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455/A2/B2

OPERATORS SAFETY SUMMARY

The general safety information in this part of the summary is for both operating and servicing
personnel. Specific warnings and cautions will be found throughout the manual where they
apply, but may not appear in this summary.

TERMS

In This Manual

CAUTION statements identify conditions or practices that could result in damage to the
equipment or other property.

WARNING statements identify conditions or practices that could result in personal injury or
loss of life.

As Marked on Equipment

CAUTION indicates a personal injury hazard not immediately accessible as one reads the
marking, or a hazard to property including the equipment itself.

DANGER indicates a personal injury hazard immediately accessible as one reads the marking.

SYMBOLS.

In This Manual

This symbol indicates where applicable cautionary or other information is to be
found.

As Marked on Equipment
11 DANGER — High voltage.

@ Protective ground (earth) terminal.

A ATTENTION — refer to manual.

Power Source

This product isintended to operate from a power source that will not apply morethan 250 volts
rms between the supply conductors or between either supply conductor and ground. A
protective ground connection by way of the grounding conductor in the power cord is
essential for safe operation.

vii
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Grounding the Product

This product is grounded through the grounding conductor of the power cord. To avoid
electrical shock, plugthe power cordinto a properly wired receptacle before connectingtothe
product input or output terminals. A protective ground connection by way of the grounding
conductor in the power cord is essential for safe operation.

Danger Arising From Loss of Ground

Upon loss of the protective-ground connection, ail accessible conductive parts (including
knobs and controls that may appear to be insulating) can render an electric shock.

Use the Proper Power Cord

Use only the power cord and connector specified for your product.
Use only a power cord that is in good condition.

For detailed information on power cords and connectors, see Section 2, Operating
Instructions.

Refer cord and connector changes to qualified service personnel.

Use the Proper Fuse

To avoid fire hazard, use only the fuse of correct type, voltage rating and current rating as
specified in the parts list for your product.

Refer fuse replacement to qualified service personnel.

Do Not Operate in Explosive Atmospheres

To avoid explosion, do not operate this productin an explosive atmosphere unless it has been
specifically certified for such operation.

Do Not Remove Covers or Panels

To avoid personal injury, do not remove the product covers or panels. Do not operate the
product without the covers and panels properly instalied.




455/A2/B2

SERVICING SAFETY SUMMARY
FOR QUALIFIED SERVICE PERSONNEL ONLY

Refer also to the preceding Operators Safety Summary.

Do Not Service Alone

Do not performinternal service or adjustment of this product unless another person capable of
rendering first aid and resuscitation is present.

Use Care When Servicing With Power On

Dangerous voltages exist at several points in this product. To avoid personal injury, do not
touch exposed connections and components while power is on.

Disconnect power before removing protective panels, soldering, or replacing components.

Power Source

This productisintended to operate from a power source that will not apply morethan 250 volts
rms between the supply conductors or between either supply conductor and ground. A
protective ground connection by way of the grounding conductor in the power cord is
essential for safe operation.
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conditions.

5 volts/division.

fications listed below.

SPECIFICATIONS

The 4565/A2/B2 is a 50 MHz, dual-channel, portable oscilloscope designed to operate in a wide range of environmental

TABLE 1-1
Electrical (455 Main Module)

Section 1-455/A2/B2

The dual-channel dc to 50 MHz A2 vertical deflection system provides calibrated deflection factors from 5 millivolts to

The B2 horizontal deflection system provides stable triggering over the full bandwidth capabilities of the vertical system.
Calibrated sweep rates are provided from 0.5 seconds to 0.05 microseconds/division along with delayed sweep features for
accurate relative-time measurements. A X10 magnifier extends the calibrated sweep rate to 5 nanoseconds/division.

Standard 455 oscilloscopes can be operated from nominal 116 volt or 232 volt, 48 to 440 Hz power lines. With Option 7, the
455 can be operated from 12 or 24 volt dc power sources {or the snap-on Tektronix 1106 Battery Pack). Option 7 Specifica-
tions are located in the Options section of this manual.

The Electrical Characteristics are divided into two categories: Characteristics shown in the Performance Requirement column
are instrument specifications and can be verified by the Performance Check. Information in the Supplemental Information
column is provided for reference or clarification only.

The following instrument specifications apply over an ambient temperature range of —15°C to +55°C unless otherwise indica-
ted. The adjustment procedure in Section 6, when performed completely, allows the 455/A2/B2 to meet the electrical speci-

Characteristic

Performance Requirement

Supplemental Information

‘ CALIBRATOR

Output Voltage

0°C to +40°C

0.3 V within 1.0%.

Within 0.3% at +25°C, within 3°C.

—15°C to +55°C

0.3 V within 1.5%.

Repetition Rate

Approximately 1 kHz.

Within 25%.

Output Resistance

Approximately 60 £2.

Z AXIS INPUT

Sensitivity

Noticeable modulation at normal

intensity with 0.5 V or more p-p signal.

Usable frequency Range

D¢ to 20 MHz.

Input Resistance at DC

1.6 k2.

Maximum Input Voltage

25 V (dc plus peak ac). 25 V p-p ac at
1 kHz or less.

SIGNAL OUTPUTS

CH20UT

See Vertical Module Specifications.

REV. A, OCT 1975
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Specifications—455/A2/B2

TABLE 1-1 (continued)

Electrical (455 Main Module)

Characteristics

Performance Requirement

Supplemental Information

SIGNAL OUTPUTS (continued)
A Gate

Output Voltage

Approximately 5.0 V positive-going pulse.

Output Resistance

Approximately 500 2.

POWER SOURCE
Line Voltage Ranges

116 V

100 Vto 132 V rms.

232V

200 V to 264 V rms.

Line Frequency

48 Hz to 440 Hz.

Maximum Power Consumption
(465/A2/B2)

40 watts at 115 V, 60 Hz.

NOTE

With A2 and B2 Modules typical
power consumption is about 32
watts.

CRT DISPLAY

Horizontal Resolution

At least 15 lines in 1 div.

Vertical Resolution

At least 15 lines in 1 div.

Display Area 8 x 10 cm.

Geometry 0.1 div or less.

Trace Rotation Range Adequate to align trace with horizontal
center line.

Standard Phosphor P31.

Optional Phosphor P11,

Raster Distortion

0.1 div or less.

Nominal Accelerating
Potential

~12,000 V.

1-2
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TABLE 1-2
Environmental

Specifications—455/A2/B2

Characteristic

Performance Requirement

Temperature
Storage —55°C to +75°C.
Operating —15°C to +55°C.
Altitude
Storage To 50,000 ft.
Operating To 15,000 ft. Maximum operating

temperature decreased 1°C/1,000 ft.
above 5,000 ft.

Humidity (Operating and Storage)

5 cycles (120 hrs.) referenced to MIL-
E-16400F.

Vibration (Operating)

15 min. along each of 3 major axes at

a total displacement of 0.025 inch p-p
(4 g's at 55 Hz) with frequency varied
from 10 Hz to 55 Hz to 10 Hz in 1 min.
sweeps. Hold 3 min. at each major
resonance or if none present, hold 3
min. at 55 Hz.

Shock (Operating and Non-Operating)

304g’'s, % sine, 11 ms duration, 2 shocks
per axis each direction for a total of
12 shocks.

TABLE 1-3
Physical

Characteristic

Information

Weight

455/A2/B2 with Panel Cover,
Modules, Accessories and
Accessory Pouch

27.01bs {12.2 kg).

Without Panel Cover, Accessories,
and Accessory Pouch

24.0 Ibs (10.9 kg).

Domestic Shipping Weight

34.2 Ibs (15.5 kg).

Height

With Feet and Pouch

9.00 in. (22.86 cm).

Without Pouch

7.00in (17.78 cm}).

REV. A, OCT 1975



Specifications—455/A2/B2
TABLE 1-3 (continued) l
Physical
Characteristic Information l
Width
With Handle 13.65 in. (34.67 cm). l
Without Handle 12.80in. (31.76 cm). l
Depth
Including Panel Cover 19.50 in. (49.53 cm). l
Handle Extended 21.70in. (55.19 cm).
Transportation Meets the limits of National Safe Transit l
Committee Test Procedure 1A with a 30-inch
drop.
Construction Plastic alloy cabinet, alluminum alloy l
chassis and panel, with glass laminate
etched wiring circuit boards.
Finish Anodized front panel and textured I
cabinet.
g 19.10 in. . l
(48.51 cm) o
= | |
7.00 IN.
{(17.78 CM) '
e
13.85 in. 21.70 in.
(34.67 cm) [ (65,19 cm) 1
1907-20 .
Fig. 1-1. Dimensional drawing. '
1-4 REV. A, OCT 1975 l



TABLE 14
Electrical (A2 Vertical Module)

Specifications—455/A2/B2

Characteristic

Performance Requirement

Supplemental Information

Deflection Factor
Calibrated Range

5mV to 5 V/DIV in 10 steps: 1-2-5
sequence.

Uncalibrated (VAR) Range

Provides continuously variable deflec-

tion factors between calibrated settings.

Extends deflection factor to at least
12.5 V/DIV.

At least 2.5:1.

Accuracy

Within 3%

With GAIN set at 5 mV/DIV.

Low-Frequency Linearity

0.1 div or less compression of a 2 division
signal at center screen when positioned to
the upper and lower extremes of the
graticule area.

" Frequency Response
Bandwidth {(CH 1 & CH 2}

5mV to 2 V/DIV

DC to at least 50 MHz.

b V/DIV DC to at least 45 MHz.
AC Coupled Lower —3 dB 10 Hz or less with a 1X probe. 1 Hz
Point or less with a 10X probe.

5-div reference signal centered vertically
from 25 2 source with VAR V/DIV in
calibrated position.

. Step Response

Risetime (0.35 + bw in MHz)
—15°C to +55°C

5mV to 2 V/DIV

7.0 nanoseconds or less

5 V/DIV

7.8 nanoseconds or less

5-div reference centered verticaily dc
coupled at all deflection factors from a
25 Q source with VAR V/DIV control in
calibrated position.

Positive—Going Step
{excluding ADD Mode)

Aberrations
0°C to +40°C

5mV to 1 V/DIV

Less than +3%, —3%, 3% p-p.

2V/DIV

Less than +6%, —b%, 5% p-p.

5V/DIV

Less than +10%, —10%, 10% p-p.

—15°C to +55°C
5mV to 1V/DIV

Less than +6%, —6%, 6% p-p.

2V/DIV

Less than +8%, —8%, 8% p-p.

5V/DIV

Less than +13%, —13%, 13% p-p.

Position Effect 0°C to +40°C

Total aberration less than +5%, —5%,
5% p-p.

Negative Going Step

Add 2% to all positive going step
specifications.

ADD Mode Operation

Add 5% to all aberrations specifications.

CH 2 inverted

Equal to or less than 3% in addition to
the non-inverted aberrations.

REV. B, MAY, 1978
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Specifications—455/A2/B2

TABLE 14 (continued)
Electrical (A2 Vertical Module)

Characteristic

Performance Requirement

Supplemental Information

Common-Mode Rejection Ratio
(ADD Mode with CH 2 Inverted)

At least 10:1 at 10 MHz for common
mode signals of 6 div or less with
GAIN adjusted for best CMRR at

50 kHz.

Step Atten Balance
+20°C to +30°C

0.2 div or less.

Trace Shift as VAR is rotated

2.0 div or less.

INVERT Trace Shift

Less than 2 div when switching from
normal to inverted.

Input Gate Current
—15°C to +30°C

0.5 nA or less (0.1 div at 5 mV/div).

+30°C to +556°C

4.0 nA or less (0.8 divat 5 mV/div).

Channel Isolation

At least 100:1 at 20 MHz.

Position Range

At least +12 and —12 div from
graticule center.

Chopped Mode Repetition Rate

Approximately 250 kHz.

250 kHz within 20%.

Input Resistance and Capacitance

1 M within 2% paralleled by approxi-

mately 20 pF within 3%.

Aberrations 2% or less using a 1 M£2,
20 pF input time constant normalizer
(+20°C to +30°C).

Maximum Input Voltage

DC Coupled 250 V (dc + Peak ac) or 500 V p-p ac
at 1 kHz or less.
AC Coupled 250 V (dc + Peak ac) or 500 V p-p ac

at 1 kHz or less.

Cascaded Operation (CH 2 QUT
into CH 1)

Bandwidth

DC to at least 20 MHz.

CH 2 OUT into CH 1 input using
50 2 42" cable terminated in 50 £2
at CH 1 input.

Cascaded Sensitivity

Approximately 1 mV/div when termi-

nated in 50 © at CH 1 input with both
CH 1 and CH 2 VOLTS/DIV switches

set at 5 mV/div.

Within —30%, +30%.

Channel 2 Signal Output
{Through Main Module CH 2
QUT Connector)

Output Voltage

Approximately 50 mV/div into 1 M.
Approximately 26 mV/div into 50 £2.

Output Resistance

Approximately 50 2.

Bandwidth

DC to at least 20 MHz into 50 £2.

DC Level

Approximately O V.

1-6
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Specifications—455/A2/B2

TABLE 1-5
. Electrical (B2 Horizontal Module)
Characteristic Performance Requirement Supplemental Information
TRIGGERING
Sensitivity (See Fig. 1-2) In EXT + 10, multiply requirements
by 10.
AC Coupled 0.4 div internal or 50 mV external from

60 Hz to 10 MHz increasing to 1.5 div
internal or 2560 mV external at 50 MHz.

LF REJ Coupled 0.4 div internal or 100 mV external from
50 kHz to 10 MHz (increasing to 1.5 div
internal or 2560 mV external at 50 MHz.
Attenuates signals below about 50 kHz.

HF REJ Coupled 0.4 div internal or 100 mV external from
60 Hz to 50 kHz. Attenuates signals below
about 60 Hz and above about 50 kHz.

DC Coupled 0.4 div internal or 50 mV external from
dc to 10 MHz increasing to 1.5 div in-
ternal or 260 mV external at 50 MHz.

Trigger Jitter (At 50 MHz and

5 ns/div)
0°C to +40°C 0.5 ns or less.
—15°C to +55°C 1.0 ns or less.

&> VERIFICATION POINTS
m
EXTERNAL
DIV
INTERNAL
15 — 2D — 250mV
14 —
I/
Y/
12— ,’ — 200 mV
7
7
1]
1.0 /,I
LF REJ HF REJ; i
EXT EXT 7 — 150 mV
N 7 7
| \‘ " 4
0.8 " HF REJ ‘\‘ /1 I/ II
M- EXT LN LF REJ 7
- JI \\ % EXT -+ 7
J
0.6 — 3 e ANl 5 / — 100mv
H
Ff\E(.:J'lNT LF REJ — /—uF REJ ,’
INT INT v
AC, DC, LF
0.4 3 A . — 50mV
—— bcC A V_ REJINT
10 Hz 100 Hz 1 kHz 10 kHz 100 kHz 1 MHz 10 MHz 60 MHz
15 60 15kHz 50 kHz
. FREQUENCY {Hz) 1907-21
Fig. 1-2. Trigger coupling and sensitivity.
REV. A, OC™ 1975 1-7



Specifications—455/A2/B2

TABLE 1-56 (continued)

Electrical (B2 Horizontal Module)

Characteristics

Performance Requirement

Supplemental Information

TRIGGERING (cont.)
External Trigger Input

Maximum Input
Voltage

250 V DC + peak ac or 250 V p-p ac (1
kHz or less).

Input Resistance

1 M within 10%.

Input Capacitance

20 pF within 30%.

Level Control Range

EXT Atleast+and =2V, 4 V p-p.
EXT+ 10 At least + and —20 V, 40 V p-p.
Trigger View

Deflection Factor

EXT ~ 50 mV/div. +20%, ac or dc trigger coupling only.
EXT =10 2~ 500 mV/div. +20%, ac or dc trigger coupling only.
Risetime - < 14 ns.

Delay Difference

<75ns

With 5 div signal 5 ns risetime or less
from a 50 §2 generator centered verti-
cally with equal cable length from
signal source to vertical channel and
external trigger input, terminated in
50 2 at each input.

Centering of Trig-
gering Point

Within 1.0 div of center screen.

HORIZONTAL DEFLECTION
SYSTEM

Calibrated Sweep Range
A Sweep

0.5 s/div to 0.05 us/div in 22 steps in a
1-2-6 sequence. X10 MAG extends
maximum sweep rate to b ns/div.

B Sweep

50 ms/div to 0.05 us/div in 19 steps in a
1-2-5 sequence. X10 MAG extends maxi-

mum sweep rate to 5 ns/div.

Calibrated Sweep Accuracy

Accuracy specification applies over
the full 10 divisions.

+20°C to +30°C

(1) Exclude the first and last 40 ns of
the sweep on 5 ns, 10 ns and 20 ns
sweep rates.

—15°C to +55°C

Unmagnified Magnified (1)
X1 X10
2% +3%
+3% +4%

(2) £5%. Excludes first and last dis-
played divisions when checking 5
ns/div and 10 ns/div (X10 MAG on).

Over any—t;vé ﬂdivision
portion of Full 10
Divisions (1) (2)
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TABLE 1-5 (continued)
Electrical (B2 Horizontal Module)

Specifications—455/A2/B2

Characteristics

Performance Requirement

Supplemental Information

HORIZONTAL DEFLECTION
SYSTEM (cont.)

Variable Range (A only)

2.5 to 1 continuously variable between
calibrated settings. Extends slowest A
Sweep rate to at least 1.25 s/div.

At least 2.5:1.

Sweep Length (A only)

10.5 to 11.6 div.

Trigger Holdoff Variable

Increases A Sweep holdoff time to at
least 10X the TIME/DIV switch setting,
execpt at .2 s and .5s.

Magnifier Registration

Within 0.5 div from graticule center
{MAG on to MAG off)

Position Range

Start of sweep must position to the
right of graticule center. End of sweep
must position to the left of graticule
center. TIME/DIV switch at 1.0 ms/
div.

Differential Time
Measurement

Accuracy

(See Fig. 1-3 on next page)

For Measurements
of One or More

For Measurements
of Less Than

With the A TIME/DIV switch at .5
us/div or .2 us/div, the differential

time measurement accuracy limit is
valid only for DELAY-TIME POSI-

Major One Major TION dial setting between 1.50 and
Dial Divisions Dial Division 8.50.
+15°C to +35°C +1.5% +0.0156 Exclude delayed operation when knobs
Major Dial are locked at any sweep speed or when
Division A TIME/DIV switch is at .1 us/div or
.05 us/div.
—15°C to +55°C +2.6% +0.025

Delay Time Jitter

One part or less in 20,000. (0.005%) of
ten times the A TIME/DIV switch setting.

Calibrated Delay Time
(VAR Contro! to CAL)

Continuous from 0.1 us to at least b
seconds after the start of the delaying

(A) sweep.

REV. A, OCT 1975
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Specifications—455/A2/B2
TABLE 1-5 (continued) .
Electrical (B2 Horizontal Module) .
Characteristics Performance Requirement Supplemental Information '
X-Y OPERATION
X-Y Operation Extreme counterclockwise position I
of TIME/DIV switch. CH 2 or X-Y
button of VERT MODE switch must
be pushed. '
Sensitivity Same as vertical system with X10 MAG
turned off.
Variable Range Same as vertical system. l
X-Axis Bandwidth DC to at least 3 MHz. 10 division reference signal.
Input Resistance Same as vertical system.
Input Capacitance Same as vertical system. l
Maximum Useable Same as vertical system. Within 3° from dc to 50 kHz.
Input Voltage Phase
Difference Between
X and Y Axis
Amplifiers
Deflection Accuracy Within 4% in CAL position. '
X-Axis Linearity 0.2 div or less compression or ex-
pansion when 2 div X-axis signal at
center screen is positioned to right
or left extreme of graticule area.
o
8 l
T 3%
31
|_
z
w
= 2% —15°C TO —55°C '
ol
o)
[7]
<
%‘ 1% +15°C TO +35°C '
s )
>
2
X 0% l
<
=
0 1 2 3 4 5 6 7 8 g 10
MAJOR DIAL DIVISIONS OF
DELAY TIME POS CONTROL USED
TO MAKE MEASUREMENT. 1907-22 .
Fig. 1-3. Differential Time Measurement accuracy. '
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455/A2/B2

RECOMMENDED ACCESSORIES

The following accessories have been selected from our catalog specifically for your
instrument. They are listed as a convenience to help you meet your measurement
needs. For detailed information and prices, refer to a Tektronix Products Catalog
or contact your local Tektronix Field Representative.

CAMERA

C-30A (Option 1) Compact Camera 1.9 lens; 0.8 magnifi-
cation, Polaroid Land Pack film back for 3000 speed film
(includes Adapter Frame/Corrector Lens, 016-0301-01).

Order. . . . . . . . . . . . C-30A-POption1

PROTECTIVE COVER

Waterproof, blue vinyl.

Order. . . . . . . . . . . . . . 016-0344-00

VIEWING HOODS

Folding polarized Viewing Hood.

Order. . . . . . . . . . . . . . 016-0180-00
Folding Viewing Hood, binocular.

Order. . . . . . . . . . . . . . 016-0566-00
Folding Viewing Hood, light-shielding.

Order. . . . . . . . . . . . . . 016-0592-00

PROBES

P6062A 1X or 10X Probe Package. Provides dc to 15 MHz
in 1X position or dc to 50 MHz in 10X position.

Order. . . . . + +« « « +. . . . . 010-6062-13 ﬁ' s

P6021 Current Probe with Passive Termination. Provides
120 Hz to 39 MHz bandwidth.

Order: = s W' & ¢ &« 5 W% ¢ o« 5 0T5-0140-02

REV C MAY 1980 11



455/A2/B2

®
SCOPE-MOBILE CART

Occupies less than 18 inches aisle space; has storage area in
base.

Ordet: o « « & wowe s @ 5.5 e & 8 = 2006

1105 BATTERY POWER SUPPLY

Portable power supply suitable for powering portable oscil-
loscopes or other instruments in the field.

Order. . . . . . . . . 1105 Battery Power Supply

1106 BATTERY PACK

A convenient, snap-on battery power supply for oper-
ating the 455 Option 7 oscilloscopes.

OrdeE s saaa v s S 1106 Battery Pack

MESH FILTER

Improves Display Contrast.

Order. . . . . « « « + +« « « . . 378-0726-01
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Section 2—455/A2/B2

OPERATING INSTRUCTIONS

OPERATING VOLTAGE

This instrument operates from either a 116 volt or 232 volt
nominal ac line-voltage source, 48 to 440 Hz. The line-
voltage selector switch at the rear of the instrument must
indicate the applied line voltage (116 V or 232 V).

CAUTIOng

The instrument can be damaged if operated on
232 volt nominal line-voltage source when the
line-voltage selector is set at 116 V.

To convert from one line voltage range to the other, move
the line-voltage selector switch, located on the rear of the
instrument, to indicate the correct nominal line voltage.
Change the fuse to the correct value; 1.0 amp, fast blow
for 116 volt operation and 0.5 amp, fast blow for 232 volt
operation.

SAFETY INFORMATION

This instrument is designed to operate from a single-phase
power source with one of the current-carrying conductors
(the neutral conductor) at ground (earth) potential. Opera-
tion from power sources where both current-carrying con-
ductor has over-current (fuse) protection within the
instrument.

This instrument has a 3-wire cord with a 3-terminal polar-
ized plug for connection to the power source and safety-
earth. The ground terminal of the plug is directly connected
to the metal parts of the instrument. For electric-shock pro-
tection, insert this plug in a mating outlet with a safety-earth
contact. |If a 3-to-2 wire adapter is used to connect this in-
strument to a 2-wire ac power system, be sure to connect
the ground lead of the adapter to earth (ground). Failure to
complete the ground system may allow the metal parts of

- this instrument to be elevated above ground potential and

create a shock hazard.

Power Cord Conductor Identification

Conductor Color Alternate Color
Ungrounded (Line) Brown Black
Grounded (Neutral) Blue White
Grounding (Earthing) | Green-Yellow Green-Yellow

INSTRUMENT COOLING

To maintain adequate instrument cooling, the ventilation
holes in the equipment cabinet must remain open, and the
air filter must be cleaned or replaced when it gets dirty.

FUNCTIONS OF CONTROLS, CONNECTORS AND INDICATORS

455 MAIN MODULE
Front Panel (Fig. 2-1)

1 | INTERNAL GRATICULE—Eliminates parallax. Rise-
time amplitude and measurement points are indicated
at the left edge of the graticule.

2 | INTEN—Controls the brightness of the crt display.

3 | ASTIG—A screwdriver adjustment used in conjunction
with the FOCUS control to obtain a well-defined
display. Requires little or no adjustment once set.

4 FOCUS—Adjusts for optimum display definition.

5 | TRACE ROTATION—AIigns trace with horizontal
graticule lines.

REV C AUG 1979
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Operating Instructions—455/A2/B2

BEAM FINDER—Used to locate an off-screen display.
When pushed, a compressed display is visible within
the graticule area independent of display position
intensity setting, or applied signals.

To locate an off-screen display, use the following procedure:

1. Set the vertical POSITION control and the INTENSITY
control to midrange and rotate the horizontal POSITION
control clockwise.

2.

If a display or dot still is not visible, press the BEAM

FINDER button and hold it in. This causes a compressed
display or dot to appear.

a. The appearance of a dot indicates inadequate
triggering. Set the TRIG MODE switch to AUTO to
obtain a reference display. Center the reference dis-
play with the vertical and horizontal POSITION
controls. Release the BEAM FINDER button and
adjust the trigger controls for a stable display.

b. If a compressed display appears, adjust the VOLTS/
DIV switch and the horizontal and vertical POSITION
controls to center the display. Release the BEAM
FINDER button and adjust the trigger controls for a
stable display.

CALIBRATOR—Provides a 300 mV, approximately
1 kHz, square-wave output for compensating voltage
probes and checking vertical gain. The CALIBRATOR
output is not intended for verifying timing accuracy.

NOTE

The CALIBRATOR output can also be used to
calibrate current probes by attaching a current
laop to the output terminals. To make a plug-
in current loop, order Tektronix Part 012-0259-
00 and modify it by replacing the 50 S resistor
{inside) with a bare wire. A current loop also
can be made from 5 turns of insulated wire.

SCALE ILLUM—-Controls graticule illumination.

Rear Panel (Fig. 2-2)

9

FUSE HOLDER—Houses the line fuse; 1.0 amp, fast
blow for 116 volt operation or 0.5 amp, fast blow for
232 volt operation.

10

11

12

13

14

ground point. Accepts the plug tip with binding post

CHASSIS GROUND JACK—Provides chassis (earth) .
accessory {Tektronix Part 134-0016-01).

CH 2 OUT—Provides an output sample of the signal
connected to the CH 2 vertical input. The output
amplitude of this signal is normally about 50 mV/
division of crt display. It can be used to increase the
vertical sensitivity in cascaded operation, trigger ex-
ternal equipment, etc.

+ GATE OUT—Provides a positive-going, rectangutar
pulse coincident with the A or B sweep. A shorting
plug, P2800 (located near U2740 on the sweep board)
can be moved to select A gate or B gate.

EXT Z AXIS IN—Permits intensity modulation of the
crt display. Does not affect display waveshape. Sig-
nals must be time-related to the display for a stable
display. Useful for uncalibrated modes of operation
and adding time markers.

LINE-VOLTAGE SELECTOR—Selects either 116
volt or 232 volt nominal line voltage.

Fig. 2-2. 455 Main Module (rear).
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A2 VERTICAL MODULE
(FIG. 2-3)

CH 1 or X and CH 2 or Y—Input connectors for appli-
cation of external signals to the inputs of the vertical
amplifier. Included on each input connector is a

coding ring for 10X Probes with scale-factor switching.

In the X-Y mode, the signal connected to the CH 1 or
X connector provides horizontal deflection and the
signal connected to the CH 2 or Y connector provides
vertical deflection.

POSITION—Positions the display vertically. In the
X-Y mode of operation, the CH 1 POSITION control
positions the display on the X-axis (horizontally) and
the CH 2 POSITION control positions the display on
the Y-axis {(vertically).

Deflection Factor Indicator—Two small light-emitting
diodes (LED) located above the skirt of each VOLTS/
DIV knob. Only one LED at a time lights up to
indicate the correct deflection factor. Use of a 1X
probe, or no probe, causes the left LED to light up.
Use of a 10X probe, with a scale-factor switching con-
nector, causes the right LED to light up.

18

19

Operating Instructions—455/A2/B2

NOTE

Use of a 10X probe, without a scale-factor
switching connector, causes the left LED to
light up and indicate the wrong deflection
factor. In this case, read the correct deflec-
tion factor adjacent to the dark LED.

CH 1 and CH 2 VOLTS/DIV—Selects the deflection
factor in a 1-2-5 sequence (VAR control must be in
the detent position to obtain indicated deflection
factors).

VAR—Provides continuously variable uncalibrated
deflection factors between the calibrated steps of the
VOLTS/DIV switches. Extends the maximum de-
flection factor to 12.5 volts per division in the 5 V
position of the VOLTS/DIV switch (125 volts per
division when using a 10X probe). The VAR control
must be in the detent position for calibrated deflec-
tion factors.

POSITION

M@ 20pF

INVERY

—®

POSITION

VOLTS/DIV

Fig. 2-3. A2 Vertical Module.
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Operating Instructions—455/A2/B2

20

21

AC-GND-DC—Selects the method for coupling the
input signal to the vertical input amplifier.

AC: Signals are coupled capacitively. Any dc
signal component is blocked. Low frequencies are
attenuated (3 db down—0.707 X input amplitude

at about 10 Hz directly or 1 Hz using a 10X probe).

Ac coupling causes tilting of square wave below
about 1 kHz.

GND: Disconnects the input of the vertical ampli-
fier from the input signal and connects it to ground
to provide a ground reference display. Connects
the input signal to ground through the input coup-
ling capacitor and a 1 M resistor to allow the
input coupling capacitor to be precharged by the
input signal.

DC: All components of the input signal are passed
to the vertical amplifier.

VERT MODE—Selects the vertical amplifier operating
mode.

CH 1: Displays only signals applied to the CH 1
input connector.

CH 2 (or X-Y): Displays only signal applied to the
CH 2 input connector. This button must be de-
pressed for X-Y operation.

ALT (Alternate): The display switches between
the signals applied to the CH 1 and the CH 2 input
connectors. This switching occurs at the end of
each sweep during retrace. This mode is useful for
viewing both input signals at sweep rates of 0.5 ms/
div or faster. At sweep rates slower than 0.5 ms/
div, the display flickers. Use the CHOP mode at
slower sweep rates.

To obtain the best triggering results for non time-related
signals, set trigger coupling to low-frequency reject, trigger
source to normal, and carefully adjust the trigger level. For
time-related signals, set trigger coupling to low-frequency
reject and trigger source to channel 1.

CHOP: The display switches between the signals

applied to the CH 1 and the CH 2 input connectors.

This switching occurs at a fixed rate of about 250
kHz. This mode is useful for viewing both input

signals at sweep rates slower than 0.5 ms/div. At
sweep rates of 0.5 ms/div or faster, the chop seg-
ments become visible. Use the alternate mode for
faster sweep rates.

Do not use normal triggering because the display triggers on
the chopping transients. To obtain the best triggering re-
sults, set trigger source to channel 1 and trigger coupling to
high-frequency reject. If the input signals are not time
related, the channel 2 display will be unstable, and alternate
(ALT) mode should be used.

ADD: Displays the algebraic sum of the signals
applied to the CH 1 and CH 2 input connectors.

NOTE

When using the Add mode, keep both vertical
position controls as near midrange as possible.

The channel 2 INVERT switch allows display of channel 1
plus channel 2 (INVERT button-out) or channel 1 minus
channel 2 (INVERT button-in). The channel 1 minus
channel 2 mode is useful for common mode rejection or dc
offset measurements.

22| uNcAL Lamps—Light up to indicate uncalibrated
deflection factors when the VAR controls are moved
out of their detent positions.

231 TRIG VIEW—This switch, when pressed, causes a
sample of the signal present in the A Trigger Amplifier
to be displayed on the crt. Particularly useful for
viewing external triggers.

24| INVERT—This switch, when set to the in position,
inverts the channel 2 display.
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27

28

B2 HORIZONTAL MODULE
(FIG. 24)

DELAY TIME POS—Provides variable sweep delay
from 0.00 to 10.00 times the delay time indicated
by the A TIME/DIV switch.

X10 MAG !Indicator—Lights when the X10 magnifier
is on.

UNCAL Indicator—Lights when the A Sweep rate is
uncalibrated (VAR control out of the calibrated
detent).

READY Indicator—When in the single-sweep mode,
this indicator lights when the A Sweep is reset. Upon
receipt of an adequate trigger signal, a single-sweep

29

Operating Instructions—455/A2/B2

display is presented. If the indicator is not lit when
operating in the single-sweep mode, single-sweep
displays will not be presented until the SGL SWP
button is pushed to reset the sweep,

TRIG Indicator—Lights to indicate that the A Sweep
is triggered and will produce a stable display. Useful
for setting up the A Trigger circuit when a trigger
signal is available without a display on the crt (for
example, when using external or line triggers).

NOTE

When the TRIG MODE switch is set to AUTO
and the TRIG light blinks, a stable display may
be difficult to obtain. This may occur when
using low-frequency or low-repetition-rate
trigger signals. For better triggering results,
set the TRIG MODE switch to NORM and
readjust the A LEVEL control if necessary.

.
POSITION XM

Fig. 2-4. B2 Horizontal Module.
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2-6

HORIZ DISPLAY —Determines the mode of operation
for the horizontal deflection system.

A: Horizontal deflection is provided by the A
sweep generator at a rate determined by the A
TIME/DIV switch. The B sweep generator is
inoperative.

A INTEN: Horizontal deflection is provided by
the A sweep generator at a rate determined by the
A TIME/DIV switch. The B sweep generator is
running to produce an intensified zone on the A
sweep display. The location of the intensified

zone is determined by the DELAY TIME POS
control. The duration of the intensified zone is
about 10 times the B TIME/DIV switch setting
except when the intensified zone is positioned
where A sweep ends before B sweep. The A INTEN
mode is useful for determining the portion of the
A sweep display which is presented in the B DLY'D
mode. The A INTEN mode also can be used to
make differential time measurements (see Appli-
cations in this section).

B DLY’D: Horizontal deflection is provided by
the B sweep generator at a rate determined by the
B TIME/DIV switch. The A sweep generator con-
tinues to operate. With the B SOURCE switch set
to STARTS AFTER DELAY, the start of B sweep
is delayed from the start of A sweep by a time de-
termined by the A TIME/DIV switch and the
DELAY TIME POS control. In other positions
of the B SOURCE switch, the start of B sweep is
further delayed until a trigger signal occurs. To
find the duration of this delay, multiply the A
TIME/DIV switch setting by the DELAY TIME
POS control setting.

TRIG MODE—-Determines the mode of operation for
the A Trigger circuit.

AUTO: With the proper A LEVEL control setting,
A sweep can be initiated by trigger signals with
repetition rates above about 20 Hz and within the
frequency range determined by the setting of the

A COUPLING switch. In the absence of an ade-
quate trigger signal, or when the A LEVEL control
is misadjusted, the A sweep generator free runs to
provide a reference display. If the trigger signal
repetition rate is too low (or TRIG indicator blinks),
set the TRIG MODE switch to NORM.

32

33

34

35

36

NORM: With the proper A TRIGGER LEVEL con-
trol setting, A sweep can be initiated by trigger sig-
nals within the frequency range set by the A
COUPLING switch. In the absence of an adequate
trigger signal, or when the A TRIGGER LEVEL
control is misadjusted, the A sweep generator does
not run and no display is visible. Use the NORM
mode when the trigger signal repetition rate is too
low for the AUTO mode indicated by the TRIG
light blinking.

SGL SWP: The SGL SWP switch is a momentary
contact, spring return push button switch. When
the SGL SWP button is pushed, the A Trigger cir-
cuit operates in the same manner as in the NORM
mode. However, upon receipt of an adequate trig-
ger signal, only one sweep is presented. Another
single sweep cannot be presented until the SGL
SWP button is pushed again.

POSITION—Positions the display horizontally except
in the X-Y mode (A TIME/DIV switch fully counter-
clockwise). In the X-Y mode, the vertical amplifier
CH 1 POSITION control positions the display hori-
zontally.

X10 MAG—Increases the displayed sweep rate by a
factor of 10. It extends the fastest sweep rate to 5
ns/div. The magnified sweep is the center division

of the unmagnified display (0.5 division either side
of the graticule vertical center line).

A TRIGGER HOLDOFF—Provides continuous control
of the time between sweeps. Allows triggering on
aperiodic signals (such as complex digital words). Use
the A trigger controls for the best possible display be-
fore using the A TRIG HOLDOFF control.

External Trigger Input—input connector for external
trigger signals.

SLOPE—Selects the slope of the trigger signal that
starts the sweep.

OUT: +: Sweep can be triggered from the positive-
going portion of a trigger signal.

IN: —: Sweep can be triggered from the negative-
going portion of a trigger signal.

REV. A, OCT 1975



37

38

A TRIGGER LEVEL—Selects the amplitude point on
the trigger signal at which the sweep is triggered. It is
usually adjusted for the desired display after trigger
SOURCE, COUPLING, and SLOPE have been selected.

SOURCE—Determines the source of the trigger signal
coupled to the input of the trigger circuit.

NORM: The trigger signal is obtained from the
signal(s) displayed on the crt. Does not show the
time-relationship of the channel 1 and channel 2
signals in the alternate vertical mode. The NORM
setting is not recommended for use with the
CHOPPED vertical mode because the display
triggers on the switching transients.

CH 1: A sample of the signal present in the chan-
nel 1 preamplifier is used as a trigger signal. The
channel 2 display can be unstable if it is not time-
related to the channel 1 signal.

CH 2: A sample of the signal present in the chan-
nel 2 preamplifier is used as a trigger signal. The
channel 1 display can be unstable if it is not time-
related to the channel 2 signal.

LINE (A Trigger circuit only): A sample of the
power-line frequency is used as a trigger signal. It
is useful when the input signal is time-related {mul-
tiple or sub-multiple) to the line frequency or when
it is desirable to provide a stable display of a line-
frequency component in a complex waveform.

EXT: Signals connected to the External Trigger
Input connectors are used for triggering. External
trigger signals must be time-related to the displayed
signal for a stable display. It is useful when the in-
ternal signal is too small or contains undesired
signals that could cause unstable triggering. 1t is
also useful when operating in the chopped mode.

EXT + 10 (A Trigger circuit only): External trig-
ger signal attenuated by a factor of 10.

STARTS AFTER DELAY (B Trigger circuit only):
B sweep runs immediately after the delay time se-
lected by the A TIME/DIV switch and the DELAY
TIME POS control. No B trigger is required. In any
other B SOURCE switch position, a trigger is re-
quired after the delay time before B sweep will run.

REV. A, OCT 1975
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COUPLING—Determines the method used to couple
signals to the trigger generator circuit.

AC: Signals are capacitively coupled to the input
of the trigger generator. Dc is rejected and signals
below about 60 Hz are attenuated.

LF REJ: Signals are capacitively coupled to the
input of the trigger circuit. Dc is rejected and sig-
nals below about 50 kHz are attenuated. It is use-
ful for providing a stable display of the high-frequen-
cy components of a complex waveform.

HF REJ: Signals are capacitively coupled to the
input of the trigger circuit. Dc is rejected and sig-
nals below about 60 Hz and above 50 kHz are
attenuated. It is useful for providing a stable dis-
play of the low-frequency components of a com-
plex waveform.

DC: All components of a trigger signal are coupled
to the input of the trigger circuit. It is useful for
providing a stable display of iow-frequency or low-
repetition rate signais.

POWER—Turns instrument power on {out) and off

(in).

A and B TIME/DIV-—The A TIME/DIV switch (clear
plastic skirt) selects the sweep rate for the A sweep
generator circuit and selects the basic delay time for
delayed sweep operation. Multiply the A TIME/DIV
switch setting by the DELAY TIME POS control to
compute the delay time. The VAR control must be
in the detent position for calibrated A sweep rate and
delay times.

The B TIME/DIV switch (grey knob, pull out and turn
to unlock) selects the B sweep rate for delayed sweep
operation.

When A TIME/DIV switch is fully counterclockwise
(X-Y position), horizontal deflection is provided by
the signal connected to the vertical CH 1 input
connector.

2-7
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BASIC APPLICATIONS AND MEASUREMENTS

Peak-to-Peak Amplitude Measurements

To measure the amplitude of a signal, multiply the vertical
deflection (in divisions) by the VOLTS/DIV Switch setting.

Example:

The display amplitude is 3 divisions (see Fig. 2-5) and the
VOLTS/DIV switch is set to .5 V. Substituting the given
values:

Amplitude = 3 divisions x 0.5 volts/division =

1.5 V peak-to-peak.

Instantaneous Amplitude Measurement

The following procedure explains how to measure the
amplitude of any point on a waveform with respect to
ground.

1. Set the AC-GND-DC switch to DC.

2. Apply the signal to be measured to one of the vertical
input connectors. Set the VERT MODE switch to select
the channel used.

3. Obtain a stable display, centered vertically.

4. Set the AC-GND-DC switch to GND. Adjust the trace to
some reference line (see Fig. 2-6).

VERTICAL

DEFLECTION

ST i

e S

1907-27

5. Set the AC-GND-DC switch to DC. If the waveform
appears above the reference line, the voltage is positive. If
the waveform appears below the reference line, the voltage
is negative.

6. Measure the vertical difference (in divisions) between the
reference line and the desired point on the waveform and
multiply by the volts/div switch setting.

Example:
The vertical difference is 5 divisions (see Fig. 2-6). The
VOLTS/DIV switch is set to 10 mV. The waveform appears

above the reference line.

Substituting the given values:

Instantaneous Amplitude = 5 divisions x 10 mV/division =

50 mV

Instantaneous Amplitude = +50 mV.

Dual Trace Phase Difference Measurement

Phase comparison between two signals of the same frequency

can be made using the dual-trace feature. This method of
phase difference measurement can be used up to the fre-
quency limit of the vertical system. |t is also more accurate
and easier to use than the X-Y method. To make the com-
parison, use the following procedure:

1. Set the AC-GND-DC switches to AC.

VERTICAL +
DIFFERENCE ¥

\ REFERENCE

LINE

1907-28

Fig. 2-5. Peak-to-peak voltage measurement.

2-8

Fig. 2-6. Instantaneous voltage measurement.
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2. Set the VERT MODE switch to either CHOP or ALT.
In general, CHOP is more suitable for low-frequency
signals and the ALT position is more suitable for high-
frequency signals. Position both traces to the graticule
horizontal centerline.

3. Set the triggering SOURCE switch to CH 1.

4, Connect the reference signal to the CH 1 input connector
and the comparison signal to the CH 2 input connector. Use
coaxial cables or probes which have equal time delay to
connect the signals to the input connectors.

5. If the signals are of opposite polarity, set the INVERT
switch in to invert the Channe! 2 display. {Signals may be
of opposite polarity due to 180° phase difference; if so,
take this into account in the final calculation.)

6. Set the CH 1 and CH 2 VOLTS/DIV switches and the
CH 1 and CH 2 VAR controls so the displays are equal and
about five divisions in amplitude.

7. Set the TIME/DIV switch to a sweep rate which displays
about one cycle of the reference waveform.

8. Turn the VAR TIME/DIV contro! until one cycle of
the reference signal (Channel 1) occupies exactly eight
divisions between the first and ninth graticule lines (see
Fig. 2-7). Each division of the graticule represents 45° of
the cycle (360° = 8 divisions = 45°/division). The sweep
rate can be stated in terms of degrees as 45° /division.

9. Measure the horizontal difference between corresponding
points on the waveforms.

10. Multiply the measured distance (in divisions) by 45°/
division (sweep rate) to obtain the exact amount of phase
difference.

Operating Instructions—455/A2/B2
Example:

Assume a horizontal difference of 0.6 division with a
sweep rate of 45°/division as shown in Fig. 2-7.

Substituting the given values.
Phase difference = 0.6 division x 45° /division.

Phase difference = 27°

High Resolution Phase Measurement

For phase differences less than 45°, measurement accuracy
is increased by using X 10 sweep magnification as follows:

1. Perform steps 1 through 8 of Dual-Trace Phase-Difference
Measurements.

2. Move the measurement points to the graticule horizontal
centerline.

3. Set the horizontal magnifier on. The sweep rate is now
4.5° /division (45° /division + 10).

4. Slightly readjust the horizontal position control to
move the measurement points within the graticule area
(see Fig. 2-8).

CHANNEL 1 CHANNEL 2 CHANNEL 1 CHANNEL
{REFERENCE) /_(LAGGING) {REFERENCE) 2
\ / 1
100 / . . T T -
‘«)l.‘ /: '”; . / B
/// AN / et s S
Bs e MEASURE
(f et (4 dessure, I S T 4
NN AV AN : . ]
)4 NN 4 ATOB ®/ T — ATOS
V H1) / 3
m/ i :\\ W t
) i
o ) | HORIZONTAL v I
s ] DIFFERENCE T
I 1 ! HORIZONTAL !}
i 8 D(I;/elgé())NS i ™ DIFFERENCE ™
465/DM-0-15 465/DM-0-16
Fig. 2-7. Phase difference. Fig. 2-8. High-resolution phase difference.
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5. Measure the horizontal difference (in divisions) be-
tween corresponding points on the waveforms.

6. Multiply the horizontal difference by the magnified
sweep rate {4.5°/division).

Example:

The horizontal distance measured is 6 divisions (see
Fig. 2-8). The magnified sweep rate is 4.5°/division.

Substituting the given values:
Phase Difference = 6 divisions x 4.5°/division.

Phase Difference = 27°

Common-Mode Rejection

Some signals may contain undesirable components.
Common-mode rejection can eliminate or reduce these
components from the measurement.

Example:

The displayed signal contains an undesired line-frequency

component (see Fig. 2-9A).

CH1SIGNAL [ I _r 7=
WITH UNWANTED ~d 17 <
LINE FREQUENCY 108 v oo [+ - e o [ TS
COMPONENT 90 T e 3
4 ~ ¥ -
\\ "'l/ \\
N P b,
~ 1 ~
\.'P A7 T N
P el e U N
7 \:. V4
CH2SIGNAL 4 / T ]
FROM LINE id T
FREQUENCY T
SOURCE i
(INVERTED) I
(A} CH 1 AND CH 2 SIGNALS.
100 - 'E'
SIGNAL WITH I
LINE FREQUENCY |, ¥
COMPONENT - T+
CANCELED I
OUT s st ats g Ll t L Yy I " E——
" T
| 4
(B) RESULTANT SIGNAL. 173810
Fig. 2-9. Common-mode rejection.
2-10

Use the following procedure to reduce or eliminate the
line-frequency component:

1. Apply the signal to the CH 1 input connector.

2. Apply the line-frequency signal to the CH 2 input
connector.

3. Set the VERT MODE switch to ALT.

4. Set the INVERT button so that the Channel 2 display

is opposite in polarity.

5. Adjust the channel 2 VAR control to make the Channel

2 display amplitude about equal to the undesired com-
ponent of the channel 1 display.

6. Set the VERT MODE switch to ADD and slightly re-
adjust the Channel 2 VAR control for maximum rejec-
tion of the undesired signal component (see Fig. 2-9B).

Cascaded Operation

Maximum vertical sensitivity can be increased to approxi-

mately 1 mV/div by cascading the CH 1 and CH 2 ampli-
fiers as follows:

1. Connect the CH 2 OUT signal (rear of main module)

to the CH 1 input via a 50 §2 cable and a 50 £2 termination.

2. Set the VERT MODE switch to CH 1.

3. Apply the input signal to the CH 2 input connector.

NOTE

In this mode, bandwidth is limited to about
20 MHz.

Time-Duration and Frequency Measurements

To find the time duration between 2 points on a wave-
form, multiply the horizontal distance (in divisions) be-
tween the 2 points by the TIME/DIV switch setting.
Frequency is the reciprocal of the time duration of one
cycle.
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DISTANCE

1738-20

Fig. 2-10. Time duration.

Example:

The horizontal distance measured is 8.3 divisions (see
Fig. 2-10). The TIME/DIV switch is set to 2 ms.

Substituting the given values:

Horizontal

. . TIME/DIV
Time = distance tti
Duration (divisions) setting
Time _ 8.3 2
Duration B divisions % ms/division
Time
Duration - 16.6 ms
and
Frequenc = -—1—
q 4 time duration
1
Frequency = T66ms 60 Hz

Risetime Measurements

Risetime measurements are made in the same manner as
time duration measurements, except the measurements
are made between the 10% and 90% points of the wave-
form amplitude (see percentage markings on the left edge
of the graticule).

Use the following procedure to measure risetime:

1. Adjust the VOLTS/DIV and VAR controls for a dis-
play amplitude of exactly 5 divisions.

REV. A, OCT 1975

| A1
SIGNAL ;: j MEASURE
AMPLITUDE * g TIME FROM
'l J/ 4 ATOB
HORIZONTAL
' DISTANCE 465/DM-0-13

Fig. 2-11. Risetime.

2. Adjust the vertical POSITION control so that the dis-
play bottom just touches the 0% graticule line and the dis-

play top just touches the 100% graticule line (see Fig. 2-11).

3. Measure the horizontal distance (divisions) between the
10% and 90% points on the waveform {point A to point
B, Fig. 2-11}).

4. Use the following formula to find risetime:
horizontal

distance X
(divisions)

TIME/DIV

Risetime = setting

Example:

The horizontal distance between the 10% and 90% point
on the waveform is 5 divisions with a TIME/DIV switch
setting of 1 us.
Substituting the given values:

Risetime = 5divisions x 1 us/division
Risetime = 5 us
Differential-Time Measurements

Very accurate time duration measurements can be made
using either the A Intensified or B Delayed modes.

A INTENSIFIED DIFFERENTIAL TIME MEASURE-
MENTS. Use the following procedure to make differential
time measurements using the A Intensified mode.
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Fig. 2-12. Time duration between points on a waveform.

1. Set the A TIME/DIV switch and the horizontal POSI-
TION contro! to locate both time measurement points
within the graticule area (see Fig. 2-12).

2. Set the HORIZ DISPLAY switch to A INTEN and the

B TRIGGER SOURCE switch to STARTS AFTER DELAY.

3. Unlock the B TIME/DIV switch and rotate clockwise to
obtain the shortest usable intensified zone.

4. Use the DELAY TIME POS (DTP) control to move the
left edge of the intensified zone to just touch the first time
measurement point (see Fig. 2-12, point A). Note the DTP
control setting.

5. Use the DTP control to move the left edge of the inten-
sified zone to just touch the second time measurement
point {see Fig. 2-12, point B}. Note the DTP control
setting.

6. Use the following formula to find the time difference.

Time second first A TIME/DIV
Difference ~ DTP — DTP |x switch
setting setting setting
Example:

The A TIME/DIV switch was set to 2 ms and the B TIME/
DIV switch was set to 0.1 ms. The first DTP control setting
was 1.23 (at point A, Fig. 2-12) and the second was 9.56
{at point B, Fig. 2-12). '

Substituting the given values:

Time

Difference 2ms

(9.566 — 1.23) «x

Time Difference = 16.7 ms

212

B DELAYED DIFFERENTIAL TIME MEASURE-
MENTS. Use the following procedure to make differential
time measurements using the B Delayed mode.

1. Set the A TIME/DIV switch and the horizontal POSI-

TION control to locate both time measurement points with-

in the graticule area (see Fig. 2-13, A).

2. Set the HORIZ DISPLAY switch to A INTEN and the

B TRIGGER SOURCE switch to STARTS AFTER DELAY.

3. Unlock the B TIME/DIV switch and rotate it 3 or 4 posi-

tions more clockwise than the A TIME/DIV switch if
possible.

4. Rotate the DELAY TIME POS (DTP) control so that
the first time measurement point is in the center of the
intensified zone (see Fig. 2-13, A).

> HORIZONTAL
| DIFFERENCE ll
1 i
} !
wo |-t S T
ONG Ol
A E \
+= T
" A ¥
|-\ inTensiFiep N
ZONE
| I

A (A INTENSIFIED DISPLAY)

VERTICAL
/_ REFERENCE LINE

B (B DELAYED DISPLAY)
1907-29

Fig. 2-13. Time difference between pulses.
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5. Set the HORIZ DISPLAY switch to B DLY'D.

6. Slightly readjust the DTP contro! to move the first time

measurement point to some vertical reference line (see
Fig. 2-13, B). Note the DTP control setting.

7. Adjust the DTP control to move the second time mea-
surement point to the same vertical reference line (see
Fig. 2-13, B). Note the DTP control setting.

NOTE

If several signal repetitions exist between the
time measurement points, switch to the A
Intensified mode to locate the correct repeti-
tion, then back to the B Delayed mode to
make the measurement. Do not move the
horizontal POSITION control.

8. Use the following formula to find the time difference.

second first A TIME/DIV
Time  _ DTP — DTP x  switch
Difference ~ setting setting setting
Example:

The A TIME/D1V switch was set to 0.2 ms/division and
the B TIME/DIV to 10 us/division. The first DTP control
setting was 0.88 (at point A, Fig. 2-13, A) and the second
was 5.57 (at point B, Fig. 2-13, A).

Substituting the given values:

Time
Difference (6.67 —0.88) x 0.2ms

Time Difference = 0.938 ms

Delayed-Sweep Magnification

The B Delayed mode can provide higher apparent sweep
rate magnification than that provided by the X10 MAG
switch. First try the Magnified-Sweep-Starts-After-Delay
method. If this produces too much horizontal jitter, try
the Magnified-Sweep-Triggered-After-Delay method.

MAGNIFIED SWEEP STARTS AFTER DELAY.
1. Set the HORIZ DISPLAY switch to A INTEN and
the B SOURCE switch to STARTS AFTER DELAY.

REV. A, OCT 1975
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2. With the DELAY TIME POS control, move. the left
edge of the intensified zone to the left side of the portion
of the A sweep display to be magnified.

3. Set the B TIME/DIV switch so just the portion of the
A sweep display to be magnified is intensified (see Fig.
2-14, A).

4. Set the HORIZ DISPLAY switch to B DLY'D. The por-
tion of the A sweep display that was intensified in step 3

is not displayed in magnified form (see Fig. 2-14, B). The
displayed sweep rate is determined by the B TIME/DIV
switch. To calculate the apparent magnification factor,

use the formula:

A THME/DIV switch setting
- B TIME/DIV switch setting

PR

Apparent . - _
_«~Magnification

S uE
¥,

.:o ‘. _\ﬁ
NEEAvEI
LY
" £\
N T \

INTENSIFIED ZONE
TO BE MAGNIFIED

FE
HHH

(A} A INTENSIFIED DISPLAY

(B) B DELAYED DISPLAY

1738-31

Fig. 2-14. Delayed Sweep magnification.
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MAGNIFIED SWEEP TRIGGERED AFTER DELAY. At
high apparent magnification, the magnified-sweep-starts-
after-delay method may produce too much jitter. To etimi-
nate the jitter, operate B sweep (in the triggered after delay
mode) as follows:

1. Perform steps 1 through 3 of the magnified-sweep-starts-
after-delay procedure.

2. Set the B SOURCE switch to the same position as the

A SOURCE switch. Adjust the B LEVEL control for a
stable intensified zone.

214

NOTE

}nabi/ity to intensify the desired portion of
the A sweep display indicates the lack of a
transition of sufficient amplitude, in that
portion, on which to trigger. If this is the
case, try reducing the VOLTS/DIV switch
setting for more display amplitude or using
external triggering.

3. Set the HORIZ DISPLAY switch to BDLY'D. To
obtain a stable display it may be necessary to slightly
readjust the B LEVEL control.
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PERFORMANCE CHECK

Section 3—455/A2/B2

. This procedure allows the basic performance specifications to be checked without removing the instrument covers. Itisin-

tended for use in incoming inspection to determine acceptability of newly purchased or recently recalibrated instruments.

OPTIONS

Your instrument may contain options {such as Option 5 or
Option 7) that can alter this procedure slightly. If this is
the case, refer to the Options section(s) in this manual and
perform the necessary performance checks.

TEST EQUIPMENT REQUIRED

The test equipment listed in Table 3-1, or equivalent, is re-
quired to perform a complete Performance Check of the
455/A2/B2. Specifications given for the equipment are the
minimum necessary for accurate results.

TABLE 3-1
Test Equipment Required

Description

Minimum Specifications

Usage

Examples of Applicable
Test Equipment

1.

Amplitude Calibrator

Amplitude accuracy, within 0.25%;
signal amplitude, 5 millivolts to 50
volts; output signal, 1 kilohertz

- square wave.

Vertical-gain checks. X-
gain check. Trigger level
range. Trigger view gain
and delay difference

| checks.

a. Tektronix PGb506 Calibra-
tion Generator.!

b. Tektronix 067-0502-01
Calibration Fixture.

2. Square-Wave Generator

Repetition rate, to above 100 kHz;
risetime, b ns or less; output
amplitude, 0.2 V.

Trigger view delay
difference check.

a. Tektronix PG506 Calibra-
tion Generator.!

b. Tektronix Type 106 Square-
wave Generator.

3.

Sine-Wave Generator

Frequency, 350 kilohertz to above
50 megahertz; output amplitude,
variable from 0.5 to 4 volts peak-
to-peak; output impedance, 50
ohms; reference frequency, 50 to
350 kilohertz; amplitude accuracy,
constant within 3% of reference
frequency as output frequency
changes.

Cascaded sensitivity and
bandwidth checks. Verti-
cal Amplifier bandwidth
checks. X bandwidth

check. Triggering checks.

a. Tektronix SG503 Leveled
Sine Wave Generator.!

b. Tektronix Type 191 Con-
stant Ampiitude Signal
Generator.

Time-Mark Generator

Marker outputs, 10 nanoseconds
to 0.5 second; marker accuracy,
within 0.1%; trigger output, 1
millisecond to 0.1 microsecond,
time coincident with markers.

Timing checks.

a. Tektronix TG501 Time-
Mark Generator.!

b. Tektronix 2901 Time-
Mark Generator.

. Low-Frequency

Generator

Frequency, 60 Hz to 5 kHz; out-
put amplitude variable from 10 mV
to4 'V p-p.

Low-frequency trig-
ger checks.

Test Oscilloscope

Bandwidth 500 kHz; Vertical de-
flection factor, 1 volt/div.

+ GATE output checks.

a. Any Tektronix oscillo-
scope is suitable.

Termination (2
required)

Impedance, 50 ohms; connectors,
BNC.

Signal termination.

a. Tektronix Part 011-0049-
01.

Cable {2 required)

Impedance, 50 ohms; Length, 42
inches; Connectors, BNC.

Signal interconnection.

a. Tektronix Part 012-0057-
01.

9.

Dual Input Coupler
(2 required)

Connectors, BNC female to 2
BNC male.

Signal interconnection.

a. Tektronix Part 067-0525-
01.

10.T Conr;ector

Connectors, BNC.

Signal interconnection.

a. Tektronix Part 103-0030-
00.

! Requires a TM500 Series Power Module.

REV B MAY 1980



Performance Check—455/A2/B2

PRELIMINARY PROCEDURE

Perform following steps to place 4565/A2/B2 into a basic
operating mode before continuing with the Performance
Check.

1. Check that Line Voltage Selector switch (on rear panel)
is set for correct line voltage. Unless otherwise specified,
the instrument is shipped from factory with this switch set
at 116 V. If Line Voltage Selector switch is changed to
232 V, fuse should be changed to 0.5 A, fast blow.

2. Connect the 455/A2/B2 to the correct line-voltage source
and pull POWER switch on.

NOTE

Allow approximately 20 minutes warmup time
before starting Performance Check procedure.
For best overall accuracy, check perform-

ance in an ambient temperature range of
+20°C to +30°C.

3. Set 455/A2/B2 controls as follows:

VERTICAL
(both channels if applicable)

POSITION | midrange

VOLTS/DIV 5mV

VAR det;ent

CH 1 AC-GND-DC DC

CH 2 AC-GND-DC GND

VERT MODE CH1

INVERT button out
{normal)

SWEEP

HORIZ DISPLAY A

A and B TIME/DIV 2ms

VAR TIME/DIV fully clockwise
(detent)

DELAY TIME POS fully counterclock-
wise

3-2

SWEEP (cont)

X10 MAG out (off)

A TRIGGER HOLDOFF NORM (detent)

TRIGGERING
(both A and B if applicable)
LEVEL 0
SLOPE OUT: +
COUPLING AC
SOURCE NORM
TRIG MODE ' AUTO

4. The scale-factor light above the CH 1 VOLTS/DIV knob
should be lit, indicating that the instrument is on. A base-
line trace should be displayed within graticule area. Adjust
the INTENSITY, FOCUS and ASTIG controls for a low
intensity, well defined trace.

5. Adjust the TRACE ROTATION control so that trace is
parallel with the horizontal graticule lines.

This completes the Preliminary portion of the Performance
Check procedure.

PERFORMANCE CHECK PROCEDURE

1. CH 1 AND CH 2 DEFLECTION ACCURACY

a. Connect amplitude calibrator as shown in Fig. 3-1.

b. CHECK—Deflection accuracy for CH 1 according to
Tabte 3-2.

c. Set: CH 1 AC-GND-DC GND
CH 2 AC-GND-DC DC
VERT MODE CH2

d. CHECK—Deflection accuracy for CH 2 according to
Table 3-2. Adjust FOCUS and ASTIG as desired.
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PG506
OR EQUIVALENT
AMPLITUDE
CALIBRATOR

-]
a DUAL-INPUT
CABLE

BNC
T-CONNECTOR

DUAL-INPUT
CABLE

455/A2/B2

1907-9

Fig. 3-1. Amplitude calibrator test setup.

TABLE 3-2
Vertical Deflection Accuracy

VOLTS/DIV | Calibration Vertical 3% Tolerance
Switch Generator Deflection in Divisions
Setting Output in Divisions
5mV 20 mV 4 3.88104.12
10mV 50 mV 5 4.851t05.15
20mV 0.1V 5 , 485105.15
50 mV 0.2v 4 3.88t04.12
0.1V 05V 5 4.851t05.15
0.2v 1.0V 5 4.851t05.15
0.5V 20V 4 3.881t04.12
1.0V 50V 5 4.851t05.15
20V 10.0 V 5 4.851t05.15
5.0V 200V 4 3.881t04.12

. CH2 AND CH 1 VARIABLE VOLTS/DIV RANGE

a. Set CH 1 and CH 2 VOLTS/DIV to b mV and adjust
calibration generator output to 20 mV.,

b. CHECK—Display amplitude reduces from 4 divisions
to less than 1.6 divisions with CH 2 VAR control fully
counterclockwise.

c. Set: VERT MODE CH1

CH 1 AC-GND-DC DC

REV. A, OCT 1975

d. CHECK—Display amplitude reduces from 4 divisions
to less than 1.6 divisions with CH 1 VAR control fully
counterclockwise.

e. Return both VAR controls to detent position.

. X GAIN
a. Set: VERT MODE CH 2
CH 2 AC-GND-DC GND
A TIME/DIV XY
INTENSITY for visible display

b. Set calibration generator to 50 mV.

c. CHECK—Horizontal deflection is 10 divisions within
4% (9.6 to 10.4 div) for both AC and DC positions of
CH 1 AC-GND-DC switch.

d. Set calibration generator to 20 mV.

e. CHECK—Horizontal deflection is 4 divisions, within
4% (3.84 to 4.16 div) for both AC and DC positions of
CH 1 AC-GND-DC switch.
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4. TRIGGER VIEW GAIN

a. Set: VERT MODE CH1
A SOURCE EXT+ 10
A SLOPE OUT: +
A TIME/DIV 2ms

b. Set ALEVEL to 0.

c. Set calibration generator to 2 V.

d. CHECK—Display is 4 divisions within 20% (3.2 to
4.8) when TRIG VIEW is pressed and held in. Adjust
A LEVEL control to vertically position display.

e. Set calibration generator to 0.2 V.

f. Set A SOURCE to EXT.

g. CHECK-Display is 4 divisions within 20% (3.2 to
4.8) when TRIG VIEW is pressed and held in.

h. Disconnect test equipment.

5. TRIGGER VIEW DELAY DIFFERENCE

a. Set: A TIME/DIV .05 us

X10 MAG in (on)

b. Connect fast-rise pulse generator as shown in
Fig. 3-2.

c. Adjust the generator to display 4 divisions when the
TRIG VIEW button is pressed and held in. Center display

on crt using A LEVEL and horizontal POSITION controls.

Release TRIG VIEW button.

d. Set CH 1 VOLTS/DIV switch and VAR control for 4
division display. Center display vertically with POSITION
control. .

e. CHECK—Time difference along graticule horizontal
centerline between CH 1 display and TRIG VIEW display
is 7.5 ns or less (1.5 div or less).

f. Return CH 1 VAR control to detent position.

g. Disconnect test equipment.

PG506 OR
EQUIVALENT
FAST-RISE PULSE
GENERATOR

50 &
TERMINATION

N

a
jmm ]

@ POSITIVE- 50 CABLES
GOING OF EQUAL
OUTPUT LENGTH

/

BNC
T-CONNECTOR

50 O

455/A2/B2 TERMINATION

OO0 ©)

1907-10

Fig. 3-2. Fast-rise pulse generator test setup.
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a. Set:

6. CASCADED SENSITIVITY
VERT MODE

CH 1 and CH 2 VOLTS/
DIV

CH 1 and CH 2 AC-GND-
DC

A TIME/DIV

X

10 MAG

A SOURCE

d. Set VERT MODE to CH 1.

. 7. CASCADED BANDWIDTH

a. Adjust generator output for b division (50 kHz)
display.

Performance Check—455/A2/B2

b. Set generator frequency to 20 MHz.

CH2
5mV c. CHECK—Display amplitude is at least 3.5 divisions.
DC 8. CH 2 BANDWIDTH

a. Set VERT MODE to CH 2.
.2ms

b. Set generator frequency to 50 kHz (reference) and
out (off) adjust output amplitude for b division display.
NORM

c. Set the generator frequency to 50 MHz.

b. Connect sine-wave generator as shown in Fig. 3-3.

d. CHECK—Display amplitude is at least 3.5 divisions.

¢. Set generator frequency for 50 kHz sine wave (refer-
ence) and adjust output for 1 division display. 9. CH 1 BANDWIDTH

a. Set VERT MODE to CH 1.

b. Remove 50 £ cable and termination from CH 1 input
and CH 2 OUT connector.

e. CHECK—Display is approximately 5 divisions.

¢. Move 50 £2 cable and termination from CH 2 input
connector to CH 1 input connector.

SG503 OR

EQUIVALENT
SINE-WAVE
GENERATOR

)

o

SEE NOTE
BELOW

NOTE: USE X.1 OR X.01 POSITION OF AMPLITUDE
MULTIPLIER SWITCH.

FROM CH2OUT
CONNECTOR ON
REAR PANEL

455/A2/B2

A

50 ©
TERMINATION

o ©

L]
‘ D OO O QJ
50 Q2
CABLE

1907-11
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Fig. 3-3. Sine-wave generator test setup #1.
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d. Set generator frequency to 50 kHz (reference) and
adjust output amplitude for 5 division display.
e. Set generator frequency to 50 MHz.
f. CHECK—Display amplitude is at least 3.5 divisions.

10. X BANDWIDTH

a. Set: VERT MODE CH?2
A TIME/DIV X-Y
INTENSITY for visible display

b. Set generator frequency to 50 kHz (reference) and
adjust output amplitude for 10 divisions of horizontal
deflection. Center trace horizontally with horizontal
POSITION control.

c. Set generator frequency to 3 MHz.

d. CHECK—Display amplitude is at least 7.0 divisions.

11. TRIGGER JITTER

a. Set: VERT MODE CHA1
A TIME/DIV .05 us
X10 MAG in (on)

b. Set generator frequency to 50 MHz and adjust out-

put amplitude for 1.5 division display.

c. Adjust A LEVEL for display with least horizontal
displacement (jitter).

12. LOW FREQUENCY TRIGGERING

a. Set: A TIME/DIV 10 ms
B TIME/DIV 10 ms .
X10 MAG out (off)
A and B COUPLING AC
A and B SOURCE NORM
VERT MODE CH1

b. Connect low-frequency generator as shown in
Fig. 3-4.

c. Set generator frequency to 60 Hz and adjust out-
put for 0.4 division display.

d. CHECK—Stable display can be obtained in both +
and — positions of A SLOPE switch for these modes:

A SOURCE A COUPLING
NORM AC, HF REJ, DC
CH1 ' DC
CH?2 DC

e. CHECK—No stable display can be obtained with A
COUPLING switch in LF REJ position.

f. Set HORIZ DISPLAY to B DLY'D.

g. CHECK—Stable display can be obtained in both +
and — positions of B SLOPE switch, for these modes:

. . . B SOURCE A COUPLING
d. CHECK—Horizontal displacement (jitter) for 0.1
division or less. NORM AC, HF REJ, DC
CH 1 DC
e. Disconnect test equipment. CH2 DC
SG502
OR EQUIVARENT
LOW-FREQUENCY
GENERATOR
455/A2/B2 DUAL-INPUT

DUAL-INPUT

BNC
T-CONNECTOR

CABLE

(1907) 1907-51

Fig. 3-4. Low-frequency generator test setup.
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455/A2/B2

500
TERMINATION

SG503 OR
EQUIVALENT
SINE-WAVE
GENERATOR
50 Q
© TERMINATION ©
50 £ <
CABLES
DUAL-INPUT
/ J CABLE
BNC
T-CONNECTOR

DUAL-INPUT
CABLE

1907-12

Fig. 3-5. Sine-wave generator test setup #2.

h. CHECK—No stable display can be obtained with B
COUPLING switch in LF REJ position.

i. Disconnect test equipment.

13. 10 MHz INTERNAL TRIGGERING

a. Set: A TIME/DIV 0.5 us
B TIME/DIV 0.5 us
CH1and CH 2 20 mv
VOLTS/DIV
HORIZ DISPLAY A

A and B COUPLING AC

b. Connect sine wave generator as shown in Fig. 3-5.

c. Set generator frequency to 10 MHz and adjust out-
put amplitude for 0.4 division display.

d. CHECK—Stable display can be obtained in both +
and — positions of A SLOPE switch for the following

modes:
A SOURCE A COUPLING
NORM AC,LF REJ, DC
CH 1 DC
CH2 DC

e. CHECK—No stable display can be obtained with A
COUPLING switch in HF REJ position.

f. Set HORIZ DISPLAY to BDLY'D.

g. CHECK—Stable display can be obtained in both +
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and — positions of B SLOPE switch for these modes:

B SOURCE B COUPLING
NORM AC,LF REJ,DC
CH1 DC

CH?2 DC

h. CHECK—No stable display can be obtained with B
COUPLING switch in HF REJ position.

14. 50 kHz INTERNAL TRIGGERING

a. Set generator frequency to 50 kHz (reference} and
adjust output amplitude for 0.4 division display. Adjust B
LEVEL as needed for a visible display. Set A TIME/DIV
and B TIME/DIV to 10 us.

b. CHECK—Stable display can be obtained in both +
and — positions of B SLOPE switch for these modes:

B SOURCE B COUPLING

NORM AC, LF REJ, HF REJ, DC
CH1 DC

CH 2 DC

c. Set HORIZ DISPLAY to A.

d. CHECK—Stable display can be obtained in both +
and — positions of A SLOPE switch for these modes:

A SOURCE A COUPLING

NORM AC, LF REJ, HF REJ, DC
CH1 DC

CH 2 DC
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15. 50 kHz EXTERNAL TRIGGERING

a. Adjust generator output amplitude for 2.5 division
display.

b. Set A SOURCE switch to EXT.

c. CHECK—Stable display can be obtained in both +
and — positions of A SLOPE switch for AC and DC
positions of A COUPLING switch.

d. Set: HORIZ DISPLAY BDLY'D

B SOURCE EXT
e. CHECK—Stable display can be obtained in both +

and — positions of B SLOPE switch for AC and DC
positions of B COUPLING switch.

f. Adjust generator output amplitude for 5 division
display.

g. CHECK—Stable display can be obtained in both +
and — positions of B SLOPE switch for LF REJ and HF
REJ positions of B COUPLING switch.

h. Set HORIZ DISPLAY to A.

i. CHECK—Stable display can be obtained in both +
and — positions of A SLOPE switch for LF REJ and HF
REJ positions of A COUPLING switch.

16. 10 MHz EXTERNAL TRIGGERING

a. Set generator frequency to 10 MHz. Set A and B

TIME/DIV to .05 us.

b. CHECK—Stable display can be obtained in both +

and — positions of A SLOPE switch for LF REJ position

of A COUPLING switch.

¢. CHECK—No stable display can be obtained in HF REJ

position of A COUPLING switch.

d. Set HORIZ DISPLAY to BDLY'D.

3-8

e. CHECK—Stable display can be obtained in both +
and — positions of B SLOPE switch for LF REJ position
of B COUPLING switch.

f. CHECK—No stable display can be obtained in HF REJ
position of B COUPLING.

g. Set HORIZ DISPLAY to A.

h. CHECK—Stable display can be obtained in both +
and — positions of A SLOPE switch for AC and DC
positions of A COUPLING switch.

i. Set HORIZ DISPLAY to B DLY'D.

j. Set generator frequency to 50 kHz (reference) and
adjust output amplitude for 2.5 —division display. Return
generator frequency to 10 MHz.

k. CHECK—Stable display can be obtained in both +
and — positions of B SLOPE switch for AC and DC
positions of B COUPLING switch.

17. 50 MHz EXTERNAL TRIGGERING

a. Set HORIZ DISPLAY to A and set CH 1 and CH 2
VOLTS/DIV switches to 50 mV.

b. Set generator frequency to 50 kHz (reference) and
adjust output amplitude for 5 division display.

c. Set generator frequency to 50 MHz.

d. CHECK—Stable display can be obtained in both +
and — positions of A SLOPE switch for AC, LF REJ,
and DC positions of A COUPLING switch.

e. CHECK—No stable display can be obtained in HF REJ
position of A COUPLING switch.

f. Set HORIZ DiISPLAY to BDLY'D.

g. CHECK—Stable display can be obtained in both +
and — positions of B SLOPE switch for AC, LF REJ,
and DC positions of B COUPLING switch.

h. CHECK—No stable display can be obtained in HF REJ
position of B COUPLING switch.
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18. 50 MHz INTERNAL TRIGGERING
a. Set: HORIZ DISPLAY A

A and B SOURCE NORM

b. Set generator frequency to 50 MHz and
adjust output amplitude for 1.5 division display.

c. CHECK—Stable display can be obtained in both +
and — positions of A SLOPE switch for these modes:

A SOURCE A COUPLING
NORM AC, LF REJ, DC
CH1 DC

CH2 DC

d. CHECK~—No stable display can be obtained with A
COUPLING switch in HF REJ position.

e. Set HORIZ DISPLAY to B DLY'D.

f. CHECK—Stable display can be obtained in both +
and — positions of B SLOPE switch for these modes:

B SOURCE B COUPLING
NORM AC, LF REJ, DC
CH1 DC

CH 2 DC

g. CHECK—No stable display can be obtained with B
COUPLING in HF REJ position.

19. Z AXIS INPUT

a. Set: A and B TIME/DIV 10 us
HORIZ DISPLAY A
A and B COUPLING AC
A SOURCE EXT
CH 1 VOLTS/DIV AV
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b. Set generator frequency to 50 kHz and adjust output
amplitude for b division display.

c. Disconnect 50 €2 cable and termination from dual-
input cable connected to CH 1 and CH 2 inputs and
connect to EXT Z AXIS connector at rear of instrument.

d. CHECK—Trace modulation is noticeable at normal
intensity. {Adjust A LEVEL control as required to
obtain stablie display).

20. TRIGGER LEVEL RANGES

a. Remove cable from Z AX1S INPUT connector and
connect (without 50 2 termination) to dual-input cable
at vertical module.

b. Set: A and B SLOPE ouT: +
CH 1 VOLTS/DIV 1V
A and B SOURCE EXT

c. Set generator output to 50 kHz and adjust amplitude
for 4 division display.

d. CHECK—Display is triggered along positive-going
slope of waveform as A LEVEL control is rotated and

is not triggered (free-runs) at either extreme of A LEVEL
rotation.

e. Set ASLOPE to IN: —.

f. CHECK—Display is triggered along negative-going
slope of waveform as A LEVEL control is rotated and is
not triggered at either extreme of A LEVEL rotation.

g. Set HORIZ DISPLAY to B DLY'D.

h. CHECK-Display is triggered along positive-going
slope of waveform as B LEVEL control is rotated and is
not triggered (not visible) at either extreme of B LEVEL
rotation.

i. Set BSLOPE to IN: —.
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J. CHECK—Display is triggered along negative-going
slope of waveform as B LEVEL control is rotated and is

not triggered (not visible) at either extreme of B LEVEL

rotation.

k. Disconnect test equipment.

21. A AND B SWEEP RATE ACCURACY

a. Set:

A SOURCE

B SOURCE

A and B SLOPE

HORIZ DISPLAY

NORM

STARTS AFTER
DELAY

OouT: +

A

b. Connect test equipment as shown in Fig. 3-6.

c. CHECK—A TIME/DIV accuracy according to Table

3-3. Incremental accuracy should be 1 time mark/division

within 2% {within 0.2 div at the 11th graticule line).

d. Set HORIZ DISPLAY to B DLY’D.

e. CHECK—B TIME/DIV aceuracy according to Table

3-3 (adjust A LEVEL control as needed for a stable display).

NOTE

If the 11th time marker is not visible, set the A
TIME/D!V switch one position counterclock-
wise from the B TIME/DIV switch. Example:

A TIME/DIV Tms
B TIME/DIV 0.5ms
TABLE 3-3
A and B Timing Accuracy
Aand B Time-Mark
TIME/DIV Generator
Switch Setting Output
.05 us . 50 ns
A us 0.1 us
2 us 0.2 us
.5 us 0.5 us
1 us 1us
2 us 2 us
Bus b us
10 us 10 us
20 us 20 us ‘
50 us 50 us
Ims 0.1 ms
.2 ms 0.2ms

TG501 OR
EQUIVALENT
TIME-MARK
GENERATOR

gooag

AN

50 Q
TERMINATION

455/A2/B2

50 Q2

50 Q

i TERMINATION

Lo
e

CABLES

4

1907-13
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Fig. 3-6. Time-mark generator test setup.
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TABLE 3-3 (continued)
A and B Timing Accuracy

Aand B Time-Mark
TIME/DIV Generator
Switch Setting Output
B ms 0.5 ms
1 ms 1 ms
2ms 2 ms
5ms b ms
*10 ms 10 ms
*20 ms 20 ms
*50 ms 50 ms
A SWEEP ONLY
s 0.1s
*2s 0.2s
*5s 05s

* Set TRIG MODE switch to NORM.

22. MAGNIFIED SWEEP ACCURACY

a. Set generator for 10 ns time marks.

b. Set:

A SOURCE

A TRIG MODE
A and B TIME/DIV

X10 MAG

¢. CHECK—B TIME/DIV magnified accuracy according
to Table 3-4. One time mark/division within 3% (with-
in 0.3 div at 11th graticule line} except at .05 us

B TIME/DIV setting which should be 1 time mark/2 div.
Exclude portions of sweep as indicated in Table 3-4.

d. Set HORIZ DISPLAY to A.

e. CHECK—A TIME/DIV magnified accuracy according
to Table 3-4. One time mark/division within 3% (within
0.3 div at 11th graticule line) except at .05 us A TIME/
D1V setting which should be 1 time mark/2 div. Exclude

EXT
AUTO
0.5 us

in (on)

portions of sweep as indicated in Table 3-4.

23. DIFFERENTIAL TIME MEASUREMENT ACCURACY .

a. Set generator for 0.1 us time marks.

REV FEB 1983

Performance Check—455/A2/B2

TABLE 34
A and B Magnified Accuracy
Portions of Total
Aand B Time-Mark Magnified Sweep
TIME/DIV Generator Length to Exclude
Switch Setting Output From Measurement
.05 us 10 ns First and last 8 divisions
1 us 10 ns First and last 4 divisions
2 us 20 ns First and last 2 divisions
5 us 50 ns
1 us 0.1us
2 us 0.2 us
5 us 0.5 us
10 us 1 us
20 us 2us .
50 us 5us
A ms 10 us
.2ms 20 us
5 ms 50 us
T ms 0.1 ms
2ms 0.2ms
5ms 0.5 ms
10 ms 1 ms
20 ms 2ms
50 ms 5ms
A SWEEP ONLY
*1s 10 ms
¥2s 20 ms
*bs 50 ms

* Change TRIG MODE switch to NORM.

b. Set:

HORIZ DISPLAY

A SOURCE
B SOURCE

A TIME/DIV
B TIME/DIV

DELAY TIME POS

X10 MAG

B DLY'D
NORM

STARTS AFTER
DELAY

2 us
.05 us
1.00
out (off)

c. Position 1st displayed marker to graticule vertical
centerline with horizontal POSITION.
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d. Set DELAY TIME POS (DTP) control to 9.00. Then TABLE 3-5
move DTP to position 1st displayed marker to graticule Differential Time Accuracy
vertical centerline.

Time-Mark | A TIME/DIV | B TIME/DIV
Generator Switch Switch DTP
e. CHECK—DTP reading is 9.00 within 0.07 (8.93 to Output Setting Setting Setting
9.07).
1us 1us 0.1 us
2 us 2 us 0.2 us
f. Set generator for 0.5 us time marks. a H s
b us 5 us 0.5 us
10 us 10 us Tus
g. Set: DELAY TIME POS 1.50 20 s 20 us 2 us
A TIME/DIV b us 50 us 50 us 5 us
0.1ms 0.1 ms 10 us
h. Position displayed marker to graticule vertical center- 0.2 ms 0.2 ms 20ps
line with horizontal POSITION. 0.5ms 0.5 ms - 50 us 8.925 t0 9.075
Tms Tms Ams
i. Set DTP to 8.50. Then move DTP to position 1st 2ms 2ms -2 ms
displayed marker to graticule vertical centerline. 5ms b ms S5 ms
10 ms 10 ms 1 ms
j. CHECK—DTP reading is 8.50 within 0.07 (8.43 to 20 ms 20 ms "2 ms
8.57). 50 ms 50 ms *5 ms
0.1s 0.1s *10 ms
k. CHECK—Delayed sweep accuracy according to Table 0.2s 0.2 *20 ms .
3-5. Use 1.00 for 1st DTP setting and 9.00 for 2nd 055 055 *50 ms
setting. !f 1st time-mark start is not visible, use 2nd
time mark.

* Change TRIG MODE to NORM

24. DELAY TIME JITTER
25. + GATE OUT

a. Set: A TRIG MODE AUTO
a. Set: A and B TIME/DIV 2 us
A TIME/DIV Tms
HORIZ DISPLAY A
B TIME/DtV b us
A TRIG MODE AUTO
DELAY TIME POS 1.00
A SOURCE NORM
b. Set the Time-Mark Generator for 1 ms time marks,
and set DTP to position a time mark to the graticule b. Connect test oscilloscope to + GATE QUT connector
vertical center line. at rear of instrument via an unterminated BNC cable.

¢. CHECK—Horizontal jitter is 1 division or less.
c. CHECK—OQutput is a positive-going pulse of about
5.5 V amplitude.

d. Repeat part ¢ with DTP set at 9.00.

NOTE

e. Disconnect test equipment. The + GATE OUT signal is internally set at
factory for A gate outout. It can be set for B .
gate by removing cabinet top and moving P2800
{on B2 module) to B gate position.
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d. Disconnect test oscilloscope.

26. CHOPPED MODE REP RATE

a. Set VERT MODE to CHOP and set A LEVEL for
stable display.

b. CHECK—About 1 complete square-wave cycle/2
divisions.
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27. CALIBRATOR OUTPUT

a. Set: CH 1 VOLTS/DIV AV
A TIME/DIV .5 ms

b. Connect CALIBRATOR output to CH 1 input.

¢. CHECK—For square-wave display of 300 mV (3 div)
at approximately 1 kHz (1 full cycle/2 div).

NOTE

Calibrator signal peak-to-peak amplitude
should be 300 mV within 1%. If necessary
to check amplitude to this accuracy, refer
to the Adjustments section.
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Section 4—455/A2/B2

CIRCUIT DESCRIPTION

CAUTION

SERVICING INFORMATION IN THE FOLLOWING SECTIONS IS IN-
TENDED FOR USE BY QUALIFIED SERVICE PERSONNEL ONLY. TO
AVOID ELECTRIC SHOCK, DO NOT REMOVE INSTRUMENT COVERS
OR PERFORM ANY SERVICING UNLESS QUALIFIED TO DO SO.

This section describes the circuitry used in the 455/A2/B2 Oscilloscope. The description begins with a discussion of the basic
circuit functions of each module, then expands into a detailed description of the individual circuits. Refer to the Block Dia-

grams and the schematic diagrams in the Diagrams section.

BASIC CIRCUIT FUNCTIONS

455 MAIN MODULE

Most of the 455 circuitry is contained on the main circuit
board which is mounted on the lower part of the module.

The 455 Main Module contains the basic display functions
of the oscilloscope. |t houses the Calibrator, Sweep Gate
Amplifier, Horizontal Output Amplifier, Z Axis Amplifier,
CRT, and Power Supply circuits.

The Calibrator circuit produces a square-wave output with
an accurate voltage amplitude for checking instrument
calibration and compensating probes.

The Sweep Gate Amplifier amplifies the sweep gate signal,
from the Horizontal Module, for output through the + GATE
OUT connector at the rear of the instrument,

The Horizontal Module output connects to the Horizontal
Output Amplifier through the interface connector. The
Horizontal Qutput Amplifier amplifies the signal from the
Horizontal Module to drive the crt horizontal deflection
plates.

The Z Axis Amplifier circuit determines crt intensity and
blanking. It sums the blanking signals from the Vertical
Module, Horizontal Module and the EXT Z AXIS IN con-
nector. The output level of the Z Axis Amplifier circuit
controls the display intensity through the CRT circuit. The
CRT circuit provides the voltages and controls to operate
the crt.
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The Power Supply circuit provides the low-voltage power
{except +95 volt which is developed in the CRT circuit)
necessary for operation of the entire oscilloscope. Voltages
are distributed to the Vertical and Horizontal Modules
through the interface connectors.

The crt vertical deflection plates are driven directly by the
output signal from the Vertical Module.

A2 VERTICAL MODULE

The A2 circuitry is contained on a single circuit board.
The Preamplifier and Switching circuits are contained
within a single Hybrid Integrated circuit (HIC). The HIC
is mounted in a special interface connector centered on the
circuit board.

The A2 Vertical Module contains the Channel 1 and Channe!
2 input, vertical Preamplifier, channel Switching Gates and
Vertical Output Amplifier circuits.

Signals to be displayed on the crt are applied to the CH 1 OR
X and/or CH 2 OR Y BNC connectors. The input signals are
then amplified by the preamplifier circuitry. Each pre-
amplifier circuit includes separate vertical-deflection factor,
input coupling, balance, gain, and variable attenuation con-
trols. The vertical deflection factor for each channel is
indicated by two small lights located close to the skirt of
each VOLTS/DIV knob. The right indicator lights up to
show the correct deflection factor when a 10X probe with a
scale-switching connector is used. The left indicator lights
when a probe without the scale-switching connector (or no
probe) is used.
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A trigger pickoff stage in each Preamplifier circuit provides
a sample of the Channel 1 and Channel 2 input signals to the
Horizontal Module for sweep triggering purposes. A sample
of the Channel 2 signal is also supplied to the Main Module
for the output to the rear panel CH 2 OUT connector.

In the X-Y mode, the Channel 1 signal is connected to the
input of the Horizontal Preamplifier in the Horizontal
Module to provide the X-Axis deflection.

The Channel 2 Preamplifier circuit contains an invert
feature to invert the channel 2 signal to the crt, CH 2
trigger, and to the CH 2 OUT connector when the INVERT
button is pressed.

The outputs of both CH 1 and CH 2 Preamplifier circuits

are connected within the HIC to the vertical switching circuit.
The vertical switching circuit selects the channel(s) to be
displayed, determined by the settings of the VERT MODE
switch. In the ALT (alternate) mode, sync pulses from the
Horizontal Module trigger the Channel Switching Multi-
vibrator to alternately connect the outputs of the pre-
amplifiers to the Delay-line Driver and Vertical Output
Amplifier circuits.

When the VERT MODE switch is in the CHOP (chopped)
mode, the Channel Switching Multivibrator free-runs at
about 250 kHz, providing a dual-trace presentation of the
signals on both channels. Chopped blanking pulses are sent
to the CRT Z-Axis circuit to blank the crt during switching
transitions.

The output of the vertical switching circuit is connected to
the Vertical Output Amplifier through the Delay-Line
Driver circuit and the Delay Line. The Vertical Output
Amplifier circuit provides the final signal amplification
needed for driving the vertical deflection plates. The BEAM
FINDER switch, in the Main Module, connects to this
circuit and, when pressed, limits vertical deflection to the
viewing area as an aid in locating off-screen displays.

B2 HORIZONTAL MODULE

The B2 Horizontal Module contains the Sweep Generator,
Trigger Generator, Sweep Contro! and Horizontal Preampli-
fier circuits. The A and B Triggering circuits produce a gate
pulse that starts the A or B Sweep Generator circuits. The
input signal to the A and B trigger circuits can be individual
selected from the Channel 1 signal, the Channel! 2 signal, th
external trigger input connectors, or a sample of the line

4-2

voltage powering the instrument. Each trigger circuit con-
tains LEVEL, SLOPE, COUPLING and SOURCE controls.

The A Sweep Generator circuit, when initiated by the A
Trigger circuitry, produces a linear sawtooth output signal,
the slope of which is controlled by the A TIME/DIV switch.
The TRIG MODE switch controls the operating mode of the
A Trigger circuitry. In the AUTO position, the absence of
an adequate trigger signal for about 100 ms after the end of
sweep holdoff causes an A sweep start gate to be generated.
In the NORM position, a sweep occurs only when correctly
triggered by an adequate trigger signal. Pushing the SGL
SWP pushbutton allows only one sweep to be initiated.

The B Sweep Generator is basically the same as the A Sweep
Generator circuit. However, it only produces a sawtooth
output signal after a delay time determined by the A TIME/
DIV switch and the DELAY TIME POS dial. If the B Trig-
gering SOURCE switch is set to the STARTS AFTER DE-
LAY position, the B Sweep Generator begins to produce
the sweep immediately following the selected delay time.

If the switch is in one of the remaining positions, the B
Sweep Generator circuit does not produce a sweep until

it receives a trigger pulse from the B Trigger circuit which
occurs after the selected delay time.

Both A and B Sweep Generators produce an unblanking
gate signal to unblank the crt so that the display can be

presented. These unblanking pulses are coincident with

their respective sweep outputs.

The + gate signals, which are also coincident with the
sweep outputs, are supplied to a rear panel connector. The
A gate or B gate can be selected by moving plug P2800.

The Sweep Control circuit produces an alternate-trace sync
pulse that is connected to the Channel Switching circuit in
the Vertical Module. This pulse switches the display be-
tween channels at the end of each sweep when the alter-
nate-trace mode is used.

The output of either the A or B Sweep Generator is
amplified by the Horizontal Preamplifier and Horizontal Out-
put Amplifier circuits {(Main Module) to produce horizontal
deflection for the crt, except in the fully counterclockwise
position (X-Y) of the TIME/DIV switch. This circuit con-
tains a X10 magnifier to increase the sweep rate 10 times
in any A or B TIME/DIV switch position. Other horizontal
deflection signals can be connected to the Horizontal Pre-
amplifier by using the X-Y mode of operation. When the
TIME/DIV switch is set to X-Y, the X signal is connected
to the Horizontal Preamplifier circuit through the Channel
1 Vertical Preamplifier circuit in the Vertical Module.
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DETAILED CIRCUIT OPERATION

The following detailed circuit description is subdivided according to the Block Diagram in the Diagrams section. Simplified
diagrams are used where necessary for clarity. Complete schematic diagrams are located in the Diagrams section. Refer to the
Diagrams section throughout the following discussion for circuit numbers, electrical values and circuit relationships. The
waveforms and voltages shown on the diagrams are helpful for understanding circuit operation.

Diamond enclosed diagram numbers relate circuit descriptions to pull-out pages in the Diagrams section.

Digital logic devices are used to perform some of the functions in this instrument. LO and HI designations are used in this
circuit description to indicate the state of the digital circuit. HI indicates the more positive of the two levels. The specific
voltages, which constitute a LO or H! state, may vary between individual devices. Typical LO and HI logic levels are shown

on the schematic diagrams.

CALIBRATOR @

The Calibrator circuit produces an accurate 300 mV square-
wave output. The circuit consists of an astable multivibrator
and an output amplifier. A 30 mA calibrator current output
is also available when a current IoopI is plugged into the
CALIBRATOR output jacks.

Multivibrator

Transistors Q376, Q382 and associated circuitry compose an
emitter-coupled astable multivibrator. The multivibrator
runs as approximately 1 kHz. The frequency is determined
by the RC time constant of C376-R377-R375. Transistors
Q376 and Q382 conduct alternately, producing a square-
wave output signal at the collector of Q382. Diodes CR372
and CR373 limit the charge of C376 to approximately 18
volts to prevent damage to Q376 or Q382 when either is
removed or replaced while the instrument is operating.

Output Amplifier

The square-wave output signal from Q382 drives the output
amplifier Q386 from cutoff to saturation, producing an
accurate square wave at the output connector. Transistor
Q386 is cut off when the square-wave signal rises to maxi-
mum and goes into saturation when the signal falls to
minimum. Amplitude adjustment R386 adjusts the current
through O386, R387 and R388 to accurately set the cali-
brator output voltage.

HORIZONTAL OUTPUT AMPLIFIER @

The Horizontal Output Amplifier provides the final signal
amplification to drive the crt horizonta! deflection plates.
The negative-going and positive-going horizontal output
signals from the Main Module drive two single-ended

feedback amplifier stages. The amplifiers have a low input
impedance and require very little voltage change at the
input to produce the desired output change.

Transistor Q234 is a constant voltage source. Transistor
0234 and diodes CR235 — CR236 set the bases of Q232
and Q274 near the same quiescent dc level.

Transistors Q232 and Q274 are inverting amplifiers whose
collector signals drive the emitters of complementary ampli-
fiers Q244 — Q246 and Q284 — Q286 respectively.

The output signal from complementary amplifier Q244 —
Q246 drives the right horizontal deflection plate. The out-
put from complementary amplifier 0284 — Q286 drives the
left horizontal deflection plate.

Capacitors C236, C244 and C284 provide a signal path for
fast ac signal current from one side of the amplifier to the
other. Resistors R233 — R232 and R272 — R273 are feed-
back elements in the amplifier. Capacitors C232 and C272
provide high frequency compensation.

SWEEP GATE AMPLIFIER @

The Sweep Gate Amplifier amplifies the Sweep Gate Signal
(A or B selected by moving P2800) from the Horizontal
Module for output to the + GATE OUT connector at the
rear of the main module.

The Sweep Gate Amplifier consists of amplifier Q356 and
emitter follower Q358. Diode VR353 limits gate output
to +5 volts. Diode CR352 sets the quiescent output level
at about O volt.

1 To make a plug-in current loop, order Tektronix Part 012-0259-00 and modify it by replacing the 50 £ resistor (inside) with a bare wire. A

current loop also can be made from 5 turns of insulated wire.
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Diode CR358 protects the Sweep Gate Amplifier in the
event that greater than +5 volts is applied to the + GATE
OUT connector.

CRT CIRCUIT @

The CRT circuit provides the voltage levels and control
circuits to operate the crt. The circuitry consists of the z
axis amplifier, high-voltage oscillator, high-voltage re-
gulator, +95 volt low-voltage supply, high-voltage rectifier,
high-voltage multiplier, and the crt controls.

High-Voltage Oscillator

Transistors Q552, Q556 comprise a high-voltage (HV)
oscillator that produces drive for high-voltage transformer
T550. Transistor Q556 and inductor L554 store additional
energy from the +32 volt unregulated supply (at high power-
line voltages) and supply that energy to the HV transformer.
In this way, the additional energy is used, not lost in heat.

The following describes the sequence of events in the HV
oscillator circuits. See Figure 4-1 for waveform relationships.

When the instrument is turned on, R542 provides start-up
current to ensure that Q544 and Q548 turn on. Current
from Q548 charges C548 to a level determined by the —2
kV feedback (through R563 A and B) to the base of Q544.
As the voltage induced into the feedback windings swings
positive, it adds to the voltage across C548, and Q552 is
biased into conduction. Capacitor C548 provides the
current for the base circuit, causing Q552 to turn on. Diodes
CRb554 and CR553 prevent Q552 from saturating, and
provide temperature compensation for the base drive. The
amount of voltage on C548 determines when Q552 turns on
thereby controling the regulation. For example, Q552 turns
on when the output voltage (—2 kV) attempts to go more
negative.

Current then builds up through L554 and T550. Voltage is
induced into the feedback windings keeping Q552 on until
the rate of current change through LL554 and T550 drops to
zero, causing feedback current to drop and turn off Q552.

When Q552 turns off, the polarity of the voltage across
L554 reverses, turning on Q556 by way of CR555. The
turning on of Q556 places L.554 in parallel with the T550
primary winding, which discharges the energy stored in
L5654 into T550. Transistor Q556 turns off when L554 has
discharged to a point where its base drive is not sustained
through CRbb5.
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The feedback voltage again reaches a level which turns on
Q552. Capacitor C548, which has been charging since Q552
turned off, discharges through the base circuit, saturates
Q552 and the cycle repeats.

The oscillator frequency is determined by the resonant
frequency of T550, which is about 45 kHz.

Capacitor C558 and inductor L558 provide decoupling to
the +32 volt unregulated supply to prevent oscillator current
from disturbing the +32 volt supply.

High-Voltage Regulator

The high-voltage regulator circuit consists of Q544, 0548,
and their associated circuitry.

Regulation occurs as Q552 is turned on for more or less time.
Feedback from the —2 kV output at pin 9 of U550 is applied
to the base of 0544 through R563B. If the —2 kV starts to
go more negative, Q544 collector goes more positive. This
reduces the current in Qb48 and allows C548 to maintain a
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Fig. 4-1. HV-oscillator waveform relationships.
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more negative charge. The more negative the voltage across
C548, the later Q552 turns on. See Figure 4-1 showing
voltage at C548. If the —2 kV starts to go less negative,
C548 is allowed to maintain a more-positive charge, thus
Q552 turns on sooner.

High-Voltage Circuitry

The secondary windings of the high-voltage transformer
provide crt heater current, voltage for the +95 volt supply,
and three 45 kHz sine-wave voltages {150 volt peak at
terminal 8, 2 kV peak at terminal 9, and 3.3 kV at terminal
10) to the encapsulated module, U550. Encapsulated
module U550 houses a high-voltage multiplier, a dc restorer
circuit and high-voltage rectifiers and filters for the crt
voltages; —2 kV (pin 9) and —2.1 kV (pin 4), adjustable
from —2050 volts to —2090 volts by R532.

The CRT Bias adjustment R532, connected to pin 2 of
U550, is adjusted to set the level at which the Z Axis Ampli-
fier circuit extinguishes the crt display.

Crt Control Circuits

Crt-display focus is controlled by FOCUS control R564.
ASTIG adjustment R576, which is used in conjunction with
the FOCUS control to provide a well-defined display, varies
the positive level on the astigmatism grid. Geometry adjust-
ment R572 varies the positive level on the horizontal deflec-
tion plate shields to control the overall geometry of the
display.

Two adjustments control the trace alignment by varying the
magnetic field around the crt. Y Axis adjustment R573
controls the current through L573, which affects the crt
beam after vertical deflection, but before horizontal deflec-
tion. Thus, it affects only the vertical {Y) components of
the display. TRACE ROTATION adjustment R571 controls
the current through L571 and affects both vertical and
horizontal components of the display.

Z Axis Amplifier

The Z Axis Amplifier circuit controls the crt intensity level
from several inputs. The effect of these input signals is
either to increase or decrease the trace intensity, or to com-
pletely blank portions of the display. The input transistor
Q514 is a current-driven, low-input-impedance amplifier. It
provides termination for the input signals as well as isolation
between the input signals and the following stages. The
current signals from the various control sources are connect-
ed to the emitter of Q514 and the algebraic sum of the
signals determines the coltector conduction level.
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Transistors Q518, 0526, and 0524 compose a feedback
amplifier stage, with R515 and R516 as the feedback elements.
Capacitors C515 and C516 provide high-frequency compensa-
tion. Q518 is an emitter follower providing drive to com-
plementary amplifier 0526-Q524. Diodes CR525, CR518,
and CR524 provide protection in the event of high-voltage
arcing.

When the BEAM FINDER pushbutton is pressed, the output
of the Z Axis Amplifier moves to a fixed level so that the
crt is unblanked. Any incoming Z Axis signals are discon-
nected from the amplifier by the reverse bias on CR514.

With the BEAM FINDER pushbutton pressed, +32 volts is
removed from R512 and +5 volts is applied to R604. This
reduces the current in Q514, which turns off CR514 and
disconnects the Z Axis input from Q518. Current through
Q526 decreases and its collector voltage goes up due to
feedback resistors R515 and R516. This action supplies
additional current to the base junction of Q518, thus re-
placing current previously flowing through R503. The
increased voltage on the cotlector of 0526 unblanks the crt
which provides a visible display even though the crt might
otherwise be blanked or unintensified.

LOW-VOLTAGE POWER SUPPLY <3

Description

The low-voltage Power Supply circuit provides three of the
regulated low voltage sources (+5 volts, —5 volts, +32 volts)
used to operate the main, vertical, and horizontal modules.
A fourth low-voltage supply, +95 volts, is produced in the
CRT circuit.

The +32 volts is zener referenced and adjustable with the
+32 volt internal calibration adjustment {R736). All other
regulated supplies in the instrument, including the +95 volt
and crt high-voltage supplies, depend on the +32 volts for
their accuracy.

Setting the +32 volt supply accurately, with the +32 volt
adjustment (R736), sets all other regulated-supply voltages
within specifications, providing the supplies are functioning
correctly.

Power Input

Ac power is applied to the primary of T700 through line
fuse F700, POWER switch S700, and the line voltage selec-
tor switch S701. The line voltage selector switch S701
connects the split primary windings of T700 in parallel for
116 volts ac operation and in series for 232 volts ac. When
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changing from one line voltage to the other, the line fuse
should be changed as follows: 1 amp fast blow for 116
volts or 0.5 amp fast blow for 232 volts.

The unused windings (pins 5, 6, 18, 19, 20, 21, and 22)
of T700 are provided for use with instrument options.

Secondary Circuit

Integrated circuits U722A, U722B and U762 are high-gain
amplifier cells with differential inputs. These amplifiers
monitor voltage variations in the output voltages and provide
correction signals to the series-regulating transistors.

Current limiting circuits provide short-circuit protection for
each of the regulated supplies. The following text discusses
the +32 volt current-limiting circuit. The other current-
limiting circuits operate similarly.

In the +32 volt supply, Q734 is normally biased off. Under
normal conditions the base of Q734 sets at about +32 volts.
As the supply current increases, the voltage drop across
R734 increases. This increasing voltage is coupled through
Q736 to voltage divider, R732 and R733, causing the base
of Q734 to go more positive. When the supply current in-
creases sufficiently beyond the normal operating current,
Q734 turns on. The collector of Q734 moves in the negative
direction, which begins turning off Q732 and Q736, and
creates a fold-back condition. See Figure 4-2. Transistor
Q736 continues to conduct some current when the supply
is limited, which drops enough voltage across R734 to keep
Q734 biased on. Resistor R731 acts to keep the minimum
fold-back current constant as the input line voltage changes.

The series regulating element in the —5 volt supply is a type
of Darlington configuration, consisting of Q766, Q768 and
R777. Transistor Q768 is the current carrying element and
Q766 is the controlling element. The five diodes CR762,
CR763, CR764, CR765 and CR766 provide a level shift with
little attenuation of the error signal.

Fuses F736, F746 and F768 provide short-circuit protection
for each of the unregulated supplies.

Disconnect-Jumper wires are located in series with the
regulated voltage lines for use in troubleshooting.

Line triggering signal is taken from pin 17 of T700 through
resistive divider R772-R773. Capacitor C773 is provided
to reject unwanted high-frequency signals.

The SCALE ILLUM control, through Q784, varies the
voltage across the graticule lights DS784 and DS786 from
0 to 6.6 volts.

NOMINAL Q734 BEGINS
LOAD 7 CONDUCTING _7
> / /
32 S -
30 /
w /
o 25
5 /
3 20
1)
> /
= /
z 15 /
}_.
3 /
10 /
5 //
/ 50 100 150 200 250 300 350
DEAD
SHORT LOAD CURRENT (mA) 1907.31

Fig. 4-2. Foldback circuit action.
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CHANNEL 1 AND CHANNEL 2
INPUT CIRCUITS

The Input circuits are composed of the Scale Factor Con-
trol, Input Coupling and Attenuators, and the FET Input
Source Follower. The Channel 1 and Channel 2 input cir-
cuits are identical, therefore, only the channel 1 circuit is
discussed in detail.

Scale Factor Control

Scale factor indicators light when +5 volts is applied to the
emitters of 04114-04116 and/or Q4214-Q4216 by the
VERT MODE switch.

When CH 1 pushbutton is pushed, +5 volts is disconnected
from the channel 2 circuit and when CH 2 pushbutton is
pushed, +5 volts is disconnected from the channel 1 circuit.
Both circuits are connected to +56 volts when the VERT
MODE switch is in any of the other modes.

When the CH 2 pushbutton is out, +5 volts is applied to the
emitters of 04114 and 04116. 1f no probe or a 1X probe
is connected to the CH 1 input connector, Q4116 conducts
and turns on the 1X scale factor light-emitting diode (LED)
CR4117. If a 10X probe with a scale-switching connector
is connected to the CH 1 input connector, R4112 is ground-
ed (through 11 k2 resistor in probe) and Q4114 is biased
into conduction. This turns on the 10X LED CR4115,
biases off Q4116, and turns off CR4117.

Input Coupling and Volts/Division Switching

The Channel 1 and Channel 2 Input Coupling, Attenu-
ator, and Gain Switching circuits A4100 (CH 1), A4200
(CH 2), A4162 (CH 1), and A4262 (CH 2) are made up of
thick-film resistors on ceramic substrate.

Signals applied to the input connector can be ac-coupled,
de-coupled, or internally disconnected from the input to
the Preamplifier circuit. When the Input Switch S4100A is
set to DC, the input signal is coupled directly to the attenu-
ator. When set to AC, the input signal passes through C4100A
on its way to the attenuator. The capacitor blocks the dc
component of the signal. In the GND position, the signal
path to the attenuator is open and the input to the attenu-
ator is grounded. This provides a ground reference without
disconnecting the input signal from the input connector.
Resistor R4100A allows C4100A to precharge in the GND
position so that the trace remains on screen when switched
to the AC position.
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The effective overall deflection factor of each channel is
determined by the VOLTS/D!V switch setting. The basic
deflection factor of the vertical deflection system is 5 mV/
div. At this setting, no attenuators are switched in and the
Preamplifier gain is set to maximum by the Gain Switching
circuit. To achieve the complete range of deflection factors
indicated on the front panel, precision atténuators are
switched in and out of the Attenuator and Gain Switching
circuits.

The VOLTS/DIV control operates the attenuator switch
{(S4100B) contacts and the vertical gain switch (S4162)
contacts from a single switch cam.

The Attenuator circuit consists of a 10X and a 100X attenu-
ator. An attenuation factor of 1000X is obtained when the
10X and 100X attenuators are cascaded.

The Gain Switching circuit consists of two 2X gain-reduction
networks. A gain reduction of 4X is obtained when both
2X networks are switched in simultaneously.

Figure 4-3 illustrates attenuator and gain switching sequences.

FET Input Source Follower

The Channel 1 signal from the Input Attenuator is connected
to the source follower Q4124 A through R4123 and C4123.
Resistor R4122 provides the 1 M2 input resistance for this
channel. Resistor R4123 limits the current drive to the gate
of Q4124 A when a high-amplitude negative-going signal is
applied to the CH 1 OR X input connector. Transistor
Q4124B provides a constant current source for Q4124A.

VERTICAL PREAMPLIFIER AND
SWITCHING

The Preamplifier circuit provides the initial stages of signal
amplification. The Channel Switching circuit determines
whether the Channel 1 and/or Channel 2 signals are connect-
ed to the Vertical Output Amplifier. In the alternate and
chopped modes of operation, both channels are displayed
alternately on a time-sharing basis.

Preamplifier and Channel Switching Gates

Channel 1 and Channel 2 Preamplifiers and switching gates
are contained within a single hybrid integrated circuit (HIC),
U4160. Outputs from U4 160 provide triggering signals to
the Horizontal Module and the CH 2 QUT signal to the
Main Module.
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Fig. 4-3. Attenuator and gain switching sequences.
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Fig. 4-4. Channel switching gates.
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PREAMPLIFIERS. The Channel 1 input signal from the
FET Input Source Follower enters terminal 1 of the HIC;
Channel 2 signal enters at terminal 32. Channel 2 Preampli-
fier contains an INVERT switch that interchanges the + and
— signal lines within the HIC.

Gain of the Preamplifiers is controlled by the Gain-Switching
circuits. These circuits are discussed along with the descrip-
tions of the VOLTS/DIV switching circuits.

SWITCHING GATES. Transistor gates inside the HIC allow
either the Channel 1 or Channel 2 Preamplifier signals to be
coupled to the Vertical Output Amplifier. These gates are
controlled by the Channel Switching Multivibrator and the
VERT MODE switch to provide the various vertical modes.

As shown in Fig. 4-4, there are series and shunt gates for
each channel. The series gates, when on, pass the signal to
Vertical Output Amplifier. The shunt gates short the + and
— signal lines together when the series gates are off.

Channel 1is on when terminal 15 is HI with respect to
terminal 16. Likewise, Channel 2 is on when terminal 19 is
HI with respect to terminal 20.

CHANNEL 1 DISPLAY ONLY. When the CH 1 pushbutton
is pressed, —5 volts is applied to R4323. Resistors R4323
and R4322 form a divider which sets a LO at terminals 19
and 16. This turns off the Channel 2 series gates and shorts
the + and — signal lines together through the shunt gate.

See Fig. 4-4.

CHANNEL 2 DISPLAY ONLY. Operation of this mode is
identical to that of Channel 1 except that terminals 15 and
20 are switched LO through R4313.

ADDED MODE OPERATION. In the ADD mode, both

Channel 1 and Channel 2 signals are displayed simultaneously.

Terminal 16 is LO with respect to terminal 15 and terminal
20 is LO with respect to terminal 19. This keeps the shunt
gates off and the series gates on. The signal output to the
Delay-Line Driver is thus the algebraic sum of the Channel 1
and Channel 2 signals.

Channel Switching Multivibrator

The Channel Switching Multivibrator consists of Q4316,
Q4326 and associated circuitry. The VERT MODE switch
turns on the multivibrator in the ALT or CHOP modes.

4-10

In the ALT mode, the Alternate Trace Sync Pulse Amplifier
is turned on, allowing the pulses to switch the multivibrator.
In the CHOP mode, the multivibrator is turned on and free
runs at about 250 kHz.

As the multivibrator switches states, Channel 1 and Channel
2 switching gates are turned on and off.

ALTERNATE TRACE DISPLAY. In this mode, the Channel
Switching Multivibrator operates as a bistable multivibrator.
When the ALT pushbutton is pressed, —5 volts is applied to
the emitter of alternate amplifier Q4334, turning on either
04316 or 04326. For example, when Q4316 is turned on,
terminals 15 and 20 go LO, turning off the Channel 1 series
gates and allowing only the Channel 2 signal to pass.

The alternate trace sync pulse, from the Horizontal Module,
is differentiated by C4334 and applied to the base of Q4334.
At the end of each sweep, the alternate trace sync pulse

steps negative. The negative pulse momentarily turns off
Q4334, which turns off Q4316. When Q4334 turns on again,
the charge on C4316 (negative at CR4318 and positive at
CR4328) causes Q4326 to turn on. This causes terminals

16 and 19 to go L.O, turning off the Channel 2 series gates
and allowing only the Channel 1 signal to pass.

CHOPPED MODE OPERATION. In the CHOP mode, the
Channel Switching Multivibrator operates as an astable
multivibrator, running at about 250 kHz. When the CHOP
pushbutton is pressed, —5 volts is applied to the emitters of
04316 and Q4326 through R4336, T4335, R4318 and
R4328. Transistors Q4316 and Q4326 conduct alternately
switching Channel 1 and Channel 2 off and on similar to the
alternate mode of operation.

The frequency determining components in the CHOP mode
are C4316, R4318 and R4328.

The Chopped Blanking Amplifier Q4338 provides an output
pulse to the Z Axis Amplifier circuit in the Main Module
that blanks out the transition between the Channel 1 and
Channel 2 traces. When the Channel Switching Multivibrator
changes states, the voltage across T4335 momentarily in-
creases. A negative pulse is applied to the base of Q4338 to
turn it off. The width of the pulse at the base of Q4338 is
determined by R4335 and C4335. Transistor Q4338 is
quickly driven into cutoff and the positive-going output
pulse, which is coincident with the trace switching, is con-
nected to the Z Axis Amplifier circuit through R4338.
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VERTICAL OUTPUT AMPLIFIER @

The Vertical Output Amplifier circuit provides the final
amplification for the vertical deflection signal. This circuit
includes the Delay Line, the Delay-Line Driver, the Normal
Trigger Pickoff, the Vertical Output Amplifier, and part of
the Beam Finder circuitry. Pushing the BEAM FINDER
pushbutton compresses an overscanned display to within
the viewing area.

Delay-Line Driver

The output from the Channel switching gates, at pin 17 and
18 of U41860, is applied to the Delay-Line-Driver transistors
04362 and Q4372. Transistors Q4362 and Q4372 are con-
nected as feedback amplifiers with R4362 and R4372

providing the feedback. A sample of the signal at the collec-

tor of Q4372 is picked off for the normal trigger signal
supplied to the Horizontal Module.

Resistors R4365 and R4375 provide reverse termination for
the Delay Line. The TRIG VIEW switch 54380 connects
the output of the Trigger view circuit, in the Horizontal
Module, to the input of the Delay Line in place of the signal
from the Delay-Line Driver. This allows viewing of the
trigger signal that is present in the A Trigger circuit in the
Horizontal Module.

Delay-line impedance is 75 £ and provides a 120 ns delay.

Normal Trigger Pickoff

Normal trigger signals are picked off from the collector of
Q4372 and sent through emitter-follower transistor Q4394
and on to the Horizontal Module.
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Resistors R4386, and 75 £ line termination {Horizontal
Module) divide the signal at the emitter of Q4384 to the
appropriate signal level for the trigger.

Vertical Output Amplifier

Transistors 04434, Q4444, 04462, Q4464, 04466, Q4472,
Q4474 and Q4476 compose a common-emitter shunt-feed-
back amplifier. Shunt-feedback transistors Q4462, Q4464,
Q4466 and 04472, 04474, Q4476 are stacked to eliminate
the need for a heat sink and a high-voltage transistor. Feed-
back is provided through R4473, R4474, R4475 and R4463,
R4464, R4465. Feedback compensation capacitors C4464
and C4474 are an integral part of the circuit board.

The sensitivity at the delay-line input to each amplifier half
is 50 mV/division and at the input to the crt is about 1.35
volts/division. Thus, the gain of the Vertical Output Ampli-
fier is about 27. The gain is adjustable with calibration
adjustment R4436.

Thermal resistor RT4437 provides gain temperature com-
pensation. Variable-capacitance diode CR4437 and capa-
citor C4437 are used for temperature compensation of the
step response; thermal resistor RT4448 varies the bias on
CR4437 as the temperature changes. Capacitor C4417 and
R4417 provide crt rolloff compensation. Capacitor-resistor
combinations C4411, R4411, C4410, C4412, R4412, and
C4414, R4414 are provided for Delay-Line compensation.

When the BEAM FINDER pushbutton in the Main Module
is pressed, +5 volts is applied to the common-emitter stage
through R4435 and R4445. This limits the vertical
deflection to within the crt-screen area.
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TRIGGER INPUT @

This circuit determines triggering source and coupling and,
through source follower stages, presents trigger signals to the
Trigger Generator circuit.

SOURCE switches, S2100 (B Trigger), and S2150 (A Trig-
ger), select trigger signals from the following sources:

NORM-—Signals displayed on the crt,

CH 1—Signals entering Channel 1 vertical input via
emitter follower Q2104.

CH 2—Signals entering Channel 2 vertical input via
emitter follower Q2108.

EXT—Signals entering external trigger input connectors.

EXT <+ 10 (A trigger only)—Signals entering A external
trigger input connector attenuated by 10 times
through divider network R2154-C2154 and R2155-
C21565.

LINE (A trigger only)—A sample of the line voltage is
obtained from the power transformer.

STARTS AFTER DELAY (B trigger only)—Allows
the B sweep to be gated on by the Delayed Gate pulse
only.

Trigger Coupling

The Trigger COUPLING switches provide a means of accept-
ing or rejecting certain components of the trigger signal.
Coupling capacitors C2113 and C2115 (A trigger circuit)

or C2163 and C2165 (B trigger circuit) block the dc com-
ponent of the trigger signal, in the AC, LF REJ, and HF
REJ positions. In these positions, frequency components
below about 60 Hz are attenuated.

In the LF REJ position, frequency components of the trig-
ger signal below about 50 kHz are attenuated, while in the
HF REJ position, frequency components above about 50
kHz are attenuated. The DC position passes signals from
dc to 50 MHz.
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Input Source Follower

Field effect transistors Q2120A and Q2170A are source
followers. They provide high input impedance for the
trigger signals and also provide isolation between the trigger
generator circuit and the trigger signal source. Diodes
CR2123 and CR2173 protect Q2120A and Q2170A
Transistors Q2120B and Q21708 are high-impedance, rela-
tively constant, current sources for Q2120A and Q2170A.
They also provide temperature compensation for Q2120A
and Q2170A.

TRIGGER, SWEEP AND
HORIZONTAL PREAMPLIFIER @

This circuitry contains the Trigger generators, Sweep Gen-
erators, Sweep Control, and Horizontal Preampilifier circuits.
Trigger signals, selected by the Trigger Input circuit, start
the sweep. Control of the sweep, in the various modes, is
provided by the Sweep Control IC {integrated circuit) and
logic circuits contained within the Sweep Generator IC’s.

A and B Trigger Generators

The A and B Trigger Generators are contained within two
identical 1C’s U2600 and U2700. Fig. 4-5 shows a block
diagram of the circuitry in these IC’s.

The following is a brief description of the function asso-
ciated with each pin of the IC used for U2600 and U2700.

Pin 1. Ground pin.

Pin 2. Trigger signal in. Input for the trigger signal se-
lected by the Trigger Input circuit.

Pin 3. Trigger level in. Connects to the LEVEL control
to determine the level at which the trigger signal at pin 2
produces a sweep-gate output.

Pin4,5, 6 and 7. Pins 4 and 7 provide a negative-going
and positive-going sample of the trigger input signal
when power is applied to pins 4, 5, 6 and 7 through the
TRIG VIEW switch in the Vertical Module.

Pin 8. —5 volt supply.
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Pin 9. Free runin. (Used on B sweep only.) Controls
the state of the Sweep Gate output at pin 10. When pin
9is HI (STARTS AFTER DELAY mode) pin 10is LO.
When pin 9 is LO, the state of pin 10 is controlled by
the state of pin 12 and/or the Trigger Input signal.

Pin 10. Sweep Gate out. Provides a Sweep Gate output
to trigger the sweep. When pin 10 goes LO the sweep

runs; when it goes HI the sweep is terminated.

Pin 11. Logic Gate out. (Used on A sweep only.}) Pro-
duces the same output as pin 10, except when pin 9 is

HI (STARTS AFTER DELAY mode). The output at
pin 10 is not affected by the state of pin 9. This logic
gate output is used to initiate the Sweep Control IC func-

tions.

Pin 12. Reset in. The trigger is enabled through this pin.
When pin 12 is LO, pin 10 can be switched from HI to
LO by an adequate trigger signal which starts the sweep.
When pin 12 goes HI, pins 10 and 11 go HI, the sweep is

ended, and the trigger is reset.

Pin 13. Ground pin.

Circuit Description—455/A2/B2

Pin 14. Not connected internally.
Pin 15. +5 volt supply.

Pin 18. Slope in. Connects to the SLOPE switch to
determine the slope (positive-going or negative-going)
from which the trigger signal at pin 2 produces a sweep
gate output.

+5 volts on pin 16 produces a + slope trigger output.

0 volts on pin 16 produces a — slope trigger output.

A TRIGGER GENERATOR. Basically, the A Trigger IC,
U2700, accepts a selected trigger signal from the Trigger
Input circuit and produces a negative sweep gating pulse.

The + position of the SLOPE switch allows triggering on
positive-going trigger signals and the — position allows trig-
gering on negative-going trigger signals. The LEVEL control
R2712 sets the voltage level, on the trigger signal, at which
triggering occurs. Trigger Level Centering adjustment
R2715 centers the adjustment range of the LEVEL control.

SLOPE
INPUT
|16|
J@ RESET
J| 9 | FREERUN
TRIG [ X RESET
SIG TRIGGER
CIRCUIT
TRIG -
LEVEL {3 GATE GATE
ouT
_@ LOGIC
GATE
ouT
(7]
J
v
TRIG VIEW OUT
1907-34

Fig. 4-5. Trigger IC block functional block diagram.
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Fig. 4-6. Sweep generator IC Function block diagram.
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The Sweep Gate output at pin 10 steps LO to trigger the
sweep. The Logic Gate output at pin 11 is identical to pin
10 and is used to trigger Sweep Control circuit functions.

When pin 12 (Reset in) is Hi, both pins 10 and 11 are HI
and remain HI disabling the sweep unti! pin 12 goes LO
and a triggerable signal occurs.

The trigger view output, pins 4, 5, 6, and 7 provide a sam-
ple of the trigger input signal to the Vertical Module for
display on the crt.

B TRIGGER GENERATOR. The operation of the B Trig-
ger |C U2600 is similar to that of the A Trigger 1C with
several exceptions. The pin 11 (Logic Gate output) is not
used. Although pin 9 (Freerun) is not used in the A Trig-
ger, it is used in the B trigger. When pin 9 is switched HI
by the SOURCE and HORIZ DISPLAY switches, pin 10
(Sweep Gate Out) goes LO to enable triggering of the B
Sweep by the A delayed gate pulse at U2690. Aslong as
pin 9 is HI a reset pulse on pin 12 cannot reset pin 10 HI.
The trigger view terminals are not used in the B trigger.

Sweep Generator I1C’s

The A and B Sweep Generators are contained within two
identical integrated circuits U2690 and U2790. Fig. 4-6
shows a block diagram of circuitry in these IC’s.

The following is a brief description of the function asso-
ciated with each pin of the IC used for U2690 and U2790.

Pin 1. Delay-time multiplier in. (Used in A sweep only.)

Connects to the DELAY TIME POS control to vary the
time between the start of the A sweep and the start of
the Delayed Gate output at pin 16.

Pin 2. Miller output. The output of the Miller sweep
circuit appears on this pin.

Pin 3. Current Source. Sets internal current levels.

Pin 4. Miller Null Return Current. Supplies retrace cur-

rent and feedback to set the sweep start voltage on the
Miller circuit.

Pin 5. Sweep Output. This is the sweep output which
is applied to the Horizontal Preamplifier. This output
is switched off and on by Pin 7.
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Pin 6. Start Level Current Input. Sets current levels in
the diodes which determine the sweep start voltage.

Pin 7. Sweep Switch Input. Enables the sweep output
at pin 5. When pin 7 is LO, a sweep output at pin 5 can
occur; when HI, the sweep output is disabled by the
sweep output being pulled to —b volts.

Pin 8. —5 volt supply.
Pin 9. Ground.

Pin 10. Holdoff Start out. Produces an output to start
the holdoff ramp when the sweep ramp has reached its
maximum negative level.

Pin 11. Intensity Input. The intensity circuit varies the
current into this pin, to change the blanking current at
pin 12, which changes the crt intensity level.

Pin 12. Crt Blanking Output. Provides a crt blanking
signal to the Z axis circuit to increase, decrease or ex-
tinguish the crt intensity.

Pins 13 and 14. Gate Input and Delayed Gate Input.
These pins are used together to start and stop the sweep.
A negative-going gate pulse applied to pin 13 starts the
sweep when pin 14 is LO or a negative-going gate pulse
applied to pin 14 starts the sweep when pin 13 is LO.

In the A sweep IC, pin 14 is switched HI in the X-Y
mode to prevent A sweep operation. In the B sweep

IC the delayed gate pulse is applied to pin 14 to start
and stop the B sweep.

Pin 15. +5 volt supply.

Pin 16. Delayed Gate Output. (Used in A sweep only.)
Provides a delayed gate pulse to start the B sweep. The
delayed gate pulse is delayed from the start of the A
sweep by a time determined by the DELAY TIME POS
control.

Miller Sweep Generator

Transistors Q2782, Q2784, and Q2786 make up the A
Miller Sweep Generator. A simplified block diagram of
this circuit is shown in Fig. 4-6. Since both A and B sweep
circuits operate nearly identically, only the A sweep is dis-
cussed. Any exceptions to the operation of the B sweep
are also discussed.
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When both pins 13 and 14 of U2790 are LO, the Sweep
Start Comparator (inside U2790) minus input is pulled LO.
This causes pin 4 of the IC to become a high impedance,
allowing Ct to begin charging through Rt. As Ctbegins
to charge toward the voltage applied to Rt, the gate of
Q2784 (connected to the junction of Ct - Rt), goes posi-
tive by the same amount. This increases the current

through Q2784 and decreases the current through Q2782.

The decrease in the Q2782 drain current through R2787
produces a positive-going voltage at the base of Q2786.
The voltage at the collector of Q2786 and the negative side
of Ct is pulled down. This results in a negative-going voltage
applied across Ct, maintaining a constant charging current
and giving a linear rate of fall to the sawtooth output
signal.

The sawtooth output continues to fall in this manner until
it reaches —2.4 volts and initiates a Holdoff Start pulse at
pin 10. The Holdoff Start puise starts the holdoff ramp in
U2750 and resets the sweep by causing pin 13 of U2790
to go HI.

The B sweep is dependent on the signal at the delayed gate
input {pin 14) and resets only when the A sweep ends.

The Delay Start and B Start controls, R2782, and R2682,
adjust the guiescent level of the A and B sweeps, thus de-
termining the correct starting points for the sweep outputs.

Sweep Control IC

The Sweep Control circuit is contained within a single IC
U2750. Fig. 4-7 shows a block diagram of the circuitry
in this IC.

The following is a brief description of the function asso-
ciated with each pin of U2750.

Pin 1. Single sweep mode. When this pin is LO {(ground)

and pin 4 is Hi, the sweep is in the single sweep triggering
mode.
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Pin 2. Single sweep reset. Pushing the SGL SWP push-
button resets the sweep triggering circuit, making it
ready for another single sweep to be triggered. The
READY indicator lights when the single sweep circuit
is reset and any sweep in progress is terminated.

Pin 3. Automatic timing. In the automatic triggering
mode, when no trigger pulse occurs within about 100 ms
following holdoff, C2757 charges sufficiently to allow
pin 3 to be HI. This causes pin 6 to produce a sweep
gating pulse to trigger the sweep and produce a baseline
trace even when no trigger is available.

Pin 4. Automatic mode. Grounding the pin enables auto-
matic sweep operation when pin 1 is HI.

Pin 5. Logic Gate. This is the gate input from the A
Trigger Generator that is used to initiate several sweep
control functions.

Pin 6. Automatic Gate. Provides a gate output, in the
automatic mode, to trigger the sweep when no trigger
signal occurs within about 100 ms following the end of
the holdoff.

Pin 7. A Gate. Provides a gate pulse to trigger the alter-
nate trace circuitry in the Vertical Module.

Pin 8. Ground.

Pin 9. Holdoff output. This pin switches from LO to
HI to reset the sweep and trigger circuits.

Pin 10. Holdoff Timing. RC networks are connected
between this pin and pin 11 to vary the holdoff time,
depending on the setting of the A TRIGGER HOLDOFF
control and the A TIME/DIV switch.

Pin 11. Holdoff Ramp. A negative-going ramp is pre-
sent here that determines the holdoff time.

Pin 12. Hold Off Start. A positive-going pulse, which
occurs at the end of the sweep, is applied to this pin to
terminate any automatic gate present, start the holdoff
ramp, and initiate the reset pulse to the A trigger circuit.
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Pin 13. Triggered light. Voltage at this pin lights the
TRIG light when a trigg