FXD.CER DI:0.01 UF, +80-20%,150V 
CAP.,FXD,CER DI:0.01 UF, +80-2O0/o.1 50V 
CAP.,FXD,CER DI:0.001 UF,20%.500V 
CAP.,FXD,CER DI:270PF,5%,1000V 

REV MAY 1983 
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Replaceable Electrical Parts-7904 (SN 8260000 81 UP) 

Tektronix 
Part No. ---"----. 

SerialiModel No. 
Eff Dscont Name & Description ----- 

Mfr 
Code Mfr Part Number Ckt No. 

CAP.,FXD,CER DI:0.02UF,-t80-20%,500V 
CAP.,FXD,CER DI:O.Ol UF, -I-80-20%,2000V 
CAP.,FXD,CER D1:0.01 UF, +80-20%,2000V 
CAP.,FXD,CER D1:0.0068UF,30°/o.4000V 
CAP.,FXD,CER DI:0.0068UF.30%,40OOV 
CAP.,FXD.CER DI:O.O068UF,30%,40M1V 

CAP..FXD,CER DI:0.001 UF,+ 100-0%,500V 
CAP.,FXD.CER DI:0.01 UF, +-80-20%,150V 
CAP.,FXD,CER DI:O.Ol UF. -t.80-20%,150V 
CAP.,FXD,CER D1:0.001UF,+l00-0%,500V 
CAP.,FXD,CER Dt:0.001 UF,20°h,4000V 
CAP.,FXD,CER DI:O.OlUF,20%,250V 

CAP.,FXD,CER Dl:0.01 UF, +80-20%,150V 
CAP.,FXD,CER DI:0.005UF, t 100-0%,500V 
CAP.,FXD,CER DI:0.005UF, t100-0%,500V 
CAP.,FXD,CER DI:O.Ol UF, t 80-2O0/o,150V 
CAP.,FXD,CER DI:0.001UF.20%,4000V 
CAP..FXD,CER DI:O.Ol UF, s 80-20%,150V 

CAP.,FXD,CER D1:0.01 UF, +80-20°/o,1 50V 
CAP.,FXD,CER DI:0.01 UF. +80-20%,150V 
CAP.,FXD,CER DI:120PF,l 0°/o,500V 
CAP.,VAR,MICA D:890PF,175V 
CAP.,FXD,CER DI:91PF,5%,500V 
CAP.,VAR,MICA D:890PF,175V 

CAP..FXD,CER DI:O.lUF.l0ah,200V 
CAP.,FXD,ELCTLl5UF, + 75-1 OO/o,l 50V 
CAP.,FXD,CER DI:0.001 UF, k 100-0%,500V 
CAP.,VAR.CER DI:935PF,200V 
CAP.,FXD.CER DI:1.2PF, +I-O.lPF.2OOV 
CAP.,FXD.CER DI:0.001 UF,+ 100-0%,500V 

CAP.,FXD.CER Dl:* PF, -4-/-0.25PF,500V 
CAP.,FXD,CER DI:0.001 UF,20%,4000V 
CAP..FXD,CER DI:O.O1UF,+80-20%,150V 
CAP.,FXD,CER D1:0.01 UF, f80-20%,150V 

6260000 6282859 CAP.,FXD,EkCTLT:47UF,2O"/oO2OV 
6282860 CAP.,FXD,ELCTCT:220UF. b30-10%,25V 

n w i  GOK-i ROC 
0828552Y550102M 
2DDHW103Z 
2DDHBSJ103Z 
THF476M020Pl F 
TLBl E22lTAAANA 

2DDHW11)32 
2DDHW103Z 
2DDH66J103Z 
THF476MWOPl F 
TLBl E221TAAANA 
2DDHW103Z 

CAP.,FXD,CER D1:O.Ol UF.-t.80-20ab.l50V 
CAP.,FXD,CER Dl:O.Ol UF, -4 80-20%,150V 
CAP.,FXD,CER DI:0.01 UF, +80-20%,150V 

826OOOO 0282859 CAP.,FXDSELCTLt47UF,20%,20V 
0282860 CAP.,FXD,ELCTLT:220UF, ~30-10%,25V 

CAP.,FXD,CER DI:O.Ol UF.+ 80-20%.150V 
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SerialIModel No. 
Eff Dscont 

Mfr 

,- 
Code Ckt No. - Name & Description Mfr Part Number 

CAP..FXD,CER DI:0.01 UF, +80-20%,150V 
CAP.,FXD,CER Dl:O.O2UF,+80-20°/o,150V 
CAP..FXD,CER DI:0.01 UF, +80-20%,150V 
CAP..FXD,CER DI:330PF,5%,500V 
CAP.,FXD,ELCTLT:I UF.20°/o,35V 
CAP.,FXD,ELCTLT:4,7UF,i-75-10%,35V 

CAP..FXD,ELCTLT:l UF,20%,35V 
CAP.,FXD,ELCIL1':4.7UF, +75-10%,35V 
CAP..FXD.ELC'I LI:1 UF,20%.35V 
CAP.,FXD,ELCTLT:4,7UF, t75-10%,35V 
CAP.,FXD,MICA D:0.001UF.1%,100V 
CAP.,FXD,PLSTC:0.0082UF,5°/~,1 OOV 

831-518-Z5D0181 J 
7001-COH-5R6D 
GC10-1 A5R6D 
196D105X0035HA1 
ULAl V4R7TEA 
831-51 825D0181 J 

CAP.,FXD.CER DI:470PF,5%,500V 
CAP..FXD,CER DI:O.O2UF, $80-20%,150V 
CAP..FXD.CER DI:470PF,5%.500V 
CAP..FXD.CER DI:0.001 UF, + 100-0%.500V 
CAP.,FXD.CER DI:O.O2UF,+-80-20%.150V 
CAP.,FXD,CER DI:0.001 UF, + 100-0%,500V 

CAP..FXD,CER Dl:O.Ol UF. + 80-20°/o,150V 
CAP..FXD.CER DI:O.OlUF, t 80-20%,150V 
CAP..FXD.CER DI:O.OlUF, t 80-20°/o.150V 
CAP..FXD,CER DI:O.OlUF,i-80-20%.150V 
CAP.,FXD,CER DI:4.3PF,+I-0.25PF,5WV 
CAP..FXD.CER DI:O.Ol UF, t 80-2W/o.l50V 
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Tektronix SeriallModei No. M fr 
Part No. E ff Dscont Name 8 Description Code Mfr Part Number 

-" ----,-----.--. "--- ---- ----- -*-- 
Ckt No. --- 

CAP.,FXD,CER DI:O.Ol UF, +80-20°/o.150V 59821 2DDH66J103Z 
CAP.,FXD,CER DI:O.OlUF,+80-20Q/o,150V 59821 2DDH66J103Z 
CAP.,FXD,ELCTLT:22UF,+50-1 Wh,25V 54473 ECE-A25V22L 
CAP.,FXD,ELCTLT:22UF. -r-50-10°h,25V 54473 ECE-A25V22L 
(PART OF CIRCUIT BOARD) 
CAP.,FXD,CER D1:l PF,10%,5OV 51642 100-050-NPO-1098 

(PART OF CIRCUIT BOARD) 
CAP..FXD,CER DI:0.0047UF.l0'30,lWV 
(PART OF CIRCUIT BOARD) 
CAP.,FXD,CER DI:1 PF,10%.50V 
(PART OF CIRCUIT BOARD) 
CAP.,FXD,CER DI:O.O047UF,lO%,lOOV 

283-0158-00 8268530 CAP.,FXD,CER DI:1PF,1O0h,50V 
281-061 7-00 6260000 8268529 CAP.,FXD,CER Dl:15PF,10%,200V 
281-0797-00 6268530 CAP.,FXD,CER D1:15PF,10%,100V 
----- ---- (NOMINAL VALUE,SELECTED) 
281 -0772-00 CAP.,FXD,CER DI:0.0047UF.10%,100V 

----" (NOMINAL VALUE.SELECTED) 

CAP.,FXD.CER DI:O.O047UF,10%,100V 
CAP.,FXD,CER Dl:470PF,10%,100V 
CAP..FXD,CER DI:470PF,10%,100V 
(PART OF CIRCUIT BOARD) 
CAP.,FXD.CER DI:1 PF,l0%,50V 
(PART OF CIRCUI'T BOARD) 

CAP.,FXD,CER UI:O.0047UF.l0%,100V 
CAP..FXD,CER DI:0.0047UF,10°~,100V 
(PART OF CIRCUIT BOARD) 
CAP.,FXD.CER DI:1 PF,lO%,SOV 
(PAR-r OF CIRCUIT BOARD) 
CAP.,FXD,CER DI:O.O047UF,100/o,lOOV 

SEMICOND DEVICE:SILICON,30V,150MA 
SEMICOND DEVICE:SILICON.30V,150MA 
SEMICOND DEVICE:SILICON.30V,l50MA 
SEMICOND DEVICE:SlUCON,30V,150MA 
SEMICOND DEVICE:SILICON,30V,l5OMA 

SEMICOND DEVICE:SILICON,30V,150MA 01 295 1 N4152A 
SEMICOND DEVICE:SILICON,30V,150MA 01295 1 N4152R 
SEMICOND DEVICE:SILICON,400V,3A 04713 IN5000 
SEMICOND DNICE:SlLICON,400V,3A 04713 1N5000 
SEMICOND DNICE:SILICON,30V,15OMA 01295 1N4152R 
SEMICOND DEVICE:SILICON,30V,150MA 01295 1N4152R 
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Tektronix 
Part No. ---..----" 

SeriailModel No. 
~ f f  Dscont N~~~ &EeEp%?k-- -.-"-.- 

Mfr 
Code 

, --------- Ckt No. 

CR203 
CR204 
CR239 
CR240 
CR241 
CR248 

CR250 
CR251 
CR253 
CR254 
CR264 
CR265 

Mfr Part Number 

SEMlCOND DEVICE:SILICON,30V,150MA 
SEMICOND DEVICE:SILICON,30V,150MA 
SEMICOND DEVICE:SILICON,30V,l5OMA 
SEMICOND DEVICE:SIL1CON,15V,5OMA 
SEMICOND DEVlCE:SlLlCON,15V,50MA 
SEMICOND DEVICE:SlLlCON,30V,150MA 

SEMICOND DEVfCE:SlLlCON.30V.l50MA 
SEMICOND DEVICE:SILICON.30V.150MA 
SEMICOND DEVICE:SILICON,30V,150MA 
SEMICOND DEVICE:SILICON,30V,l5OMA 
SEMICOND DEVlCE:SlLICON,30V.I50MA 
SEMICOND DEVICE:SiLICON,30V,150MA 

82681 05 SEMICOND DEVICE:SILICON,3OV,l50MA 
SEMICOND DEVICE:SILICON,3OV,150MA 
SEMICOND DEVICE:SILICON,30V.l5OMA 
SEMICOND DEVICE:SILICON,30V,15OMA 
SEMICOND DEVICE:SlLICON,30V,l50MA 
SEMICOND DEVICE:SILICON,30V,150MA 

SEMICOND DEVICE:SILICON,30V,150MA 
SEMICOND DEVICE:SILICON.30V.l5OMA 
SEMICOND DEVICE:SILlCON,30V,150MA 
SEMICOND DEVICE:SILICON,30V,15OMA 
SEMICOND DEVICE:SILICOM,30V.l5OMA 
SEMICOND DEVICE:SILICON,30V,150MA 

SEMICOND DEVICE:SILICON,30V,150MA 
SEMICOND DEVICE:SILICON,30V,15OMA 
SEMICOND DEVICE:SILICON,30V.l50MA 
SEMICOND DEVICE:SILICON,30V,150MA 
SEMICOND DEVICE:SILICON,30V,150MA 
SEMICOND DEVICE:SILICON,30V,150MA 

SEMICOND DEVICE:GE,25V,40MA 
SEMICOND DEVlCE:SILICON,30V,150MA 
SEMICOND DEVICE:SILICON,30V,1SOMA 
SEMICOND DEVICE:SILICON,3OV,l50MA 
SEMICOND DEVICE:SILICON,30V,150MA 
SEMICOND DEVlCE:SILICON,30V,150MA 

SEMICOND DEVICE:SILICON,30V,l5OMA 
SEMICOND DEVICE:SILICON,30V,150MA 
SEMICOND DEVICE:GE,25V,40MA 
SEMICOND DEVICE:SlLlCON,30V,150MA 
SEMICOND DEVICE:SILlCON,30V,15OMA 
SEMICOND DEVlCE:SlLlCON,30V,150MA 

SEMICOND DEVICE:SlUCON,30V,15OMA 
SEMICOND DEVICE:SILICON,30V,150MA 
(CR801 OPTION 2 ONLY) 
SEMICOND DEVICE:SIUCON,30V,lSOMA 
(CR811 OPTION 2 ONLY) 
SEMICOND DNICE:SlLlCON,30V,15OMA 

SEMICOND DEVICE:SILIGON,30V,150MA 
SEMICOND DNICE:SILICON,30V,lSOMA 

B260000 B268064 SEMICOND DEVlCE:SlLlCON,15V,50MA 
8268065 SEMICOND DEVICE:SlUCON,lSY,HOT CARRIER 

SEMICOND DEVICE:SiLICON,30V,lSOMA 
SEMICOND E1NICE:SILICON,30V,150MA 
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"" --------- 
Mfr 
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SEMICOND DEVICE:SILICON,30V,150MA 
SEMICOND DEVICE:SILICON,400V,3A 
SEMICOND DEVICE:SILICON,4OOV,400MA 
SEMICOND DEVlCE:SILfCON,400V,lA 
SEMICOND DEVICE:SILICON,&LAYER,TRIGGER 
SEMICOND DEVICE:SILICON,400V,400MA 

SEMICOND DEVICE:SILICON,400V,lA 
SEMICOND DEVICE:SILICON,400V,400MA 
SEMICOND DEVICE:SILiCON,400V,lA 
SEMICOND DEVICE:SILICON,400V,400MA 
SEMICOND DEVICE:SILlCON,400V,lA 
SEMICOND DEVICE:SILICON,175V,lOOMA 

SEMICOND DEVICE:SILICON,175V,lOOMA 
SEMICOND DEVICE:SILICON,I75V,IOOMA 
SEMICOND DEVICE:SILICON,30V,l5OMA 
SEMICOND DEVICE:SILICON,30V,150MA 
SEMICOND DEVICE:SILICON,30V,150MA 
SEMICOND DEVICE:SILICON.55V,2OOMA 

SEMICOND DEVICE:SILICON,55V,2OOMA 
SEMICOND DEVtCE:SILICON,55V,2OOMA 
SEMICOND DEVICE:SILICON,55V,2OOMA 
SEMICOND DEVICE:SILICON,55V,200MA 
SEMICOND DEViCE:SILICON,55V,2OOMA 
SEMICOND DEVICE:SILICON,55V,2OOMA 

SEMICOND DEVICE:SILICON,30V,150MA 
SEMICOND DEVICE:SILICON,3OV,150MA 
SEMICOND DEVICE:SILICON,50V,12A 
SEMICOND DEVICE:SILICON,20V,5A 
SEMICOND DEVICE:RECT,Sl,lOOV,5A 
SEMICOND DEVICE:SILICON,20V,5A 

SEMICOND DEVICE:RECT,SI,IOOV,5A 
SEMICOND DEVICE:SILICON,5OV,l2A 
SEMICOND DEVICE:SILICON,400V,IA 
SEMICOND DNtCE:SlLICON,400V,lA 
SEMICOND DEVICE:SlLICON,400V,lA 
SEMICOND DWlCE:SlLICON,40aV,lA 

SEMICOND DEVICE:SILICON,l75V,1OOMA 
SEMiCOND DEVICE:SILICON,l75V,lOOMA 
SEMICOND DEVICE:SlLICON,400V,750MA 
SEMICOND DEVICE:SILICON,400V,7SOMA 
SEMICOND DEVICE:SILICON,400V,750MA 
SEMICOND DEVICE:SILICON,400V,7SOMA 

SEMICOND DEVICE:SILICON,5OV,12A 
SEMICOND DEVICE:SILICON,50V,12A 
SEMICOND DEVICE:SILICON,50V,12A 
SEMICOND DEVICE:SILICON,5OV,12A 
SEMICOND DEVICE:SILICON,3OV,150MA 
SEMICOND DEVICE:SILICON,30V,150MA 

SEMICOND DEVICE:SILICON,30V,150MA 
SEMICOND DMtCE:SiLICON.30V.lSOMA 
SEMICOND DNlCE:SlLlCON,400V,lA~ 
SEMICOND DffICE:SILICON,30V,I50MA 
SEMICOND DEVICE:SIUCON,30V,15OMA 
SEMICOND DEVICE:SILICON,30V,150MA 
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SEMICOND DEVICE:SILlCON,400V,lA 
SEMICOND DEVICE:SILICON,30V,150MA 
SEMICOND DEVICE:SILICON,3OV,150MA 
SEMICOND DEVICE:SILICON,30V,l50MA 
SEMICOND DEVICE:SiLICON,30V.l50MA 
SEMICOND DEVICE:SILICON,30V,I50MA 

SEMICOND DEVlCE:SiLlCON,400V,lA 
SEMICOND DEVICE:SILICON,30V,150MA 
SEMICOND DEVICE:SILICON,30V,150MA 
SEMICOND DEVlCE:SILICON,85V,lOOMA 
SEMICOND DEVICE:SILICON,30V,150MA 
SEMICOND DEVICE:SILICON,3OV,150MA 

SEMICOND DEVICE:SILICON,30V,150MA 
SEMICOND DEVICE:SILICON,30V,150MA 
SEMICOND DEVICE:SlLlCON,400V,lA 
SEMICOND DEVlCE:GE,25V,40MA 
SEMICOND DEVICE:SILICON,30V,150MA 
SEMICOND DEVICE:SILICON,30V.t50MA 

SEMICOND DEVICE:SILlCON,400V,lA 
SEMICOND DEVICE:SILICON,12,00OV,5MA 
SEMICOND DEVICE:SILICON,12,00OV,5MA 

8260000 8281169 SEMICOND DEVlCE:SILICON,400V,lA 
SEMICOND DEVICE:SILICON,30V,150MA 
SEMICOND DEVICE:SlLlCON,30V,150MA 

SEMICOND DEVICE:SILICON,225V,200MA 
SEMICOND DEVICE:SILICON,225V,200MA 
SEMICOND DEVICE:SILICON,225V,2OOMA 
SEMICOND DEVICE:SILICON,225V,200MA 
SEMICOND DEVICE:SILICON,225V,200MA 
SEMICOND DEVICE:SILICON,225V,200MA 

SEMICOND DEVICE:SILICON,225V,200MA 
SEMICOND DE\IICE:SlLICON,225V,2OOMA 
SEMICOND DEVICE:SILICON,225V,200MA 
SEMICOND DEVICE:SILICON,225V,200MA 
SEMICOND DEVICE:SILICON,225V,2M)MA 
SEMICOND DEVICE:SILICON,30V,150MA 

SEMICOND DEVICE:SILICON,30V,150MA 
SEMICOND DEVICE:SILICON,30V,150MA 
SEMICOND DEVICE:SILICON,30V,150MA 
SEMICOND DEVICE:SlLlCON,30V,150MA 
SEMICOND DEVICE:SILICON,30V,150MA 
SEMICOND DEVICE:SILICON,30V,150MA 

SEMICOND DEVICE:SILICON,3OV,150MA 
SEMICOND DEVICE:SILICON,30V,150MA 
SEMICOND DEVICE:SILlCON,400V,lA 
SEMICOND DEVICE:SILICON,30V.l50MA 
SEMICOND DEVICE:SILICON,30V,150MA 
SEMICOND DEVICE:SILICON,30V.I50MA 

SEMICOND DEVlCE:SILICON,30V,150MA 
SEMICOND DEVICE:SlLlCON,30V,150MA 
SEMICOND DEVICE:SILICON,30V,15DMA 
SEMICOND DNICE:SILICON,85V,lOOMA 
SEMICOND DEVICE:SILICON,30V,150MA 
SEMICOND DEVICE:SILICON,30V,150MA 
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SEMICOND DEVICE:SILICON,30V,l50MA 
SEMICOND DEVICE:SILICON,30V,150MA 
SEMICOND DEVICE:SILICON.30V,150MA 
SEMICOND DEVICE:SILICON,3OV,150MA 
SEMICOND DEVICE:SILICON,30V,150MA 
SEMICOND DEVICE:SILICON,3OV,150MA 

SEMICOND DEVICE:SILICON,3OV,15OMA 
SEMICOND DEVICE:SILICON,3OV,150MA 
SEMICOND DEVICE:SILICON,30V,l50MA 
SEMICOND DEVICE:SILICON,30V,150MA 
SEMICOND DEVICE:SILICON,30V,150MA 
SEMICOND DEVICE:SILICON,30V,150MA 

SEMICOND DEVICE:SILICON,30V,150MA 
SEMICOND DEVICE:SILICON.30V,150MA 
SEMICOND DEVJCE:StLICON,30V,150MA 
SEMICOND DEVICE:SILICON,30V,150MA 
SEMICOND DEVICE:SILICON,3OV,150MA 
SEMICOND DEVICE:SILICON,30V,150MA 

CR2193 
CR2196 
CR2198 
CR2226 
CR2235 
THRU 

SEMICOND DEVICE:SILICON,30V,150MA 
SEMICOND DEVICE:SILICON,3OV,15OMA 
SEMICOND DEVICE:SILlCON,3OV,150MA 
SEMICOND DEVICE:SILICON,30V,l50MA 
SEMICOND DEVICE:SILICON,55V,2OOMA 

SEMICOND DEVICE:GE,25V,40MA 
SEMICOND DEVICE:GE,25V,40MA 
SEMICOND DEVICE:SILICON,30V,150MA 
SEMICOND DEVICE:SlLlCON,30V,150MA 
SEMICOND DEVICE:SILICON,30V,15OMA 

SEMICOND DEVICE:SlLlCON,30V,150MA 
SEMICOND DEVICE:SlLICON,3OV,l5OMA 
SEMICOND DEVICE:SILICON,30V,150MA 
SEMICOND DEVICE:SILICON,30V,O.IA 
SEMICOND DEVICE:SILICON.400V,400MA 
SEMICOND DEVICE:SILICON,400V,400MA 

SEMICOND DEVICE:SILICON,30V,O.lA 
SEMICOND DEVICE:SILICON,400V,400MA 
SEMICOND DEVICE:SILICON,400V,400MA 
SEMICOND DEVICE:SILICON.3OV.l50MA 
SEMICOND DNICE:SILICON,30V,15OMA 

DELAY LINE.ELEC:60NS,100 OHM 

DSlOO 
DS102 
DS104 
DS106 

DSl 08 
DSllO 
DS112 
DS114 
DS116 
05120 
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Mfr 
Code Ckt No. Name & Description 

" 
Mfr Part Number ~- 

LAMP,INCAND:5V,O.O6ASEL 
ARSR.ELEC SURGE:230V,GAS FILLED 
ARSR,ELEC SURGE:230V,GAS FILLED 
LAMP.GLOW:9OV,0.3MA.AID-T.WIRE 1.D 
LAMP,lNCAND:6.3V.0.2OA 
LAMP,INCAND:6.3V,0.2A 

58854 
74276 
74276 
OOOLl 
08806 
08806 

08806 
08806 
08806 
08806 
OOOLl 
OOOLl 

LAMP.GLOW:NEON,T-2,60 TO 90 VOLTS 
LAMP.GLOW:NEON,T-2,60 TO 90 VOLTS 

SHIELDING BEAD,:FERRITE 

FUSE,CARIRIDGE:3AG,4A,250V,FAST BLOW 

FUSE.CAR7 RIDGE:lAG,15A,32V,FAST BLOW 
FUSE,CARTHIDGE:3AG,2A.250V,FAST-BLOW 
FlLTkR,RFI:6A,250VAC,48440 HZ 

gkn15 

AGC 2 
F12034-6 

RELAY,ARMA-TURE:DPDTp15VDC,600 OHM 
(K802 OPTION 2 ONLY) 

RELAY,ARMATURE:DPD1,15VDC,600 OHM 
(K805 OPTION 2 ONLY) 
RELAY,ARMATURE:DPD I ,15VDC,600 OHM 
(K812 OP I ION 2 ONLY) 
RELAY,ARMATURE:DPDT,15VDC,600 OHM 
(K815 OPTION 2 ONLY) 

COIL.RF:Z-6UH.CORE 276-056800 
LEAD,ECECTRICAL:0.0203 DIA.1.625 L,BARE 
LEAD.ELECTRICAL:0.0203 DIA.1.625 L.BARE 
COIL,RF:805NH 
(L802 OPTION 2 ONLY) 
COIL,RF:805NH 

(L805 OPTION 2 ONLY) 
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COIL,RF:1.75UH 
(L806 OPTION 2 ONLY) 
COIL,RF:805NH 
(L807 OPl'ION 2 ONLY) 
COIL,RF:805NH 
(LBO8 OPTION 2 ONLY) 

COIL,RF:1.75UH 
(L809 OFTION 2 ONLY) 
COIL,RF:805NH 
(L812 OPTION 2 ONLY) 
COlL,RF:805NH 
(L815 OPT ION 2 ONLY) 

COIL,RF:I .75UH 
(L816 OPTION 2 ONLY) 
COIL.RF:SOSNH 
(L817 OPTION 2 ONLY) 
COIL,RF:805NH 
(L818 OPTION 2 ONLY) 

L819 108-071 6-00 COlL,RF:1.75UH 
181 9 -..- (L819 OPTION 2 ONLY) 
L1201 108-0686-00 6260000 8279999 COIL,RF:I I6UH 
L1203 108-0686-00 8260000 8279999 COIL,RF:l I6UH 
L1229 108-0681 -00 COIL,RF:140UH 
L1237 108-0678-00 COIL,RF:I MH 

COIL,RF:80UH 
COIL,RF:80UH 
COIL.IUBE DEFLE:fRACE ROTATOR 
COIL.7UBE DEFLE:Y AXIS ALIGNMENT 
COIL,RF:0.75UH 
SHIELDING BEAD,:FERRITE 

L5665 108-0474-00 8260000 8268529 COIL,RF:PUH 
L5665 108-0409-00 8266530 COIL,RF:17.5UH 
L5667 108-0474-00 8260000 8268529 COIL,RF:2UH 
L5667 108-0409-00 8268530 COIL,RF:17.5UH 
L5679 2760528-00 8260000 8268529 SHIELDING BEAD,:O.lUH 
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Tektronix 
Part No. 

SerialIModel No. 
E ff Dscont 

Mfr 
Code Ckt No. -- Name & Description Mfr Part Number 

TRANSISTOR:SILICON,NPN,SEL FROM MPS918 
TRANSISTOR:SILICON,NPN,SEL FROM MPS652 
TRANSISTOR:SILICON.NPN,SEL FROM MPS918 

TRANSISTOR:SILICON.NPN,SEL FROM MPS918 
TRANSISTOR:SILICON,NPN 
TRANSIST0R:SILICON.PNP 
TRANSIST0R:SILICON.NPN.SEL FROM MPS652 
TRANSISTOR:SILICON,NPN.SEL FROM MPS652 
TRANSISTOR:SILICON,PNP 

TRANSISTOR:SILICON,NPN,SEL FROM MPS652 
TRANSIST0R:SILICON.NPN.SEL FROM MPS652 
TRANSIST0R:SILICON.PNP 
TRANSISTOR:FET,N-CHAN,SI,F1782,TO-18 
TRANSISTOR:SILICON,NPN,SEL FROM MPS652 
TRANSISTOR:SILICON.NPN,SEL FROM MPS652 

TRANSISTOR:SILICON,NPN,SEL FROM MPS652 
TRANSISTOR:SILICON.NPN,SEL FROM MPS652 
TRANSISTOR:SILICON.NPN,SEL FROM MPS652 
TRANSISTOR:SILICON.NPN,SEL FROM MPS652 
TRANSISTOR:SILICON.NPN,SEL FROM MPS652 
TRANSIST0R:SILICON.NPN.SEL FROM MPS652 

TRANSIST0R:SILICON.NPN.SEL FROM MPS652 
TRANSIST0R:SILICON.NPN.SEL FROM MPS652 
TRANSIST0R:SILICON.NPN.SEL FROM MPS652 
TRANSISTOR:SILICON.NPN 
TRANSIST0R:SILICON.NPN 
TRANSISTOR:SILICON,NPN 

REV MAY 1983 

7904



Replaceable Electrical Parts-7904 (SN 8260000 & UP) 

Tektronix 
Part No. 

Serial/Model No. 
Eff Dscont - 

Mf r 
Code Name & Description Mfr Part Number Ckt No. 

TRANSISTOR:SILICON,PNP 
TRANSISTOR:SILICON,NPN 
TRANSIST0R:SILICON.NPN 
TRANSISTOR:UJT.S1,2N6027,TO-98 
TRANSISTOR:SILICON,NPN 
TRANSIST 0R:SILICON.NPN 

TRANSISTOR:SILICON,NPN 
TRANSISTOR:SILICON,PNP,SEL FROM 2N4888 
TRANSISTOR:SILICON,NPN 
TRANSISTOR:SILICON.NPN,SEL 
TRANSISTOR:SILICON,NPN,SEL FROM MJE280 
TRANSISTOR:SILICON.NPN,DUAL 

TRANSISTOR:SILICON.NPN,DUAL 
TRANSIST0R:SIUCON.NPN 
TRANSISTOR:SILICON,NPN 
TRANSISTOR:SILICON.NPN,SEL FROM MJE280 
TRANSISTOR:SILICON,NPN.DUAL 
TRANSIST0R:SILICON.PNP 

TRANSISTOR:SILICON.NPN.DUAL 
TRANSISTOR:SIUCON,NPN 
TRANSISTOR:SILICON.NPN,SEL FROM MJE280 
TRANSISTOR:SILICON,NPN,DUAL 
TRANSISTOR:SILICON,PNP,SEL FROM 2N4888 
TRANSISTOR:SILICON,NPN 

TRANSISTOR:SILICON,NPN.SEL FROM MJE.80 
TRANSISTOR:SILICON.NPN,SEL FROM MPS652 
TRANSIST0R:SILICON.PNP 
TRANSISTOR:SILICON,NPN,DUAL 

TRANSISTOR:SILICON,NPN,DUAL 
TRANSISTOR:SILICON,NPNSEL FROM MPS652 
TRANSISTOR:SILICON,NPN 
TRANSISTOR:SILICON,NPN,SEL FROM MJE280 
TRANSISTOR:SILICON,PNP.SEL FROM 2N4888 
TRANSIST0R:SILICON.NPN 

REV MAY f 983 

7904



Replaceable Electrical Parts-7904 (SN 8260000 & UP) 

Tektronix 
Part No. 

SeriallModel No. 
Eff Dscont Name & Description - ---p----7---.-- ---- 

Mfr 
Code Ckt No. .*-.- - Mfr Part Number - 

TRANSISTOR:SILICON,PNP,SEL FROM 2N4888 
TRANSISTOR:SILICON,NPN 
TRANSISTOR:SILICON,PNP 
TRANSISTOR:SILICON,PNP 
TRANSIST0R:SILICON.PNP 
TRANSISTOR:SILICON.NPN,SEL FROM MPS652 

TRANSISTOR:SILICON.PNP 
TRANSIST0R:SILICON.PNP 
TRANSISTOR:SILICON,PNP 
TRANSISTOR:SILICON,PNP 
TRANSISTOR:SILICON.PNP 
TRANSISTOR:SILICON.NPN,SEL FROM MPS652 

SO36228 
SPS8236 
SPS8236 
SO36226 
OED 
SPS8801 

TRANSISTOR:SILICON,NPN 
TRANSISTOR:SILICON,NPN 
~FRANSISTOR:StLICON,PNP 
TRANSISTOR:SILICON,PNP 
TRANSISTOR:SlLlCON.NPN,SEL FROM MPS652 
7RANSISTOR:SILICON.NPN 

TRANSISTOR:SILICON.PNP,SEL FROM 2N4258 
IRANSISTOR:SILICON,PNPSEL FROM 2N4258 

SO36228 
SO36228 
151 -0274-00 
OBD 
SO32677 
SO32677 

151 -0274-00 
OED 
X38L3118 
X38L3118 
SS7144 
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Replaceable Electrical Parts-7904 (SN B260000 & UP) 

Tektronix Serial/Model No. 
Part No. E ff Dscont 

Mfr 
Code 

- - m y -  

Name & Description Mfr Part Number ---- 
MFF1816G49900F 
MFF1816G49900F 
MFFI 616G49900F 
CB1525 
CB1055 
CB1525 

CB1045 
CB2435 
MFF1816G49R90F 
MFF1816G49R9OF 
CB4725 
MFFI 81 6G301 OOF 

MFFI 81 6G20000F 
MFF1816G2OOOOF 
MFFI 81 6G20000F 
MFF1816G13000F 
MFF1816Gl3000F 
MFF1816G24900F 

MFF1816G24900F 
MFFI 816G13000F 
MFFI 816G13000F 
MFFI 816G49R90F 
MFF1816G49R90F 
CECTO-4530F 

MFF1816G10000F 
MFFI 816G332ROF 
MFF1816630100F 
CB9125 
CB1015 
CB5125 

MFFl816G25501 F 
MFF181fjG21000F 
MFFI 816G22100F 
MFFI 81 6G20000F 
CB1515 
MFFI 81 6G15000F 

REV MAY 1983 
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Replaceable Electrical Parts-7904 (SN 8260000 81 UP) 

Tektronix 
Part No. 

SerialIModel No. 
E ff Dscont Name & Description 

Mfr 
Code Ckt No. Mfr Part Number 

RES.,FXD,CMPSN:POO OHM.5Ob.0.25W 
RES..FXD,FILM:1.33K OHM,1%,0.125W 
RES..FXD,CMPSN:6.2K OHM,5%,0.25W 
RES.,FXD,CMPSN:6.2K OHM,5%,0.25W 
RES..FXD,CMPSN:8.2K OHM,5%,0.25W 
(NOMINAL VALUE,SELECTED) 
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Replaceable Electrical Parts-7904 (SN 8260000 & UP) 

Tektronix 
Part No. - 

Serial/Model No. 
Eff Dscont - 

Mfr 
Code Name & Description Mfr Part Number Ckt No. 

MFF1816G35700F 
C81005 
CB1005 
MFF1816G16R50D 
MFF1816G16R50D 
MFFI 816G16R50D 

MFF1816G16R50D 
MFF1816G16R50D 
MFFI 81 6G16R50D 
MFF1816G16R50D 
MFF1816G16R50D 
MFF1816G16R50D 

REV MAY 1983 

7904



Replaceable Electrical Parls--7904 (SN B260000 & UP) 

Tektronix 
Part No. 

." 

Serial/Model No. 
Eff Dscont Name & Description 

.-------.--,.",*--- --.---.----.A.u.----.- ~ 

Mfr 
Code - -" Ckt No Mfr Part Number -- -- -.*-.--------. 

SELECTED 
RES.,FXD,CMPSN:82 OHM,5%,0.25W 
RES.,FXD,CMPSN:82 OHM,5%,0.25W 
SELECTED 
RES.,FXD,FILM:178 OHM.1%,0.50W 
RES.,FXD,FILM:49.9 OHM,1%,0.125W 

RES.,FXD,CMPSN:lOO OHM,5%,0. 25W 
RES.,FXD.FILM:51.1 OHM,1%,0.50W 
RES..FXD.CMPSN:lOO OHM,5%.0.125W 
(NOMINAL VALUE,SELECTED) 
RES.,FXD,FILM:51.1 OHM,l%,O.5OW 
RES..FXD,CMPSN:lW OHM,5%,0.125W 

SELECTED 
RES..VAR,NONWIR:500 OHM.1 Wo,0.50W 
RES.,FXD,CMPSN:560 OHM,5%,0.25W 
RE S.,FXD,CMPSN:470 OHM,5%,0.25W 
WES.,VAR,NONWIR: t K OHM,10%,0.5%,0.5W 
RES.,VAA,NONWIR:2K OHM,10%,0.50W 
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Replaceable Electrical Parts-7904 (SN 8260000 & UP) 

Tektronix 
Part No. 

-.*em---- 

Serial/Model No. 
Eff Dscont ------- 

Mfr 
Code Mfr Part Number - Name 8 Description , 

- - p e w -  -- Ckt No. ----.- 

RES.,FXD,FILM:IOO OHM,l%,O.SOW 
RES.,FXD,FILM:lOO OHM.l%.O.5OW 
SELECTED 
RES.,VAR,NONWIR:500 OHM.10%,0.50W 
RES.,FXD,CMPSN:750 OHM,5%.0.25W 
RES..FXD,CMPSN:470 OHM,5%,0.25W 

RES.,FXD,CMPSN:470 OHM,5%,0.25W 
RES.,FXD,FILM: 
(R782 IS PART OF THE CRT ASSY 
AND IS SELECTED TO MATCH THE 
IMPEDANCE OF THE CRT VERTICAL 
DEFLECTION PUTES.) 

(R802, OPTION 2 ONLY) 
RES.,FXD,FILM:49.9 OHM,1%,0.125W 
(R805 OPTION 2 ONLY) 
RES.,FXD,FILM:49.9 OHM,1%.0.125W 
(R812 OPTION 2 ONLY) 
RES.,FXD,FILM:49.9 OHM.1%,0.125W 

(R815 OPTION 2 ONLY) 
RES.,FXD,FILM:50.5 OHM,0.5%,0.125W 
RES.,FXD.FILM:50.5 OHM,0.5%.0.125W 
RfS.,FXD,FILM:50.5 QHM,0.5%.0.125W 
RES.,FXD,FILM:SO.S OHM,0.5%,0.125W 
RES.,FXD.FILM:80.6 OHM.1%.0.125W 
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Replaceable Electrical Parts-7904 (SN 8260000 & UP) 

Tektronix SerialIModel No. 
Part No. E ff Dscont 

Mfr 
Code .- Ckt No. Name & Description -- Mfr Part Number 

CB27G5 
CB27G5 
MFFI 81 6G931 ROF 
MFF1816G10001F 
MFF1816G422ROF 
MFF1816G422ROF 

MFFI 81 6G232WF 
CB1015 
MFF18166931ROF 
MFFl816GlWOOF 
MFFl816G100ROF 
63M251T602 

REV MAY 1983 
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Replaceable Electrical Parts-7904 (SN 8260000 & UP) 

Yektronix 
Part No. 

ode1 No. 
Dscont Name & Description 

Mfr 
Code Ckt No. Mfr Part Number 

CB2741 
CB2701 
CBlOl 1 
CB3915 
CB6841 
EB3321 

CBl 01 1 
CB4735 
CB5625 
CB2235 
CB5625 
CB1045 

CB1815 
CB5805 
CB4715 
MFF1816G17801F 
CB1025 
CEATO-11 ROF 

REV MAY 1983 

7904



Replaceable Electrical Parts-7904 (SN B260000 I% UP) 

Tektronix 
Part No. 

del No. 
Dscont Name & Description ."-- ~-" ---. 

Mfr 
Code ----. Ckt No. Mfr Part Number 

.-.-----*~- 

CB151l 
CB1821 
MFF1816C12001 I3 
MFF 1816C28001B 
CB1841 
CB1241 

REV MAY 1983 
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Replaceable Electrical Parts-7904 (SN 8260000 81 UP) 

Tektronix SeriallModel No. 
Part No. Eff Dscont 

Mfr 
Code Name & Description 

-.--.--**"-------""- 
Mfr Part Number 

p-- 

Ckt No. 

REV MAY 1983 
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Replaceable Electrical Parts-7904 (SN 8260000 & UP) 

Tektronix SerialIModel No. 
Part No. Eff Dscont 

Mfr 
Code Ckt No. Name & Description Mfr Part Number 

RES..FXD,CMPSN:1.5K OHM.10%,0.50W 
RES.,FXD,CMPSN:P.PK OHM.5%.0.50W 
(NOMINAL VALUE,SELECTED) 
RES.,FXD,CMPSN:13 OHM.5%.0.25W 
RES.,FXD,CMPSN:56 OHM,5%,0.25W 
RES..FXD,CMPSN:4.7K OHM.10%,0.25W 

RES.,FXD,CMPSN:330 0HM,10°h.0.25W 
RES.,FXD,CMPSN:3,9K OHM,10%,0.25W 
RES.,FXD,CMPSN:24OK OHM,5%,0.25W 
RES.,FXD,CMPSN:470K OHM,10%,0.25W 
RES.,FXD,FILM:500K OHM129.65M OHM 
RES.,FXD,CMPSN:lK OHM,10%,0.5OW 

RES.,FXDrCMPSN:l00K OHM,10%,0.25W 
(PART OF R333) 
RES.,FXD,CMPSN:lM OHM,5%,0.50W 
RES.,FXD,CMPSN:lM OHM,5%,0.50W 
RES.,FXD,CMPSN:lM OHM,5%,0.50W 
RES..FXD,CMPSN:lM OHM,5%.0.50W 

REV MAY 1983 
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Replaceable Electrical Parts-7904 (SN 8260000 & UP) 

Tektronix 
Part No. 

SerialiModel No. 
Eff Dscont Name & Description 

Mfr 
Code Ckt No. Mfr Part Number 

RES.,FXD,FILM:182K OHM,1%,0.125W 
RES.,FXD,FILM:75K OHM, 1%,0.125W 
RES..FXD,FILM:4,99K OHM,lO/o,O.f 25W 
RES.,FXD,CMPSN:1.3K OHM,5%,0.25W 
RES..FXD,CMPSN:47K OHM,5%,0.25W 
RES.,FXD,CMPSN:IW OHM,5%,0.25W 

MFF18tG10000F 
CB1015 
MFFI 81 6G200ROF 
MFFI 81GGl3700F 
MFF1816G200ROF 
82P-6-2-102K 
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Replaceable Electrical Parts-7904 (SN 8260000 & UP) 

Tektronix 
Part No. 

SerialIModel No. 
E ff Dscont Name & Description -" ".."" - 

Mfr 
Code --- - Ckt No. 

~ 

Mfr Part Number - -- - - 
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Replaceable Electrical Parts-7904 (SN 8260000 & UP) 

Tektronix 
Part No. --.---- 

SeriallModei No. 
E ff Dscont Name R Description ------------.-. ".." -"- 

Mfr 
Code Ckt No. Mfr Part Number -- 

REV MAY 1983 
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Replaceable Electrical PaPPs-7904 (SN B2SQ000 & UP) 

Tektronix SerialiModel No. 
Part No. E ff Dscont ------------ 

Mfr 
Code Ckt No. Name 8. Description "." --"- 

Mfr Part Number 

MFF1816G20000F 
C88235 
CB1015 
CB3325 
CB7535 
MFFI 816G17400F 

MFFI 816G34800F 
MFFI 816G15000F 
MFF1816G11500F 
MFF1816G68100F 
MFF1816G10000F 
3386F-104-102 

CB4315 
PMESO 100 OHM 
EE 1120 +I-5% 
MFF1226G243ROF 
MFF1816G200ROF 
MFF1816G2OOROF 

MFF1816G30R90F 
3329P-L58-101 
EE 1120 +I-5% 
PME50 100 OHM 
BB5605 
CB1025 

PMESO 100 OHM 
PME50 100 OHM 
MFF1816G100ROF 
CB3015 
CB1215 
CB1325 

CB1215 
CB1025 
CB1615 
CB3625 
CB1025 
PME5O 100 OHM 

REV MAY 1983 
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Replacc?.sble Electrical Parts-7904 (SN 8260000 & UP) 

Tektronix 
Part No. .---- 

SeriallModel No. 
Eff Dscont Name & Description --- ---------. ."".--------.-- 

Mfr 
Code 
p- 

Ckt No. .- Mfr Part Number 

MFFl816G200ROF 
MFF1816G200ROF 
CB6215 
CB5615 
EE 1/20 +/-5% 
PME50 100 OHM 

CB1025 
PME50 100 OHM 
PME50 100 OHM 

REV MAY 1983 
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Replaceable Electrical ParPs-7904 (SN 8260000 81 UP) 

Tektronix SeriallModel No. 
Part No. ----.-- E ff DEn!.-.- 

Mfr 
Cafe -- Ckt No. Name & Description --------- - Mfr Part Number 

CB1515 
CB2025 
CB1515 
PME50 52.1 OHM 
MFFl816G249ROF 
BB1015 

(NOMINAL VALUE,SELECIED) 
RES.,FXD,FILM:249 0HM.1°/0,0.125W 
RES.,FXD,FILM:52.1 OHM,0.5%.0.05W 
RES..FXD,CMPSN:lOK OHM,5%,0.25W 
RES..FXD,CMPSN:5.1K OHM,5%,0.25W 
RES..FXD.CMPSN:300 0HMt5%,0.25W 

MFF1816G249ROF 
PME5O 52.1 OHM 
CB1035 
CB5125 
CB3015 

C81515 
CB2025 
CB1515 
PMESO 52.1 OHM 
MFF1816G249ROF 
BE31015 

(NOMINAL VALUE,SELECTED) 
RES.,FXD,FILM:249 OHM,1%,0.125W 
RES.,FXU.FILM:52.1 OHM.0.5%,0.05W 
RES.,FXD,CMPSN:lOK OHM.5%,0.25W 
RES.,FXC),FILM:56.2 OHM,1%.0.125W 
RES.,fXB,FILM:56.2 OHM,1%,0.125W 

MFF1816G249ROF 
PME50 52.1 OHM 
CB1035 
MFF1816G56R20F 
MFF1816G56R20F 
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Replaceable Electrical Parts-7904 (SN 8260000 & UP) 

Tektronix 
Part No. 

I No. 
Dscont 

8268529 

8268529 

8268529 

8268529 

8268529 

8268529 

Mfr 
Code 

----.-*- Ckt No. ----.-.,- Name & Description ~- Mfr Part Number 

BB1015 
CECTO-53R60F 
MFF1226GWROOF 
CB7505 
CEBTO-75ROOF 
CB7505 

RES.,FXD,FILM:75 OHM,1%,0.25W 
RES.,VAR,NONWlR:750 0HM,10°/o,0.50W 
RES.,FXD,FILM:249 OHM,1%,0.125W 
RES..FXD,CMPSN:75 OHM,5%,0.125W 
RES.,FXD,CMPSN:130 OHM,5%,0.125W 
(NOMINAL VALUE,SELECTEB) 

CEBTO-75R00F 
3329P-L58-751 
MFFI 816G249ROF 
807505 
881315 

MFF1226G232ROF 
CB3015 
C81515 
CB2025 
CB1515 
PMESO 52.1 OHM 

MFF1816G249ROF 
6B1015 
MFF1816G249ROF 
PMESO 52.1 OHM 
CB1035 
CB5125 

CB3015 
CB1515 
CB2025 
CB1515 
PMESO 52.1 OHM 
MFFI 816G249ROF 

881015 
MFF1816G249ROF 
PMESO 52.1 OHM 
CB1035 
MFF1816G150ROF 
MFFl816G150ROF 
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Replaceable Electrical Pasls--7904 (SN B260000 & UP) 

Tektronix 
Part No. . 

Ser~alIModel No. 
E ff Dscont -. --- - -- -- - - - 

Mfr 
Code ---- ". -- Ckt No. . . Name & Descriotion Mfr Part Number 

RES ,FXD.FILM:IOO OHMV5%.0.125W 
RES.,FXD,FILM:53.6 OHM,l%,O.SOW 
RES.,FXD,FILM:50 OHM,1%,0.50W 
RES.,FXD,CMPSN:75 OHM,5%,0.25W 
RES.,FXD,FILM:75 OHM,1%,0.25W 
RES.,FXD,CMPSN:75 OHM,5%,0.25W 

MFF1816G76800F 
MFF1816G69800F 
MFFI 81 6G25500F 
MFFI 81 6G30100F 
MFFI 81 6G909ROF 
C84705 

RES.,FXD,CMPSN:75 OHM,5%,0.125W 
(NOMINAL VALUE,SELECTED. ADDED AS NECESSARY 
RES.,FXD,FILM:182 OHM.1%.0.125W 
RES.,FXD,FILM:232 0HM,1°/o.0.50W 
RES.,FXD,FILM:232 OHM.1%,0.50W 

C K I  BOARD ASSY:VERTICAL MODE SW 
CKT BOARD ASSY:HORiZONTAL MODE SW 
SWI'I'CH.ROTARY: 
(PART OF R339) 
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Replaceable Electrical Parts-7904 (SN 8260000 81 UP) 

Tektronix 
Part No. 

SerialIModel No. 
Eff - Dscont -.- Name - & Description "" 

Mfr 
Code Ckt No. . - Mfr Part Number -. 

CKT BOARD ASSY:A TRIGGER SW 
CKT BOARD ASSY:B I'RIGGEI'I SW 
SWlTCH,SLIDE:DPDT,O.5A.l25VAC 
(S801 OPTION 2 ONLY) 
SWI~TCH,SLIUE:DPDT,0.5A.l25VAC 
(S811 OPTION 2 ONLY) 

SWlTCH,SLlDE:DPDT,0.5A.l25VAC 
SWI'ICH,SLIDE:DP3T,O.5A,l25V 
ACTR ASSY,CAM S:CALIBRATE RATE 
ACTR ASSY.CAM S:CALIBRATE VOLTAGE 
SWI ICH,TOGGLE:DPST.15AsI 25VAC 
SW,THERMOSTATlC:lOA,24OV,OPEN 75 DEG C 

BODY,LINE V SEL: 
SWIPCH,SLIDE:DPDT.O.5A,l25VAC 

XFMR.PWR,S-rPDN:LINE TRIGGER 
XFMR,'TOROID:13 TURNS,BIFILAR 
XFMR,I'OROID:5 WINDINGS 

MICROCIRCUIT.DI:ML.CLOCK AND CHOP BLANKING 
MICROCIRCUIT.DI:ML,CHOP DIVIDEHIBLANKING 

MICR0CIRCUIT.DI:ML.DC BINARY 
MICROCIRCUIT,DI:ML,DC BINARY 

B260000 8267794 MICROCIRCUIT,DI:ML,DC BINARY 
6267795 MICROCIRCUIT,DI:ML.DC BINARY 

MICROCIRCUIT,DI:ML.HORIZ LOCKOUT LOGIC 
MICROCIRCUIT,LI:ML.Z-AXIS AND AMPLIFIER 

MICROCIRCUII.LI:ML,HIGH FREQUENCY AMPL 
MICROCIRCUIl',LI:OUTPUT AMPLIFIER 
MICROCIRCUIY,DI:ML,CHANNEL SWITCH 
MICROCIRCUI'I,DI:J-K MASTER SLAVE FF,SCRN 
MICROCIRCUIT,DI:ML,POWER SUPPLY REGULATOR 
SEMICOND DEVICE:3KV P-P IN,+lZKV OUT 

MICROCIRCUIT.LI:OPERAllONAL AMPLIFIER 
MICROCIRCUIP.DI:QUAD 2-INP NOR GA-fE,SCRN 
MICROCIRCUIT,DI:ML,TlMlNG GENERATOR 
MICROCIRCUIT,DI:QUAD 2-INP NOR GATE.SCRN 
MICROCIRCUIT,DI:ML,ZERO LOGIC COUNTER 
MICROCIRCUII ,DI:ML,ANALOG DATA SWITCH 

MICROCIRCUIT.DI:ML.ANALOG TO DECIMAL CONV 
MICROCIRCUIT.DI.ML.ANALOG DATA SWITCH 
MICROCIRCUIT.BI:ML.ZEMO LOGIC 
MICROCIRCUIT.DI:ML.ANALOG TO DECIMAL CONV 
MICROCIRCUIT,DI:4 BIT BINARY COUNTER,SCRN 
MICHOCIRCUIT,DI:ML,DEClMAL POINT AND SPACE 

MICROCIRCUIT,DI k4L.CHAR GEN NUMERALS 
MICROCIRCUIT,DI ML.CHAR GEN SPCL SYMBOLS 
MICROCiRCUIT,DI:ML.CHAR GEIU PREFIXES 
MICROCIRCUi I ,DI.ML,CHAR GEN LETTERS 
MICROCIHCUI I ,Dl ML,CHAR GEN SPCL ALPHA 
MlCROClRCUl T.DI.ML,CHANNEL SW OUTPUT ASSY 
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Replacb?able Electrical Parts--7904 (SN 8260000 & UP) 

Tektronix 
Part No. ." 

SerialIModel No. 
E ff Dscont -----.----.- 

Mfr 
Code Mfr Part Number ----.------------ Ckt No. - Name & Description 

.,,mw-,.," .-,--..-. 

MICROCIRCUIT.LI:HF DIFFERENTIAL AMPLIFIER 
(U46251U4685 ARE A MATCHED PAIR) 
MICROCIRCU1T.LI:HF DlFF AMPLIFtER,TESf ED 
(U4625iU4685 ARE A MA1 CHED PAIR) 
MICROCIRCUlT,Ll:FIVE NPN TRANSISTOR ARRAY 
MICROCIRCUIT,LI:HF DIFFERENTIAL AMPLIFIER 

(U4685fU4625 ARE A MATCHED PAIR) 
MICROCIRCUIT,LI:HF OIFF AMPLIFIER,TESTED 
(U4685/U4625 ARE A MA'TCHEIL) PAIR) 
MICROCIRCUIT,LI:FIVE NPN IRANSISTOR ARRAY 
MICROCIRCUIT.Ll:ML.VERHl"lCAL AMPL,SEL 
MICROCIRCUIT.LI:ML,VEF{TICAL AMPLIFIER 

MICROCIRCUIT,LI:ML.VERTICAL AMPL,SEI- 
MICROCIRCUIT,LI:ML.VERI'ICAL AMPLIFIER 
MICROCIRCUIT,LI:ML,VERRIICAL AMPL,SEL 
MICROCIRCUtT,LI:ML,VER7'1CAL AMPLIFIER 
MICROCfRCUIT,LI:FIVE NPN 7 RANSISTOR ARRAY 
MICROCIRCUI-S,LI:ML,VERTICAL AMPL,SEL 

MICROCIRCUI~S,LI:ML,VERTlCAL AMPLIFIER 
MICROCIRCUIT.Lt:ML.VERTTICAL AMPLSEL 
MICROCIRCUIT,LI:ML,VERTICAL AMPLIFIER 
MICROClRCUIT,LI:ML,VERT~CAL AMPL,SEL 
MICROCIRCUIT,Ll:ML.VERTICAL AMPLIFIER 

ELECTRON TUBE:CRT,P31 PHOSPHOR 
ELECI RON 7 UBE:CR7 .P31 ,INI SCALE 
(OPTION 4 ONLY) 
ELECTRON TUBE:CHT,Pl 1 .INT SCALE 
(OPTION 4 ONLY) 
ELECTRON TUBE.CRT,Pll,INT SCALE 

(OPTION 78 ONLY) 

SEMICOND OEVICE:ZENER,0.4W,6.2V.5% 
SEMICOND DEVICE:ZENER,0.4W,33V5% 
SEMICOND DEVlCE:ZENER,0.4W,l2OV.5% 
SEMICOND DEVICE:ZENER,0.4W,lOV,5% 

SEMICOND DffICE:ZENER.0.4W,20V,5% 
SEMICOND DEVICE:ZENER,O.SW,9V,5% 
SEMICOND DEVICE:ZENER.O.~W,~.~V,~O/Q 
S f  MICOND DEVICE:ZENER,0.4W,5.1 V,5% 
StMlCONO DEVICE:ZENL11.0.4W,775V,5"/~ 
SEMICOND ISFVICE:ZENtA.0.5W.9V,5% 

SEMICOND DEVICE:ZENER,0.4W.51V.5% 
SEMICOND DEVICE:ZENtH.0.4W.150V.5% 
SEMICOND DEVICE:ZENf R,lW,15V,5% 
SEMICOND DEVICE:ZENER,lW,15V,5% 
SEMICOND DEVICE:ZENER,lW,15V,5°/o 
SEMICOND DEVlCE:ZENER.0.4W,lOV,5% 

SEMICOND DEVfCE:ZENER,0.4W.3OV,5% 
SEMICOND DVC SE:MPCHD WITHIN O.1V AT 0.4W 
fNONREPLACEABLE SUBPART OF VR5565) 
SEMICOND DEVICE:SENER,0.4W,8.2V,5% 
SEMICOND DVC SE:MTCHD WITHIN 0.1V AT 0.4W 
(NONREPLACEABLE SUBPART OF VR5665) 

BUS C0NDUCTOH:DUMMY RES,2.375,22 AWG 

REV MAY 1983 
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Section 8-7904 (SN B260000-UP) 

DIAGRAMS AND CIRCUIT BOARD ILLUSTRATIONS 
Symbols and Reference Designators 

Electrical components shown on the diagrams are in the following units unless noted otherwise: 

Capacitors = Values one or greater are in picofarads (pF). 
Values less than one are in microfarads (pF). 

Resistors = Ohms (a).  
Graphic symbols and class designation letters are based on ANSI Standard Y32.2-1975. 

Logic symbology is  based on ANSl Y32.14-1973 in terms of positive logic. Logic symbols depict the logic 
function performed and may differ from the manufacturer's data. 

The overline on a signal name indicates that the signal performs i t s  intended function when it goes to  the low state. 

Abbreviations are based on ANSl Y1 .I-1972. 
Other ANSl standards that are used in the preparation of diagrams by Tektronix, lnc. are: 

Y14.15, 1966 Drafting Practices. 
Y14.2, 1973 Line Conventions and Lettering. 
Y10.5, 1968 Letter Symbols for Quantities Used in Electrical Science and 

Electrical Engineering. 

The following prefix letters are used as reference designators to identify components or assemblies on the diagrams. 
A Assembly, separable or repairable H Heat dissipating device (heat sink. S Switch or contactor 

(circuit board. etc) heat radiator, etc) T Transformer 
AT Attenuator, fixed or variable HR Heater TC Thermocouple 
B Motor HY Hybrid circuit TP Test point 
BT Battery J Connector, stationary portion u Assembly, inseparable or non-repairable 

C Capacitor, fixed or variable K Relay (integrated circuit, etc.) 
CB Clrcuit breaker L Inductor. fixed or variable V Electron tube 
CR Diode, signal or rectifier M Meter VR Vollage regulator (zener diode, etc,) 

DL Delay line P Connector, movabie portion W Wirestrap or cable 
DS lndicatlng device (lamp) Q Transistor or siilcon-controlled Y Crystal 
E Spark Gap, Ferrite bead rectifier Z Phase shifter 

F Fuse R Resistor, fixed or variable 
FL Filter R'I' Thermistor 

Plug to E.C. Board 
The following special symbols may appear on the diagrams: 

Identifies Panel 
Controls, Connectors and 
Indicators 

Cam Switch 
Modified Component-See 
Parts List (Depicted in grey, 
or with grey outline) 

Plug Index 
SEL Value Setected 

Refer to Waveform 

Refer to Diagram Number 

Coaxial Connector 

Internal Shielding 

Heat Sink 

Decoupled or Filtered 
Voltage 

Assembly Numb 
Etched Circuit Board 
Outlined in Black 

Schematic Name 
and Number 
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VOLTAGE AND W A V E F O M  CONDITIONS 

1 W A R N l N G  I 

Dangerous potentials exist at severalpoints throughout this instrument. When the instrument 
is operated with covers removed, do nof touch exposed connections or components. Some 
transistors have voltage present on their cases. Disconnect the power source before 
replacing parts. 

RECOMMENDED TEST EQUIPMENT 

Item Performance Requirements Recommended Type 

Oscilloscope system Frequency response dc to 75 MHz; TEKTRONIX 7603,7A18,7B53A 
deflection factor, 10 mV to 20 V/div; Oscilloscope System. Use a 
input impedance, 1 MC2. TEKTRONIX P6053B Probe. 
Probe: 10X attenuation probe 
compatible with vertical input. 

Voltmeter (Non-loading Range, 0 to 150 V; input impedance, TEKTRONIX DM 501 Digital 
digital multimeter) 10 MC2. Multimeter with power 

module. 

Voltage Measurements 

Voltage measurements shown on this diagram were obtained under the following conditions: 

Front-panel controls (knob type) at midrange, except the A INTENSITY control is set at minimum. 
Set VERT MODE switch to LEFT. 
Set HORIZONTAL MODE switch to A. 
Set A & B TRIG SOURCE switches to VERI MODE. 
Voltmeter common is connected to chassis ground. 

Waveform Conditions 

Oscilloscope Under Test. Front-panel controls are set the same as for voltage measurements, 
except Intensity and Readout controls are adjusted as desired. Install an amplifier unit in the left vertical 
compartment and a time-base unit in the A horizontal compartment. Connect the CAL VOLTS output 
signal to the amplifier unit (set vertical input coupling to dc and volts/div for a 2-division display). Set the 
time-base unit for internal triggering; auto, at 1 ms/div sweep rate, 

The waveforms shown are actual waveform photographs taken with a Tektronix Oscilloscope 
Camera System and Projected Graticule. Vertical deflection factor shown on the waveform is the actual 
deflection factor from the probe tip. Voltages and waveforms on the diagrams are not absolute and may 
vary between instruments because of component tolerances, internal calibration, or front-panel settings. 
Readouts are simulated in larger-than-normal type. Waveform ground reference is the center horizontal 
graticule line. 

The Readout control is Off (detent) for all waveform conditions, except for the Readout System 
diagram; in which case the Readout control is set to normal viewing and test oscilloscope is externally 
triggered from TP2251. 
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Fig. 8-1. Location of circuit boards in the 7904. 
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A1 -Probe Power circuit board. 
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7904 (SN 8260000-UP) 

on white- on white on white- 

I I 564 
P ~ S  I Yellow on 

P84 
Yellow 

 lie J848 white 

J35 
Red on 
white 

J60 
CII--.. Orange on 

white 

white 

-, 

J * 

P H  - 
Brown 

P I 2  ** 
Red 

575 
Green on 

white 
P I 3  111). 

Orange 

2&i.'; 6' 

I 
P48 
Gray 

571 
Violet on 

white 

A2--Main Interface circuit board (front view). 
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A2.-Main Interface circuit board (rear view). 
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P I 9 0  
Black V ' -  

P I 1 8  - 
Gray 

r 
P I  1 7  
Violet 

R353 
R355 

~ 1 2 0  (on front) 
Black I 

P140 
Black 

-C 
P l l l  

'IC-- Brown 

P I 1 2  
-s+- Red 

~ 1 1 3  
Orange 

A3-Front Panel Interconnect circuit board (rear view). 
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7904 (SN B260000-UP) 

A4-Logic circuit board. REV A, FEB n979 
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7904 (SN B260000-UP) 

A5-A Trigger Selector circuit board. 

Located on back of board. 
C5511 
C5531 
C5569 

A6-6 f rigger Selector circuit board. 
Located on back of board. 

C5611 REV A, FEB 1979 
C5631 
C5569 
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*COMPONENT U I Y T E 6 P U  
PLlCT OF ETCHED CIRCUIT 
b0APD. 

CENTERING 

COYPOUENT IS INTC04LL 
PAPT OF ETCHCD CIPLUIT 

$7.5 VA%ItC8 PARTS &NU i.IST SEUIAL ' O I  N<II<V:h t N I : l i i b  

HANO8S i)F OM-R (:t171. %< I' 
is wP,r?cXi 584 i i o t ~ .  

2390-2& 

790 4 tsnez~oooo-UP) RN.B.MAYW19 TRIGGER SELECTOR @ 
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7904 (SN B260000-UP) 

Back of board 

A7-Vertical Interface circuit board. 
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R730 
Gain 

A8-Vertical Amplifier circuit board (front view). 

REV B, FEB 1979 
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A8-Vertical Amplifier circuit board (rear view). 
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* WIRE LOOP & 1 11 

01 

-4 L I . . . .. 

2390-31 

RW C DEC I 3 8 0  

FROM Pl4  0 VERTICAL AMPLIFIER @ 
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7904 (SN B260000-UP) 

A17-X-Y Delay Compensation (Option 2) circuit board. 

54853 
R4868 Black-green C4874 TP4901 C4909 
CTR on white HF AD5 -SIG 2NS 

> \ '  * . ,  i - / ,  % , .  / ....-  
- -  I, : ,  : '  P4860 

- I R4931, 
Black \ 1 

i 
54850 -+- ~ 4 9 0 4  

i 
# 

Black on white 857 cdt?,t!2 R490 % ' 
152 i I j 

tn I d 

'J'j6 ! 4 g d 

/" CJ - - - ~ s n  1 sT 1 . n4wu.4 - - A 

R4850 cr 
RO Gain 1.6" wi 

7 a&t3S$fg45$ 
R4857 f s r n ~ . c . + * ~ t - y - -  - ;;,?:en& 

RO CTR spa&- -- Q4P1 6dW8 
- 

3 4) 
Y, 

.3 
fa 

3 
OCE \ .,I 2 $ 

P r i r u u  Q494S ~ 4 x 1 s  m 
C4918 W&3 2 

\ , . \  
:4950 

P4995 + 

Green ' 
R498' 

VR4950 

P6[W1994 i V ~ a O A a  RS! 

i / F1494; 

\ I 

R4925 
Limit 
CTR 

J4854 R4873 
Black-orange ~~i~ 

on white 

AS-Main Horirontal Amplifier circuit board. 
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8 
HORlZ 

SIGNAL 

-.-- 

MAIN INTERFACE 

SANGEL OF PAR?S OUTI.1NEE. 
OR CFSI<;'rED IN CPEY. 

i - U O R I Z  S\O 
TO R I G ~ T  

'+ ODEFL PLATE 

-HORlZ SIG --< T O  LEFT 
DEFL PLATY 

2350-33 

REV B DEC 1380 
HORIZONTAL AMPLIFIER @ 
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7904 (SN B260000-UP) 

51035 51030 
Red on Brown on 
white white 

PI171 
Brown 

J1060 
8 Orange on 

white 

J 1064 
c Yellow on 

white 

J1095 
Green on 

white 

P I184  
Yellow 

AlO--Calibrator-Signal circuit board. 
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FROM A 2  

I 
0 

B 
GATE 
FROM 

J64 

GATE 
FROM 
J75 

2390- 35 

REV- A, FEB 1979 
OUTPUT SIGNALS CALIBRATOR @ 
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7904 (SN B260000-UP) 

. . . . . , I_ , .% 

Piggy-back boar 

Note: Blackon white cable to J2296. 
White cable to J2299. 

P2165 
Green 

p 2 i 6 6  
Blue 

A1 $---Readout system circuit board. 
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A27-Protection circuit board. 
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PZZCC 

P?%C 

SEE PARTS t i v  ~ 0 i 1  EARLIER 
P%%CS VALUES AND SERIAL NUMBER 

BANGES L'F CVi'FS CUILiNED 
Q R  OEPtfCI'EG !1;1 GREY. 

230 - 3q 
REV FEB 1983 

READOUT SYSTEM 
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7904 (SN B260000-UP) 

Line-input 
Leads 

Brown-white- .. -.... L", * 

on gray 
. . 

Black-red 
on gray 

Brown on gray.-- 

Red on gray- 

Orange on gray - 
Black-yellow I 
on gray 

Black-yellow - 
on gray 

Black - 

-Gray Leads 

239045A 
*See Parts List for 

A1 1-Power Supply Inverter circuit board. serial number ranges. 
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7904 (SN B260000-UP) PI452 
Red 

A1 3-LV Regulator circuit board. 

REV JUL 1981 
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7904 (SN B2600QO-UP) P I720  
Black 
(back 

P1730 of board) 
Black P I  896 

Blue P I675  

I Green 
- ' .  \ ,  . - . - . - . - 1  , ' , I  . 4 . , \ ,  

1 
L 

R t  ??t) 
r l n n  I f 

J1740 - 
White 

W e l E  
-*7?8 C_: LI 

t y. 
J 1802 re 0: 

Brown-black , & y R 
on white t- G-4 : r. 

p.= m (7 W 
L, * - mA,*c$q '$g - > , 9.- 

0.l -' - 
Oi +; & $' * \L r 5 " N " G  5 . , . 7 , , :": 7 P.2 iyf '? 
' ' a Y  7' ,-. 
r -  

' e$ O: '.:I 

a '" . c- r- * ,  
r LC ;$ rs w A .h ,- ? 0 t u d ) ~  .k tr c!> b V a  t OF- * 
cr ftnf~ -9~33 

6:Rw 
<- - ,  0 

,- C7R34 '3 OIF3P .:'1 QTFp*; 
"' . {  .. f r71'3:: '5' ,; F' : 2 <4,: ,. m t -  

'4 p .CF!t:4at 
!'< 5 

i "t 

t 
u -, 

t d 
r-' t 1 3 3 4  

U 
1 

J1801 
Violet on A1 6-Z Axis circuit board. 

white 

\ 
PI710 

2390-41 

Black 
(back of 
board) 
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A1 4-High Voltage circuit board. A1 5-Auto Focus circuit board. 
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Section 9-7904 (8260000 & UP) 

REPLACEABLE 
MECHBMICAL PARTS 

PARTS ORDERING INFORMATION INDENTATION SYSTEM 
This mechanical parts list is indented to indicate item 

Replacement parts are available from or through your local relationships. Following is an example of the indentation system 
Tektronix, Inc. Field Office or representative. used in the description column. 

Changes to Tektronix instruments are sometimes made to 
accommodate improved components as they become available. 
and to give you the benefit of the latest circuit lmprovernents 
developed in our engineering department, It is therefore 
important, when ordering parts, to include the following 
information In your order Part number, Instrument type or 
number, seriai number, and mod~ftcation number tf appltcable 

If a part you have ordered has been replaced wtth a new or 
improved part, your focal Tektron~x, Inc Field Offtce or 
representative will contact you concerning any change In part 
number 

1 2 3 4 5  Name & Description 

Assembly andlor Component 
Attachrng parts for Assembly andlor Component 

_ " _ " _ " _  

Detarl Part of Assembly andlor Component 
Attaching parts for Detail Part 

" - -  - - -  
Parts of aetarl Part 
Atlach~ng parts for Parts of Delarl Part 

- - _ * * * -  

Change ~nformatron, tf any, IS located at the rear of this Attach~ng Parts always appeaf in  the same indentation as 

manual the ctem it mounts, while thedetatl parts are indented to the r~ght. 
Indented items are part of, and included with, the next higher 

SPECIAL NOTIES AND SYMBOLS indentation. The separation symbol - - - " - - - indicates the end of 

XOOO Part first added at this seriai number 

OOX Part removed after this serial number 

attaching parts 

Attaching parts must be purchased separately, unless athemlse 
specified. 

FIGURE AND INDEX NUMBERS 
Items in this section are referenced by figure and index 

ITEM NAME 
numbers to the illustrations. In the Parts List, an Item Name is separated from the 

description by a colon j:). Because of space limitations, an ltem 
Name may sometimes appear as incomplete. For further ltem 
Name identification, the US. Federal Cataloging Handbook H6-1 
can be utilized where possible, 

ABBREVIATIONS 

3 
ACTR 
ADPSR 
ALIGN 
AC 
ASSEM 
ASSY 
ATTEN 
AWG 
BD 
BRKT 
BRS 
BRZ 
BSHG 
CAB 
CAP 
CEH 
CHAS 
CKT 
COMP 
CONN 
COV 
CPLG 
CRT 
DEG 
DWR 

INCH 
NUMBER SIZE 
ACT UATOR 
ADAPTER 
ALIGNMENT 
ALUMINUM 
ASSEMBLED 
ASSEMBLY 
AT l ENUATOR 
AMERICAN WlRE GAGE 
BOARD 
BRACKET 
BRASS 
BRONZE 
BUSHING 
CABINET 
CAPACITOR 
CERAMIC 
CHASSIS 
CIRCUIT 
COMPOSITION 
CONNECTOR 
COVER 
COUPLING 
CATHODE RAY TUBE 
DEGREE 
DRAWER 

ELCTRN 
ELEC 
ELCTLT 
ELEM 
EPL 
EOPT 
EXT 
FIL 
FLEX 
FLH 
FLTR 
FH 
FSTNR 
FT 
FXD 
GSKT 
HDL 
HEX 
HEX HD 
HEX SOC 
HLCPS 
HLEXT 
HV 
1C 
ID 
IDENT 
IMPLR 

ELECTRON 
EL€ CTRlCAL 
ELECTROLYTIC 
ELEMENT 
ELECTRICAL PARTS LIST 
EQUIPMENT 
EXTERNAL 
FILLIS1 ER HEAD 
FLEXIBLE 
FLAT HEAD 
FlLTtH 
FRAME or FRONT 
FASTENER 
FOOT 
FIXED 
GASKET 
HANDLE 
HEXAGON 
HEXAGONAL HEAD 
HEXAGONAL SOCKET 
HELICAL COMPRESSION 
HELICAL EXTENSION 
HiGH VOLTAGE 
INTEGRATEL) CIRCUIT 
INSIDE DIAMETER 
lDENTlFlCATlON 
IMPEL t ER 

IN tNCH 
INCAND INCANDESCENT 
iNSUL INSULATOR 
INTL INTERNAL 
LPHLDR LAMPHOLDER 
MACH MACHINE 
MECH MECHANICAL 
MTG MOUNTING 
NIP NIPPLE 
NON WlRE NOT WlRE WOUND 
OED ORDER BY DESCRIPTION 
OD OUTSIDE DIAMETER 
OVH OVALHEAD 
PH BRZ PHOSPHOR BRONZE 
PL PLAIN or PLATE 
PLSTC PLASTIC 
PN PART NUMBER 
PNH PAN HEAD 
PWR POWER 
RCPT RECEPTACLE 
RES RESISTOR 
RGD RIGID 
RLF RELIEF 
RTNR RETAINER 
SCH SOCKET HEAD 
SCOPE OSCILLOSCOPE 
SCR SCREW 

SE SINGLE END 
SECT SECTION 
SEMICOND SEMICONOUCTOR 
snLo SnlELo 
SHLDR SHOULDERED 
SKT SOCKET 
SL SLIDE 
SLFLKG SELF-LOCKING 
SLVG SLEEVtNG 
SPR SPRING 
SQ SQUARE 
SST STAINLESS STEEL 
STL STEEL 
SW SWITCH 
T TUBE 
TERM TERMINAL 
THO THREAD 
THK THICK 
TNSN TENSION 
TPG TAPPING 
TRH TRUSS HEAD 
V VOLTAGE 
VAR VARlABLE 
W I  WITH 
WSHR WASHER 
XFMR TRANSFORMER 
XSTR TRANSISTOR 

REV A, -4PR 1980 
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Replaceable Mechanical Parts-7904 (SN 8260000 & UP) 

CROSS INDEX---MFR. CODE NUMBER TO MANUFACTURER 

Mfr. Code Manufacturer ---------- 

OOOBK 
OOOCY 
00779 
00866 
02660 
02768 
04713 
04963 

06229 
07700 
07707 
08261 
08530 
09422 
09922 
11897 
12014 
12327 
13511 
16428 
22526 
23050 
26365 

57668 
70276 
70485 
70903 
71 159 

71 279 
71 590 

71 785 
73743 
73803 

78189 

79136 
79727 
80009 
80033 
80126 
83385 
83903 

86577 
86928 
87308 

91 836 
93907 
95987 
98291 
9841 0 
KO099 
S3109 

S'TAUFFER SUPPLY 
NORTHWEST FASTENER SALES, INC. 
AMP, INC. 
GOE ENGINEERING COMPANY. INC. 
BUNKER RAMO CORP., CONNECTOR DIVISION 
ILLINOIS TOOL WORKS, INC., FASTEX DIV. 
MOTOROLA, INC., SEMICONDUCTOR PROD. DIV. 
MINNESOTA MINING AND MFG. CO., ADHESIVES 
COATINGS AND SEALERS DIVISION 
ELECTROVERT, INC. 
TECHNICAL WIRE AND PRODUCTS, INC. 
USM CORP., USM FASTENER DIV. 
SPECTRA-STRIP CORP. 
RELIANCE MICA CORP. 
PLASTIC STAMPING CORPORATION 
BURNDY CORPORATION 
PUSTIGLIDE MFG. CORPORATION 
CHICAGO RIVET AND MACHINE CO. 
FREEWAY CORPORATION 
AMPHENOL CARDRE DIV.. BUNKER RAMO CORP. 
BELDEN CORP. 
BERG ELECTRONICS. INC. 
PRODUC7- COMPONENTS CORP 
GRIES REPRODUCER CO.. DIV. OF COATS 
AND CLARK. INC. 
R-OHM CORP. 
ALLEN MFG. CO. 
ATLANTIC INDIA RUBBER WORKS, INC. 
BELDEN CORP. 
BRISTOL SOCKET' SCREW, DIV. OF 
AMERICAN CHAIN AND CABLE CO.. INC. 
CAMBRIDGE THERMIONIC CORP. 
CENTRAIAB ELECTRONICS, DIV. OF 
GLOBE-UNION, INC. 
TRW, CINCH CONNECTORS 
FISCHER SPECIAL MFG. CO. 
TEXAS INSTRUMENTS, INC., METALLURGICAL 
MATERIALS DIV. 
ILLINOIS TOOL WORKS, INC. 
SHAKEPROOF DIVISION 
WALDES. KOHINOOR, INC. 
C-W INDUSTRIES 
TEKTRONIX. INC. 
PRESTOLE EVERLOCK, INC. 
PACIFIC ELECTRICORD CO. 
CENTRAL SCREW CO. 
ACCURATE DIE AND STAMPING DIV., ALLIED 
PRODUCTS CORP. 
PRECISION METAL PRODUCTS OF MALDEN, INC. 
SEASTROM MFG. COMPANY, INC. 
N. L. INDUSTRIES. INC.. SOUTHERN SCREW 
DIV. 
KINGS ELECTRONICS CO., INC. 
TEXTRON INC. CAMCAR DIV 
WECKESSER CO., INC. 
SEALECTRO CORP. 
ETC, DIVISION OF ITT 
JACKSON BROS (LONDON} LTD. 
C/O PANEL COMPONENTS CORP. 

Address --- ---...-,- "-- 

105 SE TAYLOR 
7923 SW CIRRUS DRIVE 
P 0 BOX 3608 
P 0 BOX 3485,250 S 9TH AVE. 
2801 S 25TH AVENUE 
195 ALGONQUIN ROAD 
5005 E MCDOWELL RD.PO BOX 20923 

3M CENTER 
86 HARTFORD AVENUE 
129 DERMODY ST. 
510 RIVER RD. 
7100 LAMPSON AVE. 
342-39TH ST. 
2216 W. ARMITAGE AVE. 
RICHARDS AVENUE 
P 0 BOX 867, 1757 STANFORD ST. 
950 S. 25TH AVENUE 
9301 ALLEN DRIVE 

P. 0. BOX 1331 
YOUK EXPRESSWAY 
30 LORRAINE AVE. 

125 BEECHWOOD AVE. 
16931 MILLIKEN AVE. 
P. 0. DRAWER 570 
571 W. POLK ST. 
2000 S BATAVIA AVENUE 

P 0 BOX 2244.40 BRISTOL ST. 
445 CONCORD AVE. 

P 0 BOX 858 
1501 MORSE AVENUE 
446 MORGAN ST. 

34 FOREST STREET 

ST. CHARLES ROAD 
47-16 AUSTEL PLACE 
550 DAVlSVtLLE RD.,P 0 BOX 96 
P 0 BOX 500 
P. 0. BOX 278.1345 MIAMI ST. 
747 W. REDONDO BEACH,P 0 BOX 10 
2530 CRESCENT DR. 

1947 N. MAUD AVE. 
41 ELM ST. 
701 SONORA AVENUE 

P. 0. BOX 1360 
40 MARBLEDALE ROAD 
600 18TH AVE 
4444 WEST IRVING PARK RD. 
225 HOYT 
990 E. 6R'H STREET 
258 BROADWAY 
P.O. BOX 6626 

City, State, Zip - - 
PORTLAND, OR 97214 
BEAVERTON, OR 97005 
HARRISBURG, PA 17105 
CITY OF INDUSTRY, CA 91746 
BROADVIEW. IL 60153 
DES PLAINES, IL 6001 6 
PHOENIX. AZ 85036 

ST. PAUL. MN 55101 
MT. VERNON. NY 10553 
CRANFORD, NJ 07016 
SHELTON, CT 06484 
GARDEN GROVE, CA 92642 
BROOKLYN, NY 11232 
CHICAGO, IL 60647 
NORWALK, CT 06852 
SAN-FA MONICA, CA 90406 
BELLWOOD, IL 60104 
CLEVELAND, OH 44125 
LOS GATOS, CA 95030 
RICHMOND, IN 47374 
NEW CUMBERLAND, PA 17070 
MT VERNON. NY 10553 

NEW ROCHELLE, NY 10802 
IRVINE, CA 92713 
HARTFORD, CT 06101 
CHICAGO. IL 60607 
GENEVA. IL 60134 

WATERBURY, CT 06720 
CAMBRIDGE. MA 02138 

FORT DODGE, IA 50501 
ELK GROVE VILLAGE, IL 60007 
CINCINNATI, OH 45206 

ATTLEBORO, MA 02703 

ELGIN. 1L 601 20 
LONG ISLAND CITY, NY 11 101 
WARMINISTER, PA I8974 
BEAVERTON, OR 97077 
TOLEDO, OH 43605 
GARDENA. CA 90247 
BROADVIEW, IL 60153 

CHICAGO, IL 60614 
STONEHAM. MA 02180 
GLENDALE, CA 91201 

STATESVILLE, NC 28677 
TUCKAHOE. NY 10707 
ROCKFORD. IL 61101 
CHICAGO, IL 60641 
MAMARONECK, NY 10544 
CLEVELAND, OH 44103 
NEW YORK. NEW YORK 10007 
SANTA ROSA. CA 95406 
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Replaceable Mechanical Parts-7904 (SN 8260000 81 UP) 

Fig. & 
index 
No. 

Tektronix SeriallModel No. 
Part No. E ff Dscon t 

Mfr 
Code Qty 1 2 3 4 5  - ------- Name & Description -- Mfr Part Number --- 

CAB,SIDE,SCOPE:LEFT & RIGHT SlDE 
.FASTENER,PAWL: 
..CLAMP.RIM CLENC:SPG STL CD PL 
..STOP,CLP.RIM CL: ACETAL 
..WASH.,SPG TNSN:0.26 ID X 0.47 INCH OD 
..PIN,SECURING:0.27 INCH LONG 
CAB,BOT,SCOPE:BOTTOM 
.FASTENER,PAWL: 
..CLAMP,RIM CLENC:SPG S I L  CD PL 
..STOP,CLP,RIM CL:ACRAL 
..WASH.,SPG TNSN:0.26 ID X 0.47 INCH OD 
..PIN,SECURING:O.27 INCH LONG 
COVER,HANDLE:1.738 X 0.888 X 0.22,PLSTC 
HANDLE,CARRYING:19.19 L,BLUE VINYL .............. (ATTACHING PARTS)'"""""' 
SCREW,SHOULDER:lO-32 X 0.447,0.65 OD HD 
PLATE,HDL RTNG:STAINLESS STEEL 
..*.******-. (END Ani4CHING P A R T S )  
SPACER,PLATE:0.062 X 1.4 X O.6,SST 
FRAME SECT.CAB.:TOP CENTER 
*..****..**~.. (ATTACHING PARTS)"'"""" 
SCREW,MACHINE:8-32 X 0.375 100 DEG,FLH ST 
NUT,PL,ASSEM WA:#2 X 0.344 INCH,STL ............ (END ATTACHING P A R T S ) '  
FRAME SECT.CAB:LOWER LEFT SlDE .............. (ATTACHING PARTS)'"'""""' 
SCREW,MACHINE:#Z X 0.375 100 DEG,FLH ST 
NUT,PL,ASSEM WA:8-32 X 0.344 INCH,STL 
SCREW,MACHINE:g32 X 0.312"100 DEG,FLH ST ............ (END ATTACHING PARTS)""""' 
FRAME SECT,CAB:LOWER RIGHT .............. (ATTACHING PARTS)""'.""" 
SCREW,MACHINE:&32 X 0.375 100 DEG.FLH ST 
NUT,PL,ASSEM WA:832 X 0.344 INCH,STL 
SCREW,MACHINE:&32 X 0.312"100 DEG,FLH ST ............ (END ATTACHING PARTS)'"""" 
FOOT,CABINFT:L FR0NT.R REAR.BLK NYL .............. (ATTACHING PARTS)"""'"" 
SCREW,MACHlNE:632 X 0.625 INCH,PNH STL ............ (END ATTACHING PARTS)""""' 
FOOT,CABINFT:R FRONT,L REAR,BLK NYL .............. (ATTACHING PARTS)"""""' 
SCREW,MACHINE:632 X 0.625 1NCH.PNH STL ............ (END ATACHING PARTS)""""' 
PAD,CAB.FOOT:BLACK POLYURETHANE 
FLIP-STANDGAB.: 
RTNR BLK.SCOPE: .............. (ATTACHING PARTS)"""""' 
SCREW,MACHINE:&32 X 0.625*,Fll-H STL,CD P 
NUT,PL.ASSEM WA:&32 X 0.344 INCH,STL ............ (END ATTACHING PARTS)'*"""* 

OBD 
OED 

OBD 
OBD 
OBD 

OBD 
OBD 
OBD 

OBD 

OBD 
OED 
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Replaceable Mechanical Parts-7904 (SN 8260000 & UP) 

Fig. & 
Index 
No. -- 

Tektronix Serial/Model No. 
Part No. -.- E ff Dscont - 

Mfr 
Code Mfr Part Number 

P 

1 2 3 4 5  
PP 

Name &-"Fescription 

FRAME,MASK:PLASTIC 
FILTER,LT,CRT:BLUE,5.15 X 4.4 X 0.03 
MASK,CRT SCALE: 
BODY,TERMINAL: 
TERM,FEED THRU:0.584 L X 0.625 OD BRS GOLD 
RTNR,CRT SCALE:5.55 X 5.068 X 0.475,AL .............. (ATTACHING PARTS)'"""""' 
SCREW,MACHINE:M2 X 0.375,PNH.STL CD PL 
CONTACT,ELEC:CRT MASK 
*.***..*"*.* (END ATTACHING PARTS)̂ ""*"' 
SHLD,IMPLOSION:~.~&X 3.95 X 0.07 PLSTC 
SHLD,IMPLOSlON:4.75 X 3.93 X 0.7 THK,PLSTC 
KNOB:GRAY,IF GAIN 
.SETSCREW:MO X 0.125.STL BK OXD,HEX 
KN0B:GRAY 
.SETSCREW:540 X 0.125,STL BK OXD,HEX 
KN0B:LIGHT GRAY 
.SETSCREW:540 X 0.125,STL BK OXD,HEX 
KN0B:GRAY 
.SETSCREW:540 X 0.125,STL BK OXD,HEX 
KN0B:GRAY 
.SETSCREW:540 X 0.093 ITL BK OXD,HEX 
KNOB:GRAY,O.GDO INCH HIGH 
.SETSCREW:5-40 X 0.093 ITL BK OXD,HEX 
KN0B:GRAY 
.SETSCREW:54D X 0.125,STL BK OXD,HEX 
KNOB:GY,0.125 ID X 0.375 H X 0.8 
POST,BDG,ELEC: UNINSUIATED 
.NUY,PU\IN,KNURL:0.25-28 X 0.375" OD,BRASS 
.STUD,SHOULDERED:BINDlNG POST 
""'(ATTACHING PARTS FOR BINDING POST)"' 
NUT,PLAIN,HEX.:0.25-28 X 0.375 INCH,BRASS 
WASHER,LOCK:O.261 ID,INTL,0.018 THK,BRS ............ (END ATTACHING PARTS)""""' 
PANEL,FRONl .............. (ATTACHING P A R T S )  
SCREW,MACHINE:2-56 X 0.875,OVH.SST ............ (END KFTACHING PARTS)*""*'"' 
BUSHING,SLEEVE:GRAY PLASTIC 
LENS,LIGHT:WHITE,MARKED A,PUSTIC 
LENS,LIGHT:WHITE,MARKED B,PLASTIC 
RESISTOR,VAR:(SEE R333,R1700 REPL) .............. (ATTACHING PARTS)"""""" 
NUT,PIAIN,HEX.:0.375 X 0.438 INCH,STL 
*.*.**-*.*.. (END ATTACHING PARTSJ""""" 
RESISTOR.VAR:(SEE R339,S125 REPL) .............. (ATTACHING PARTS)""""'"" 
NUT,PU\lN,HU(.:0.375 X 0.438 INCH,STL ............ (END AUACHING PARTS)""'""'" 
SWITCH,ROTARY:(SEE S122 REPL) .............. (ATTACHING PARTS)'"""""' 
NUT,PLAlN,HEX.:0.375 X 0.438 INCH.STL ............ (END ATTACHING PART S F * " '  
SWITCH,TOGGLE:(SEE S1200 REPL) .............. (ATTACHING PARTS)"""""" 
NUT,PLAIN,DODEC:0.46W X 0.638 INCH,BRS 
WASHER,FLAT:O.470 ID X 0.656 INCH OD,ST 
WASHER,KEY:0.469 ID X 0.688 INCH OD,ST 
NUT,PU\IN,HU(.:0.46&32 X 0.562 INCH,BRS 
*'*.*.**.*,* (END ATTACHING P A R T S 7  

OBD 
131 -1 022-00 

337-1 159-00 
337-1 159-03 
366-1 146-00 
OBD 
366-1 164-00 
OED 
366-116300 
OBD 
366-1 165-00 
OBD 
366-1 122-00 
OBD 
366-1 120-00 
OBD 
3661 189-00 
OBD 
366-0392-02 
129-0053-00 
200-0103-00 
355-0507-00 

OED 

80009 210-0473-00 
12327 OBD 
80009 356005500 
73743 3167402 
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Replaceable Mechanical Parts-7904 (SN B260000 & UP) 

Fig. & 
Index fektronix 
No. Part No. 

SerialIModel No.  
E ff Dscont Qty 1 2 3 4 5 - ~ ---------,-~-*-.--.- Name & Description 

Mf r  

Code Mf r  Part Number 
---"- 

RESISTOR,VAR:(SEE R1541 REPL) 
**..-*.*.~..** (ATTACHING PARTS)"""""" 
NUT.PLAIN,HEX:0.25-32 X 0.312 INCH,BRS 
WASHER,KEY:O.281 ID X 0.562 INCH OD ............ (END A'TTACHING PARTS)*"^""" 
BEZEL:PLASTIC,S BUTTON SWITCH 
BEZEL:PLASTIC,4 BUTTON SWITCH 
BSHG,MACH.THD:HEX.O.375-32 X 0.438"LONG 
*..*.*.*.*.*.. (ATTACHING PARTS)̂ """'*"' 
NUT,PV\IN,HEX.:0.375 X 0.438 INCH,STL 
WASHER,LOCK:O.261 ID.INTL.O.018 THK,BRS ............ (END ATTACHING PARTS)""""' 
COIL,CAL:1.3UH,0.203 OHM .............. (AITACHING PARIS)"**'"""' 
NUT,PL,ASSEM WA:6-32 X 0.31 2,STL CD PL ............ (END ATTACHING PARTS)"""""' 
PLUG,PLASTIC:0.17 OD X 0.144 INCH LONG 
SHLD GSKT,ELEK:FINGER TYPE,10.65 INCH LONG 
GUIDE.SLIDE:UPPER .............. (ATTACHING PARTS)"*"'***"* 
SCREW,MACHINE:440 X 0.312,FLH,100 DEG ............ (END ATTACHING PARTS)"""""' 
CABLE ASSY,RF:50 OHM COAX,6.O L 
.CONNECTOR,RCPT,:BNC,FEMALE 
CABLE ASSY,RF:50 OHM COAX.6.O L 
.CONNECTOR,RCPT,:BNC,FEMALE 
CABLE ASSY,RF:50 OHM COAX.6.O L 
.CONNECTOR,RCPS,:BNC.FEMALE 
TERMINAL,LUG:0.391 ID,LOCKING,BRS CD PL 
RESISTOR,VAR:(SEE R359 REPL) .............. (ATTACHING PARTS)"""""" 
SETSCREW:632 X 0.125 INCH,HEX.SOC S ............ (END ATTACHING PARTS)*"""" 
RESISTOR,VAR:(SEE R1736 REPL) 
RESISTOR,VAR:(SEE R1725 REPL) 
BSHG,MACH.THD:0.2532 X 0.159 ID X 0.24 .............. (AmACHING PARTS)"̂ '"'*'"" 
NUT,SLEEVE:HEX.,0.312 X 0.594 INCH LON ............ (END ATTACHING PARTS)""""" 
BASE,IAMPHOLDER:0.29 OD X 0.19 CASE 
DIFFUSER,LIGHT:INDICATOR LIGHTS 
LAMPH0LDER:WHITE PLASTIC 
INSULATOR,STDF:0.312 OD X 2.17 INCH LONG .............. (ATTACHING PARTS)""""""" 
SCREW,MACHINE:632 X 0.31 2'100 DEG,FLH ST ............ (END ATTACHiNG PARTSr"""" 
CKT BOARD ASSY:FRONT PANEL INTCON(SEE A3 R 
.TEHMINAL,PIN:0.365 L X 0.025 PH BRZ GOLD 
.SKT,PL-IN ELEK:CKT BOARD.6112 CONTACT 
""'(ATTACHING PARTS FOR CKT BD) 
SCREW,MACHlNE:632 X 0.250 BDGH,NYL,SLOT 
.*.*******.* (END ATTACHING PARTS)""""' 
CKT BOARD ASSY:A TRIG SOURCE SWfSEE A22 RE 
.*..*.-***.-.. (ATTACHING PARTS)̂ ""*""" 
SCREW,MACHINE:2-56 X 0.188 INCH.PNH S'TL 
HOLDER,PUSH SW: 
*..*.""""."" (END ATTACHING PARTS)""""' 
CKT BOARD ASSY:B TRIG SOURCE SW(SEE A24 RE .............. (ATTACHING PARTS)"""""' 
SCRW,MACHINE:2-56 X 0.188 INCH,PNH STL 
HOLDER,PUSH SW: ............ (END ATTACHING P A R T S )  
SHLD GSKT ELEK:MESH TYPE.RlNG,5.25 ID 

OBD 

OBD 

OBD 

OBD 

OBD 
352-01 95-00 

OBD 
352-0195-00 
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Replaceable Mechanical Parts-7904 (SN 8260000 & UP) 

Fig. & 
Index 
No. 

Tektronix 
Part No. 

SeriallModel No, 
E ff Dscont Q l  

Mfr 
Code 1 2 3 4 5  Name & Description ----v.--7-..p--- Mfr Part Number - 

CKT BOARD ASSY:GRATICULE LAMPS(SEE A25 REP 
.REFLECTOR,LIGHT:MOLDED PLASTIC 
.REFLECTOR,LIGHT:INT SCALE ILLUMINATION 
*.*.*.,***** (ATTACHING PARTS)""'"'""*" 
.SCREW,MACHlNE:2-56 X 0.312,PNH.STL 
.CLIP,REFL RTNG.PtASTIC 
**'******. (END AnACHING PARTS)--*""' 
.EYELET,MBALLIC:0.61 OD X 0.192 INCH L,BR 
.WASHER,FLAT.0.0625 ID X 0.125" OD,STL 
.CONTACT,ELEC:SCALE LIGIITS,CU BE 
CKT BOARD ASSY:HORIZ MODE SW(SEE A21 REPL) 
.tAMPHOLDER:(l)WIRE LEAD INCANDESCENT 
.SHIELD,ELEC:SHIEL.DING GASKET 5 BUT SW 
.PUSH BUTT0N.A 
PUSH BUTT0N:ALT 
PUSH BUTT0N:CHOP 

.PUSH BUFT0N:B 

.HOUSING,PB:FRONT,ABS CU NKL PI. 
***.*.**.*.. (ATTACHING P A R T S )  

.SCRW,MACHlNE:l-72 X 0.25 1NCH.PNW STL 
*****..to. (END ATTACHING PARTSJ"'""**""*" 
****u(AVACHING PARTS FOR CKT ED)'**"" 
SCREW,MACHINE:632 X 0.500,PNH,SX,CD PL 
BRACKET,ELEC SW:ALUMINUM .*... t*",.". (END ATTACHING P A R T S )  
CKT BOARD ASSY:VERT MODE SW(SEE A20 REPLf 
.tAMPXOLI)ER:(l)WIRE LEAD INCANDESCENT- 
.SHIELD,ELEC:SHIELDING GASKET 5 BUT SW 
.PUSH BUT0N:LER 
.PUSH BUTTON:ALT 
.PUSH BUTT0N:ADD 
.PUSH EUTT0N:CHOP 
.PUSH BUTT0N:RIGHT 
.HOUSING,PE:FRONT,ABS 
**...*...*.. (AflACHING PARTS)"""""""'" 
.SCREW,MACHINE:l-72 X 0.25 INCH.PNH STL 
.*.*.*.*.* (END ATTACHING PARTS)"""""* 
""'(AnACHING PARTS FOR CKD ED)""' 
SCREW,MACHINE:632 X 0.500,PNH.STL.CD PL 
BRACKET,ELEC SW:ALUMINUM 
.*.*.**.**** (END ATTACHING P A R T S r '  
MASK,CR'I SCALE: 
COIL:(SEE L1725 REPL) 
CONTACT,SPRING:1.188 X 0.375 X 0.25 INCH ... O..*L**ttl\. (ATTACHING PARTS)"""""' 
SCREW.MACHINE:UO X 0.188 INCH,PNH S IL  
NUT,PL,ASSEM WA:4-40 X 0.25,STL 
**..... *.,.. (END ATTACHING PARTS)""""" 
GROMM~.PLASTIC:O.25 INCH DIA 
LEAD SET,ELEC:CRT DEFLECTION 
.CONTACT,ELEC:0.535 L,22-24 AWG WlRE 
.CONTACT,ELEC:FOR NO. 22-26 AWG WlRE 
COIL:(SEE L1730 REPL) 
+.** "**""..... (ATTACHING PARTSf"""""** 
SCR,Tffi,TF:4-24 X 0,188 INCH,PPIH STL 
CUMP,COIL:Y-AXIS *......*, *** (END ATTACHING PARTS)""**'"' 
TERMINAL.LUG:O.IP ID,LOGKlNG,BRZ TIN PL 
.****..'.**.'* (ATTACHING P A R T S )  
SCREW,MACHINE:440 X 0.188 INCH,PNH STL 
NUT,PL,ASSEM WA:MO X 0.25.STL 
....I*....*.. (END ATTACHING PARTS)*****"" 
SHLD,ELECTRON T:CRT 
WIRING HARNESS: 

OBD 
~ 4 - 0 1 7 9 m  

3081 8-1 1 
OBD 
131 -0704-00 

OBD 

OBD 
407-0700-00 

OBD 

OED 
OBD 

OBD 
3434217-00 

OBD 

OBD 
OBD 
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Replaceable Mechanical Parts-7904 (SN 8260000 & UP) 

Fig. & 
Index 
No. 

Tektronix 
Part No. 

Serial/Model No. Mfr 
E ff Dscont Qty 1 2 3 4 5 Name & Description - Code --- 

.CONNECTOR,TERM:22-26 AWG,BRS 8 CU BE GOLD 

.HLDR,TERM C0NN:l WlRE BLACK 

.HLDR.TERM CONN:2 WlRE BLACK 

.CONN BODY,PL,EL:5 WlRE BLACK 

.CONN BODY,PL,EL:6 WlRE BLACK 

.HLDR,TERM CONN:9 WlRE BLACK 
FRAME PNL.CAB: 
.SUPPORI.CRT:FRONT 
.RING.ORNAMENTAL: 12.22 X 11.79.SST 

Mfr Part Number 
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RepiaceslbPe Mechanical Parts-7904 (SN 8260000 & UP) 

Fig. 8 
Index 
No. 

Mfr 
1 2 3 4 5  Name 8 Descriptton-_a Code __ 
--a- * "--- --- -"---a -- 

Tektronix SerialiModel No. 
Part No. Eff Dscont Mfr Part Number .--- 

DELAY LINE,EL.EC:60NS,100 OHM 
.CIRCUIT B0ARD:DFIAY LINE TERMINATION 
*..*.*"***** (K,'TACH(NG PAR i-S)".*""*e"*" 

.NUT,PL,ASSEM WA:4-40 X 0.25,SrL .......... (END ATTACHING PARTS)"""'""' 

.COVER,DLY LINE:TOP ............ (ATTACHING PARTS)'""'""""" 

.SCR,TPG,THD C'Z'G:6-32 X 0.375 INCH,TRH SFL 
.**.***'** (END ATTACHING PARTS)""""" 
.CONN,RCPT',El.EC:CK't" BB MT,3 PRONG 
.EYELET.METAL.I.IC:O.126 OD X 0.23 INCH L,BR 
.EYELET,METAl.t.lC:O.152 OD X 0.245 INCH L,B 
.COVER,DLY LINE:BOIOM ......"""... (A1'1XCHING PARTS)"*""*"""" 

.SCR,IPG,?HD C1G:6-32 X 0.375 INCH.TRH S4'L 
**.+...*.- (END ATTACHING PARTSJ""""""' 

.POST,NONMETALLI:I .5 OD X 1.165 LONG,PLSTC 

.**'*(AITACHING PARTS FOR DELAY LN)"'.' 
SCREW,MACHINE:692 X 0.312"100 DM,FLH ST 
SCREW,MACHINE:6-32 X 0.25"100 DEG,FLH STL 
NUT,PL.ASSEM WA:632 X 0.312,STL CD PL ............ (END AT-1-ACHING PARTS)""""""' 
CHASSIS,SCOPE:Z AXIS CKT ED .............. (ATTACHING PARIS)'"'""""' 
SCREW,MACHINE:632 X 0.312 INCH,PNH STL 
SCREW,MACHINE:W2 X 0.375.PNH,SfL,CD PL 
SCREW,MAqHINE:6-32 X 0.312"100 DEG,FLH ST 
TERMINAL,LuG:O.~~~ ID,LOCKING,BRZ TINNED 
NUT,PL,ASSEM WA:W2 X 0.312,STL CD PL ............ (END ATTACHING PARTS)"""".' 
CLAMP,LOOP:O.2 ID.PLASTIC 
PLASTIC CHANNEt.:12.75 X 0.175 X 0.155.NYL 
CKT BOARD ASSY:Z AXlaSEE A16 REPL) 
.TERMINAL,PIN:O.46 L X 0.025 SQ 
.TERMINAL,PIN:0.365 L X 0.025 PI4 BRZ GOLD 
.TERM,TESI P0lNT:BHS CD PL 
.SOCKET,PIN TERM:UMI 0.016-0.018 DIA PINS 
.SKT,PL-IN ELEK:"IRANSISIOB 3 CONTACT,PCB M 
.SOCKET,PLUG-IN:3 PIN,ROUND 
.SOCKET,PIN IERM:UMI 0.016-0.038 DIA PINS 
.CONN,RCPT,ELEC:CKT BD M'1.3 PRONG 
.SKI',PL-IN fLEK:MICROCIRCUI'T,16 DIP,LOW CL 
.SPACER,WST:1.156 L W1692 THD EA END ............ (AT-li4CHING PAR'T'S)""""'""' 
.SCREW.MACHINE:6-32 X 0.250 BDGH,NYL,SLOT 
****.*..*. (END ATI-ACHING P A R T S )  

"*"*(ATrACI-IING PARTS FOR CKT BD)'"" 
SCREW,MACHINE:440 X 0.2BO,PNH,STL,CD PL ............ (END AITACHING PARTS)""""" 
SHIELD,MECH:Z AXIS GKT B0 .............. (ATTACHING PARTS)""""""" 
SCREW,MACHINE:632 X 0.250 BDGH,NYL,SLOT ............ (END An-ACHING P A R T S )  
CHASSIS,SCOPE:CALIBRA;TUR SIGNAL OUT .............. (AITACHING PARTS)"'"""" 
SCREW,MACHIN&:632 X 0.312"100 DM,FLH ST 
NUT,PL,ASSEM WA:632 X 0.312,STL CD PL ............ (END ATTACHING PARTS)"""*" 
CLIP,SPR,TNSN:CIRCUIT CARD MOUNTING .............. (Al-TACHING PARTS)"'""""" 
SCR,TPG,TF:4-24 X 0.188 INCH.PNH STL ............ (END ATTACHING PARTS)""""' 
CKT BOARD ASSY:RmWUT PROTECTION #I 
.CKT BOARD ASSY:PRGI'ECIiON #?(SEE A27 REPL 

OBD 

OBD 

OBD 

129-0325-00 

OBD 
OBD 
OBD 

OBD 
OBD 
OBD 
21 04-06-00-2520N 
OBD 

OBD 

OBD 
OBD 

OBD 

EF2-0572-00 
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Replaceable Mechanical Parts--7904 (SN 8260000 & UP) 

Fig. & 
Index 
No. 

Tektronix 
Part No. 

SeriallModei No. 
Eff Dscont 

Mfr 
Code -- 1 2 3 4 5  Name & Description Mfr Part Number 

..TAPE,PRESS SENS:POLYURETHANE SPONGE 

..TERMINAL,PIN:O.46 L X 0.025 SQ 

..EYELET,METALLIC:0.047 OD X 0.125 INCH LO 

.CKT BOARD ASSY:READOUT(SEE A18 REPL) 

..SKT,PL-IN ELEK:MICROCIRCUIT,16 DIP,LOW C 

..SKT,PL-IN ELEK:MICROCKT,16 CONTACT 

..SWlTCH,SLIDE:(SEE 521 10 REPL) 

..TERM.TEST P0INT:BRS CD PL 

..SKT,PL-IN ELEK:MICROCIRCUIT,14 DIP.LOW C 

..SKT,PL-IN ELEK:MICROCKT.14 CONTACT 

..TERMINAL,PIN:0.365 L X 0.025 PH BRZ GOLD 

..SOCKET.PIN TERM:UIW 0.016-0.018 DIA PINS 

..SOCKET.PLUG-tN:6 CON'I'AC7,ROUND 

..CONN.RCPl'.ELEC:CKT BD MT.3 PRONG 

.""(ATTACHING PARTS FOR CKT BD)""* 

.SCREW.MACHINE:4-40 X 0.250,PNH.S7L,CD PL 
.********. (END A'iTACHING PARTS)""""̂ ' 

CKT BOARD ASSY:CALIBRATOR-SIGNAL(SEE A10 R 
.SWITCH,SLIDE:(SEE S106.5 REPL) 
.SWITCH.SLIDE:(SEE 51035 REPL) 
.SOCKET,PIN C0NN:WIO DIMPLE 
.SOCKET.PLUG-IN:14 CONTACT.LOW CLEARANCE 
.SKT,PL-IN ELEK:MICROCKT.14 CONTACT 
.CONTACT.ELEC:0.71 INCH LONG 
.TERMINAL,PIN:0.365 L X 0.025 PH BRZ GOLD 
.CONN,RCPT,ELEC:CKT BD MT.3 PRONG 
.BUS CONDUCT0R:DUMMY RES,2.375,22 AWG 
.CA ASSY,SP,ELEC:3,26 AWG,6.O L 
..WIRE,ELECTRICAL:3 WIRE RIBBON 
..HLDR.TERM CONN:3 WIRE,BLACK 
..CONNECTOR,IERM:22-26 AWG,BRS 8 CU BE GOL 
.COVER,HALF XSTR:DUAL TO-18.W12-56 THD ...*..*..... (ATTACHING PARTS)"""""" 
.SCREW,MACHINE:2-56 X 0.25 INCH,PNH STL 
.*..*....* (END ATTACHING PARTS)""""" 
.COVER,HALF XSTR:DUAL TO-18,ALUMINUM 
.ACTR ASSY.CAM S:CALIBRATE RATE 
..COVER,CAM SW:5 ELEMENTS .......... (ATTACHING PARTS)""""""" 
..SCREW,MACHINE:2-56 X 0.188 INCH,PNH STL 
..WASHER.LOCK:INTL.O.092 ID X 0.18'0D,ST 
..NUT,PLAIN,HEX.:2-56 X 0.188 INCH.BRS 

*..*.*.. .. (END ATTACHING PARTS)"""'"" 
..RING,RE~AlNING:FOR 0.25 INCH SHAFT 
..BRACKET,CAM SW:GROUNDING.BRS ALBALOY PL 
..BEARING,CAM SW:FRONT 
..ACTUATOR,CAM SW:MODE 
..BEARING,CAM SW:REAH 
..SPRING.FLAT:GOLD COLORED 
..SPRING,FLAT:O.7 X 0.125,CU BE GRN CLR 
..SPRING,FLAT:RED COLORED 
..ROLLER,DETENI:0.125 DIA X 0.125,SST 
..NUT.PLAIN.HEX.:4-40 X 0.1 88 INCH,BRS 
."**(ATTACHING PARTS FOR ACTR A S S Y Y  
.SCR.ASSEM WSHR:4-40 X 0.312 INCH,PNH BRS 
.SCR.ASSEM WSHR:44-60 X 0.29,BRS Nl PL 
.*'.****** (END AnACHING P A R T S T  
.ACTR ASSY,CAM S:CAUBRATE VOLTAGE 
..COVER.CAM SW:7 ELEMENTS 
*,.*.**-.* (AnCHING P A R T S 7  

..SCREW,MACHINE:2-56 X 0.188 INCH,PNH STL 

..WASHER,LOCK:INTL,O.092 ID X 0.18'0D,ST 

..NUT,PLAIN,HEX.:2-56 X 0.1 88 INCH.BRS 
*.*....- .. (END ATTACHING PARTS)"""""' 

4116 TYPE A 
48283-029 
56127 

OBD 

OBD 

OBD 
1202-00-00-0541 C 
121 57-50 

OED 
OBD 

OBD 
1 2 M - r n 5 4 1  C 
121 5"F-!50 
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Replaceable Mechanical Parts-7904 (SN 8260000 & UP) 

Fig. & 
Index 
No. -- 

SerialIMo~ 
Eff 
p- 

3el No. 
Dscont ( 2 2  - 

Mfr 
Code 

Tektronix 
Part No. 1 2 3 4 5  ----- Name &. Rescription Mfr Part Number 

..RING,RETAlNING:FOR 0.25 INCH SHAFT 

..BRACKET,CAM SW:GROUNDING,BRS ALBALOY PL 

..BEARING,CAM SW:FRONT 

..ACTUATOR,CAM SW:CAL 

..BEARING,CAM SW:REAR 

..SPRING.FlAT:GOLD COLORED 

..SPRING,FlAT:0.7 X 0.125,CU BE GRN CLR 

..SPRING,FLAT:RED COLORED 

..ROLLER,DElENT:0.125 DIA X 0.125,SST 

..NUT,PLAIN,HEX.:4-40 X 0.188 INCH,BRS 

.""(AI"TACHING PARTS FOR ACTR ASSY)""' 

.SCR,ASSEM WSHR:UO X 0.312 iNCH,PNH BRS 

.SCR,ASSEM WSHR:4-40 X 0.29,BRS NI PL .......... (END ATTACHING PARTS)""'."" 

.CONTACT.ELEC:GROUNDING 

.CONTACT,ELEC:CK'T BD SW,SPR,CU BE 
*****(tirTACHING PARTS FOR CKT BDrb*" 
SCREW,MACHINE:4-40 X O.PSO,PNH,STL,CD PL ............ (END ATTACHING PARTS)""**'" 
EXTENSION SHAU:0.125 DIA X 6.438 INCH L .............. (ATTACHING PARTS)"""""' 
S€I"SCREW:4-40 X 0.094,STL BK OXD,HEX ............ (END ATTACHING PARTS)""*"" 
EXTENSION SHAfT:3.625 L X 0.248 OD BRS 
CPLG,SHATT,RGD:0.252 ID X 0.5 OD,AL 
CPLG,SHAFT,RGD:O.25 ID X 0.750D,DELRIN 
GUIDE,SLIDE:LWR.PLUG-IN UNIT 
GUIDE,SLIDE:PLUGIN UNIT,LWR,BLK NYLON .............. (ATTACHING P A R T S )  
SCR,TPG,THD FOR:620 X 0.375 INCH,TRH STL 
SCR,TPG.THD FOR:620 X0.375"100 DEG,FLH ST ............ (END ATTACHING PARTS)""""' 
HOUSING,PLUG-1N:ALUMlNUM 
***.*.."..**** (ATTACHING P A R T S )  
SCREW,MACHINE:832 X 0.375,PNH,STL CD PL 
SCREW,MACHINE:8-32 X 0.375 100 DEG,FLH ST 
NUT,PL,ASSEM WA:8-32 X 0.344 INCH,STL ............ (END ATTACHING P A R T S 7  
CONTACT,ELEC:PLUG-IN GROUND 
CONTACT,ELEC:PLUG-IN GROUND .............. (APTACHING PARTS)"""""' 
SCREW.MACHINE4m X 0.2W,PNH,STL,CD PL 
NUT,PL.ASSEM WA:4-40 X 0.25,STL ............ (END ATTACHING P A R T S ) " "  
CONTACT.ELEC:PLUG-IN GROUND 
**..+*.**..*.. (ATACHING P A R T S )  
SCRW,MACHINE:44 X 0.25O,PNH,STL,CD PL 
NUT,PL,ASSEM WA:MO X 0.25,STL ............ (END ATTACHING PARTSF""**" 
CKT BOARD ASSY:MAIN INTERFACE 
.CKT BOARD ASSY:50 OHM FOLLOWER(SEE A23 RE 
.CKT BOARD ASSY:MAIN INTERFACYSEE A2 REPL 
.CKT BOARD ASSY:TRIGGER INTERCONNECT 
..CONTACT,ELEC:0,64 INCH LONG 
..POST,CKT BD MTG:0.285 L X 0.219 OD,BRS 
.""(ATTACHING PARTS FOR CKT BD)""' 
.SCREW,MACHINE:4-.40 X 0.312 INCH,PNH NYLON .......... (END ATTACHING PARTSF""""' 
.CKT BOARD ASSY:TRIGGER INTERCONNECT 
..CONTACT,ELEC:OM INCH LONG 
..POST,CKT BD MTG:0.285 L X 0.219 OD,BRS 
.""(Al"T"ACHING PARIS FOR CKT $ D y e  
.SCRW,MACHINE:U X 0.312 INCH,PNH STL 
.SCRW,MACHINE:M X 0.312 INCH,PNH NYLON .......... (END ATTACHING PARTS)""**"*' 

OBD 
OBD 

OBD 

OOOBK OBD 

OBD 
OBD 

OBD 
OBD 
OBD 

OBD 
OBD 

OBD 
OBD 

OBD 

OBD 
OBD 
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Replaceable Mechanical Parts-7904 (SN B260000 & UP) 

Fig. & 
Index 
No. 

Tektronix 
Part No. 

Serial/Model No. 
E ff Dscont 1 2 3 4 5  -- Name & Description 

..BUS CONDUCT0R:DUMMY RES,2.375,22 AWG 

..CONTACT,ELEC:l.37 INCH LONG 

..ADAPSER,CONN: 

..CONN,RCPT,ELEC:CKT 130 MT.3 PRONG 

..ADAPTER,CONN:50 OHM JACK TO JACK 

..CONTACT,ELEC:0.71 INCH LONG 

..CONTACT.ELEC:0.885 INCH LONG 

..TERMINAL,PIN:0.365 L X 0.025 PH BRZ GOLD 

..CONNECTOR,RCPT,:50 OHM.COAX,SNAP-ON MALE 

..GUIDE-POST,LOCK:O.84 INCH LONG 

..GUIDE-POST,LOCK:O.65 INCH LONG 

..GUIDE-POST,LOCK:O.65 INCH LONG 

..SPACER,CKT BD:0.29 H.ACETAL 

..CONNECTOR.RCPT,:PLUG-IN CKT ED.35/70 CON 

... EACH CONNECTOR INCLUDES: 

... COVE R,ELEC C0NN:PLASTIC 

... BODY,CONNECTOR:PLUG-IN CIRCUIT CARD 

... CONTACT.ELEC:STRAlGHT 

... CONTACT.ELEC:OFFSEi- 

... SPRING,FLAT:2.35 X 0.041 MUSC WIRE 

.."*(ATTACHING PARTS FOR CONNECTOR)""' 

..SCR,IPG,THD FOR232 X 0.312 INCH,PNH ST ....... . .. (END ATTACHING PARTS)""'""" 

..CONN,RCPT,ELEC:CKT BD,38/76 CONTACT 

... EACH CONNECTOR INCLUDES: 

... COVER.ELEC C0NN:PLASTIC 

... BODY,CONNECTOR:PLUG-IN CIRCUIT CARD 

... CONTACT,ELEC:STRAIGHT 

... C0NTACT.ELEC:OFFSET 
**..*... ... (ATTACHING PARTS)""""""" 

..SCR,TPG,THD FOR232 X 0.312 INCH,PNH ST 
..*****. .. (END ATTACHING PARTS)"""""' 

"*"(ATTACHING PARTS FOR CKT ED) 
SCREW,TPG,TF:4-24 X 0.375 INCH,PNH STL 
SCR.TPG.THD FOR:4-24 X 0.375 INCH.PNH STL .......*.. (END ATTACHING PARTS)"""""' 
CKT BOARD ASSY:VERTICAL lNTERFACE(SEE A7 R 
.CONN,RCPT,ELEC:CKI BD MT,3 PRONG 
.SOCKET,PIN TERM:FOR 0.025 INCH SQUARE PIN 
.SKT,PL-IN ELEK:MICROCIRCUIT,14 DIP,LOW CL 
.SKT,PL-IN ELEK:MICROCKT,14 CONTACT 
.MICROCIRCUIT:(SEE U4625 8 U4685 REPL) 
*..*.*..*.*. (ATTACHING PARTS)""'"""" 
.NUT,PLAIN,HEX.:4-40 X 0.188 INCH,BRS 
.WASHER,NONMETAL:RBER,0.125 ID X 0.203'OD 
*..*.****. (END ATTACHING PARTS)""****'* 
.CONTACT,ELEC:IC GND,DUAL 
.SOCKET,PIN TERM:0.145 INCH LONG 
.SOCKET.PIN TERM:UW 0.016-0.018 DIA PlNS 
.SCREW,EXT,RLV B:4-40 X 0.375 INCH.SST 
.SPACEH,SLEEVE:0.25 OD X 0.34 INCH LONG 
CKT BOARD ASSY:A TRIGGER SELECTOR(SEE A5 R 
.SOCKET,PIN TERM:U/W 0.016-0.018 DlA PlNS 
.SOCKET,PIN TERM:FOR 0.025 INCH SQUARE PIN 
.SCREW,U(T,RLV B:4-40 X 0.375 INCH.SST 
.SPACER,SEEVE:0.25 OD X 0.34 INCH LONG 
.CONN.RCPT,ELEC:CKT 80 MT.3 PRONG 
.SKT,PL-IN ELEK:MICROCIRCUIT,14 DIP,LOW CL 
.SKT,PL-IN EEK:MICROCKT,14 CONTACT 
CKT BOARD ASSY:B TRIGGER SELECTORSEE A6 R 
.SOCKEI,PIN TERM:FOR 0.025 INCH SQUARE PIN 
.CONN,RCfl,ELEC:CICI BD MT,3 PRONG 
.SOCKFT,PIN TERM:UW 0.016-0.018 DIA PlNS 
.CONTACT.ELEC:O.l78 INCH LONG 

Mfr 
Code 

57668 
22526 

80009 
98291 
22526 
22526 
22526 
98291 
80009 
80009 
80009 
80009 
80009 

80009 
80009 
80009 
80009 
80009 

83385 

80009 

80009 
80009 
80009 
80009 

83385 

83385 
83385 

80009 
22526 
73803 
09922 

73743 
86928 

80009 
00779 
22526 
80009 
80009 

22526 
22526 
80009 
80009 
80009 
73803 
09922 

22526 
80009 
22526 
00779 

Mfr Part Number 

OED 

OBD 

OBD 
OBD 
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Replaceable Mechanical Parts-7904 (SN 8260000 & UP) 

Fig. & 
Index 
No. -- 

Tektronix 
Part No. 

SerialIModel No. 
E ff Dscont ---- 1 2 3 4 5  Name & Description 

.SCREW,EXT,RLV B:4-40 X 0.375 INCH,SST 

.SPACER,SLEEVE:0.25 OD X 0.34 INCH LONG 

.SKT,PL-IN ELEK:MICROCiRCUIT.14 DIP,LOW CL 

.SKT,PL-IN ELEK:MICROCKT,14 CONTACT 
LINK,TERM.CONNE:J-SHAPE.O.90XO.82 X 0.312" 
"""(A*TACHING PARTS FOR CONNECTOR)"*" 
NUT,PLAIN.HEX.:lO-32 X 0.25 INCH,BRS *.*....*.... (END ATTACHING PARTS)""'""' 
CKT BOARD ASSY:LOGIC(SEE A4 REPL) 
.SKT,PL-IN ELEK:MICROCIRCUIT,IO CONT,PCB M 
.SOCKET,PIN TERM:FOR 0.025 INCH SQUARE PIN 
.SKT,PL-IN ECEK:MICROCIRCUIT,l6 DIP,LOW CL 
.SKT,PL-IN ELEK:MICROCKT,lG CONTACT 
.SKT,PL-IN EI-EK:TRANSIS7OR 3 CONTACT.PCB M 
.SOCKET,PIN TERM:U/W 0.016-0.018 DIA PINS 
.SUPPORT,CKI BD:0.215 H.ACETAL 
.CONTACT,ELEC:0.64 INCH LONG 
.SCREW.EXT,RLV B:4-40 X 0.375 INCH,SST 
.SPACER,Sb.EEVE:0.25 OD X 0.34 INCH LONG 
.WIRE SET,ELEC: 
CKT BOARD ASSY:HORIZ INTCON(SEE A19 REPL) 
.SOCKET,PIN TERM:FOR 0.025 INCH SQUARE PIN 
.SCREW,EXT,RLV B:4-40 X 0.375 INCH,SST 
.SPACER,SLEEVE:4-40 X 0.105 INCH LONG 
WIRING HARNESS: 
.CONN BODY,PL,EL:3 WlRE GRAY 
.CONNECIOR,TERM:22-26 AWG,BRS 8 CU BE GOLD 
.CABLE ASSY,RF:BO OHM COAX,6.O L 
.CONNECTOR,RCP'T,:BNC,FEMALE 
WlRE SFl-.ELEC: 
.WIRE,ELECTRICAL:2 WlRE RIBBON 
.WIRE,ELECTHICAL:5 WlRE RIBBON 
.WIRE,ELECTRICAL:5 WIRE RIBBON 
.WIRE,ELECTRICAL:6 WlRE RIBBON 
.WIRE,EI.ECTRICAL:7 WIRE RIBBON 
.WIRE,ELECTRiCAL:8 WlRE RIBBON 
.WIRE;ELECTRICAL:9 WlRE RIBBON 
.WIRE,ELECTRICAL:lO WlRE RIBBON 
.WIRE,ELECTRICAL:lO WlRE RIBBON 
.CONNECTOR,TERM:22-26 AWG,BRS & CU BE GOLD 
.CONN BODY,PL,EL:5 WlRE BLACK 
.CONN BODY,PL,EL:5 WlRE BROWN 
.CONN BODY,PL,EL:5 WIRE YELLOW 
.CONN BODY,PL,EL:5 WlRE GRAY 
.CONN BODY,PL,EL:6 WlRE YELLOW 
.CONN BODY,PL,EL:7 WlRE BROWN 
.CONN BODY,PL,EL:7 WlRE ORANGE 
.CONN BODY,PL,EL:7 WlRE BLUE 
.CONN BODY,PL,EL:7 WIRE VlOLEr 
.CQNN BODY,PL,EL:8 WlRE GREEN 
.CONN BODY,PL,EL:9 WlRE RED 
.HLDR,l"ERM C0NN:lO WIRE,BROWN 
.CONN BODY,PL.EL:lO WIRE RED 
.CONN BODY,PL,EL.:lO WlRE ORANGE 
.CONN BODY,PL.EL:lO WlRE GREEN 
.CONN BODY,PL,El.:IO WlRE BLUE 
.CONN BODY.PL,EL:IO WIRE VIOLET 

Mfr 
Code Mfr Part Number 

75377-001 
21 1-0155-00 
361 -0301 -00 
179-1 690-02 
352-01 61 -08 
47439 
175-1 934-00 
KC-I 9-1 53 
198204600 
175-0825-00 
SS-052671061 OC 
SS-0522-7(1061) 
SS-0622-7(1061) 
SS-0722-7(1061) 
SS-0822-7(1061) 
SS-092q1061)OC 
SS-10267 
SS-1022(1061 )OC 
47439 
352-01 63-00 
352-01 63-01 
352-01 63-04 
352-01 63-08 
352-01 64-04 
352-01 65-01 
352-0165-03 
352-016506 
352-0165-07 
352-01 66-05 
352-0167-02 
352-0168-01 
352-01 68-02 
352-0168-03 
352-01 68-05 
352-01 68-06 
352-01 66-07 
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Replaceable Mechanical Parts-7904 (SN 8260000 & UP) 

Fig. & 
Index 
No. --- 

Tektronix 
Part No. --- 

SerialIMo 
Eff 

del No. 
Dscont ---- 

Mfr 
Code Mfr Part Number -.--- 1 2 3 4 5  Name & Description -- ---- 

POWER SUPPLY: 
.HEAT SINK,ELEC:POWER SUPPLY,AL 
.HEAT SINK,ELEC:POWER SUPPLY,AL ............ (ATTACHING PAR'TS)"**"*""' 
.SCREW,MACHINE:6-32 X 0.25 INCH,PNH STL .......... (END ATTACHING PARTS)^"""**' 
.THANSISTOR:(SEE Q1458,1498,1428,1538, 
.Q1588 REPL) 
..****..-.** (ATWrACHING PARTS)"""""" 
.WASHER,SPR TNSN:0.146 ID X 0.323" OD,STL 
.INSULATOR,WSHR:0.812 OD X 0.0025 INCH THK 
.SCREW,MACHINE:6-32 X 0.438 lNCH,PNH STL 
.NUT,PLAIN,HEX.:6-32 X 0.25 INCH,BRS 
*..***.*** (END ATTACHING PARTS)""***"* 
.CABLE ASSY,PWR:3,18 AWG,125V,72.0 L 
.CABLE ASSY,PWR,:3,18 AWG.115V.98.0 L ............ (AWACHING PARTS)"""""" 
.NUl,PLAIN,HEX.:0.375 X 0.438 INCH,STL 
.WASHER,LOCK:INTL,0.375 ID X 0.50" OD S .......... (END NTACHING PARTS)""""" 
.TEAMINAL,LUG:0.146 ID,LOCKING,BRZ TINNED 
.TERMINAL,LUG:O.146 INCH DIA DE,45 DEG BE ............ (ATTACHING PARTS)"""""" 
.SCREW,MACHINE:6-32 X 0.312 INCH,PNH STL 
.SCREW,MACHINE:6-32 X 0.625 INCH.PNH STL 
.NWT,PLAIN,HEX.:632 X 0.25 INCH,BRS 
.NUT,PLAIN,HEX.:632 X 0.25 INCH,BRS 
..****.*.. (END ATTACHING PARTSf'""""' 
.THERMO CUTOUT:(SEE $1 201 REPL) ............ (ATTACHING PARTS)"""""" 
.SCREW,MACHINE:6-32 X 0.312 INCH,PNH STL 
.NUT,PLAIN,HEX.:632 X 0.25 INCH,BRS 
.WASHER,LOCK:#6 INTL.O.018 'THK,STL CD PL .......... [END ATTACHING PAR'TS)""""" 
.COV,LINE V SEL:WiFUSEHOLDER 8 INSTR PL 
..COVER INCLUDES: 
..FUSEHOLDER:0.262"ID TUBE FOR CRTG FUS .......... (ATTACHING PARTSY"""""' 
..SCR,TPG,THD CTG:624 X 0.25 INCH,PNH S I L  ........ .. (END ATTACHING PARIS)"""""' 
.BODY ASSY,LINE:W/CLIPS AND CONTACTS ............ (ATTACHING PAR'TS)"""""" 
.NUT,PU\IN.HEX.:6-32 X 0.25 INCH,BRS .......... (END AnACHING P A R T S Y *  
.TRANSISTOR:(SEE Q1234,Q1241 REPL) ............ (KITACHING PARTS)"""""" 
.INSULAIOR,PLATE:TRANSISTOR,MICA 
.NUT,PL,ASSEM WA:4-40 X 0.25,STL .......... (END ATTACHING PARTS)""""" 
.INSULATOR,PLATE:2 X 4.40 INCHES 
.INSULATOR,BLOCK:HMT-SINK SHIELD,NYLON ............ (AmACHING PARTSY"""'  
.SCR,TPG,IHD CTG:6-32 X 0.375 INCH,TRH STL 
.NUT.PLAIN,HEX.:6-32 X 0.25 INCH.BRS 
.SPRING,FlAT:2.0 INCH LONG,BOWED .......... (END ATTACHING PARTS)""""" 
.SHIELD,ELEC:LINE FILTER ............ (ATTACHING PARTS)"""""" 
.SCREW,MACHINE:6-32 X 0.312 INCH,PNH STL 
**.*.***** (END ATFACHING PARTS)""""" 
.GROMMET,PLASTIC:0.25 INCH DIA 

83385 OBD 

4706-05-01-0531 
OBD 
OBD 
3038-0228-402 

OBD 
OBD 
3038-0228402 
3038022842 

OED 
30380228402 
1 206 -ma0541  C 

200-0763-04 

352-01 02-00 

OBD 

204-0278-01 

30380228402 

386-0978-00 
OBD 

OED 
342-01 03-00 

OBD 
3038-0228-402 
2161 625-00 

337-1551-00 

OBD 

3480055-00 

REV MAY 1983 

7904



Replaceable Mechanical Parts-7904 (SN 8260000 81 UP) 

Fig. & 
Index Tektronix 
No. Part No. ---. 

SerialiModel No. 
E ff ---- Dscont 

Mfr 
Code -- 1 2 3 4 5  Name 8 Description 

""" ------. Mfr Part Number - -- 

.COIL:(SEE L1201 ,L1203 REPL) ............ (ATTACHING PARTS)"*""""* 

.SCR,TPG,TF:4-24 X 0.188 INCH,PNH STL 

.SCR,ASSEM WSHR:6-32 X 0.250 PNH.STL CD PL 

.WASHEH,LOCK:#4 INTL,O.O15 THK,STL CD PL 
******..*. (END AnACHING PARTS)""""" 

.TERMINAL,LUG:0.12 ID,LOCKING,BRZ TIN PL ............ (ATTACHING PARTS)""""".' 

.SCREW,MACHINE:4-4 X 0.188 INCH.PNH S f  L 

.NUT.PL,ASSEM WA:4-40 X 0.25,STL .......... (END ATTACHING PARTS)""""" 

.SPCR,LINE FLYR:ALUMINUM ............ (ATTACHING PARTS)""""""' 

.NUT,PLAIN,HEX.:4-40 X 0.25 INCH,STL 

.NUT,PL,ASSEM WA:4-40 X 0.25.STL 

.TERMINAL,LUG:0.146 ID,LOCKING.BRZ TINNED 

.SCREW,MACHINE:4-40 X 0.50 INCH.PNH S I L  .......... (END AITTACHING PARTS)""""" 

.TERMINAL CARD:SOLDER LUGll MTG LUG ............ (ARACHING PARTS)"""""" 

.SCREW,MACHINE:4-40 X 0.188 INCH,PNH STL 

.NUT,PL,ASSEM WA:440 X 0.25,STL .......... (END ATTACHING PAKTS)""""" 

.CHASSIS,SCOPE:POST REG CKT BD ............ (KITACHING PARTS)^**""""* 

.SCREW,MACHINE:632 X 0.25 INCH.PNH STL 

.SCREW,MACHINE:440 X 0.188 INCH,PNH STL 

.SCREW,MACHfNE:440 X 0.25O,PNH,STL,CD PL 

.CKT BRD ASSY:LOW VLTG RGLTR(SEE A13 REPL) .......... (END ATTACHING PARTS)"""""" 

..TERMINAL,PIN:0.365 L X 0.025 PH BRZ GOLD 

..SOCKFI',PLUG-IN:3 PIN,ROUND 

..SKT.PL-IN ELEK:TRANSISTOR 3 CONTACT,PCB 

..SOCKET,PIN TERM:UMI 0.016-0.018 DfA PINS 

..SOCKET,PLUGlN:6 CONTACT,ROUND 

..TERM,TEST P0INT:BRS CD PL 

..TRANSISTOR:(SEE 01550 REPL) .......... (ATTACHING PARTS)*""*""""' 

..SCREW,MACHINE:4-40 X 0.312 INCH,PNH STL 

..WASHER,LOCK:O.l2 ID,DISHED,0.025 'THK 

..NUT,PYIIN.HEX.:4-QO X 0.25 INCH,STL 
..*..*.. .. (END AT1'ACHING PARTS)"""""' 

.""(ATTACHING PARTS FOR CKT BD ASSY)'"" 

.SCREW,MACHINE:4-40 X 0.188 INCH.PNH STL 
.*******.* (END ATTACHING PARTS)""""" 
.BRACKET,CAP.:ALUMINUM 
.BRACKET,CAP.:ALUMINUM 
***..*.***.* (KIS-ACHING PARTS)""""""' 
.SCREW,MACHINE:632 X 0.25 INCH.PNH STL .......... (END ATTACHING PARTS)""""" 
.CAPACITOR:(SEE C1216.Cl217 REPL) ............ (ATTACHING PARTS)'"""""" 
.SCREW,MACHINE:lO-32 X 0.312.PNH.STL,CD PL 
.SCREW,MACHINE:10-32 X 0.312.PNH.S'TL.CD PL 
.SCREW MACHINE:10-32 X 0.312 INCH,PNH,NYLO 
.WASHER,FLAT:O.170 ID X 0.375 OD 
*.*.*.*.'. (END AmACHING PARISP""""' 
.SHLO,ELEC THICAL:CIRCUIT CARD 
..CLIP,SPG TENS:CAPACI'TOR MI% 
..RIVET,IUBULAR: .......... (KITACHING PARTS)"""""'" 
.SCREW,MACHINE:4-40 X 0.250,PNH,STL.CD PL .......... (END ARACHING PARTS)""""̂ * 
.CLIP,SPG,TNSN:CHOKE COIL,CU BE 
.NUT,BLOCK:0.375 X 0.5 X 0.448,(3)&32 ............ (ATTACHING PARTS)"""""" 

83385 
83385 
OOOBK 

OBD 
OBD 
OBD 

OBD 

OBD 
OBD 

OOOBK 
83385 
781 89 
83385 

OBD 
OBD 
21 04-06-00-2520N 
OBD 

OBD 
OBD 

OBD 
OBD 
OBD 

OBD 
OBD 
OBD 

OBD 

OBD 

OBD 
OBD 
OED 
NW83753 

OBD 
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Replaceable Mechanical Parts-7904 (SN B260000 & UP) 

Fig. & 
Index Tektronix 
No. Part No. 

Mfr 
1 2 3 4 5  Name & Description ----.- -,--.-- Code Mfr Part Number 

.SCREW,MACHINE:6-32 X 0.25 INCH,PNH STL 83385 OBD 
."*t*(l.**+ (END ATTACHING PARTS)""""'" 
.SHLD,ELECTRICAL:CIRCUll CARD 80009 337-1490-00 
.SHIELD.ELEC:LINE INVERTER,CKT CD BOTTOM 80009 337-1 490-01 
.SHIELD,ELEC:LINE INVERTER,CKT BB BOTTOM 80009 337-1 490-02 
*. """...*... (ATTACHING PARTS)"""""" 
.SCREW,MACHINE:440 X 0.25",BDGH PLSTC 26365 OBD 
*.***....* (END A1"TACHING PARTS)̂ """"" 
.CK7 BOARD ASSY:PWR SPLY INVERTER(SEE A l l  

SerialiModei No. 
Eff Dscont Qty 

..PLUG.HOLE: 

..CONTACT,ELEC:0.835 INCH LONG 

..SOCKET.PIN TERM:UW 0.031 TO 0.04 DiA PI 

..TERM.TEST P0INT:BRS CD PL 

..GROMMEI,RUBBER:0.50 INCH DIA 

..STUD,PRESSMOUN7:4-40 X 0.625 INCH,BRASS 

..POST,ELEC-MECH:HEX,0.25 X 1 INCH LONG 
***.****.* (ATTACHING PARTS)""""""' 

..SCREW,MACHINE:4-40 X 0.312 INCH,PNH STL 
..*..*** .. (END ATTACHING PARTS)"""""' 

.""(ATTACHING PARTS FOR CKT BD ASSY)"" 

.SCREW,MACHINE:MO X 0.25O,PNH,STL,CD PL 
....**.*.* (END ATTACHING P A R T S r "  

.HEAT SlNK,XSTR:(2)TO-3,AL 

.PAD,CUSHIONING:0.925 SQ X 0.312,SIL SPONG 

.CKI BOARD ASSY:HIGH VOLTAGE & AUTO FOCUS 

..SEMICOND DEVICE:(SEE U1615 REPL) 
.**.*..*** (ATTACHING PARTS)"'"""""' 

..NUT,PLAlN,HEX.:8-32 X 0.312 INCH,BRS 
*....*.* .. (END ATTACHING PARTS)"""""" 

..CKT BOARD ASSY:HIGH VOLTAGE(SEE A14 REPL 

... TERMINAL,STUD:PNL MT.4-40 TAP I END 
*.."*.** ... (AmACHING PARTS)""*""""' 

. .SCREW.MACHINE:4-40 X 0.188 INCH,PNH STL 

...""**( END ATTACHING PARTS)"""""" 

..SHIELD,FLEC:HV CKT BD 

.."'"(A'ITACHING PARTS FOR CKT BD ASSYJ""' 

..SCREW,MACHINE:MO X 0.25O,PNH,STL,CD PL 
,t..*...l .. (END ATTACHING PARTS)"""""' 

..CKT BOARD ASSY:AUTO FOCUS(SEE A15 REPL) 

.."'(A1MCHING PARTS FOR CKT BD ASSY)"" 

..CLAMP.LOOP:0.062 INCH DIA 
**..*..* .. (END AnACHING PARTS)"""""' 

..PLUG,HOLE: 

..CLAMP.LOOP:0.062 INCH DIA 

..CONNECTOR,TERM:22-26 AWG,BRS 8 CU BE GOL 

..WIRE,ELEC;TRlCAL: WlRE RIBBON 

..CABLE,SP,ELEC:4,26 AWG,STRD,POLYETHYLENE 

..CABLE,SP.ELEC:2.26 AWG,STHD,POLYRHYLENE 

..CONN BODY,PL,EL:5 WlRE GREEN 

..CONN BODY,PL,EL:7 WlRE YELLOW 

..CONN BODY,PL,EL:9 WIRE YELLOW 

.SHLD,ELEC 1RlCAL:HV SUPPLY ... ".a,..... (AT*ACHING P A R T S )  

.SCREW.MACHINE:4-40 X O.P5O,PNH,STL,CD PL 
..*.*""".. (END ATTACHING PARTS)"""""' 
.SUPPORT.CKT BD:0.215 H,ACETAL 
.GROMMET.PLASTIC:0.25 INCH DIA 
.INSUL.HV SPLY:HV POWER,WLYMIDE 
.PLASTIC CHANNEL:0.100 X 0.120,POLYETHYLEN 
.SUPPORT.XFMR: 
.CLIP.XFMR: 

OBD 

OBD 

570-1 510-01 -051 9 

OBD 

337-1492-00 

OBD 

OBD 

REV MAY 1983 
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Replaceabfe Mechanical Parts-7904 (SN B250000 & UP) 

Fig. & 
Index 
No. 

Tektronix 
Part No. 

SeriallModel No. 
E ff Dscont Qty 1 2 3 4 5 --------.-* Name & D ~ i g f i 2 ~ -  

Mfr 
Code Mfr Part Number 

.COVER,PWR SPLY:RIGHT SIDE ............ (AI-TACHING PARTS)""**'*'**' 

.SCREW,MACHlNE:632 X 0.25 INCH,PNH STL 
.*,'***'.. (END ATTACHING PARTS)"""""' 
.COVER,PWR SPLY:LEFI SIDE ............ (AnACHING PARTS)"'****^**"" 
.SCREW,MACHINE:632 X 0.25 INCH,PNH STL 
.*..*..~.* (END ATTACHING PARTS)"""""" 
.GUIDE,SHOE:5.18 X 0.375,NYLON 
.CONER.PWR SPLY:B07-TOM AND FRONT 
***..,**.*.. (AT7ACHING PARTS)""'*'"*'*^" 
.SCREW,MACHINE:6-32 X 0.25 INCH,PNH STL .......... (END ATTACHING PARTS)*'***'*"' 
.CKT BOARD ASSY:CAP RECTIFIER(SEE A12 REPL 
..SOCKET,PIN TERM:FOR 0.025 INCH SQUARE PI 
..SKT,PL-IN ELEK:TRANSISTOR 3 CONTACT,PCB 
..SOCKET,PLUG-IN:3 PIN,ROUND 
..SOCKET ,PIN TERM:UN 0.016-0.018 DIA PINS 
..TERMINAL,PlN:0.365 L X 0.025 PH BRZ GOLD 
..TERM,TEST P0INT:BRS CD PL 
..SEMICOND DEVICE:(SEE CRl310,13t3,1347, 
..CR1346,1348,1345 REPL) 
.'..*.*.*. (ATTACHING PARTS)̂ ""*'"**** 

..NUT,PLAIN,HEX.:fO-32 X 0,312 INCH,BRS 

..WASHER,LOCK:SPLIT,O.195 ID X 0.32" OD,P 

..WASHER,FLAT:# 10 X 0.036 THICK,BRS 
..*.**.* .. (END ATTACHING PARTS)"""*'**" 

..SK'T,PL-IN ELEK:MICROCIRCUIT,lG DIP,LOW C 

."^*(ATTACHING PARTS FOR CKT BD ASSY)"*** 

.SCREW,MACHINE:4-40 X O.25OVPNH,STL,CD PL .......... (END ATrACHlNG PARIS)"""'*"** 

.WIRE SET.ELEC: 

.WIRE SET,ELEC: 

..CONNECTOR,TERM:22-26 AWG,BRS & CU BE GOL 

..TERMlNAL,LUG:# 6 STUD,SOLDERLESS 

..CABLE,SP,ELEC:(4) #18 STRANDED WlRE 

..WIRE,ELECTRlCAL:8 WlRE RIBBON 

..WIRE,ELECIRICAL:6 WIRE RIBBON 

..WlRE,ELECTRICAL:4 WIRE RIBBON 

.,CONN BODY,PL,EL:4 WIRE GREEN 

..CONN BODY,PL,EL:4 WlRE YELLOW 

..CONN BODY,PL,EL:6 WIRE RED 
,.CONN BODY.?L,EL:8 WIRE BROWN 
'"'**(AIIACHING PARTS FOR POWER SUPPLY)""" 
SCREW,MACHINE:832 X 0.375,PNH,STL CD PL 
**.*'.'S.*.* (END ATTACHING PARTS)""""' 
PANEL,REAR: 
PAD,CAB.FOOT:GRAY POLYURETHANE 
FOOT.CABINET:SIL GRAY,POLYCARBONATE .............. (ATTACHING PARTS)"""""' 
SCREW,MACHINE:832 X 1.0 INCH,PNH STL 
SCREW,MACHINE:632 X 0.312'100 DEG,FLH ST 
".*..****..* (END ATTACHING PARTS)"'*"*'̂  
SUBPANEL,REAR: 
STRAP.CONN C0V:BNC ONE END,POLYPROPYLENE 
COVER,ELEC CONN:BNC,SHORTING 
CONN,RCPT,ELEC:BNC,FfMALE 
CONN,RCPT,ELEC:4 CONT.QUICK DISCONNECT .............. (AnACHING PARTS)"""""" 
WASHER,LOCK:INTL,0.375 ID X 0.50" OD S 
NUT,PLAIN,HEX.:9 MM X 0.437 INCH 
..*.*..*.*.* (END A17ACHING PARTS)""""" 

OBD 

OBD 

OBD 

2x20003402 
OBD 
OBD 

OBD 

OBD 

OBD 
OBD 

1220-02-00-0541 C 
OBD 

REV MAY t 983 

7904



Replaceable Mechanical Parts-7904 (SN 8260000 & UP) 

Fig. & 
Index 
No. .---- 

Tektronix SerialIModel No. 
Part No. E ff Dscont 

Mfr 
Code 1 2 3 4 5  Name 8 Description ------.- --- Mfr Part Number - 

CONNECVOR,RCPT,:9 PIN CHASSIS MOUNT .............. (ATTACHING PARTS)'****""" 
SCREW,MACHINE:4-40 X 0.312 INCH,PNH STL 
NUT.PL,ASSEM WA:4-40 X 0.25,STL 
..**."**.**. (END ATTACHING PARTS)""""' 
CKT BOARD ASSY:PROBE POWER(SEE A1 REPL) 
.SOCKFl'.PIN TERM:U/W 0.016-0.018 DIA PINS 
.CONN,RCPT,ELEC:CKT BD MT,3 PRONG 
.TEAMINAL,PIN:0.365 L X 0.025 PH BRZ GOLD 
.SPACER,CKT BD:0.29 H.ACEIAL 
TERMINAL.LUG:0.12 ID,LOCKING,BRZ TIN PL 
*******.".*~' (AITACHING PARTS)'****""" 
SCREW.MACHINE:4-40 X 0.188 INCH,PNH STL ............ (END ATTACHING PARTS)'"""" 
CHASSIS,SCOPE:VERT AND HORIZONTAL AMPL .............. (ATTACHING PARTS)"""""' 

SCREW,MACHINE:6-32 X 0.312"100 DEG,FLH ST 
SCREW,MACHINE:440 X 0.25.100 DEG,FLH STL 
SCREW,MACHINE:632 X 0.25 INCH,PNH STL 
NUT,PL,ASSEM WA:632 X 0.312.STL CD PL 
NUT,PL,ASSEM WA:4-40 X 0.25,STL 
WASHER,FLAT:0.15 ID X 0.032 THK,STL CD 
**.*..*.*.~' (END ATIACHING PARTS).""""' 
CLAMP,LOOP:LARGE 
GROMMET,PLASTIC:0.50 INCH DIA 
TERMINAL.STUD:INSULATf D .............. (A'FTACHING PARTS)""***"" 
TERMINAL,LUG:0.146 ID.LOCKING,BRZ TINNED 
NUT,PL.ASSEM WA:6-32 X 0.312,STL CD PL ............ (END AnACHlNG PARTS) '̂**'"" 
RESISTOR,VAR:(SEE R782A,B REPL) .............. (ATTACHING PARTS)"'"'"""' 
SCREW,MACHINE:6-32 X 0.500,PNH,STL,CD PL 
SPACER,SLEEVE:0.18 ID X 0.219 L 
WASHER,NONMETAL:0.19 ID X 0.438" OD,PLSTC ............ (END ATTACHING PARTS)""""' 
CKT BOARD ASSY:VERTICAL AMPLIFIER(SEE A8 R 
.GROMMET,PLASTIC:O.156 INCH DIA 
.MICROCIRCUIT:(SEE U745 REPL) 
..***t*1*1.1 (ATACHING PARTS)""'"""" 
.NUT,PLAIN.HEX.:6-32 X 0.25 INCH,BRS 
.WASHER.LOCK:SPLIT,O.145 ID X 0.253 OD,S .......... (END ATTACHING PARTS)""""" 
.HT SK MICR0CKT:VERTICAL AMPLIFIER,BACK 
.*.*..*.***. (AT'IACHING PARTS)""'*""" 
.NUT,PLAIN,HEX.:632 X 0.25 INCH,BRS .......... (END ATTACHING PARTS)^*"'̂ ""' 
.POST,ELEC-MECH:O,25 OD X 0.237 INCH LONG ............ (ATTACHING PARTS)""""*'*' 
.SCREW,MACHINE:632 X 0.5OO,PNH,STL,CD PL .......... (END ATTACHING P A R T S )  
.RIVET,SOLID:O.W2 DIA X 0.25 INCH,RDH 
.RTNR.TRANSISTOR:HEAT SINK ............ (ATACHING PARTS)""""""' 
.NUT,SLEEVE:4-40 X 0.391 INCH LONG 
.SPRING,HLCPS:0.24 DIA X 0.438 INCH LONG 
.NUT,PLAIN,HEX.:4-40 X 0.25 INCH,STL 
.SCREW.MACHINE:4-40 X 0.312 INCH,PNH S f L  .......... (END ATTACHING PARTS)""'""" 
.TERM,TEST P0INT:BRS CD PL 
.TRANSISTOR:(SEE 0785 REPL) 
***..***.*.* (ATTACHING PARTS)""""**** 
.NUV,PU\IN,HEX.:UO X 0.25 INCH,STL 
.SCREW,MACHINE:4-40 X 0.312 INCH,PNH STL .......... (END ATTACHING PARTS)"'"""' 

OBD 
OBD 

75060-007 
131 -1 003-00 
47357 
386-1 557-00 
OBD 

OBD 

OBD 
OBD 
OBD 
OBD 
OBD 
OBD 

21 060600-2520N 
OBD 

OBD 
166-01 07-00 
OBD 

30384228402 
OBD 

OBD 

21 0-0599-00 
21 4-0368-00 
OBD 
OBD 

OBD 
OBD 
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Replaceable Mechanical Parts-7904 (SN 8260000 & UP) 

Fig. & 
index 
No. 

Tektronix 
Part No. ----- 

SeriallModel No. 
E ff Dscont Qty 

------,---- 

Mfr 
Code -- 
22526 
00779 
00779 
71785 
80009 
80009 
80009 
00779 

83385 

70903 
86928 

80Mf9 
80009 
22526 
22526 
80009 

87308 

80009 

83385 

80009 

83385 

80009 

83385 

80009 

83385 
12327 

80009 
80009 
80009 
80009 
80009 
80009 
22526 
08261 
80009 
80009 

1 2 3 4 5  Name & Description 
-*---*------ 

Mfr Part Number 

.IERMINAL,PIN:0.365 L X 0.025 PH BRZ GOLD 

.CONTACT,ELEC:0.178 INCH LONG 

.SOCKE'T.PIN TERM:0.178 INCH LONG 

.SKT.PL-IN ELEK:TRANSISTOR 3 CON'rACT,PCB M 

.CONN,RCP'T.ECEC:CKT BD MT,3 PRONG 

.HT SK,MICROCKT:VERTICAL AMPLIFIER,RIGHT 
WlRE SET.ELEC: 
.TERM.,QIK DISC.:FOR 0.038 DIA CRT PIN 
""'(RTTACHING PARTS FOR CKT BD)""' 
SCREW,MACHINE:4-40 X 0.25O,PNH,STL,CD PL ............ (END ATTACHING PARTS)"""'*' 
BRAID,WIRE:# 24 
TEHMINAL,LUG:O.l2 ID,LOCKING,BRZ TIN PL 
CKT BOARD ASSY:MAIN HORIZ AMPLfSEE A9 REPL 
.CONN,RCPT,ELEC:CKT BD MT.3 PRONG 
.TERM.TEST P0INT:BRS CD PL 
.SOCKET,PIN TERM:U/W 0.016-0.018 DIA PINS 
.TERMINAL,PIN:0.46 L X 0.025 SO 
.COVER,HALF XSTR:DUAL TO-18.Wl2-56 THD 
..***..*'*** (ATACHING PARTS)"""""" 
.SCREW,MACHINE:2-56 X 0.25 INCH,PNH STL 
***.*...** (END ATTACHING PARTS)""""" 
.COVER,HALF XSTR:DUAL TO-18,ALUMINUM 
""'(ATTACHING PARTS FOR CKT BD ASSY)""' 
SCREW.MACHINE:4-40 X 0.25O,PNH,STL,CD PL 
..*..*.*.**. (END ATTACHING PARTS)".""" 
RING.CRT CLAMP: 
.I.*....**.... (ATTACHING PARTS)"""'*"* 
SCREW,MACHINE:440 X 2.75 INCH,PNH S'TL ............ (END ATTACHING PARTS)""""' 

BRACKFT,CRT:REAR,ALUMlNUM *.....*.....*. (ATTACHING PARTS)"""'"" 
SCREW.MACHINE:6-32 X 0.25 INCH,PNH STL ..*.....***. (END ATTACHING PARTS)""""' 
RTNR,ELCTRN TU:3.0 DIA X 1.5 L,DELRIN 
.*.**..**..*.* (ATTACHING PARTS)"""""' 
SCREW,MACHINE:6-32 X 0.312 INCH.PNH STL 
WASHER,FLAT:0.141 ID X 0.50 INCH OD,BRS 
...*.....*** (END ATTACHING PARTSY""'" 
SK7 .PL-IN ELEK:ELCTRN TUBE.10 CON WILEADS 
.SOCKET,PLUG-IN:CRT,14 PIN SOCKFT,WIPINS 
.SKT.PL-IN ELEC:ELECTWON TUBE.14 CONTACT 
.COV,ELECTRON TU:2.052 OD X 0.291" THK,PLS 
.CLP,ELCTRN TUBE: 
.PULL,SOCKET: 
.CONNECTOR,TERM:22-26 AWG,BRS & CU BE GOLD 
.WIRE,ELECTRICAL:5 WlRE HlBBON 
.CONN BODY,PL,EL:5 WIRE BLACK 
.CONN BODY,PL.EL:B WlRE BLACK 

OBD 

51 12R424136 
OBD 

OBD 

OBD 

OBD 

OBD 

OBD 
OBD 
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Replaceable Mechanical Parts-7904 (SN B260000 & UP) 

Fig. & 
Index lektronix Serial/Model No. Mfr 
No. Part No. E ff Name & Description Code Mfr Part Number -- Dscont Qty 1 2 3 4 5 

p-- 

CKT BOARD ASSY:DUMMY READOUT(SEE A26 REPL) 
.TERMINAL,PIN:0.365 L X 0.025 PH BRZ GOLD 
.CONN,RCPT,ELEC:CKT BD MT.3 PRONG 
.SOCKFT.PIN TERM:UIW 0.016-0.018 DIA PlNS 
CKT BOARD ASSY:X-Y DEWY COMPfSEE A17 REPL 
.TERMINAL,STUD:0.324 INCH LONG 
.SOCKET,PIN TERM:UIW 0.018-0.018 DIA PlNS 
.BUS CONDUCT0R:DUMMY RES.2.375,22 AWG 
.SOCKET,PIN TERM:FOR 0.025 INCH SQUARE PIN 
.SCREW.EXT.RLV B:440 X 0.375 INCH,SST 
.SPACER,SLEEVE:4-40 X 0.105 INCH LONG 
.SWITCH,SLIDE:DPDT.O.5A,125VAC 

REV MAY 1983 
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Fig. & 
Index 
No. 

Tektronix 
Part No. 

SerialfModel No. 
Eff Dscont Qtv 

Replaceable Mechanical Parts-7904 (SN B260000 & UP) 

1 2 3 4 5  Name & Description 

COVER.SCOPE:LEFT 8 RIGHT SIDE 
.EACH CABINET SIDE INCLUDES: 
.PIN ASSY.SECRG: 
.PUTE,LCH 1NDEX:ACETAL 
.PLPSE,LCH LKG:STEEL,CD PL 
.SHLD GSKT,ELEK:SOLID TYPE.10.887 L 
.SHLD GSKT.ELEK:SOLID TYPE.4.359 L 
.SHLD,GSKT.ELEK:SOLID TYPE.9.322 L 
COVER,SCOPE:BOTTOM 
.PIN ASSY,SECRG: 
.PLATE,LCH 1NDEX:ACETAL 
.PLATE,LCH LKG:STEEL.CD PL 
.SHLD.GSKT.ELEK:SOLID TYPE.9.1 L 
FILTEi3,MESH:EMI 
FILTER,LT,CRT:BLUE,5.15 X 4.4 X 0.03 
FRAME,MASK:PLASTIC 

Mfr 
Code Mfr Part Number 

REV MAY 1983 
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Replaceable Mechanical Parts-7904 (SN 8260000 & UP) 

Fig. & 
Index Tektronix Serial/Model No. Mfr 
No. Part No. Eff Dswnt Qty 1 2 3 4 5 Name & Description-- Code Mfr Part Number -------- ----- 

STANDARD ACCESSORIES 

CABLE ASSY.PWR:3.0.75MM SQ.220V.96.0 L 
(EUROPEAN ONLY) 
CABLE ASSY,PWR:3,0.75MM SQ,240V,96.0 L 
(UNITED KINGDOM ONLY) 
CABLE ASSY,PWR:3,0.75MM,240\1,96.0L 
(AUSTRALIAN ONLY) 
CABLE ASSY,PWR:3,18 AWG,240V,96.0 L 
(NORTH AMERICAN ONLY) 
LEAD ELECTRlCAL:f8.0 L RED,BNC TO BNC 
ADAPTER,CONN:FEMALE BNC 70 EXP STUD 
CONN.PLUG,ELEC:MS TYPE,2O MALE 
MANUAL.TECH:INSTRUCTION 

70903 OBD 

REV MAY 1983 
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7904 OSCILLOSCOPE (8260000 & up) 
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REV JAN 1982 7904 OSCILLOSCOPE (8260000 & up) 

7904



7904 OSCILLOSCOPE (6260000 & up) 
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REV MAR 1983 
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MANUAL CHANGE INFORMATION 

At Tektronix, we continually strive to keep up with latest electronic developments 
by adding circuit and component improvements to our instruments as soon as they 
are developed and tested. 

Sometimes, due to printing and shipping requirements, we can't get these 
changes immediately into printed manuals. Hence, your manual may contain new 
change information on following pages. 

A single change may affect several sections. Since the change information sheets 
are carried in the manual until all changes are permanently entered, some 
duptication may occur. If no such change pages appear following this page, your 
manual is correct as printed. 
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March I 1983 Date: ----.---- L-- _--,---. Change Reference: ---" - -------.-- 

EFF SN: B192116 (R7903) 070-1 464-00 
B282860 (7904) 070-2390-00 

REPLACEABLE ELECTRICAL PAR7 S & SCHEMATIC CHANGES 

670-1610-14 CKT BOARD ASSY:POWEK SUPPLY INVERT 
670-1 61 2-23 CKT BOARD ASSY:CAPACITOR RECTIFIER 
670-1623-05 CKT BOARD ASSY : MA1 N I NTERPACE (7904 ONLY ) 
670-1 624-04 CKT BOARD ASSY:LOGIC(~~O~ ONLY) 
670-1636-03 CKT BOARD ASSY :Z AXIS(7904 ONLY) 
290-0973-00 CAP, FXD, ELCTLT: 100 UF ,20%, 25V (7904 ONLY) 
290-0969-00 CAP,FXD, ELCTLT: 22 UF, k50-lo%, lOOV(7904 ONLY) 
290-0969-00 CAP,FXD,ELCTLT:22 UF,+50-1~A,100V(7904 ONLY) 
290-0973-00 CAP, FXD,ELCT LT: 100 UF, 20%,25V( 7904 ONLY) 
290-0963-00 CAP,FXD,ELCTLT: 220 UF ,+SO-10%,25V(7904 ONLY) 

290-0963-00 CAP ,FXD,ELCTLl : 220 UF,+50-10%,25V(7904 ONLY) 

290-0748-00 CAP,FXD,ELCTLT:IO UF,+50-10%,25V 
290-0748-00 CAP,FXD,ELCTLT:IO UF,+50-10%,25V 

290-0782-00 CAP,FXD,ELCTLT:4.7 UF,+75-10%,35V 
290-0891 -00 CAP,FXD,ELCTLT:I UF,+75-70%,50V 
290-0891 -00 CAP,FXD,ELCTLT:I UF,+75-10%,50V 
290-0966-00 CAP,FXD,ELCTLT:220 UF,+50-10%,25V 
290-0973-00 CAP,FXO,ELCTLT: 100 UF,20%, 25V 
290-0966-00 CAP,FXD,ELCTLT:220 UF,+50-10%,25V 
290-0973-00 CAP,FXD,ELC TLT: 700 UF,20%,25V 
290-0973-00 CAP,FXD,ELCTLT:100 UF,20%,25V 
290-0966-00 CAP,FXD,ELCTLT:220 UF,+50-10%,25V 
290-0966-00 CAP,FXD,ELCTLT:220 UF,+50-10%,25V 
290-0973-00 CAP,FXD,kLCeTL T: 100 UF,20%,25V 
290-0973-00 CAP,FXD,ELCTL7:100 UF,20%,25V 
290-0975-00 CAP,FXD,ELCTLT:33 UF,20%,100V 
290-0975-00 CAP,FXD,ELCTLf:33 UF,20%,100V 
290-0975-00 CAP,FXD,ELCTLT:33 UF,20%,100V 

290-0966-00 CAP, FXD,ELC TL l": 220 UF, +50-10%,25V (7904 ONLY) 
290-0966-00 CAP,FXD, ELCTLT: 220 UF ,+50-10%,25V(7904 ONLY) 

C60, through C68 are located on the A2-MAIN INTERFACE board(7904), and are 
shown on Diagram 1. 

(Cont. next  page) 
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Product: - JJJ9-Q2_-&&;(_-Z9Q4_* - - _ -- -  ate: . -3- 1 -83- - ~ h a n g e  Reference: .J!44118-- _- --- 

-- "-.- " --- "-- "" "-- ------ -----.------------ ---- 

C393 is located on the A4-LOGIC board(7904), and i s  shown on Diagram 3. 

C1231, and C1239 are located on the A14(R7903), or A11 (7904)- Inverter 
circuit board, and are shown on Diagram 9. 

C1259, through C1362 are located on the A15(R7903), or AlZ(7904)- Capacitor 
Rectifier circuit board, and are shown on Diagram 9. 

C1893, and C1897 are located on the A16-Z AXIS board(7904), and are shown 
on Di agram 11. 
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MANUAL CHANGE INFORMATION 
~ S E O  1 " ~  E ~ L L E N C E  Date: .. &XL h 1 5. 1-%3-3- Chartge Reference: -2&?&3% _--- - 

Product: 7B44-s.~ZQ44.$_7_94-3.&.~~.JJ.9_0.4 ~ .",, ~ Manual Part No.: -..- ~ ~ - ~ - E ~ - , ~ - !  

IIESCKtYI'IQl'rl 
- "  " I . " ~ . . . - . . ' . . - . - " " . " . - ~ - - - - - . - - - ~ . - - ~ .  "" --.. --,,,-,- "-" - "--" .,... "" .,---.I......- - --,-- l--,-..-..-...-," -̂_1,z:2.E222.-7m-d.*1:1------.; .- -.- "-. . " . .- - " .-- '" ---- - 

EFF SN: B142890 (7844) 070-1676-01 
B141400 (R7844) 070-1676-01 
B192159 (R7903) 070-1464-00 
B282979 (7904) 070-2390-00 

REPLACEABLE ELECTRICAL PARTS & SCHEMAI'IC CHANGES 

CHANGE TO: 

A1 6 670-1636-04 CKT BOARD ASSY: Z-AXIS (7904) 
A20 670-2536-01 CKT BOARD ASSY: Z-AXIS (R7903) 
A24 670-2723-01 CKT BOARD ASSY: HIGH VOLTAGE (78441R7844) 

R1887 i s  l oca t ed  on the Z - A X I S  board, and i s  shown on Diagram 11 (R7903,7904). 
R2316 i s  l oca t ed  on t h e  HIGH VOLTAGE board, and i s  shown on Diagram 
15 (78441R7844). 
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