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SECTION 1
CHARACTERISTICS

ELECTRICAL CHARACTERISTICS (Cont)

General Information

The Tektronix Type R116 Programmable Pulse Generator
is a multi-purpose generator with variable output pulse
characteristics. Repetition rates up to 10 MHz are available
with amplitudes up to 10 volts and risetimes and falltimes
as short as 10ns. All functions of the Type R116 are pro-
grammable, making the instrument appropriate for applica-
tions requiring a variety of pulse characteristics that can be
changed in rapid sequence. The Type R116 can also be
operated entirely from the front panel (using the calibrated
front-panel controls) or with a combination of remote pro-
gramming and front-panel operation.

The variable characteristics of the output pulse include
amplitude, width, repetition rate, risetime and falltime.
In addition to single equally-spaced pulses (Single mode),
the output signal may also be provided as double pulses,
bursts or gated series of pulses and the output may be
delayed with respect to the triggering signal.

The following electrical characteristics apply at ambi-
ent temperature of 25° C (*=5° C) after an initial warm-up
period of 20 minutes.

ELECTRICAL CHARACTERISTICS

‘ Charac- Performance Supplemental
teristic Requirement Information
Modes of Operation
Single Sequence of Single | Pulses are equally
output pulses; no | spaced.

variable delay with
respect to -+ pretrig-
ger output pulses.
Delayed Sequence of single | Delay interval s
Single output pulses with | time between +pre-
each pulse occur- | trigger pulse and
ring at end of ad- | start of output pulse
justable delay inter- |rise; pulses are
val. equally spaced.
Double Sequence of double | First pulse of pair
pulses with delay | starts at same time
interval separating | as pulse in Single
leading edges of | mode; second pulse
pulses in each pair. | starts at end of de-
lay interval; 50-ns
minimum separation
required between
end of first pulse
and start of second
pulse (at baseline);
characteristics  of
each pulse same as
for Single mode.
Burst Bursts of output | Characteristics  of
pulse signal for dur- | pulse signal during
ation set by DELAY | burst same as for
L OR BURST TIME |Single mode (set

Charac- Performance Supplemental
teristic Requirement Information
Modes of Operation (Cont)
controls, each burst | by PERIOD, WIDTH,
initiated by external | etc. controls).
triggering signal or
manual trigger but-
fon.
Gated Bursts of output | First pulse of burst
Output pulse signal for dur{ starts approximately
ation of external + | 100 ns after gate ex-
gate. ceeds +2 volts; out-
put bursts continue
until  approximately
100 ns after gate
drops below 42
volts; characteristics
of output signal dur-
ing burst same as
for Single mode.
Input Signal Requirements
+Trigger Input impedance is
Input greater than 1kQ,
dc coupled.
Amplitude | 42 volts to +20 | Maximum amplitude
volts for triggering | decreases to +4
pulses with 100 ns | volts for pulses with
or more between |50 ns between
pulses (at baseline). | pulses; accidental
overload =100
volts maximum.
Frequency Dc to 10 MHz.
+Gate In Input impedance is
greater than 1kQ,
dc coupled.

Amplitude | +2 volts to +10 | Accidental overload

volts. +100 volts maxi-
mum.

Duration 50 ns or more {up to
dc).

Output Signal Characteristics
+Pretrigger Capacitively - coup-
Output led output available
in all modes.
Amplitude | +2 volts or more
into high impedance
load (>1 k).

Risetime Less than 20 ns with
no capacitive load;
typically 10 ns.

Lead Time Starts approximately

30ns or more (up

1-1
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ELECTRICAL CHARACTERISTICS [Cont)

Charac-
teristic

Performance
Requirement

Supplemental
Information

Out‘put Signal Characteristics {Cont)

to approximately 50 |
us) before start of
each undelayed out-

ELECTRICAL CHARACTERISTICS (Cont)

Charac-
teristic

Performance
Requirement

Supplemental
Information

|

Output Signa! Characteristics (Cont)

Width {at
10-ns rise-

50 ns to 550 ps: Ac-
curacy within 3% of

Continvously  vari-
able and calibrated

put pulse, depend- time and|switch and dial | in 4 ranges:
ing on risetime falltime readings on 10uS, | 50ns to 550ns;
selected. ] and 10- 1uS and 100nS| 500ns to 5.5 pus;
+Delayed Capacitively - coup- volt ranges; accuracy | 5us to 55 us;
Trigger led output available amplitude) | within 5% on 10nS | 50 us to 550 ps.
Output in all modes. range. Jitter typically less
Amplitude | +2 volts or more than (0.05% of
into high-impedance width plus 2 ns).
_ load (>1kQ). | Amplitude | ==400mV to =10 | Continuously  vari-
Risetime Less than .2_0 ns with volts into 50 Q load: | able and calibrated
no capacitive load; Accuracy within 3% |in 3 ranges:
typically 10ns. of switch and dial | 400mV to 2 volts;
Lead Time Starts approximate- readings. 1 volt to 5 volts;
ly 30 ns or more (up 2 volts to 10 volts.
fo al;:pfroxtmfely 5(: Risetime 10ns to 110 us: Ac- | Risetime determined
é’“sg | ae Z’Z sh:rJt cl’” {109 to| curacy as follows | by settings of RISE-
vlse )clie endin pon 90%) and | with respect to rise- | TIME FALLTIME
zseﬁr;qe :;Iede 3 o falltime time or fallfime | RANGE swifch, RISE-
before end of délo (909% to readlng on svyitgh TIME MULT and
erval f e Y 10%) with | and dials: Within | AMPLITUDE MULTI-
”‘.eh a °'d"i‘° ej 10-volt 5% on 1 puS, 100nS | PLIER controls. Fall-
wit “°I elaye amplitude | and 10nS ranges; | time determined by
: output pulse. | within 10% on 1nS | settings of RISETIME
Pulse Output |(See  Programming | D¢ coupled through range. FALLTIME RANGE
following for perfor- | 50 Q coaxial cable. switch, FALLTIME
mance requirements MULT alnd AMPLI-
\évrl;e;mreg)\otely pro- TUDE  MULTIPLIER
ed). controls.
Polarity Positive - going (4] | Selected by front- . ;
or negative-going | panel POLARITY Conhnuously' vary
). cwitch. gble gnd' callbro‘ted
Period 100 ns to 11 ms: Ac- | Continvously  vari- I,-r:m4 er:ehme-fo!lhme
(with curacy within 39 of | able and calibrated 1 ngs_'.]o ns to
;glCJBGCER switch and dial | in 5 ranges: 110 ns:
RCE readings on 1mS,| 100ns to 1.1 us; :
switch set | 100 S, 10uS and 1| 1 us to 11 p.s;lu 1??5";100 e tfo
to pS ranges; accuracy | 10 pus to 110 ps; 0 nS
INTERNAL | within 5%, on 1008 | 100 s fo 1.1 me 190 ST ps to
range. Tms to 11 ms. 1 #le_:]o,,,s to
Jitter typically less 110 ps.
than (0.05% of peri- Risetime and fall-
od plus 2 ns). Period time independently
set by triggering sig- variable’ within same
nal with TRIGGER risetime - falltime
MANUAL. ;FEFFJBES M“l/J”LhFIPfIAEAR
Delay or | 50ns to 550 us: Ac- | Continvously  vari- control set below 10.
Burst Time | curacy within 3% | able and calibrated R f . . .
(+ 10ns) of switch | in 4 ranges: ate o Typlocolly I.meorwnh-
and dial readings. 50 ns to 550 ns; rise and in 2% of ideal ramp
500 ns to 5.5 us; rate of fall except on 1nS rise-
5 s to 55 ps; time-falltime range.
§O ps to 550 us. A_\berra- 3% or less on 10- | Checked with Tek-
Jitter typically less tions, over- | volt puise, either | tronix 661/4S3 sam-
thon.(0.0S% of de- shoot or positive - going  or | pling system.
lay time plus 2 ns). ilt. negative-going. J
1-2
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ELECTRICAL CHARACTERISTICS (Cont)

Charac- Performance Supplemental Charac- Performance Supplemental
teristic Requirement Information teristic Requirement Information
Output Signal Characteristics (Cont) Programming {Cont)
Dc Offset | —5 volts to +5 | Continuously  vari- trigger; enables Per-
(of pulse | volts: Accuracy with- | able and calibrated iod Generator free-
baseline) in 150 mV of switch | in 3 ranges set by run operation.
with 50Q | and dial r-ea.dings; AMPLITUDE RANGE Mode Logical 1 on (only) | (Logical 0 on other
load. accuracy within 50- | switch: one of 4 input pro- | 3 input lines.)
mV of zero at 0 set- | —1 volt to +1 ram lines produces
. 9 P
ting of DC OFFSET vqlt on 2V am- corresponding mode
control. plitude range; (e.g., Double);
—2.5 volts to Logical 0 on all 4
+2.5 volts on input lines produces
5V amplitude Single mode.
range; Period Logical 1 on (only) | (Logical 0 on other
—5 volts to +5 R £4i . .
volts on 1V ange one o|‘4 mputdpro- 3 input lines.)
amplitude range. cg:r]r:s m:é.:ro vees
Offset  determined ponding - per-
by setting of AM- od range (e.g., I
PLITUDE RANGE Sl
switch and DC OFF- Logical 0 on all 4
SET control; full off- Inputs produces 100
. nS period range.
set and full ampli- -
tude may be used Delay or | Logical 1 on (only} | (Logical O on other
simultaneously. Burst one of 3 input pro- | 2 input lines.)
Time gram lines produces
Programming Range corresponding delay
or burst time range
Provides remote control of pulse output signal character- (e.g., T uS);
istics with appropriate front-panel switches set to REMOTE Logical 0 on all 3
or REMOTE PROGRAM. Digital and analog information is inputs produces 10
applied through rear-panel microribbon connector. nS delay or burst
Switch Accuracy within 29, | Require digital volt- ; hmé range. -
Operations | of front-panel cali- | age-level logic in- Width Logical 1 on (only} | (Logical O on other
bration. puts to remote pro- Range one of.3 input pro- | 2 input lines).
gram lines as fol- gram hnes_prodL'Jces
lows: corresponding width
Logical 1 is pro- range (e.g., 1 uS);
duced by contact !'OQ'CC'I 0 on all 3
closure to chassis inputs produces 10
ground (not signal nS width range.
ground), or Logi- Amplitude | Logical 1 on (only) | (Logical 0 on other
cal 0 is produced Range one of 2 input pro- | input line.)
by open circuit in- gram lines produces
put or by dc volt- corresponding am-
age of from 412 plitude range [e.g.,
to 420 volts. 1V);
Also, require pres- Logical 0 on both
ence of analog in- inputs produces 0.2
formation by means V amplitude range.
of appropriate pro-
gram resistors (see Risetime- | Logical 1 on (only) | (Logical O on other
Vanab}e Operations Falltime one of 3 input pro- | 2 input lines.)
i following). Range gram lines produces
Trigger Logical 1 enables corresponding  rise-
Source external or manual time-falltime range
trigger; disables (e.g., 100 nS);

Period Generator
free-run operation.
Logical 0 disables

external and manual

Logical 0 on all 3
inputs produces 1 nS
risetime-falltime
range.
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ELECTRICAL CHARACTERISTICS (Cont)

Charac- Performance Supplemental
teristic Requirement Information
Programming (Cont)
Polarity Logical 1 produces
minus (—) polarity
of pulse output;
Logical 0 produces
plus {+) polarity of
pulse output.
Variable Analog information | Require program re-
Operations | accuracy within (2%, | sistors connected be-
of equivalent front- | tween analog pro-
panel calibration | gram leads and
plus error in pro- | specific voltage
gram resistor). leads.? {Program re-
sistors perform same
functions as front-
panel Multiplier con-
trols.)
Period 1.69kQ per unit of | Allowable range of
Analog multiplication minus | resistance is from 0
1,2 connected be- | Q2 (X1) to 16.9kQ
tween period ana- | (X11).
log lead and —6
volts.
Delay or | 177.4Q per unit of | Allowable range of
Burst Time | multiplication minus | resistance is from 0
Analog 5, connected bed Q (X5) to 8.87 kQ
tween delay or burst | (X 55).
time analog lead
and —27 volts.
Width 177.4Q per unit of | Allowable range of
Analog multiplication minus | resistance is from 0
5, connected be- | Q {X5) to 8.87kQ
tween width analog | (X55).
lead and -—-27
volts.?
Amplitude | 1.109 2 per unit of | Allowable range of
Analog multiplication minus | resistance is from 0
2, connected be- [ Q (X2) to 8.87kQ
tween amplitude an- | (X10); open pro-
alog lead and sig- | gram lead (e.g., be-
nal ground. tween programs)
produces zero out-
put.
Risetime 343Q per unit of | Allowable range of
Analog multiplication minus | resistance is from 0
1, connected be- | Q (X1) to 3.43kQ
tween risetime ana- | (X 11).
log lead and +25
volts.
Falltime 343Q per unit of | Allowable range of
Analog multiplication minus | resistance is from 0
1, connected be- |Q (X1} to 3.43kQ
tween falltime ana- | (X 11).
log lead and —27
volts.! J

Voltage with respect to signal ground,
*For example: 1.69 k{2 x (3 — 1) — 3.38 kQ for X3 multiplication.
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ELECTRICAL CHARACTERISTICS (Cont)

Charac- Performance Supplemental L
teristic Requirement Information
Programming (Cont)
Dc Offset | 887Q per unit of | Allowable range of
Analog multiplication minus | resistance is from 0
53, connected be- | Q (X 45} to 8.87
tween dc offset ana- | kQ (X —5); open
log lead and signal | program lead (e.g.,
ground; accuracy | between programs)
within  (100mV of | produces zero dc
front-panel calibra- | offset.
tion plus error in
program resistor).
Power Supply
Voltage Range selected by
Requirements 115V-230V selector
115 Volts 94.5 volts to 137.5 | switch on rear panel.
nominal) volts ac rms.
230 Volts 189 volts to 275
(nominal) volts ac rms.
Line 50Hz to 60 Hz.
Frequency
Power Approximately 100
Consumption watts.
Line Selected by 115V-
Fuses 230V selector switch:
115-Volt
Operation Two 0.6-A fuses.
230-Volt
Operation One 0.6-A fuse. J
ENVIRONMENTAL CHARACTERISTICS
Characteristic Information

Ambient Temperature

Operating

0°C to +50°C.
Automatic resetting thermal cut-
out interrupts instrument power

if temperature exceeds safe
operating level.
Non-operating —40° C to +65° C.

Ventilation

Forced-air cooling provided by
fan mounted in rear panel.

Maximum Altitude

Operating 15,000 feet.

Non-operating 50,000 feet.

Vibration Performs  within  specifications

(operating) after being vibrated for 15 min-
utes along each major axis at
frequencies from 10 to 50¢/s
and accelerations up to 1.9g.%

Transportation

(non-operating)

requirement

Meets National Safe Transit Test

S.

3Absolute value of the resulting negative number.
1.9 times the acceleration of gravity, corrected to sea level.
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Remote Program

Microribbon type 36-terminal jack
mounted on rear panel.

Power

3-terminal male connector on rear
panel.

Characteristic Description

Dimensions

Height 5, inches.

Width 19 inches.

Depth 194 inches including handles and

connectors.

STANDARD ACCESSORIES

Construction

An illustrated list of standard accessories is given in the
Mechanical Parts List section of this manual.

Chassis and cabinet

Aluminum alloy.

OPTIONAL ACCESSORIES AVAILABLE

Front panel Aluminum alloy with anodized
surface. Tektronix
Circuit cards Glass epoxy laminate with photo- Item Description Part
etched wiring. Number
Connectors Circuit card 56-terminal 5'-inch | 012-0078-00
extender extender for trouble-
Front panel BNC type coaxial jacks for signal shooting plug-in cir-
inputs and outputs. cuit cards.
® 1-5
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SECTION 2
OPERATING INSTRUCTIONS

General Information

This section of the manual provides the basic infermation
required for operating the Type RI1164. Instructions are
included for installing the instrument, using the front-panel
controls and connecting the input and output signals. See
the Remote Programming section for remote operation
infarmation.

INSTALLATION

Rackmounting

Instructions for rackmounting the Type R116 are given
in the Rackmounting foldout pages of Section 11. Fig. 2-1
shows the instrument installed in a cabinet-type rack. After
the slideout tracks have been installed in the rack, the Type
R114 can be removed or re-inserted at any time as described
in the Rackmounting section,

Front Rall
of Rack

Securing

Sacuring o -
N @ resse e
- B
T
“h“-“-

Finishing Washer

10-32 i
Oval Head Screw

Bottom Kep

Serow

(L

Washer

Insert Ball

Fig. 2-1. The Type R11& is secured inte the rack with 4 serews
and washers, assembled as indicated in the inset photo. Remove
these scrows to extend the Type R116 in its slide-out track. (Refer
to the Ffoldout Rackmounting instructions at the rear of this
manual for installing the slide-out trocks.]

Bench Mounting

Four mounting feet are provided for operating the Type
R116 on a test bench or table. Remove the bottom dust
cover from the instrument and install the feet en the dust
cover as shown in Fig. 2-2, then replace the cover on the

Tottom of the instrument. The feet must be removed before

nserting the Type R11& into a rack if there is another instru-
ment or panel immediately below the Type R114.

[y

Fig. 2-2, Mounting each of the four feet for operating the Type
R11& on a test bench or lable,

Cooling

The fan at the rear of the instrument provides forced-air
cooling. A free flow of air in the temperature range from
0°C (32°F) to 50°C (122°F) should be provided for ade-
quate cooling of the Type R114.

Maormally the fan is operated as an intake fan te provide
filtering of the air; however, it can be operated as an
exhaust fan if necessary by reversing the entire fan assembly.
The direction of air flow should be selected to provide the
best cooling, depending on the temperature of the surround-
ing air and on the direction of air flow through adjacent
instruments. In general, all instruments in one rack should
have the same direction of air flow te prevent recirculation
of over-heated air. Some methed of rack ventilation must
be provided for removal or cooling of the heated air.

Selecting Line Voltage

This instrument is designed to operate on either 115 volts
[nominal] or 230 vaolts [nominal] ac rms, depending on the
position of the 115 V-230 V selector switch on the rear panel.
A small screwdriver may be used to operate the switch.
For nominal 115-wvolt operation (94.5 volts to 137.5 valts),
set the switch to the upper (115V) position (see Fig. 2-3).
For nominal 230-volt operation (189 volts to 275 valts), set
the switch to the lower (230V] position.
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Fig. 2-3. Front- and rear-ponel controls and connectors on the Type R11&.




CONTROLS AND CONNECTORS

All controls and connectors required for the normal opera-
tion of the Type R116 are located on the front and rear
panels of the instrument (see Fig. 2-3). To use the instrument
effectively, the operator should become familiar with the
function and use of each of these controls and connectors.
These functions are described briefly in the following table
and in more detail later in this section.

MODE Selects operating mode of instrument to

Switch produce different types of output pulse
signals, or permits mode to be selected
remotely.

SINGLE—Sequence of single equally-
spaced pulses with no adjustable delay
following +Pretrigger Out pulses.

DLY'D SINGLE—Sequence of single equal-
ly-spaced pulses with start of each pulse
delayed by adjustable delay interval fol-
lowing +Pretrigger Out pulse. Delay
interval is set by DELAY OR BURST TIME
controls.

DOUBLE—Sequence of double pulses con-
sisting essentially of a combination of
Single and Delayed Single pulses. Lead-
ing edges of pulses in pair separated by
adjustable delay interval.

BURST—Bursts of output pulses for dura-
tion of interval set by DELAY OR BURST
TIME controls. External triggering pulse
applied through 4+TRIGGER INPUT con-
nector or manual trigger pulse from TRIG
button is required to start each burst
(TRIGGER SOURCE switch may be in any
position).

GATED QUTPUT—-Bursts of output pulses
for duration of interval set by external
gate signal applied through +GATE IN
(FOR GATED OUTPUT) connector.

REMOTE PROGRAM—Remote logic infor-
mation applied through rear-panel
REMOTE PROGRAM connector provides
selection of operating mode.

TRIGGER Selects triggering source either from inter-
SOURCE nal signal, external signal or manual trig-
Switch ger {in Single, Diy'd Single or Double

mode), or permits trigger source to be
selected remotely. TRIGGER SOURCE
switch is held functionally at EXTERNAL
OR MANUAL in Buyrst mode and at INTER-
NAL in Gated Output mode.

INTERNAL—Free-running internal period
generator provides triggering of output
pulses.

REMOTE PROGRAM—External logic infor-
mation applied through REMOTE PRO-
GRAM connector provides selection of
trigger source.

Manual
TRIG
Button

PERIOD RANGE
Switch and
MULTIPLIER
Control

DELAY OR
BURST TIME
RANGE Switch
and
MULTIPLIER
Control

WIDTH RANGE
Switch and
MULTIPLIER
Control

Operating Instructions—Type R116

EXTERNAL OR MANUAL—External trig-
gering signal applied through +TRIGGER
INPUT connector, or pulse from manual
TRIG button, provides triggering of output
pulses.

Provides single pulse or pair of pulses in
Single, Double or Dly'd Single mode with
TRIGGER SOURCE switch set to EXTERNAL
OR MANUAL. Provides single burst in
Burst mode (regardless of setting of TRIG-
GER SOURCE switch). Press button for
manual trigger; release to re-arm.

Select length of time interval between start
of one cycle of output pulse {or double
pulse) and start of next cycle, or permit
remote selection of period interval. Period
is continuously variable and calibrated
from 100 ns through 11 ms in 5 decade
ranges. MULTIPLIER control provides X1
through X11 multiplication of range se-
lected by PERIOD RANGE control. (In
Single, Dly'd Single and Double modes,
pulse period is determined by external
triggering signal when TRIGGER SOURCE
switch is set to EXTERNAL OR MANUAL,)
When PERIOD RANGE switch is set to
REMOTE, period range and multiplication
factor are determined by remote logic and
analog infomation.

Select length of delay interval between
+Pretrigger Out pulse and start  of
delayed output pulse [or second pulse
Double waveform) or permit remote selec-
tion of delay interval. Also determine
duration of burst time and time interval
between +Pretrigger Out and +Delayed
Trigger Out pulses. Delay interval is
continuously variable and calibrated from
50 ns through 550 us in 4 decade ranges.
MULTIPLIER control provides X5 through
X 55 multiplication of range selected by
DELAY OR BURST TIME RANGE switch.
When set to REMOTE, delay or burst time
range and multiplication factor are deter-
mined by remote logic and analog
information.

Select width of output pulses, or permit
remote selection of pulse width. Width is
continuously variable from 50 ns through
550 ps in 4 decade ranges. MULTIPLIER
control provides X5 through X55 multi-
plication of range selected by WIDTH
RANGE switch. Width calibration applies
only when risetime and falltime are at a
minimum. When risetime and falltime are
longer than minimum but are equal to
each other, width dial reading is approxi-
mately correct. See Selecting Output Pulse
Characteristics later in this section for
other conditions. When WIDTH RANGE
switch is set to REMOTE, width range and
multiplication factor are determined by
remote logic and analog information.

2-3
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AMPLITUDE
RANGE Switch
and
MULTIPLIER
Control

POLARITY
Switch

PROGRAM
Switch

DC OFFSET
Control

RISETIME
FALLTIME
RANGE
Switch

RISETIME
MULT
Control

FALLTIME
MULT
Control

+TRIGGER
INPUT
Connector

+PRETRIGGER
ouT
Connector

Select amplitude of output pulses, or per-
mit remote selection of pulse amplitude.
Amplitude is continuously variable and
calibrated (into @ 50 Q load) from =400
mV through =10 volts in 3 ranges. MUL-
TIPLIER control provides X2 through >{10
multiplication of amplitude range selected
by RANGE switch: 400mV to 2 volts
in .2V range; 1 to 5 volts in .5V range
and 2 to 10 volts in 1V range. When
set to REMOTE, amplitude range and mul-
tiplication factor are determined by
remote logic and analog information.

Selects either positive-going (+) or nega-
tive-going {—) output pulses, or permits
remote selection of polarity. When set
to REMOTE PROGRAM, polarity of oulput
pulses is determined by remote logic
information.

Selects either internal or remote control of
offset, risetime and falltime of oulput
pulses. When set to INT position, front-
panel controls determine these pulse char-
acteristics; when set to REMOTE, the char-
acteristics are determined by remote logic
and analog information.

Adjusts dc voltage level of output pulse
baseline over range set by AMPLITUDE
RANGE switch: —1 to 41 volt on 2V
amplitude range; —2.5 to +2.5 volts on
.5V amplitude range; —5 to 45 volts
on 1V amplitude range.

Selects operating range of risetime and
falltime controls. Switch setting must be
multiplied by AMPLITUDE MULTIPLIER and
RISETIME MULT or FALLTIME MULT con-
trol settings. Ratio of risetime to falltme
can be varied from 1:11 to 11:1.1

Adjusts risetime multiplication factor fiom
X1 to X11 over range set by RISETIME
FALLTIME RANGE switch and AMPLITUDE
MULTIPLIER control.

Adjusts falltime multiplication factor from
X1 to X11 over range set by RISETIME
FALLTIME RANGE switch and AMPLITUDE
MULTIPLIER control.

Permits application of external +2 to
+20-volt dc-coupled signal for triggering
output pulses in Single, Dly’d Single «and
Double modes with TRIGGER SOURCE
switch set to EXTERNAL OR MANUAL.
Permits application of signal for triggering
burst in Burst mode (regardless of seting
of TRIGGER SOURCE switch). Input im-
pedance is approximately 60 kQ.

Provides approximate +2-volt trigger
pulse output into 1 kQ load approximately
30ns [or more} before leading edge of
each output pulse {or double pair) for

‘Risetime-falltime ratio can be extended at a sacrifice of linearity
by using remote operation of risetime and/or falltime multipliers.

24

+DELAYED
TRIGGER OUT

Connector

+GATE IN
(FOR GATED
OUTPUT)
Connector

PULSE OUTPUT
Connector

POWER
Switch

Power Indicator
Light

Fuses

115V-230V
Selector

Switch {on
rear panel)

REMOTE
PROGRAM
Connector
J10 {on rear
panel)

Power Plug
J401 (on rear
panel)

triggering external equipment such as
display oscilloscope. Time interval between
+Pretrigger pulse and output pulse is
offected by selected output pulse rise-
time.

Provides approximate 4-2-volt trigger
pulse output into 1kQ load a selected
interval of time (delay time) following
+Pretrigger Out pulse and approximately
30ns {or more) before leading edge of
deloyed output pulse. Time interval
between +Pretrigger Out and +Delayed
Trigger Out pulses is set by DELAY OR
BURST TIME controls. Time interval
between +Delayed Trigger Out pulse
and delayed output pulse is affected by
selected output pulse risetime.

Permits application of external +2 to
+10-volt dc-coupled gate signal for deter-
mining time interval of output pulse bursts
in Gated Output mode. Output pulse burst
starts approximately 100 ns after gate
exceeds -+2-volt level (above chassis
ground) and continues until approximately
100 ns after gate drops below +2-volt
level. Input impedance is approximately
1kQ.

Provides dc-coupled output pulse signal of
from +400mV to =10 volts as set by
AMPLITUDE RANGE switch and MULTI-
PLIER control, when applied to a 50Q
load.

Applies power to transformer for opera-
tion of instrument with switch set to
upward position; disconnects power in
downward position.

Indicates when power is applied to power
transformer primary.

Limit current through power transformer
primary for protection of instrument.
Fuse(s) selected for correct operating range
by 115V-230V selector switch: two fuses
for nominal 115-volt operation; one fuse
for nominal 230-volt operation.

Selects either nominal 115-volt or 230-volt
operation of instrument, as indicated by
rear-panel marking: upward for 115 volts;
downward for 230 volts. Also selects
correct fuse arrangement for selected oper-
ating voltage.

Permits application of remote logic and
analog information for remote program-
ming of instrument. Provides chassis
ground connection for remote switch logic
and all necessary power supply voltages
for remote analog functions. See Remote
Programming section of this manual for
required connections.

Permits application of line power to instru-
ment power transformer.



FIRST-TIME OPERATION

The Type R116 is ready to be installed and operated
when received. The following procedure illustrates the use
of the front-panel controls in the various pulse modes to
familiarize the operator with the instrument. This procedure
may also be used at any time to set up the instrument
or to check for an apparent malfunction. Since remote oper-
ation of the instrument merely duplicates front-panel opera-
tion, it will not be demonstrated here. Section 3 of this
manua! discusses the special considerations of programming.

1. With the Type R116 installed in a rack or placed on a
test bench, apply power to it and to a 15-MHz (or faster)
test oscilloscope.

2. Allow the instruments to warm up for a few minutes.

3. Install a 50-Q in-line termination on the vertical input
connector of the test oscilloscope.

4. Connect a 50-Q coaxial cable from the Type RI116
PULSE OUTPUT connector to the termination on the test
oscilloscope input.

5. Set the instrument controls as follows:

Type R116
MODE SINGLE
TRIGGER SOURCE INTERNAL
PERIOD RANGE 10 pS
MULTIPLIER 1
DELAY OR BURST TIME
RANGE 1 uS
MULTIPLIER 10
WIDTH RANGE 1uS
MULTIPLIER 5
AMPLITUDE RANGE 1V
MULTIPLIER 10
POLARITY +
PROGRAM INT
DC OFFSET 0
RISETIME FALLTIME
RANGE 100 nS
RISETIME MULT 1
FALLTIME MULT 1
Test Oscilloscope
Sweep Rate 10 ps/em
Vertical Deflection Factor 2 volts/cm
Input Coupling Dc
Triggering Internal +
Amplitude Calibrator Off

1. Adjust the test oscilloscope triggering, crt and position-
ing controls to obtain a stable display of the pulse output
signul, as shown in Fig. 2-4A.

2. Turn the Type R116 PERIOD MULTIPLIER control
throughout its range and note the time interval change

®
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between leading edges of adjacent pulses in the waveform
(see Fig. 2-4B).

3. Set the PERIOD MULTIPLIER control to the 5 position.

4, Turn the WIDTH MULTIPLIER control throughout its
range and observe the change in pulse width (see Fig. 2 4C).
Note that as the pulse width approaches the time interval
between pulses, the waveform changes as the pulse gen-
erator begins to count down,

5. Return the WIDTH MULTIPLIER control to the 5 position.

6. Turn the AMPLITUDE MULTIPLIER control throughout its
range and observe the change in display amplitude.

7. Set the AMPLITUDE MULTIPLIER control to 10.

8. Connect a coaxial cable from the +PRETRIGGER QUT
connector to the External Trigger Input of the test oscillo-
scope.

9. Set the oscilloscope for external triggering.

10. With the oscilloscope Vertical Position control, posi-
tion the baseline of the waveform to the horizontal center-
line of the crt graticule.

11. Set the Type R116 POLARITY switch to —. Since the
oscilloscope is triggered with the +Pretrigger Qut signal,
no re-adjustment of triggering controls is required (see
Fig. 2-4D).

12. Return the POLARITY switch to +.

13. Turn the Type R116 DC OFFSET control throughout
its range and observe the dc positioning capability of the
DC OFFSET control.

14. Set the DC OFFSET control to 0.

15. Center the waveform on the crt screen with the oscillo-
scope Vertical Position Control.

16. Set the RISETIME FALLTIME RANGE switch to 10 nS.
17. Set the oscilloscope sweep rate to 2 us/cm.

18. Turn the RISETIME MULT control clockwise and ob-
serve the change in the pulse rise (see Fig. 2-5A). Note
that the width of the pulse appears to decrease as the
risetime is increased. This effect will be discussed later
under Selecting Output Pulse Characteristics.

19. Set the RISETIME MULT control to the 11 position.

20. Turn the FALLTIME MULT control clockwise and
observe the change in the falling edge of the pulse. Note
that the width of the pulse increases as the falltime is
increased.

21. Set the FALLTIME MULT control to the 11 position.
The pulse width at the 509% amplitude with both controls
at 11 should be approximately the same as the original
width with both controls at 1.

22. Return the RISETIME MULT and FALLTIME MULT con-
trols to the 1 position.

23. Set the RISETIME FALLTIME RANGE switch to 100 nS.

24. Turn the RISETIME MULT control slowly clockwise.
Notice that the pulse disappears as the risetime becomes
as long as the pulse width {see Fig. 2-5B). This demonstrates
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one of the control operations that can produce an apparent
condition of no output signal.

25. Return the RISETIME MULT control to the 1 position.
26. Set the oscilloscope sweep rate to 10 us/cm.
27. Set the MODE switch to DLY'D SINGLE.

28. Turn the DELAY OR BURST TIME MULTIPLIER control
slowly through its range of operation. Note that the wave-
form moves across the crt screen as the delay time changes
between the triggering pulses and the output pulses. Also
note that the waveform changes when the delay time
becomes as great as the time interval between pulses, and
the pulse generator begins to count down.

29. Set the DELAY OR BURST TIME MULTIPLIER control
to the 10 position.

30. Set the MODE switch to DOUBLE and observe that
the displayed waveform now consists of pairs of pulses.

31. Turn the MODE switch between the SINGLE, DLY'D
SINGLE and DOUBLE positions. Note that the left pulse of
each pair is at the position of the undelayed Single pulse
and the right pulse of each pair is at the Dly'd Single pulse
position (see Fig. 2-6).
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Fig. 2-6. Time comparison of output signals in three modes of op-
eration: (A) Single; (B) Dly'd Single; and (C) Double.

32. With the MODE switch at DOUBLE, turn the DELAY
OR BURST TIME MULTIPLIER control slowly through its range
and observe the change in pulse separation. Note that the
second pulse disappears as the delay time is decreased to
minimum, and that the delay generator begins to count
down when the delay time is increased to equal the time
interval between pulses.

33. Return the DELAY OR BURST TIME MULTIPLIER control
to 10.

34. Set the oscilloscope sweep rate to 0.2 ms/cm.

35. Reset the following Type R116 controls:

MODE SINGLE
PERIOD RANGE 100 uS
MULTIPLIER 1

Fig. 2-7. Appearance of 10 us-wide pulse. (A} Triggered inter-
nally by period generator at 100 us period and (B) triggered
externally by =1 kHz calibrator signal.

DELAY OR BURST TIME

RANGE 10 S
WIDTH RANGE 148
MULTIPLIER 10

36. Note the appearance of the internally triggered wave-
form (see Fig. 2-7A).

37. Set the Type R116 TRIGGER SOURCE switch to EX-
TERNAL OR MANUAL.

38. Connect the oscilloscope calibrator waveform (=1
kHz) to the +TRIGGER INPUT connector of the Type R116.

39. Set the calibrator amplitude to 5 volts and note that
the period of the output waveform is now controlled by
the triggering signal from the calibrator (see Fig. 2-7B).

40. Set the MODE switch to the DLY'D SINGLE and
DOUBLE positions. Note that the operation of the pulse
generator is essentially the same, whether it is triggered
from the free-running period generator or from an external
triggering source.

41. Disconnect the +Pretrigger Out cable.

42. Connect the oscilloscope calibrator signal through a
T connector and two coaxial cables to the Type R116
+TRIGGER INPUT and the oscilloscope External Trigger
Input.
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43. Reset the following Type R116 controls:

MODE BURST
TRIGGER SOURCE INTERNAL
PERIOD RANGE 10 uS
DELAY OR BURST TIME

RANGE 10 uS

MULTIPLIER 15
WIDTH RANGE 100 nS

MULTIPLIER 15
RISETIME FALLTIME

RANGE 10nS

44. Note the bursts of output pulses triggered at the
frequency of the amplitude calibrator (Fig. 2-8A).

45. Turn the DELAY OR BURST TIME MULTIPLIER control
and note the change in the burst width.

46. Set the DELAY OR BURST TIME MULTIPLIER control
to 25.

47. Increase the oscilloscope sweep rate to 20 us/cm and
observe the pulse waveform making up the bursts. Charac-
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Fig. 2-8. Output pulse bursts (A} in Burst mode; (B) in Gated
Output mode.
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teristics of the waveform during the burst time are controlled
by the Period, Width, etc. controls in the usual manner.

48. Set the MODE switch to GATED OUTPUT.

49. Disconnect the calibrator signal from the Type R116
+TRIGGER INPUT connector and connect it to the +GATE
IN connector.

50. Reset the oscilloscope sweep rate to 0.2 ms/cm.

51. Note the bursts of output pulses during the + gate
intervals provided by the calibrator waveform. The pulses
within these bursts are controlled by the Period, Width, etc.
controls as in Burst mode.

52. Set the MODE switch to SINGLE. This completes the
demonstration of front-panel controls. The input and output
signal cables may now be disconnected.

PULSE DEFINITIONS

The following pulse terms are defined here and illustrated
in Fig. 2-9 as they are used in this manual with respect to
the Type R116.

Period: The interval of time between corresponding points
on the leading (or trailing) edges of adjacent pulses or pairs
of pulses.

Risetime (T.): The time interval required for the amplitude
to move from the 10% level to the 90% level on the leading
edge of a pulse.

Falltime (T.): The time interval required for the amplitude
to move from the 90% level to the 10% level on the trail-
ing edge of a pulse.

Width: The time interval between the 50% amplitude
level on the leading edge of a pulse and the 50% level on
the trailing edge.

Delay Time: The duration of the time interval between the
start of the undelayed output pulse and the start of the
delayed output pulse, or between the +Pretrigger Out pulse
and the +Delayed Trigger Out pulse.

Burst Time: The time duration of a burst of pulses.

Amplitude: The voltage displacement between the pulse
baseline and the maximum excursion of the pulse (excluding
overshoot).

Polarity: The direction of the initial pulse excursion from
the baseline, either positive-going (+) or negative-going
(=)

Overshoot: The extent of pulse rise above the normal
pulse amplitude and pulse fall below the baseline.

Rounding or Undershoot: The amount of the pulse rise
that is rounded off at the end of the rise (relative to the
normal amplitude) or of the pulse fall that is rounded off
at the end of the fall.

Aberrations: Deviations from an ideal square-cornerer
pulse shape, often appearing as short-duration irregularities
following the pulse rise and fall.
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Tilt or Droop: The amount of change in pulse amplitude
between the end of the pulse rise and the start of the pulse
fall.

SELECTING OUTPUT PULSE CHARACTERISTICS

Since there are many possible combinations of control
seftings that will produce no Pulse Output signal, the follow-
ing points should be kept in mind whenever setting up the
pulse characteristics:

1. The pulse risetime must be less than the pulse width.

2. The falltime must be less than the interval between
pulses (period minus width).

3. The pulse width must be at least 50ns less than the
period.

4. The delay time must be less than the period, but at
least 50 ns longer than the pulse width.

When setting the controls while monitoring the output
pulse with a test oscilloscope, it is often helpful to set the
riseime and falltime controls to minimum until the other
pulse characteristics have been established. This eleminates
the problem of having no output pulse as a result of a slow
risetime and/or falltime.

Mode

Five different operating modes are available with the
Type R116, each one providing a different type of output
pulse signal:

Single—A sequence of single equally-spaced pulses.

Dly'd Single—A sequence of single equally-spaced pulses,
each pulse occurring after a delay interval following the
pretrigger pulse.

Double—A sequence of double pulses, essentially a com-
bination of the Single and Dly'd Single pulse signals.

Burst—A sequence of pulse bursts, with each burst initiated
by an external or manual triggering pulse and lasting for a
duration set by the delay or burst time controls. Character-
istics of each pulse within the burst are set by other controls.

Gated Output—A sequence of pulse bursts determined by
an external -+ gate signal.

When the MODE switch is set to the REMOTE PROGRAM
position, the operating mode is determined by remote logic
information received through the rear-panel REMOTE PRO-
GRAM connector.

Period

The period between output pulses is determined either by
an internal free-running period generator or by an external
or manual triggering signal.

When operated internally in Single, Dly’'d Single or
Double mode with the TRIGGER SOURCE switch set to
INTERNAL, the pulse period is selected by means of the
PERIOD RANGE switch and MULTIPLIER control. The period
is continuously variable and calibrated from 100 ns to 11 ms
in five ranges. The MULTIPLIER control provides X1 to X1
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multiplication of the PERIOD RANGE switch setting, with
calibrated dial readings within 3% (5% on the 100 ns range}.
In Burst or Gated Output modes, the period of the pulse
signal during each burst is also set by the PERIOD RANGE
switch and MULTIPLIER control.

Example: If the PERIOD RANGE switch is set to 1 uS and
the MULTIPLIER control is set to 5.5, the pulse period is
5.5 us (providing the width controls are set to be less than
the pulse period).

Since the pulse period is the reciprocal of its frequency,
any pulse frequency from 91 Hz to 10 MHz can be obtained
by calculating the period of the signal and sefting the
period controls for that frequency.

With the TRIGGER SOURCE switch set to EXTERNAL OR
MANUAL (in Single, Dly'd Single or Double mode), the
period is set by the period of an external triggering signal
applied through the ++TRIGGER INPUT connector. Single
pulses (or pairs) may also be obtained by means of the
manual TRIG button.

When the PERIOD RANGE switch is set to REMOTE posi-
tion, the period range and multiplication factor are deter-
mined by remote logic and analog information applied
through the REMOTE PROGRAM connector.

Risetime and Falltime

The risetime and falltime of the output pulses are deter-
mined by the settings of the RISETIME FALLTIME RANGE
switch, the RISETIME MULT or FALLTIME MULT control and
the AMPLITUDE MULTIPLIER control. The reason the ampli-
tude must be considered is that the Type R116 output pulse
has an essentially linearly rising leading edge and linearly
falling trailing edge; thus, the risetime and falltime are
affected by the amplitude to which the pulse is allowed to
rise.

Risetime and falltime are continuously variable and cali-
brated (at maximum AMPLITUDE MULTIPLIER setting) from
10ns to 110 ps in four ranges. Within each of these ranges,
the risetime and falltime are independently variable from
X1 to X11 multiplication, with risetime-falltime ratios from
1:11 to 11:1. Calibration of the switch and dial readings is
within 59% (10% on the 1nS range).

Example: If the RISETIME FALLTIME RANGE switch is set
to 100nS, the RISETIME MULT control set to 2, the FALL-
TIME MULT control set to 4 and the AMPLITUDE MULTI-
PLIER control set to 5, the pulse risetime will be 100nS
X 2 X 5 equals 1 us and the falltime will be 100 ns X4
X 5 equals 2 ps.

When the PROGRAM switch is set to REMOTE position,
the risetime-falltime range is determined by remote logic
information and the risetime and falltime multiplication
factors are determined by remote analog information
received through the REMOTE PROGRAM connector.

Width

The output pulse width is determined primarily by the
settings of the WIDTH RANGE and MULTIPLIER controls, but
is affected in some cases by the risetime, the falltime an
the pulse amplitude. Calibration of the width controls applies
only when the risetime and falltime are set for minimum;
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but if the risetime and falltime are equal, the width
reading is still approximately correct.

Example: With the RISETIME FALLTIME RANGE switch
set to 1nS and the RISETIME MULT and FALLTIME MULT
controls set to 1, if the WIDTH RANGE switch is at 100 nS
and the WIDTH MULTIPLIER is at 30, the pulse width at
the 50% level is 3 us.

If the risetime and falltime are not equal, the puise width
may be quite different from the width reading. Each
pulse is produced by a linear rise following a triggering
event, then a linear fall after a specific time interval (width
gate). Thus, the pulse width is decreased if only the risetime
is lengthened, and is increased if only the falitime is length-
ened. This effect is emphasized slightly by an apparent time
shift of the more slowly rising or falling edge (see Fig. 2-10),
as a result of the increased amount of time required for the
slower rise or fall to overcome the amplitude clamp. In
addition, with unequal rates of rise and fall, the amplitude
of the pulse will also affect the width.

The easiest way of setting a precise pulse width when the
risetime and falltime are not minimum and the AMPLITUDE
MULTIPLIER control is not at maximum, is by displaying the
output pulse on a test oscilloscope and adjusting the controls
for the desired characteristics. However, to set up the width
controls (or remote program values) without the use of an
oscilloscope, purely numerical calculations can be used to
establish the approximate settings (£10%-20%), as follows:

If the risetime is longer than the falltime, the pulse width
(with the AMPLITUDE MULTIPLIER at 10) is decreased by an
amount approximately equal to Y, the difference between
the risetime and the falltime.

If the risetime is shorter than the falltime, the pulse width
{with the AMPLITUDE MULTIPLIER at 10) is increased by an
amount approximately equal to Y, the difference between
the risetime and the falltime.

if the AMPLITUDE MULTIPLIER control is to be set to a
position less than 10 and the risetime and falltime are not
equal, the pulse width at the 50% level is changed by an
additional amount, approximately equal to Y, the difference
between the risetime and the falltime, times Vs the difference
between 10 and the desired AMPLITUDE MULTIPLIER setting.
This change is in addition to the decrease or increase just
mentioned. If the risetime is longer than the falltime, the
additional change is:

Width increase = ', (T.—T) X Y (10— AMPLITUDE
MULT)

If the risetime is shorter than the falltime, the additional
change is:

Width decrease — Y, (Ti—T.) X % {10 — AMPLITUDE
MULT)

When the WIDTH RANGE switch is set to REMOTE posi-
tion, the width range and multiplication factor are deter-

mined by remote logic and analog information received
through the rear-panel REMOTE PROGRAM connector.

Amplitude

Pulse amplitude is determined by the settings of the
AMPLITUDE RANGE switch and MULTIPLIER control. The
amplitude into 50 Q is continuously variable and calibrated
from 400mVY to 10 volts in three ranges. The calibration
does not apply if the impedance of the output load is other

®
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than 50 Q.2 The MULTIPLIER control provides X2 to <10
multiplication of the PERIOD RANGE switch setting, with
calibrated dial readings within 39%.

Example: If the AMPLITUDE RANGE switch is set to 5V
and the MULTIPLIER control is set to 4, the pulse amplitude
is 2 volts.

When the AMPLITUDE RANGE switch is set to the
REMOTE position, the amplitude range and multiplication
factor are determined by remote logic and analog informa-
tion applied through the REMOTE PROGRAM connector.

Delay or Burst Time

The DELAY OR BURST TIME RANGE switch and MULTI-
PLIER control set the delay time (see Fig. 2-9) or the burst
time, depending on the mode of operation, as follows:

In Double mode, these controls adjust the delay time
between the start of the undelayed output pulse and the start
of the delayed output pulse.

In Dly’d Single mode, these controls adjust the delay time
before the start of the delayed output pulse, corresponding
to the time of the delayed pulse in Double mode.

In Single, Dly'd Single and Double modes, these controls
adjust the approximate delay time between the +Pretrigger
Out pulse and the +Delayed Trigger Out pulse.

In Burst mode, the controls adjust the duration of the
burst of output pulses, following an externally-applied
trigger pulse.

The delay or burst time is continvously variable and cali-
brated from 50ns to 550 us in 4 ranges. The MULTIPLIER
control provides X5 to X55 multiplication of the DELAY
OR BURST TIME RANGE switch setting, with calibrated
dial readings within 3%.

Example 1: With the MODE switch set to DOUBLE, if the
DELAY OR BURST TIME RANGE switch is set to 100 nS and
the MULTIPLIER control is set to 10, the time interval between
corresponding points on the two pulses of each pair is 1 pus.

Example 2: With the MODE switch set to BURST, if the
DELAY OR BURST TIME RANGE switch is set to 100 nS «nd
the MULTIPLIER control is set to 10, the time duration of the
burst will be approximately 1 us and the number of output
pulses within the burst will be determined by the setting of
the period controls.

In Gated Output mode, the duration of the output burst
is not determined by the DELAY OR BURST TIME controls,
but rather by the width of an external + gate signal applied
through the +GATE IN connector. The width of the + gate
signal is measured at the +2-volt level.

When the DELAY OR BURST TIME RANGE switch is set
to REMOTE position, the delay or burst time range and
multiplication factor are determined by remote logic and
analog information applied through the REMOTE PROGRAM
connector.

Pulse output current is from 40 mA to 200 mA on the 1V ampli-
tude range (proportionately less on other ranges) regardless of
the load impedance, as long as the output amplitude is no greater
than *10 volts.

212

Polarity

Selection of the output pulse polarity is made by means
of the POLARITY switch. When set to the 4+ position, the
first excursion of each output pulse is positive-going from
the baseline. When set to the — position, the first excur-
sion is negative-going.

When the POLARITY switch is set to the REMOTE PRO-
GRAM position, logic information applied through the rear-
panel REMOTE PROGRAM connector determines the polarity
of the output pulses.

DC Offset

The DC OFFSET control provides dc positioning of the
pulse baseline up to =5 volts (in the 1V amplitude range).
The dial reading of the DC OFFSET control must be multi-
plied by the setting of the AMPLITUDE RANGE switch to
obtain the dc baseline offset added to the output pulse
signal. That is, when the AMPLITUDE RANGE switch is in
the .2V position, the range of the DC OFFSET control is
from —1 volt to +1 volt; when the switch is in the .5V
position, the offset range is from —2.5 volts to +2.5 volts,
and when the switch is in the 1V position, the dc offset
range is from —5 volts to +5 volts. Accuracy of the DC
OFFSET control calibration is within 150 mV of the switch
and dial readings, and within 50 mV at the 0 position of
the control. This calibration applies only when the output
load is 50 Q.3

Through use of the DC OFFSET control, the output pulse
can be positioned with respect to voltage on a dc-coupled
oscilloscope or other display device, or the dc level of the
pulse signal can be made positive or negative with respect
to ground for application to a test device.

When the PROGRAM switch is set to the REMOTE posi-
tion, the dc offset function is provided by remote analog
information applied through the REMOTE PROGRAM
connector.

OPERATION WITH AN OSCILLOSCOPE

One of the primary uses of the Type R116 is in conjunc-
tion with an oscilloscope when testing an external device.
In the usual application, the +Pretrigger Out signal from
the Type R116 triggers the sweep of the oscilloscope while
the Pulse Output signal from the Type R116 is applied to
some test device. The output signal from the test device is
then connected to the oscilloscope vertical input where the
waveform is monitored. Fig. 2-11 shows the connections
between the Type R116 and the other equipment.

In some cases, it may be desirable to use internal trigger-
ing of the test oscilloscope, but often external triggering is
preferred to assure that the oscilluscope sweep is started
before the signal arrives from the test device. The external
trigger also provides the convenience of a constant-ampli-
tude triggering signal that eliminates the need for readjust-
ing the triggering controls, and provides a time reference
for making time-relation measurements between signals at
various points within the test device.

*Offset current is from O to =100 mA on the 1V amplitude range
(proportionately less on lower ranges) regardiess of the load

impedance, as long as the offset voltage is no greater than *5
volts,
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Type R116 Output Pulse

50-Q Coaxial
Cable

G

Device
Under
Test

Coaxial Cable

+ Pretrigger

o (]
° of External
Trigger
0000 Input
Signal
Vertical
Probe Input

Fig. 2-11. Normal test setup using the < Pretrigger Out pulse for triggering the display oscilloscope.

TRIGGERING

The Type R116 can be triggered either internally, exter-
nally or manually, depending on the particular mode of
operation and on the setting of the TRIGGER SOURCE
switch. In addition, the Type R116 can trigger external
equipment using either the -Pretrigger Out pulse or the
+Delayed Trigger Out pulse.

Triggering the Type R116

In Single, Dly'd Single and Double modes, when the
TRIGGER SOURCE switch is set to INTERNAL, triggering of
the output pulses is done by a free-running period generator
within the Type R116. Repetition rates available with internal
triggering are from approximately 90Hz to 10 MHz (100 ns
to 11 ms period). In these modes, when the TRIGGER
SOURCE switch is set to EXTERNAL OR MANUAL position,
triggering is provided by an external signal applied through
the front-panel +TRIGGER INPUT connector or by a manual
trigger pulse from the manual TRIG button. With external
triggering, repetition rates from dc to 10 MHz (100 ns period)
can be obtained.

In Burst mode, triggering of the bursts is accomplished
by an external signal applied through the +TRIGGER INPUT
connector, but the internal free-running period generator
still determines the triggering of each of the pulses within
the bursts. If the duration of the burst is longer than the
time between trigger pulses, each burst occurs following
the first trigger after the end of the preceding burst.

In Gated Output mode, each burst is started and ended
by the gating signal, but the triggering of each pulse within
the gated burst is determined by the internal period genera-
tor as in Burst mode.

<+ TRIGGER INPUT. A +2 to +20-volt signal is required
o externally trigger the operation of the pulse generator.
(f the triggering signal has a dc component that prevents it
from passing through the +2-volt level, a coupling capacitor
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must be used. The time constant of the coupling should be
quite fast if the full repetition rate of the instrument is to be
used. Input impedance of the 4+TRIGGER INPUT is 1kQ
or more.

The external signal may be applied to the +TRIGGER
INPUT through a 50-Q coaxial cable and attenuators as nec-
essary to bring the amplitude into the 2 to 20-volt range. For
some applications, a trigger probe can be connected directly
to the +TRIGGER INPUT connector and the probe tip con-
nected to a desired triggering source. A 1X probe should
be used for triggering signals from 2 volts to 20 volts and
a 10X probe for signals from 20 volts to 200 volts in ampli-
tude. For best results, the 10X probe should be compen-
sated after installation. (This may be done by connecting
the probe tip to a 20-volt square-wave source and adjusting
the probe compensation while monitoring the signal with
another probe connected just inside the +TRIGGER INPUT
connector.)

4+ GATE IN. With the MODE switch set to GATED OUT-
PUT position, an input + gate signal applied to the +GATE
IN connector provides gated bursts of output pulses. Ampli-
tude of the input signal may be from +2 to 410 volts.
Each burst begins approximately 100 ns after the gate signal
exceeds the +2-volt level and stops approximately the
same length of time after the gate returns below +2 volts.

The input signal should be applied through a 50-Q coaxial
cable, but a patch cord may be used if necessary. Since
the input is dc coupled, any signal with an associated dc
voltage will have to be applied through a coupling capaci-
tor. The time constant of the coupling must be long enough
to keep the level above +2 volts for the duration of the
gate. Input impedance of the +GATE IN is 1 kQ or more.

Manval Triggering. In Single, Dly’d Single and Double
modes, when the TRIGGER SOURCE switch is set to EXTER-
NAL OR MANUAL position and no external signal is applied
to the +TRIGGER INPUT, a single output pulse (or pair of
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pulses) may be obtained by pressing the manual TRIG
button. In Burst mode, a single burst of output pulses is
obtained when the manual TRIG button is pressed, with no
external signal applied. For Burst mode, the TRIGGER
SOURCE switch is not operational and may be in any
position.

Remote Operation. When the TRIGGER SOURCE switch
is set to REMOTE PROGRAM, selection of the trigger source
is provided by remote logic information applied through the
rear-panel REMOTE PROGRAM connector. Remote trigger
selection in the various modes is the same as for front-panel
operation. For example, the external triggering signal is
still applied through the front-pane!l 4TRIGGER INPUT
connector.

Triggering External Equipment

Either the 4 Pretrigger Out pulse or the +Delayed Trigger
Out pulse may be used to trigger a test oscilloscope or
other external device. When the +pretrigger is used, the
oscilloscope sweep is time-referenced to the start of the
undelayed output pulse. In Dly'd Single mode, for example,
when the oscilloscope display is triggered by the +Pretrig-
ger Out signal, the delayed pulse will move across the crt
screen as the DELAY OR BURST TIME MULTIPLIER control is
operated.

If the +Delayed Trigger pulse is used for triggering, the
oscilloscope sweep is time-referenced to the start of the
delayed output pulse, and an undelayed pulse will niove
across the crt display as the DELAY OR BURST TIME MULTI-
PLIER control is turned.

Since the amplitude of each of these trigger outputs is
approximately 2 volts into 1k, it can be connected directly
to the External Trigger Input of a conventional oscilloscope.
Into 50 Q the amplitude is approximately 1 volt, therefore
it should be attenuated approximately 20 times before apply-
ing it to the 50 Q trigger input of a sampling oscilloscope.

+ Pretrigger Out. The +Pretrigger Out signal is a
positive-going pulse which occurs 30 ns or more before the
start of the rise of each non-delayed output pulse in Single
and Double modes, at the beginning of each pulse within a
burst in Burst and Gated Output modes, and at approxi-
mately the delay interval preceding the start of the delayed
output pulse in Dly'd Single mode. The +Pretrigger Out also
precedes the +Delayed Trigger Out by approximately the
delay time selected by the DELAY OR BURST TIME controls.
Amplitude into 1kQ is at least 2 volts and risetime is typi-
cally 10 ns. The +Pretrigger Out serves as a good time-refer-
ence signal for other output signals from the Type R116 and
for internal signals within the instrument. Connect the + Pre-
trigger Out pulse to the External Trigger Input of the oscil-
loscope or other device through a coaxial cable and atten-
vators if necessary.

+ Delayed Trigger Out. The +Delayed Trigger Out
signal is a positive-going pulse occurring 30ns or more
before the start of the rise of each delayed pulse in Dly'd
Single and Double modes and at approximately the delay
time following the +Pretrigger Out pulse in Single, Dly'd
Single and Double modes. In Burst mode, the +Delayed
Trigger Out occurs at the end of each burst. Amplitude of
the +Delayed Trigger Out pulse is at least 2 volts into | k2
and risetime is typically 10 ns.
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The +Delayed Trigger Out signal provides a convenient
time reference for viewing delayed output pulses from the
Type R116 and for time-positioning non-delayed output
pulses on the display oscilloscope crt screen. Connect the
+Delayed Trigger Out signal to the External Trigger Input
of the oscilloscope through a coaxial cable and attenuators
if necessary.

OUTPUT PULSE CONNECTIONS

The PULSE QUTPUT circuit of the Type R116 is designed
to work into a 50-Q load and is calibrated in amplitude only
into 50 Q. Higher impedances will produce higher voltage
amplitudes and greater dc offset, but may also cause reflec-
tions and ringing in the output connecting cables. Lower
impedances will produce lower amplitudes and less offset,
but will not overload the output circuit.

Basic Precautions

Certain precautions should always be observed when con-
necting the PULSE QUTPUT signal to a test device or when
connecting the test device output to a display oscilloscope.

1. Use high-quality coaxial cables and connectors for all
signal connections.

2. Make sure that all connections are tight and that all
connectors are tightly assembled.

3. Keep signal cables as short as possible to preserve the
signal quality.

4. Use attenuators as needed to limit the signal amplitude
into sensitive circuits.

5. Use terminations and impedance-matching devices to
suit the application.

6. Use only attenuators, terminations, etc., that have
power ratings suitable for the 4.5 watts maximum output
from the Type R114. (Power output is determined by offset
current and duty factor of pulse current))

Risetime Considerations

If the output pulse signal from the Type R116 is to be
used for determining the risetime of a test device, the rise-
time of the Type R116 output pulse may have to be taken
intfo consideration.

In general, if the risetime of the test device is at least 10
times as long as the combined risetimes of the Type R116
and the monitoring oscilloscope and cables, the error intro-
duced into the measurement will not be more than about
1%, and therefore can be considered negligible. However,
if the risetime of the test device is less than 10 times as
long as the combined risetime of the testing system, the
observed risetime will not give a true measurement of the
test device. In this case, the risetime of the test device will
have to be determined. from the risetimes of the various
components making up the system.

Normally the overall risetime of the system is equal to
the square root of the sum of the squares of the individua'
risetimes. Thus the risetime of the test device can be deter-
mined if the risetimes of all of the other components are
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known. Since the minimum risetime of the Type R116 is
slightly less than 10 ns, the practical lower limit of risetime
measurements is approximately 10 ns.

Cabling Considerations

The cables that conduct the output pulse to the device
under test should be low-loss 50-Q coaxial cables to assure
that all information contained in the pulse will be delivered
to the test point without distortion. The physical and elec-
trical characteristics of the cable determine the character-
istic impedance, velocity of propagation and nature of signal
loss. Since the signal losses caused by energy dissipation in
the dielectric are proportional to the signal frequency, any
very high frequency information in a fast-rise pulse will be
lost in a very few feet of cable. Therefore it is important to
use cables that are as short as possible.

When making signal-comparison measurements or time-
difference determinations, the two response signals from the
test device should travel through coaxial cables that have
identical loss characteristics and identical time delay.

If there is a dc voltage across the output load, a coupl-
ing capacitor should be used to prevent offset compression
of the output pulse. Be sure the recovery time constant of
the coupling is short enough to prevent signal distortion. If
a coupling capacitor is not used, the output pulse amplitude
will be compressed if the dc voltage is less than =10 volts
and will possibly be shorted out if the voltage present
exceeds =10 volts.

Impedance Matching

To provide a smooth transition between devices of dif-
ferent characteristic impedance, each device must encounter
a total impedance that is equal to its own characteristic
impedance at the input or output point. A simple resistive
impedance-matching network that provides minimum attenua-
tion is illustrated in Fig. 2-12. To match impedances with
the illustrated network, the following conditions must exist:

Rt ZJR must equal Z
Ri + Z5) + R !
ZiR,
and R, + 7.+ &, must equal Z,
Therefore:

RiR; = Z,7Z,; and RZ; = Ry{Z, — Z
or Ry =72, — Z,);

Z

and R2:L Z——Z—
2 1

As an example, to match a 50-Q system to a 125-Q sys-
tem, Z, equals 50 2 and Z; equals 125 Q.

Therefore:

R, ==/125 (125 — 50) = 96.8 ohms

o / 125 o
and R, = 50 125 — 50 64.6 ohms

When constructing such a device, the environment sur-
rounding the components should also be designed to pro-

®

Operating Instructions—Type R116

E E
7, A R 2z,
—_— ? A %)9 -~
- R2 =
- z, <z,

To match impedances:

Ry R, = Zy Zp and Ry Z, = Ry (25 - Z,)
1 "2 1 £2 L I | 2 '*2 1

Z,
or Ry =T @ — Z;) and R, = 7,/ 2
2 —Z)

Fig. 2-12. Simple impedance-matching network providing minimum
attenuation.

vide a transition between the impedances. Keep in mind
that the characteristic impedance of a coaxial device is
determined by the ratio between the outside diameter of the
inner conductor and the inside diameter of the outer con-
ductor (Z, — 138 logyy D:1/Dg).

Though the network in Fig. 2-12 provides minimum attenu-
ation for a purely resistive impedance-matching device, the
attenuation as seen from one end does not equal that seen
from the other end. A signal applied from the lower
impedance source (E;} encounters a voltage attenuation (A4}
which is greater than 1 and less than 2, as follows:

E, Ry

Ay B T 7, + 1

A signal applied from the higher impedance source (Z.)
encounters a greater voltage attenuation [(A,} which is
greater than 1 and less than 2 Z,/Z;:

E. R R,
A, E, R, + 7, + 1
In the example of matching 50 to 125 Q,
968 _
A = 125 + 1 =177
_ 968 96.8 o
and A; = 0+ 5 1 = 4.44

The illustrated network can be modified to provide dif-
ferent attenuation ratios by adding another resistor (less
than R;) between Z; and the junction of Ry and R..

CONTROL SETUP CHART

Fig. 2-13 shows the front- and rear-panel controls and con-
nectors of the Type R116. This chart may be reproduced
and used as a test-setup record for special measurements,
applications or procedures, or may be used as a training aid
for familiarization with the Type R116.
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Fig. 2-13. Control setup chart for the Type R116.




SECTION 3
REMOTE PROGRAMMING

Introduction

General principles of external programming with the
Type R116 are discussed in this section. Since each program-
ming system will depend on the particular application of the
instrument, the information presented here should be used
only as a system guide.

General Information

The Type R116 is designed to be used either as part of a
program system or as an independent instrument. All front-
panel operations can be remotely programmed by informa-
tion received through the 3é-terminal Remote Program con-
nector on the rear panel. Schematic No. 10 shows the con-
nections to the Remote Program connector (J10). Since all
front-panel switches are independent of other switches, any
combination of front-panel operation and remote operation
can be used. Any characteristic that does not need to be
changed during the program can be set with the front-panel
control and left at that preset value. Unnecessary program
connections can be avoided by programming only the func-
tions that need to be changed. Very few applications will
require all functions to be remotely programmed.

The Type R116 can be programmed by means of auxiliary
srogram cards in the Tektronix Type 262 Remote Program-
mer or by other external programming devices. When it is
automatically sequenced, the Type R116 is able to operate
up to a rate of approximately 25 programs per second.

Front-panel switch functions are programmed by means
of contact closures to ground, and front-panel variable func-
tions are programmed by analog resistance connected
through the rear-panel REMOTE PROGRAM connector.
Whenever one of the Range switches is set to the REMOTE
position, both the range and the multiplier must be con-
trolled remotely. If completely digital remote operation is
desired, the analog information required for programming
the variable controls must be supplied by a digital-to-analog
converter. A simple type of converter that may be used for
this purpose is described later in this section.

PROGRAMMING SWITCH FUNCTIONS

For each switch function that is to be programmed, one or
more program lines are required from the Type R116 to the
programming unit. One program line is needed for each
mode or range to be programmed; thus a total of 21 pro-
gram lines must be used if all front-panel switch functions
are to be programmed (see Table 3-1). In addition, a cur-
rent-return path is required from the programmer to the
Type R116 chassis ground (connected through terminal #36
of the Remote Program connector). In some cases, diode
switching may be designed into the programmer to reduce
the number of contact closures required. The program lines
nay be connected with insulated #22 stranded copper wire
and the return lead to ground may be insulated #18
stranded copper wire.
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A contact closure to ground or a dc voltage level within
0.8 volt of ground constitutes a logical 1, and an open
circuit of the program line or a dc voltage level of from
+12 to +20 volts above ground constitutes a logical 0.
For each group of program lines associated with a single
switch, only one logical 1 is permissible. Each group may
have 0's on all program lines or a 1 on one line and 0's
on all other lines, but may not have 1 on more than one
line. Table 3-1 gives the necessary logic information
required to program the switch operations. Since each of the
switch program lines connects into the Type R116 through
a buffer amplifier, less than 1 mA of current is required for
a logical 1.

PROGRAMMING ANALOG FUNCTIONS

Each front-panel variable (multiplier) control operation
that is to be programmed requires one program resistance
connected between an analog program line and a dec volt-
age supplied by the Type R116 through the REMOTE PRO-
GRAM connector. The program resistors may be j-watt
resistors with the tolerance selected on the basis of the
desired multiplier accuracy. A total of 7 variable functions
can be remotely programmed by means of analog resist-
ances, requiring a total of 7 program lines and 4 power
supply leads. Each of the program lines and power supply
leads may be connected with insulated # 22 stranded copper
wire. Table 3-2 gives the REMOTE PROGRAM terminal con-
nections for the analog functions.

Determination of Resistance Values

Conversion graphs and formulas for each of the analog
functions are given in Fig. 3-1. These graphs and formulas
provide quick determination of the remote resistance required
for a desired multiplication factor. Approximate resistance
values can be read directly from the graphs and more pre-
cise values can be calculated from the resistance formulas.
Each resistance bears a linear relationship to the correspond-
ing multiplication factor.

Determination of Multiplication Factors

Due to the interdependence of several pulse characteris-
tics (amplitude, risetime, falltime and width), it is some-
times difficult to determine exactly what multiplication fac-
tors are required to produce a desired display. An easy
way to determine the required multiplication factors is by
setting up the display through the use of front-panel controls
and reading the multiplication factors from the calibrated
dial settings. The numerical values thus obtained can then
be used to calculate the remote program resistor values
from the graphs or formulas.

Simple Digital to Analog Converter

Relay-operated networks of series resistors may be used
to convert the programming of the Type R116 to completely
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TABLE 3-1

Switch and Range Operations

Switch Desired Logic Digital Information Through
Operation REMOTE PROGRAM Connector (J10)
PERIOD #5 #6 #7 #8 .
RANGE (1 uS) (10 uS) (100 ) (1 mS) Terminal
100 nS 0 0 0 0
1S ] 0 0 0
10 uS 0 1 0 0 Logic
100 pS 0 0 1 0
1mS 0 0 0 1
#10 #11 #12 .
EoRer " (100nS) (1 S| (10 S) Terminal
TIME 10nS 0 0 0
RANGE 100 nS 1 0 0 Logi
148 0 1 0 egie
10 uS 0 0 1
WIDTH #14 #15 #16 .
RANGE (100 nS) (1 uS) (10 1S} Terminal
10 nS 0 0 0
100 nS 1 0 0 Logic
1uS 0 1 0
10 S 0 0 1
AMPLITUDE #24 #25 :
RANGE (5V) av Terminal
2v 0 0
SV 1 0 Logic
v 0 1
MODE #20 #21 #22 #23 Terminal
(Dly'd Single) {Double) (Burst) (Gated Output)
SINGLE 0 0 0 0
DLYD 1 0 0 0
SINGLE
DOUBLE 0 1 0 0 Logic
BURST 0 0 1 0
GATED 0 0 0 1
OUTPUT
TRIGGER #19
SOURCE (External Terminal
or Manual)
INTERNAL 0
EXTERNAL 1 Logic
OR MANUAL
POLARITY #18 Terminal
(—Polarity) ermina
i (]) Logic
RISETIME #28 #29 #30 Terminal
FALLTIME (10 nS) (100 nS} (1 pS) erming
RANGE 1nS 0 0 0
10nS 1 0 0 .
100 nS 0 1 0 Logic
1S 0 0 1

Logical O—Open circuit; Llogical 1-—Contact closure to chassis ground.
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DELAY OR .4 wIDTH

Multiplier
Resistance — 8871 (Multiplier —5)

Multiplier

Resistance — 343 Q@ (Multiplier —1)

PERIOD BURST TIME
16.9
M I 8.87
:-c:; 15 /[15.-! v 7.98
- / 13.5 g 7.09
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8 S
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g 8.45 < . y. ¥
& E y
] 6.76 9 3.54
o 2
5 5.07 < / 2,66
3.38 ﬁ 77
1.69 0.887
0 | 0 1
X1 X3 X5 X7 X9 X1 X5 X115 X 25 X35 X45 X 55
Multiplier Multiplier
Resistance — 1.69 k2 (Multiplier —1) Resistance — 177.4 Q (Multiplier —5)
AMPLITUDE
| Aﬂ.87
8 1
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g o 6.65
5 / 54
K s N4.43
E
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o
g
a 2 / 2.22
1.11
0 |
X2 X4 X6 X8 X110
Multiplier
Resistance — 1.109 kQ (Multiplier —2)
bc orrser WSETME o FALTING
8.87
3 | 3.43
7.9
8 4 - 3.09
7.09 g A
3 .
2 \Lo.zo s 2.40
]
3 .32 g 2 2.06
8 \ 4.43 ~
g , N £ / 1.72
E ‘ﬁ‘ ? 1.37
g 2.66 (S
2 \ 1 1.03
a 2 1.77 — / 0.686
0.887 0.343
(] 4 (] l
X -5 o X +5 X1 X3 X5 X7 X9 Xn

Fig. 3-1. Conversion factors for determining values of external analog program resistors.
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TABLE 3-2
Analog Program Lines to REMOTE PROGRAM Connector

TABLE 3-3

1-2-4-8 Binary Coded Decimal Conversion

Supply -
Program | Type R116 | Voltage Decimal Valuve BCD Value
Analog Terminal Supply Terminal 1 1
Function {J10) Voltage (J10) 2 2
Period Multiplier #9 —6 volts #34: 3 2 and 1
Delay or Burst Time | #13 | —27 volts #3 4 4
Multiplier L 5 4 and 1
Width Multiplier #17 | —27 volts #3 6 4 and 2
Amplitude Multiplier #27 | Signal Ground #1 7 4,2 and 1
DC Offset Control #33 | Signal Ground #IH 8 8
Risetime Multiplier #31 +25 volts #2* 9 8 and 1
Falltime Multiplier #32 | —27 volts #3 10 10
n 10 and 1
NOTE 12 10 and 2
Since the analog program voltages must be refer- 13 10, 2 and 1
enced to the Type R116, the program resistors
must be connected to the power supply voltages 20 20
from the Type R116. External voltage supplies
cannot be used for this purpose. 30 20 and 10
40 40
digital operation. By using a shorting switch across each 50 40 aond 10
resistor, any combination of values in the series can be 60 40 and 20
chosen. One such series is required for each analog func- 70 40, 20 and 10
tion to be programmed. The number of resistors to be used 80 80
is determined by the desired resolution. For example, with 90 80 and 10
8 resistors, as many as 256 increments can be obtained an
between the minimum and maximum multiplication factors of 100 80 and 20

the control.

Various resistance-ratio codes can be used in the digital-
to-analog converter. For any given number of bits (resistors),
maximum resolution is obtained with straight binary code.
There are also several binary coded decimal (BCD) conver-
sion codes that can be used. Table 3-3 gives the conversion
values for the 1-2-4-8 BCD code.

Multiplication factors in X 0.1 steps can be obtained by
selecting resistor values such that the total series resistance
is maximum for the particular function when the code total
is 100. Fig. 3-2 shows a simple digital-to-analog converter
connected for remote selection of multiplication factors with
1% resolution (multiplication factor steps of X 0.1), and
Table 3-4 gives the binary equivalents of the various multi-
plication factors for the converter to show which of the
relays should be activated to obtain any desired multiplica-
tion factor. The amplitude analog network in this converter
is designed with the maximum resistance value for the func-
tion at the 80 code position so that each of the 8 major
divisions (from X2 to X10) can be divided into 10 minor
divisions (see Table 3-4). Most applications will not require
the degree of resolution provided by the illustrated con-
verter nor the degree of accuracy that is implied by the use
of exact resistance values. Since the accuracy of each pro-
grammed function is specified to be within 2% of the front-
panel calibration plus any program resistance error, it is not
practical to use program resistors with closer than 19, toler-
ance unless the instrument is calibrated in Remote Program
mode.

In addition to the required degree of resolution (number
of steps) and accuracy (resistor tolerance}, consideration
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should also be given to the normal state of the converter
when no activating power is applied to the program relays.
In the illustrated converter, the period, delay or burst time,
width, risetime and falltime multipliers are all at minimum
multiplication factors with no relay power applied. This is
accomplished by using all normally-closed relays for zero
resistance. Notice, however, that the amplitude and dc off-
set networks have normally-open relay switches in series to
open the circuits when no power is applied.

This tokes advantage of the Type R116 circuitry that is
designed to provide zero pulse output when the amplitude
analog line is open and zero volts offset (=1 volt) when the
dc offset analog line is open.

If other values of resistance are desired when no relay
power is applied, normally-open relays may be used across
the appropriate resistances. For example, to obtain a pulse
amplitude of 10 volts with no relay power, omit the series
relay switch in the amplitude network and place a normally-
open switch across the resistor in the 80 position of the
network (see Table 3-3). This provides 0.87 kQ (><X10) when
no relay power is applied.

NOTE

If both normally-open and normally-closed relay-
operated switches are used, the relay-actuating
logic circuits (not shown in the illustrated con-
verter} will have to be designed accordingly.
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l NOTE
Resistances are exact values required.
Parellel resistors may be needed in some
places to obtain exact values.
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Fig. 3-2. Simple 1-2-4-8 BCD (Binary Coded Decimal) digital to analog converter with X0.1 multiplier increments and 1% accuracy as de-
scribed in text. Power for relay coils should be provided from extarnal power supply through small series resistors (=270 Q).
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TABLE 3-4
Correlation of multiplication factors and binary equivalents for simple digital to analog converter shown in Fig.
3-2.
PERIOD DELAY OR AMPLITUDE DC OFFSET RISETIME
BURST TIME and
and WIDTH FALLTIME
o o o o o £ b
2 g g e g <8 K2
=5 2 - 2 =5 2 . 2 =5 2 | EZ 22
ST ‘3 =R ‘z =] 5 = E =0 % G5 5
35 & 2.9 & 2.9 & 3.9 < 38 & |88 | &8
X1.0 0Q X5.0 0Q X2.0 0Q X +5.0 0Q X1.0 0Q 0 0
X1.1 169 Q X55 | 887Q X2.1 111 Q X449 | 887Q X1.1 | 343Q 1 1
X12 | 338Q X60 | 177Q X22 | 222qQ X448 | 177 Q X1.2 | 687Q 2 2
X13 507 Q X65 | 266Q X23 | 333Q X447 | 266Q X13 | 103 3 2,1
K14 | 676Q X7.0 | 355Q X24 | 443Q X446 | 355Q X14 | 137Q 4 4
X1.5 845Q X75 | 443Q X25 | 5540 X445 | 443Q X1.5 | 172q 5 4,1
X1.6 | 1.01kQ X80 | 532q X26 | 6650 X444 | 5320 X1.6 | 2069 6 42
X17 | 1.13kQ X85 | 620Q X27 | 776Q X443 | 620Q X1.7 | 240Q 7 42,1
X18 | 1.35kQ X9.0 | 709Q X28 | 887Q X442 | 709Q X1.8 | 2750 8 8
X19 | 1.52kQ X95 | 798Q X29 | 9980 X+4.1 | 798Q X1.9 | 309Q 9 8,1
X20 | 1.69kQ X100 | 887Q X3.0 | 1.11kQ | X+40 | 887Q X20 | 343Q 10 10
X3.0 | 3.38kQ X150 | 177 kQ X40 | 222kQ | X430 | 1.77kQ X3.0 | 687Q 20 20
X4.0 | 507k X200 | 266k x50 | 333kQ | X420 | 266k X4.0 | 1.03kQ 30 20,10
X50 | 6.76kQ X25.0 | 3.55kQ X60 | 443kQ | X +1.0 | 3.55kQ X5.0 | 1.37kQ 40 40
X60 | 8.45kQ X30.0 | 4.43kQ X7.0 | 554kQ | X 0 4.43kQ X6.0 | 1.72kQ 50 40,10
X7.0 | 101k X35.0 | 532kQ X80 | 665k | X—1.0 | 532kQ X7.0 | 206k 60 40,20
X8.0 | 11.3kQ X40.0 | 6.20kQ X9.0 § 776kQ | X—=2.0 | 6.20kQ2 X8.0 | 2.40kQ 70 | 40,20,10
X9.0 | 13.5kQ X450 | 7.09kQ *X10.0 | 887k | X—3.0 | 7.09kQ X9.0 | 275kQ 80 80
X10.0 | 152kQ X50.0 | 7.98kQ X —4.0 | 7.98kQ X100 | 3.09kQ 90 80,10
X11.0 | 16.9kQ X550 | 8.87kQ X —50 | 887k X11.0 | 343kQ| 100 80,20

SAMPLE PROGRAM

To demonstrate the use of remote programming, consider
setting up the display using all remote control to obtain a

Pulse Output signal with the following characteristics:
Mode Single

Triggering Source Internal (free run)

Period 50 ps
Width 1pus
Amplitude 10 volts
Polarity +

Dc Offset 0
Risetime 200 ns
Falltime 400 ns

1. With the Type R116 Power switch turned off, set all
front-panel switches to the REMOTE or REMOTE PROGRAM
positions. (The DELAY OR BURST TIME RANGE switch may
be left in any position for this program.)

2. Program the switch functions by referring to Table 3-1
and to the front panel of the Type R114. Connect the fol-
lowing terminals of the Remote Program connector to the
chassis ground lead:

3-6

#6 {10 uS Period Range)

#10 (100 nS Width Range)

#25 (1 V Amplitude Range)

#28 (10 nS Risetime Falltime Range)

All other switch logic should be 0. Note that the 100
nS Width Range must be selected because of the X5-X55
range of the Width Multiplier control. Note also that the
10nS Risetime Falltime Range must be selected because of
the 10 setting of the Amplitude Multiplier control.

3. Select the correct analog program resistance values
by referring to the conversion graphs and formulas in Fig.
3-1, as follows:

Period. A multiplication factor of X5 is required. As
determined from the graph, the required resistance is 6.76
kQ, to be connected between terminals #9 and #34 on the
Remote Program connector as indicated in Table 3-2.

Width. Since the 100 ns Width Range is being used and
the width is to be 1 ps, the apparent multiplication factor
is X10. However, since the risetime is shorter than the fall-
time, the 509, level width will be somewhat greater than the
indicated valuve. (If the amplitude were less than 10 volts,
this would also have to be considered.) To approximatel
compensate for the difference in risetime and falltime, sub-
tract one-half of the risetime-falltime difference from the
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NOTE

If all switch functions are to be programmed, 7 lettered
terminals {connected to J302 in the Type 262} will have
to be used. This will require special internal connections
in the Type 262 between J302 and unused terminals of
J301. On the auxiliary program cards, avoid the use of
terminals N, P, R, W, X, and Y, since these terminals are
sometimes connected for special use in the Type 262.

*No connection required for this sumple program.

Fig. 3-3. Suggested auxiliary program card wiring diagram for the sample program described in the text, using a Tektronix Type 262
Remote Programmer.
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indicated pulse width. The resulting value of 100 ns indicates
that the multiplication factor should be reduced by (100 ns/
100 ns) or 1. Thus the width multiplication factor should be
X9. Referring to the width formula in Fig. 3-1, the cor-
responding resistance value is found to be (4 X 177.4Q} or
approximately 710, to be connected between terminals
#17 and #3 of the Remote Program connector (see Table
3-2).

Amplitude. The multiplication factor of X 10 requires a
program resistance of 8.87 kQ for the amplitude, to be con-
nected between terminals #27 and #1 of the Remote Pro-
gram connector.

Dc Offset. The dc offset of zero volts requires 4.43 kQ
of program resistance, to be connected between terminals
#33 and #1 of the Remote Program connector. (If some
other offset voltage were desired, the effect of the Ampli-
tude Range would also have to be considered.)

Risetime and Falltime. Since the required Risetime Fall-
time Range is 10nS and the Amplitude Multiplier control is
set at 10, the required multiplication factors for risetime
and falltime are X2 and X4 respectively for 200 ns and
400 ns. Thus the remote program resistance for risetime is
343 Q, to be connected between terminals #31 and #2 of
the Remote Program connector, and for falltime is 1.03 kQ, to
be connected between terminals #23 and #3.

4. After connecting the contact closures and program
resistors, turn on the Type R116 and connect the output pulse
through a 50 Q termination and coaxial cable to the input
of a test oscilloscope. Trigger the oscilloscope and observe
the output pulse signal at a sweep rate of about 10 us/em.

Wired Program Cards

Fig. 3-3 shows a suggested wiring diagram for using a
Tektronix Type 262 Remote Programmer to obtain the sample
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program just described. In addition to the special considera-
tions required for this sample program, the illustrated dia-
gram is laid out for a more comprehensive program system
that can be used if other programs are to be sequenced
in the Type 262, requiring the use of other program lines. If
all 33 leads required for complete programming are to be
connected from the Type 262 to the Type R116, seven of the
lettered terminals on the auxiliary program card will have
to be used. Since these terminals are connected to J302
(rather than J301) in the Type 262, it will be necessary either
to use cables from both J301 and J302 on the Type 262 to
the REMOTE PROGRAM connector (J10) on the Type R116,
or to provide special wiring in the Type 262 so that all 33
leads can be connected through J301 and a single remote
program cable to the Type R116.

If both J301 and J302 are to be used, the two remote
program cables can be brought together into a single 34-
terminal plug for connecting to J10 on the Type R116. This
double cable would avoid the necessity of making modifica-
tions inside the programmer. (In general it is best to avoid
internal modifications if the programmer is to be used later
with other equipment.}

If a single 33-wire (or 36-wire} cable is to be used from
the Type 262 to the Type R116, insulated jumper wire can be
connected from appropriate auxiliary program bus wires to
some unused terminals on J301. It should be noted that
these connections would use up the availability of the ter-
minals on J302 that are connected to the lettered auxiliary
program card terminals to bé used. The particular applica-
tion would dictate the connections to be made. One pos-
sible arrangement would be to connect the A bus wire to
terminal #27 of J301, the B bus wire to terminal #28,
etc., through the H bus wire connected to terminal #33
of J301.



SECTION 4
CIRCUIT DESCRIPTION

Introduction

This section of the manual provides brief descriptions
of the five basic modes of operation of the Type R116, then
describes the various circuits of the instrument in greater
detail. In the circuit analysis, each major section of the
crcuitry is treated separately. Portions of the circuitry
that are mounted on the instrument chassis are discussed in
conjunction with the most closely related major circuits.
Portions that are mounted on the Function Program cards
are shown in the block diagrams with their associated cir-
cuits and are discussed following the Period Generator
description.

Basic Block Diagram

A simple block diagram of the Type R116 is provided
at the start of the Diagrams section at the rear of the
manual. As shown in the block diagram, the Period Gener-
ator is the circuit that starts the pulse-generation cycle. In
normal Single mode operation of the instrument, a single
output pulse appears at the PULSE OUTPUT connector for
each cycle started by the Period Generator. Various output
signal configurations are available through the use of the
various pulse modes as described in the following para-
graphs.

Modes of Operation

The simplified block diagrams in Fig. 4-1 show the five
basic modes of operation of the Type R116: Single; Dly'd
Single; Double; Burst and Gated Output. The pulse mode
may be selected by the front-panel MODE switch, or it may
be selected by means of remote logic information when the
MODE switch is set to REMOTE PROGRAM. The basic oper-
ating mode is the Single mode. All other pulse modes are
variations or modifications of the Single mode.

Single. When the MODE switch is set to SINGLE position
and the TRIGGER SOURCE switch is set to INTERNAL, the
period generator free runs at a calibrated repetition rate
set by the PERIOD RANGE switch and PERIOD MULTIPLIER
control. Each cycle of the Period Generator produces a
negative-going trigger pulse that is sent to the Width Gener-
ator and the Delay Generator, and o positive-going trigger
output pulse at the +PRETRIGGER OUT connector.

The Delay Generator begins its operation as soon as it
receives a trigger pulse from the Period Generator and runs
for the calibrated time duration selected by the DELAY OR
BURST TIME controls (if the delay time is set shorter than the
pulse period). At the end of the delay period, a positive-
going delayed trigger output pulse is provided at the
+DELAYED TRIGGER OUT connector.

The Width Generator is started at the same time as the
Delay Generator. If the WIDTH controls are set properly,
each trigger from the Period Generator initiates a positive-
going width gate pulse which continues for a calibrated
‘ength of time set by the WIDTH controls. The rising and
falling edges of the width gate are relatively fast transi-
tions. The width gate is applied to the Pulse Shape Gener-

®

ator circuit to start the rise, then the fall, of the output
pulse. The width gate thus determines the width of each
output pulse.

The Pulse Shape Generator determines the rate of rise,
rate of fall and variable amplitude of the output pulses as
set by the risetime and falltime controls and the AMPLITUDE
MULTIPLIER control. For — polarity pulses, the shaped pulse
signal is inverted before being applied to the output ampli-
fier. The pulse shape is maintained in the Output Amplifier
which provides current for driving the output load.

Dc offset current may be added to the output pulse signal
by the Offset Current Generator. The amount of offset that
is added is determined by the setting of the DC OFFSET
control. The signal and offset currents are then attenuated
by a factor selected by the AMPLITUDE RANGE switch and
applied to the output load through the PULSE OUTPUT
connector.

Dly’'d Single Mode. Basic operation of the Type R116 in
Dly'd Single mode is nearly the same as in Single mode
except that a delayed trigger from the Delay Generator
(rather than the period trigger) starts the operation of the
Width Generator. The output pulse signal, therefore, is
delayed with respect to the pretrigger output by an amount
that is adjustable by means of the DELAY OR BURST TIME
controls. A delayed trigger output pulse is provided at the
+DELAYED TRIGGER OUT connector at the end of the
delay period, just prior to thes start of the delayed pulse.

Double Mode. The Double mode of operation essen-
tially combines the Single and Dly’'d Single modes to pro-
duce a double-pulse output signal. The time interval
separating the two pulses of each pair is adjustable with the
DELAY OR BURST TIME controls. In this mode, the delayed
trigger output pulse occurs just before the start of the second
pulse of the double pair.

Burst Mode. When the MODE switch is set to BURST, the
Period Generator circuit is disabled except during the time
it is gated on by the Delay Generator. An external trigger-
ing pulse is required to start the operation of the Delay
Generator. The burst gate output from the Delay Generator
is similar to the width gate signal, except that the delay
time interval usually lasts for several cycles of the Period
Generator operation. The duration of the burst gate follow-
ing the application of an external triggering signal is
adjusted by the DELAY OR BURST TIME controls. Period
trigger pulses are only applied to the Width Generator dur-
ing the burst intervals; therefore, the width gate and sub-
sequent output pulses also appear in the form of bursts.
The interval between bursts is determined by the repetition
rate of the external triggering signal, and the duration of
each burst is set by the DELAY OR BURST TIME controls.
Within each burst, the characteristics of the individual pulses
are set by the other front-panel controls. At the end of
each burst, an output trigger pulse is provided at the
+DELAYED TRIGGER OUT connector.

Gated OQutput. Operation of the Type R116 in the Gated
Output mode is quite similar to that in Burst mode. In
Gated Output, however, the burst gate to be applied to the
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Fig. 4-1. Simplified block diagrams illustrating the five basic pulse modes.
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Period Generator is produced by an externally-applied gate
signal, rather than by the externally-triggered Delay Gener-
ator. A delayed output trigger pulse appears at the end
of each delay interval, following a period trigger, if the
DELAY OR BURST TIME controls are set properly. Thus, the

delay trigger pulses are also in the form of gated bursts.

Remote Program. When the MODE switch is set to
REMOTE PROGRAM position, selection of the pulse mode
is made by means of remote logic information applied
through the rear-panel REMOTE PROGRAM connector. Each
of the five modes described previously can be selected by
this means.

CIRCUIT ANALYSIS

The following circuit analysis is intended to aid in the
understanding of the various circuits in the Type R116, but
does not describe in detail the operation of conventional
circuit configurations. During the following discussion, refer
to the detailed block diagrams in the text and to the
applicable schematics at the rear of the manval.

PERIOD GENERATOR AND
MODE SWITCHING

Since the operation of the Period Generator is related
closely to the operation of pulse mode selection, the mode
switching circuits will be discussed in conjunction with the
description of the Period Generator. Refer to the block
diagram in Fig. 4-2 and to the Period Generator, Function
Program #1, Remote Program Connector and Function
Program #2 schematics for the circuits involved.

The Period Generator consists primarily of an astable
multivibrator (Q55 and Qé5), a constant current source
{Q38), an on-off switching transistor (Q24), a voltage-level
clamp (D44 and Q43), an output trigger amplifier (Q74 and
Q84) and a pretrigger output amplifier {Q93 and Q%4).
Gating amplifier Q4 and Q14 permits an input gate signal
to enable and disable the period multivibrator in Gated
Output mode.

When the Type R116 is set for internal operation, the
period multivibrator free runs at a rate determined by the
value of the period timing capacitor (C52 to Cé60), selected
by the PERIOD RANGE switch, and by the amount of avail-
able current supplied to the multivibrator through Q38,
adjusted by the PERIOD MULTIPLIER control (see Fig. 4-2).

Operation of the multivibrator is non-symmetrical, with
Q65 being in the conducting state most of the time and Q55
turned off. We will assume this initial condition for con-
sideration of the circuit operation. Under these conditions,
the period timing capacitor is charging from the constant
current source, Q38. Transistor Q65 completes the charging
current path for the timing capacitor and also conducts cur-
rent from Q24 and R24. Clamp transistor Q43 is conducting,
but does not affect the multivibrator, since D44 is reverse
biased by the 425 volts at the collector of Q55.

As the period timing capacitor charges linearly from
the constant-current source, the voltage at the emitter of
Q55 becomes increasingly less positive and eventually
forward biases the base-emitter junction of that transistor,
turning it on. When Q55 turns on, the negative-going volt-
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age at its collector is applied through Zener diode D50 to
the base of Q65, causing Q65 to turn off.

The negative-going transition at the collector of Q55
forward biases D44, diverting the current through Q43 and
keeping Q55 from going into saturation. With Q55 turned
on, the period timing capacitor discharges through the
current path of Q24, Q55, D44 and Q43. This discharge is
relatively fast compared to the previous rate of charge.

When the voltage at the emitter of Q65 has dropped
low enough to forward bias its base-emitter junction, that
transistor turns on again, diverting current from the timing
capacitor. The decrease in current through Q55 causes its
collector to begin going positive, allowing the collector volt-
age to become unclamped as D44 is reverse biased. The
positive-going voltage transition at the collector of Q55 is
applied to the base of Q65, through Zener diode D50, caus-
ing both the base and the emitter of Q65 to move several
volts positive. This voltage transition is coupled through the
timing capacitor to the emitter of Q55, causing Q55 to turn
off. The period timing capacitor then begins to charge
through Q38 and Q65 again, starting another cycle of the
Period Generator.

The negative-going pulse applied to the base of Q74 in
the trigger amplifier as Q55 turns on is amplified and
inverted by Q74, then amplified and inverted again by Q84.
The negative-going output pulse from the trigger amplifier
is applied through SW44 and D46 (see Fig. 4-2) to the Width
Generator and is also passed through C82 to Q94. The
period trigger turns on both Q94 and Q93 in the pretrig-
ger output amplifier, producing a positive-going pretrigger
pulse that is capacitively coupled to the +PRETRIGGER
OUT connector. Following the period trigger pulse, Q%94 and
Q93 return to their normal non-conducting state.

The repetition rate of the Period Generator is determined
within the selected period range by adjusting the current
supply through Q38 by means of the PERIOD MULTIPLIER
control. The PERIOD TIMING and PERIOD MULT CAL
adjustments (R34 and R502) are set to calibrate the PERIOD
controls for correct timing.

For normal free-running operation, period switch tran-
sistor Q24 is held in conduction by a positive voltage at
its base, resulting from current through D22 and R22. In
Burst mode, D22 is reverse biased, cutting off the bias cur-
rent for Q24 and thus disabling the Period Generator. The
MODE switch keeps the Period Generator in the disabled
condition by means of reed switch SW75 (see Fig. 4-2) which
forward biases D76 and essentially connects the junction of
R22 and D22 to signal ground. The emitter of Q24 in the
external trigger amplifier {shown on the Function Program
#1 schematic) is also connected to signal ground by SW75,
enabling the external trigger amplifier circuit. An external
trigger {4+2 to +20 volts) which is then applied to the
+TRIGGER INPUT connector, is shaped by the external trig-
ger amplifier. The external trigger then triggers the Delay
Generator to start the pulse burst. The burst gate from the
Delay Generator is applied to the Period Generator through
SW55, turning on Q24 and allowing the Period Generator to
free run for the duration of the gate.

Similarly, in Gated Output mode, the MODE switch causes
D22 to be reverse biased by connecting the junction of D22
and R22 to signal ground through SW78 (see Fig. 4-2),
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Fig. 4-2. Block diagram of the Period Generator circuit, mode switching and External Trigger Amplifier.




turning off Q24. With the MODE switch set to GATED
QUTPUT, the emitter of Q4 is connected to chassis ground
through the MODE switch, enabling the gating amplifier.
Then, when an external gate signal (42 volts to +10 volts)
is applied through the 4GATE INPUT connector, the signal
is amplified by Q4 and Q14 and applied as a positive-going
gate through D16 to turn on Q24 and enable the Period
Generator for the duration of the gate. In addition to ampli-
fying the input gate, transistors Q4 and Q14 also shift the
dc reference level of the signal from chassis ground at the
input to a voltage that is referenced to signal ground and
svitable for driving Q24.

Dly'd Single mode is provided by opening SW44, by
shorting out L44 through the MODE switch and D572, and
by closing SW38 by current through L38. This disconnects
the period triggers from the Width Generator and connects
the delayed trigger pulses in their place.

Double mode is similarly accomplished by closing only
SW38 by current through L38 and the MODE switch. Both
the period trigger and the delayed trigger can then pass
to the Width Generator.

When the TRIGGER SOURCE switch is set to EXTERNAL
OR MANUAL, the Period Generator is disabled by connect-
ing the junction of R22 and D22 to signal ground through
D76, as in Burst mode, and the external trigger amplifier is
enabled by connecting the emitter of Q24 to signal ground.
Any external triggering signal then applied through the trig-
ger amplifier and shaper circuit is sent through D36 to the
trigger input lines of the Width and Delay Generator circuits.
The MODE switch then operates SW48, SW44 and SW38
to determine whether the externally-applied triggering sig-
nal produces a single pulse, a delayed pulse, a pair of
pulses or a burst.

External connections for remote operation of the period
ranges, period analog, trigger source selection and mode
switching are shown in the block diagram. The switching
buffer amplifiers used for remote operation are located on
the Function Program circuit cards and are described in the
following paragraphs under Function Program circuits. The
analog operations for remote operation merely paraliel the
front-panel PERIOD MULTIPLIER control as can be seen in
the block diagram.

FUNCTION PROGRAM CIRCUITS

The input buffer amplifier transistors used for remote
operation are shown on the two Function Program sche-
matics and in the block diagrams of the various circuits
throughout this section of the manual. The external trigger
amplifier circuit is shown on the Function Program #1
diagram and in the block diagram of the Period Generator
and mode switching (Fig. 4-2).

Buffer Amplifiers

In order to provide remote operation of the switching
‘unctions of the Type R116 without requiring external power
inputs, buffer amplifier transistors are provided for all the
programmable switch functions. For example, refer to the
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period range portion of the Function Program #1 sche-
matic and to the block diagram in Fig. 4-2.

To enable this remote switching function, the PERIOD
RANGE switch is set to REMOTE, connecting the collectors
of the period range buffer amplifiers to chassis ground
through the MODE switch. Since the bases of the tran-
sistors are connected through resistors to 425 volts, they
are held in cutoff until one of the base circuits is connected
to ground. To enable the 10 uS period range, for example,
the base circuit of Q133 is connected to ground through the
REMOTE PROGRAM connector and an external contact clos-
ure, dropping the voltage at the base low enough to for-
ward bias the base-emitter junction {with the emitter initially
set at about 42 volts by the voltage applied through the
relay coil). Current through Q133 thus actuates the relay
connected to the 10 us period timing capacitor, selecting this
range of operation for the Period Generator.

Each of the other buffer amplifiers operates in the same
manner, actuating a relay that controls a particular switch-
ing function.

In addition to connecting the switching buffer amplifiers
into the circuit, the four range switches and the PROGRAM
switch connect analog program resistors into the various
circuits by way of the REMOTE PROGRAM connector. These
inputs control current through the constant-current generator
circuits or control current division within the circuits, in the
same manner as the front-panel MULTIPLIER controls func-
tion when internal operation is used, to provide variable
control of the various functions.

External Trigger Amplifier

The external trigger amplifier shown on the Function
Program #1 schematic, consists of an input dc level-shifting
circuit (Q4 and Q14), a tunnel diode trigger shaper (D25),
an output amplifier {Q24) and an output complementary
emitter follower circuit (Q23 and Q33).

When a positive-going trigger pulse or transition (42
to 420 volts) is applied through the +TRIGGER INPUT
connector, Q4, which is normally non-conducting, turns on.
The negative-going pulse at the collector of Q4 turns on
Q14. Quiescently, tunnel diode D25 is biased in its low-
voltage state near its switching level by current through
D21, R23, L20, R20 and R29. When Q14 turns on, the tunnel
diode switches to its high voltage state, applying a fost
positive-going pulse to the base of Q24. If the external
trigger circuit is enabled by connecting the emitter of Q24
to signal ground (see Fig. 4-2), the pulse at the base of
this transistor turns it on. The resulting negative-going
transition at the bases of complementary emitter followers
Q23 and Q33 is coupled to the output of the circuit through
these transistors and through- C33 and D36. The transition is
then applied to the Delay Generator (through R36) or to
the Width Generator (through SW48, SW44, D4é and R46).
The complementary emitter follower output stage provides
a fast trigger output pulse and a rapid recovery of the out-
put coupling capacitor, C33. Diode D33 also aids in the
quick recovery of C33.

When the input triggering signal drops below the 2-volt
level, the input transistors turn off, reducing current to the
tunnel diode. The voltage pulse that appears across L20 as
the current is cut off resets D25 to its low-voltage state.
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Fig. 4-3. Block diagram of the Delay Generator circuit.




DELAY GENERATOR

A block diagram of the Delay Generator is shown in Fig.
4-3. Refer also to the Delay Generator schematic diagram
during the circuit discussion.

The period trigger from the Period Generator or the ex-
ternal trigger pulse from the external trigger amplifier is
amplified by the common-base amplifier (Q14) and applied
through C14 to the monostable delay multivibrator, Q24
and Q15.

Quiescently between pulses Q24 is conducting moderate-
ly, Q15 is turned off and comparator transistor Q25 is con-
ducting both the current through Q24 and that from the
constant-current source Q38. The TRIG SENS adjustment
(R22) in the base circuit of Q24 sets the multivibrator for
monostable operation, so that it will trigger properly but
not free run. The non-saturated clamp transistor, Qé4, is
conducting part of the current from Q25, keeping D50 for-
ward biased and clamping the output voltage level of the
burst gate. The delay timing capacitor that is selected by
the reed switch is kept charged to the voltage at the junc-
tion of R24 and R25 (approximately —1 volt).

When the negative-going trigger pulse is applied to the
bases of Q24 and Q25, those transistors turn off, causing
Q15 to turn on. The negative-going voltage at the base of
Q25 turns off the comparator transistor, removing the cur-
rent discharge path from the delay timing capacitor. The
current from Q38 then is diverted into the timing capaci-
tor which begins to charge producing a negative-going
ramp voltage. The rate of fall of the ramp is thus deter-
mined by the value of the timing capacitor and by the
charging current, which is adjustable by means of the
DELAY OR BURST TIME MULTIPLIER resistance in the emitter
circuit of Q38. Current from the constant-current source
is adjusted for correct delay timing by means of R512 (DE-
LAY CAL} in the current path and by R41 (DELAY TIMING)
which adjusts bias on the transistor. Capacitor C32, which
is in the circuit on all ranges, is adjusted for correct timing
on the fastest range.

When Q25 turns off as the multivibrator switches, the
positive-going voltage at the collector of Q25 reverse biases
diode D50 and applies a 3-volt transition to the base of
Q53. This forms the start of the burst gate that is coupled
through Q53 back to the Period Generator when SW55
is closed {in Burst mode only).

When comparator transistor Q25 is turned on again fol-
lowing the ramp rundown, the negative-going voltage at
its collector ends the burst gate and also forward biases
clamp diode D50. As D50 turns on, current increases through
Qé4, causing a momentary voltage pulse across Lé8 that
appears as a negative trigger at the base of Q73. The trig-
ger pulse is amplified at the collector of Q73 as a positive-
going delayed trigger pulse that is connected through emit-
ter-follower Q83 and coupling capacitor C85 to the +DE-
LAYED TRIGGER OUT connector. The negative-going pulse
at the emitter of Q73 is applied to the emitter of Q94 result-
ing in a negative-going output at the collector of Q94 that is
sent through C95 and trigger-switching circuits to the Width
Generator. This is the pulse that starts the delayed output
pulse or the second pulse of a double pair.

WIDTH GENERATOR

Fig. 4-4 is a block diagram of the Width Generator. Refer
also to the Width Generator schematic during the follow-
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ing discussion. Since operation of the Width Generator is
nearly identical to that of the Delay Generator, the Width
Generator will be described only briefly.

The period trigger from the Period Generator and/or the
delayed trigger from the Delay Generator, or the external
trigger from the external trigger amplifier are amplified by
Q14 and applied through C14 to the width multivibrator,
Q24, Q25 and Q15.

The negative-going trigger pulse applied to the bases of
Q24 and Q25 switches the multivibrator, producing the start
of the positive-going width gate at the collector of Q25.
This positive-going transition is applied through Q53 to the
Pulse Shape Generator circuit to start the formation of the
output pulse.

As the width capacitor charges, a negative-going voltage
ramp applied to the emitter of Q25 eventually turns on
that transistor, causing the multivibrator to reset to its stable
state. As Q25 turns on, the negative-going transition at its
collector ends the width gate and forward biases D50,
clamping the output voltage level.

When the MODE switch is set to DOUBLE, one pulse is
initiated by a period trigger and a second pulse is initiated
by o delayed trigger from the Delay Generator if the
DELAY OR BURST TIME controls are set within the proper
range. A minimum of 50 ns is required between the end
of one width gate pulse and the start of the next pulse.

PULSE SHAPE GENERATOR

The main sections of the Pulse Shape Generator are shown
in the block diagram in Fig. 4-5. Also refer to the Pulse
Shape Generator and Output Amplifier schematics during
the circuit analysis.

The fast-rising and fast-falling width gate is applied
through Zener diodes D12 and D22 to the bases of current-
steering transistors Q14 and Q24. Two of the transistors
in the current-steering gate are normally conducting and
two are normally cut off, with current division determined
by the input width gate. Total current through the risetime
pair of transistors (Q14 and Q34} is held constant by Qé8,
and is adjusted by the resistance in the emitter circuit of Q68
as set by the RISETIME MULT control. Total current through
the falltime pair (Q24 and Q44) is held constant by Q58 and
is adjusted by the resistance in its emitter circuit as set by
the FALLTIME MULT control.

The voltage output level from the current-steering gate
is determined by the input width gate signal. As the width
gate goes positive, Q24 turns on and Q14 turns off, switch-
ing the current from Q58 into Q24 and switching the cur-
rent through Qé8 to Q34. Since the width gate rises rapidly
and falls rapidly, current switching through the input transis-
tors is also rapid. The rate at which the output at the junc-
tion of R38 and R48 can move its voltage is determined by
the amount of capacitance connected onto the output by the
RISETIME FALLTIME RANGE switch, and by the amount of
current that is permitted to flow into or out of this capaci-
tance from the risetime and falltime current sources.

When the width gate is at its lower voltage level, Q44
is conducting and Q34 is turned off. The output amplitude
level is clamped just below signal ground by clamp diode
D72. When the width gate switches to its higher voltage
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level, Q44 cuts off and Q34 turns on. The amplitude level is
unclamped as D72 becomes reverse biased, and current
through Q34 moves the output voltage in a positive direction.
The current required by the risetime current source is then
obtained from the ramp timing capacitor. The resulting rate
of rise of the output voltage is determined by the size of the
risetime-falltime capacitor and by the amount of current flow-
ing through Q34. The RISETIME MULT control sets the rate
of rise within the selected risetime-falltime range by vary-
ing the amount of resistance in the emitter circuit of (Q68.

As soon as the output voltage amplitude causes ampli-
tude clamp diode D122 to become forward biased, the
amplitude stops rising and is held at the level set by the
amplitude clamp circuit. At this voltage level, the current
through Q44 and Q68 is obtained from the amplitude clump
transistor and diode, Q123 and D122. The level of the ampli-
tude excursion is adjusted by the AMPLITUDE MULTIPLIER
control. Feedback transistor pair Q114 and Q124, which has
a gain of 1, provides a high impedance input to avoid load-
ing the AMPLITUDE MULTIPLIER control and a low imped-
ance output for clamp diodes D122 and DI10.

An open-circuit amplitude clamp consisting of Q%94 and
Q104, is provided to keep the output voltage from going
excessively positive if and when the amplitude analog pro-
gram line becomes open. This prevents a large output volt-
age from appearing at the PULSE OUTPUT connector while
programs are being switched or while the amplitude range
is being switched. If an open circuit appears in the line,
the voltage at the base of Q114 begins to go positive very
rapidly, tending to cut off that transistor and Q124. This
operational amplifier attempts to follow the signal, but the
voltage at the emitter of Q114 can only move as fast as
C120 can charge. The rapid transition at the emitter of Q94
turns on that transistor as soon as the emitter voliage
exceeds the 10-volt level at its base, set by R92 and R94.
Transistor Q94 then turns on Q104, which goes into satura-
tion and clamps the output voltage level (through Q123 and
D122) very near signal ground.

When the width gate drops to its lower voltage level at
the end of the pulse duration, Q24 is turned off and Q14
is turned on by the gate, causing current to switch from
Q34 to Q44. With the output connected to the falltime
current source, D122 is reverse biased and current flows
into the timing capacitor through Q58 at a rate determined
by the FALLTIME MULT control resistance. The output volt-
age drops at a linear rate until D72 is again forward biosed
by the voltage, clamping the output at the baseline level.

The preshaped pulse output waveform from the current-
switching gate is applied to the base of emitter-follower
Q13 (shown on the Output Amplifier diagram), which
couples the signal through a second emitter follower, Q23,
to the output amplifier. Both the top and the bottom of
the pulse waveform are reshaped by this circuit to elimi-
nate amplitude changes that may result from current changes
through the clamp diodes in the preshaping circuits. The
upper level is clamped again by D10 when the upper volt-
age level at the emitter of Q13 exceeds the collector volt-
age of Q124 in the first amplitude clamp circuit. The lower
level of the waveform is clamped by current through D22
when the trailing edge of the pulse becomes more neg-
ative than the voltage at the junction of D24 and R24 (ap-
proximately 2 volts above signal ground).
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INVERTER

The Inverter circuit, shown on the Output Amplifier sche
matic diagram, and the block diagram in Fig. 4-6, provides
inversion of the shaped pulse signal when the POLARITY
switch is set to — position.

The pulse signal applied to the base of Q44 through
Zener diode D44 is inverted at the collector of the tran-
sistor and applied to the output amplifier. The Zener diode
raises the input level at the base of Q44 by 10 volts to set
the collector of Q44 at the correct dc voltage level. Gain
of the inverter is adjusted to —1 by varying degeneration
with the —AMPLITUDE adjustment, R42. Transistors Q33 and
Q34 provide a low-impedance voltage source for setting the
dc level at the output of the inverter. The output level is
adjusted by means of the —DC LEVEL control (R34) so that
the signal into the output amplifier varies between the same
limits in — polarity as in 4+ polarity, though the waveshape
is inverted.

OUTPUT AMPLIFIER

The Output Amplifier consists of an input driver trans-
sistor (Q53), three emitter followers in parallel (Q54, Q64
and Q74) and three common-base amplifiers in parallel
(Q84, Q94 and Q104). Refer to the block diagram in Fig.
4-6 and to the Output Amplifier schematic during the fol-
lowing discussion.

The pulse signal applied to the base of Q53 is coupled
through this emitter follower, providing current drive to
three more emitter followers in parallel. Transistors Q54,
Qé4 and Q74 are each connected in series with an output
transistor. Voltage gain of the output stage is set at about
2 by the ratio of input resistors R84, R94 and R104 to the
50 ohms of the output load.

In 4+ polarity, the output stage is nearly cut off in the
quiescent condition and is turned on by the drive pulse to
produce the output pulse. In — polarity, the output stage
is conducting heavily during quiescence and the drive pulse
cuts off (or decreases) current to produce the negative-going
output pulse. The —Variable supply voltage is also changed
when the pulse polarity is changed to permit the same dc
level to be applied at the collectors of the Output Ampli-
fier transistors and the Offset Current Generator in both
polarities.

The output current pulse from the Output Amplifier and
the offset current from the Offset Current Generator are then
connected through the attenuator, shown on the Offset Cur-
rent Generator schematic, to the PULSE OUTPUT connector.
The attenuator consists of a straight-through connection (12X}
and two 50-Q attenuators that provide 2 X and 5X attenva-
tion. The selection of the attenuator that the signal passes
through is made by the AMPLITUDE RANGE switch which
operates the attenuator relays.

OFFSET CURRENT GENERATOR

The main portions of the Offset Current Generator are
shown in the lower left section of Fig. 4-6.

In 4+ polarity of the output pulse, when the pulse signal
is at the baseline level, the Output Amplifier draws approxi-
mately zero current. If no current flows into or out of the
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output load from the Offset Current Generator, the output
baseline will be at zero volts. When a pulse is applied
to the Output Amplifier, current through the circuit is
increased (up to 200 mA with the AMPLITUDE MULTIPLIER
control at 10}, drawing current from the output load and
producing a positive-going voltage pulse {up to 10 volts
into 50 Q) at the output.

A total of approximately 100 mA of current flows through
Q464 and Q474 in 4 polarity, as determined by the -+ OFF-
SET ZERO adjustment, R466. For zero volts offset, all of the
100 mA is conducted by Q444 and Q454, so that no cur-
rent is delivered to the output load. To produce + or —
dc offset in + polarity, current must be caused to flow
from the current generator into the output load [and/or
attenuator) or from the output load into the current gen-
erator. This is accomplished by varying current through the
variable current generator by means of the DC OFFSET
control. For + dc offset, current is increased through Q444
and Q454, drawing up to 100 mA of current from the out-
put load, in addition to the 100 mA from Q464 and Q474.
This offsets the dc voltage level of the output in the posi-
tive direction by as much as 5 volts (with the DC OFFSET
control set at +5). For — dc offset, current is decreased
through Q444 and Q454. The current from Q464 and
Q474 that had been conducted through Q444 and Q454
is therefore allowed to flow into the output load, offsetting
the dc voltage level of the output in a negative direction.

When the Type R116 is set for a — polarity output pulse,
the Output Amplifier draws approximately 200 mA in the
quiescent condition. To provide zero offset voltage at
the output when the negative-going pulse baseline is at
zero, the offset current generator must provide the 200 mA
of quiescent current for the Output Amplifier. This is accom-
plished by supplying an additional 200 mA through SW480
and the —OFFSET ZERQ control {R476), with the POLARITY
switch in the — position (see Fig. 4-6), and by moving the
—Variable supply so as to decrease the voltage between
chassis ground and signal ground by connecting Zener diode
D430 into the circuit (see Power Supply description).

In — polarity, when a pulse signal is applied to the
Output Amplifier, the current may drop to nearly zero
mA (with the AMPLITUDE MULTIPLIER control set to 10),
causing current from the Offset Current Generator to flow
into the output load. This current produces the negative-
going voltage pulse at the output.

Offset in — polarity is produced in a similar manner
to that in + polarity by increasing or decreasing cuirent
through Q444 and Q454. For + dc offset, current is in-
creased through these transistors drawing additional current
from the load, thus offsetting the output voltage in the
positive direction. For — dc offset, current is decreased
through Q444 and Q454, and the current that had been
diverted by these transistors flows from Q464 and Q474
into the output load, offsetting the output voltage in a neg-
ative direction.

The offset control voltage at the bases of Q444 and
Q454 is set by the low impedance output from Q74 and
Q64, a X1 amplifier. The input voltage to Q64 is in turn
determined by the current through constant-current transistor
Q38 and the setting of the DC OFFSET control {see Fig. 4-6).
The range of the DC OFFSET control is adjusted by R32
(OFFSET RANGE). As the voltage fo the bases of Q444 and
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Q454 is varied, the input voltage to the —Variable supply
is also varied through D430 or D432, adjusting the output of
that supply. This keeps the collector voltage of the Offset
Current Generator and the Output Amplifiers nearly constant,
regardless of dc offset, assuring that the pulse shape will not
be affected by the offset.

Operation of the open-circuit offset clamp is similar to
that of the open-circuit amplitude clamp. When the offset
analog program line is open, the voltage at the emitter of
Q44 tends to go rapidly in the positive direction. Transistor
Q44 turns on, causing Q54 to saturate and clamp the out-
put voltage at approximately zero volts, as set by current
through R54 (PROGRAM CLAMP).

The inductors at the output of the offset generator cir-
cuit isolate the output amplifier from the collector capaci-
tance of the current generator transistors to permit the out-
put stage to switch rapidly.

POWER SUPPLY

The Power Supply circuit consists essentially of the power
input and transformer, three full-wave bridge rectifiers,
three regulator circuits and the —Variable voltage control
circuit. A block diagram of the circuit is shown in Fig. 4-7.
Reference voltage is signal ground for all circuits except
the unregulated +12-volt supply, which is referenced to
chassis ground. Since all voltages within the circuitry (ex-
cept the relay coils and the offset) are referenced to signal
ground, the voltages given on the schematic diagram and
mentioned in the text are voltages measured with respect
to signal ground.

Input Circuit

Input power to the circuit is applied from the ac power
line to power transformer T401 through line filter FL401,
thermal cutout TK402, power switch SW401, fuses F401 and
F402 and the 115V-230V selector switch, SW402. The
switching for selection of the line-voltage range also selects
the correct fusing for the selected voltage. When SW402
is in the 115V position, the two windings of the trans-
former primary are connected in parallel. In this case, F401
is connected in series with one winding of the primary and
F402 is connected in series with the other winding.

When SW402 is set to the 230V position, the two pri-
mary windings are connected in series and only one fuse
is required. In this case, F402 is disconnected and only
F401 is used. The fan and power indicator light (B403)
are connected across one winding of the primary and thus
are in the circuit (at a nominal 115 volts) regardiess of the
line voltage used.

+ 25-Volt Supply

Power for the +25-volt supply is provided by the diode
bridge composed of D405A, B, C and D. Electronic regu-
lation is provided by feedback from the supply output
through a voltage divider that is returned to signal ground.
The feedback voltage is compared by Qé and Q16 to a
voltage approximately 9 volts above signal ground, obtained
through Zener diode D2. Any voltage change in the outpui
of the supply resulting from a change in load, is amplified
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by Q23 impedance and applied to series regulator Q407.
The resulting change in Q407 moves the voltage level of the
collector of Q407, and thus the supply output {through the
rectifier), either toward or away from signal ground to return
the supply voltage to the correct value. The 425 VOLTS
adjustment (R14) sets the feedback voltage so that the wup-
ply output is at 425 volts.

+ 12-Volt Supply

The unregulated +12-volt supply consists of a diode
bridge rectifier, D410A, B, C and D and filter capacitor
C410, with the negative output of the supply connected to
chassis ground. The sole use of the +12-volt supply is
for actuating the reed and relay contacts for switch opera-
tions and range selection in the circuitry.

Chassis ground is used as a reference voltage so that
contact closures can be actuated conveniently in either
internal or programmed operation by connecting one end
of each relay coil to the chassis. A series resistor in each
relay circuit reduces the applied voltage to the correct
level (usually 6 volts) required by the relay coil.

+7-Volt Supply

Current for the 47-volt supply is obtained from the reg-
ulated +25-volt supply through R33 and emitter follower
Q33. The reference voltage for this supply at the base of
Q33 is approximately —7.5 volts obtained from signal
ground through Zener diode D30. The constant emitter-base
voltage of approximately 0.6 volt holds current through
Q33 essentially constant. Thus the current division between
R36 and the load on the supply keeps the output voltage
constant.

—6-Volt Supply

Current for the —é6-volt supply is obtained from the —-27-
volt supply through series-regulator transistor Q417. The
error amplifier, consisting of Q56, Q46 and Q53 provides
regulation by comparing a portion of the supply output
to a voltage at approximately signal ground set by divider
R42-R44 connected between +25 volts and —27 volts. The
regulator action is essentially the same as that for the +-25-
volt supply.
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—27-Volt Supply

Current for the —27-volt supply is provided by bridge
rectifier D420A, B, C and D. Regulation is provided by the
error amplifier, consisting of Q76, Q66 and Q83, which
compares a portion of the output voltage to signal ground
(at the base of Q66). Regulation is essentially the same
as for the +25-volt supply.

—Variable Supply

In order to provide dc offset and inversion of the out-
put pulse, the —Variable supply provides a means of vary-
ing the voltage difference between signal ground and
chassis ground. The —Variable supply output, connected
to chassis ground, can vary over a range of greater than
10 volts with respect to signal ground: approximately —10
to —20 volts in + polarity (of the output pulse} and approxi-
mately 41 to —10 volts in — polarity. When the DC OFF-
SET control is set to 0, the —Variable supply output voltage
is approximately —15 volts in + polarity and —7 volts in
— polarity.

The current source for the —Variable supply is the —27-
volt supply, since the —Variable supply output is connected
between the negative side of the -—27-volt supply and the
—27-volt series regulator, Q427. Voltage at the emitter of
Q427 is held at about +1.2 volts by the drop across D425
and D426.

Comparator Q96 and Q106 compares the voltage at the
error amplifier output to the input control voltage from the
offset current circuit. The input comparison voltage at the
base of Q96 varies from approximately —12 to —20 volts
in + polarity and from —2.5 to —10.5 volts in — polarity,
as determined by the settings of the front-panel DC OFF-
SET control and the POLARITY switch. The POLARITY switch
sets the range of the comparison voltage by switching the
12-volt Zener diode (D430) into or out of the circuit (see Fig.
4.7).

As the input control voltage is varied, the comparator cir-
cuit and emitter follower Q103 couple the voltage change to
the bases of complementary emitter followers Q437 and
Q113. Transistor Q113 is usually non-conducting or conduct-
ing only slightly in + polarity and when the —Variable
supply output is relatively negative in — polarity. However,
when the supply output is very close to signal ground in
— polarity (e.g., when —5 volts offset is used), Q113 pro-
vides the required output current for the supply.



SECTION 5
MAINTENANCE

This section of the manual provides preventive mainte-
nance information for servicing the Type R116, and correc-
tive maintenance procedures for locating trouble and repair-
ing the instrument. Preventive maintenance performed on
a regular basis helps prevent instrument failure and improves
both the mechanical and electrical reliability of the instru-
ment. If trouble does occur, corrective maintenance should
be performed immediately to avoid additional damage and
to restore the instrument to its proper operation. The physi-
cal locations of all circuit components located on the plug-
in circuit cards are shown in full-sized illustrations at the
rear of this section.

PREVENTIVE MAINTENANCE

Preventive maintenance consists of cleaning, lubrication,
visual inspection and recalibration. The severity of the
environment in which the instrument is used will determine
the frequency of maintenance required.

Dust Cover Removal

The top and bottom dust covers of the Type R116 can be
easily removed for access to the internal circuitry. The
covers are fastened to the frame with small screwhead fas-
aners that can be released by turning each fastener
turn counterclockwise with a small coin. For normal opera-
tion, the covers should be left on the instrument to keep
out dust and to correctly distribute the flow of air.

Cleaning

The Type R116 should be cleaned as often as operating
conditions require. The top and bottom dust covers provide
partial protection against dust accumulation in the interior
of the instrument, but a certain amount is brought in by
circulating air. Operation without the dust covers in place
will require more frequent cleaning, especially if the instru-
ment is left extended from the rack.

Air Filter. Under normal operating conditions, the air
filter should be visually checked )every few weeks and
cleaned if dirty. More frequent cleaning is required if the
instrument is used in a smoky or dusty environment. The
following procedure is suggested for cleaning the filter.

1. Remove the filter by pulling it carefully out of the
retaining frame on the rear panel. Do not drop any accu-
mulated dust into the instrument.

2. Flush the loose dirt from the filter with a stream of
hot water.

3. Place the filter in a solution of hot water and mild
detergent and let it soak for a few minutes.

4. Squeeze the filter in the detergent solution to wash
.t the remaining dirt and the old adhesive coating.

5. Rinse thoroughly in clear water.
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6. Allow the filter to dry.

7. Coat the dry filter with an air-filter adhesive, avail-
able from air conditioner suppliers. (This adhesive may be
ordered from Tektronix as part number 006-0580-00).

8. Let the adhesive dry thoroughly before re-installing the
filter in the retaining frame.

Exterior. Loose dust accumulated on the outside of the
dust covers and on the front and rear panels may be
remove by wiping with a soft cloth. A small paint brush
may be used for removing dust from the front-panel con-
trols. Any remaining dirt can be removed with a soft cloth
dampened in a solution of water and mild detergent. Abra-
sive cleaners should not be used.

Interior. Dust in the interior of the instrument should
be removed occasionally to prevent electrical conductivity.
Most of the dust can be removed by blowing it out with a
low-velocity stream of dry air. Any dust or dirt remaining
in the interior may be removed with a small cloth or cotton-
tipped applicator dampened with a solution of water and
mild detergent. The plug-in circuit cards may be removed
for individual cleaning. After cleaning the interior, allow
it to dry thoroughly before turning on the instrument.

CAUTION

Do not clean any plastic materials with organic
chemical solvents such as benzene, acetone or
denatured ethyl alcohol. These may damage
the plastic. (lsopropanol is safe to use for
cleaning.}

Lubrication

The reliability of rotary switches and other moving parts
can be improved by keeping them properly lubricated with
the correct type of lubricant. Never use more than the
minimum amount of lubricant required.

Use a cleaning-type lubricant {e.g., Tektronix Part Number
006-0218-00) for shaft bushings, interconnecting plug con-
tacts and switch contacts. Lubricate switch detents with a
heavier grease (e.g., Tektronix Part Number 006-0219-00).
Potentiometers used in the Type R116 are lubricated during
manufacture, but if further lubrication is required, a lubricant
{e.g., Tektronix Part Number 006-0220-00) which does not
change the electrical characteristics of the component should
be used. A kit containing instructions and a variety of
lubricants is also available as Tektronix Part Number 003-
0342-00.

Fan Oiling. During periodic servicing, the fan motor
should be lubricated with a few drops of light machine oil
(Anderol 1826 available from Lehigh Company or Rotron
Distributors is recommended.} An industrial hypodermic
syringe and needle is used to insert the oil through the
rubber seal, as shown in Fig. 5-1. With the needle held
at a 45° angle, pierce the rubber seal, then insert the
needle about 1/, inch and depress the syringe plunger far
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Fig. 5-1. Oiling the fan motor with a hypodermic.

enough to inject 3 or 4 drops of oil into the bearing. If a
syringe and needle cannot be obtained locally, they may be
ordered from Tektronix (Tekironix Part Number 003-0282-00
for the syringe; 003-0285-00 for the needle).

Visual Inspection

The Type R116 should be inspected occasionally for pos-
sible defects such as damaged connectors or components
and improperly seated transistors or plug-in circuit cards.
Corrective procedures for most visible defects are obvious
but particular care should be taken if heat-damaged
components are found. Overheating usually indicates
other trouble in the instrument; therefore, it is important
that the cause of the overheating be found and corrected
to prevent a recurrence of the damage after the heat-
damaged parts are replaced.

Transistor Checks

The transistors in the Type R116 should not be checked
during periodic servicing of the instrument. The best
determination of performance is the actual operation of the
component in the circuit. However, if a circuit malfunction
occurs, the transistors should be checked as a part of the
troubleshooting procedure, as described later in this section
of the manual.

Recalibration

To assure the correct and accurate operation of the Type
R116, it should be checked after each 1000 hours of opera-
tion and recalibrated if necessary. Recalibration should be
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performed at least every é months. Performance Check and
Calibration procedures are given in separate sections of
this manual. In some cases, minor troubles that are no
apparent during normal use may be corrected by recali-
bration.

CORRECTIVE MAINTENANCE

Corrective maintenance generally consists of component
replacement and instrument repair. Special information
required for replacing parts in the Type R116 is given here.

Replacement Parts

Standard Parts. All electrical and mechanical replace-
ment parts used in the Type R116 can be obtained through
your local Tektronix Field Office or representative. How-
ever, many of the standard electronic components can be
obtained in less time by purchasing them locally. Before
ordering or purchasing any replacement parts, refer to the
Electrical or Mechanical Parts Lists in this manual for the
required characteristics and correct description.

NOTE

When obtaining replacement parts, remember
that the physical size and position of a compo-
nent may affect its circuit performance. Replace
components only with identical parts unless it
is known that substitute parts will not adversely
affect the operation of the instrument.

Special Parts. In addition to the standard electronic
components, some special components and parts are used
in the Type R116. These parts are manufactured by or for
Tektronix, or are selected to meet specific performance
requirements. Each of the special electronic components is
indicated in the Electrical Parts List by an asterisk pre-
ceding the part number. In addition, most of the mechanical
parts used in the instrument are manufactured by Tektronix
and are not available from other sources. Order all special
parts directly from your Tektronix Field Office or representa-
tive.

Ordering Parts

When ordering replacement parts from Tektronix, always
include the following information:

1. A complete description of the part as given in the
Electrical or Mechanical Parts List. For an electrical part,
also give its circuit number (e.g., Q14—Width Generator).

2. The instrument type (Type R116).

3. The instrument Serial Number, found on the front panel.

Soldering Techniques

CAUTION
Disconnect the instrument from the power line
before soldering components mounted on the
chassis.

Eiched-Wiring Card Soldering. Use ordinary &0/40
tin-lead solder with a 35- to 40-watt pencil-type soldering
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iron. A hotter type of iron may separate the etched-wiring
material from the laminate base. The tip of the iron should
e clean and properly tinned for quick heat transfer to the
solder joint. The following technique is suggested for re-
placing a component on an etched-wiring card.

Removal:

1. Remove the card from the Type R116 and place it on
a work bench or table with the component side facing up.
If possible, weight the card down so that it will not move.

2. Grip one lead of the component with a pair of long-
nose pliers or a pair of tweezers. (If the component is
known to be defective, the leads may be cut near the com-
ponent body for individual removal.)

3. Touch the tip of the soldering iron to the lead at the
solder connection (see Fig. 5-2). When the solder begins to
melt, pull the lead out quickly.

4. Remove each of the other leads in the same manner.

soldering

Fig. 5-2. Apply the soldering iron to the heat-shunted lead when
removing a component from an etched-wiring card.

Installation:

1. Bend the leads of the new component to match the
holes in the etched-wiring card. If the holes are not open,
they can be opened by heating the solder to the melting
point and quickly inserting a pointed tool or toothpick into
the hole.

2. Clip the lead lengths of the new component to the
same lengths as the leads of the removed component.

3. Pre-tin the leads of the component by applying the
soldering iron and a small amount of solder to each (heat-
shunted) lead.

4. Insert the leads into the holes in the card and position
the component properly.

5. Heat-shunt each lead while applying the soldering
iron and a small amount of solder to the connection.

6. Clip off any excess lead length extending beyond
the solder connection on the reverse side of the etched-
wiring card.
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7. Clean the area around the solder connection with a
flux-removing solvent. Be careful not to remove any infor-
mation printed on the circuit card.

Ceramic Terminal Strip Soldering. Solder containing
about 3% silver should be used for soldering components
on ceramic terminal strips. Occasional use of ordinary 60/
40 tin-lead solder is permissable, but its repeated use or the
application of excessive heat may break the ceramic-to-
silver bond at the terminal notch. Silver-bearing solder
is available locally from electronic parts distributors or may
be purchased in 1-pound rolls {Tektronix Part Number 251-
0514-00} through your Tektronix Field Office or representa-
tive. Use a 40- to 75-watt soldering iron with a narrow
chisel-shaped tip that has been cleaned and properly tinned.

Removal:

1. With a pair of long-nose pliers, take hold of one
lead of the component to be removed.

2. Apply heat to the solder connection by touching the
soldering iron tip to the base of the ceramic strip notch
(see Fig. 5-3) while pulling gently on the lead. Do not
apply pressure to the strip, as this may break or chip it.

Fig. 5-3. Correct method of applying heat when soldering to a
ceramic terminal strip.

3. As soon as the solder melts, pull the lead from the
notch and remove the soldering iron. Avoid applying exces-
sive heat to the ceramic strip.

4. In the same manner, remove each of the other leads
of the component.

Installation:

1. Pre-tin each lead of the replacement component by
heating the lead and applying a small amount of solder.
If the component is small, heat-shunt the lead next to the
component body with a pair of long-nose pliers.

2. Place the replacement component in the same position
as the part that was removed.

3. Press the component lead lightly downward into the
notch and apply the soldering iron {as for removal) until the
solder melts. Press the lead as far as it will go into the
notch without forcing.
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4. Solder each of the other leads in the same manner.

5. Clip off any excess lead length extending past each
solder connection.

6. If the leads in the notch are not sufficiently covered
with solder, reheat the connection and add a small amount
of solder. It is best not to fill the notch with solder unless
this is required for a good connection.

7. Clean the flux from the ceramic strip with a flux-
removing solvent.

Metal Terminal Soldering. Use ordinary 60/40 tin-
lead solder for soldering to metal terminals such as con-
nector jacks and switch terminals. A soldering iron with
a 40- to 70-watt rating should be used and the tip of the
iron should be properly cleaned and tinned. To remove a
lead or to solder a lead to a metal terminal:

1. Hold the lead with a pair of long-nose pliers.

2. Apply the soldering iron tip directly to the connection
until the solder begins to melt. Do not apply excessive
heat.

3. Pre-tin all leads to be soldered to the terminal. Heat-
shunt the leads for tinning.

4. Use the minimum amount of solder required for a
good bond. Excessive solder may destroy the function of
the part.

5. Clip off any lead length extending beyond the finished
connection and remove it from the instrument.

6. Clean the solder connection with a flux-removing
solvent.

Replacement Procedures

Fuse Replacement. The power-line fuses are located
on the front panel of the instrument. For 115-volt operation
both 0.6-A fuses are used. For 230-volt operation only
one 0.6-A fuse (nearest the panel edge) is used.

CAUTION

Use only the correct value replacement fuses
A larger value will not provide adequate pro-
tection for the instrument; a smaller value will
tend to blow out.

Transistor Replacement.  Since each transistor has
its own individual operating characteristics, transistors
shauld not be replaced unless they are actually defective.
if removed during routine maintenance, be sure they are re-
turned to their original sockets. Unnecessary replacement or
switching of transistors may affect the calibration of the
instrument.

Any replacement transistor should be of the original or
an equivalent type, and should be mounted in the same
manner as the original. Bend the leads to fit the sockets
correctly and cut off the leads at a length approximately
1Y, times the height of the transistor case. Note the two
electrode configurations shown in Fig. 5-4.

All of the chassis-mounted power transistors use sili-
cone grease to aid in the dissipation of heat. Some of the
socket-mounted transistors with heat sinks also use this
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Metal-case type:

Emitter

Collector

Epoxy-case type (except when marked otherwise):

flat
side

Collector

Note: All sockets in the instrument
are wired for the metal-case type.

Fig. 5-4. Electrode configurations for socket-mounted transistors,
as viewed from the bottom of the transistor.

grease. When replacing any of these ftransistors, also
replace the grease.

WARNING

Silicone grease should be handled with care
and should be kept out of the eyes. Wash your
hands thoroughly after using it.

After any transistor has been replaced, the calibration of
the particular circuit should be checked.

Circuit Card Replacement. If one of the plug-in circuit
cards is damaged and cannot be repaired, it should be
replaced with a new card assembly. Replacement cards
may be ordered either with or without circuit components
wired in place. The Tektronix Part Numbers are given in
the Mechanical Parts List. To obtain a replacement card
with the solder-on components in place, be sure to order
the replacement card assembly. (An assembly does not
include socket-mounted transistors.)

CAUTION

When replacing circuit cards in the Type R116
always observe the following:

1. Insert all cards into their holders with the
components on the left side, as viewed from
the front and top of the instrument. A CAUTION
to this effect is printed on the chassis.

2. Install each card only in the correct series
slot. The series letter (e.g., C) is printed on the
top front corner of the card and on the instru-
ment chassis adjacent to the card holder.
Installation in any other position may damage
the instrument. (The card may have any MODEL
number, as long as the series letter is correct.)
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Chassis

Fig. 5-5. Ceramic terminal strip assembly.

After any plug-in card has been replaced, that portion
of the circuitry must be calibrated and any closely-related
circuits should be checked. If a series G or series H card
is replaced, be sure to reconnect the wire or coaxial cable
to the connector on the card.

Ceramic Terminal Strip Replacement. Replacement cer-
amic strips are supplied with their mounting studs attached
(see Fig. 5-5), but the mounting spacers must be ordered
separately. If the old spacers are not damaged, they may
be re-used with the new terminal strip assembly. Tektronix
Part Numbers for various ceramic strips and spacers are
given in the Mechanical Parts List.

The following procedure is suggested for replacing a
damaged terminal strip.

Removal:

1. Unsolder all components and wire connections. It
may be advisable to mark each lead with the corresponding
notch number.

2. Pry or pull the damaged strip from the chassis.

3. If the spacers come out with the strip, remove them
from the stud pins for use on the new strip.

Installation:

1. Place the undamaged or new spacers in the chassis
holes.

2. Carefully press the studs into the spacers until they
are completely seated. If it is necessary to use additional
force to seat the mounting studs, tap the strip lightly with
a soft mallet directly above each mounting stud.

3. Cut off the studs even with the spacers on the reverse
side of the chassis.

4. Replace all wires and components (see Soldering Tech-
niques).

Rotary Switch Replacement. Individual parts of a
rotary switch are not normally replaceable. If a switch
is defective, the entire assembly should be replaced. Refer
to the Electrical Parts List for correct Tektronix Part Number.

When removing a switch, mark the leads and the switch
contacts with corresponding identification tags, then use the
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old switch as a model for installing the new one. Do not
let solder flow beyond the rivets on the switch terminals
when soldering to the new switch. Spring tension of the
switch contact will be destroyed by excessive solder.

Power Transformer Replacement. If a complete check
of the instrument shows that the power transformer requires
replacement, notify your local Tektronix Field Office or
representative for a warranty replacement (see the Warranty
note in the front of this manual). Be sure to use only the
correct replacement for the power transformer.

When removing the transformer, tag the leads with the
terminal numbers to aid in connecting the new transformer.
After the new transformer has been installed and the leads
soldered to the terminals, check the power-supply resistances
to chassis ground as given in Table 5-1 before connecting
the instrument to the power line. {The 115V-230V switch
should be at the 115V position.)

TABLE 5-1

Power Transformer Resistance Checks

Terminal
Number

Approximate Resistance to
Chassis Ground!
Infinite
Infinite
Infinite
Infinite

0

1.9 kQ?
1.9 kQ?
2.4 kQ?
2.4 kQ?
1.9 kQ?
1.9 kQ?

—_

— OV O NN AWN

—_ —

'Common lead connected to chassis ground.

*Using 1 k2 scale on meter.

A complete performance check of the instrument will be
required after replacement of the power transformer.

Recalibration After Repair

After any electrical component has been replaced, the
calibration of that particular circuit should be checked, as
well as the calibration of other closely related circuits. Since
the low-voltage supplies affect all circuits, calibration of the
entire instrument should be checked if work has been done
in the low-voltage supplies or if the power transformer has
been replaced.

TROUBLESHOOTING

The following information is provided to aid in locating
and correcting trouble in the Type R116. Information found
in the Circuit Description, Calibration and Diagrams sections
is also helpful when troubleshooting the instrument.

Troubleshooting Aids

Diagrams. Circuit diagrams are given on foldout pages
in the rear of the manual. The circuit numbers and elec-
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trical values of components, as well as significant voltages
and waveforms, are shown on the diagrams. All front-panel
and internal control names are given and all input and out-
put connections are indicated. The components of each sub-
circuit are assigned related circuit numbers so they can be
easily located on the diagram.

The sequence of diagrams is the same as that of the
circuit cards in the instrument. Chassis-mounted components
are shown on the related card diagrams. The portion of
the circuitry that are mounted on circuit cards are outlined
in blue.

Circuit Card lllustrations. Since the high-density spacing
of components on the circuit cards permits only a few
circuit numbers to be printed on the cards, Figs. 5-8 through
5-16 are provided to show the physical locations of all
components mounted on the cards. Test points can be
located where one or more of the components are soldered
to the cards.

Wiring Color Code. All insulated wire in the Type RI16
is color coded for convenience in circuit tracing. Signal
carrying leads are identified with one or two colored stripes.
Voltage supply leads are identified with three stripes to
indicate the approximate voltage using thhe EIA resistor
color code, as given in Table 5-2. A white background color
indicates a positive voltage and a tan background indicates
a negative voltage. All voltages except the 4 12-volt supply
are referenced to signal ground. The 412-volt supply is
referenced to chassis ground. All voltage supplies are con-
nected to the plug-in cards through bus wires located on the
bottom of the instrument.

TABLE 5-2
Power-Supply Leads

1st 3rd
Back- | Stripe Stripe | Bus-Wire
ground | (wid- | 2nd {nar- | Terminals

Supply | Color | est) Stripe | rowest) | (11 -J9)

Signal
ground White | Black none none |1 and A

—27-volt | Tan Red Black | Black |2 and B
—6volt | Tan | Black |Blue | Black [3and C
+7-volt White | Black | Violet| none |26 and

DD3
+25-volt | White | Red | Black | Black |4 and D
Chassis White | none none none |28 and FF

ground -
+12-volt | White | Brown | Red Brown |27 and EE

*Not connected to J6, J7 or J8.

Resistor Color Code. In addition to the brown com-
position resistors, some metal-film resistors (identifiable by
their gray body color) and some wire-wound resistors (light
blue or gray-green} are used in the Type R116. The resist-
ance values of wire-wound resistors are marked on the body
of the component. The resistance values of composition
resistors and metal-film resistors are color coded on the
components with the EIA color code. The code is read start-
ing with the stripe nearest the end of the resistor. Composi-
tion resistors have four stripes which consist of two significant
figures, a multiplier and a tolerance value (see Fig. 5-6 and
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Composition Resistors:

PP

Metal-Film Resistors:

PP Y

Ceramic Capacitors:

AOO®E
jouee |
/ \

@ @ and @ —1st, 2nd and 3rd significant figures;
@ —multiplier; @ —tolerance;

@ —temperature coefficient.

Fig. 5-6. Resistor and ceramic capacitor color code (see Table
5-3).

Table 5-3). Metal-film resistors have five stripes consisting
of three significant figures, a multiplier and a tolerance
valve.

Capacitor Marking. The capacitance values of common
disc capacitors and small electrolytics are marked in micro-
farads on the side of the component body. The white
ceramic capacitors used in the Type R116 are color coded in
picofarads using a modified EIA code (see Fig. 5-6 and Table
5-3).

Diode Color Code. The cathode end of each glass-
enclosed diode is indicated by a stripe, a dot or a series of
stripes. For normal silicon or germanium diodes the stripes
also indicate the type of diode, using the resistor color-code
system (e.g., 6165 indicates the type of diode with Tektronix
Part Number 152-0165-00). The cathode and anode ends of
metal-encased diodes can be distinguished by the diode
symbol marked on the body or by the flared end at the
anode.



TABLE 5-3
Resistor and Capacitor Color Code
Signifi- Multiplier
cant | Resis- |Capaci- | Toler- |Temperature
Color |Figures | tors tors ance | Coefficient
Silver | --- | 10% | --- | 10% ——_—
Gold --- 101 -- - 5% +0
Biack 0 1 1 209% or |—0.033 parts/
2 pF* million
Brown 1 10 10 1% or |—0.075 parts/
0.1 pF* million
Red 2 102 102 2% ---
Orange 3 108 108 259, - -
Yellow 4 104 10 - - |—0.330 parts/
million
Green 5 10° 10° 5% or ---
0.5 pF*
Blue 6 10° 10¢ --- - - -
Violet 7 .- - -- - - .-
Gray 8 --- 102 | 0.25 pF ---
White 9 - - 10 110% or| General
1 pF* purpose-1
(none} --- - - - - - 20% - - -

‘For values less than 10 pF.

Troubleshooting Checks

If apparent trouble occurs in the Type R116, consider the
following preliminary checks before proceding with exten-
sive troubleshooting. Often apparent malfunctions result
from the improper use of controls or inadequate external
connections to associated equipment.

Check Control Settings. Incorrect confrol settings can
give an indication of trouble, even though no circuit trouble
exists in the instrument. Many combinations of control set-
tings in the Type R116 can prevent the formation of output
pulses. Operate the front-panel controls to see if any opera-
tional problems are apparent. If there is any question about
the correct purpose and use of a control or the correct rela-
tionship between controls settings, review the operating
instryctions in Section 2 of this manual. Familiarity with the
normal operation of the instrument is of great assistance in
locating trouble. This familiarity can be gained through
actual use of the instrument and through the use of this
manual.

Check Associated Equipment. Be sure the equipment
used with the Type R116 is operating correctly. Check that
input and output cables are not defective and that they are
connected correctly for the desired mode of operation.
Check that the display oscilloscope and programming units
are operating properly.

If these checks do not correct the indication of trouble,
the following Troubleshooting Procedure will help to locate
the source of trouble.

Troubleshooting Procedure

The following procedure is provided to isolate trouble to
a particular circuit in the Type R116 and to locate the trouble
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within that circuit. To arrive at the proper front-panel con-
trol settings for a known set of circuit conditions, set the
controls as indicated under Test Conditions on the left page
of the Period Generator diagram. These control settings
should produce waveforms in all circuits.

Voltage measurements should be made with a 20,000
Q/volt dc voltmeter, accurate to within 3% on all ranges.

NOTE

Signal ground in the Type R116 is not at zero
volts with respect to chassis ground. Since all volt-
ages except the <+ 12-volt supply are referenced
to signal ground, connect the common lead of the
voltmeter to signal ground (black on white color-
coded lead at filter capacitor C417).

Check for waveforms with a 30 MHz (or faster) test oscil-
loscope and a 10X attenuator probe (approximately 10 MQ
input resistance).

CAUTION

Connect the probe ground clip to chassis ground,
not to signal ground. Connecting the signal
ground to chassis ground may cause damage to
the power-supply circuit. If it is necessary to refer-
ence the probe to signal ground, either use a dif-
ferential input oscilloscope or connect the probe
clip through a 1 uF capacitor to signal ground.

Be careful when checking inside the instrument with meter
leads and probe tips. Careless shorting of leads can apply
abnormal voltages or transients to the components and cause
the destruction of semiconductors or other small components.

The plug-in circuit cards may be extended on a plug-
in card extender (Tektronix Part Number 012-0078-00)
for convenience in circuit tracing. When extending series G
or series H cards, leave the plug-on connectors attached.
The coaxial cable connected to the series H card may have
to be pulled out from under the plastic retaining clip.

1. Check Front-Panel Output Signals. With a test oscil-
loscope, check for the correct output signals as shown on the
schematics at the 4PRETRIGGER OUT, the +DELAYED
TRIGGER OUT and the PULSE OUTPUT connectors.

If the +Pretrigger Out signal is present, the Period Gen-
erator circuit is operating. If the +Pretrigger Out signal is
not present or is not correct, check the power-supply volt-
ages as described in the calibration procedure. If the supply
voltages are found to be correct, check the Period Generator
circuit in detail for voltages and waveforms.

If the +Delayed Trigger Out signal is present the Delay
Generator is functioning. f the +Pretrigger Out signal is
correct but the +Delayed Trigger Out signal is not present
or is not correct, the trouble is either in the Delay Generator
or in the trigger switching on the Function Program #1
card.

If the Pulse Output signal is now correct, the previous
indication of trouble may have been due to incorrect control
settings or to a circuit malfunction at one particular position
of one of the Range switches. If the 4 Pretrigger Out and

5-7
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Fig. 5-7. Baslc test points on the bottem of the Type R116 for tracing circult waveforms through the Instrument. See step 2 of the Trouble-

shooting Procedure,

the +Delayed Trigger Out signals are both correct but the
Pulse Output signal is absent or is incorrect, proceed to step
2.

2. Check Circuit Output Signals. Place the Type R11&
so that the circuitey on the bottem of the instrument is
exposed. Check for waveforms through the circuitry at the
test points shown in Fig. 57 and the Interconnecting dia-
gram [#11) as follows:

Period trigger at J2, terminal 5.
Width trigger at 4, terminal 9.
Delay trigger at )4, terminal 6.
Delayed trigger at J3, terminal P.
Width gate at J5, terminal V.

Pulse shape generator ocutput at J&, terminal 23.

=9 op oo

g. Output amplifier pulse at J7, terminal 20,

When a point is reached where the correct signal is not
present, the trouble can be assumed to be in the circuitry
immediately preceding that test point.

3. Check Internal Waveforms and Voltages. After
locating the general area of trouble with the preceding
waveform checks, trace through the circuitry with the test
oscilloscope and de voltmeter for correct waveferms and
voltages as given on the schematics. The circuit cards that
contain the suspected defective circuitry can be extended to
gain access to test points. |f the trouble is in either the Delay
Generator or the Width Generator, check for. the ramp
waveform at the junction of R24-R25,

4. Check Circuit Calibration. If the preceding waveform
and voltage checks indicate improper operation of a par-
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ticular circuit, check the calibration of the circuit according
to the procedure in the Calibration section of this manual
The improper setting of a calibration adjustment can often
cause the incorrect operation of a circuit, and thus of sub-
sequent circuits, If individual steps of the procedure are
performed out of sequence, remember that any change in
the setting of an adjustment control may affect the calibra-
tion of subsequent circuits.

5. Check the Circuit Visually. After isolating the trouble
te a particular circuit, check the circuit for damaged parts or
broken connections. A visval inspection can sometimes indi-
cate the source of trouble. If another circuit card of the
correct series is available, substitute it for the defective
circuit card to check the operation of the Type R116. If the
substitute card is left in the instrument, a performance check
should be made of the instrument.

6. Check Semiconductors. Most circuit failures result
from the failure of a transistor or diode due to normal aging
and use. The recommended methed of checking a transistor
is by direct substitution, since static parameter testers do not
indicate the circuit performance of a component.

Ordinary silicon or germanium diodes can be checked for
an open or shorted condition by measuring the resistance
between terminals after unsoldering one end. Use a resist-
ance scale with an internal voltage of 3 volts or less. The
resistance should measure very high in one direction and
very low with the leads reversed.

CAUTION

Do not use an ohmmeter scale that uses a high
voltage source, since this will give an incorrect
reading and may also damage the diode.



A dynamic parameter tester such as a Tektronix Type 575
Oscilloscope may also be useful for checking transistors,
signal diodes and tunnel or Zener diodes that are suspected
of being defective. The components will have to be dis-
connected from the circuit for testing. Be sure to return the
transistors and diodes to their original positions if they are
found to be operating correctly.

Before installing a replacement component, be sure that
the circuit voltages are not abnormal. If the circuit is not
checked, the new component may be damaged by a defec-
tive circuit.

7. Check Passive Components. Soldered-in components
such as resistors, capacitors and inductors can usually be
checked quickly after unsoldering one end to eliminate
incorrect measurements due to the surrounding circuitry.

A resistor can be checked with an ohmmeter or resistance
bridge. The tolerance permitted for each resistor used in
the instrument is given in the Electrical Parts List. The meas-
uring device must have a tolerance that is more restrictive

Madintenance—Type R116

than the tolerance of the resistor being measured in order to
check the value accurately. It is usually not necessary to
replace a composition resistor unless the value is far out of
tolerance. An inductor may be checked for an open condi-
tion with an ohmmeter, or for a shorted or partially shorted
condition by checking waveforms in the circuit. To determine
the inductance value, however, an inductance meter is
required.

A capacitor can be checked for a shorted or leaky condi-
tion by means of an ohmmeter set to a high scale. The
resistance reading should be very high after the capacitor
has charged. An open capacitor can be detected by trying
to pass an ac signal through it. The capacitance valve can
be calculated from RC time-constant data or measured with
a capacitance meter.

8. Repair and Readjust the Circuit. If any defective
parts are located, follow the replacement procedures given
earlier in this section. Be sure to check the performance of
any circuit that has been repaired or that has had any
electrical components replaced.

NOTES
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Fig. 5-11. Location of circuit components on Function Program #1 cord.
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Fig. 5-14. Location of circuit components on Output Amplifier card.
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SECTION 6
PERFORMANCE CHECK

Introduction

A complete performance check of the Type Ri16 is pro-
vided in this section. This procedure, which checks the
operation of the Type R116 without removing the dust
covers or making any internal adjustments, may be used
for incoming inspection or for calibration verification.

If the Type R116 fails to meet the specified performance
requirements given in this procedure, the instrument will
require internal checks and/or adjustments as given in the
Calibration section of this manual.

EQUIPMENT REQUIRED

The following {or equivalent) equipment is required for
a complete performance check of the Type R116. Equipment
specifications given here are the minimum requirements for
making the performance check. All test instruments are
assumed to be calibrated and operating within their rated
specifications. If substitute equipment is used, it must meet
or exceed the specifications of the recommended equipment.

1. Test oscilloscope, Tekironix Type 547 with Type W
Differential Comparator Plug-In Unit. Minimum alternate
requirements: Bandwidth from dc to 15MHz; sweep rates
rom 10 ms/cm to 10 ns/cm; vertical input deflection factors
from 10 mV/cm to 2 V/cm; voltage and timing accuracy of
display within 3%; internal comparison voltage provided
with accuracy of 0.5%; ac and dc vertical input coupling;
internal and external triggering; amplitude calibrator output
waveform available (approximately 1 kHz).

2. Sampling oscilloscope, Tektronix Type 661 with Type
5T3 Timing Unit, Type 4S3 vertical unit and two P6038
direct-sampling probes. Minimum alternate requirements:
Risetime of 350 ps; equivalent sweep rates from 20 ps/cm to
2 ns/cm; vertical deflection factors from 20 mV/cm to 200
mV/cm; external triggering; time-positioning capability
{time delay); voltage and timing accuracy within 3%.

3. Dual-Trace Amplifier Wideband Plug-In Unit, Tektronix
Type 1Al or 1A2, compatible with Type 547 Oscilloscope.
Minimum alternate requirements (with oscilloscope): Band-
width from dc to 50 MHz; vertical input deflection factors
of 1 V/em and 2 V/cm; voltage accuracy within 3%; alter-
nate-trace switching.

4. Time-Mark Generator, Tektronix Type 184. Minimum
alternate requirements: Time-mark outputs from 0.1 pus to
10 ms; accuracy within 0.5%.

5. Three 42-inch coaxial cables. Characteristic impedance
approximately 50 Q; BNC connectors. Tektronix Part Number
012-0057-00.

6. Voltage Pickoff, Tektronix VP-2. Permits direct-sampling

orobe to obtain signal from 50-Q system. Tektronix Part
Number 017-0077-00.

®

7. 50-Q in-line termination with BNC connectors. Tektronix
Part Number 011-0049-00.

8. 50-Q end-line termination with GR connector. Tektronix
Part Number 017-0081-00.

9. Two 50-Q 10X T attenuators with GR connectors.
Tektronix Part Number 017-0078-00.

10. BNC plug to GR connector adapter. Tektronix Part
Number 017-0064-00.

11. BNC jack to GR connector adapter. Tektronix Part
Number 017-0063-00.

12. Coaxial T connector with BNC connectors. Tektronix
Part Number 103-0030-00.

13. Plastic screwdriver-type adjustment tool. Tektronix
Part Number 003-0000-00.

14. Four shorting straps, approximately 8 inches long,
constructed of insulated stranded copper wire and alligator
clips for use with item 15.

15. Special remote program checker, constructed as
indicated in Fig. 7-2 and Table 7-1 in the Calibration section
of this manual. Provides access to REMOTE PROGRAM con-
nector terminals and includes minimum, intermediate and
maximum resistance values for remote program analog
checks.

16. BNC jack to sampling probe tip adapter. Tektronix
Part Number 013-0084-00.

PERFORMANCE CHECK PROCEDURE

The following procedure uses the equipment listed under
Equipment Required. If substitute equipment is used, con-
nections and control settings may need to be altered to
correspond to the characteristics of the equipment used.

Preliminary Procedure

1. Set the 115V-230V selector switch on the rear panel
of the Type R116 to correspond to the line voltage to be
used.

2. Connect the Type R116 and the test instrument to a
suitable power source.

3. Install the special remote program checker on the rear-
panel REMOTE PROGRAM connector.

4. Turn on the instrument and allow at least 20 minutes
warm up at 25°C, -=5°C {77°F, ==9°F) before making any
performance checks.

5. Connect the Type R116 output pulse through a termin-
ated 50-Q coaxial cable to the channel A vertical input of
the test oscilloscope, as shown in Fig. 6-1.

6. After the 20-minute warm-up period, check the dc bal-
ance of the test oscilloscope.

7. Set the instrument controls as follows:
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To Test
Qscilloscope
Vertical
Input

Coaxicl Cable T
from Cannactor
Type R116 [BNC)

BNC Plug/GR

Adapher

50-101
Termination

Fig. 6=1, Cable termination far connecting the Typs R116 ouiput
pulse to the test escilloscope vertical input.

Test Oscilloscope

Sweep Rate 20 psfem
Triggering +Internal, Nermal
Vertical Display A-Ve
Input Attenuation 100
Deflection Facter 20 mV/em
Input Coupling DC
Comparison Voltage
Range 0
Multiplier 0.000
Amplitude Calibrator Off

1. Check + Amplitude Accuracy

a. Requirement—Correct amplitude -+£3% inte a 50-0
load over the range of the amplitude controls.

b. Set the AMPLITUDE RAMNGE, AMPLITUDE MULTIPLIER
and test oscilloscope comparison voltage and deflection
factor as given in Table &-1.

c. For each check, position the pulse baseline to the

R116
Arw horizontal centerline of the test oscilloscope crt screen (see
MODE SINGLE Fig. 6-2A) with the Ve Range switch set to 0, then set the
TRIGGER SOURCE INTERMAL switch to +1.1.
PERIOD RAMGE 100 uS d. Check for—Test oscilloscope display of the pulse
MULTIPLIER 1 tops with the flattest portion of the tops at the herizontal
DELAY OR BURST TIME centerline [see Fig. 6-2B), with the Ve Range switch at 1.1,
RAMGE 10 n3
MULTIPLIER 10 2. Check — Amplitude Accuracy
WIDTH RANGE 1 uS a. Requirement—Correct amplitude =+3% inte a 500
MULTIPLIER 20 load over the range of the amplitude contrals.
A A CE Y b. Set the Type R116 POLARITY switch to —.
MULTIPLIER 10
c. Set the AMPLITUDE RAMGE, AMPLITUDE MULTIPLIER
POLARITY o and test oscilloscope comparison veltage and deflection
PROGRAM INT factor as given in Table é-1.
DC OFFSET 0 d. For each check, position the pulse baseline to the
RISETIME FALLTIME horizantal centerline of the test oscilloscope screen with the
RAMNGE 1 nS Ve Range switch set to 0, then set the switch to —1.1.
RISETIME MULT 1 e, Check for—Test oscilloscope display as indicated in
FALLTIME MULT 1 the last column of Table é&-1.
Table 6-1
Amplitude Accuracy Check
AMPLITUDE = AMPLITUDE | 'I'ir:t_Estillp_:mpu Yoltage Maximum dis-
RANGE MULTIPLIER | Input | rn"ffcm| Comp. placement from
| Atten. | Yoltage _ centerline
s Mult, {708 S
vt i e Wiine? [ 100sels 20 | V0UH0 10V,+3% | +15em
5V 10 B0 10 [ 5000 5¥,2:3% | xlSem
2V TOs R AT R T T T
2V 2 pEel 10 | 4000 | 400mV,+3% | LSy o
5V 2 ol gre | - TR 1V, 239 +1.5em 3
1V 2 s R - | 200 2V,+3% —+1.2¢em
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Pulse baseline at centerline with
comparison voltage at 0.
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.2V range (X2) 100 mV/cm

Fig. 6-2. Test oscilloscope displays for checking amplitude accuracy.

3. Check Remote Amplitude Ranges

a. Requirement—Correct remote operation of amplitude
ranges, within 2% of front-panel operation.

b. Connect a shorting strap between terminal 1 of the
REMOTE PROGRAM plug and the wire (not one of the pro-
gram resistors) connected to terminal 27.

c. Reset the following Type R116 controls:

POLARITY +
AMPLITUDE RANGE REMOTE

d. Reset the test oscilloscope controls as follows:

Input Attenuation 10
Deflection Factor 10 mV/cm
Comparison Voltage

Range 0

e. Position the base of the pulse display 1 cm above the
bottom graticule line (see Fig. 6-3).

f. Check for—Test oscilloscope display of the pulse wave-
form with 4ecm of deflection, ==2mm (400 mV, =+=5%).

g. Connect a second shorting strap between terminal 36
and each of the terminals indicated in Table 6-2.

h. Check for—Test oscilloscope display as indicated in
the last column of Table 6-2.

®

Fig. 6-3. Typical test oscilloscope display for checking remote am-
plitude range operation.

TABLE 6-2
Remote Amplitude Range Check
Short Oscilloscope Amplitude
Between | Input |mV/cm VYoltage Deflection
Terminals | Atten.
36 and 24 10 20 1V,£5% [5em,+=2.5mm
36 and 25 10 50 2V,x=59% 4 cm, =2 mm

4. Check Remote Amplitude Analog

a. Requirement—Correct amplitude with program resistors,
within 2% of front-panel operation (4+1% remote program
resistor tolerance).

b. Remove the shorting strap connected between terminals
36 and 25 of the REMOTE PROGRAM plug.

c. Reset the following test oscilloscope controls:
Input Attenuation 1
Deflection Factor 10 mV/cm

Comparison Voltage
Multiplier 4.000

d. Position the pulse baseline to the horizontal centerline.

e. Set the test oscilloscope Vc Range switch to +1.1.

f. Check for—Test oscilloscope display of the pulse tops
at the horizontal centerline, =2 cm (400 mV, *=5%).

g. Reset the test oscilloscope controls as follows:

Input Attenuation 10
Deflection Factor 5mV/cm
Comparison Voltage
Range 0
Multiplier 1.200
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h. Move the shorting strap from terminal 27 to the 4.42-
k Q resistor connected to the same terminal.

i. Position the pulse baseline to the horizontal centerline
of the test oscilloscope.

i- Set the test oscilloscope Vc Range switch to +1.1.

k. Check for—Test oscilloscope display of the pulse tops
at the horizontal centerline, ==1.4cm (1.2 volts, ==6%).

I. Move the shorting strap from the 4.42-kQ resistor to
the 8.87-kQ resistor connected to the same terminal (27).

m. Reset the following test oscilloscope controls:

Deflection Factor 10 mV/cm
Comparison Voltage
Range 0
Multiplier 2.000

(The Input Attenuation switch should be at 10.)

n. Position the pulse baseline to the horizontal centerline
of the test oscilloscope.

o. Set the test oscilloscope Vc Range switch to +1.1.

p. Check for—Test oscilioscope display with pulse tops
at the horizontal centerline, #=1.2 cm (2 volts, *=69%).

g. Remove the shorting strap.

r. Set the test oscilloscope Ve Range switch to 0.

5. Check Remote Polarity Selection

a. Requirement—Correct remote operation of polarity
selection.

b. Reset the following Type R116 controls:
AMPLITUDE RANGE 2V
POLARITY REMOTE PROGRAM

c. Set the test oscilloscope Deflection Factor to 20 mV/cm.
(The Input Attenuation switch should be at 10.)

d. Position the baseline of the pulse display to the hor-
izontal centerline of the test oscilloscope crt screen.

e. Check for—Test oscilloscope display of the positive-
going pulse.

f. Connect a shorting strap between terminals 36 and 18
of the REMOTE PROGRAM plug.

g. Check for—Test oscilloscope display of the negative-
going pulse.

h. Remove the shorting strap.

6. Check External Triggering

a. Requirement—Correct external triggering of the out-
put pulse, using a +2-volt to +20-volt input signal.

b. Connect a coaxial cable from the test oscilloscope cali-
brator output to the Type R116 +TRIGGER INPUT connector.

c. Set the following Type R116 controls:

6-4

Period set by _
PERIOD controls
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Fig. 6-4. Test oscilloscope displays for checking external trigger-
ing: {A) Normal Single mode waveform; (B) externally-triggered
Single mode waveform.

POLARITY +

PERIOD RANGE 100 1S
MULTIPLIER 2

WIDTH RANGE 1S
MULTIPLIER 40

d. Set the test oscilloscope sweep rate to 0.2 ms/cm.
e. Trigger the test oscilloscope sweep.

f. Observe the Single mode output pulse waveform, with
the pulse period set by the PERIOD controls {see Fig. 6-4A).

g. Set the Type R116 TRIGGER SOURCE switch to EXTER-
NAL OR MANUAL.

h. Set the test oscilloscope calibrator output amplitude
to 20 volts.

i. Check for—Test oscilloscope display of the exter-
nally-triggered Single mode waveform (see Fig. 6-4B), with

a pulse period of approximately 1 ms set by the calibrator
signal frequency.

i. Decrease the calibrator output amplitude to 2 volts.

®
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k. Check for—Test oscilloscope display of the externally-
triggered waveform.

7. Check Remote Triggering Enable

a. Requirement—Correct remote operation of trigger
signal selection.

b. Connect a shorting strap between terminals 36 and 19
of the REMOTE PROGRAM plug.

c. Set the TRIGGER SOURCE switch to REMOTE PRO-
GRAM.

d. Check for—Test oscilloscope display of the externally-
triggered Single mode waveform.

e. Remove the shorting strap.

f. Check for—Test oscilloscope display of the Single
mode waveform with the pulse period set internally.

8. Check Mode Selection

a. Requirement—Correct output signal in each pulse mode,
selected by front-panel MODE switch.

b. Connect a coaxial cable from the Type R116 +PRE-
TRIGGER OUT connector to the test oscilloscope External
Trigger Input.

c. Set the following Type R116 controls:

PERIOD RANGE 10 pS
MULTIPLIER 3
DELAY OR BURST TIME
RANGE 100 nS
MULTIPLIER 15
WIDTH RANGE 100 nS
MULTIPLIER 5

TRIGGER SOURCE INTERNAL

d. Reset the following test oscilloscope controls:
2 ps/cm
+External, Normal

Sweep Rate
Triggering

e. Check for—Test oscilloscope display of the non-delayed
Single mode waveform.

f. Position the rise of the first displayed pulse to the
T-cm graticule line of the test oscilloscope screen (see Fig.
6-5A).

g. Set the Type R116 MODE switch to DLY'D SINGLE.

h. Check for—Test oscilloscope display of the delayed
output pulse displaced by approximately the delay time
(2cm or 4 pus) from the 1-cm graticule line (see Fig. 6-5B).

i. Set the Type R116 MODE switch to DOUBLE.

j. Check for—Test oscilloscope display of the Double
mode waveform with the first pulse at the 1-cm graticule
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line and the second pulse displaced by approximately the
delay time from the first pulse {see Fig. 6-5C).

k. Temporarily disconnect the triggering cable from the
test oscilloscope calibrator output, install @ BNC T connector
on the calibrator output, then connect the coaxial cable to
one arm of the T.

|. Disconnect the trigger cable from the Type R116 +PRE-
TRIGGER OUT connector and connect it to the second arm
of the T.

m. Reset the following test oscilloscope controls:

0.2 ms/cm
10 volts

Sweep Rate
Amplitude Calibrator

n. Reset the following Type R116 controls:

MODE BURST
DELAY OR BURST TIME

RANGE 10 S
WIDTH RANGE 148

o. Trigger the test oscilloscope display.

p. Check for—Test oscilloscope display of the Burst mode
waveform (see Fig. 6-5D) with the burst width set by the
DELAY OR BURST TIME controls, the burst period set by the
calibrator signal, and the pulse period and width set by the
PERIOD and WIDTH controls.

g. Turn the DELAY OR BURST TIME MULTIPLIER control
to the 5 position while observing the change in burst time.

r. Move the triggering signal cable from the 4TRIGGER
IN connector to the +GATE IN connector.

s. Set the Type R116 MODE switch to GATED OUTPUT.

t. Check for—Test oscilloscope display of the Gated
Output mode waveform with the duration of the burst set by
the calibrator square-wave signal (see Fig. 4-5E).

u. Set the test oscilloscope calibrator output amplitude
to 2 volts.

v. Check for—Test oscilloscope display of the Gated
Output waveform.

9. Check Remote Mode Selection

a. Requirement—Correct remote selection of pulse modes.

b. Disconnect the coaxial cable from the calibrator out-
put {connected to the test oscilloscope External Trigger Input)
and connect it to the Type R116 +PRETRIGGER OUT.

c. Reset the following Type R116 controls:

MODE REMOTE PROGRAM
DELAY OR BURST TIME

RANGE 100 nS

MULTIPLIER 40
WIDTH RANGE 100 nS

d. Set the test oscilloscope sweep rate to 2 ps/cm.

e. Check for—Test oscilloscope display of the Single
mode waveform (see Fig. 6-5A).

f. Connect a shorting strap between terminals 36 and 20
of the REMOTE PROGRAM plug. (During the following
checks, leave one end of the strap connected to terminal 36
and move only the other end of the strap.)
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g. Check for—Test oscilloscope display of the Dly'd
Single mode waveform (see Fig. 6-5B).

h. Move the end of the shorting strap from terminal 20 tc
terminal 21.

i. Check for—Test oscilloscope display of the Double
mode waveform (see Fig. 6-5C).

i. Move the shorting strap from terminal 21 to terminal

23.
k. Set the test oscilloscope sweep rate to 0.2 ms/cm.
I. Reset the following Type R116 controls:

DELAY OR BURST TIME
RANGE 10 uS

WIDTH RANGE 1pS

m. Disconnect the signal cable from the +PRETRIGGER
OUT (connected to the test oscilloscope External Trigger
Input) and connect it to the T connector on the calibrator
output.

n. Check for—Test oscilloscope display of the Gated
Output waveform (see Fig. 6-5E).

o. Move the calibrator signal cable from the +GATE IN
connector to the +TRIGGER IN connector.

p. Move the shorting strap from terminal 23 to terminal
22 of the REMOTE PROGRAM plug.

q. Check for—Test oscilloscope display of the Burst mode
waveform (see Fig. 6-5D).

r. Remove the shorting strap.

s. Disconnect the triggering cables and remove the T
connector from the calibrator output.

10. Check Manual Trigger

a. Requirement—Single pulse output with the manual
TRIG button.

b. Reset the following Type R116 controls:

MODE SINGLE

PERIOD RANGE 1mS
MULTIPLIER 3

WIDTH RANGE 10 pS
MULTIPLIER 50

c. Reset the following test oscilloscope controls:

1 msfcm
+Internal (not Auto)

Sweep Rate
Triggering

d. Trigger the test oscilloscope display and observe the
repetitive waveform (see Fig. 6-6A).

e. Set the Type R116 TRIGGER SOURCE switch to EXTER-
NAL OR MANUAL.

f. Press the front-panel manual TRIG button while ob-
serving the test oscilloscope screen.

g. Check for—Test oscilloscope display of the single
output pulse each time the TRIG button is pressed (see Fig.
6-6B). Readjust the test oscilloscope intensity if necessary.

®
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Fig. 6-6. Typical test oscilloscope displays for checking the manual
trigger: (A) TRIGGER SOURCE switch at INTERNAL; (B) single
wise when TRIG button is pressed with TRIGGER SOURCE switch
at EXTERNAL OR MANUAL.

11. Check Offset Accuracy

a. Requirement—Correct dc offset into a 50-Q load, over
the range of the DC OFFSET control, =50 mV at 0 offset
and +=150mV at maximum offset (in + and — polarity).

b. Reset the following Type R116 controls:
TRIGGER SOURCE INTERNAL
AMPLITUDE RANGE |RY%

c. Reset the following test oscilloscope controls:

Input Attenuation 1
Deflection Factor 50 mV/cm
Comparison Voltage
Range 0
Multiplier 5.000
Input Coupling Gnd

d. Set the Type R116 DC OFFSET control exactly to the
0 position.

e. Free run the test oscilloscope trace and position it
to the horizontal centerline.

f. Set the test oscilloscope Input Coupling switch to DC.

g. Check for—Test oscilloscope display with the pulse
baseline at the horizontal centerline, =1 cm (50 mV).

h. Set the POLARITY switch to —.

i. Check for—Test oscilloscope display with the pulse
baseline at the horizontal centerline, ==1 cm (50 mV).

®
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i. Reset the following test oscilloscope controls:
Input Attenuation 10
10 mV/cm

k. Set the DC OFFSET control, the POLARITY switch and
the test oscilloscope comparison voltage multiplier as given

in Table 6-3.

Deflection Factor

l. For each check, position the trace to the horizontal
centerline with the test oscilloscope V¢ Range switch set to
0 and the Input Coupling switch to Gnd, then set the In-
put Coupling switch to DC and V¢ Range switch as indi-
cated in the table.

m. Check for—Test oscilloscope display with the pulse
baseline at the horizontal centerline, =1.5em (150 mV), as
indicated in the Offset (Internal) column of Table 6-3. The
checks on the 1V amplitude range cover the .5V and .2V
ranges as well, since the attenuator was checked previously.

TABLE 6-3
Offset Accuracy Check
Oscilloscope Offset
Baseline

DC Comp. Displacement
OFF- POLAR- Voltage Vc from Centerline
SET ITY Mult. Range Voltage Internal Remote
—5 + 5000 —1.1 -5V =£15cm *=25cm
(150 mV) (250 mV)
-5 — 5000 —11 —5V =£15cm +25cm
+5 — 5000 411 45V =£15cm *=25cm
+5 + 5000 <411 45V =+=15cm +25cm

12. Check Remote Offset

a. Requirement—Correct dc offset using program re-
sistors, within 100 mV of front-panel operation (+1% pro-
gram resistor tolerance).

b. Connect shorting straps between the following ter-
minals of the REMOTE PROGRAM plug: 2 and 31; 3 and
32; 36 and 28.

c. Connect a shorting strap from terminal 1 to the 4.42-
kQ resistor connected to terminal 33.

d. Reset the following test oscilloscope controls:

Ve Range 0
Comparison Voltage

Multiplier 2.000
Input Coupling Gnd

e. Free run the test oscilloscope trace and position it
to the horizontal centerline.

f. Reset the following Type R116 controls:
PROGRAM REMOTE
POLARITY +
g. Set the test oscilloscope Input Coupling switch to DC.

h. Check for—Test oscilloscope display with the pulse
baseline at the horizontal centerline, ==1.5cm (150 mV).

i. Set the POLARITY switch to —.
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j. Check for—Test oscilloscope display with the pulse
baseline at the horizontal centerline, ==1.5cm {150 mV).

k. Move the shorting strap from the 4.42-kQ resistor con-
nected to terminal 33 to the 8.87-kQ resistor on the same
terminal.

|. Set the POLARITY switch and the test oscilloscope
comparison voltage multiplier as given for the —5 settings
of the DC OFFSET control in Table 6-3.

m. For each check, position the trace to the horizontal
centerline (with the test oscilloscope Vc Range switch set
to 0 and the Input Coupling switch at Gnd), then set the
Input Coupling switch to DC and the Ve Range switch as
indicated in the table.

n. Check for—Test oscilloscope display with the pulse
baseline at the horizontal centerline, ==2.5cm (250 mV), as
given in the Offset {Remote} column of Table 6-3.

o. Move the shorting strap from the 8.87-kQ resistor to
the wire connected to terminal 33.

p. Repeat steps | through n for the +5 settings of the
DC OFFSET control given in Table 6-3.
13. Check Program Clamp

a. Requirement—No greater than 1 volt offset in remote
program with open offset program line.

b. Reset the following test oscilloscope controls.

Ve Range 0
Input Attenuation 100
Input Coupling Gnd

<. Remove the shorting strap connected between terminal
1 and terminal 33.

d. Free run the trace and position it to the horizontal
centerline.

e. Set the test oscilloscope Input Coupling switch to DC.

f. Check for—Test oscilloscope display with the pulse
baseline at the horizontal centerline, =1 cm (%=1 volt off-

Type R116 9-em_
waveform [ ‘lf _lr I_'_"e i
F T 1T I 71 [
i SRS Rt Mty SAbE b---f-- Timing SR
difference
over 9-cm
Time-Mark
L1 waveform
(A) H::'I:::: H+H L IABAS LBEAS LREAE sARES
2nd
1 1 ~4Type R116_ |
i pulse
Timing
difference
over 5.5 ¢cm
(B) «‘0 2! laa may) i “:;:iﬂ«f‘
_______________ . 12th 1ol oo ]
time
mu_rker

Fig. 6-7. Typical test oscilloscope displays for checking period tim-

ing accuracy: (A) At 1 position of PERIOD MULTIPLIER control;

(B} at 11 position of control.

g.
h.

Set the Type R116 POLARITY switch to —.

Repeat step f for the negative-going pulse.

i. Set the PROGRAM switch to INT.

i- Remove the shorting straps.

14. Check Period Timing

a. Requirement—Correct timing +3% over the range
of the period controls, except 5% on the 100 nS period

set). range.
TABLE 6-4
Period Accuracy Check
Period

PERIOD PERIOD WIDTH Time Oscilloscope B Difference from
RANGE | MULTIPLIER | RANGE | Markers | Sweep Rate Time | Reference Waveform
100 nS 1 10nS 0.1 ps 0.1 us/em 100 ns, ==5% | *=45mm over 9cm

1uS 1 10 nS 1 ps 1 ps/em 1ps, 3% | =27 mm over 9cm
10 uS 1 10nS 10 ps 10 ps/em 10pus, £3% | =27 mm over 2cm
100 uS 1 100 n$ 0.1 ms 0.1ms/cm | 100 s, =3% | +2.7 mm over 9cm

1mS 1 1 pS 1 ms 1 ms/cm Tms, 3% | 2.7 mm over 9cm
100 nS 1 10nS 0.1 ps 0.2 pus/ecm 1.1 us, 5% | *=2.75mm over 55cm

1 uS 11 10 nS 1 ps 2 pus/cm 1 s, £3% | =1.65mm over 55cm
10 1S N 100 nS 10 pus 20 ps/em 10 us, £3% | *=1.65mm over 55cm
100 uS 1 1 uS 0.1 ms 0.2 ms/cm 1.1ms, 3% | *=1.65mm over 55cm

1mS 1 10 S 1ms 2 ms/cm 1MMms, =3% | *=1.65mm over 55cm




b. Disconnect the Type R116 output pulse signal from the
test oscilloscope input.

¢. Remove the Type W Plug-In Unit from the test oscillo-
scope and insert the Type 1A1 or Type 1A2 Plug-In Unit.

d. Allow the plug-in unit to warm up for a few minutes.

e. Set the plug-in unit controls as follows:

Vertical Mode Alternate
Deflection Factor
Channel 1 2V/cm
Channel 2 2V/em
Input Coupling DC
f. Reset the following Type R116 controls:
WIDTH MULTIPLIER 5
AMPLITUDE MULTIPLIER 10
POLARITY +
DC OFFSET 0

g. Connect the terminated pulse output from the Type
R116 to the Channel 1 vertical input of the test oscilloscope.

h. Connect the marker output from the time-mark gen-
erator through a 50-Q in-line termination (BNC connectors)
to the Channel 2 vertical input of the test oscilloscope.

i. Set the Type R116 controls, time-mark generator mark-
er output and the test oscilloscope sweep rate as given in
Table 6-4.

- Trigger the test oscilloscope display and position
poth waveforms near the center of the crt screen.

k. Check for—Test oscilloscope displays: At the 1 posi-
tion of the PERIOD MULTIPLIER, equal time-spacing of Type
R116 pulses and time markers over the first 9 cm (Fig. é-7A);
at the 11 position of the PERIOD MULTIPLIER, second Type
R116 pulse at 12th time marker (Fig. é-7B).

15. Check Remote Period Ranges

a. Requirement—Correct remote operation of period

ranges, within 2% of front-panel operation.

b. Connect a shorting strap between terminal 34 of the
REMOTE PROGRAM plug and the wire (not one of the pro-
gram resistors) connected to terminal 9 of the plug.

Performance Check—Type R116

e. Set the Type R116 PERIOD RANGE switch to REMOTE.
{The WIDTH RANGE switch should be at 10 nS).

f. Check for—Test oscilloscope display with equal time
intervals (+79%) between pulses in the Type R116 wave-
form and the time-mark waveform over the first 9cm,
=+6.3 mm.

g. Connect a second shorting strap between terminal
36 (chassis ground) and each of the terminals indicated in
Table 6-5.

h. Check for—Test oscilloscope display as indicated in
the last column of Table 6-5.

16. Check Remote Period Analog

a. Requirement—Correct period timing using program
resistors within 2% of front-panel operation {4+1% program
resistor tolerance).

b. Set the WIDTH RANGE switch to 10nS.

c. Remove both shorting straps, then reconnect them as
follows: One between terminals 36 and 5; one between
terminal 34 and 8.45-kQ resistor connected to terminal 9.

d. Set the test oscilloscope sweep rate to 1 us/cm.
e. Set the time-mark signal to 1 us.

f. Check for—Test oscilloscope display with the second
Type R116 pulse at the 7th time marker =+3.6mm (6 us
+6%).

g. Move the shorting strap from the 8.45-kQ resistor to
the 16.9-kQ resistor on the same terminal. Leave the other
end of the strap connected to terminal 34.

h. Set the test oscilloscope sweep rate to 2 us/cm.

i. Check for—Test oscilloscope display with the second
Type R116 pulse at the 12th time marker 6.6 mm (11 ps
+6%).

. Remove the shorting straps.
17. Check Delay and Width Trigger Sensitivity

a. Requirement—Stable Dly’'d Single mode signal through
range of DELAY OR BURST TIME MULTIPLIER and WIDTH
MULTIPLIER controls.

b. Reset the following Type R116 controls:

MODE DLY'D SINGLE
c. Set the test oscilloscope sweep rate to 0.1 us/cm. PERIOD RANGE 10 S
d. Set the time-mark generator for a 0.1-us output. MULTIPLIER 1
TABLE 6-5
Remote Period Range Check
Period
Short Oscilloscope Difference from
Between Sweep WIDTH Time Reference
Terminals Rate RANGE Markers Time |  Waveform
7360nd 5 1 us/em 10 nS 1}{5‘7 Tps, £5% | =4.5mm over ?fi
36and 6 | 10 ps/cm 10nS [Ops | 10us, +5% | +=4.5mm over 9cm
36 and 7 O.] ms/cm 100 nS 0.1 ms 100 ps, +=5% | *=4.5mm over 9cm_
36 and 8 1ms/cm 1 uS 1ms 1ms, =5% | =45mm over 9¢cm
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Fig. 6-8. Test oscilloscope displays for checking delay and width
trigger sensitivity adjustments.
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DELAY OR BURST TIME

RANGE 10nS
MULTIPLIER 5
WIDTH RANGE 10 nS
MULTIPLIER 5
c. Reset the following test oscilloscope controls:
Sweep Rate 0.2 us/ecm
Vertical Mode Channel 1
Triggering + External

d. Connect the Type R116 4Pretrigger Out signal to the
test oscilloscope External Trigger Input.

e. Trigger the test oscilloscope.

f. Observe the test oscilloscope displays {see Fig. 6-8)
while performing the following four operations:

1. Turn the DELAY OR BURST TIME MULTIPLIER control
slowly clockwise to the fully clockwise position.

2. Turn the WIDTH MULTIPLIER control slowly clock-
wise to the fully clockwise position.

3. Turn the DELAY OR BURST TIME MULTIPLIER control
slowly counterclockwise back to the 5 position.

4. Turn the WIDTH MULTIPLIER control slowly counter-
clockwise back to the 5 position.

g. Check for—Stable test dscilloscope display of the Type
R116 delayed output pulse throughout the preceding checks.

h. Reset the following Type R116 controls:

PERIOD RANGE 1 mS
MULTIPLIER Fully clockwise
DELAY OR BURST TIME
RANGE 10 uS
WIDTH RANGE 10 uS

i. Set the test oscilloscope sweep rate to 0.2 ms/cm.

i- Repeat steps f and g.
18. Check Delay Timing

a. Requirement—Correct timing 3% (+10ns) over the
range of the delay controls on the 100nS, 1 uS and 10 uS
ranges. (The 10nS range is checked in step 24.)

b. Reset the following test oscilloscope controls:

Vertical Mode Alternate
Triggering ~+Internal
¢. Reset the following Type R116 controls:
MODE DOUBLE
PERIOD MULTIPLIER 10
WIDTH MULTIPLIER 5

d. Set the DELAY OR BURST TIME controls, the WIDTH
RANGE, the PERIOD RANGE, the time-mark generator
marker output and the test oscilloscope sweep rate as given
in Table 6-6.

e. Check for—Test oscilloscope displays with a delay
period between corresponding points on the two pulses
(see Fig. 6-9), as indicated in the last column of Table 6-6.

®
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TABLE 6-6

Delay or Burst Time Accuracy Check

DELAY OR | DELAY OR f Delay Interval
PERIOD |BURST TIME | BURST TIME | WIDTH Time ‘Oscilloscope i Difference from
RANGE RANGE MULTIPLIER | RANGE | Markers LSweep Rate Time Reference Waveform
10045 | 1045 | 5 148 Sps | 10us/cm | 50pus, +3% (+10ns)]| =1.51 mm over 5cm
10 S J 1uS 5 100 nS 05ps | 1 ps/em 5ps, 3% (+10ns)| ==1.6 mm over 5cm
1 uS ‘ 100 nS 5 10nS 50ns | 0.1 psfem  [500ns, ==3% (+410ns) ' +25mm over 5¢cm
10 uS 100 nS 55 100 nS 0.5 us 1 ps/ecm J 55us, =3% (+10 nsﬂ +1.75mm over 55cm
100 uS 1uS 55 1pS 5ps 10 pusfem [ S55us, 3% (+10ns)| ==1.66 mm over 5.5cm
1 mS 10 uS 55 10 uS 50 ps 0.1 ms/cm |550 us, +3% (+10ns)| =1.65mm over 5.5cm
rem MULTIPLIER ]
i i | WIDTH RANGE 10nS
P =Ll Difference
----- .4_. Delay "3 T mfr:.?.r'.inm-—':g" DEALA,:JYLTIQLAERBURST TIME ’
time
RANGE REMOTE

+
4
L
rowd I e 'Y P P R W S T Y
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<+
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Fig. 6-9. Typical test oscilloscope display
ing accuracy.

for checking delay tim-

19. Check Remote Delay Ranges

a. Requirement—Correct remote operation of

ranges within 2% of front-panel operation.

delay

b. Connect a shorting strap between terminals 3 and 13
of the REMOTE PROGRAM plug.

<. Set the test oscilloscope sweep rate to 10 ns/ecm (0.1
ps/cm, magnified X10).

d. Set the time-mark generator for a 10-ns output.

e. Reset the following Type R116 controls:

f. Check the display timing for 1 cyclefecm of the tim-
ing signal and adjust the variable sweep rate control if
necessary.

g. Set the test oscilloscope Trigger Source switch to
External.

h. Position the rise of the displayed pulse at the 1-cm
graticule line.

i. Set the MODE switch to DLY'D SINGLE.

i- Check for—Test oscilloscope display of the delayed
pulse with the pulse rise at the 6-cm graticule line +1.25
cm, indicating a delay interval of 50 ns 5% (+10 ns).

k. Set the MODE switch to DOUBLE.

. Set the test oscilloscope Trigger Source switch to
Internal.

m. Connect a second shorting strap between terminal 36
and each of the terminals indicated in Table 6-7.

n. Check for—Test oscilloscope displays as indicated
in the last column of Table 6-7.
20. Check Remote Delay Analog

a. Requirement—Correct delay timing with program

MODE SINGLE resistors, within 2% of front-panel operation (41 program
PERIOD RANGE 10 S resistor tolerance).
TABLE 6-7
Remote Delay or Burst Time Range Check
Short | Delay Interval
Between | PERIOD | WIDTH | Time | Oscilloscope Difference from
Terminals | RANGE RANGE | Markers | Sweep Rate Time i Reference
"36and 10 | 1045 | 10nS | 50ns | O ps/em | 500ns, 5% (+10ns) | =3.5mm over 5cm
36 and 11 [ 100uS [ 100nS | 05 s Tus/fem | 5ps, 5% (+10ns) | =2.6 mm over 5cm
3and 12 | 1mS | 1uS | Sps 10 ps/cm 50 s, +5% (+10ns) | =2.5mm over 5cm

@
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TABLE 6-8
Width Timing Accuracy Check
PERIOD WIDTH WIDTH Time Oscilloscope Pulse Width
RANGE RANGE | MULTIPLIER Markers | Sweep Rate Time Difference from Reference
1mS 10 1S 5 5us | 10ps/em | 50 ps, +=3% -+1.5mm over 5cm
100 uS TuS 5 0.5 ps 1 us/em 5ps, £3% +1.5mm over 5¢cm
10 uS 100 nS 5 50 us 0.1 us/em 500 ns, *=3% *+1.5mm over 5cm
100 pS 100 nS 55 0.5 us 1 ps/em 55us, +3% +1.5mm over 5¢cm
TmS TuS 55 5 ps 10 ps/em 55 us, +=3% +1.5mm over 5cm
1mS 10 uS 55 50 ms 0.1 ms/ecm 55 ps, =3% *+1.5mm over 5cm
using minimum risetime and falltime and 10-volt output
P ‘:;;:5‘ —y amplitude. (The 10 nS range is checked in step 25.)
[ ;_l + + 4 - b. Set the MODE switch to SINGLE.
-------------- ""?;--: ‘"_f::;f':l':l‘: ] c. Set the PERIOD RANGE, the WIDTH RANGE, the
I ,.fmn“g WIDTH MULTIPLIER, the time-mark generator output and
I I the test oscilloscope sweep rate as given in Table 6-8.
50% ™ T ' PP 50 % T d. Check for—Test oscilloscope display of the pulse width
as indicated in the table, as measured at the 50% amplitude
level. (See Fig. 6-10).

R R LT SR g hvsoafecceatdeccdecceatcaad e ===
-

1-¢cm
line

Fig. 6-10. Typical test oscilloscope display for checking pulse width.

b. Remove the shorting straps and connect them between
the following points: Terminals 36 and 10; terminal 3 and
the 4.42-kQ resistor connected to terminal 13.

¢. Reset the following Type R116 controls:

PERIOD RANGE 100 pS
WIDTH RANGE 10nS

d. Set the test oscilloscope sweep rate to 0.5 us/cm.

e. Set the time-mark generator for a 0.5-us output.

f. Check for—Test oscilioscope display of the double
pulse waveform with a delay interval within 3.6 mm of the
reference waveform over écm (3 us, =6% +10ns).

g- Move the shorting strap from the 4.42-kQ resistor to
the 8.87-kQ resistor on the same terminal (13).

h. Set the test oscilloscope sweep rate to 1 pus/cm.

i. Check for—Test oscilloscope display of the double
pulse with a delay interval within 3.3 mm of the reference
waveform over 5.5¢m (5.5 us, =6% ~+10ns).

i Remove the shorting straps.

k. Disconnect the trigger cable from the Type RI16
+PRETRIGGER OUT connector and the test oscilloscope
External Trigger Input.

21. Check Width Timing

a. Requirement—Correct timing *+39% over the range of
the width controls on the 100 uS, 1 uS and 10 uS ranges,

6-12

22. Check Remote Width Ranges

a. Requirement—Correct remote operation of width
ranges, within 2% of front-panel operation.

b. Connect a shorting strap between terminal 3 of the
REMOTE PROGRAM plug and the wire [not one of the pro-
gram resistors) connected to terminal 17.

¢. Reset the following test oscilloscope controls:

Sweep Rate 0.1 us/em
Magnifier X10

d. Set the time-mark generator for a 10-ns sine-wave
output.

e. Reset the following Type R116 controls:

PERIOD RANGE 1uS
WIDTH RANGE REMOTE
f. Center the sine-wave display and the Type R116 pulse

on the crt screen. Increase the marker amplitude and
readjust the triggering if necessary (see Fig. é-11).

g. Check for—Test oscilloscope display with a pulse
width of 50 ns, =79, {within 3.5 mm of the reference signal
over 5cm).

h. Set the test oscilloscope Magnifier to Off.

i. Connect a second shorting strap between terminal 36
and each of the terminals indicated in Table 6-9.

j. Check for—Test oscilloscope displays as indicated
in the last column of Table 6-9.

23. Check Remote Width Analog

a. Requirement—Correct width timing with program
resistors, within 2% of front-panel operation (4-1% program
resistor tolerance).

b. Remove the shorting straps and connect them betweer
the following points: Terminals 36 and 14; terminal 3 and
the 4.42-kQ resistor connected to terminal 17.
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TABLE 6-9
Remote Width Range Check
Short
Between PERIOD Time Oscilloscope Pulse Width
Terminals RANGE | Markers Sweep Rate Time Difference from Reference
36 and 14 10 uS 50 ns 0.1 us/em 500 ns, =59, +25mm over 5¢cm
36 and 15 100 pS 0.5 ps 1 ps/em Sps, =5% +2.5mm over 5cm
36 and 16 1mS 5 pus 10 us/em 50 us, *+=5% +2.5mm over 5¢m
'h':e"' c. Set the test oscilloscope sweep rate to 0.5 us/cm.
1 - T I T | d. Set the time-mark generator for a 0.5 us output.
----v.f-----_--------:’.- - Difference 1 ____ e. Set the PERIOD RANGE switch to 100 uS.
s from timing
{ reference f. Check for—Test oscilloscope display of a 3-us pulse
,\ V\ ] ,\ ,\ '\ width, +6% (within 3.6 mm of the reference over écm).
1 ‘\/ V T :-;; N AW g.- Move the shorting strap from the 4.42-kQ resistor to
T the 8.87-kQ resistor on the same terminal (17).
/ \ h. Set the test oscilloscope sweep rate to 1 us/cm.
y "-:"0:“--:""_"“E:-“:-"__(“ ----- ] i. Check for—Test oscilloscope display of a 5.5-us pulse
width, +£6% (within 3.3 mm of the reference over 5.5 cm).

|- Remove the shorting straps.

Fig. 6-11. Typical test oscilloscope display for checking remote

width.

24. Check 10 nS Delay and Width Ranges

a. Requirement—Correct width timing #=5% and correct

Time-Mark Sampling
Generator Oscilloscope Type R116
Channel Channel 50-Q + DELAYED
Trigger gs":,‘z: A B Trigger TRIGGER PULSE
Output gl Input Input Input ouT QUTPUT

i
gl -

o
©

To be connected to
attenuator on frigger

1—Channel A P6038 Probe
2—Channel B P6038 Probe
3—Coaxial Cable (BNC)
4-—VP-2 Voltage Pickoff
5—BNC Plug/GR Adapter
6—BNC Jack/GR Adapter

input

7—50-Q2 10X T Attenuator
8—50-{) End-line Termination (GR)
9—50- In-line Termination (BNC)
10—BNC/Probe-tip Adapter
11—Probe-tip 10 X Attenuator

Fig. 6-12. Suggested connections for observing the time-mark signal and the Type R116 output pulse with the sampling oscilloscope.

®
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delay timing #=5% (410 ns) on the 10 nS range, using mini-
mum risetime and falltime and 10-volt amplitude.

b. Disconnect the coaxial cable and termination from the
Type R116 PULSE OUTPUT connector and test oscilloscope
input.

c. Connect the Type R116 output pulse to the sampling
oscilloscope Channel A vertical input as shown in Fig. 6-12.

d. Disconnect the coaxial cable and termination from the
time-mark output and the test oscilloscope input.

e. Connect the marker output from the time-mark gener-
ator to the sampling oscilloscope Channel B vertical input
as shown in Fig. 6-12.

f. Connect the trigger output from the time-mark gen-
erator to the sampling oscilloscope External Trigger Input
as shown in Fig. 6-12.

g. Reset the following Type R116 controls:

MODE DOUBLE
PERIOD RANGE 10 1S
DELAY OR BURST TIME
RANGE 10 nS
MULTIPLIER 55
WIDTH RANGE 10 nS
MULTIPLIER 5
h. Set the sampling oscilloscope controls as follows:
Horizonta! Display X1
Amplitude Calibrator Off
Equivalent Sweep Rate 0.1 us/cm, magnified from
0.2 us/em
Triggering +External, 1 MQ AC
Sample Density 50/cm
Sweep Mode Normal
Vert. Deflection Factor 200 mV/cm
Vertical Mode B Only

Smoothing (both

channels) Counterclockwise
Noise-Risetime Low Noise
Display Normal

i. Set the time-mark generator for a 0.1-us marker out-
put and a 1-us trigger output.

i Trigger the sampling oscilloscope and adjust the
Channel B Smoothing control for unity gain (see the Type
4S3 Instruction Manual).

k. If the timing of the sampling oscilloscope does not
provide 1 cycle/em, adjust the variable sweep rate con-
trol to provide proper timing (see Fig. 6-13A).

I. Remove the time-mark trigger signal from the 10X
attenuator on the sampling oscilloscope External Trigger
Input and connect a coaxial cable from the Type R116
+DELAYED TRIGGER OUT connector to the 10X attenua-
tor.

m. Set the sampling oscilloscope vertical Mode switch
to A Only.
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Fig. 6-13. Typical sampling oscilloscope displays for checking
10 n§ delay and width ranges: (A) Time-mark signal for adjust-
ing display timing; (B) 550-ns delay time; (C} 550-ns pulse
width,

n. Trigger the sampling oscilloscope and adjust the
Channel A Smoothing control for unity loop gain.

o. Adjust the oscilloscope Time Position control to posi-
tion the rise of the first pulse of a pair on the 1-cm grati-
cule line.

p. Check for—Sampling oscilloscope display with a delay
interval of 550 ns between leading edges of the pulses,
+3% +10ns (5.5ecm, *+2.65mm). See Fig. 6-13B.



q. Set the MODE switch to SINGLE.
r. Set the WIDTH MULTIPLIER control to 55.

s. Check for—Sampling oscilloscope display with a pulse
width of 550 ns, 5% (5.5cm, =2.75mm). See Fig. 6-13C.

t. Reset the following Type R116 controls:

PERIOD RANGE 1uS

DELAY OR BURST TIME
MULTIPLIER 5

WIDTH MULTIPLIER 5

u. Set the sampling oscilloscope equivalent sweep rate
to 20 ns/cm (unmagnified), then magnify the sweep rate to
10 ns/cm.

v. Set the sampling oscilloscope vertical Mode switch
to B Only.

w. Set the time-mark generator for a 10 ns marker out-
put.

x. Temporarily substitute the time-mark trigger signal
for the +Delayed Trigger Out signal and check the dis-
play for 1 cycle/cm. Adjust the variable sweep rate con-
trol if the display is not correct.

y. Reconnect the +Delayed Trigger Out signal and set
the sampling oscilloscope vertical Mode switch to A Only.

z. Time-position the pulse rise to the 1-cm graticule line.

aa. Check for—Sampling oscilloscope display with a
pulse width of 50 ns, 5% (5cm, ==2.5 mm).

bb. Set the MODE switch to DLY'D SINGLE.

cc. Check for—Sampling oscilloscope display with the
pulse rise at the é-cm graticule line ==3.5mm, indicating
a delay interval of 50 ns 3% (+10 ns).

25. Check Output Pulse Transient Response

a. Requirement—3% or less of overshoot, aberrations or
tilt in + and — polarity, using minimum risetime and fall-
time and 10-volt amplitude, as observed on 50-ns wide and
500-ns wide pulses.

b. Set the MODE switch to SINGLE.

c. Set the sampling oscilloscope equivalent sweep rate
to 5ns/cm.

d. Time-position the display to position the pulse rise
at the left edge of the crt screen.

€. Increase the sampling oscilloscope vertical deflection
factor to 20 mV/cm.

f. Vertically position the pulse top onto the crt screen.

g. Check for—Sampling oscilloscope display of the pulse
op with no more than 1.5cm (3%) of overshoot at the front
corner of the pulse and no more than 1.5 cm (3%) of aberra-
tions or tilt on the pulse top (see Fig. 6-14A).

®
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Fig. 6-14. Sampling oscilloscope displays for checking transient
response of the Type R116 owtput puise.

h. Position the pulse baseline on the crt screen with the
sampling oscilloscope Time Position and DC Offset con-
trols {see Fig. é-14B).

i. Check for—Sampling oscilloscope display of the base-
line with no more than 1.5em (39%) of overshoot and no
more than 1.5¢m (3%) of aberrations or tilt on the base-
line.

|. Set the Type R116 POLARITY switch to —.
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k. Repeat steps f through i to check the negative-going
pulse for overshoot, rounding, aberrations or ftilt.

I. Reset the following Type R116 controls:

MODE DLY'D SINGLE
POLARITY +
WIDTH MULTIPLIER 50

m. Reset the following sampling oscilloscope controls:
Equivalent Sweep Rate 0.1 us/ecm
Deflection Factor 200 mV/cm

n. Position the pulse display onto the sampling oscillo-
scope crt screen.

0. Check for—Sampling oscilloscope display of the out-
put pulse waveform with not more than 1.5mm (3%) of
overshoot, aberrations or tilt (see Fig. 6-14C).

p. Set the POLARITY switch to —.

q. Repeat steps n and o to check the negative-going
pulse for overshoot, aberrations and tilt.

26. Check Risetime and Falltime Accuracy

a. Requirement—Correct risetime and falltime 5%, over
the range of the risetime and falltime controls, except
+10% on the 10 nS range, using 10 volts output amplitude.

b. Set the POLARITY switch to +.

c. Set the Type R116 controls, the time-mark generator
and the sampling oscilloscope sweep rate as given in Table
6-10. On each sweep rate, check the display timing by
observing the time-mark signal (Channel B) while triggering
with the time-mark generator trigger signal (see Fig. 6-15A),
then display the Type R116 output pulse and trigger with
the +4Delayed Trigger Out pulse.

d. Time-position the display on each check to observe
the pulse rise, then the pulse fall.

e. Check for—Sampling oscilloscope display of the out-
put pulse waveform with risetimes and falltimes (see Fig.
6-15 B and C) as indicated in Table 6-10. (For the longest
risetime and falltime (110 us), set the WIDTH MULTIPLIER
control to 25.)

27. Check Remote Risetime and Falltime Ranges

a. Requirement—Correct remote operation of risetime
and falltime ranges, within 2% of front-panel operation.

b. Connect shorting straps between the following points
on the REMOTE PROGRAM plug: Terminal 2 and the wire
(not one of the program resistors) connected to terminal 31;
terminal 3 and the wire connected to terminal 32.

c. Connect another shorting strap between terminal 1 and
the 4.42-kQ resistor connected to terminal 33 (for zero offset).

d. Reset the following Type R116 controls:
PROGRAM REMOTE
WIDTH RANGE 10nS

e. Set the sampling oscilloscope equivalent sweep rate to
2 ns/cm, with the Variable control in the Calibrated position.
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display for adjusting display timing; (B) and (C) risetime and
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f. Time-position the display to observe the pulse rise.

g. Check for—Sampling oscilloscope display with a rise-
time of 10 ns, =129, {5cm, =6 mm).

h. Time-position the display to observe the pulse fall.

i. Check for—Sampling oscilloscope display with a fall-
time of 10ns, *12% (5¢m, =6 mm).

{- Set the PERIOD RANGE switch to 100 uS.



TABLE 6
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Risetime and Falltime Accuracy Check

PERIOD WIDTH | RISETIME | RISETIME | Time-Mark Generator Equivalent Risetime or Falltime
RANGE | RANGE AND FALLTIME Markers Trigger Sweep Time Display
FALLTIME| RANGE Rate
MULT
1 uS 10 nS 1 1nS 10 ns (100 MHz) 1 us 2ns/cm 10ns, =10%| 5em, =5mm
10 uS 100 nS 1 10 nS 0.1 us 1 us 20ns/cm |100ns, #=5%, 5em, =2.5mm
100 S 1 uS 1 100 nS Tus 10 ps 0.2 ps/em 1 us, 5% S5em, =2.5mm
1mS 10 uS 1 1 m$ 10 us 0.1 ms 2 ps/em 10us, =5% | 5em, =25mm
1 mS 10 uS n TmS |10 us 01ms | 20us/em |110 pus, =5% | 55cm, +=275mm
1mS 10 S 1 100 nS 1 us 10 us 2 pus/cm 1T ps, 5% | 55cm, =2.75mm
100 S 1 uS 1 10nS 0.1 us - 1 ps 0.2 us/em 1.1 us, =5% |55em, =2.75mm
10 uS 100 nS 1 1nS [ 10ns (100 MHz)] Tps | 20ns/em [110ns, =10%| 5.5¢cm, =55 mm
TABLE 6-11
Remote Risetime-Falltime Range Check
Short Equivalent Risetime and Falltime
Between WIDTH Sweep i Time ' Display )
Terminals RANGE Rate
36 and 28 100 nS 20 ns/cm 100 ns, *=79% 5em, =3.5mm
36 and 29 1S 0.2 ps/cm 1 s, =7% 5cm, =35mm
36and 30 |  10pS 2usfcm | 10 us, =7% 5cm, +=35mm

k. Connect a shorting strap between terminal 36 of the
REMOTE PROGRAM plug and each of the terminals given
in Table 6-11.

. Set the equivalent sweep rate as listed in the table
and time-position the display on each check to observe the
pulse rise, then the pulse fall.

m. Check for—Sampling oscilloscope displays as indicated
in the last column of Table 6-11.

28. Check Remote Risetime and Falltime Analog

a. Requirement—Correct risetime and falltime using pro-
gram resistors, within 2% of front-panel operation (+1%
program resistor tolerance), measured on the 10-nS risetime-
falltime range.

b. Remove the shorting straps connected between the
following terminals: 36 and 30; 2 and 31; 3 and 32.

c. Connect the shorting straps between the following
points: Terminals 36 and 28, terminal 2 and the 1.74-kQ
resistor connected to terminal 31; terminal 3 and the 1.74-
kQ resistor connected to terminal 32.

d. Set the sampling oscilloscope equivalent sweep rate
to 0.2 us/cm, then magnify the sweep rate to 0.1 us/cm.

e. Set the WIDTH RANGE switch to 1 uS.

f. Time-position the pulse rise, then the pulse fall onto
the oscilloscope screen.

®

g. Check for—Sampling oscilloscope displays of pulse
risetime and falltime of 600ns, ==8% (6cm, ==4.8 mm).

h. Move the shorting straps connected to the 1.74-kQ
resistors on terminals 31 and 32 to the 3.40-kQ resistors
connected to the same terminals.

i. Set the sampling oscilloscope equivalent sweep rate
to 0.2 us/cm.

j- Time-position the pulse rise, then the pulse fall onto
the oscilloscope screen.

k. Check for—Sampling oscilloscope displays of the pulse
risetime and falltime of 1.1 us, ==8% (5.5cm, ==4 mm).

I. Set the PROGRAM switch to INT.

m. Disconnect the shorting straps.

29. Check + Delayed Trigger Out

a. Requirement—Pulse amplitude of 2 volts or more and
risetime of less than 20 ns into high impedance load (>1 kQ).

b. Disconnect the sampling probes from the voltage pick-
off and time-mark generator output, and the triggering
cables from the +DELAYED TRIGGER OUT connector and

time-mark trigger output.

c. Connect a triggering cable from the Type R116 +PRE-
TRIGGER OUT connector to the 10X attenuator on the sam-
pling oscilloscope External Trigger Input.
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+ DELAYED TRIGGER OUT

or
+ PRETRIGGER OUT

BMC/Sampling-probe
tip adapter

10X Probe-tip
attenualor

Channel A
P&O3E Probe

Fig. &-14, Test connection for checking < Delayed Trigger Out and
+ Pratrigger Qut signals,

d. Connect the Channel A sampling probe tip to the
Type R116 +DELAYED TRIGGER QUT connecter through
an adapter, and a 10X probe-tip adapter as shown in Fig.
&-16,

e. Reset the following Type RI114 controls:

MODE SINGLE
DELAY OR BURST TIME
RANGE 10 nS
MULTIPLIER 10
WIDTH RANGE 10 nS
MULTIPLIER 5

f. Reset the following sampling oscilloscope controls:
Snsfem
100 mVY [/ em

Equivalent Sweep Rale
Deflection Factor

g. Trigger the sampling oscilloscope, then time-position
the pulse rise onto the ert screen. Use the DELAY OR BURST
TIME MULTIPLIER contral if necessary.

h. Check for—Sampling oscilloscope display of the +De-
layed Trigger Out pulse with an amplitude of at least 2
volts [2em) and a risetime of less than 20ns (4 em). See
Fig. 6-17A.

i. Set the sampling oscilloscope equivalent sweep rate
to 0.1 psfem.
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|- Pesition the pulse rise to the 1-em graticule line.

k. Turn the DELAY OR BURST TIME MULTIPLIER control
to the 50 position while observing the pulse on the crt
screan,

I. Check for—Sampling oscilloscope display of the < De-
layed Trigger Out pulse moving with respect to the - Pre-
trigger Out signal. The pulse should move approximately
400 ns (Bem) as the contral is turned from the 10 pesition
to the 50 position.

30. Check <4 Pretrigger Out

a. Requirement—Pulse amplitude of 2 volts or more and
risetime of less than 20 ns inte high-impedance load (=1 k).

b. Interchange the cable connected to the --PRETRIG-
GER OQUT connector and the sampling-probe assembly
connected to the +DELAYED TRIGGER OUT connector.

c. Reset the following Type R116 controls:

PERIOD RANGE 1 s
MULTIPLIER 1

DELAY OR BURST TIME
MULTIPLIER 10



d. Set the sampling oscilloscope equivalent sweep rate
to 20 ns/cm.

e. Magnify the sweep rate to 5ns.

f. Trigger the oscilloscope display and time-position
the pulse rise onto the crt screen.

g. Check for—Sampling oscilloscope display of the +Pre-
trigger Out pulse with an amplitude of at least 2 volts

Performance Check—Type R116

(2em) and a risetime of less than 20ns (4 cm). See Fig.
6-17B.

This completes the performance check procedure for the
Type R116. Turn off the instrument to remove the special
remote program checker from the rear-panel connector.
All test instruments, cables, adapters, etc., may also be dis-
connected.

If the Type R116 has met the performance requirements
given in the procedure, the calibration of the instrument is
within the specified tolerances.
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SECTION 7
CALIBRATION

General Information

A complete calibration and verification procedure for
the Type R116 is provided in this section. This procedure
checks the instrument to the performance requirements
given in the Characteristics section. A calibration record
is included at the beginning of the procedure for use as a
a checklist to verify correct calibration and operation of
the Type R116 or as a guide for quick calibration by an
experienced calibrator.

The Type R116 should be checked and recalibrated
after each 500 hours of operation and at least once every
6 months to assure that it is operating properly and accu-
rately. In addition, portions of the instrument will require
calibration if components have been replaced or other
electrical repairs have been made in the circuitry.

The step by step instructions in the calibration procedure
furnish an orderly approach to the isolation of possible
malfunctions and, thus, serve as an aid in troubleshooting
and repairing the instrument, Any maintenance that is
known to be needed should be performed before start-
ing the calibration procedure. f any troubles become
apparent during calibration, these also should be cor-
rected before proceeding. Repair and servicing informa-
tion is given in the Maintenance section of this manual.

EQUIPMENT REQUIRED

The following (or equivalent} items of equipment are
required for a complete calibration of the Type R116. The
equipment is illustrated in Fig. 7-1. If substitute equipment
is used, it must equal or exceed the given requirements
in order to calibrate the Type R116 to the given accuracy.
If the equipment does not meet these requirements, the
difference between the accuracy of the equipment used
and the accuracy of the specified equipment must be add-
ed to the tolerance stated in the calibration step.

1. Test oscilloscope, Tektronix Type 547 with Type W
Differential Comparator Plug-In  Unit. Minimum alternate
requirements: Bandwidth from dc to 15MHz; sweep rates
from 10ms/em to 0.1 us/cm; vertical input deflection fac-
tors from 10mV/cm to 2 V/cm; voltage and timing accu-
racy of display within 3%; differential inputs; internal com-
parison voltage provided with accuracy of 0.5%; ac and
dc vertical input coupling; internal and external trigger-
ing; amplitude calibrator output waveform available {ap-
proximately 1 kHz).

2. Wideband Dual-Trace Amplifier Plug-In Unit, Tektronix
Type 1Al or 1A2, compatible with Type 547 Oscilloscope.
Minimum alternate requirements (with oscilloscope): Band-
width from dc to 50 MHz; vertical input deflection factors
of 1V/em to 5V/cm; voltage accuracy within 3%; alter-
nate-trace switching.

3. Sampling oscilloscope, Tektronix Type 661 with Type
5T3 Timing Unit, Type 453 vertical unit and two P6038
direct-sampling probes. Minimum alternate requirements:
Risetime of 350 ps; equivalent sweep rates from 0.2 us/cm

®

to 2ns/cm; vertical deflection factors from 20 mV/cm to
200 mV/cm; external triggering; time-positioning capabil-
ity (time delay); voltage and timing accuracy within 39%.

4. Time-mark generator, Tektronix Type 184. Minimum
alternate requirements: Time-mark outputs from 0.1 us to
10 ms; accuracy within 0.5%.

5. Variable autotransformer (e.g., General Radio, Variac
Type WIOMT3W). Minimum requirements: Output voltage
variable from 94.5 volts to 137.5 volts ac rms for 115-
volt operation or 189 volts to 275 volts ac rms for 230-
volt operation; output power rating at least 0.1 kVA. If
monitor voltmeter is not included, separate ac voltmeter
is required with accuracy within 3% over required range.

6. Precision differential voltmeter (e.g., FI;Jke Model 801B).
Minimum requirements: Voltage accuracy within 0.5% at
25 volts and 27 volts.

7. Two 1X test probes, Tektronix P6028, with BNC con-
nectors. Tektronix Part Number 010-0074-00.

8. Three 42-inch coaxial cables. Characteristic imped-
ance approximately 50 Q; BNC connectors. Tektronix Part
Number 012-0057-00.

9. S56-terminal circuit card extender. Tektronix Part Num-
ber 012-0078-00.

10. Voltage Pickoff, Tektronix VP-2. Permits direct-sam-
pling probe to obtain signal from 50-Q system. Tektronix
Part Number 017-0077-00.

11. 50-Q in-line termination with BNC connectors. Tek-
tronix Part Number 011-0049-00.

12. 50-Q end-line termination with GR connector. Tek-
tronix Part Number 017-0081-00.

13. Two 50-Q 10X T attenuators with GR connectors.
Tektronix Part Number 017-0078-00.

14. BNC plug to GR connector adapter. Tektronix Part
Number 017-0064-00.

15. BNC jack to GR connector adapter. Tektronix Part
Number 017-0063-00.

16. Coaxial T connector with BNC connectors. Tektronix
Part Number 103-0030-00.

17. Plastic screwdriver-type adjustment tool. Tektronix
Part Number 003-0000-00.

18. Four shorting straps, approximately 8-inches long,
constructed of insulated stranded copper wire and alligator
clips, for use with item 19.

19. Special remote program checker, constructed ac-
cording to schematic diagram in Fig. 7-2. Provides access
to REMOTE PROGRAM connector terminals and includes
minimum, intermediate, and maximum resistance valuves for
remote program analog checks. Made of 3é-terminal re-
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Fig. 7-2. Schematic diagram for remote program checker (item 19).

7-1 for resistor values,

mote program plug (Tektronix Part Number 131-0293-00},
insulated #22 solid or stranded copper wire and metal-
film g-watt, 1-% resistors as given in Table 7-1. Some
means of support should be provided for the wires to keep
them separated and in numerical order. (A more complex
remote program checker can be devised, if desired, uti-
lizing switches or patch cords instead of shorting straps.)

TABLE 7-1

Analog Resistor Values for Remote Program Checker

Terminal on
REMOTE Resistor Tektronix
PROGRAM Number Part
Plug (Fig. 7-2) Resistance Number
9 R1 8.45kQ 321-0282-00
(Period) R2 16.9 kQ 321-0311-00
27 R3 4.42kQ 321-0255-00
(Amplitude) R4 8.87 kQ 321-0284-00
13 R5 4.42 kQ Same as R3
(Delay) Ré 8.87 kQ Same as R4
31 R7 1.74kQ 321-0216-00
(Risetime) R8 3.40kQ 321-0244-00
32 R9 1.72kQ Same as R7
{Falltime) R10 3.40kQ Same as R8
33 R11 4.42 kQ Same as R3
{(DC Offset) R12 8.87 kQ Same as R4
17 R13 4.42 kQ Same as R3
{(Width) R14 8.87 kQ Same as R4

Connect wires to all terminals except #26 and #35. See Table

CALIBRATION RECORD AND INDEX

This outline is provided to serve as a verification and
calibration record. It may also be used as a quick calibra-
tion guide for those familiar with the procedure.

Type R116 Serial Number

Calibration Date

Power Supply
[J 1. Adjust +25-Volt Supply (Page 7-7)
+25 volts +0.25 volt with respect to signal ground.

[(J 2. Check Power Supply Voltages (Page 7-8)
—27 volts #0.6 volt with respect to signal ground.
—6.0 volts +0.5 volt with respect to signal ground.
+7 volts #=1 volt with respect to signal ground.

—Variable range from approximately —10 to
—20 volts, with respect to signal ground, varied by
DC OFFSET control.

+12 volts 2 volts with respect to chassis ground.

[(] 3. Check Regulation (Page 7-9)
<15mV ripple on —27-volt supply.
<30mV ripple on —é-volt supply.
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<15mV ripple on +25-volt supply.
<50 mV ripple on +7-volt supply.
<20 mV ripple on —Variable supply.

Ripple is measured differentially with respect to
signal ground.

Preliminary Pulse Circuit Adjustments

] 4. Adjust Risetime Centering (Page 7-10)
+1 volt from Q14 base to Q34 base.

] 5. Adjust Falltime Centering (Page 7-11)
+1 volt from Q24 base to Q44 base.

] 6. Adjust Width and Delay Trigger Sensitivity (Page
7-11)

Stable Dly'd Single mode signal through range of
DELAY OR BURST TIME MULTIPLIER and WIDTH
MULTIPLIER controls.

Pulse Shape Generator (Amplitude Section)
] 7. Adjust +Amplitude (Page 7-13)

Correct amplitude ==3% at 10 volts and 2 volts.

[] 8. Check Amplitude Accuracy (Page 7-14)

Correct amplitude ==3% over range of amplitude
controls.

] 9. Check Remote Amplitude (Page 7-15)

Correct remote operation of amplitude ranges,
within 29 of front-panel calibration.

Correct amplitude with program resistors, within
29 of front-panel calibration (+19% for program
resistor tolerance).

Output Amplifier
] 10. Adjust —AMPLITUDE (Page 7-16)

Correct amplitude ==3% of negative-going pulse at
10 volts.

(] 11. Adjust —DC LEVEL {Page 7-17)

Equal dc signal level (at Q53 emitter) in + and
— polarity measured from signal ground.

[] 12. Check Remote Polarity (Page 7-17)

Correct remote operation of polarity selection.

Offset Current Generator

[] 13. Adjust Offset Range (Page 7-18)
Correct overall range of DC OFFSET control,
checked with 400 mV pulse.

[] 14. Adjust Offset Registration (Page 7-19)

Equal dc baseline level at approximately zero
volt offset in internal and remote program.

[] 15. Adjust Offset Zero Levels (Page 7-19)
Zero offset =50 mV at 0 position of DC OFFSET
control in + and — polarity.

[] 16. Check Offset Accuracy (Page 7-20)

Correct dc offset over range of DC OFFSET control
in + and — polarity: =50mV at 0 offset; =150
mV at maximum offset.

] 17. Check Remote Offset (Page 7-20)

Correct dc offset using program resistors, within
100 mV of front-panel calibration {+19% for pro-
gram resistor tolerance).

[] 18. Adjust Program Clamp (Page 7-20)

<1-volt offset in remote program with open offset
program line in + and — polarity.

Pulse Shape Generator (Ramp Section)

[] 19. Adjust Slow Risetime and Falltime (Page 7-22)
Correct risetime and falltime ==5% at 110 us and
10 ps.

[] 20. Check Slow Risetime and Falltime Accuracy (Page
7-24)
Correct risetime and falltime =59% over range from
1 us to 110 ps.

] 21. Adjust + Pulse Overshoot (Page 7-24)

< 3% overshoot, aberrations or tilt on front corner
of minimum-risetime positive-going  50-ns  width
pulse.

[] 22. Check Pulse Output Transient Response (Page 7-25)

<39 overshoot, aberrations or ftilt in + and —
polarity, using minimum risetime and falltime on
50-ns width and 500-ns width pulses.

[] 23. Adjust Fast Risetime and Falltime (Page 7-26)

Correct risetime and falltime #=10% at 1 nS range,
X 10 multiplier; #=5% at 10nS range, X10 multi-
plier.

[] 24. Check Fast Risetime and Falltime Accuracy (Page
7-27)

Correct risetime and falltime ==10% from 10ns to
110ns on nS range: *=5% from 100ns to 1.1 us
10 nS range.

[] 25 Check Remote Risetime and Falltime (Page 7-28)

Correct remote operation of risetime and falltime
ranges, within 2% of front-panel calibration.
Correct risetime and falltime using program resis-
tors, within 2% of front-panel calibration (+1%
for program resistor tolerance), measured on the
10 nS risetime-falltime range.

Width Generator

] 26. Adjust Width Timing (Page 7-30)

Correct width timing ==3% at 50 pus width and
500 us width; =5% at 500 ns width.



[] 27. Check Width Accuracy (Page 7-32)

Correct timing +=3% over range of width controls,
except 5% on 10nS width range.

[ 28. Check Remote Width (Page 7-32)

Correct remote operation of width ranges, within
2% of front-panel calibration.

Correct width timing with program resistors, within
2% of front-panel calibration (+19% for program
resistor tolerance).

Delay Generator

[ 29. Adjust Delay Timing (Page 7-33)
Correct delay timing 3% (+10ns) at 100 ps,
500 us and 50 ns.

[ 30. Check Delay Accuracy (Page 7-34)

Correct timing 3% (410 ns) over range of delay
controls.

[ 31. Check Remote Delay {Page 7-35)

Correct remote operation of delay ranges, within
2%, of front-panel calibration.

Correct delay timing with program resistors, within
2% of front-panel calibration {+19% for program
resistor tolerance).

[1 32. Check +Delayed Trigger Out (Page 7-36}

Pulse amplitude of 2 volts or more and risetime of
less than 20 ns into high-impedance load (>1 kQ).

Period Generator
[ 33. Check +Pretrigger Out (Page 7-38)

Pulse amplitude of 2 volts or more and risetime of
less than 20 ns into high-impedance load (>1 kQ).

[T] 34. Adjust Period Timing (Page 7-39}
Correct timing +=3% at 10ms, 1ms; *=5% at
100 ns; 3% at 1 ps.

[1 35. Check Period Accuracy (Page 7-39)

Correct timing #=39% over range of period controls,
except =59 on 100 nS period range.

[[1 36. Check Remote Period (Page 7-40)

Correct remote operation of period ranges, within
2% of front-panel calibration.

Correct period timing with program resistors, within
2% of front-panel calibration (+1% for program
resistor tolerance).

Modes and Triggering
[] 37. Check Single, Dly'd Single and Double Modes
(Page 7-42)

Correct selection of Single, Dly'd Single and Double
mode signals.

Calibration—Type R116

[[] 38. Check Remote Single, Dly'd Single and Double
Modes (Page 7-42)

Correct remote selection of Single, Dly'd Single
and Double modes.

[] 39. Check Manual Trigger and Remote Manual {Page
7-42)

Single pulse output with manual TRIG button.

Correct remote operation of manual triggering.

[ 40. Check External Triggering {Page 7-43}

Correct external triggering of Single mode wave-
form.

[C] 41. Check Remote Triggering Enable {Page 7-43)

Correct remote operation of trigger signal selection.

[] 42. Check Burst Mode (Page 7-44}

Correct output signal operation in Burst mode.

[[] 43. Check Remote Burst Mode (Page 7-44)

Correct remote selection of Burst mode operation.

[[] 44. Check Gated Output Mode (Page 7-44)

Correct output signal operation in Gated Output
mode.

[[] 45. Check Remote Gated Output Mode (Page 7-44)

Correct remote selection of Gated Output mode.

CALIBRATION PROCEDURE

The following procedure is arranged in a sequence that
allows the Type R116 to be calibrated with @ minimum of
adjustment interaction. Each step contains complete informa-
tion for executing that step. The sequence includes proce-
dures for checking performance as well as those required
for adjusting the calibration controls. The adjustment steps
provide a check of the instrument performance before the
adjustment is made. When doing a complete recali-
bration of the instrument, best overall performance will be
provided if each adjustment is made to the exact setting,
even if the observed performance is within the allowable
tolerance. When doing only a partial recalibration,
however, do not readjust any controls unless the performance
requirements are not met in the checks.

To make only the control adjustments without completely
checking performance of the instrument, carry out only the
Adjust steps. The symbol ) is provided to locate these
steps. Any equipment connections or control settings that
are changed during the omitted steps must be noted and
performed if necessary. If any adjustment steps are done
individually or out of sequence, subsequent steps may also
need to be checked since some adjustments affect the cali-
bration of other circuits.
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Do not preset any calibration adjustments unless they are
known to be significantly out of adjustment or unless repairs
have been made in the circuit. In these cases, set the partic-
vlar controls te midrange.

An initial test equipment setup picture is shown for each
major group of adjustments andfor checks. Beneath each
setup picture is a complete list of front-panel contrel settings
of the Type R116, plus significant control settings of other
instruments. Any control that has been changed from the
setting at the end of the preceding step is given in boldface

type.

PRELIMINARY PROCEDURE

1. If the Type R116 is mounted in a rack, remove the
securing screws and extend the instrument fully on the slide-
out tracks, or remove the Type R11é from the rack.

2. Remove the top and bottem dust covers,

3. Connect the autotransformer and other test instruments
to a suitable power source,

4, Set the 115Y-230V selector switch on the Type R114
rear panel to correspond to the autotransformer output
voltage.

5. Connect the autotransformer output to the Type R11é&.

6. Install the Type W Plug-In Unit in the Type 547 Oscille-
scope.

7. Connect o terminated 50-01 coaxial cable (see Fig, 7-3)
te the Type R11& PULSE OUTPUT connector.

8. Turn on the autotransformer, the Type R11&6 and the
test instruments,

9. Set the autotransformer for the nominal line voltage
to be used (115 volts or 230 volts),

10. Allow at least 20 minutes warm up at 25°C ==5°C
[77°F ==9°F) before making any checks or adjustments.

11. Connect the two 13 test probes to the vertical inpui
of the test oscilloscope.

12. Check that the seven multiplier dials on the frent
panel of the Type R116 are: correctly aligned (minimum
reading) when turned fully countercleckwise. (The DC OFF-
SET control knob should be at the center of its range of
rotation.] Realign any knob that is not correctly positioned,

To Test
Qucilloscope
Vertical BNC Plug/GR
Input Adapler

Coaxial Cable T 50-11
fram Connector Termination
Type R11& IBNC)

Fig. 7-3. Cable termination far connecting the Type R116 oulput
pulse to the test oscilloscope wartical Input.

13, After the 20-minute warm-up period, check the dc
balance of the test oscilloscope.

14, Set the instrument controls as given under Fig. 7-3.

NOTES
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Test Oucilloscope
Type 547 /Type W

Typa R11&

50.0
Coaxial
Caoble

Precision
Differantial
Voltmater
Variable
Auvtatransformer

Tarminatian
Agsemhbly

Fig. 7-4. Initial test equipment setup for calibration steps 1 through 3,

Control Settings

&

Type R116

MODE SINGLE
TRIGGER SOURCE EXTERMNAL COR MAMNUAL
PERIOD RANGE 10 us

MULTIPLIER 1
DELAY OR BURST TIME

EAMGE 10 nS

MULTIPLIER 5
WIDTH RAMGE 10 nS

MULTIPLIER 5
AMPLITUDE RANGE 1Y

MULTIPLIER 10
POLARITY +
PROGRAM INT
DC OFFSET 0
RISETIME FALLTIME

RAMGE nS

1
RISETIME MULT 1
FALLTIME MULT 1

Test Oscilloscope

Herizental Display A

Sweep Rate Sms/em (calibrated)
Triggering +Line, AC

Vertical Display A-B

Input Attenuation 1

Millivalts/Cm 10 (calibrated)

Input Coupling Gnd
Comparison Yoltage
Range 0
Multiplier 0.000
Amplitude Calibrator OH
POWER SUPPLY
1. Adjust + 25-Volt Supply 0

a. Test equipment selup is shown in Fig. 7-4.

b. Position the Type R114 so that both the tep and bottem
are accessible, as shown in the setup illustration.

c. Connect the negative lead of the differential voltmeter
to the signal ground test point [see Fig. 7-5] and the positive
lead to the +25-velt test point.!

d. Check for—DiHerential voltmeter reading of 25 volts
#+0.25 veolt with respect o signal ground.

NOTE

The 425 YOLTS adjustment affects the calibration
of the entire instrument.

e. Adjust—R14 (425 VOLTS) an the Power Supply circuit
card (Series |} if the voltage is not correct. See Fig. 7-6
for the location of R14.

"It a precision differential volimeter Is not ﬂ\'ﬂﬂﬂ‘b‘ﬂl‘.-_ﬂ';:-.;-:-s.:ni
supply can be checked to the required accuracy with the Type W
Unit by Ffirst setting the Type R116 signal ground veltoge equal

te chassis ground in — polarity by meons of the front-panel DC
OFFSET control.
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1_
— & Volts | 'b;!
VI
B St
Dy mVm

BN

ofod W=

Signal Ground

~i!
L]

"y

[+25 Valis*

Ground
| —=Variablal

Fig. 7-5. Power-supply test points for checking veltages and regulation,

2. Check Power Supply Voltages

a, Move the positive lead of the differential voltmeter
to the +7-volt test point (see Fig. 7-5).

b, Check for—Meter reading of 7 volts =1 volt with

respect to signal ground.®

e, Move the positive lead of the differential voltmeter to
the signal ground test point [or reverse the polarity of the
meter).

d. Move the negative lead to the —27-volt test point.

e. Check for—Meter reading of 27 velts =06 volt with
respect to signal ground.

f. Move the negative lead to the —é-volt test point.

g. Check for—Meter reading of & volts 0.5 velt with
respect to signal ground.®

h. Move the negative lead te the chassis ground (—Vari-

able] test point [see Fig. 7-5).

i. Turn the Type R11&6 DC OFFSET contrel throughout its
range.

i. Check for—Meter reading varying from approximately
10 wvolts to approximately 20 volts, with respect to signal
ground.?

7-8

Fig. 7-6. Location of R14 | 425 WVOLTS) on the Powar Supply
[Series 1) circuit card.

k. Leave the negative lead of the meter connected to the
chassis ground test point and move the positive lead of the
meter to the +12-velt test point.

I. Check for — Meter reading of 12 velts =2 velts, with
respect to chassis 9‘-—-“””‘7]-_3-': _r.;g? . ;Nc{
m. Disconnect the voltmeter.

n. Set the DC OFFSET control to the 0 position.

" This veltage may be measured with a 1 % tolerance dec voltmeter.



3. Check Regulation

a. Set the test oscilloscope Input Coupling switches (both
channels) to AC.

b. Trigger the test oscilloscope on the internal line signal.

c. Connect the Channel B 1X test probe to the signal
ground test point (see Fig. 7-5).

d. Connect the test probe ground clip to chassis ground.

I

Peak to Peak
ripple amplitude
[ 1 1

} =
TVt LA

+

T+

RN U T
T

Sweep rate—=5 ms/cm

Calibration—Type R116

e. Connect the Channel A test probe to each of the test
points given in Table 7-2.

f. With the probe connected to each test point, observe
the test oscilloscope display while varying the autotrans-
former output voltage from 137.5 volts to 94.5 volts (or from
275 volts to 189 volts for 230-volt operation).

g. Check for — Test oscilloscope display of power-supply
ripple with line frequency ripple amplitude (see Fig. 7-7) not
exceeding the maximum value given in Table 7-2.

TABLE 7-2
Power Supply Regulation Check

Maximum Ripple

Voltage Voltage Display
Test Point (peak to Amplitude
(Fig. 7-5) peak)
+25 volts 15mVy 1.5em

+7 volts | 50 mv | 50cm

—6 volts k 30 mv 3.0cm
—27 volts | 15mV 1.5cm

Chassis Ground | 20 mV ; 2.0cm
(—Variable) | j

Fig. 7-7. Typical ripple display for checking power-supply regula-
tion.

CAUTION

Never connect the probe ground clip to signal
ground. This will ground the power supply and
will probably damage the instrument.

h. Disconnect the probe tips and ground clips from the
Type R116.

i. Remove the two 1X probes from the test oscilloscope
vertical inputs.

i. Disconnect the Type R116 from the autotransformer and
connect it directly to the power line, or set the autotrans-
former output voltage to the nominal line voltage of the
Type R116 (115 volis or 230 volts).

NOTES
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Test Osucilloscope
Type 547 /Type W

50-i1
Tarmination
Ansambly

Pracision
Differential
Valtmeter

50-11
Coaxial
Cable

Control Settings

Type R116

MODE SINGLE
TRIGGER SOURCE EXTERMNAL OR MANUAL
PERIOD RAMNGE 10 5

MULTIPLIER 1
DELAY OR BURST TIME

RANGE 10 n5

MULTIPLIER 5
WIDTH RANGE 10 nS

MULTIPLIER 5
AMPLITUDE RANGE 1V

MULTIPLIER 10
POLARITY 35
PROGRAM INT
DC OFFSET 0
RISETIME FALLTIME

RAMGE ns

RISETIME MULT
FALLTIME MULT

[P —

Test Oscilloscope

Herizontal Display
Sweep Rate
Triggering
Vertical Display
Input Attenuation
Millivolts/Cm

7-10

A

0.2 ps/em

+ Internal, Normal
A-B

100

20

Fig. 7-8. Initlal test equipment setup for calibration steps 4 through 6,

Input Coupling DC
Comparison Voltage
Range 0
Multiplier 0.000

PRELIMINARY PULSE CIRCUIT ADJUSTMENTS
4. Adjust Risetime Centering 0

a. Test equipment setup is shown in Fig. 7-8.

b. Turn off the Type R114 and position the instrument
right side up.

c. Extend the Series F circuit card [Pulse Shape Generator)
as shown in Figs. 7-8 and 7.9,

d. Turn on the Type R114.

e. Connect the negative lead of the voltmeter to the
junction of R14 and the base of Q14 (see Fig. 7-9).

f. Connect the positive lead of the wvoltmeter to the
junction of R34 and the base of Q34

g. Check for — Meter reading of approximately 1 volt. _

h. Adjust — R32 [T, CENTERING) if the voltage is not
correct,

®
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R32
T, CENTERING

Junction of
RI& and bose
of Q34

Junclion of
R14 and base
of Q14

NdAs gy i

=it

I |

Flg. 7-9. Location of test points for selting

5. Adijust Falltime Centering 0

a, Connect the negative lead of the voltmeter to the
junction of R24 and the base of Q24 (see Fig. 7-9).

b, Connect the positive lead of the volimeter te the
junction of Rdé and the base of Gdd.

e. Check for—Meter reading of approximately 1 wvelt,

d. Adjust — R42 [T, CENTERING) if the voltage is not

correct.
e. Disconnect the voltmeter.

f. Turn off the Type RI114, remove the circuit card
extender, re-insert the Series F card inte its connecter and
turn on the Type R114.

6. Adjust Width and Delay Trigger 0
Sensitivity
a. Set the Type R116 TRIGGER SOURCE switch to IMNTER-
MAL,

b. Set the test oscilloscope Trigger Source switch to
External.

c. Connect the Type R11& output pulse signal threugh
the terminated coaxial cable to the Channel 1 vertical input
of the test oscilloscope.

&

R4 2
Te CEMTERING

"""'lII-I-

Saries F Card

; {Pulse Shape
‘.,-""f Generatar]

Junctian af
R446 and base
of 44

Junction of

R24 and bose Cireult
of Q24 .
wutondar

=

risetime centering and falltime centering.

d. Connect a coaxial cable from the Type R114 +-PRE-
TRIGGER OUT connector to the test oscilloscope External
Trigger Input.

e. Trigger the test oscilloscope.

f. Set the Type R11& MODE switch to DLY'D SINGLE.

g. Observe the test oscilloscope display [see Fig. 7-10)
while performing the following four operations:

1. Turn the DELAY OR BURST TIME MULTIPLIER control
slowly clockwise to the fully clockwise paosition.

2, Turn the WIDTH MULTIPLIER contral slowly clock-
wise to the fully clockwise position,

3. Turn the DELAY OR BURST TIME MULTIPLIER control
slowly counterclockwise back to the 5 position.

4. Turn the WIDTH MULTIPLIER contrel slowly counter-
clockwise back to the 5 position.

h. Check for — Stable test oscilloscope display of the
Type R116 delayed output pulse throughout the preceding
checks.

i. Reset the following Type R116 controls:

FERIOD RAMGE 1 mS
MULTIPLIER Fully clockwise
DELAY OR BURST TIME
RAMNGE 10 5
WIDTH RAMNGE 10 us
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j. Set the test oscilloscope sweep rate to 0.2 ms/cm.
k. Repeat steps g and h at these control settings.

. Adjust — R22 (TRIG SENS} on the Width Generator
circuit card (Series E) according to the following procedure
if the pulse is not present, is unstable, or disappears during
the preceding checks.

1. Set the test oscilloscope sweep rate to 0.2 ps/cm.

2. Reset the following Type R116 controls:

MODE SINGLE

PERIOD RANGE 10 uS
MULTIPLIER 1

DELAY OR BURST TIME
RANGE 10nS
MULTIPLIER 5

WIDTH RANGE 10 nS
MULTIPLIER Fully clockwise

Fig. 7-10. Typical test oscilloscope displays obtained during check
of width and delay trigger sensitivity adjustments (step 6g).

7-12

3. Turn R22 (TRIG SENS) on the Series E card through its
range of rotation and observe the region over which the
Type R116 output pulse is present and stable.

4. Adjust R22 slowly clockwise through the stable pulse
region and note the position of the falling edge of the
pulse when the Width Generator just starts fo free run.

5. Set R22 slightly short of the free-run position. The
pulse width should just start to decrease from the maxi-
mum width present beforé free run, but should not de-
crease by more than 1 mm.

6. Turn the WIDTH MULTIPLIER to the 5 position. The
pulse should still be present if the adjustment is correct.

7. Recheck the width and delay trigger sensitivity as
given in steps f through k.

m. Adjust — R22 (TRIG SENS) on the Delay Generator
circuit card (Series C) according to the following procedure
if the delayed output pulse is still not stable after the width
trigger sensitivity has been adjusted.

1. Set the test oscilloscope sweep rate to 0.2 ps/cm.

2. Reset the following Type R116 controls:

MODE DLY'D SINGLE

PERIOD RANGE 10 S
MULTIPLIER 1

DELAY OR BURST TIME
RANGE 10nS
MULTIPLIER 5

WIDTH RANGE 10nS
MULTIPLIER Fully clockwise

3. Adjust R22 (on the Series C circuit card} through its
range of rotation and note the region over which the pulse
remains present and stable.

4. Set R22 as far counterclockwise as possible without
causing the pulse to disappear.

5. Turn the WIDTH MULTIPLIER control to the 5 position.
The pulse should still be present.

6. Recheck the width and delay trigger sensitivity as in
steps g through k.
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Test Qucilloscopa
Type 547 [Type W

Type R11&

5001
Termination
Ansembly
50-{1 Cooxlal
Caobles
Fig. 7-11. Initial test equipmaent setup for callbration steps 7 through 9.
Control Settings Input Attenuation 10
Millivalts/Cm 20
Type R116
YP Input Coupling o
MODE SINGLE Comparisen Vellage
TRIGGER SOURCE IMTERMAL Range 0
PERIOD RANGE 100 .5 Multiplier 10,000
MULTIPLIER 1
DELAY OR BURST TIME
RANGE 10 S PULSE SHAPE GENERATOR
MULTIPLIER 5 (AMPLITUDE SECTION)
WIDTH RANGE 10 xS " "
MULTIPLIER 5 7. Adjust 4 Amplitude 0
AMPLITUDE RANGE kg a. Test equipment setup is shown in Fig. 7-11.
MULTIPLIER 10
POLARITY + b, Trigger the test oscilloscope display.
PROGRAM INT c. Position the pulse baseline to the horizontal centerline
DC OFFSET 0 of the test oscilloscope crt screen [see Fig. 7-12A)
RISETIME FALLTIME
RAMGE 1 nS d. Set the test oscilloscope Ve Range switch te 4-1.1.

RISETIME MULT ]
FALLTIME MULT 1

Test Oscilloscope

Sweep Rate 20 us/cm
Triggering 4+ External, Mermal
Vertical Display A-Ve

e. Check for—Test oscilloscope display of pulse tops with
the flattest portion of the tops at the horizontal centerline
+1.5em (10 volts ==3%). See Fig. 7-12B for the test oscillo-
scope display.

f. Adjust—RB5 [RANGE CAL) on the Pulse Shape Genera-
tar circuit card [Series F] if the pulse amplitude is not correct.
See Fig. 7-13 for the location of RBS.
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TABLE 7-3

Amplitude Accuracy Check

Maximum

AMPLI- Test Oscilloscope displace-
AMPLI- TUDE Comp. mani
TUDE MULTI- Inpul Voltoge fram

RAMGE FLIER Atten, m¥/em  Mulf Yoltage centerline
v 10 0 20 10,000 10V 3% *1.5em
S 10 10 10 5000 5V X3y *1.5em
av 10 10 5 2,000 2V =3% =1.2 em
2y 2 1 10 4000 400mV =3% =1.5cm
SV 2 10 2 1.000 1Y a9 E1.5em
v 2 10 | 2000 2V X£3% £1.2 em

b. For each check, position the pulse baseline to the
horizental centerline of the test oscilloscope crt screen [see
Fig. 7-12A) with the Ve Range switch set to 0, then set the
switch te +1.1,

Fig. 7-12. Test oscilloscope displays for checking 10-valt ampli-
tude adjustment,

g. Set the Type R116 AMPLITUDE MULTIPLIER control te
2.0.

h. Reset the following test oscilloscope controls:

Millivelts/Cm 5
Comparison Veltage
RAMNGE 0
MULTIPLIER 2.000

i, Position the pulse baseline to the horizontal centerline
of the test oscilloscope screen. [Use the Type R116 DC OFF-
SET contrel if necessary.)

|- Set the test oscilloscope Ve Range switch to 1.1,

k. Check for — Test cscilloscope display of the pulse
tops with the flattest portion at the horizontal centerline
+1.2em |2 volts ==3%).

| Adjust — R532 [AMPLITUDE MULT CAL) on the Type
R116 chassis (see Fig. 7-13) if the display is not correct.

m. If R532 requires adjustment, reset the contrals as given
under Fig. 7-11 and recheck the amplitude adjustments as
described in steps c through k.

8. Check Amplitude Accuracy

a. Set the AMPLITUDE RAMNGE, AMPLITUDE MULTIPLIER
and test oscilloscope comparison voltage and deflection
factor as given in Table 7-3.

7-14

Fig. 7-13. Location of <+ amplitude calibration odjustments on
the Pulse S5hope Generotor [Series Fl card and the Type R11&
chassis.

c. Check for — Test oscilloscope display of the pulse tops
with the flattest portion of the tops at the herizontal center-
line (see Fig. 7-12B), with the V¢ Range switch at +1.1.

d. If the pulse amplitude is not within the required tol-
erance in any of the preceding checks, readjust RBS and/or
R532 [see step 7) as necessary to bring the amplitude with-
in tolerance on all ranges.

®



9. Check Remote Amplitude

a. Turn off the Type R116 and install the special remote
program checker on the rear-panel REMOTE PROGRAM
connector. Turn on the Type R116 again.

b. Connect a shorting strap between terminal 1 of the
REMOTE PROGRAM plug and the wire [not one of the pro-
gram resistors) connected to terminal 27.

c. Set the Type R116 AMPLITUDE RANGE switch to
REMOTE.

d. Reset the test oscilloscope controls as follows:

Input Attenuation 1
Millivolts/Cm 10
Comparison Voltage
Range 0
Multiplier 4.000

e. Position the base of the pulse display to the horizontal
centerline.

f. Set the Vc Range switch to +1.1.

g. Check for—Test oscilloscope display of the pulse tops
at the horizontal centerline =2c¢m (400 mV +5%%).

h. Connect a second shorting strap between terminal 36
and each of the terminals indicated in Table 7-4.

i. Check for—Test oscilloscope display as indicated in
the last column of Table 7-4.

TABLE 7-4
Remote Amplitude Range Check

Oscilloscope Amplitude
Max.
Short Comp. displace-
Between Input Voltage ment from
Terminals Atten mVY/cm Mult. Voltage centerline
36 and 24 | 1 50 10.000 1V =59 *1cm
36 and 25 | 10 10 2.000 1v £59 *1cem

Calibration—Type R116

{. Remove the second shorting strap (between terminals
36 and 25) of the REMOTE PROGRAM plug.

k. Reset the test oscilloscope controls as follows:

Millivolts/Cm 5
Comparison Voltage
Range 0
Multiplier 1.200

(The Input Attenuation switch should be at 10.)

[. Move the shorting strap from terminal 27 to the 4.42 kQ
resistor connected to the same terminal.

m. Position the pulse baseline to the horizontal centerline
of the test oscilloscope.

n. Set the test oscilloscope Vc Range switch to +1.1.

o. Check for—Test oscilloscope display of the puise tops
at the horizontal centerline *=1.4cm (1.2 volts *+6%).

p. Move the shorting strap from the 4.42-kQ resistor to
the 8.87-kQ resistor connected to the same terminal (27).

g- Reset the following test oscilloscope controls:

Millivolts/Cm 10
Comparison Voltage
Range 0
Multiplier 2.000

(The Input Attenuation switch should be at 10.)

r. Position the pulse baseline to the horizontal center-
line of the test oscilloscope.

s. Set the test oscilloscope Ve Range switch to +1.1.

t. Check for—Test oscilloscope display with pulse tops
at the horizontal centerline #=1.2.cm (2 volts +69).

u. Remove the shorting strap.

NOTES
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Test Oscilloscope
Type 547 (Type W

S50t
Termination
Agsambly

Type R116

Yres B R AAMMARLL AR SRR

<©@%§@

-..ooo

Qﬂﬁ

50-{1 Coaxlal
Cablos

Fig. 7-14. Initlal test equipment setup for calibration steps 10 through 12,

Control Settings

Type R116

MODE SINGLE
TRIGGER SOURCE INTERMAL
PERIOD RANGE 10 u5

MULTIPLIER 1
DELAY OR BURST TIME

RANGE 10 45

MULTIPLIER 5]
WIDTH RANGE 100 nS

MULTIPLIER 20
AMPLITUDE RANGE 1V

MULTIPLIER 10
POLARITY -
PROGRAM INT
DC OFFSET ]
RISETIME FALLTIME

RAMGE 1 n%
RISETIME MLILT 1

FALLTIME MULT 1

Test Oscilloscope

Sweep Rate 2 psfem
Triggering +External, Mormal
Vertical Display A—Ve

Input Attenuation 10

7-16

Millivolts/ Cm 20
Input Coupling bC
Comparison Voltage
Range o
Multiplier 10.000

OUTPUT AMPLIFIER
10. Adjust —AMPLITUDE 0

a. Test equipment setup is shewn in Fig. 7-14.

b. Position the pulse baseline to the heorizental center-
line of the test oscilloscope.

c. Set the Ve Range switch to —1.1.

d. Check for—Test oscilloscope display of the negative-
going pulse tops (most negative excursions) at the herizental
centerline ==1.5¢cm (10 volts ==3%].

e. Adjust—R42 [—AMPLITUDE) on the Qutput Amplifier
circuit card (Series G) if the negative-going amplitude is
not correct. See Fig. 7-15 for the location of R42. Switch
the Vc Range switch between the —1.1 and 0 positions
while making the aodjustment. When the —AMPLITUDE
control is properly adjusted, the alternate appearances
of the waveform top and baseline will be displayed at the
same |evel on the graticule as the Ve Range switch is
operated.

&




f. If R42 requires adjustment, recheck steps b through d.

~=. g. Set the Ve Range switch to 0.

h. Disconnect the terminated cable from the vertical in-
put of the test oscilloscope.

11. Adjust —DC LEVEL 0

a. Install two 12 probes on the test cscilloscope verti-
cal input connectors.

b. Reset the following test oscilloscope controls:

Display Mode A-B
Input Attenuation 100
Deflection Facter 20

——— — - Signal Ground R —

(Bus wire nearest
) Y

roar of instrument!
R34
—=DEC LEVEL

k42
— AMPLITUDE

Fig. 7-15. Location of test points for checking — amplitude and
= de lovel odjustmanis,

e. Set the Type R11&6 POLARITY switch to 4.

d. Connect the Channel B test probe tip to signal ground
[terminal 1 of the REMOTE PROGRAM checker).

e. Connect the Channel A test probe tip to the end of
R53 [the emitter of Q53] on the OCutput Amplifier circuit
card [Series G). See Fig. 7-15.

f. Position the pulse baseline 1em below the horizantal
centerline of the test oscilloscope.

g. Set the POLARITY switch to —,

h. Check for—Test oscilloscope display with the signal
envelope of the negative-going pulse at the same level as
that of the positive-geing pulse =1 mm (see Fig. 7-14).

@&
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Fig. 7-14. Test oscllioscope displays for chacking — pelarity dec

lavel @l the emitter of Q53 (see step 11), with respact te signal
ground,

i. Adjust—R33 (—DC LEVEL) on the Series G card if the
signal level is not correct,

i. Disconnect the two probe tips frem the Type R116
and remove the probes from the vertical input connectors
of the test oscilloscope.

12. Check Remote Polarity

a. Coennect the terminated Type R116 pulse to the Chan-
nel A vertical input of the test oscilloscope

b. Set the POLARITY switch to REMOTE PROGRAM.

c. Set the test oscillescape Millivelts/Cm switch to 50. The
Input Attenuation switch should still be at 100.

d. Pesition the baseline of the pulse display at the hori-
zontal centerline of the test oscilloscope crt screen.

e. Check for—Test oscilloscope display of the paositive-
going pulse.

f. Cennect a shorting strap between terminals 36 and
18 of the REMOTE PROGRAM plug.

g. Check for—Test oscilloscope display of the negative-
going pulse.

h. Remave the shorting strap.
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Fig. 7-17. Initlal test squipment setup for calibration steps 13 through 18,

Control Settings Vertical Display A-Ve
Input Attenuation 10
Irme R4 Millivolts/Cm 20
MODE SINGLE Input Coupling DC
TRIGGER SOURCE INTERMAL Comparison Voltage
PERIOD RANGE 10 pis Range +1.
MULTIPLIER 1 Multiplier 5.000
DELAY OR BURST TIME
RANGE 10 uS OFFSET CURRENT GENERATOR
MULTIPLIER 5
WIDTH RANGE 100 nS 13. Adil.lﬂ' 'DH!Ef REII'IQE 0
MULTIPLIER 20
AMPTITUDE RANGE 1V a. Test equipment setup is shown in Fig. 7-17.
MULTIPLIER 2 b. Set the front-panel DC OFFSET control exactly to the
POLARITY + +5 position.
PDTCDEE:;;I' LNT c. Trigger the test oscilloscope display.
RISETIME FALLTIME d. Position the baseline of the pulse display to the hori-
RAMNGE 1 nS zontal centerline of the test cscilloscope.
RISETIME MULT 1

FALLTIME MULT

Test Oscilloscope

e. Set the DC OFFSET control exactly to the —5 posi-

tion.

f. Set the test oscillescope Ve Range switch to —1.1.

g. Check for—Test oscilloscope display of the pulsi

Sweep Rate 2 psfem waveform with the pulse baseline at the horizental center-
Triggering +External, Mormal line ==0.5cm.
7-18 &
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Flg. 7-18. Location of offset current adjustments on the Attenuater (Serles H) card and on the Type R114 chassis.

h, Adjust—R32 (OFFSET RANGE] on the attenuator cir-
cuit card (Series H) if the offset range is not correct. See
Fig. 7-18 for the location of R32,

i, If R32 requires adjustment, recheck the offset range
as in steps b through g.

14. Adjust Offset Registration 0

a. Reset the following test oscilloscope controls:

Millivelts/Cm 10
Comparisen Vollage
Range 0

b. Connect shorting straps between the following termi-
nals of the REMOTE PROGRAM plug: 2 and 31; 3 and 32;
36 and 28,

¢. Connect a shorting strap from terminal 1 to the 4.42-k(]
resistor connected to terminal 33 [for zero offset).

d. Set the PROGRAM switch to REMOTE.

e. Position the baseline of the pulse display to the hori-
zontal centerling of the test oscilloscope.

f. Set the front-ponel DC OFFSET control exactly to the
0 position.

g. Set the PROGRAM switch te INT.

@&

h. Check for—Test oscilloscope display with the pulse
baseline at the horizontal centerling ==5 mm (see Fig. 7-19).

i. Adjust—R544 (DC OFFSET CAL) on the Type R11é
chassis (see Fig. 7-18) if the baseline level is not correct.

i. Leave the shorting straps on the REMOTE PROGRAM
plug for the remote offset check [step 17).

15. Adjust Offset Zero Levels 0

a. Set the test oscilloscope Input Coupling switch to
Gnd.

k. Free run the trace and pesition it to the horizontal
centerline.

c. Set the test oscilloscope Input Coupling switch to DC.

d. Check for—Test oscilloscope display with the pulse
baseline at the horizontal centerline -5 mm (zero wvolts
+50 mV) with the DC OFFSET control set exactly at 0.

e. Adjust—R466 (4 OFFSET ZERO] on the Type RI1&
chassis [see Fig. 7-18] if the offset zero level is not correct.

f. Set the Type R116 front-panel POLARITY switch to —.

g. Check for—Test oscilloscope display with the base-
line of the negative-going pulse at the horizontal center-
line =5mm (zero veolts =50 mV).
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Fig. 7-19. Typical test oscilloscope display for checking offset
registration (see step 14).

h. Adjust—R476 {—OFFSET ZERO} on the Type RI16
chassis (see Fig. 7-18) if the offset zero level is not correct.

i. Set the POLARITY switch to +.

16. Check Offset Accuracy

a. Set the DC OFFSET control, the POLARITY switch and
the test oscilloscope comparison voltage multiplier as given
in Table 7-5.

b. For each check, position the trace to the horizontal
centerline with the test oscilloscope Vc Range switch set
to 0 and the Input Coupling switch at Gnd, then set the
Input Coupling switch to DC and the Vc Range switch as
indicated in the table.

c. Check for—Test oscilloscope display with the pulse
baseline at the horizontal centerline £=1.5ecm (150 mV),
as indicated in the Offset (Internal} column of Table 7-5.
The checks on the 1V amplitude range cover the .5V and
2V ranges as well, since the attenuator was checked pre-
viously.

TABLE 7-5
Offset
Oscilloscope Baseline
DC Comp. Displacement
OFF- | POLAR- | Voltage Ve Volt- from Centerline
SET ITY Mult, Range age Internal | Remote
—5 —+ 5.000 —1.1 —5V {X15cm | X25em
(150 mV) [ {250 mV) B
—5 — 5.000 ~01 | —5V | *15cm | £25em
-+5 — 5.000 +1. +5v | £15em | *25cm
+5 + 5.000 +11 [ 45y [F1.5cm | *£25¢m

d. If the offset is outside the required tolerance limits
in any of the preceding checks, readjust R32 (step 13}, R466
[step 15) or R476 (step 15} as required to bring all offset
levels within tolerance. If R32 is readjusted, recheck the
setting of R544 (step 14).
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17. Check Remote Offset

a. Reset the following test oscilloscope controls:

Vc Range 0
Input Coupling Gnd

b. Free run the test oscilloscope trace and position it
to the horizontal centerline.

c. Reset the following Type R116 controls:

PROGRAM REMOTE
POLARITY +

Shorting straps should still be connected as in step 14.
d. Set the test oscilloscope Input Coupling switch to DC.

e. Check for—Test oscilloscope display with the pulse
baseline at the horizontal centerline ==1.5cm (zero offset
=+ 150 mV).

f. Set the POLARITY switch to —.

g. Check for—Test oscilloscope display with the pulse
baseline at the horizontal centerline ==1.5cm (zero off-
set =150 mV).

h. Move the shorting strap from the 4.42-kQ} resistor con-
nected to terminal 33 to the 8.87-kQ resistor on the same
terminal.

i. Set the POLARITY switch and the test oscilloscope
comparison voltage multiplier as given for the —5 settings
of the DC OFFSET control in Table 7-5.

i. For each check, position the trace to the horizontal
centerline {with the test oscilloscope Vc Range switch set to
0 and the Input Coupling switch at Gnd), then set the In-
put Coupling switch to DC and the Vc Range switch as
indicated in the table.

k. Check for—Test oscilloscope display with the pulse
baseline at the horizontal centerline ==2.5cm (250 mV), as
given in the Offset (Remote) column of Table 7-5.

I. Move the shorting strap from the 8.87-kQ resistor to
the wire connected to terminal 33.

m. Repeat steps i through k for the +5 settings of the
DC OFFSET control given in Table 7-5.

18. Adjust Program Clamp 0

a. Remove the shorting strap connected between terminal
1 and terminal 33.

b. Reset the following test oscilloscope controls:

Input Attenuation 100
Input Coupling Gnd
Comparison Voltage

Range 0

c. Free run the trace and position it to the horizontal
centerline.



d. Set the oscilloscope Input Coupling switch to DC.
e. Check for—Test oscilloscope display with the pulse

baseline at the horizontal centerline =1 cm (=1 volt off-
set).

f. Set the Type R116 POLARITY switch to —.

g. Repeat step e for the negative-going pulse.

h. Adjust—R54 (PROGRAM CLAMP) on the Series H card
(see Fig. 7-24) for a compromise setting between the two

Calibration—Type R116
polarities if the program clamp level is not correct in +
and/or — polarity.
i. Remove the shorting straps.

|- Disconnect the 50-Q termination from the vertical input
of the test oscilloscope.

k. Remove the Type W Plug-In Unit from the test oscillo-
scope and insert the Type 1Al or 1A2 Plug-In Unit.

I. Allow several minutes for the plug-in unit to warm
up before continuing with the calibration procedure.

NOTES
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Control Settings

Fig. 7-20. Initlal test equipment setup for calibration steps 19 through 25,

Type R116
MODE SINGLE
TRIGGER SOURCE INTERMAL
PERIOD RANGE 1 mS
MULTIPLIER 5
DELAY OR BURST TIME
RAMNGE 10 5
MULTIPLIER 5
WIDTH RANGE 10 u5
MULTIPLIER 50
AMPLITUDE RANGE 1V
MULTIPLIER 10
POLARITY +
PROGRAM INT
DC OFFSET 0
RISETIME FALLTIME
RANGE 18
RISETIME MULT 1
FALLTIME MULT 1
Test Oscilloscope
Sweep Rate 20 ps/em
Triggering Internal, Mormal
Vertical Mode Channel 2

7-22

Deflection Factoer
Channel A
Channel B

Input Coupling

2V/em
2V/em
DC

Sampling Oscilloscope

Horizontal Display
Amplitude Calibrator
Equivalent Sweep Rate
Triggering
Sampling Density
Sweep Mode
Vert. Deflection Factor
Vertical Mode
Smoeothing

(Both Channels)
Moise-Risetime
Display
Time Position

>

Off

20 nsfem

+ External 50 AC
100/ em

Mermal

200 mV/em

A Only

Counterclockwise
Low Moise
Marmal

Minimum Delay

PULSE SHAPE GENERATOR (RAMP SECTION)

19. Adjust Slow Risetime and Falltime 0

a. Test equipment setup is shewn in Fig. 7-20.

b. Connect the terminated Type R116 output pulse to
the test oscilloscope Channel 1 vertical input.



c. Connect the time-mark generator marker output through
a coaxial cable and a 50-Q termination (BNC connectors)
to the test oscilloscope Channel 2 vertical input.

d. Set the time-mark generator or a 10-us marker output.
e. Trigger the test oscilloscope display.

f. If the test oscilloscope display does not contain exactly
2 markers/cm over the center 8cm, adjust the variable
sweep rate control to provide correct timing (see Fig. 7-21A).

g. Set the test oscilloscope Vertical Mode switch to Chan-
nel 1.

h. Set the RISETIME MULT and FALLTIME MULT controls
exactly to the 10 position.

i. If the display amplitude is not exactly 5cm, adjust the
test oscilloscope variable Volts/Cm control to provide the
correct amplitude for measuring risetime and falltime.

i. Trigger the test oscilloscope display to observe the rise
of the Type R116 output pulse, as shown in Fig. 7-21B.

k. Check for — Test oscilloscope display of the pulse rise
{see Fig. 7-21B) with a risetime of 100us =5% (Scm
==2.5 mm).

. Adjust—Ré4 (T, TIMING) on the Pulse Shape Generator
circuit card (Series F) if the display is not correct. See Fig.
7-22 for the location of Ré4.

m. Set the test oscilloscope trigger slope switch to —.

n. Trigger the test oscilloscope on the negative-going slope
of the waveform.

o. Check for — Test oscilloscope display of the pulse fall
{[see Fig. 7-21C) with a falltime of 100us =*=5% (5cm
=+2.5 mm).

p. Adjust — R54 (T; TIMING) on the Series F card if
the falltime is not correct.

q. Set the RISETIME MULT and FALLTIME MULT controls
to the 1 position.

r. Reset the following test oscilloscope controls:

Sweep Rate 2 ps/em
Trigger Slope +

s. Set the time-mark generator for a 1-ps marker output.

t. Set the test oscilloscope Vertical Mode switch to Chan-
nel 2.

u. Check the test oscilloscope display for exactly 2 mark-
ers/cm over the center 8 cm and adjust the variable sweep
rate control if necessary.

v. Set the test oscilloscope Vertical Mode switch to Chan-
nel 1.

w. Trigger the test oscilloscope on the pulse rise.

®
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Fig. 7-21. Typical test oscilloscope displays for checking risetime and
falltime of the Type R116 output pulse. {100 us risetime and fall-
time are shown.)

x. Check for — Test oscilloscope display showing rise-
time of 10 us ==5% (5cm ==2.5mm).

y. Adjust — R564 [RISETIME MULT CAL} on the Type
R116 chassis (see Fig. 7-22) if the risetime is not correct.

z. Set the test oscilloscope trigger slope switch to —.

aa. Adjust the test oscilloscope triggering to display the
negative-going portion of the waveform.

bb. Check for — Test oscilloscope display of the pulse
fall with a falltime of 10us #=5% (5cm 2.5 mm).

cc. Adjust — R554 (FALLTIME MULT CAL) if the falltime
is not correct.

dd. If R564 and/or R554 are adjusted, set the test oscillo-
scope Vertical Mode switch to Channel 2, then recheck the
adjustment of Ré4 and R54 in steps d through p.
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Fig. 7-22. Lecation of rlzetime and falltime adjustmants on the Pulse Shope Generator (Series F) card and on the Type R114& chassis.

TABLE 7-6

Slow Risetime and Falltime Accuracy Check

! RISETIME | ' Oscilloscope
MULT and RISETIME
PERIOD WIDTH FALLTIME FALLTIME Time | Sweep Trig- Risetime or Falltime
RANGE = RAMNGE | MULT RAMGE Markers | Rate gering Time Display
' [ + MOus 5% | 55em £275mm
Ims | 108 | M| 1 ! 0p | 2psem | T | 33000 S8 | Ssem w275 mm
| [ + 11 us £5% 5.5em £275mm
1 mS | 10 uS | n 10005 | 1 ps 2 psfem o 11 g ==58L 5.5cm 275 mm
i | 10 ps =£5% S5em £=25mm
_ l.rﬂS | e | s LB | i | [ 10 pus £5% Sem +25mm
[+ | Vpus £5% S5em +25mm
100 S 1us ; e | i [ 0.2 psfcm | [ 10 us =57 S5em +2.5mm
20. Check Slow Risetime and Falltime Accuracy d. It the risetime and/or falltime are out of tolerance

in any of the preceding checks, readjust Ré&d4, R54, R5&4 or
a. Set the PERIOD MULTIPLIER control to 2. R554 (see step 19] as required to bring the timing within
b. Set the Type R116 controls, the time-mark generator tolerance over the 1-us to 110-us range.

and the test oscilloscope controls as given in Table 7-6.

On each sweep rate, check the display timing by observing

the time-mark signal (Channel 2] and adjusting the variable 21. Adjust 4 Pulse Overshoot 0

sweep rate contrel if necessary, then display the Type R116

output pulse. a. Disconnect the Type R116 output pulse and + Pretrigger
c. Check for — Test oscilloscope displays of the pulse St~ pua o * sy | ByHbe

rise or pulse fall with risetimes and falltimes as indicated b. Connect the Type R114 cutput pulse to Channel A of

in the table. the sampling oscilloscope as shown in Fig. 7-23.
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Time-Mark Sampling
Generator Oscilloscope Type R116
Channel Channel 50- + DELAYED
Trigger  Marker A B Trigger TRIGGER PULSE
Output _"_P_ Input Input Input our OUTPUT

/

1—Channel A P6038 Probe
2—Channel B P6038 Probe
3—~Coaxial Cable (BNC)
4—VP-2 Voltage Pickoff
5—BNC Plug/GR Adapter
6—BNC Jack/GR Adapter

S

To be connected to
attenuator on trigger
input
7—50-Q 10X T Attenuator

8—50-Q End-line Termination (GR}
9—50-Q In-line Termination (BNC)
10—BNC/Probe-tip Adapter
11—Probe-tip 10X Attenuator

Fig. 7-23. Suggested initial connections for observing the Type R116 output pulse and timing signal on the sampling oscilloscope.

c. Connect the Type R116 +Delayed Trigger Out pulse
to the sampling oscilloscope 50-Q External Trigger Input as
shown in Fig. 7-23.

d. Reset the following Type R116 controls:

PERIOD RANGE 100 nS
MULTIPLIER 3
DELAY OR BURST TIME
RANGE 10 nS
MULTIPLIER 5
WIDTH RANGE 10nS
MULTIPLIER 5
RISETIME FALLTIME
RANGE 1nS

e. Trigger the sampling oscilloscope display.

f. Adjust the Channel A Smoothing control for unity gain
(see the Type 4S3 manual).

g. Position one pulse into the sampling oscilloscope screen
with the Type R116 DELAY OR BURST TIME MULTIPLIER
control. The DELAY OR BURST TIME MULTIPLIER control
should be set for the most stable sampling display.

h. Magnify the sweep rate to 5ns/cm.

i. Time-position the pulse onto the screen with the samp-
ling oscilloscope Time Position control.

i. Increase the sampling oscilloscope vertical deflection
factor to 20 mV/cm.

®

k. Vertically position the pulse top onto the crt screen.

|. Check for — Sampling oscilloscope display of the
pulse top with no more than 1.5¢m (3%) of overshoot or
short-time rounding at the front corner of the pulse and no
more than 1.5¢m (3%) of aberrations or tilt on the pulse
top (see Fig. 7-24A).

m. Adjust — C50 on the Type R116 Output Amplifier
card (see Fig. 7-25) if necessary to obtain the fastest rise
possible and the squarest front corner on the pulse without
causing overshoot at the front corner or aberrations on the
pulse top.

22. Check Pulse Output Transient Response

a. Position the baseline immediately following the pulse
on the crt screen with the sampling oscilloscope Time Position
and Vertical Position controls (see Fig. 7-24B).

b. Check for — Sampling oscilloscope display of the
baseline with no more than 1.5¢m (3%) of overshoot and
no more than 1.5cm (3%) of aberrations or tilt on the
baseline.

c. Set the Type R116 POLARITY switch to —.

d. Position the pulse top (most negative excursion) on the
crt screen.

e. Check for — Sampling oscilloscope display of the
leading corner of the pulse with no more than 1.5em (3%}
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Fig. 7-24. Typical sampling oscilloscope displays for adjusting
+ pulse overshoot (A only), and for checking transient response
of the Type R116 output pulse.

of overshoot at the front corner of the pulse and no more
than 1.5cm (3%) of aberrations or tilt on the pulse top
{most negative portion),

f. Repeat steps a and b to check the negative-going pulse
for overshoot, aberrations or tilt following the pulse.
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g. Reset the following Type R116 controls:

POLARITY +
PERIOD RANGE 1 uS
WIDTH MULTIPLIER 50
h. Reset the following sampling oscilloscope controls:
Equivalent Sweep Rate 0.2 us/cm
Deflection Factor 200 mV/em

i. Center the pulse display on the sampling oscilloscope
crt screen.

j. Check for — Sampling oscilloscope display of the out-
put pulse waveform with no more than 1.5mm (3%) of
overshoot, aberrations or ftilt (see Fig. 7-24C).

k. Set the Type R116 POLARITY switch to —.

. Repeat steps i and j to check the negative-going pulse
for overshoot, aberrations and tilt.

m. Set the POLARITY switch to +.

23. Adijust Fast Risetime and Falltime 0
a. Reset the following Type R116 controls:
RISETIME MULT 10
FALLTIME MULT 10
PERIOD RANGE 100 nS
MULTIPLIER 6
WIDTH MULTIPLIER 25

b. Connect the time-mark generator marker output to the
sampling oscilloscope Channel B vertical input as shown in
Fig. 7-23.

¢. Disconnect the Type R116 +Delayed Trigger Out signal
from the 10X attenuator on the sampling oscilloscope
External Trigger Input.

d. Connect the time-mark generator trigger output to the
External Trigger Input through the 10X attenuator.

e. Set the time-mark generator for a 10 ns marker output
and a 1 us trigger output.

f Reset the following sampling oscilloscope controls:

20 ns/cm
B Oniy

g. Trigger the sampling oscilloscope and adijust the Chan-
nel B Smoothing control for unity gain

Equivalent Sweep Rate
Vertical Mode

h. Check the sampling oscilloscope display for exactly 2
cycles/cm and adjust the variable sweep rate control, if
necessary, to obtain proper timing.

i, Disconnect the time-mark generator trigger signal from
the 10X attenuator on the sampling oscilloscope External
Trigger Input and reconnect the +Delayed Trigger Out
signal.

i. Set the sampling oscilloscope Vertical Mode switch to
A Only.

k. Trigger the sampling oscilloscope display.
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Fig. 7-25. Location of C50 on the Output Amplifier (Series G}
card fer adjusiing + pulie overshool.

|. Check that the display amplitude is exactly 5ecm and
adjust the Variable Millivelts/Cm control, if necessary, for
correct deflection to measure riselime,

m. Time-position the display to observe the pulse rise.

n. Cheeck for — Sampling oscilloscope display of the pulse
rise with @ risetime of 100ns ==10% (Sem ==5mm).

o. Adjust—C72 on the Series F card (see Fig. 7-26) if the
risetime is not correct. Remove the adjustment tool while
observing the risetime.

p. Time-pasition the display to observe the falling edge of
the pulse.

q. Check for — Sampling oscilloscope display of the pulse
fall with a falltime of 100 ns ==10% (5em ==5 mm).

r. If the falltime is not correct, readjust €72 for a com-
promise setting so that both the risetime and falltime are
within specification.

5. Reset the following Type R116 controls:
RISETIME FALLTIME

RAMNGE 10 nS
PERICD RAMNGE 1 S
WIDTH RAMGE 100 nS

t. Set the sampling oscilloscope equivalent sweep rate fo
0.2 ps/fem.

u. Substitute the time-mark generator trigger signal for
the +Delayed Trigger Out signal at the sampling oscille-
scope External Trigger Input.

v, Set the time-mark generator for a 0.1 us marker output.

w. Set the sampling oscilloscope Vertical Mode switch to
B Only.

x. Trigger the sampling oscillosope.

y. Check for a display of 2 markers/em and adjust the
sompling oscilloscope varioble sweep rate control, if neces-
sary, for proper timing.

®

|

Fig, 7-26, Locatien of CF2 and CF4 on Pulse Shape Generater
(Saries F) cord fer setting fast risetime=falltime rates.

z. Disconnect the time-mark generator trigger signal and
reconnect the Type R116 +Delayed Trigger Qut to the
sampling oscilloscope.

aa, Set the sampling oscilloscope Vertical Mode switch to
A Only,

bb. Trigger the oscilloscope display.
ce. Time-position the display to observe the pulse rise,

dd. Check for — Sampling oscilloscope display with a
riseime of 1 ps =4=5% (5em ==2.5mm]

ee. Adjust — C74 on the Series F card (see Fig. 7-28) if
the risetime is not correct. Remove the adjustment tool while
checking the risetime,

ff. Time-position the display to observe the falling edge
of the pulse.

gg. Check for — Sampling oscilloscope display with a
falltime of 1 ps ==5% (S5em ==2.5mm).

hh. 1f the falltime is not correct, readjust C74 for a com-
promise sefting so that both the risetime and falltime are
within specification.

24. Check Fast Risetime and Falltime Accuracy

a. Set the Type R116 controls, the time-mark generator
and the sampling oscilloscope as given in Table 7-7. On
each sweep rate, check the display timing with the time-mark
signal [Channel 2] and adjust the sweep rate if necessary,
then display the Type R11é output pulse. Time-position the
pulse on each check to observe the pulse rise then the pulse
fall.

b, Check for — Sampling oscilloscope displays of the

output pulse waveform with risetimes and falltimes as indi-
cated in the table.
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TABLE 7-7

Risetime and Falltime Accuracy Check

RISETIME
WIDTH MULT and RISETIME Equivalent
WIDTH | MULTI- | PERIOD FALLTIME FALLTIME Time Sweep Risetime or Falltime
RANGE | PLIER RANGE MULT RANGE Markers Rate Time [ Display
100 nS 25 1uS 1 10 nS 0.1 us i 0.2 us/cm 1.0 pus +59% [ 55cm =+275mm
10 nS 25 100 nS 11 1nS 10ns i 20 ns/ecm 110ns ==109% | 55cm  =+=55mm
10 nS 25 100 nS 1 10 nS 10 ns L 20 ns/cm 100ns =59 5cm +25mm
10nS | 5 100 nS 1 1nS | 10ns? i 2 ns/cm* 10ns +109% 5cm +5mm

3 Set sweep for 1 cycle/5 cm.

* Magnified from 20 ns/cm. Adjust DELAY OR BURST TIME controls, if necessary, to position pulse on crt screen.

¢. If the risetime and/or falltime are out of tolerance in
any of the preceding checks, readjust C72 or C74 (see step
23) as required to bring the timing within tolerance over the
10 ns to 1.1 us range.

25. Check Remote Risetime and Falltime

a. Connect shorting straps between the following points
on the REMOTE PROGRAM plug: terminal 2 and the wire
{not the program resistors} connected to terminal 31; terminal
3 and the wire connected to terminal 32.

b. Connect another shorting strap between terminal 1
and the 4.42 kQ resistor connected to terminal 33 (for zero
offset).

c. Set the PROGRAM switch to REMOTE.
d. Time-position the display to observe the pulse rise.
(The sampling oscilloscope sweep rate should still be set to

exactly 2ns/ecm as in the last part of Table 7-7).

e. Check for — Sampling oscilloscope display with a rise-
time of 10ns %12% (5cm —+émm).

f. Time-position the display to observe the pulse fall.

g. Check for — Sampling oscilloscope display with a fall-
time of 10ns *=129% (5cm =6 mm).

h. Disconnect the Type R116 output pulse and +Delayed
Trigger Out pulse and the time-mark marker output signal
from the sampling oscilloscope.

i. Connect the Type R116 output pulse to the Channel 1
vertical input of the non-sampling test oscilloscope through
the terminated 50-Q cable, as was done in the earlier portion
of the procedure.

j. Connect the time-mark generator marker output to the
Channel 2 vertical input of the test oscilloscope through a
coaxial cable and 50-Q termination (BNC connectors).

k. Connect a shorting strap between terminal 36 of the
REMOTE PROGRAM plug and each of the terminals indicated
in Table 7-8.

1. Set the Type R116 controls, the time-mark generator
and the test oscilloscope as given in Table 7-8. On each
sweep rate, check the display timing with the time-mark
signal, then display the Type R116 output pulse.

m. Check for — Test oscilloscope displays as indicated
in the last column of Table 7-8.

TABLE 7-8

Remote Risetime-Falltime Range Check

Best'\::;n PERIOD WIDTH Time | Oscilloscope Risetime and Falltime
Terminals RANGE RANGE | Markers | Sweep Rate | Triggering Time Display
36 and 28 1 uS 100 nS 10ns 20 ns/cmd i :(())(()) :: i;://: gzm igg 22
36 and 29 10 S 145 | Olps | 02pus/em + } ﬁ; ;—:;j Scm =32 mm
36 and 30 100 S 10 uS 1 s 2 us/em + }8ﬁ: i;j 2o i—gg mm

® 0.1 us/cm, magnified XS5.
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n. Remove all shorting straps except the one between
terminal 1 and the 4.42-kQ resistor connected to terminal
33.

o. Reconnect the shorting straps between the following
points: Terminals 36 and 28; terminal 2 and the 1.74-kQ
resistor connected to terminal 31; terminal 3 and the 1.74-kQ
resistor connected to terminal 32.

p. Set the test oscilloscope sweep rate to 0.1 us/cm.

q. Check the test oscilloscope display timing with a 50 ns
marker signal from the time-mark generator, applied to
Channel 2.

r. Observe the rise, then the fall of the Type R116 out-
put pulse by triggering the test oscilloscope on 4+ polarity,
then — polarity.

Calibration—Type R116

s. Check for — Test oscilloscope displays of the pulse
indicating a risetime and falltime of 600 ns +8% (6cm
=+4.8 mm).

t. Move the shorting straps connected to the 1.62-kQ
resistors on terminals 31 and 32 to the 3.40-kQ resistors
connected to the same terminals.

u. Set the test oscilloscope sweep rate to 0.2 us/em.

v. Check. the test oscilloscope display timing with a 0.1-
us marker signal applied to Channel 2.

w. Observe the pulse rise, then the fall by triggering the
test oscilloscope on + polarity, then — polarity.

x. Check for — Test oscilloscope display indicating a
pulse risetime and falltime of 1.1 us 8% (5.5 cm =+4.4 mm).

y. Set the PROGRAM switch to INT.

z. Disconnect the shorting straps.

NOTES
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Test Oscilloscope
Type 547 /Type 1A1

Time-Mark
Ganeralor

Type R11&

50-0} 50-11 Coaxial
Termination Cablos
Assembly

Fig. 7-27. Initial test squipment setup for callbration steps 26 through 28,

Control Settings Vertical Mode Alternate
Deflection Factar
Type R116 Channel 1 2V /fem
MODE SINGLE Channel 2 2W¥/em
TRIGGER SOURCE INTERNAL Input Coupling DC
PERIOD RAMNGE 1 ms
MULTIPLIER 1 WIDTH GENERATOR
DELAY OR BURST TIME
RANGE 10 n5 26. Adjust Width Timing 0
MULTIPLIER 10
WIDTH RANGE 10 uS a. Test equipment setup is shown in Fig. 7-27.
MULTIPLIER 5 b. Set the time-mark generator for a 5-us marker output.
AMPLITUDE RANGE v . ; .
MULTIPLIER 10 c. Trigger the test oscilloscope display.
POLARITY + d. Center the two displayed waveforms vertically and
PROGRAM INT position the pulse rise ot the 1-cm graticule line (see Fig.
DC OFFSET 0 i
RISETIME EALLTIME e, Check for — Test oscilloscope display of a 50-us pulse
RANGE 1ns width at the 50%, level, within 3% of the time mark wave-
RISETIME MULT 1 form (=1.5mm over 5cm).
FALLTIME MULT 1 f. Adjust — R522 (WIDTH MULT CAL) on the Type R114

chassis [see Fig. 7-29) if the display is not correct.
g. Set the test oscilloscope sweep rate to 0.1 msfem.
h. Set the WIDTH MULTIFLIER contrel te 50.

Test Oscilloscope

Sweep Rate 10 us/em
Triggering + Internal, Normal i. Set the time-mark generator for a 50-ps marker output,
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Fig. 7-28. Typical test oscllloscope displays Ffor checking pulse
width: (A) 50-us pulse width; [(B) 500-ns pulse width,

i. Check for — Test oscilloscope display of a 500-us
pulse width, within 3% of the time reference waveform
[#=1.5mm over 5cm).

k., Adjust — R4l (WIDTH TIMING) on the Width Gener-
ator circuit card [Series E) if the display is not correct. See
Fig. 7-29 for the location of R41,

I, If R41 is adjusted, reset the WIDTH MULTIPLIER control
and the test oscilloscope sweep rate as given under Fig.
7-27 and recheck the width timing as in steps b through f.

Calibration—Type R116

Fig. 7-29.
Ganeralor

Location of width Hming odjustments on the Width
[Serles E) card and en the Type R11& chassls,

m. Set the test oscilloscope sweep rate to 0.1 us/em,
n. Set the time-mark generator for a 50-ns marker output,

o. Reset the following Type R116 controls:

PERIOD RAMGE 1us
WIDTH RANGE 10n5
WIDTH MULTIPLIER 50

p. Check for — Test oscilloscope display of a 500-ns
pulse width (see Fig. 7-28B) within 5% of the reference
waveform [#=2.5 mm over 5cm).

q. Adjust — C32 on the Series E circuit card if the display
is not correct,

TABLE 7-9
Width Timing Accuracy Check

Pulse Width
PERIOD WIDTH WIDTH Time | Oscilloscope | Difference from
RAMGE RAMGE MULTIPLIER | Markers | Sweep Rate | Time Reference
o AmS .| T T B 5 ps [ 10 psfem 50pus =3% | +=1.5mm over S5cm
100 pS B 1uS 5 | OSpus 1 usfem |__:5_;_z_s +3‘}:’: . +=1.5mm over Sem
10,5 10005 5 50 ns 0.1 pusfem 500 ns 3% +1.5mm over 5cm
. 1S 10n5 | 5 10 ns 10ns/em® | 50ns =5% | —2.5mm over 5cm
1.5 1005 55 |  50ms 0.1 psfcm | 550ns ==5% 275 mm over 5.5cm
10045 | 100nS 55 | 05us | 1psfem 55ps £3% | +1.65mm over 55cm
Tms | 1 uS 55 5 ps 10 psfem 55 us 3% +1.65mm over 5.5cm
1mS | 10 pS | 55 50 ps 0.1 ms/em 550 ps +3%, | =1.65mm over 55cm

0.1 psfem, magnified X 10,

®
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27. Check Width Accuracy

a. Set the Type R116 controls, the time-mark generator
output and the test oscilloscope sweep rate as indicated
in Table 7-9.

b. Check for — Test oscilloscope displays of the pulse
width as indicated in the last column of Table 7-9.

c. If the width timing is out of tolerance in any of the
preceding checks, readjust R522, R41 or C32 (see step 26)
as required to bring the width timing within tolerance on
all ranges.

28. Check Remote Width

a. Connect a shorting strap between terminal 3 of the
REMOTE PROGRAM plug and the wire (not one of the
program resistors) connected to terminal 17.

b. Set the test oscilloscope sweep rate to 10 ns/cm (0.1
ps/cm, magnified X10).
c. Set the time-mark generator for a 10-ns marker output.

d. Reset the following Type R116 controls:

PERIOD RANGE 1uS
WIDTH RANGE REMOTE

e. Check for—Test oscilloscope display of a 50-ns pulse
width, within 7% of the marker reference waveform {:£3.5
mm over 5cm).

f. Connect a second shorting strap between terminal
36 and each of the terminals indicated in Table 7-10.

g. Set the Type R116 controls, the time-mark generator
output and the test oscilloscope sweep rate, as given in
Table 7-10.

h. Check for—Test oscilloscope displays as indicated in
the last column of Table 7-10.

TABLE 7-10
Remote Width Range Check
\ Pulse Width

Short Difference

Between | PERIOD | Time | Oscilloscope from
Terminals| RANGE | Marker | Sweep Rate Time Reference
36 ond 14| 10 pS 50 ns 0.1 ps/cm 500 ns £5% | =2.5mm
over 5cm
36 and 15 | 100 uS 0.5 ps 1 ps/cm Spus £5% | £25mm
over 5 cm
36 and 16 1 mS 5 ps 10 ps/cm 50 us £5% | £2.5mm
over 5cm

i. Remove the shorting straps and connect them between
the following points: Terminals 36 and 14; terminal 3 and
the 4.42-kQ resistor connected to terminal 17.

i. Set the PERIOD RANGE switch to 100 pS.
k. Set the test oscilloscope sweep rate to 0.5 us/cm.

. Set the time-mark generator for a 0.5-us marker out-
put.

m. Check for—Test oscilloscope display of a 3-us pulse
width within 6% of the reference waveform (3.6 mm over
6 cm).

n. Move the shorting strap from the 4.42-kQ resistor to
the 8.87-kQ resistor on the same terminal (17).

o. Set the test oscilloscope sweep rate to 1 us/cm.

p. Check for—Test oscilloscope display of a 5.5-us pulse
width within 6% of the reference waveform {#=3.3 mm over
5.5cm).

g. Remove the shorting straps.

NOTES
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Test Oscilloscope
Type 547/ Type 1A1

Time-Mark

Generator Type R11&

3 ._|'i .I ..
o ."

"l

50-1} 50-! Cooxlal
Termination Cables
Assembly

Fig. 7-30. Initial test equipment setup for calibration steps 29 through 32,

Control Settings Deflection Factor
Channel 1 2V/em
Type Rl116 Channel 2 2V/em
MODE DOUBLE Input Coupling oC
TRIGGER SOURCE IMTERMAL
PERIOD RANGE 1 ms DELAY GENERATOR
MULTIPLIER 10 g
RANGE 10 u5 a. Test equipment setup is shown in Fig. 7-30.
MULTIPLIER 5 b. Set the time-mark generator for a 5-us marker out-
WIDTH RANGE 1.8 put.
MULTIPLIER 25 i , :
AMPLITUDE RANGE 1V c. Trigger the test oscilloscope display.
MULTIPLIER 10 d. Check for—Test oscilloscope display of the double
POLARITY = pulse waveform with a delay period of 50 ps between cor-

PROGRAM INT
DC OFFSET 0 5 em).
RISETIME FALLTIME

responding points on the two pulses (see Fig. 7-31), within
3% (+10ns) of the reference waveform (+=1.5mm over

e, Adjust—R512 [DELAY OR BURST TIME MULT CAL)
RANGE Lo on the Type R114 chassis (see Fig. 7-32) if the delay interval

RISETIME MULT 1 is not correct.
FALLTIME MULT 1
f. Set the DELAY OR BURST TIME MULTIPLIER contrel to
Test Oscilloscope a0.
Sweep Rate 10 ps/em g. Set the test oscilloscope sweep rate to L1 msfcm.
Triggering +Internal, Normal h. Set the time-mark generator for a 50-pus marker out-
Vertical Mode Alternate put,
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Fig. 7-31, Typical test oscllloscope dispays for checking delay tim-
ing odjustments: (&) 50 us delay; (B) 500-us delay.

i. Check for—Test oscilloscope display of the double
pulse with a delay period of 500 s, within 3%, (410 ns] of
the reference waveform [==1.5mm over 5cm).

i Adjust—R41 [DELAY TIMING) en the Delay Generator
circwit card (Series C) if the delay interval is net correct.
See Fig. 7-32 for the location of R41.

k. If R4l requires adjustment, reset the delay multiplier
and the test oscilloscope sweep rate as given under Fig.
7-30 and recheck the delay timing adjustments as in sleps
b through i

|. Set the test oscilloscope sweep rate to 20 nsfem (0.1
psfem, magnified 5).

m. Reset the following Type R11é controls:

PERIOD RANGE 10 S
MULTIPLIER 1
DELAY OR BURST TIME
RAMNGE 10nS
MULTIPLIER 10
WIDTH RAMNGE 10nS
MULTIPLIER 5

n. Set the time-mark generator for a 10-ns marker out-
put,

o. Check for—Test oscilloscope display of the deouble
pulse with a delay time of 100 ns, within 3% (410 ns) of
the reference waveform (=45 mm over 5cm).

p. Adjust—C32 on the Series C card [see Fig. 7-30) if
the delay time interval is not correct,
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30. Check Delay Accuracy

o. Set the test oscilloscope sweep rate to 10nsfem (0.1
psfem magnified X10),

b. With a 10-ns time marker applied to the test oscillo-
scope as at the end of the previous step, check the test os-
cilloscope sweep timing and adjust the variable sweep rate
contrel if required.

c. Connect the Type R116 --Pretrigger Cut pulse to the
test oscilloscope External Trigger Input.

d. Reset the following test oscilloscope controls:

Vertical Made Channel 1
Trigger Source External

e, Set the Type R116 MODE switch to SINGLE,

f. Position the pulse rise to the 1-em graticule line [(see
Fig. 7-33A).

g. Reset the following Type R116 controls:

MODE DLY'D SINGLE
DELAY OR BURST TIME
MULTIPLIER 5

h. Check for — Test oscilloscope display of the delayed
pulse with the rise at the 6-cm graticule line ==1.15 em, indi-
cating o delay time of 50 ns 3% (+10ns). See Fig. 7-33B.

i. Reset the following Type R114 controls:

MODE DOUBLE
PERIOD MULTIPLIER 10

Reset the following test oscilloscope controls:

Vertical Mode
Trigger Source

Alternate
Internal

R41
DELAY
TIMING

DELAY OR
BURST TIME

Fig. 7=-32. Location of delay timing adjustments on the Delay Gen-
erator |5eries C) cord and on the Type R116 chassis.
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TABLE 7-11

Delay or Burst Time Accuracy Check

DELAY OR |DELAY OR Delay Interval
PERIOD | BURST TIME |BURST TIME| WIDTH Time Oscilloscope Difference from
RANGE RANGE MULTIPLIER | RANGE | Markers | Sweep Rate Time Reference Waveform
14uS 100 nS 5 10 nS 50 ns 0.1 psfecm | 500 ns +=3% (+10ns) | ==2.5 mm over 5cm
10 S 1 uS | 5 100 nS 0.5 ps 1 us/cm S5pus =3% {+10ns}| =1.6 mm over 5cm
100 uS 10uS | 5 1 1S 5ps | 10usjem | 50 us #3% (+10ns)| =1.51 mm over 5cm
1mS 10,5 | 55 10 uS 50ps | O1ms/cm | 550 us *=3% (+10ns)| ==1.65mm over 5.5 cm
100 S 1uS | 55 1 uS 5ps | 10pus/em | 55pus 3% (+10ns) | ==1.66 mm over 5.5 cm
10 uS 100 nS | 55 100 nS 0.5 ps Tusfem | 55us *=3% (+10ns) | =1.75mm over 5.5cm
1S 100 | 55 | 10nS 50 ns 0.1 us/fem (550 ns 3% (+10ns) | +=2.65 mm over 5.5 cm

k. Set the Type R116 controls, the time-mark generator
output and the test oscilloscope sweep rate as given in
Table 7-11.

I. Check for — Test oscilloscope displays with a delay
period between corresponding points on the two pulses (see
Fig. 7-31), as indicated in the last column of Table 7-11.

m. If the delay time is out of tolerance in any of the pre-
ceding checks, readjust R512, R41 or C32 (see step 29) as
necessary to bring the delay time within tolerance on all
ranges.

—1-cm 6-cm
. P S
line T line
-4
]
i ImE N L il llll‘llll-llll bbbttt i i i bt i i g
(A) TrrT Trry Ty T IVIIKVIV Trry LBBAE AR AN Ty
Jr4 1
9
-+
I
T / \
dddd bbb bbbl L Ll ALAA--AAAA 3444 4444
(B) HHHHHHHHHHHHHHHHHHHHHH H
.»/
-+

Fig. 7-33. Test oscilloscope displays for checking the 50-ns delay
time, after checking display time.

@1

31. Check Remote Delay

a. Connect a shorting strap between terminals 3 and 13
of the REMOTE PROGRAM plug.

b. Set the test oscilioscope sweep rate to 10ns/cm (0.1
ps/cm magnified X10).

c. Reset the following Type R116 controls:

MODE SINGLE
PERIOD MULTIPLIER 1
WIDTH RANGE 10nS
MULTIPLIER 5
DELAY OR BURST TIME
RANGE REMOTE

d. Set the time-mark generator for a 10-ns marker output.

e. Check the display timing for 1 cycle/cm of the timing
signal and adjust the variable sweep rate control if
necessary.

f. Set the test oscilloscope Trigger Source switch to
External.

g. Position the rise of the displayed pulse at the 1-cm
graticule line.

h. Set the MODE switch to DLY'D SINGLE.

i. Check for — Test oscilloscope display of the delayed
pulse with the pulse rise at the 6-cm graticule line +=1.25cm,
indicating a delay interval of 50 ns ==5% (410 ns).

| Set the MODE switch to DOUBLE.

k. Set the fest oscilloscope Trigger Source switch to
Internal.

I. Connect a second shorting strap between terminal 36
and each of the terminals indicated in Table 7-12.

m. Check for — Test oscilloscope displays as indicated in
the last column of Table 7-12.
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TAB

Remote Delay or B

LE 7-12
urst Time Range Check

Short | | | Delay Interval
Between | PERIOD | WIDTH Time | Oscilloscope Time Difference from
Terminals | RAMGE | RAMGE_|_{-'!|._{:|LIHE[§_____ﬁ\_v_{EE_R_q_ff | Reference
~36and 10 | 1048 10nS 50 ns 0.1 psfem __'t_sqq’_n_s_ +5% (+10ns) | =+=3.5mm over 5em
" 36and 11| 1005 | 100nS | O05ps |  Vpsjem | 5ps 5% (+10ns)| 2.6 mm over 5cm
36 and 12 | 1 mS | 15 | 5 ps [ 10 ps/em 50 us ==5% (+10ns) | +=2.5mm over S5cm

+ DELAYED
TRIGGER ©QUT
Cannaclor

u S

Fig. 7-34. Probe connection fo the <+ DELAYED TRIGGER OUT con-
nector inslde the front panel.

n. Remeve the shorting straps and connect them between
the following peoints: Terminals 36 and 10; terminal 3 and the
4.42:kf1 resistor connected to terminal 13.

o. Reset the following Type R116 controls

PERIOD RAMGE
WIDTH RANGE

100 ps
10 ns

p. Set the test oscilloscope sweep rate to 0.5 usfem.
g. Set the time-mark generator for a 0.5-ps marker output,

r. Check for — Test oscilloscope display of the double
pulse waveform with a delay interval of 3 us ==6% (410 ns],
or within 3.6 mm of the reference waveform over écm.

5. Move the sherting strap from the 4.42-k(} resistor to the

8.87-k? resistor on the same terminal (13).
t. Set the test cscilloscope sweep rate to 1 psfcm.

u. Check for — Test oscilloscope display of the deuble
pulse with a delay interval of 5.5 us =63 (410 rs), or with-
in 3.3mm of the reference waveform over 5.5em.
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v. Remove the shorting straps.

32. Check + Delayed Trigger Out

a. Disconnect the terminated pulse output cable from the
test oscilloscope Channel 1 vertical input,

plaasy
e

Ll

Risatime les
than 20 ns

LEA RS LRARS

A

e

.

1A}

—

PR beded bbbk bk
e e L L

LR R RARES

10 nsfem

Position with DELAY
OR BURST TIME
M!I.TIFLIEH at 50

Blassalaaantlsesns

PR et
T

with DELAY
OR BURST TIME
MULTIPLIER at 5 3

I 1 mf:mm

Risetime less
——ir] =t
|I ,|||i than 20 ns
(€] [+ rFi/ - AR REEEREE =+
. 3 —
=T 10 ns/em

Fig. 7-35. Test oscilloscope displays for checking Irigger output
pulses: (A) 4 Delayed Trigger Qut; [C) < Pretrigger Out pulse.
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b. Install @ 1X test probe on the Channel 1 input.

c. Connect the probe tip to the +DELAYED TRIGGER
OUT connector just inside the front panel of the instrument
(see Fig. 7-34) and connect the probe ground clip to chassis
ground.

d. Reset the following test oscilloscope controls:
External

10 ns/em (0.1 ps/em
magnified X 10}
Channel 1

1V/em (calibrated)

e. Reset the following Type R116 controls:

Trigger Source
Sweep Rate

Vertical Mode
Deflection Factor

PERIOD RANGE 10 1S
DELAY OR BURST TIME
RANGE 100 nS
MULTIPLIER 5

f. Trigger the test oscilloscope and position the pulse
onto the crt screen.

Calibration—Type R116

g. Check for — Test oscilloscope display of the +Delayed
Trigger Out signal with an amplitude of at least 2 volts
(2 em).

h. Adjust the vertical size of the display for a risetime
measurement (see Fig. 7-35A).

i. Check for — Test oscilloscope display of the +Delayed
Trigger Out pulse with a risetime of less than 20ns. For a
50-MHz oscilloscope, the displayed risetime should be 21 ns
(2.7 cm) or less.

. Set the test oscilloscope sweep rate to 1 ps/cm.

k. Position the pulse rise to the 1-cm graticule line (see
Fig. 7-35B).

[. Observe the test oscilloscope display while turning the
DELAY OR BURST T!ME MULTIPLIER control to the 50 position.

m. Check for — Test oscilloscope display of the +Delayed
Trigger Out pulse moving with respect to the -Pretrigger
Out pulse. The pulse should move approximately 4.5 pus
(4.5 cm) as the control is turned from 5 to 50.

NOTES
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Test Ducilloscope
Type 547 [Type TA1

Time-Mark
Ganarator

HJr{H"H:lT

-

Terminatian
Assembly

50-11
Coaxial
Cable

Fig. T-34. Initlal test sgquipmant

setup for calibration steps 33 through 346,

Control Settings Vertical Mode Channel 1
T R116 Deflection Facter 1V /fem
L Input Coupling b
MODE SINGLE
TRIGGER SOURCE IMTERMAL
PERIOD RANGE 10 uS PERIOD GENERATOR
MULTIPLIER 1 \
DELAY OR BURST TIME 33. Check <+ Pretrigger Out
RANGE 100 ns a. Test equipment setup is shown in Fig. 7-36.
MULTIPLIER 5 .
WIDTH RANGE 1 48 b, Disconnect the coaxial cable from the Type R116 4-PRE-
L TRIGGER OUT connector and the test oscilloscope External
MULTIPLIER 5 Trigger Input.
AMPLITUDE RANGE 1Y .
MULTIPLIER 10 c. Move the probe tip to the +PRETRIGGER OUT con-
POLARITY o nector, just inside the front panel.
PROGRAM INT d. Trigger the test oscilloscope display and position the
DC OFFSET 0 pulse onto the ecrt screen.
RISETIME FALLTIME e. Check for — Test oscilloscope display of the +Pre-
RANGE 108 trigger Out pulse with an amplitude of at least 2 volts
RISETIME MULT 1 (2 ern).
FALLTIME MULT 1

f. Adjust the vertical
measurement.

size of the display for a risetime

Test Oscilloscope

Sweep Rate 10 nsfem (0.1 pus
magnified = 10)
Triggering + Internal, Normal
7-38

g. Check for — Test
trigger Out pulse with

oscilloscope display of the +Pre-
a risetime of less than 20 ns (2.1 cm).

h. Disconnect the probe tip from the Type R114.



i. Remove the probe from the test oscilloscope input.

34. Adjust Period Timing 0
a. Reset the following Type R11& controls:

PERIOCD RAMNGE 1 m5
PERIOD MULTIPLIER 10

b. Connect the terminated output pulse frem the Type
R114 to the Channel 1 vertical input of the test oscilloscope.

c. Reset the following test oscilloscope controls:

Sweep Rate 10 ms/em
Vertical Mode Alternate
Deflection Facter

[Channel 1) 2V/em

d. Set the time-mark generator for a 10-ms marker output.
e. Trigger the test oscilloscope display.

f. Check for — Test escilloscope display with equal fime
interval between the pulses in the Type R116 waveform
and these in the reference time-mark signal, ==2.7 mm over
the first 9 em of the test oscilloscope graticule (10 ms ==3%).
See Fig. 7-37 for the display.

g. Adjust — R34 [PERICD TIMING) on the Period Gener-
ator circuit card [Series B) if the display is not correct. See
Fig. 7-38 for the location of R34,

h. Set the test oscilloscope sweep rate to 1 msfem,

Calibration—Type R116

1 Type R116 Time-Mark Timing
2 wavelorm J woavelorm differance
ovar 9-tm
L s . . .
-

iiidiaad

AR RS EEL e

LR RN R R

_1 =
Qeem
line

Fig. 7-37. Typical test oscilloscope display for checking period
timing.

i, Set the time-mark generator for @ 1-ms marker output.
|- Set the PERIOD MULTIPLIER contral to 1.

k. Check for — Test cscilloscope display of equal time
intervals of the two waveforms, =27 mm over the first 9 cm
(1 ms =33%).

|. Adjust — R502 [PERIOD MULT CAL) on the Type R11é
chassis [see Fig. 7-38) if the display is not correck.

m. If R502 is adjusted, reset the period multiplier and
ascilloscope sweep rate controls as given under Fig. 7-3é
and recheck the period timing adjustments as in steps d
through k.

&

Fig. 7-38. Locatien of perled tming adjustments on the Perlod
Ganerator (Serles Bl card and the Type R116 chassis,

n. Reset the following Type R116 controls:

PERICD RAMGE 100 S
MULTIPLIER 1
WIDTH RANGE 10 nS

a. Set the test oscilloscope sweep rate te 0.1 ps/em.
p. Set the time-mark generator for a 0.1-ps marker output,

q. Check for — Test oscilloscope display of equal intervals
in the twoe waveforms ==4.5mm over the first ¥ em (100 ns
==5%).

r. Adjust — C52 on the Series B card [see Fig. 7-38) if

the display is not correct. Remove the adjusting toal from
the caopacitor while checking the display.

5. Set the PERIOD RAMNGE switch to 1 uS.
t. Set the test oscilloscope sweep rate to 1 usfcm.
u. Set the time-mark generator for a 1-us marker output.

v. Check for — Test oscilloscope display of equal time
intervals of the two waveforms, +2.7 mm over the first 9 em
11 ws =3%).

w. Adjust — C55 on the Series B card (see Fig. 7-38) if
the display is not correct.

35. Check Period Accuracy

a. Leave the WIDTH MULTIPLIER contral set at the 5 posi-
tion during the following checks.
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Type R116 Time-Mark Timing
wcvsform waveform difference

I over 9 cm
Y =)

(A} B [UwE TEWE
nEE: RARE SRAR! LRSI LERRS LRER

9-cm
line
l l 1 Timing
2nd _"! b= difference
Type R116a, Hi over 5.5 cm
pulse --l
8) ke :H:H#H#Hlﬂ-
- >
12th” ]
time ]
marker——

Fig. 7-39. Typical test oscilloscope displays for checking period
timing accuracy: (A) at 1 position of PERIOD MULTIPLIER control;
(B} at 11 position of control.

b. Set the Type R116 controls, the time-mark generator

marker output and the test oscilloscope sweep rate as given
in Table 7-13.

c. Trigger the test oscilloscope display and position both
waveforms near the center of the crt screen.

d. Check for — Test oscilloscope display with equal time
intervals between the pulses in the Type R116 waveform and
those in the reference time-mark signal (over the first 9 cm)
for the 1 position of the PERIOD MULTIPLIER (see Fig. 7-39A),
and displays with the second Type R116 pulse at the 12th
time marker for the 11 position of the MULTIPLIER (see Fig.
7-39B).

e. If the period timing is out of tolerance in any of the
preceding checks, readjust R34, R502, C52 or C55 (see step
34) as necessary to bring the timing within tolerance on all
ranges.

36. Check Remote Period

a. Connect a shorting strap between terminal 34 of the
REMOTE PROGRAM plug and the wire (not one of the pro-
gram resistors) connected to terminal 9 of the plug.

b. Set the test oscilloscope sweep rate to 0.1 us/cm.
¢c. Set the time-mark generator for a 0.1-us output.

d. Reset the following Type R116 controls:

PERIOD RANGE REMOTE
WIDTH RANGE 10nS

e. Check for—Test oscilloscope display with equal time
intervals (+79%) between pulses in the Type R116 wave-
form and the time-mark waveform over the first 9cm
=+6.3 mm.

f. Connect a second shorting strap between terminal 36
(chassis ground) and each of the terminals indicated in Table
7-14.

TABLE 7-13

Period Accuracy Check

Period

PERIOD PERIOD WIDTH Time Oscilloscope Difference from
RANGE MULTIPLIER RANGE Markers Sweep Rate Time Reference Waveform

100 nS 1 10nS 0.1 pus 0.1 us/ecm 100 ns 5% +4.5mm over 9cm

1uS 1 10nS 1 us 1 psfem 1ps £3% =+2.7 mm over 9 cm

10 uS 1 10nS 10 ps 10 us/em 10 ps +3% =+2.7 mm over 9cm

100 pS 1 100 nS 0.1ms 0.1 ms/cm 100 us =3% =+2.7 mm over 9cm

1 mS 1 1 uS 1ms 1 ms/cm Tms =3% —+2.7 mm over 9cm
100 nS 11 10nS 0.1 ps 0.2 usfem 1.1 us =5% =+2.75mm over 5.5cm
1uS 1 10nS 1 ps 2 pus/cm 1M ps =3% =+1.65mm over 55cm
10 uS 1 100 nS 10 ps 20 ps/em 110 us 3% =+1.65mm over 55cm
100 uS 1 1uS 0.1 ms 0.2 ms/cm 1.1 ms 3% =+1.65mm over 55cm
1 mS 1 10uS | 1 ms 2 ms/cm Nms =3% | ==1.65mm over 5.5cm
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g. Check for—Test oscilloscope display as indicated in
the last column of Table 7-14.

TABLE 7-14
Remote Period Range Check

Period
Oscillo- Difference
Short scope from

Between Sweep WIDTH Time Reference
Terminols Rate RANGE | Morkers Time Waveform
36 and 5 1 ps/em 10 nS 1 ps Tus £59% | £4.5mm
over 9 cm

36 and 6 | 10 us/em 10 nS 10 us 10 us £5% | £4.5mm
over 9 cm

36 and 7 | 0.1 ms/em 100 nS 100 us | 100 s =5% | £4.5mm
over 9 cm

36 and 8 | 1 ms/ecm 1 uS 1 ms Tms £5% | £4.5mm
over 9 cm

h. Set the WIDTH RANGE switch to 10nS.

Calibration—Type R116

i. Remove both shorting straps, then reconnect them as
follows: One between terminals 36 and 5; one between
terminal 34 and the 8.45kQ resistor connected to terminal 9.

i. Set the test oscilloscope sweep rate to 1 us/cm.
k. Set the time-mark signal to 1 ps.

I. Check for—Test oscilloscope display with the second
Type R116 pulse at the 7th time marker ==3.6 mm (6 ps
+6%).

m. Move the shorting strap from the 8.45kQ resistor to
the 16.9kQ resistor on the same terminal. Leave the other
end of the strap connected to terminal 34.

n. Set the test oscilloscope sweep rate to 2 us/cm.

o. Check for—Test oscilloscope display with the second
Type R116 pulse at the 12th time marker ==6.6 mm (11 ps
+6%).

p. Remove the shorting straps.

q. Disconnect the time-mark signal from the test oscillo-
scope.

NOTES
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Calibration—Type R116

Tast Oucilloscope
Type 547 /Type 1A1

fro S6F GECRIDICON
P [

Termination
Assambly

=0

o6 &

tl
¥

e, i P S

5 @@@@w'

Fig. 7-40. Initial test equipment setup for callbration steps 37 through 41,

Control Settings Deflection Factor 2V /em
I
Type R116 Input Coupling DC

MODE SINGLE
TRIGGER SOURCE INTERNAL MODES AND TRIGGERING
PERIOD RANGE 10 u5

MULTIPLIER 1 37. Check Single, Dly'd Single and Double
DELAY OR BURST TIME Modes

RANGE 100 nS ) ) g

MULTIPLIER 5 a, Test equipment setup is shown in Fig. 7-40.
WIDTH RAMNGE 10 nS b. Connect a coaxial coble from the Type R116 <+PRE-

MULTIPLIER 5 TRIGGER QUT connector to the External Trigger Input of
AMPLITUDE RANGE 1V the test oscilloscope.

MULTIPLIER 10 c. Trigger the test oscilloscope sweep.
POLARITY o d. Position the 50% level of the first displayed pulse
PROGRAM INT to the 1-cm graticule line of the test oscilloscope [see Fig.
DC OFFSET 0 7-41A).
RISRE;,:L”‘:EEFALLTW'E - e, Observe the non-delayed Single mode output pulse

RISETIME MULT
FALLTIME MULT

I
1

Test Oscilloscope

wavefarm,
f. Set the Type R116 MODE switch to DLY'D SINGLE.

g. Check for—Test oscilloscope display of the delayed
output pulse displaced by approximately the delay time

Sweep Rate 2 us/em (2.5mm or 500ns) from the l-cm graticule line (see Fig. —
Triggering + External, Mormal 7-41B).
Vertical Mode Channel 1 h. Set the Type R116 MODE switch te DOUBLE.
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Fig. 7-41. Test oscilloscope displays for checking Single, Diy'd
Single and Double modes of operation.

i. Check for—Test oscilloscope display of the double
pulse waveform with the first pulse at the 1-cm graticule
line and the second pulse displaced by approximately the
delay time (2.5mm or 500 ns} from the 1-cm graticule line.

38. Check Remote Single, Dly’d Single and
Double Modes

a. Set the Type R116 MODE switch to REMOTE PROGRAM.

b. Check for—Test oscilloscope display of the Single
mode waveform (see Fig. 7-41A).

c. Connect a shorting strap between terminals 36 and
20 of the REMOTE PROGRAM plug.

d. Check for—Test oscilloscope display of the Dly'd
Single mode waveform (see Fig. 7-41B).

®

Calibration—Type R116

e. Move the shorting strap from terminal 20 to terminal
21.

f. Check for—Test oscilloscope display of the Double
mode waveform (see Fig. 7-41B).

g. Remove the shorting strap.

h. Disconnect the trigger cable from the +PRETRIGGER
OUT connector.

39. Check Manual Trigger and Remote
Manual

a. Connect a shorting strap between terminals 36 and
19 of the REMOTE PROGRAM plug.

b. Reset the following Type R116 controls:

MODE SINGLE

PERIOD RANGE 1 mS
MULTIPLIER 1

WIDTH RANGE 10 uS
MULTIPLIER 10

c. Reset the following test oscilloscope controls:

0.2 ms/cm
+Internal (not Auto)

Sweep Rate
Triggering

d. Trigger the test oscilloscope display and observe the
repetitive waveform.

e. Set the Type R116 TRIGGER SOURCE switch to EXTER-
NAL OR MANUAL.

f. Observe the test oscilloscope display while pressing
the Type R116 front-panel manual TRIG button.

g. Check for—Test oscilloscope display of the single out-
put pulse each time the TRIG button is pressed. Readjust
the test oscilloscope intensity if necessary.

h. Set the Type R116 TRIGGER SOURCE switch to
REMOTE PROGRAM.

i. Press the manual TRIG button.

i. Check for—Test oscilloscope display of the single
output pulse from the Type R116, remotely enabled.

k. Leave the shorting strap connected for the external
triggering check. {If the intensity is increased for this check,
decrease it again after completion of the check.)

40. Check External Triggering

a. Connect a BNC T connector to the test oscilloscope
calibrator output.

b. Connect a coaxial cable from one arm of the T con-
nector to the External Trigger Input of the test oscilloscope.

c. Connect a coaxial cable from the second arm of the
T connector to the Type R116 +TRIGGER INPUT connector.

d. Reset the following Type R116 controls:

PERIOD RANGE 100 p.S
PERIOD MULTIPLIER 2
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DELAY OR BURST TIME

RANGE 10 uS
WIDTH RANGE 1pS
MULTIPLIER 10

TRIGGER SOURCE INTERNAL

e. Reset the following test oscilloscope controls:

0.2 ms/cm
+External

Sweep Rate
Triggering

f. Trigger the test oscilloscope sweep.

g. Observe the Single mode output pulse waveform, with
the pulse period set by the PERIOD controls {see Fig. 7-42A).

h. Set the Type R116 TRIGGER SOURCE switch to EX-
TERNAL OR MANUAL

i. Set the test oscilloscope calibrator output amplitude
to 20 volts.

j. Check for—Test oscilloscope display of the externally
triggered single mode waveform (see Fig. 7-42B), with a
pulse period of approximately 1ms set by the calibrator
signal frequency.

k. Decrease the calibrator output amplitude to 2 volts.

|. Check for—Test oscilioscope display of the externally-
triggered waveform.

41. Check Remote Triggering Enable

a. With the shorting strap connected as in step 39 [ter-
minals 36 and 19), set the TRIGGER SOURCE switch to
REMOTE PROGRAM.

b. Check for—Test oscilloscope display of the externally
triggered Single mode waveform,

c. Remove the shorting strap from the REMOTE PRO-
GRAM plug.

d. Check for—Test oscilloscope display of the Single
mode waveform with the pulse period set internally.

42. Check Burst Mode
a. Reset the following Type R116 controls:

TRIGGER SOURCE INTERNAL
MODE BURST
PERIOD RANGE 10 uS
MULTIPLIER 5
DELAY OR BURST TIME
RANGE 10 S
MULTIPLIER 50
WIDTH RANGE 148
MULTIPLIER 20

b. Trigger the test oscilloscope.

¢. Check for—Test oscilloscope display of the Burst mode
waveform (see Fig. 7-42C) with the burst period set by the
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Fig. 7-42. Typical test oscilloscope displays for checking external
triggering and gating: (A} Normal Single mode waveform; (B)
externally-triggered Single mode waveform; (C) externally-triggered
Burst waveform; (D) Gated Output waveform.

calibrator signal, the burst width set by the DELAY OR
BURST TIME controls and the pulse period and width set
by the PERIOD and WIDTH controls.

d. Set the DELAY OR BURST TIME MULTIPLIER controi
to the 5 position while observing the change in burst fime.

®



43. Check Remote Burst Mode
a. Set the MODE switch to REMOTE PROGRAM.

b. Connect a shorting strap between terminals 36 and
22 of the REMOTE PROGRAM plug.

c. Check for—Test oscilloscope display of the Burst
mode waveform, remotely enabled.

d. Remove the shorting strap.

44. Check Gated Output Mode

a. Move the triggering signal cable from the +TRIGGER
INPUT connector to the +GATE IN connector,

b. Set the Type R116 MODE switch to GATED OUTPUT.

c. Set the test oscilloscope calibrator output amplitude
to 10 volts.

d. Check for—Test oscilloscope display of the Gated
Output mode waveform with the duration of the burst set
by the calibrator squarewave signal {see Fig. 7-42D).

Calibration—Type R116

e. Decrease the calibrator amplitude to 2 volts.

f. Check for—Test oscilloscope display of the Gated
Output waveform.

45. Check Remote Gated Output Mode
a. Set the MODE switch to REMOTE PROGRAM.

b. Connect a shorting strap between terminals 36 and
23 of the REMOTE PROGRAM plug.

c. Check for—Test oscilloscope display of the Gated
Output waveform, remotely enabled.

d. Remove the shorting strap.

e. Disconnect the two triggering cables and remove the
T connector from the calibrator output.

f. Disconnect the output pulse signal cable from the
test oscilloscope vertical input.

This completes the calibration procedure for the Type
R116. Turn off and disconnect all test equipment. Turn off
the Type R116, remove the special remote program checker
and replace the top and bottom dust covers.

NOTES
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A or amp
AC or ac
AF

AM

BHB
BHS
BNC
X

C

C

cap.

cer

cm

comp

conn

c/s or cps
CRT

csk

dB

dBm

DC or dc
DE

GMVY
GR

H or h
hex.
HHB
HHS
HSB
HSS

Hz

ID
IF

incd

int

k Q
ke

ABBREVIATIONS

amperes

alternating current

audio frequency

alpha—common-base current amplification factor
amplitude modulation

approximately equal to

beta—common-emitter current amplification factor
binding head brass

binding head steel

baby series 'N’’ connector

by or times

carbon
capacitance
capacitor
ceramic
centimeter
composition
connector

cycle

cycles per second
cathode-ray tube
countersunk

decibel

decibel referred to one milliwatt
direct current

double end

degrees

degrees Celsius (degrees centigrade}
degrees Fahrenheit

degrees Kelvin

diameter

divide by

division

extremely high frequency
electrolytic, metal cased
electrolytic, metal tubular
epsilon—2.71B28 or % of error
equal to or greater than

equal to or less than

external

farad

focus and intensity
flat head brass

flat head steel
fillister head brass
fillister head steel
frequency modulation
feet or foot

giga or 107

acceleration due to gravity
germanium

guaranteed minimum valve
General Radio

greater than

henry

height or high
hexagonal

high frequency

hex head brass

hex head steel

hex socket brass

hex socket steel

high voltage

hertz {cycles per second)

inside diameter
intermediate frequency
inch or inches
incandescent

infinity

internal

integral

kilohms or kilo {103)
kilohm
kilocycle

AND SYMBOLS

A

<
LF
g
Lv

RC

RF

RFI

RHB

D

RHS

r/min or rpm
RMS

s or sec.
SE
Si
SN or S/N

T
TC
TD
THB
)
thk

THS
tub.

UHF

v

VAC
var
vDC
VHF
VSWR

"%

w
w/
w/o
wwW

xmfr

lambda—wavelength
less than

low frequency
length or long

low voltage

mega or 108

milli or 10-3
megohm

micro or 106
megacycle

metal

millimeter
millisecond

minus

mounting hardware

nano or 1079
number
nanosecond

outside diameter

oval head brass

oval head steel
omega—ohms
omega-—angular frequency

pico or 10-12

per

percent

pan head brass
phi—phase angle
pi—3.1416

pan head steel
plus

plus or minus
peak inverse voltage
plastic

paper, metal cased
polystyrene
precision

paper, tubular

paper or plastic, tubular, molded

power

resistance capacitance

radio frequency

radio frequency interference
round head brass
rho-—resistivity

round heod steel
revolutions per minute

rool mean square

second

single end
silicon

serial number

tera or 10'2

temperature compensated
tunnel diode

truss head brass

theta—angular phase displacement

thick
truss head steel
tubular

vltra high frequency

volt

volts, alternating current
variable

volts, direct current

very high frequency
voltage standing wave ratio

watt

wide or width
with

without
wire-wound

transformer



PARTS ORDERING INFORMATION

Replacement parts are available from or through your local Tektronix, Inc. Field
Office or representative.

Changes to Tektronix instruments are sometimes made to accommodate improved
components as they become available, and to give you the benefit of the latest circuit
improvements developed in our engineering department. It is therefore important, when
ordering parts, to include the following information in your order: Part number, instrument
type or number, serial or model number, and modification number if applicable.

If a part you have ordered has been replaced with a new or improved part, your
local Tektronix, Inc. Field Office or representative will contact you concerning any change
in part number.

SPECIAL NOTES AND SYMBOLS
> 000 Part first added at this serial number
00X Part removed after this serial number

*000-0000-00 Asterisk preceding Tektronix Part Number indicates manufactured by
or for Tektronix, Inc., or reworked or checked components.

Use 000-0000-00 Part number indicated is direct replacement.

Screwdriver adjustment.

D Control, adjustment or connector.

AN 7/ Heat sink.
N~ -~
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SECTION 8
ELECTRICAL PARTS LIST

Values are fixed unless marked Variable.

Tektronix
Ckt. No. Part No. Description S/N Range
Bulb
B403 150-0019-00 Neon, w/translucent lens in holder
Capacitors
Tolerance #=20% unless otherwise indicated.
C110 290-0137-00 100 uF EMT 0V +75%—15%
C405 290-0122-00 1000 uF EMC 5V
C410 290-0084-00 4000 uF EMC 15V
C417ABC 290-0068-00 3x75uF EMC 150V
C420 290-0122-00 1000 pF EMC 50V
C437 283-0000-00 0.001 pF Cer 500V
C460 283-0059-00 1 pF Cer 25V +80%—20%
Diodes
D405A,B,C,D(4) 152-0066-00 Silicon 1N3194
D407 152-0089-00  Zener 10M12.6Z5 10W, 126V, 5%
D410A,B,C,D(4) 152-0066-00 Silicon 1N3194
D420A,B,C,D{4) 152-0066-00 Silicon 1N3194
D426 152-0066-00 Silicon 1N3194
D430 152-0236-00 Zener 04W, 125V, 49,
D432 152-0119-00 Zener TN96%A 0.4W, 22V, 10%
D460 152-0127-00 Zener IN755A 04W, 7.5V, 5%
D570 *152-0075-00 Germanium Tek Spec
D572 *152-0075-00 Germanium Tek Spec
Fuses
F401 159-0043-00 0.6 A, 3AG, Slo-Blo
F402 159-0043-00 0.6 A, 3AG, Slo-Blo
Filter
FL401 119-0028-00 Line filter
Connectors
N 131-0292-00 56 pin, for circuit card
J2 131-0292-00 56 pin, for circuit card
13 131-0292-00 56 pin, for circuit card
J4 131-0292-00 56 pin, for circuit card
15 131-0292-00 56 pin, for circuit card
Jé 131-0292-00 56 pin, for circuit card
37 131-0292-00 56 pin, for circuit card
J8 131-0292-00 56 pin, for circuit card
19 131-0292-00 56 pin, for circuit card
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Electrical Parts List—Type R116

Ckt. No.

1o
15
J20

128

190
J401

L1432
L480
L484A
L484B
L484C

P18

Q407
Q417
Q427
Q437
Q444

Q454
Q464
Q474

f

Tektronix
Part No.

131-0294-00
131-0352-00
131-0352-00

131-0352-00
131-0352-00
131-0352-00
131-0430-00

*108-0355-00
*108-0355-00

108-0344-00
*108-0354-00
*108-0353-00

131-0375-00

151-0165-00
151-0165-00
*151-0148-00
151-0165-00
*151-0134-00

*151-0134-00
*151-0136-00
*151-0134-00

Connectors (Cont'd)

Description

36 pin, female
BNC
BNC

BNC
BNC
BNC
Motor Base Assembly

Inductors
Coil, Reed Drive
Coil, Reed Drive
8.6 mH
5mH
1.3 mH
Plug

Connector, coaxial, right angle, female

Transistors
2N3614
2N3614
Selected (RCA 40250}
2N3614

Replaceable by 2N2905

Replaceable by 2N2905
Replaceable by 2N3053
Replaceable by 2N3053

Resistors

Resistors are fixed, composition, ==10% unless otherwise indicated.

R403
R405
R410
R420
R431

R432
R440
R442
R444
R450

R460
R462
R464
R466
R468

8-2

301-0104-00
308-0165-00
307-0093-00
308-0165-00
301-0271-00

315-0103-00
*310-0628-00
*310-0526-00

307-0110-00

307-0110-00

301-0202-00
315-0101-00
307-0110-00
311-0262-00
306-0330-00

100 kQ h W
050 5W
1.2Q a W
050 5W
270Q Va W
10kQ Ve W
850 8w
1029 Q 2W
3Q Ve W
30 W
2kQ W
100 Q Vi W
3Q Vi W
50Q

33Q 2w

wWwW
ww

Prec
Prec

Var ww

5%

5%

5%
5%

S/N Range

®z



Ckt. No.

R474
R476
R478
R480
R482

R484
R488
R500
R502
R504

R510
R512
R514
R520
R522

R524
R530
R532
R534
R540

R542
R544
R550
R552
R554

R560
R562
R564

SWi
SW2
SW3
Sw4
SW5

SWé
Sw7
Sw8
SW9
SW10

SW401
SW402

SW432
Sw480

TK402

®1

Tektronix
Part No.

307-0110-00
311-0238-00
304-0180-00
301-0271-00
301-0822-00

315-0222-00
315-0622-00
321-0135-00
311-0006-00
*311-0537-00

Use 321-0154-00

311-0006-00
*311-0536-00
321-0149-00
311-0006-00

*311-0536-00
321-0174-00
311-0006-00

*311-0536-00
321-0197-00

*311-0536-00
311-0006-00
321-0095-00

*311-0543-00
311-0521-00

321-0094-00
*311-0543-00
311-0521-00

Unwired

260-0705-00
260-0706-00
260-0706-00
260-0707-00
260-0708-00

260-0490-00
260-0709-00
260-0710-00
260-0711-00
260-0247-00

260-0199-00
260-0675-00
260-0552-00
260-0552-00

260-0246-00

30
300
18Q
270Q
8.2k

22kQ
6.2kQ
249 Q
1kQ

20kQ

3920
1kQ
10 kQ
348 Q
1 kQ

10 kQ
6340
1kQ

10 kQ
1.1kQ

10 kQ
1kQ
953Q
4kQ
2500

9310

4kQ
2500

Wired

Resistors {Cont'd)

Description

Va W
Var

TW

hW

1, W

Var
Var

Var
Var

Var

Var
e W

Var

Var
Vo W

Var

Var
e W

Var

Var

e W
Var
Var

Switches

Rotary
Rotary
Rotary
Rotary
Rotary

Lever
Rotary
Rotary
Lever
Push-Button

Toggle
Slide
Reed
Reed

Thermal Cutout

Thermal Cutout 123°F

Electrical Parts List—Type R116

wWw

Prec

wWw

Prec

WW
Prec

WW
Prec

WW
Prec

WW
Prec

wWw

Prec
WW

S/N Range

5%
5%

5%
5%

3%
5%
1%

3%

1%

3%
1%

3%
1%

3%
1%

3%

1%
3%

1%
3%

PERIOD

DELAY OR BURST TIME
WIDTH

AMPLITUDE

MODE

TRIGGER SOURCE
POLARITY

RISETIME FALLTIME RANGE
PROGRAM

TRIG

POWER ON



Electrical Parts List—Type R116

Transformer
Tektronix
Ckt. No. Part No. Description S/N Range
T401 *120-0416-00 Power
FUNCTION PROGRAM :#2 CARD Series A
Tektronix
Ckt. No. Part No. Description Mode! No.
*670-0213-00 Complete Card
Diodes
D72 *152-0185-00 Silicon Replaceable by 1N3605
D76 *152-0185-00 Silicon Replaceable by 1N3605
D82 *152-0185-00  Silicon Replaceable by 1N3605
D95 *152-0185-00 Silicon Replaceable by 1N3605
D100 *152-0185-00 Silicon Replaceable by 1N3605
Inductors
175 *108-0355-00 Coil, Reed Drive
178 *108-0355-00  Coil, Reed Drive
Transistors
Q3 151-0182-00 2N1307
Q13 151-0182-00 2N1307
Q23 151-0182-00 2N1307
Q33 151-0182-00 2N1307
Q43 151-0182-00 2N1307
Q53 151-0182-00 2N1307
Q83 151-0182-00 2N1307
Q73 151-0182-00 2N1307
Q83 151-0182-00 2N1307
Q93 151-0182-00 2N1307
Q103 151-0182-00 2N1307
Resistors

Resistors are fixed, composition, #=10% unless otherwise indicated.

R1 301-0512-00 5.1kQ o W 5%
R3 301-0104-00 100 kQ o W 5%
R10 301-0512-00 51kQ o W 5%
R13 301-0104-00 100 kQ o W 5%
R20 301-0512-00 51kQ o W 5%
R23 301-0104-00 100 kQ . W 5%
R30 301-0102-00 1kQ a2 W 5%
R33 301-0104-00 100 kQ o W 5%
R40 301-0102-00 1kQ e W 5%
R43 301-0104-00 100 kQ o W 5%

8-4 ®



Tektronix

Ckt. No. Part No.
R50 301-0102-00
R53 301-0104-00
R60 301-0512-00
R63 301-0104-00
R70 301-0102-00
R73 301-0104-00
R75 301-0271-00
R78 301-0271-00
R80 301-0102-00
R83 301-0104-00
R90 301-0102-00
R93 301-0104-00
R95 301-0512-00
R100 301-0512-00
R103 301-0104-00
Unwired

SW75 260-0552-00
SW78 260-0552-00
*670-0214-00

1kQ
100 kQ
5.1kQ
100 kQ
1kQ

100 kQ
270Q
270Q
1kQ
100 kQ

1kQ

100 kQ
5.1kQ
51kQ
100 kQ

Wired

Resistors {Cont'd)

Description

2 W

2 W

Switches

Reed
Reed

PERIOD GENERATOR CARD

Complete Card

Tolerance =+20% unless otherwise indicated.

G5 281-0516-00
Cl4 281-0509-00
C20 281-0509-00
C34 283-0059-00
C36 283-0004-00
Cc4 283-0059-00
C42 283-0059-00
C44 283-0059-00
C52 281-0096-00
C53 281-0512-00
C55 281-0097-00
C56 283-0032-00
C58

C59 *295-0091-00
C60

39 pF
15 pF
15 pF

1 uF
0.02 uF

Capacitors

Cer
Cer
Cer
Cer
Cer

Cer
Cer
Cer
Air
Cer

Cer
Cer

Var

Var

(matched set)

Electrical Parts List—Type R116
FUNCTION PROGRAM 2 CARD—Series A (Cont'd)

500V
500V
500V
500V
150V

500V
500V
500V

500V

500V

Model No.

5%
5%
5%
5%
5%

5%
5%
5%
5%
5%

5%
5%
5%
5%
5%

Series B

10%
10%
10%
+80%—20%

+80%—20%
+80%—20%
180%,—20%

10%

5%

8-5



Electrical Parts List—Type R116

PERIOD GENERATOR CARD—Series B (Cont'd)

Capacitors (Cont'd)

Tektronix
Ckt. No. Part No.
C74 283-0003-00
C82 281-0511-00
C90 283-0003-00
C94 281-0543-00
C95 290-0162-00
C96 290-0135-00
C98 290-0135-00
c99 290-0162-00
D16 *152-0185-00
D22 *152-0185-00
D34 *152-0185-00
D35 *152-0185-00
D44 152-0071-00
D50 152-0034-00
L61 *108-0355-00
L62 *108-0355-00
L63 *108-0355-00
L64 *108-0355-00
L78 276-0541-00
Q4 *151-0108-00
Q14 *151-0133-00
Q24 *151-0127-00
Q38 *151-0103-00
Q43 *151-0127-00
Q55 *151-0127-00
Q65 *151-0127-00
Q74 *151-0133-00
Q84 *151-0127-00
Q93 *151-0108-00
Q94 *151-0133-00

Description
0.01 uF Cer 150V
22 pF Cer 500V
0.01 uF Cer 150V
270 pF Cer 500V
22 uF EMT 35V
15 uF EMT 2V
15 uF EMT 20V
22 uF EMT 35V
Diodes
Silicon Replaceable by TN3605
Silicon Replaceable by TN3605
Silicon Replaceable by TN3605
Silicon Replaceable by TN3605
Germanium ED-2007
Zener IN753 0.4W, 6.2V, 10%
Inductors
Coil, Reed Drive
Coil, Reed Drive
Coil, Reed Drive
Coil, Reed Drive
Core, Ferrite
Transistors

Replaceable by 2N2501
Selected from 2N3251
Selected from 2N2349
Replaceable by 2N2219
Selected from 2N2349

Selected from 2N2369
Selected from 2N2369
Selected from 2N3251
Selected from 2N2349
Replaceable by 2N2501
Selected from 2N3251

Resistors

Resistors are fixed, composition, #=10% unless otherwise indicated.

R1 301-0102-00
R3 301-0512-00
R5 301-0153-00
Ré 301-0471-00
R8 301-0102-00
8-6

1 kQ o W
51k o W
15kQ . W
470 Q W
1kQ o W

10%
10%

5%
5%
5%
5%
5%

Model No.



Ckt. No.

R14
R16
R18
R20
R22

R24
R32
R34
R36
R38

R40
R41
R42
R44
R46

R50
R52
R61
R62
Ré3

Ré4
R67
R74
R78
R82

R86
R90
R92
R94
R95

R96
R98
R99

SWél
SWé2
SWE3
SWé4

T70

Tektronix
Part No.

301-0103-00
301-0223-00
301-0202-00
301-0511-00
301-0203-00

301-0561-00
315-0302-00
311-0496-00
321-0204-00
307-0108-00

301-0471-00
301-0391-00
301-0162-00
301-0682-00
315-0820-00

301-0751-00
307-0108-00
301-0271-00
301-0271-00
301-0271-00

301-0271-00
315-0123-00
315-0302-00
315-0910-00
301-0102-00

301-0102-00
315-0471-00
301-0471-00
301-0102-00
307-0053-00

307-0053-00
307-0053-00
301-0100-00

Unwired

260-0552-00
260-0552-00
260-0552-00
260-0552-00

*120-0417-00

Electrical Parts List—Type R116

PERIOD GENERATOR CARD—Series B (Cont'd)

Resistors {Cont'd)

Description
10kQ 2 W
22 kQ o W
2ka Vo W
510Q . W
20kQ Vo W
560 Q h W
3kQ Ve W
25kQ
1.3kQ Ve W
68Q Vi W
470 Q a W
390 Q o W
1.6kQ Va W
6.8 kQ 2 W
820 Ve W
750 Q o W
6.8Q Vi W
270Q , W
270Q ' W
270Q Vo W
270Q Vo W
12kQ Ve W
3kQ Vu W
21Q Ve W
1kQ a W
1kQ Vo W
470Q Ve W
470Q a W
1kQ Vo W
33Q Va W
330 o W
330 Vo W
10Q W
Switches
Wired
Reed
Reed
Reed
Reed
Transformer

Toroid, 6 Turns, bifilar

5%
5%
5%
5%
5%

5%
5%

Prec 1%
5%

Var

5%
5%
5%
5%
5%

5%
5%
5%
5%
5%

5%
5%
5%
5%
5%

5%
5%
5%
5%
5%

5%
5%
5%

Model No.



Electrical Parts List—Type R116

DELAY GENERATOR CARD Series C

Tektronix
Ckt. No. Part No. Description Model No.

*670-0215-00  Complete Card

Capacitors
Tolerance =#=20% unless otherwise indicated.
a 290-0162-00 22 uF EMT 35V
C3 290-0135-00 15 uF EMT 20V
C4 283-0059-00 1 uF Cer 25V +80%—209%
C5 290-0135-00 15 uF EMT 20V
c7 290-0162-00 22 uF EMT 35V
Cl4 281-0504-00 10 pF Cer 500V 109
Cc28 281-0592-00 4.7 pF Cer =+0.5pF
C30 281-0558-00 18 pF Cer 500V
C32 281-0096-00 5.5-18 pF Air Var
C33 283-0113-00 56 pF Cer 500V 1%
C34 925 pF
C35 *295-0092-00 0.01 uF (matched set)
C36 0.1 uF
C41 283-0059-00 1 uF Cer 25V +80% —20%
C45 283-0004-00 0.02 uF Cer 150V
C53 281-0540-00 51 pF Cer 5%
C62 283-0059-00 1 uF Cer 25V +80% —209%
C85 281-0523-00 100 pF Cer 500V
Cc92 283-0059-00 1 uF Cer 25V +80%—20%
C95 281-0523-00 100 pF Cer 500V

Diodes

D26 152-0060-00 Zener TN3027A 1W, 20V, 109
D50 152-0141-00 Silicon 1N3605
Dé8 152-0008-00 Germanium
D92 *152-0185-00 Silicon Replaceable by 1N3605

Inductors
L26 *108-0170-01 0.5 uH
L55 *108-0355-00 Coil, Reed Drive
L56 *108-0355-00 Coil, Reed Drive
L57 *108-0355-00 Coil, Reed Drive
L58 *108-0355-00 Coil, Reed Drive
Lé8 (2) 276-0541-00 Core, Ferrite

Transistors
Q14 *151-0108-00 Replaceable by 2N2501
Q15 *151-0127-00 Selected from 2N2349
Q24 *151-0127-00 Selected from 2N2349



Electrical Parts List—Type R116
DELAY GENERATOR CARD—Series C {Cont'd]
Inductors (Cont'd)

Tektronix

Ckt. No. Part No. Description Mode! No.
Q25 *151-0127-00 Selected from 2N2369

Q38 *151.0103-00 Replaceable by 2N2219

Q53 *151-0108-00 Replaceable by 2N2501

Q64 *151-0127-00 Selected from 2N2369

Q73 *151-0133-00 Selected from 2N3251

Q83 *151-0127-00 Selected from 2N2369

Q94 *151-0127-00 Selected from 2N2349

Resistors

Resistors are fixed, composition, =109 unless otherwise indicated.

R1 307005300 33Q Uy W 59
R3 307-0053-00 330 1V, W 59,
RS 307-0053-00 330 Vs W 59,
R7 307005300 33Q 1V, W 59%
R14 301030100  300Q V, W 59,
R16 301-0391-00 390 Q Yy W 59
R18 301-0472-00 47 kQ Vs W 59
R20 301-0242-00  2.4kQ Vy W 59
R22 311-0496.00  2.5kQ Var

R24 301-0241-00 240 Q v, W 59%
R25 307-0060-00 6.8Q Uy W 5%
R26 301033100  330Q s W 59,
R28 315.0272-00  27kQ U W 59
R29 301011100  110Q Uy W 59,
R30 301-0681-00 480 Q Uy W 5%
R33 315010100 100 Q v W 59%
R34 3150220-00 22Q A 59
R38 301-0510-00 51Q Yy W 59,
R40 301-0242-00  2.4kQ Vo W 59,
RA41 311046200  1kQ Var

R42 301020200 2ko v, W 59,
R45 322061200 500 Q Ve W Prec 19
R50 301-0101-00  100Q Vy W 59,
R53 301-0511-00 5100 Vs W 59,
R54 301-0102-00  1kQ Vs W 59,
RS5 301027100  270Q Yy W 5%
R56 301-0271-00 270 Q Vs W 59,
R57 301-0271-00 2700 Uy W 59
R58 301-0271-00 270 Q Uy W 59,
R60 301-0681-00 6809 Uy W 59,
R62 301011200  1.1kQ Yy W 59,
R65 301082100  820Q VW 5%
R70 301082000 820 W 59,
R73 301-0432-00  43kQ Uy W 59%



Electrical Parts List—Type R116

Ckt. No.

R80
R83
R85
R90
R92

SW55
SW56
SW57
SW:58

Tektronix
Part No.

301-0101-00
301-0470-00
301-0202-00
301-0511-00
301-0123-00

Unwired

260-0552-00
260-0552-00
260-0552-00
260-0552-00

*670-0216-00

DELAY GENERATOR CARD—Series C (Cont'd)

100 Q
47 Q
2kQ
5100
12kQ

Wired

Resistors (Cont'd)

Description

Swit

ches

Reed
Reed
Reed
Reed

FUNCTION PROGRAM #1 CARD

Complete Card

Tolerance =#=20%, unless otherwise indicated.

D8
D14
D21

D28

D30

D36
D40
D42

D44
D46
D48
D49

8-10

283-0000-00
283-0059-00
283-0059-00
283-0059-00
281-0638-00
283-0059-00

*152-0185-00
152-0141-00
*152-0075-00
152-0093-00
152-0141-00

152-0141-00
*152-0185-00
*152-0075-00
*152-0185-00
*152-0075-00

*152-0185-00
*152-0075-00

152-0079-00
*152-0185-00

Silicon
Silicon
Germanium
Tunnel
Silicon

Silicon
Silicon
Germanium
Silicon
Germanium

Silicon
Germanium
Germanium
Silicon

Capacitors

Cer

Cer
Cer

Cer

Cer
Cer

Diodes

Replaceable by 1N3605
TN3605

Tek Spec

1N3716 4.7 mA
1N3605

1N36405

Replaceable by TN3605
Tek Spec

Replaceable by TN3605
Tek Spec

Replaceable by 1N3605
Tek Spec

HD1841

Replaceable by TN3605

500V

25V
25V
500V
25V

Model No.

3%
5%
5%
5%
5%

Series D

+-80%—20%
+80%—20%
+-80%—20%
5%
+80%—20%



Ckt.

120
138
L44
L48

Q4

Q14
Q23
Q24
Q33

Q53
Q63
Q73
Q83
Q93

Q103
Q113
Q123
Q133
Q143

No.

Tektronix
Part No.

*108-0148-00
*108-0355-00
*108-0355-00
*108-0355-00

*151-0108-00
*151-0133-00
*151-0108-00
*151-0127-00
*151-0133-00

151-0182-00
151-0182-00
151-0182-00
151-0182-00
151-0182-00

151-0182-00
151-0182-00
151-0182-00
151-0182-00
151-0182-00

Resistors are fixed, composition,

R16
R20
R21
R23
R25

R28
R29
R30
R32
R33

R36
R38
R42

R46

315-0102-00
315-0152-00
315-0222-00
315-0272-00
315-0152-00

315-0152-00
301-0332-00
301-0360-00
301-0330-00
315-0110-00

301-0102-00
315-0100-00
301-0152-00
315-0100-00
315-0100-00

301-0101-00
301-0271-00
301-0101-00
301-0271-00
301-0101-00

Electrical Parts

FUNCTION PROGRAM #1 CARD—Series D (Cont'd)

25pH

Coil, Reed Drive
Coil, Reed Drive
Coil, Reed Drive

Inductors

Description

Transistors

Replaceable by 2N2501
Selected from 2N3251
Replaceable by 2N2501
Selected from 2N2369
Selected from 2N3251

2N1307
2N1307
2N1307
2N1307
2N1307

2N1307
2N1307
2N1307
2N1307
2N1307

=+10% unless otherwise indicated.

1kQ

1.5k
22k
27 ko
1.5kQ

1.5kQ
33k
36 Q
3Q
10Q

1k
100
1.5kQ
10Q
100

100 Q
270Q
1000
2700
100 @

Resistors

Vo W
Vs W
Va W
Vs W
Vs W

Yo W
V2 W
W
2 W
Vo W

a2 W

5%
5%
3%
3%
5%

3%
3%
5%
3%
5%

3%
5%
5%
5%
5%

5%
3%
3%
5%
5%

List—Type R116

Model No.



Electrical Parts List—Type R116
FUNCTION PROGRAM +#1 CARD—Series D {Cont'd)

Ckt. No.

R48
R50
R53
R60
R63

R70
R73
R80
R83
R90

R93

R100
R103
R110
R113

R120
R123
R130
R133
R140
R143

SW38
SW44
SwW48

Tektronix
Part No.

301-0271-00
301-0512-00
301-0104-00
301-0512-00
301-0104-00

301-0512-00
301-0104-00
301-0512-00
301-0104-00
301-0512-00

301-0104-00
301-0512-00
301-0104-00
301-0512-00
301-0104-00

301-0512-00
301-0104-00
301-0512-00
301-0104-00
301-0512-00
301-0104-00

Unwired

260-0552-00
260-0552-00
260-0552-00

*670-0217-00

270Q

51k
100 k@
5.1 kQ
100 kQ

51k
100 kO
5.1 ke
100 kQ2
51kQ

100 kQ
51kQ
100 k@
51k
100 kQ

5.1k
100 kQ2
5.1kQ
100 kQ2
5.1kQ
100 kQ

Wired

Resistors

{Cont'd)

Description

h W

2 W

V2 W

Switches

Reed
Reed
Reed

WIDTH GENERATOR CARD

Complete Card

Tolerance =209 unless otherwise indicated.

C1
a3
C4
c5
c7

12
Q16
C26
C32
c33

8-12

290-0162-00
290-0135-00
283-0059-00
290-0135-00
290-0162-00

281-0504-00
281-0509-00
281-0592-00
281-0096-00
283-0113-00

22 pF
15 pF
1 uF

15 uF
22 uF

10 pF
15pF
4.7 pF
5.5-18 pF
56 pF

Capacitors

EMT 35V
EMT 20V
Cer 25V
EMT 20V
EMT 35v
Cer 500 vV
Cer 500V
Cer

Air Var

Cer 500V

Mode! No.

3%
5%
3%
5%
5%

3%
3%
3%
5%
5%

5%
3%
5%
5%
5%

5%
5%
3%
3%
3%
5%

Series E

+80%—20%

10%
10%
+05pF

1%



Ckt.

C34
C35
C36
C41

C45
Cé2
Cé5

D26
D50

L30
L56

L58

Q14
Q15
Q24
Q25

Q38
Q53
Q83

Tektronix

No. Part No.

*295-0092-00
283-0059-00

283-0004-00
283-0059-00
283-0059-00

152-0060-00
152-0141-00

*108-0170-01
*108-0355-00
*108-0355-00
*108-0355-00

*151-0108-00
*151-0127-00
*151-0127-00
*151-0127-00

*151-0103-00
*151-0108-00
*151-0127-00

Resistors are fixed, composition,

R22

307-0053-00
307-0053-00
307-0053-00
307-0053-00
301-0301-00

301-0391-00
301-0681-00
301-0472-00
315-0242-00

311-0496-00
301-0241-00
307-0108-00
301-0272-00

WIDTH GENERATOR CARD—Series E {Cont'd)

Capacitors (Cont'd)

Electrical Parts List—Type R116

Description Model No.
925 pF
0.01 puF (matched set)
0.1 uF
1 uF Cer 25V +80%—20%
0.02 uF Cer 150V
1 pF Cer 25V +80%—20%
1 uF Cer 25V +80% —20%
Diodes
Zener 1N3027A 1W, 20V, 109%
Silicon 1N3605
Inductors
0.5 uH
Coil, Reed Drive
Coil, Reed Drive
Coil, Reed Drive
Transistors

Replaceable by 2N2501
Selected from 2N2369
Selected from 2N2369
Selected from 2N2369

Replaceable by 2N2219
Replaceable by 2N2501
Selected from 2N2349

Resistors

=+10% unless otherwise indicated.

330 Vo W
330 o W
330 a W
330 V., W
300Q ., W
390 Q Vo W
680 Q . W
47 kQ Va W
24kQ Vi W
2.5kQ Var
240 Q a W
68Q W W
27k a2 W

5%
5%
3%
5%
5%

3%
5%
3%
5%

3%
5%
5%

8-13



Electrical Parts List—Type R116

Ckt. No.

R28
R30
R33
R34
R38

R40
R41

R42
R45
R50

R54
R56
R57
R58

R&0
R62
Ré5

SW56
SW57
SW58

Tektronix
Part No.

315-0111-00
301-0331-00
315-0510-00
315-0100-00
301-0510-00

301-0123-00
311-0463-00
301-0822-00
322-0612-00
315-0271-00

301-0751-00
301-0271-00
301-0271-00
301-0271-00

301-0681-00
301-0112-00
301-0182-00

Unwired

260-0552-00
260-0552-00
260-0552-00

*670-0218-00

WIDTH GENERATOR CARD—Series E (Cont'd)

1100
3300
510
10Q
510

12 kQ
5kQ

8.2k
500 ©
2700

750 Q
270Q
2700
270Q

680 Q
1.1 k2
1.8kQ

Wired

PULSE SHAPE GENERATOR CARD

Tolerance =-20% unless otherwise indicated.

C36

Cé5

Cé8
C74

8-14

290-0162-00
290-0135-00
283-0059-00
283-0003-00
283-0003-00

283-0003-00
283-0003-00
283-0003-00
283-0003-00
283-0003-00

283-0003-00
281-0096-00
281-0097-00

22 uF
15 uF
1 uF
0.01 uF
0.01 uF

0.01 uF
0.01 uF
0.01 uF
0.01 uF
0.01 uF

0.01 uF
5.5-18 pF
9-35 pF

Resistors (Cont'd)

Description

V2 W

V2 W
o W
Va W

V2 W
2 W
V2 W
Va W

Y2 W
2 W
V2 W

Switches

Reed
Reed
Reed

Complete Card

Capacitors

EMT
EMT
Cer
Cer
Cer

Cer
Cer
Cer
Cer
Cer

Cer
Air
Cer

Var

Var
Var

Prec

35V
2V
25V
150V
150V

150V
150V
150V
150V
150V

150V

3%

5%

5%

5%

5%
3%
5%

Series F

+80% —20%

Model No.

®1



Tektronix
Ckt. No. Part No.
C75 Use 283-0622-00
g? %295.0093-00
C90 283-0000-00
C120 290-0134-00
C122 283-0059-00
D12 152-0127-00
D22 152-0149-00
D72 152-0141-00
D90 *152-0185-00
D120 *152-0185-00
D122 *152-0161-00
L80 *108-0355-00
L81 *108-0355-00
182 *108-0355-00
Q14 *151-0133-00
Q24 *151-0127-00
Q34 *151-0133-00
Q44 *151-0127-00
Q58 *151-0127-00
Q648 *151-0133-00
Q88 151-0164-00
Q%4 151-0164-00
Q104 *151-0153-00
Q114 151-0164-00
Q123 *151-0133-00
Q124 *151-0136-00

Resistors are fixed, composition,

R1
R3
RS
R10
R12

R14
R22
R24
R30
R32

@1

307-0104-00
307-0104-00
307-0104-00
315-0220-00
315-0152-00

315-0101-00
301-0202-00
315-0101-00
315-0332-00
311-0462-00

Electrical Parts List—Type R116

PULSE SHAPE GENERATOR CARD—Series F {Coni'd)

Description Model No.
450 pF Mica 300V 19
8821"? {matched set)
0.001 uF Cer 500V
22 uF EMT 15V
1 uF Cer 25v +-809% —209%

Diodes

Zener IN755A, 04W, 75V, 59
Zener IN961B 0.4W, 10V, 5%
Silicon 1N3605
Silicon Replaceable by 1N3605
Silicon Replaceable by 1N3605
Tek GaAs

Inductors
Coil, Reed Drive
Coil, Reed Drive
Coil, Reed Drive

Transistors
Selected from 2N3251
Selected from 2N2349
Selected from 2N3251
Selected from 2N2349
Selected from 2N2349
Selected from 2N3251
2N3702
2N3702
Replaceable by 2N3923
2N3702
Selected from 2N3251
Replaceable by 2N3053

Resistors

Capacitors (Conf'd)

=+10% unless otherwise indicated.

33Q . W
330 . W
33Q Vi W
22Q v, W
1.5kQ Vi W
100Q i W
2ka W
100 Q Vi W
33kQ . W
1kQ Var

5%
3%
5%
5%
5%

5%
5%
3%
5%



Electrical Parts List—Type R116
PULSE SHAPE GENERATOR CARD—Series F (Cont'd)

Resistors (Cont'd)

Tektronix
Ckt. No. Part No. Description
R33 315022200 2.2k Vi W
R36 315-0470-00 47Q Vi W
R38 315-0180-00 18Q W
R40 315-0221-00 220Q Vi W
R42 311-0462-00  1kQ Var
R43 315-0222-00 2.2kQ Ve W
R46 315-0470-00 47 Q u W
R48 315-0180-00 18Q Va W
R52 315-0302-00 3kQ Vi W
R54 311-0462-00 1k Var
R55 315-0751-00 750Q s W
R56 315-0330-00 33Q Va W
R58 322-0136-00  255Q a W Prec
R62 315-0751-00  750Q Vi W
Ré4 311-0462-00 1kQ Var
R65 315-0302-00 3kQ e W
R66 315-0330-00 33Q i W
Ré8 322-0133-00 237Q Va W Prec
R72 315-0510-00 51 Q Vi W
R75 315-0220-00 22Q s W
R80 301-0271-00 270 Q Vo W
R81 301-0271-00  270Q 2 W
R82 301-0271-00 270 Q Vo W
R84 315-0102-00  1kQ Vi W
R85 311-0462-00 1ko Var
R86 315-0302-00 3k Ve W
R88 315-0153-00  15kQ Va W
R90 321-0217-00  1.78kQ Vs W Prec
R92 315-0153-00  15kQ Vi W
R94 315-0103-00  10kQ Vi W
R96 315-0222-00  2.2kQ Va W
R104 315-0223-00  22kQ a W
R120 315-0103-00  10kQ Vu W
R122 315-0122-00 1.2kQ u W
R125 315-0271-00 270 Q Va W

Switches
Unwired Wired
SW8I1 260-0552-00 Reed
SW82 260-0552-00 Reed
SW83 260-0552-00 Reed

5%
3%
5%
5%

3%
3%
5%
5%

3%

5%

5%
5%
5%
5%

3%

5%

5%
3%
5%
5%
3%

Model No.



Ckt. No.

Tektronix
Part No.

*670-0019-00

Electrical Parts List—Type R116

OUTPUT AMPLIFIER CARD

Description

Complete Card

Tolerance ==20%, unless otherwise indicated.

D25

D26
D44
D84

L28
L84
L94
L104
LR45

Q13
Q23
Q33
Q34
Q44
Q53

Q54
Qé4
Q74
Q84
Q%4
Q104

290-0162-00
283-0059-00
290-0162-00
290-0162-00
283-0059-00

283-0059-00
283-0059-00
283-0081-00
283-0059-00
281-0621-00
283-0003-00

283-0065-00
281-0096-00
283-0004-00
290-0162-00
283-0051-00
283-0059-00

*152-0153-00
*152-0153-00
152-0141-00
152-0141-00

152-0141-00
152-0149-00
*152-0185-00

*108-0340-00
276-0543-00
276-0543-00
276-0543-00

*108-0352-00

*151-0133-00
*151-0127-00
*151-0108-00
*151-0134-00
*151-0134-00
*151-0134-00

*151-0127-00
*151-0127-00
*151-0127-00
*151-0134-00
*151-0134-00
*151-0134-00

Capacitors
22 uF EMT 35V
1 uF Cer 25V
22 uF EMT 35V
22 uF EMT 3BY
1uF Cer 25V
1uF Cer 25V
1uF Cer 25V
0.1 uF Cer 25V
1 uF Cer 25V
12 pF Cer 500V
0.01 uF Cer 150V
0.001 uF Cer 100V
5.5-18 pF Air Var
0.02 uF Cer 150V
22 uF EMT 3BY
0.0033 uF Cer 100V
1 uF Cer 25V
Diodes
Silicon Replaceable by 1N4244
Silicon Replaceable by 1N4244
Silicon 1N3605
Silicon 1N3605
Silicon 1N3605
Zener IN961B  0.4W, 10V, 5%
Silicon Replaceable by 1N3605
Inductors

Coil, Reed Drive, Double

Core, Ferrite

Core, Ferrite

Core, Ferrite

0.1 uH (wound on a 3.6 Q resistor)

Transistors

Selected from 2N3251
Selected from 2N2369
Replaceable by 2N2501
Replaceable by 2N2905
Replaceable by 2N2905
Replaceable by 2N2905

Selected from 2N2369
Selected from 2N2349
Selected from 2N2349
Replaceable by 2N2905
Replaceable by 2N2905
Replaceable by 2N2905

Series G

Model No.

+80%—20%

+80%—20%

+80%—20%

+-80%,—20%,

+80%—20%

+80%—20%
1%

5%

3%
+-80%—20%

8-17



Electrical Parts List—Type R116

Ckt. No.

Tektronix
Part No.

Resistors are fixed, composition,

R13
R16
R18
R20
R22

R24
R28
R32
R34
R35

R36
R40
R42
R44
R46

R48
R49
R50
R51
R53

R54
R64
R74
R80
R84

R90
R94
R100
R102
R104

SW28A
Sw2sB

8-18

307-0106-00
307-0103-00
307-0113-00
307-0106-00
315-0100-00

303-0132-00
315-0101-00
315-0100-00
315-0121-00
304-0182-00

305-0751-00
301-0101-00
315-0221-00
311-0462-00
315-0392-00

315-0751-00
301-0151-00
311-0433-00
315-0302-00
301-0391-00

301-0391-00
315-0203-00
315-0181-00
315-0510-00
305-0621-00

315-0330-00
315-0330-00
315-0330-00
315-0183-00
301-0750-00

315-0183-00
301-0750-00
315-0183-00
315-0432-00
301-0750-00

Unwired

260-0721-00
260-0721-00

OUTPUT AMPLIFIER CARD—Series G (Cont'd)

Resistors

Description

+=10% unless otherwise indicated.

47 Q
27
51Q
47 Q
10Q

1.3k
100 Q
10Q
120 Q
1.8 kQ

750Q
100 Q
220Q
1kQ

3.9ka

750 Q
150 Q
100 @
3ka

390 Q

390 Q
20kQ
180 Q
510

620 Q

30
330
330
18kQ
75Q

18kQ
759
18kQ
4.3kQ
75Q

Wired

Ya W
Ya W
Yo W
Ve W
1 A W

W
Vs W
Ve W

2w
2 W
Ve W

Ve W

1A w
2 W

Vo W
V2 W

2 W

Switches

Reed, Double
Reed, Double

Var

Var

5%
5%
5%
5%
5%

2%
5%
2%
2%

2%
5%
5%

5%

5%
5%

5%
2%

5%
3%
3%
5%
5%

3%

5%

2%
5%
5%
3%
5%

Model No.

@



Ckt. No.

B1
B4

Tektronix
Part No.

*670-0220-00

150-0046-00
150-0046-00

ATTENUATOR CARD

Description
Complete Card

Bulbs

Incandescent #21070
Incandescent #21070

Tolerance =#=20% unless otherwise indicated.

D40
D70

ns

K1
K4

Q38
Q44
Q54
Qé4
Q74

281-0512-00
283-0003-00
283-0000-00
290-0121-00

*152-0185-00
*152-0185-00

131-0391-00

148-0025-00
148-0025-00

151-0164-00
151-0164-00
*151-0153-00
151-0164-00
*151-0136-00

Resistors are fixed, composition,

R17

R32

@1

303-0750-00
303-0750-00
305-0510-00
305-0510-00
324-0097-00

324-0097-00
305-0101-00
305-0101-00
305-0101-00
323-0606-00

323-0606-00
323-0606-00
323-0047-00
315-0202-00
311-0462-00

Capacitors
27 pF Cer
0.01 uF Cer
0.001 uF Cer
2 uF EMT
Diodes
Silicon Replaceable by TN3605
Silicon Replaceable by TN3605
Connector
50 Q, coaxial, male
Relays
Armature Relay 6V DC
Armature Relay 6V DC
Transistors
2N3702
2N3702
Replaceable by 2N2923
2N3702

Replaceable by 2N3053

Resistors

+10% unless otherwise indicated.

75Q TW
75¢Q 1w
510 2w
51Q 2w
100 Q 1w Prec
100 Q 1w Prec
100 Q 2w
100Q 2W
100 @ 2w
600 Vo W
60Q Vo W
60Q Vo W
301 Q /7"%%
2kQ Ve W
1kQ Var

Electrical Parts List—Type R116

Series H
Mode! No.

500V 10%
150V
500V
25V

5%

5%

5%

5%

1%

1%

5%

5%

5%

Prec 1%

Prec 1%

Prec 1%

Prec 1%

£%
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Electrical Parts List—Type R116

Ckt. No.

R35
R38
R42
R44
R46

R54
R56
R64
R74

Tektronix
Part No.

315-0272-00
315-0103-00
301-0103-00
301-0103-00
301-0222-00

311-0496-00
315-0152-00
315-0273-00
301-0362-00

*670-0221-00

ATTENUATOR CARD—Series H {Cont'd)

Resistors {Cont'd)

2.7 kQ
10kQ
10 k2
10k
2.2k

2.5kQ
1.5k2
27 k2
3.6k

Description

Ve W
e W
2 W
2 W
2 W

Var

POWER SUPPLY CARD

Complete Card

Tolerance ==20%, unless otherwise indicated.

C2

Cl4
C23
C30
C36

C76
C92
cns

D2
D30

Q6

Q16
Q23
Q33
Q4é

Q53
Q56
Qéé
Q76
Q83

8-20

283-0081-00
283-0059-00
290-0117-00
283-0059-00
290-0158-00

283-0081-00
283-0059-00
283-0059-00

152-0105-00
152-0127-00

151-0164-00
151-0164-00
*151-0134-00
*151-0136-00
151-0164-00

*151-0134-00

151-0164-00
*151-0153-00
*151-0153-00
*151-0136-00

0.1 uF

Zener
Zener

2N3702
2N3702

Capacitors

Cer
Cer
EMT
Cer
EMT

Cer
Cer
Cer

Diodes

1N2620
TN755A,

Transistors

Replaceable by 2N2905
Replaceable by 2N3053

2N3702

Replaceable by 2N2905

2N3702

Replaceable by 2N2923
Replaceable by 2N2923
Replaceable by 2N3053

25V
25V
50V
25V
25V

25V
25V
25V

04W, 75V, 5%

Model No.

3%
5%
5%
5%
5%

5%
5%
5%

Series |

4-80%—20%
+80%—20%

+80%—20%
+75%—15%

+-80%—20%
+80%,—20%
+80%,—20%



Electrical Parts List—Type R116
POWER SUPPLY CARD—Series | (Cont'd)

Transistors (Cont'd)

Tektronix
Ckt. No. Part No. Description Model No.
Q96 151-0164-00 2N3702
Q103 151-0164-00 2N3702
Q106 151-0164-00 2N3702
Q113 *151-0136-00 Replaceable by 2N3053

Resistors

Resistors are fixed, composition, ==10% unless otherwise indicated.

R2 315-0152-00 1.5k Vi W 5%
Ré 315-0242-00 2.4kQ Vi W 5%
R10 315-0432-00 43kQ Vi W 5%
R12 315-0682-00 6.8k Ve W 5%
R14 311-0462-00 1kQ Var

R16 315-0392-00 3.9k i W 5%
R20 315-0563-00 56 kQ u W 5%
R23 315-0472-00 4.7 kQ i W 5%
R30 315-0182-00 1.8kQ u W 5%
R33 306-0121-00 120 Q 2w

R36 315-0751-00 750 Q W 5%
R42 322-0258-00 475kQ Vi W Prec 1%
R44 322-0261-00 511k u W Prec 1%
R46 315-0752-00 7.5kQ u W 5%
R50 315-0103-00 10kQ Va W 5%
R53 315-0682-00 6.8k Vi W 5%
R56 321-0631-00 12.5kQ Yo W Prec 1%
R57 321-0239-00 3.01 k@ Vo W Prec 1%
R62 315-0302-00 3ka Vi W 5%
Ré64 315-0123-00 12kQ Vi W 5%
R70 315-0622-00 6.2kQ i W 5%
R74 315-0472-00 4.7 kQ Vi W 5%
R76 321-0258-00 4.75kQ e W Prec 1%
R78 321-0261-00 511 kQ e W Prec 1%
R8O 315-0751-00 750 Q Vi W 5%
R83 315-0221-00 2200 i W 5%
R85 315-0152-00 1.5kQ Va W 5%
R87 315-0101-00 100 Q Vi W 5%
R96 315-0822-00 8.2k i W 5%
R103 315-0682-00 6.8 kQ i W 5%
R106 315-0103-00 10kQ Vi W 5%

® 8-21



SECTION 9
MECHANICAL PARTS LIST

A list of abbreviations and special symbols in use throughout this manual will be
found immediately preceding the Electrical Parts List, Section 8. Abbreviations and
symbols used in this manual are based on or taken directly from IEEE Standard
260 “‘Standard Symbols for Units', MIL-STD-12B and other standards of the elec-
tronics industry. Parts ordering information is also located immediately preceding
Section 8.



Mechanical Parts List—Type R116

FRONT & FRAME




Mechanical Parts List—Type R116
FRONT & FRAME

:ﬁ;' PART NO. EFF_SERIAL/MODEL h:a?s.c. ? DESCRIPTION
1| 333-0890-00 11 PANEL, front
------ -| mouniing hardware: (not included w/panel)
2| 212-0068-00 4| SCREW, 8-32 x %4 inch, THS, phillips
3| 367-0032-00 2| HANDLE, chrome, 4%, inches
------ -| mounting hardware for each: (not included w/handle)
41 213-0090-00 2| SCREW, hex., 10-32x ', inch
210-0010-00 2| LOCKWASHER, internal, #10
51 131-0352-00 2| CONNECTOR, coaxial, 1 contact, BNC
61 131-0352-00 3| CONNECTOR, coaxial, 1 contact, BNC
------ -| mounting hardware for each: {not included w/connector)
7 1 210-0255-00 1| LUG, solder, %, inch
210-1000-00 1| WASHER, BNC connector
8 | 366-0334-00 1] KNOB, charcoal—WIDTH
------ - knob includes:
213-0075-00 ] SCREW, set, 4-40 x %3, inch, HSS
9 | 358-026%9-00 4| BUSHING, index mount dial
10 | 366-0335-00 1| KNOB, charcoal—WIDTH
------ - knob includes:
213-0004-00 2 SCREW, set, 6-32 x %/, inch, HSS
11| 260-0706-00 1| SWITCH, unwired—WIDTH
------ -| mounting hardware: (not included w/switch)
210-0049-00 1| LOCKWASHER, internal, 5 ID x 0.867 inch OD
210-0579-00 1| NUT, hex., %-24 x 3/, inch
12 - - - - - 11 RESISTOR, variable
------ - resistor includes:
213-0022-00 ] SCREW, set, 4-40 x %, inch, HSS
------ -| mounting hardware: {not included w/resistor)
210-0012-00 1| LOCKWASHER, internal, 3, 1D x ', inch OD
210-0413-00 1| NUT, hex., 3%-32x Y, inch
13| 366-0334-00 1 KNOB, charcoal—DELAY OR BURST TIME

------ - knob includes:

213-0075-00 SCREW, set, 4-40 x 33, inch, HSS

14 | 366-0335-00 KNOB, charcoal—DELAY OR BURST TIME
------ knob includes:

213-0004-00 SCREW, set, 6-32 x ¥, inch, HSS

15| 260-0706-00 SWITCH, unwired——DELAY OR BURST TIME
------ mounting hardware: (not included w/switch)
210-0049-00 LOCKWASHER, internal, %, ID x 0.867 inch OD
210-0579-00 NUT, hex., %4-24 x 3/, inch

L S N
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Mechanical Parts List—Type R116

FRONT & FRAME (Cont)

:Ec'):: PART NO. EFF.SER'AL/MODEL ND?S'C. ? DESCRIPTION

16 ---- - - 1 | RESISTOR, variable
------ - resistor includes:
213-0022-00 1 SCREW, set, 4-40 x 3/, inch, HSS
------ - | mounting hardware: (not included w/resistor)
210-0012-00 1| LOCKWASHER, internal, 3 ID x ', inch OD
210-0413-00 11 NUT, hex., %-32x Y, inch

17 | 366-0334-01 1 KNOB, charcoal—PERIOD
------ - knob includes:
213-0075-00 1 SCREW, set, 4-40 x 33, inch, HSS

18 | 366-0335-02 1 KNOB, charcoal—PERIOD
------ - knob includes:
213-0004-00 2 | SCREW, set, 6-32x 3/;4 inch, HSS

19 | 260-0705-00 1| SWITCH, unwired—PERIOD
------ - | mounting hardware: (not included w/switch)
210-0049-00 1 LOCKWASHER, internal, 54 ID x 0.867 inch OD
210-0579-00 1| NUT, hex., %3-24 x 3/3 inch

20f------ 1 | RESISTOR, variable
------ - resistor includes:
213-0022-00 1 SCREW, set, 4-40 x 3/, inch, HSS
------ - | mounting hardware: (not included w/resistor)
210-0012-00 1 | LOCKWASHER, internal, 3 IDx '/, inch OD
210-0413-00 1| NUT, hex., %-32x "/, inch

21 | 366-0334-02 1| KNOB, charcoal—AMPLITUDE
------ - knob includes:
213-0075-00 1 SCREW, set, 4-40 x 3/3, inch, HSS

22 | 366-0335-01 1 KNOB, charcoal—AMPLITUDE
------ - knob includes:
213-0004-00 1 SCREVV, set, 6-32 x ¥4 inch, HSS

23 | 260-0707-00 1 SWITCH, unwired—AMPLITUDE
------ -| mounting hardware: (not included w/switch)
210-0049-00 1| LOCKWASHER, internal, 53 ID x0.867 inch OD
210-0413-00 1| NUT, hex., %24 x 3/, inch

241 - - - - - - 1 RESISTOR, variable
------ - resistor includes:
213-0022-00 1 SCREW, set, 4-40 x 3/, inch, HSS
------ - | mounting hardware: (not included w/resistor)
210-0012-00 1| LOCKWASHER, internal, 34 IDx '/, inch OD
210-0413-00 1| NUT, hex., ¥%-32x ', inch




Mechanical Parts List—Type R116
FRONT & FRAME (Cont)

REE. SERIAL/ MODEL NO. Q

NO. PART NO. EFF. Disc. ; DESCRIPTION

25| 366-0173-00 1| KNOB, charcoal—POLARITY
------ - knob includes:
213-0004-00 1 SCREW, set, 6-32 x %, inch, HSS

26 | 260-0709-00 1] SWITCH, unwired—POLARITY
------ -|{ mounting hardware: (not included w/switch)
210-0840-00 11 WASHER, 0.390 ID x %, inch OD
210-0413-00 T NUT, hex., %-32x ', inch

27 | 366-0173-00 1| KNOB, charcoal—FALLTIME MULT
------ - knob includes:
213-0004-00 1 SCREW, set, 6-32 x %4 inch, HSS

28(-----.. 3| RESISTOR, variable
------ -| mounting hardware for each: (not included w/resistor)
210-0840-00 11 WASHER, 0.390 ID x %, inch OD
210-0413-00 1| NUT, hex., 34-32x ', inch
210-0012-00 1 LOCKWASHER, internal, %, IDx Y, inch OD

29 | 366-0173-00 1| KNOB, charcoal—RISETIME MULT
------ - knob includes:
213-0004-00 1 SCREW, set, 6-32 x ¥,, inch, HSS

30 | 366-0173-00 1| KNOB, charcoal—RISETIME FALLTIME RANGE
------ - knob includes:
213-0004-00 1 SCREW, set, 6-32 x %, inch, HSS

31 | 260-0710-00 1| SWITCH, unwired—RISETIME FALLTIME RANGE
------ -| mounting hardware: {not included w/switch)
210-0840-00 1| WASHER, 0.390 IDx %, inch OD
210-0413-00 1| NUT, hex., %,-32 x, inch

32 | 366-0173-00 1| KNOB, charcoal—DC OFFSET
------ - knob includes:
213-0004-00 1 SCREW, set, 6-32 x 3/, inch, HSS

33 | 366-0173-00 1| KNOB, charcoal—MODE
------ - knob includes:
213-0004-00 1 SCREW, set, 6-32x 3/, inch, HSS

34 | 260-0708-00 1] SWITCH, unwired—MODE
------ - | mounting hardware: {not included w/switch)
210-0840-00 1| WASHER, 0.390 IDx %, inch OD
210-0413-00 1| NUT, hex., 34-32x ', inch
210-0012-00 1| LOCKWASHER, internal, % ID x '/, inch OD
210-0207-00 1| LUG, solder, 3 ID x %, inch OD, SE

35 | 366-0215-01 1 KNOB, charcoal-—PROGRAM

36 | 260-0711-00 1| SWITCH, unwired—PROGRAM
------ - | mounting hardware: (not included w/switch)
220-0413-00 2 | NUT, hex., 4-40 x 0.187 x 0.562 inch long

37 | 366-0215-01 1 | KNOB, charcoal—TRIGGER SOURCE

38 | 260-0490-00 1 | SWITCH, unwired—TRIGGER SOURCE
------ - | mounting hardware: (not included w/switch)
220-0413-00 2 | NUT, hex., 4-40x0.187 x 0.562 inch long
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Mechanical Parts List—Type R116

FRONT & FRAME (Cont)

rerl pART NoO. EFF.S“'A"/MODE" '::"S'c' :r: DESCRIPTION
39 { 260-0247-00 1| SWITCH, unwired—TRIG
------ - | mounting hardware: {not included w/switch)
210-0940-00 1| WASHER, flat, 1, IDx 3% inch OD
210-0583-00 11 NUT, hex., Y4-32 x %, inch
210-0046-00 1| LOCKWASHER, internal, 1/, D x 0.400 inch OD
40 | 260-0199-00 11 SWITCH—POWER
------ -| mounting hardware: (not included w/switch)
354-0055-00 1| RING, locking switch
210-0902-00 1| WASHER, flat, 0.470 ID x 2V/3, inch OD
210-0473-00 1 [ NUT, switch, '3/,-32 x 5/, inch, 12 sided
210-0414-00 1| NUT, hex., %43,-32 x %,¢ inch
4a1------ 1| LIGHT, pilot
------ - | mounting hardware: (not included w/light)
210-0978-00 11 WASHER, flat, 3/, IDx 1, inch OD
210-0590-00 11 NUT, hex., 33-32 x 7/;4 inch
42 | 352-0010-00 2 | HOLDER, fuse
------ - | mounting hardware for each: (not included w/holder}
210-0873-00 1| WASHER, rubber, 7, ID x 1,4 inch OD
------ 1| NUT, fuse holder
43 | 200-0582-00 2| CAP, fuse
44 | 200-0237-00 2 1 COVER, insulation, fuse holder
45 1 260-0675-00 1| SWITCH, screwdriver slot
----- s - - | mounting hardware: [not included w/switch)
210-0406-00 2| NUT, hex., 4-40 x ¥4 inch
211-0008-00 2 | SCREW, 4-40x Y inch, PHS, phillips
46 | 386-0223-00 1 { PLATE, sub-panel, front
47 | 122-0131-01 1| ANGLE, right rail
------ -1 mounting hardware: (not included w/angle)
48 | 212-0023-00 4 | SCREW, 8-32 x ¥, inch, PHS, phillips
49 | 351-0027-00 1| TRACK, slideout chassis (pair}
------ - | mounting hardware: (not included w/track)
212-0518-00 6 | SCREW, 10-32 x %/, inch, PHB, phillips
50 | 122-0131-00 11 ANGLE, left rail
------ -| mounting hardware: (not included w/angle)
212-0023-00 4| SCREW, 8-32 x 3 inch, PHS, philiips
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Mechanical Parts List—Type R116

FRONT & FRAME (Cont)

Q
:‘EOF PART NO. EFF'SE'“AL/MODEL ND?SC ; DESCRIPTION
51 | 122-0114-00 2| ANGLE, top rail
------ - | mounting hardware for each: (not included w/angle}
212-0040-00 4] SCREW, 8-32 x ¥, inch, 100° CSK, FHS, phillips
210-0458-00 4| NUT, keps, 8-32x s, inch
52 | 343-0005-00 1| CLAMP, cable, plastic, 716 inch
------ - | mounting hardware: (not included w/clamp)
211-0014-00 11 SCREW, 4-40 x '/, inch, PHS, phillips
53 | 210-0863-00 1 [ WASHER, D shape, 0.191 ID x 334 wx3%, inch long
210-0457-00 1 [ NUT, keps, 6-32x 5,4 inch
54 | 200-0542-00 1| COVER, dust, bottom
55 | 200-0540-00 1| COVER, dust, top
56 | 200-0541-00 1| COVER, filter
------ - | mounting hardware: {not included w/cover)
57 | 211-0516-00 4| SCREW, 6-32x 7, inch, PHS, phillips
210-0407-00 4 | NUT, hex., 6-32x ", inch
58 | 210-0401-00 4| NUT, cap., hex., 6-32 x 5, inch
59 | 386-0222-00 ] PLATE, frame rear
60 | 384-0380-00 4] ROD, extension
61 | 131-0294-00 1 | CONNECTOR, 36 pin
210-0001-00 2 | LOCKWASHER, internal #2
210-0405-00 21 NUT, hex., 2-56 x %, inch
211-0001-00 2 | SCREW, 2-56 x ', inch, RHS, phillips
62 | 386-0221-00 1 PLATE, connector
63 - - - - .. - | mounting hardware: (not included w/plate}
211-0504-00 4 | SCREW, 6-32 x Y, inch, PHS, phillips
64 | 378-0029-00 1| FILTER, air foam
65 | 119-0031-00 1| FAN
------ - | mounting hardware: [not included w/fan)
66 [ 211-0511-00 4| SCREW, 6-32 x '/, inch, PHS, phillips
210-0457-00 41 NUT, keps, 6-32x 5,4 inch
67 | 131-0430-00 1| ASSEMBLY, motor base connector
------ - assembly includes:
129-0041-00 ] POST, ground, 4-40 one end
211-0015-00 1 SCREW, 4-40 x '/, inch, RHS, phillips
200-0185-00 1 COVER, motor base, black
214-0078-00 2 PIN, brass, connecting
377-0041-00 1 INSERT, black
210-0586-00 2 NUT, keps, 4-40 x '/, inch
386-1044-00 ] PLATE, aluminum, mounting (not shown)
______ - | mounting hardware: [not included w/assembly)
211-0507-00 2| SCREW, 6-32 x %4 inch, PHS {not shown)
68 | 175-03460-00 1| ASSEMBLY, 50 Q cable
69 | 343-0006-00 1 [ CLAMP, cable, plastic, ', inch

@1
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Mechanical Parts List—Type R116

BRACKETS & CHASSIS

REF. SERIAL/MODEL NO. Q
NoO. PART NO. EFE. DISC. $ DESCRIPTION
1( 441-0638-00 ] CHASSIS, pot
------ -| mounting hardware: (not included w/chassis)
211-0510-00 4| SCREW, 6-32 x 3% inch, PHS, phillips
2| 210-0457-00 41 NUT, keps, 6-32 x /¢ inch
3| 343-0088-00 1| CLAMP, small, snap-in
44 - - - - - - 7| RESISTOR, variable
------ -| mounting hardware for each: (not included w/resistor)
51 210-0840-00 1| WASHER, 0.390 ID x %4 inch OD
61 210-0413-00 11 NUT, hex., %3-32x ", inch
7| 214-0210-00 1] SPOOL, solder
------ -| mounting hardware: (not included w/spool)
8| 361-0007-00 1| SPACER, plastic, 0.188 inch long
9| 343-0001-00 1| CLAMP, cable, plastic, Vg inch
------ - | mounting hardware: (not inciuded w/clamp)
10 | 210-0863-00 1| WASHER, D shape, 0.191 D x 3%, wx 33/, inch long
11| 211-0014-00 1| SCREW, 4-40 x Y, inch, PHS, phillips
12 | 131-0292-00 6| CONNECTOR, 56 pin
------ -| mounting hardware for each: (not included w/connector)
13 | 211-0014-00 2| SCREW, 4-40x Y, inch, PHS, phillips
14 | 131-0292-00 3] CONNECTOR, 56 pin
------ -| mounting hardware for each: (not included w/connector)
151 129-0079-00 2| POST, cover support
16 | 343-0003-00 2| CLAMP, cable, plastic, '/, inch
------ - | mounting hardware: (not included w/clamp)
210-0863-00 1| WASHER, D shape, 0.191 ID x 3%/4 w x 3%, inch long
211-0014-00 1| SCREW, 4-40 x ', inch, PHS, phillips
17 | 343-0005-00 2| CLAMP, cable, plastic, 7/,¢ inch
------ - | mounting hardware: {not included w/clamp)
210-0863-00 1| WASHER, D shape, 0.191 ID x 33/, w x 3%, inch long
211-0014 00 1| SCREW, 4-40 x '/, inch, PHS, phillips
18 | 351-0059-00 18 | GUIDE, circuit card
------ - | mounting hardware for each: (not included w/guide)
19 | 211-0511-00 1| SCREW, 6-32x Y, inch, PHS, phillips
20 | 381-0244-00 2 | BAR, guide, board support
------ - | mounting hardware for each: {not included w/bar}
212-0040-00 2 | SCREW, 8-32x %, inch, 100° CSK, FHS, phillips
21 | 381-0245-00 1| BAR, aluminum, support
------ - | mounting hardware: (not included w/bar}
210-0202-00 1| LUG, solder, SE #6
211-0514-00 2 | SCREW, 6-32 x %/, inch, PHS, phillips
22 | 211-0510-00 2 | SCREW, 6-32 x %, inch, PHS, phillips
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Mechanical Parts List—Type R116

BRACKETS & CHASSIS (Cont)

REF. SERIAL/ MODEL NO. Q
NO. PART NO. TFF DISC. ; DESCRIPTION
23 | 441-0637-00 1| CHASSIS, power
------ - | mounting hardware: (not included w/chassis)
211-0510-00 2 | SCREW, 6-32 x 3/ inch, PHS, phillips
212-0023-00 8| SCREW, 8-32x 3 inch, PHS, phillips
210-0457-00 2 | NUT, keps, 6-32 x %4 inch
210-0458-00 8 | NUT, keps, 8-32 x /35 inch
24 | 348-0063-00 1| GROMMET, plastic, ', inch
25 - - - - - 1|1 CAPACITOR
------ - | mounting hardware: {not included w/capacitor}
26 | 385-0146-00 2| ROD, hex., '/, ODx ', inch long
27 | 432-0048-00 1| BASE, large capacitor mounting
28 | 211-0514-00 2| SCREW, 6-32 x 3/, inch, PHS, phillips
211-0507-00 2 | SCREW, 6-32 x 5,4 inch, PHS
29 | 386-0255-00 1| PLATE, metal, flange
0[------ 2| CAPACITOR
------ - | mounting hardware for each: {not included w/capacitor)
31 | 432-0048-00 1 BASE, large capacitor mounting
211-0516-00 2| SCREW, 6-32x 7/ inch, PHS, phillips
32 | 210-0457-00 2| NUT, keps, 6-32x 3/;4 inch
33 | 386-0254-00 1| PLATE, fiber, flange
34 } 200-0538-00 2 | COVER, capacitor, plastic
Bt 1|1 CAPACITOR
------ - | mounting hardware: {not included w/capacitor)
36 | 385-0146-00 2| ROD, hex., '/, ODx 'Y inch long
37 | 432-0047-00 1| BASE, small capacitor mounting
38 | 386-0252-00 1| PLATE, fiber, flange
39 | 211-0514-00 2 | SCREW, 6-32x 3/, inch, PHS, phillips
211-0507-00 2 | SCREW, 6-32 x 5/;4 inch, PHS
40 | 200-0256-00 1 | COVER, capacitor, plastic
Nn]------ 11 COIL
....... - | mounting hardware: {not included w/coil)
211-0507-00 1| SCREW, 6-32 x 5/4 inch, PHS
42 | 210-1007-00 1| WASHER, non metallic
43 | 200-0659-00 1 { COVER, inductor
44 | 211-0553-00 1| SCREW, 6-32 x 17/, inches, RHS, phillips
45 | 214-0289-00 4 | SINK, heat, transistor
------ - | mounting hardware: (not included w/sink}
220-0410-00 1| NUT, keps, 10-32 x 3/5 inch
461 - - - - - - 1 DIODE
46 - - - - - - -| mounting hardware: {not included w/diode)
210-0206-00 1| LUG, solder, SE #10 long
210-0813-00 2 | WASHER, fiber, #10
220-0410-00 1| NUT, keps, 10-32 x 33 inch
210-0805-00 2| WASHER, flat, 0.204 ID x 0.438 inch OD
9-10 ®i1




Mechanical Parts List—Type R116
BRACKETS & CHASSIS (Cont)

REE. SERIAL/ MODEL NO. Q
NO. PART NO. 3 DISC. ; DESCRIPTION
471 - - - - - - 3| TRANSISTOR
------ -| mounting hardware for each: (not included w/transistor)
211-0510-00 2| SCREW, 6-32 x 3 inch, PHS, phillips
386-0978-00 11 PLATE, mica, insulator
210-0983-00 2| WASHER, aluminum, black anodized
210-0802-00 2| WASHER, flat, 0.150 ID x 3/;4 inch OD
210-0006-00 1| LOCKWASHER, internal, #6
210-0202-00 1| LUG, solder, SE #6
210-0407-00 21 NUT, hex., 6-32x '/, inch
480 - - - - - - 1| TRANSISTOR
------ -| mounting hardware: {not included w/transistor)
211-0510-00 2| SCREW, 6-32 x ¥, inch, PHS, phillips
386-0143-00 1| PLATE, mica, insulator
210-0983-00 2| WASHER, aluminum, black anodized
210-0802-00 2| WASHER, flat, 0.150 ID x 5/;4 inch OD
210-0006-00 2| LOCKWASHER, internal, #6
210-0202-00 1| LUG, solder, SE #6
210-0407-00 2| NUT, hex., 6-32x Y, inch
49 | 260-0246-00 1 SWITCH, thermal cutout
------ - | mounting hardware: (not included w/switch)
213-0044-00 2 | SCREW, thread forming, 5-32 x ¥4 inch, PHS, phillips
501------ 1 FILTER, line
------ - | mounting hardware: {not included w/filter)
51 | 212-0004-00 2 | SCREW, 8-32x 5/, inch, PHS, phillips
210-0458-00 2 | NUT, keps, 8-32 x /s, inch
52 | 385-0134-00 2 | ROD, delrin, %, OD x % inch long
------ - | mounting hardware for each: [not included w/rod)
213-0041-00 1 SCREW, thread cutting, #6 x %, inch, THS, phillips
53 | 210-0201-00 6| LUG, solder, SE #4
------ - | mounting hardware for each: {not included w/lug)
213-0044-00 1| SCREW, thread fofrming, 5-32 x 3/,4 inch, PHS, phillips
54 (- - - - - - 1 | TRANSFORMER
------ - | mounting hardware: {not included w/transformer)
55 | 212-0515-00 4 | SCREW, 10-32x 2/, inches, HHS
56 | 210-0812-00 4 | WASHER, fiber, #10
220-0410-00 4 | NUT, keps, 10-32 x % inch




Mechanical Parts List—Type R116

CIRCUIT CARDS

Q
:E; PART NO. EFF?ER'AL/MODEL NDCI,S.C. ; DESCRIPTION
1] 670-0213-00 1| ASSEMBLY, circuit card, FUNCTION PROGRAM #2
------ assembly includes:
388-0663-00 1 CARD, circuit, FUNCTION PROGRAM #2
2| 136-0183-00 11 SOCKET, transistor, 3 pin
260-0552-00 2 SWITCH, not shown
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Mechanical Parts List—Type R116

CIRCUIT CARDS (Cont)

Q
:EC';: PART NO. EFF_SER'M/ MODEL No?éc. T DESCRIPTION
3| 670-0214-00 1| ASSEMBLY, circuit card, PERIOD GENERATOR
------ - assembly includes:
388-0664-00 1 CARD, circuit, PERIOD GENERATOR
4| 136-0183-00 11 SOCKET, transistor, 3 pin
260-0552-00 4 SWITCH, not shown
5| 352-0086-00 1 HOLDER, delrin, '/, inch
6| 670-0215-00 1| ASSEMBLY, circuit card, DELAY GENERATOR
------ - assembly includes:
388-0665-00 1 CARD, circuit, DELAY GENERATOR
7 1 136-0183-00 10 SOCKET, transistor, 3 pin
260-0552-00 4 SWITCH, not shown
8| 352-0086-00 2 HOLDER, delrin, , inch
9| 670-0216-00 11 ASSEMBLY, circuit card, FUNCTION PROGRAM #1
------ - assembly includes:
388-0666-00 i CARD, circuit, FUNCTION PROGRAM #1
10 | 136-0183-00 15 SOCKET, transistor, 3 pin
260-0552-00 3 SWITCH, not shown
11| 670-0217-00 1| ASSEMBLY, circuit card, WIDTH GENERATOR
------ - assembly includes:
388-0667-00 1 CARD, circuit, WIDTH GENERATOR
12| 136-0183-00 7 SOCKET, transistor, 3 pin
13| 352-0086-00 2 HOLDER, delrin, '/, inch
14| 670-0218-00 1| ASSEMBLY, circuit card, PULSE SHAPE GENERATOR
------ - assembly, includes:
388-0668-00 1 CARD, circuit, PULSE SHAPE GENERATOR
151 136-0183-00 12 SOCKET, transistor, 3 pin
260-0552-00 3 SWITCH, not shown
16 | 352-0086-00 5 HOLDER, delrin, '/, inch
17 | 670-0219-00 1| ASSEMBLY, circuit card, OUTPUT AMPLIFIER
------ - assembly includes:
388-0669-00 1 CARD, circuit, OUTPUT AMPLIFIER
18 | 136-0183-00 9 SOCKET, transistor, 3 pin
19| 136-0220-00 3 SOCKET, transistor, square, 3 pin
20 | 214-0269-00 3 SINK, heat, transistor
21 | 214-0667-00 3 SINK, heat, transistor
22 | 214-0507-00 1 PIN, connector
23 | 352-0086-00 2 HOLDER, delrin, /, inch
24 | 670-0220-00 1] ASSEMBLY, circuit card, ATTENUATOR
------ - assembly, includes:
388-0670-00 1 CARD, circuit, ATTENUATOR
251 131-0391-00 1 CONNECTOR, 50 Q, coaxial, male
26 | 136-0183-00 5 SOCKET, transistor, 3 pin
27 | 352-0086-00 2 HOLDER, delrin, 4, inch
28| 670-0221-00 1| ASSEMBLY, circuit card, POWER SUPPLY
------ - assembly includes:
388-0671-00 1 CARD, circuit, POWER SUPPLY
29 | 136-0183-00 14 SOCKET, transistor, 3 pin
30| 214-0668-00 2 SINK, heat, transistor
31 | 352-0086-00 1 HOLDER, delrin, '/, inch
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Mechanical Parts List—Type R116

CABLE HARNESS & CERAMIC STRIP DETAIL

_ 1
REF. SERIAL/MODEL NO. Q
NO. PART NO. . DIsC. : DESCRIPTION
1 [179-1013-00 1 | CABLE HARNESS, connector
2 |1179-1010-00 1 | CABLE HARNESS, switch
3 1179-1011-00 1 | CABLE HARNESS, power #1
4 | 179-1012-00 1 | CABLE HARNESS, power #?2
5 1124-0091-00 2 | STRIP, ceramic, ¥, inch h, w/11 notches
------ - each strip includes:
355-0046-00 2 STUD, plastic
------ - | mounting hardware for each: (not included w/strip)
361-0009-00 2 | SPACER, plastic, 0.406 inch long
6 | 124-0090-00 2 | STRIP, ceramic, ¥, inch h, w/9 notches
...... - each strip includes:
355-0046-00 2 STUD, plastic
------ - | mounting hardware for each: (not included w/strip)
361-0009-00 2 | SPACER, plastic, 0.406 inch long
7 [124-0145-00 2 | STRIP, ceramic, 7/;4 inch h, w/20 notches
------ - each strip includes:
355-0046-00 2 STUD, plastic
------ - | mounting hardware for each: {not included w/strip)
361-0009-00 2 | SPACER, plastic, 0.406 inch long
8 1124-0147-00 2 | STRIP, ceramic, 7/;4 inch h, w/13 notches
------ - each strip includes:
355-0046-00 2 STUD, plastic
------ - | mounting hardware for each: (not included w/strip)
361-0009-00 2 | SPACER, plastic, 0.406 inch long
9 1124-0162-00 T | STRIP, ceramic, 7/;4 inch h, w/4 notches
------ - each strip includes:
355-0046-00 1 STUD, plastic
------ - | mounting hardware: (not included w/strip)
361-0009-00 1 | SPACER, plastic, 0.406 inch long
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Mechanical Parts List—Type R116

ACCESSORIES

Q

;EC: PART NO. EFF‘SERU\L/MODEL ND?S.C. ; DESCRIPTION

1| 161-0024-00 1 CORD, power, 3-conductor, 8-foot, right angle, female
2 | 011-0049-00 ] TERMINATION, 50 Q, in-line, w/BNC connectors

3 | 012-0057-00 1 ASSEMBLY, cable, 50 €2, coaxial, 42 inches, w/BNC connectors
4 | 351-0084-00 1 TRACK, slide, 18 x 33/ inches, left & right, w/2 brackets
5] 103-0013-00 i ADAPTER, power cord, 3 wire to 2 wire

6 | 016-0052-00 1 KIT, cabinet feet

7 | 212-0512-00 4| SCREW, 10-32x '/, inch, OHS

8 | 210-0833-00 4| WASHER, finishing, plated, #10

9 | 210-0917-00 4| WASHER, plastic, 0.191 ID x % inch OD

10 | 131-0293-00 1 CONNECTOR, 36 terminal, cable end, male

070-0498-00 2 | MANUAL, instruction {not shown}
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SECTION 10
DIAGRAMS

The following symbols are used on the schematic diagrams:

(black box Front-panel control, switch or
around name) connector
e — Clockwise rotation of control
0 Screwdriver adjustment

- | (blue line) Electrical limit of circuit card
|
]

WYH9YIA ¥00719



e T T e AR

+ PRETRIGGER
ouT

9

MULT WP
MANUAL
C 3
PERIOD [ire S— FUNCTION
' PROGRAM WIDTH
GRMERKTOR 2 dilviredd ceXiBATon
Q4 q\A = Qs .
O——7 Q24 Q28 - Q4 Q14 - 3
9 aa2 gss aza qze as3
= Qg4 Qo3 o Qa3
Q94 Des Q33
PERIOD = WADT 1
[RANGEF—— T [~ —— o RENGE [~ —- [ — — —
| i ‘ 1 [RiseTme_won
| !
REMOTE O | : e © : REMOTE O | : —
00 NS ol GATED OUTPUT O ons O (o]]
| |
NS 1o BURST O \oons O [FalT
ous [e] DOUBLE O s O
o0us ) DLY'D SINGLE O ous O
tmS o SINGLE O A
Y
\
MULTIPUER \0
\0C
\
DELAY
+ DELAYED
Ql4 Qs
* Q24 ges [0
Q38 Q53
Qo4 @73 =
Q83 Q9
DELAY OR
BURST TIME
————— T
I
REMOTE O
|
10nS
10005
(¥
10 1S

MULTIPLIER

TYPE Rilo PROGRAMMABLE PULSE GENERATOR



AMPLITUDE

pm—— ———— —— — —RANGE|- — —— — —— — — — — 9
| i
| )
Q| RVREMOTE O |
|
oo
: BV o
REMOTE _ |
PROGRAM O | WV o
+ o}
PULSE
OUTPUT
PULSE  SHAPE OUTPUT - L -0
GE‘J&‘;:;;\OR GENERATOR AMPUIFIER ATTENUATOR : _)
QA Qs Qia sz Q\333 Q;-’-‘» =
24 2% > Q34 Q > Q Q34
s qes a5 aes daa qs3
Qo3 Q88 Q34 QB4 Qb4
Q104 Qv Q4 QB4 -
Q3 Qe 094 Q04
[
T
! | e}
! |
! | PROGRAM
: O ' _____
|
|
]
]
[ [
REMOTE
ER]
s oql»o———oeo INT
wons O
wors o\

N '
 JREETWE FALLTIME
Rl RANGE

] CURRENT VOLTAGE  SURPLY
GEMNERATORS !
Qah Q96 Qo3
Qb4 Qiok Quna
Qa4qa Q437
Qaba

A BLOCK DIAGRAM



RISETIME FALLTIME
RANGE

+25V
R3
A 100K Q3 148
6
RI
\=
425V
Ri3
100K Q/3 100nS >
7 RIO
5.1K
+ 28V
FROM
Jio-28 L1000
8 R0 REMOTE
51K (ENABLE) >
AMPLITUDE
RANGE
+25V
FROM R332
J10-24 00K Q33 5Y
0 s
"
+ 25V
FRO R43
Jlg-zr; 100K Q43 __'V_>
! \ p46 REMOTE
T3 - >

(ENABLE)

fe—————POLARITY——s]

¥ 25V
RS2
JFIE?TS \00K 053 —(POLARITY)
R RS0 REMOTE

1K PROGRAM

(ENABLE)

T0 Po-U

MG

T0 Po-R

L @

K To Pe—~<(.>

E FrROM SwW9( DRDGRAM)

TO PB-G©

¥ 1o pe,-ns

S  FROM 3W4 (AMPUTUDE RANGE)

To P7-26
z

FROM SWw 7,
AR (POLARITY)

(*1)

Py

AL VOLTAGES EXCEPT H1V SUPPLY
ARE REFEREMCED TO SIGNAL GND

+\LV SUPPLY 1S REFEREWCED TO
CHASSIS GND |

TYPE RIle PROGRAMMABLE PULSE GENERATOR

+

REFERENCE DIAGRAMS
PERIOD GENERATOR
DELAY GENERATOR
FUNCTION PROGRAM ¥}
PULBE SHAPE GENERATOR
OUTPUT AMPLIFIER

ATTENUATOR € OFFSET
CURRENT GENERATOR

SWITCH DETAILS € REMOTE
PROGRAM CONNECTOR

INTERCONNECTING DIAGRAM

O & QOO

FROM J10-19 \4

FROM Jj0-23 13 RA"AD
1K
+
FROM J10-22 \2
R80
1K
+

Ri100

FROM Ji0-21 v

FROM J10-20 W

R90
1K

(»9)



FROM SW&
(TRIGGER SOURCE)

EXT. TRIG. ENABLE
TO P4 -

S}
cC

N PERIOD DISABLE
TO P2-L

&

27

To Pz -23 @;

FROM 3wW5

(MODE)

o P3-u <D
¢ pa-ed,see Aso(D;

FROM Sw 5 (MODE)

TO P4 -1}

To P4-5

BB From 5w 5 (MODE)

(1)

+25V
- (EXT. TRIGGER)
s Q63 EXTERNAL OR MANUAL
o ) ( w)‘
4 444 U REMOTE  PROGRAM
BAK {ENABLE)
+12v
vIe
R7S
270 Tv—K}
— 000 —¢——-p-i SWT5
LTS
Y ——>
L | +12v
MODE
[ ) i 5 - + ISV >
o712 270
~--~p-Isw78
L5V Lie q_>
(oATED)
5);’)?( Q73 GATED OUTPUT
23 \3 { }':) {ENABLE)
R0
K \I
28V
iZDB’L
rB83
100K BURST
22
i R8O
1K
+25Y
(pousLE)
RI03
RI00 100 f_\QlOEJ DOUBLE
5.AK
2l vy V
D00
nos
5K
* 15V
0os g (DLY'D SINGLE)
R93 .
I\ow E/\Q 93 DLY'D  SINGLE
°w )
RYO V. REMOTE PROGRAM
¥ (ENABLE)
FUNCTION PROGRAM # 2  CARD
(P1)
SEE PARTS LIST FOR
SEMICONDUCTOR TYPES
&
P
A FUNCTION PROGRAM #2 (>

SERIES A

MODEL 1



VOLTAGE AND WAVEFORM
TEST CONDITIONS

Typical voltage measurements and waveform photographs (shown in
blue) were obtained under the following conditions unless noted other-
wise on the individual diagrams:

Test Oscilloscope, with 10X Probe:

Bandwidth
Probe Input Impedance
Probe Ground

Triggering

Dc Voltmeter:

Type
Sensitivity

Reference Voltage

Type R116 Conditions:

PULSE OUTPUT Connector
Other Connectors

Circuit Card Installation

Dc to 50 MHz
10 Megohms, 7 picofarads

Clipped to Type R116 chassis
ground.

External from point indicated
on diagram (to show time re-
lationship between signals)

Volt-Ohmmeter
20,000 ohms/volt

Signal ground

Terminated in 50 ohms
No connections

Each card extended on plug-
in card extender for voltages
and waveforms

(Test Conditions continued on Delay Generator diagram)
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VOLTAGE AND WAVEFORM
TEST CONDITIONS

—

+L5V

+20

Ral
390

+1BV

+i6

RAL
X

1045/ CM

+17.5 I

L

0uS/CM

VNV

FROM SW 1
(PERIOD RANG:) W

& Pa.g <1.>

ol
(pi.fuo“é ??VXJJAGED X

¢ Pa-R @

FROM 5W |

(PERIOD RANGE) Y

& p4-v@

FROM SW1

(PERIOD RANGE) z

& Pa-X @

+ GATE W
[For aaTED ouTRUT]
2V TO 10V

o cC
|

= O

Rtk 24

Re
470

+25

[53-3
39

R
VW ~3.5

R3
S

GATED QUTPUT

FROM sws (MoDE) 40> 2.3

(ENABLE)

5
15K

Q4

Lel
+\V

Lo
LAYAS

163
1Y

RbY r
s 170
— ===~ SWo ; ?
Ro2 r
270 ]
Oud — =) SWeL
Re3 .
270 T .
100uS
2 ——|————P{swea
Roa )
10 B
lm® — = i — sWea
L4

v
PERIOD CbO
TIMING nie °.5
w3 68
K
Q38
na4 —-1.7
25K
C3a
D34
D32 R36
13X
PERIOD ANALOG a4 —bYv
FROM SWi -5.5
(PERIOD RANGE) c3o +25v
o1
+1sv S
oX
PERIOD DISABLE b
Q4| FROMPI-N
¢
1% ot
BURST GATE
FROM P3-V ) x0-8
RO
)
ca na (pv-,_) S0
) 0¥
26 Db
Rie ri8
11X kR4
-1V

& pi-T <> 3

SEE PARTS LIST FOR SEMICOWDUCTOR TYPES

TYPE Rile PROGRAMMABLE PULSE GENERATOR

_+_

-3



78V
+7V
10
S
eT) o] ZV/CMTT&*OV
RSO 0.1us/CM
Iso Ll LI
] [t =
2V/CM ol
i ; +PRETRIGGER
cld 415V ouT
-~ 1OnS/CM AV MM INTO W
b0
Q6s, R
%) +17.5 ¥ v9
23 N s !
o1 |
Vv | =
| A
QRS5S v
33 s
s 55-18 g PERIOD TRIGGER
/H’ -~ 10 P4-8&
Ain LN_I SEEBERERE )
r c53
2v/cm AC
! v 21 / AR
i s-as | Il o
o i A 10MS/CM
R I
v 1 L o.iusS/eMm
) cSe .
2410
| — — P SWeL R9%
33
L LEV - D
’ cte +l_c95
1 005 T LepF
»—————i- swea
' it
4 89 YVe————— NEE
0% ALL VOLTAGES EXCEPT +YLV SUPPLY
= 15‘“’54 ARE REFEREMCED TO SIGNAL QWD
t AVLY SUPPLY 1§ REFERENCED TO
ceo. R9b CHASSIS GWD
n3e o5 33 —
68 +Iv W 16 -
+l e9e
—g\SHF
+16
<— Ak
R3b
1B REFEREMCE DIAGRAMS
-5.5 ansv () FuncTion pRoGRAM Fq
C36 R9®
o 33 (3) DELRY GEMERATOR
AV} t C
g R1L (& FumcTion ProGRAM Fy
0% =L c98
] 'BpF {D SWITLH DETAILS AWD REMOTE
:Zg PROGRAM CLONNECTOR
co @ INTERCONMECTING  DIAGRAM
3 D11 nae
O T ey e
o +0.8 [ -] coo
RLO ST
510 024 WAVEFORMS and VOLTAGE READINGS on
this diagram obtained under test conditions
given an left panel of this diagram and left
Db ‘panel of Delay Generator diagram.
Test oscilloscope externally triggered through
:La o 10X prabe from signal ot terminal S§ of
the Period Generator circuit card.
PERIOD GENERATOR CARD
(GO
LTOR  TYPES
166
Aq\ PERIOD GENERATOR

SERIES B MODEL |



VOLTAGE AND WAVEFORM
TEST CONDITIONS

(Cont'd from Period Generator diagram)

Type R116 Control Settings:

MODE DOUBLE
TRIGGER SOURCE INTERNAL
PERIOD RANGE 100 u$
MULTIPLIER 1
DELAY OR BURST TIME RANGE 1 S
MULTIPLIER 15
WIDTH RANGE 1 uS
MULTIPLIER 5
AMPLITUDE RANGE 1V
MULTIPLIER 10
POLARITY +
PROGRAM INT
DC OFFSET 0
RISETIME FALLTIME RANGE 100 n$

RISETIME MULT
FALLTIME MULT

1
1

Voltages are given in volts DC, measured with respect to signal ground.
(The 4 12-volt supply is referenced to chassis ground.} Voltage meas-
urements taken in any particular Type R116 may vary somewhat from
those given, due to normal differences in component characteristics.

Waveform photographs were taken with a Tektronix Oscilloscope
Camera System and Projected Graticule. DC voltage levels, where
shown on waveforms, are measured with respect to chassis ground.
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VOLTAGE AND WAVEFORM
TEST CONDITIONS
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SECTION 11
RACKMOUNTING

General Information

The Type R116 is designed to be mounted on slideout
tracks in any 19-inch wide rack that has both front and rear
rails and conforms to standard EIA universal rack dimen-
sions. A complete dimensional drawing of the Type R116
is provided on a separate foldout page of this section. If
a rack with alternate hole spacing is used, 2 mounting
holes will have to be drilled in each rail.

Minimum width of the opening between the left and right
front rails (see Fig. 11-1) is either 175} inches or 173/, inches
depending on the mounting position to be used, as described
later in this section. At least 5, inches of vertical space is
required for the front panel of the instrument and a total
depth of at least 20 inches is needed—17 inches for the Type
R116 and 3 inches or more for power and program cables
and for the circulation of air. Refer to the Operating Instruc-
tions section of this manual for cooling requirements.

Slideout Tracks

Fig. 11-1 shows the Type R116 installed in a cabinet-type
rack with the side panels removed. The slideout tracks pro-
vided with the Type R116 permit it to be extended for main-
tenance and calibration without removing the instrument
from the rack. At the fully extended position, the Type R116
can be tilted and locked in any one of seven positions—
horizontal or 45°, 90° -or 105° above or below the hori-
zontal position. If the Type R116 is expected to be operated
in an extended position, it should be installed with power
and program cables that are long enough for that purpose.
When not extended, the instrument is held into the rack with
four securing screws that screw into the front rails of the
rack {see Fig. 11-1B).

The slideout tracks consist of two assemblies—one for the
left side of the instrument and one for the right side. Fig.
11-2 shows the parts of the slideout track assemblies. The
stationary section of each assembly attaches to the front
and rear rails of the rack and the chassis section is attached
to the instrument. The intermediate section slides between
the stationary and chassis sections and allows the Type
R116 to be extended fully out of the rack. When the
instrument is shipped, the stationary and intermediate sec-
tions of the tracks are packaged as matched sets and should
not be separated. The right and left tracks can be identified
by noting the position of the automatic stop flanges (see Fig.
11-2). The automatic stop on each track should be at the
top when mounted in the rack. The chassis sections of both
assemblies are installed on the instrument and adjusted at
the factory prior to shipment.

The small hardware components provided for mounting
the stationary sections to the rack are shown in Fig. 11-3.
Since this hardware is intended to make the tracks com-
patible with a variety of racks, not all of it will be needed
for this installation and some parts will be left over. Use
only the hardware that is required for the particular method
of mounting.

@1

Mounting Positions

The front flanges of the stationary sections may be
mounted in front of or behind the front rails of the rack. The
mounting position to be used is selected on the basis of the
desired effective panel thickness from the surface of the
panel to the front rail, on the width of the opening between
the rails of the rack and on the depth of the rack between
rails

Minimum Panel Thickness. By countersinking the mount-
ing screws in the front rails and mounting the front flanges
of the tracks behind the front rails as shown in Fig. 11-4A
the minimum effective panel thickness of approximately Vg
inch may be obtained. In this case, the effective thickness is
the actual thickness of the Type R116 front panel. (Do not
countersink the holes if the rails are made of thin metal}
If BHS screws are used instead of countersunk flathead
screws, the effective panel thickness will be approximately
715 inch. In either case, with the front flanges mounted
behind the front rails and the rear bracket flanges mounted
in front of the rear rails, the minimum distance required
between the two front rails is 175/ inches and the minimum
distance required from the front rails to the back rails is
175 inches (maximum depth between rails is about 26
inches). This mounting position is the normal position if the
mounting holes are not tapped for 10-32 screws, or if the
spacing between the front rails is less than 173/ inches.
If this mounting position is desired but the holes are tapped
for 10-32, the threads may be drilled out with a 3/-inch
bit.

Maximum Panel Thickness. When the flanges of the
stationary sections are mounted in front of the rails with
BHS screws as shown in Fig. 11-5, the maximum effective
panel thickness of approximately 4 inch is obtained. If the
tracks are to be mounted in this position, the minimum width
of the opening between the two front rails is 173/, inches.
This is the normal mounting position if the mounting holes
in the front rails are tapped for 10-32 screws. If the width
of the opening between the rear rails is also 173/, inches
or more, depth of the rack between front and rear rails may
be from 10Y, to 26 inches.

NOTE

The mounting position shown in Fig. 11-5 for use
with tapped mounting holes may also be used with
untapped holes by placing bar nuts behind the
front rails in a manner similar to the method
shown in Fig. 11-4.

Instrument Installation

Use the following procedure to install the Type R116 in a
rack:

1. Select the proper front-rail mounting holes for the

stationary sections using the measurements shown in Fig.
11-6.

11-1
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2a. If the front flanges of the skationary sections are to
be mounted behind the front roils, mount each skationary
section as shown in Fig. 11-4 for the left track.

2b. If the front flanges of the stationary sections are fo
be mounted in front of the front rails, mount each section
as shown in Fig. 11-5 for the left track.

3. Visvally check that the left and right stationary sections
are parallel with each other.

4, Referring to Fig. 11-9, insert the instrument into the
rack but do not connect the power or program cables and
do nat install the securing screws until the fellowing adjust-
ments have been made.

Track Adjustments

To provide the best possible operation, adjust the slide-
out tracks as follows:

1. Pesition the instrument as shown in Fig, 11-7,

2. Adjust the frent ends of the stationary sections accord-
ing to the procedure outlined in Fig. 11-7.

3. After adjusting the front ends of the tracks, slide the
instrument all the way into the rack. If the tracks do not
slide smoothly, loosen the screws that hold the rear brackets

Rackmounting—Type R116

to the rear rails, then push the instrument all the way into
the rack and tighten the screws. The front panel of the Type
R114 should now be parallel with the frant rails. If the instru-
ment still doss not slide easily in the rack or if the front
panel does not fit correctly, one or both of the chassis sec-
ticns of the tracks may require readjustment as shown in
Fig. 11-B.

4. When the adjustments have been completed and the
slideout tracks operate smoothly, connect the power and
program cables to the connectors on the rear panel and
secure the instrument inte the rack with the securing screws
and washers as shown in Fig. 11-9,

Removing or Inserting the Type R116

After the slideout tracks have initially been installed and
adjusted in the rack, the Type R11& can be removed or
reinserted at any time by following the procedures given
in Fig. 11-9. Mo further adjustments are normally required.

Maintenance

The slideout tracks require no lubrication. The special
finish en the sliding surfaces prevides permanent lubrication,
If the tracks tend to become harder to operate after a period
of use, a thin coaling of paraffin may be rubbed ente the
sliding surfaces for additienal lubrication.

Securing | > _f:
holes | L =
(tapped < S

_#lﬂ-3i|!

1 Minimum inside dimansion 1
I batwean raills  must  be = |
Rear 17 5/8 Inchen or 17 3/4 ==}
rail 1 inches,  depending  on I J
/'_’.F"'. mounting maethed,
Frant f
rail |
o s A B &
L -
| = @
Statienary - =
section '———FT . s - :
| -
| Y
: | A
Intermediate 1
pactlon — Chassis Detent reloose
' saction knok (pull
te relecse
¢ far tilting)
L&)
ey o A ik ST
- — -

Fig. 11-1. The Type R11& installed in o cobinel-type rack with the sides removed:

inte the rack with securing screws.

@1

[A) Extended on the slideout tracks; (B) held
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Automatic
stop

Mounting flange

Stop latch hole

Stop latch

Avutomatic

Stationary
section

Intermediate
section

Detent release
knob (pull to

Chassis release for

section tilting)
Fig. 11-2, Slideout track assembly for the left side of the instrument.
#10:32 #10-32
Binding . head Flathead
screw Screw
(12 eal

{4 ea)

e © 00600000 00 00 0

Rear mounting |
bracket
{2 ea) .

aa*ao&tttﬁ;»g

Bar nut ! Spacer
{6 ea) {2 ea)

Tahhed
#10-32

Fig. 11-3. Small hardware components provided for attaching the stationary sections of the slideout tracks to the cabinet-rack rails.
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(a) Front

*Note:

To make front panel fit flush with
rail, countersink rail holes and
use 7#10-32 flat-head screws.

Left front Rear rail
corner of
cabinet rack FHS*
screw
(2)

o

Stationary
section of
slideout

track

BHS*
screw
(2)

Left rear
corner of
cabinet
rack

Rear rail

nut

@'\“““““““\‘
BHS

screws |
(2) Rear

Stationary
section of
slideout
track

Rear
BHS mounting ‘
screw  Dracket |

(2)
gis\\\\\\\\\\\\\\\\‘

Left rear s
corner of pacer

e bur =

rack

Stationary
section of
slideout
track

Rackmounting—Type R116

I (a) Front

2
Stationary
Rail _ section of
icp:.e d . slideout
for #10-32 frack

Front Rail
Left front

corner of
cabinet rack

Left rear
corner of
cabinet

rack

Front rail

g ‘ Bar
forh#;?l% o @;\\\\\\\\\\ nut

screw

~Statonary
section of
" slideout
track

BHS
screw

(2)
Qi\\ mu

z Fo o

Left rear
corner of Spacer
cabinet bar
rack

Rear rail

' :ﬁffuﬁonary

Rail
tapped
for #10-32

Fig. 11-4. Normal mounting position of the left stationary section

for the minimum panel thickness.

®

Fig. 11-5. Normal mounting position of the left stationary section

if the mounting holes are tapped for 10-32 screws.
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i Adjacent
i Laft djoce
&= front
£ rail 7
]
P
L
Left
statianary
section 2 5/8 inches
minimum
—1_ L
Securing |
hnlnl —-—‘—ﬂ—---ﬂ.-F-F-‘ -
lteppad e SRR g -
il : 2y inches
1% inches
Mounting
holes

58 inch

N

TIB inch
minimum
Adjocant
panal

Fig. 116, Vertical mounting pesition of the left stationary section,
Tha same dimensions apply for mounting the right stationary
section,

Te adjust the front-end alignment:

1. Pesition the instrumaent with the pivel scraws
approsimately even with the front ralls,

2, Loosen the mounting screws at the front
end of beth stationary sections (enly the
left slde Is shownl.

3. Allow the two slides to seek thelr normal
width pesitiens with the instrumaent centerad
in the rack.

i, Tigh!nn the mounting screws

5. Push the instrument all the way into the
riek.

6. Check the vertical positioning of the Type
R11& front poanel with respect to adjocent
instruments or paneals, If the position s not
corract, readjust the mounting screws as
necessary.

Fig. 11-7. Stationary section front-end adjustments.
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Rackmounting—Type R116

To adjust a chassis section:

1. Remove the bottem dust cover from instru-
ment.

2, Loosen the eccentric pivot screw nut (located
inside the instrument] so the soew can
be turned.

3. Adjust the pivet screw to align the slide
with the bottom of the instrument. (This
adjustment maoy alse be maode o position
the front panel wvertically or te obtain ad-
ditional adjustment of the stationary sec-
tions. ]

4. Hold the plvet screw in position and re-
tighten the nut,

5. Repeat steps 2, 3 and 4 for the chassis
sectlen on the other side of the instru-
ment If necessary.

&, Rainstall the bottem dust cover,

Fig. 11-8, Chassis section adjustments [(if required]. Perform only If proper positioning Is nat oblained with stalionary section adjustments,

-

To insert the Type R116:

1. Pull the intermediate sec-
ton of sach slidecul track
out ta s fully extended
pesition,

2. Insert the chassis sectons
ifastenad 1o the instru-
mant]l inte the intermedi-
ale sactions.

3, Prews both stop latchas and
push the instrument inta
the rack until the latchas
snap inte their holes,

4, Connact the power cord and
program cabla te tha con-
nectors on the rear panal
of tha Instrument.

5. Again prass the stop latches
and push the instrument all
the way inte the rock, The
auvtematic stop latches will
dirangoge when tha instru-
mant is pushad in

6. To secure the Type R116
inte the rack, insert the 4
sacuring screws [with Ffin-
ishing washers and teflan
waoshers] through the slots
in  the instrument froant
ponel and screw them inte
the frant rails of the rock.

Taflon washer "'t

Finishing washer *

#10-32 BHS scraw

To

remove the Type

R116:

1.

Remove the securing scrows
and washers,

. Pull the instrument oubward

until  the automatic slops
catech and the step latchos
snop inte thelr holes,

. Disconnect the power cord

and program  cable  from
the instrumaent,

. Prass both stop latchos and

pull the instrument out of
the rack.

. Press  the outamatic stop

latehes and push the inter-
madiate sections infe  the
rack.

Fig. 11-9. Procedures for inserting the instrument and for remaving it from the

rack after the slidecut tracks have been installed.




o o @
TTTE
£ °
b 3625
0625 ~AIR INTAKE
e | AREA
1 o859 o 9/0.703
i T
4500
REAR VIEW
TN
T 3 ™~
& =" TILT POSITIONS ™\
W | 45° 90° AND 105° 1531 R
{ . ABOVE AND BELOW
\ \ THE HORIZONTAL N\
\ S
ey \ e \‘ \
\ S
[ .
\\ \ \\\ \\l- ‘—/ fffff I
| N — LM
‘\ w/ ‘ ® ® ®© @ :] J»
1 i — ___@_7 3 ‘ pa— T .
/ ® ® @ @
\ = 1734 /
\ Fl - ¥
4 \ ] \\ /
‘~"RAIL THICKNESS  \ \\ \ J
- 14625 \\ \ 1125 -
1 \ \
RAIL AN \ o
v — -\

8219 R

0.047 ==—

0.500
0.625
0.812-=

17.250

.000

0.906—1r-~—J L

I
I
|

RAIL THICKNESSj Ei




0.047 5.031

0.625
O.5\|)0 ‘-]' [‘——IZGZS TYP (SEE NOTE 2)

0.625
08Iz~ 0.438——‘ 16.750 TYP (SEE NOTE 2)

furu il 3500 CLEARANGE | / //_‘{ J

RECOMMENDED AIR INTAKE
" FOR COOLING {0594 b 4l i
AND CABLE ASSY P A #
I i — y J AL} |
i ) ) )

I
I

1000 CLEARANCGE
I RECOMMENDED
|
I
I

— REQUIRED (2)—.7

EXHAUST FOR COOLING
17.250 AREA EACH SIDE L

I
| 1.375 0688

18500 ‘ T 0.375 CLEARANCE
| I i 16.3I;
|
i

7125

==

| 3312 | —
. A [ n \\
0.938 — 2 o)

J o I !
k ’ = o U = '*/%F
ETHICKNESSJ @ * o.|25J— L %’I l?l \?‘ L?] =i J X 62

f
5234 MAXF__ °® , @g@)

2.250 ®
®

* Q@
s Tleg © " O O OO O g
¥

©®

JJ

18.250

19.016 MAX



1625 GCLEARANGCE
REQUIRED FOR
il | POWER PLUG

EXHAUST
AREA 12 INCHES
17,531 MAX ‘*\\ o T
16312 \} -
|
|
|
I
|
|
[

>

SEE SECTION DETAIL ‘A NOTES:
I. ALL DIMENSIONS ARE REFERENCE
DIMENSIONS EXCEPT AS NOTED

2. SUBJECT TO APPROXIMATELY
+0.047 DEVIATION

TYPE RI16 PROGRAMMABLE PULSE GENERATOR

SECTION DETAIL A"

RECOMMENDED MOUNTING



MANUAL CHANGE INFORMATION

At Tektronix, we continually strive to keep up with
latest electronic developments by adding circuit and
component improvements to our instruments as soon
as they are developed and tested.

Sometimes, due to printing and shipping require-
ments, we can't get these changes immediately into
printed manuals. Hence, your manual may contain new
change information on following pages. If it does not,
your manual is correct as printed.

NOUYINYOANI JINVHI



OFFSET CURRENT GENERATOR
PROTECTION AND OUTPUT

THERMAL DRIFT REDUCTION
| Type R116 == SN 1000~1083

Installed in Type R116 SN

f# GENERAL INFORMATION

Date

This modification replaces transistors and changes circuitry in the Offset Current Generator to
eliminate damage to these transistors when the instrument is operated without a 50Q load on the
PULSE OUTPUT. It significantly reduces thermal drift in the Offset Current Generator.

Installation involes replacing six transistors in the Offset Current Generator circuit with three
transistors and associated circuitry. The two power transistors are mounted on a bracket that

mounts in the old transistor mounting holes.

ELECTRICAL PARTS LIST

Ckt.No. Part Number Description
DIODES
D482 152-0185-00 Signal 6185
D484 152-0185-00 Signal 6185
RESISTORS
Resistors are 1/2W 5% composition unless otherwise indicated.
R430 301-0221-00 220Q
R432 301-0622-00 6.2k
R444 315-0470-00 . 47Q 1/4W
R450 Delete
R460 303-0102-00 1k 1w
R464 315-0470-00 47Q 1/4W
R474 Delete .
R480 301-0221-00 220Q
TRANSISTORS

Q434 Delete
Q4é44 151-0226-00 2N3741
Q454 Delete
Q464 151-0227-00 2N3767
Q474 Delete

RESISTORS (Attenuator Card)
R56 315-0221-00 220Q 1/4W 5%
R74 301-0222-00 2.2k 1/2W 5%

040-0461-00

Page 1 of 3



MECHANICAL PARTS LIST

Page 2 of 3

Part Number

Description

407-0395~00 Bracket, angle, transistor mounting
210-0006-00 Lockwasher, int #6
210-0202-00 Lug, solder, SE-6
210-0407-00 Nut, hex, 6-32 x 1/4
210-0485-00 Nut, Keps, 8-32 x 11/32
386-0143-00 Plate, mica, insulating
211-0510-00 Screw, 6-32 x 3/8 PHS
212-0023-00 Screw, 8-32 x 3/8 PHS
210-0802-00 Washer, 65 x 5/16
210-0811-00 Washer, fiber, #6 shouldered
040-0461-00
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PARTS LIST CORRECTIONS
INSTRUMENT CHASSIS

CHANGE TO:
RL10 307-0093-00 1.2 Q 1/2 W 5%
R4E8 315-0182-00 1.8 kA /% W 5%
R530 Selected <1 kQ 1/8 w 1% Prec
REMOVE :
D425 152-0066-00 Silicon 1N319k
- ADD:
1485 108-0237-00 80 uH Inductor
R4B6 301-0153-00 15 kO 1/2w 5%
DELAY GENERATOR CARD -- Series C
CHANGE TO:
R1k 301-0391-00 390 Q 1/2 w 5%
FUNCTION PROGRAM No. 1 CARD -- Series D
ADD:
Cl1k 283-0000-00 0.001 uF Cer 500 V
WIDTH GENERATOR CARD -- Series E
CHANGE TO:
R12 301-0391-00 390 Q 1/2 w 5%
PULSE SHAPE GENERATOR CARD -- Series F
REMOVE :
cTh 281-0097-00 9-35 pF Cer Var
OUTPUT AMPLIFIER CARD -- Series G
CHANGE TO:
cko Selected <30 pF Cer 500V 1%
Chlh 283-0026-00 0.2 uF Cer 25V
Rlh 315-0103-00 10 kQ 1/ W 5%
ADD:
R43 315-0103-00 10 kQ /4w 5%
ATTENUATOR CARD -- Series H
CHANGE TO:
R1 303-0750-00 75 Q 1w 5%
R4 303-0750-00 75 2 1w 5%
ADD:
Bl 150-0046-00 Bulb, Incandescent
Bl 150-0046-00 Bulb, Incandescent

M10766/366
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TYPE R116 Page 1 of 8

TEXT CORRECTIONS
CHARACTERISTICS
Page 1-1, column 2,

Under Input Signal Requirements, +Gate In Amplitude, change the Sup-
plemental Information to read:

Accidental overload +100 volts maximum.

Page 1-2, column 2,

Under Output Signal Characteristics, Risetime and falltime, change the
Performance Requirement to read:

10 ns to 100 pus: Accuracy within 5% 1 ns of switch and dial
readings on all ranges.
Page 1-3, column 1,

Under Output Signal Characteristics, Dc Offset, change the Per-
formance Requirement to read:

-5 volts to +5 volts: Accuracy within 5% *100 mV of switch and
dial readings over range of' DC OFFSET control.
Page 1-4, column 2,

Under Programming, Dec Offset Analog, delete the following phrase from
the Performance Requirement:

Accuracy within (100 mV of front-panel calibration plus error in
program resistor). (NOTE: The accuracy requirement is covered
by the Variable Operations Performance Requirement in column 1.)

Under Power Supply, Voltage Requirements, 115 Volﬁs, change the Per-
formance Requirement to read:

103.5 volts to 137.5 volts ac rms.

Under Power Supply, Voltage Requirements, 230 Volts, change the Per-
formance Requirement to read:

207 volts to 275 volts ac rms.
OPERATING INSTRUCTIONS

Page 2-1, column 2,

Under Selecting Line Voltage, on line 5 change the parenthesis: (94.5
volts to 137.5 volts) to read: (103.5 volts to 137.5 volts).

c2/366



Page 2 of 8 TYPE R116

On line 7 of the same paragraph, change the parenthesis: (189 volts
to 275 volts) to read: (207 volts to 275 volts).
CIRCUIT DESCRIPTION
Page 4-13,

In Fig. 4-7, delete the reference to D425 which has been removed.

& Page 4-14, column 2,
Under -Variable Supply, paragraph 2, change the last sentance to read:

Voltaege at the emitter of Q427 is held at about +0.6 volt by the drop
across D426.

MAINTENANCE
Page 5-13,
Fig. 5-11. (Capacitor Clh is located on the reverse side of the Function
Program No. 1 card, between the anode end of D14 and the signal ground end
of C50.)
Page 5-15,

Fig. 5-13. (Capacitor C74 has been removed from the Pulse Shape Gen-
erator card.)

Page 5-17,

Fig. 5-15. (Bulbs Bl and B4 have been added across resistors Rl and
Rk, respectively, on the Attenuator card.)
PERFORMANCE CHECK

Substitute the following steps and tables for those given in the
performance check procedure. Paragraphs that are not mentioned here
should be left unchanged.
Page 6-7,

11 a. Requirement--Correct dc offset 5% *100 mV into a 50 load,
over the range of the DC OFFSET control, in + and - polarity.

11 g. Check for--Test oscilloscope display with the pulse baseline
at the horizontal centerline, 2 cm (100 mV).

11 1. Check for--Test oscilloscope display with the pulse baseline
at the horizontal centerline, t2 ecm (100 mV).

c2/366



TYPE R116 Page 3 of 8

11 j. Reset the following test oscilloscope controls:

Input Attenuation 10
Deflection Factor 20 mV/Cm

11 m. Check for--Test oscilloscope display with the pulse base-
line at the horizontal centerline, £i.75 cm (5% +100 mV), as indicated
in the Offset (Internal) column of Tuble 6-3. The checks on the 1V
amplitude range cover the .5V and .2V ranges as well, since the attenuator
was checked previously.

TABLE 6-3
Offset Accuracy Check
Oscilloscope Offset
Baseline
bC Comp Displacement
OFF- [ POLAR- | Voltage | Ve from Centerline
SET ITY Mult. | Range | Voltage | Internal External
-5 + 5.000 | -1.1 -5V $1.75 cm 2.5 cm
(5% +100mv) (8% +100mV)
-5 - 5-000 "l-l -SV t.l.o?S cm ﬂcs cm
+5 - 5.000 | +1.1 +5V $1.75 em 12,25 cm
(7% +100mv)
+5 + 5.000 | +1.1 +5V J,il'75 cm +2.25 cm

12 a. Requirement--Correct dc coffset using program resistors, within
2% of front-panel operation (+1% program resistor tolerance).

12 h. Check for--Test oscilloscope display with the pulse baseline
at the horizontal centerline, #0.5 cm (103 mV).

P%e 6"8,

12 j. Check for--Test oscilloscope display with the pulse baseline
at the horizontal centerline, #0.5 cm (103 mV).

12 n. Check for--Test oscilloscope display with the pulse baseline
at the horizontal centerline #2.5 cm (8% +100 mV), as given in the Offset
(Remote) column of Table 6-3.

12 p. Repeat steps 1 through n for the +5 settings of the DC OFFSET
control given in Table 6-3. (The tolerances here are different from those
in - polarity since the analog resistor is not in the circuit at maximum
+ offset.)

13 b. Reset the following test oscilloscope controls:

Ve Range 0

Input Attenuation 1X0.0)
Deflection Factor 10 mV/cm
Input Coupling Gnd

c2/366
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Page 6-16,

26 a. Requirement--Correct risetime and falltime 5% 1 ns over
the range of the risetime and falltime controls, using 10 volts output
amplitude.

27 8. Check for--Sampling oscilloscope display with a risetime of
10 ns, 7% %l ns (5 cm, #8.5 mm).

27 1. Check for--Sampling oscilloscope display with & falltime of
10 ns, 7% *1 ns (5cm, 8.5 mm).

Page 6-17,
TABLE 6-10

Risetime and Falltime Accuracy Check
(Change last 2 columns only)

Risetime or Falltime

Time Display

10 ns, 5% %l ns 5 cm, 7.5 mm
100 ns, 5% £l ns 5 cm, 3.0 mm

1 us, 5% *1 ns 5 cm, $2.55 mm
10 us, #5% *1 ns 5 cm, ¥2.5 mm
110 us, 5% *1 ns | 5.5 cm, *2.75 mm
11 us, #5% 1 ns | 5.5 cm, ¥2.75 mm
1.1 us, *5% %1 ns | 5.5 cm, *2.76 mm
110 ns, 5% #1 ns | 5.5 cm, %3.25 mm

TABLE 6-11
Remote Risetime-Falltime Range Check
(Change last 2 columns only) '

Risetime and Falltime

Time Display

100 ns, *7% %1 ns 5 cm, .0 mm
1 us, ¥/% *1 ns 5 cm, *3.55 mm
10 us, /% *1 ns 5 cm, 5.5 mm

28 g. Check for--Sampling oscilloscope displays of pulse risetime
and falltime of 600 ns, 8% #1 ns (6 cm, 4.9 mm).

28 k. Check for--Sampling oscilloscope displays of pulse risetime
and falltime of 1.1 us, tB‘i t1 ns (5.5 cm, 4.4 mm).

c2/366



TYPE R116 Page 5 of

CALIBRATION

Substitute the following steps and tables for those given in the
calibration procedure. Paragraphs that are not mentioned here should
be left unchanged.

Page 7-1, column 2,

2. Variable autotransformer (e. g., General Radio, Variac Type
W1OMT3W). Minimum requirements: Output voltage variable from 103.5
volts to 137.5 volts ac rms for 115-volt operation or 207 volts to
© 275 volts ac rms for 230-volt operation; output power rating at least
0.1 kVA. If monitor voltmeter is not included, separate ac voltmeter
is required with accuracy within 3% over the required range.

Page T7-3,
(On Fig. 7-2, add the following note:)

CAUTION

Whenever working with the supply voltages at the
REMOTE PROGRAM connector, be careful not to short
the supplies together or to signal or chassis
ground. These lines are not fused and, if shorted,
can damage the power supply circuit.

Page 7""’)
15. Adjust Offset Zero Levels (Page 7-19)
Zero offset 100 mV at O position of DC OFFSET control in
+ and -~ polarity.

16. Check Offset Accuracy (Page 7-20)

Correct dec offset 5% %100 mV over range of DC OFFSET control

in + and ~ polarity.

17. Check Remote Offset (Page 7-20)
Correct dc offset using program resistors, within 2% of

front-panel calibration (+1% for program resistor tolerance).

19. Adjust Slow Risetime and Falltime(Page 7-22)

Correct risetime and falltime 5% 1 ns at 110 us and 10 us.

20. Check Slow Risetime and Falltime Accuracy (Page 7-24)

Correct risetime and falltime 5% +1 ns over range from 1 us

tO 110 H.B.

23. Adjust Fast Risetime and Falltime (Page 7-26)
Correct risetime and falltime #5% %1 ns at 1 nS range, X10
miltiplier.

2k, Check Fast Risetime and Falltime Accuracy (Page 7-27)

Correct risetime and falltime 5% %1 ns over range from 10 ns

to 1.1 us.

c2/366
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Page 7-8,

Fig. 7-5. (Delete the asterisks from this illustration and add the
following:)

NOTE

All voltages except the +12-volt supply are measured
with respect to signal ground. The +12-volt supply
is measured with respect to chassis ground.

- Page 7-9,

3 f. With the probe connected to each test point, observe the test
oscilloscope display while varying the autotransformer output voltage
from 137.5 volts to 103.5 volts (or from 275 volts to 207 volts for
230-volt operation).

Page 7-19,

15 4. Check for--Test oscilloscope display with the pulse baseline
at the horizontal centerline 11 cm (zero volts +100 mV) with the DC OFF-
SET control set exactly at O.

15 g. Check for--Test oscilloscope display with the baseline of
the negative-going pulse at the horizontal centerline #1 cm (zero volts
+100 mV).

(Add) 15 j. Set the test oscilloscope Millivolts/Cm switeh to 20.

16 ¢. Check for--Test oscilloscope display with the pulse baseline
at the horizontal centerline +1.75 em (5% +100 mV), as indicated in the
Offset (Internal) column of Table 7-5. The checks on the 1V amplitude

range cover the .5V and .2V ranges as well, since the attenuator was
checked previously.

TABLE 7-5
Offset Accuracy Check

(Same as Table 6-3 on page 3 of this insert)

17 e. Check for--Test oscilloscope display with the pulse baseline
at the horizontal centerline 10.5 cm (zero offset 103 mV).

17 k. Check for--Test oscilloscope display with the pulse baseline
at the horizontal centerline #2.5 em (8% +100 mV), as given in the Offset
(Remote) column of Table 7-5.

17 m. Repeat steps i through k for the +5 settings of the DC OFFSET
control given in Table 7-5. The tolerances here are different from those
in - polarity since the analog resistor is not in the circuit at maximum
+ offset.
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TYPE R116 Page 7 of 8

18 b. Reset the following test oscilloscope controls:

Input Attenuation 100
Deflection Factor 10 mV/em
Input coupling Gnd
Comparison Voltage
Range 0
Page 7-2l,

Fig. 7-22. (Delete the reference to CTh in the illustration. C7L
has been removed.)

21 a. Disconnect the Type R116 output pulse from the test oscillo-
scope vertical input.

Page T7-27,

23 n. Check for--Sampling oscilloscope display of the pulse rise
with a risetime of 100 ns 5% %1 ns (5 cm 3 mm).

23 q. Check for--Sampling oscilloscope display of the pulse fall
with a falltime of 100 ns 5% *1 ns (Scm %3 mm).

Fig. 7-26. Location of C72 on the Pulse Shape Generator (Series F)
card for setting 1 nS risetime-falltime range. (Delete the reference
to CTk in the 1llustration and change the C72 reference to read (1 nS
range).)

23 dd through 23 hh. Delete these steps.
Page 7-28,
TABLE 7.7

Risetime and Falltime Accuracy Check
(Change last 2 columns only)

Risetime or Falltime

Time Display

1.1 us 5% *1 ns 5.5 em #2.76 mm

110 ns #5% %1 ns | 5.5 om +3.25 mm

100 ns 5% $1 ns 5 em 3.0 mm

10 ns 5% %1 ns 5 cm 7.5 mm

2k c¢. 1If the risetime and/or falltime are out of tolerance in any
of the preceding checks, readjust C72 (see step 23) as required to bring
the timing within tolerance over the 10 ns to 1.1 HES range.
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25 e. Check for--Sampling oscilloscope display with a risetime of
10 ns #7% %1 ns (5 cm $8.5 mm).

25 g. Check for--Sampling oscilloscope display with a falltime of
10 ns 7% 11 ns (5 cm $8.5 mm).

TABLE 7-8
Remote Risetime-Falltime Range Check
(Change last 2 columns only)

Risetime and Falltime

Time Display
100 ns 7% %1 ns 5 cm 4.0 mm
100 ns 7% %1 ns 5 cm 4.0 mm
1 us £7% *1 ns 5 cm +3.55 mm
1l us 7% %1 ns 5 cm 13.55 mm
10 us #7% tl ns 5 cm 3.5 mm
10 us #¥7% *1 ns 5 cm 3,5 mm

Page 7-29,

25 s. Check for--Test oscilloscope displays of the mlse indicating
a risetime and falltime of 600 ns 8% 11 ns (6 cm 4.9 mm).

25 x. Check for-Test oscilloscope display indicating & pulse rise-
time and falltime of 1.1 us 8% 11 ns (5.5 cm #4.5 mm).

Page 7'5h1
29 i. Check for--Test oscilloscope display of the double pulse

with a delay period of 500 pus, within 3% (+10 ns) of the reference wave-
form (£1.5 mm over 5 cm).



TYPE R116 Page 1 of 2
PARTS LIST CORRECTIONS

INSTRUMENT CHASSIS

CHANGE TO:

RLE8 315-0182-00 1.8 k0 /b w 5%

RS30 Selected <1 kQ 1/8 W 1% Prec

ADD:

hu85 108-0237-00 80 .H Inductor

RLB6 301-0153-00 15 kO /2w 5%
DELAY GENERATOE CARD -- Series C

CHANGE TO:

Rlk4 301-0391-00 390 Q /2 W 5%

FUNCTION PROGRAM No., 1 CARD -- Series D

ADD:

Clk 283-0000-00 0.001 pF Cer 500 V
WIDTH GENERATOR CARD -- Series E

CHANJE TO:

R12 301-0391-00 390 Q 1/2 W 5%

PULSE SHAPE GENERA'TOR CARD -- Series F

REMOVE:

Cc7l 281-0097-00 9-35 pF Cer Var
OUTPUT AMPLIFIER CARD -- Series G

CHANGE TO:

cko Selected < 30 pF Cer 500 V 1%

cLy 283-0026-00 0.2 uF Cer 25 V

RL4L 315-0103-00 10 kQ /4w 5%

ADD:

RL3 315-0103%-00 10 kQ /4w 5%

Cl/266
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+ 25V

Q/4

PART FUNCTION PPOGRAM #|

@

+ 28V
(bEC)

R44
10 K

Page 2 of 2

SCHEMATIC CORRECTION

{33

D44

R43
0K

o

OFFSET CURRENT
TO SQ. PIN CONN.

L484B S

L484A S

R486
ISK

- VARIABLE
(CHASSIS GND)
SIS GNO

PART ATTEN. & B>
OFFSET CURRENT GEN.

PART OUTPUT AMP. <'>
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TYPE R116 Page 1 of 13
TEXT CORRECTIONS

CHARACTERISTICS

Page 1-1, column 1,
Under Modes of Operation, Double, change the Supplemental Information
to read:
First pulse of pair starts at same time as pulse in Single mode:
second pulse starts at end of delay interval; 100 ns minimum
separation required between end of first pulse and start of
second pulse (at baseline); characteristics of each pulse same

as for Single mode.

Page 1-1, column 2,
Under Input Signal Requirements, +Gate In Amplitude, change the Supple-
mental Information to read:

Accidental overload +100 volts maximum.

Page 1-2, column 2,
Under Output signal Characteristics, Risetime and falltime, change the
Performance Requirement to read:
10 ns to 100 ps: Accuracy with respect to risetime or falltime
switch and dial rcadings: Within 5% on 1 p3 and 100 ns ranges;
within 10% on 10 nS and 1 n3 ranges.
Dial indications less than 10 ns on the 1 nS range are uncalibrated.

Page 1-3, column 1,
Under Output Signal Characteristics, Dec Offset, change the Performance
Requirement to read:
-5 volts to +5 volts: Accuracy within 5% *100 mV of switch and
"dial readings over range of DC OFFSET control.

Page 1-4, column 2,
Under Programming, Dc Offset Analog, delete the Tollowing phrase from the
Performancc Requirement:
Accuracy within (100 mV of front-panel calibration plus error in
program resistor). (NOTE: The accuracy requirement is covered

by the Varilable Operations Performance Requirement in column 1.)

M11113/1066



Page

2 of 13 TYPE R116
TEXT CORRECTIONS (cont)

CIRCUIT DESCRIPTION

Page

Page

Paze

(v}

4-12, Column 1,
Under paragraph 3, add the following:

Transistors Q434 and QU84 provide current regulation for constant-
current transistors QuL64 and QLT4. Transistor QU84 controls the base
voltage of Q46L and QU474 by comparing the voltage at the Junction of RL66
and R476 to the reference voltage set by zener diode D460O. If conduction
through Q464 and Q474 tends to change as a result of a change in temp-
erature or load, the change is felt at the base of Q484. Transistor
Q484 amplifies and inverts this change, which is then applied through
L34 to the base circuit of Q6L and QU7L, thus controlling their
conduction and regulating the output current. For example, if conduction
increases through Q464 and QUTL, a positive-going voltage change is seen
at the junction of R466 and RL76. This positive change is inverted and
amplified by Q484 and applied through Qi34 as a negative-going signal
tc the bases of Q464 and Qh7L, decreasing their conduction and returning

the current to normal.

k-1,
In Fig. 4-7, delete the reference to D425 which has been removed.
L-1h, column 1,

Change +12-Volt Supply to Relay-Power Supply, delete paragraph 1 and

replace with:

Page

The current for the relay-power supply is provided by a dlode bridge
rectifier DL1OA, B, C and D and filter capacitor Ckl0, with the negative
lead connected to chassisc ground. The refercence voltage of QU23 is set by
the Zener diode, Dh13 (also connected to chassis ground) and transistor
G413, Any change in the supply load will change the bias of QL23 and
cause nore or less collector current to flow. The supply voltage is

thus held to approximately +9.5 volts.

hall, column 2,

Under -Variable Supply, delete the last sentence of paragraph 2, and

replace withe

Voltage abt the emitter of G427 is held at about +0.5 volt by the

Arop across D26,

M11113%,/10%6



TYPE R116 Page 3 of 13
TEXT CORRECTIONS (cont)

CIRCUIT DESCRIPTION (cont )
Page L4-1k, column 2,
Also under -Variable Supply, delete the first sentence of paragraph 5 and
replace with:
Comparator Q96 and 4106 compares the output of the -Variable supply

to the input control voltege from the offset current circuit.

Delete parasgraph 4 and replace with:

The input control voltage variations are coupled by the comparator
circuit and emitter follower Ql0O3 to the bases of complementary emitter
followers Q437 and Q1l%. Diode D108 provides about 0.6 volt more base
to collector voltage in Ql06, and diode D103 produces a voltage difference
between the bases of the complementary emitter followers. Transistor @113
usually does not conduct or conducts only slightly. However, in ~polarity,
when the -Variable supply output is very close to signal ground, Ql1l>

provides the required output current to the load.

MAINTENANCE
Page 5-12, Fig. 5-10, Delay Generator Card.
(Series C, Model 2: Ferrite bead L58 has been moved to the anode lead of
DEQ. This is located at the lower end of D68 in the component-location photo.)
Pasz ~-13%, Fig. 5-11, Function Program #1 Card
(The series letter of Function Program #1 card has changed {rom D to J.
Series J, Model 1: Capacitor C1lh has been added between the anode end
of D14 and chassis ground and C5 between the emitter of @} and chassis
sround. D1 has been added from the base of Q4 to chassis ground. Cl15
and C29 have becn moved slightly on the Function Program #1 card to
accommodate these additions.)
CAUTION
Install only plug-in circuit cards with the correct Series
letter. The series lcotter (e.g.,J) is printed on the top
front corner of the card and on the instrument chassis
adjacent to the card holder. All other Series should bhe
considered incompatible. 1Installation in any other position
may damage the instrument cr cause it to malfunction. Each
Scries may have various Model numbers, which indicate that
minor chan-es have hecrn mede in the aivouitry. A1 2aris
with the same Jerics lotter, regardless of Model nunmber, are

cleectrically irterchongrable in the Tybe R116.
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Page 4 of 13 TYPE R116
TEXT CORRECTIONS (cont)

MATNTENANCE (cont )
Page 5-15, Fig. 5-13, Pulse Shape Generator Card

(series F, Model 2 Ferrite beads, L1k, 12k, 158 and 168 have been added
around the collector leads of Qlh, @24, Q58 and @68, respectively, on the
transistor sockets. Capacitor CT74 has been removed from the Pulse Shape

Generator Card.)

Page 5-18, Fig. 5-16, Power Supply Card

(series I, Model 2: Resistor R92 has been added between Capacitor coz2
and the base of Q96 on the Power Supply card. R102 has becn added between
the base of Ql06 and the emitter of Ql13. R105 is between the collector of
0106 ani base of Q103. Diodes D108 and D103 have been added in series
between the emitter of Q103 and the negative end of R103. R108 is between the
anode of D108 and pin H and R104 is between the anode of D103 and the base of

G1l13. R103, R16 and R12 have been moved to make room for these changes. )

BRFORMANCE CHECK
Substitute the following steps and tables for those given in the perform-

ance check procedure. Paragraphs that are not mentioned here should be left

unchanged.
Page 6-5:
8 c. Set the following Type R116 controls:
Period Range 10 ps
Multiplier 1
Delay or Brust Time
Range 100 ns
Multiplier 5
Width Range 100 ns
Multiplier 5
Trigger Source Internal

8 h. Check for--Test oscilloscope display of the delayed output pulse
dicplaced by approximately the delay time (0.75 cm or 1.5 us) from the l-cm
sraticule line (see Fig. 6-5b).
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TYPE R116 Page 5 of 13

TEXT CORRECTIONS (cont)

PERFORMANCE CHECK (cont)

Page 6-6:
9 ¢. Reset the following Type R116 controls:
MODE Remote Program
DELAY OR BURST
TIME RANGE 100 ns
MULTIPLIER 15
WINTH RANGE 100 ns
Page 6-7:

11 a. Requirement--Correct dc offset tS% +100 mV into a 50 Q load over
the range of the DC OFFSET control, in + and ~ polarity.
11 g. Check for--Test oscilloscope display with the pulse baseline at
the horizontal centerline, *2 cm (100 mV).
11 i. Check for--Test oscilloscope display with the pulse baseline at the
horizantal centerline, 2 cm (100 mv).
11 ;. Reset the following test oscilloscope controls:
Input Attenuation 10
Millivolts/Cm 20

11 m. Check for--Test oscilloscope display with the pulse baseline at
i1 herimntal centerline, *1.75 cm (5% +100 mV), as indicated in the Offset
(It rnal) column of Table 6-3. The checks on the 1V amplitude range cover

the .5 V and .2 V ranges as well, since the attenuator was checked previously.

TABLE 6-3
Offscl Accuracy Check
vscilloscops Offset
Baseline
DC Comp Displacement
OFF- POLAR- Voltage Ve from Centerline

SET ITY Mult. Range | Voltage Internal External
%ﬁ S
-5 + 5.000 -1.1 -5V +1.75 cm 0.5 cm

(54 +100 mv) | (8% +100 mV)

-5 - 5.000 -1.1 -5V *1.75 cm 2.5 em
+5 - 5.000 +1.1 +5 vV $£1.75 cm 2,25 cm

(7% +100 mV)
+5 + 5.000 +1.1 +5 Vv +1.75 cm .25 en
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Page 6 of 13 TYPE R116

TEXT CORRECTIONS (cont)

PERFORMANCE CHECK (cont)

Page 6-7: (cont)

12 a. Requirement--Correct dc offset using program resistors, within 2%
of front-panel operation (¥1% program resistor tolerance).

12. h. Check for--Test oscilloscope display with the pulse baseline at
the horizontal centerline, 0.5 cm (103 mV).

Page 6-8:

12 j. Check for--Test oscilloscope display with the pulse baseline at the
horizontal centerline, 0.5 cm (103 mV).

12 n. Check for--Test oscilloscope display with the pulse baseline at the
horizontal centerline #2.5 cm (8% +100 mV), as given in the Offset (Remote)

column of Table 6-3.
12 p. Repeat steps 1 through n for the +5 settings of the DC OFFSET control

given in Table 6-3. (The tolerances here are different from those in - polarity

since the analog resistor is not in the circuit at maximum + offset.)

1% b. Reset the following test oscilloscope controls:

Ve Range 0
Input Attenuation 100
Millivolts/Cm 10
Input Coupling Gnd
Page 6-12
TABIE 6-8

Jidth Timing Accuracy Check
(Change Time Markers and Pulse Width Only)

Time Pulse Width
Markers Time Difference from Reference
5 us 50 us, *3% 1.5 mm over 5 cm
0.5 us 5 us, 3% 1.5 mm over 5 cm
50 ns 500 ns, 3% 1.5 mm over 5 cm
0.5 us 5.5 us, 3% +).,65 mm over 5.5 cm
5 us 55 us, *3% +1..65 mm over 5.5 cm
50 us 550 ps, *3% +¥1.65 mm over 5.5 cu
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TYPE R116

Page 7 of 13

TEXT CORRECTIONS (cont)

PERFORMANCE CHECK (cont)

Page 6-1b:
2k h.
Horizontal Display
Amplitude Calibrator
Equivalent Sweep Rate
Triggering
Sample Density
Sweep Mode
Vert. Deflection Factor
Vertical Mode
smoothing(both channels)
Noise-Risetime
Display
~15:
25 c.

(still magnified from 20 ns/cm).

N

A

Page

26 a.

visctime arnd falltime controls, using 10 volt output amplitudc.

Set the sampling oscilloscope controls as follows:

X1

Off

0.1 ps/cm, magnified from 0.2 ps/cm
+ External, S0 Q AC

50/cm

Normal

200mV/cm

B Only

Counterclockwise

Low Noise

Normal

Set the sampling oscilloscope equivalent sweep rate Lo 5 ns/cm

Requirement--Correct risetime and falltime over the range of the

Within #10%

or: 1 ns and 10 n3 ranges, within 5% on 100 ns and 1 p3 ranges.

7 . Check for=--Sampling oscilloscope display with a risctime of 10 ns,

“12% (% em, #.0 mm).
2

7
=125 (5 em, #.0 mm).

i. Check for--Sampling oscilloscope display with a falltime of 10 ns,

o £ TABLE 6-10
Cagt Teby
Risetime and Falltime Accuracy Check
(Change Risctime Falltime Range and Risetime or Falltime)
Ricetime Risetime or Falltime
Falltime
Range Display
1 ns 10 ns, *10% 5cnm, 5.0 mm
10 ng 100 ns, *10% 5 cm, 5.0 mm
100 1o 1 ous, #5% 5 em, *2.5 mm
Tpe 10 s, 5% C oo, .5 mm
1ope 110 po, #5% 5.5 cm, .75 mm
LGO 1o 11 s, 5% 5.5 em, 2.75 mm
c - Jope, £10% 5.5 om, 5.5 mnm
L 110 ns, £10% 5.5 m, 5.5 mm




Page 8 of 13 TYPE R116
TEXT CORRECTIONS (cont)

PERFORMANCE CHECK (cont)
Page 6-17 (ccnt).

TABLE 6-11

Remote Risetime-Falltime Range Check
(Change last 2 colums only)

Risetime and Falltime

Time I Display

100 ns, *12% 5 cm, #.0 mm
1 ps, ﬂ% > cm, 3.5 mm
10 us, 7% > cm, 5.5 mm

28 c. Connect the shorting straps between the folloving points:

Terminals 36 and 28, terminal 2 and the 1.74-kQ resistor connected to

ferminal 31; terminal 3 and the 1.72-kQ resistor connected to terminal 32.
Pagu 610

2?9 e. Reset the following Type R116 controls:

Mode Single
Period 10 ps
Multiplier 1

Delay or Burst Time
Range 10 ns
Multiplier 10
J1dth Range 10 ns
Multiplier 5

20 1. 3et the sampling oscllloscope equivelent sweep rate to 50 ns/cm.

CALIBRATTICE

sutsiitute the following steps and tables for those given in the
calibration preccedure. Paragraphs that are not mentioned herc should be

leTt unchargnod.
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TYPE R116 Page 9 of 13
TEXT CORRECTIONS (cont)

CALIBRATION (cont)
Page T7-3,
(on Fig. 7-2, add the following note: )
CAUTION
wWhenever working with the supply voltages at the
REMOTE PROGRAM connector, be careful not to short
the supplies together or to signal or chassis
ground. These lines are not fused and, if shorted
can damace the power supply circuit.
(In Table 7-1, the resistance of R should be 1.74 k@)
2. Check Power Supply Voltages (Page 7-8). ‘
-27 volts #0.6 volt with respect to signal ground.
-6.0 volts *0.5 volt with respect to signal ground.
+7 volts #1 volt with respect to signal ground.
-Variable range from approxiamtely -10 to -20 volts, with respect
to signal grournd, varied by DC OFFSET control.
+9.5 volts #0.7 volts with respect to chassis ground.
15. Adjust Offset Zero Levels (Page 7-19)
Zero offsct 100 mV at O position of DC OFFSET control in + and -
polarity.
16. Check Offset Accuracy (Page 7-20)
Correct DC offset #5% *100 mV over range of DC OFFSET control in
+ and - polarity.
17. Check Remote Offset (Page 7-20)
Correct DC offsct using program resistors, within 2% of front-
pancl calibration (+1% for program resistor tolerance).
19. Adjust Slow Risetime and Falltime (page 7-22)
Correct risetime and falltime #5% at 110 ps and 10 ps.
20. Check Slow Risetime and Falltime Accuracy (page 7-°h)
Correct ricctime and falltime iS% over range from 1 pus to 110 us.
2%, Adiust Fast Risetime and Falltime (Page 7-26)
Correct risetime and falltime ilo% at 1 ns range X10 multiplier.
oL, Check Fast Risetime and Falltime Accuracy (Page 7-27)

Correct risctime and falltime #10% over range from 10 ns to 1.1 ps.

M11113/1066



Page 10 of 13 TYPE R116
TEXT CORRECTIONS (cont)

CALIBRATION (cont)
Page 7-8
Fig. 7-5. (Delete the asterisks and "+12 Volts"from this illustration and

add the following:)
Relay-power supply (located between signal ground and -27 volts as shown in

the following drawing:)

Relay-power

(emitter Q423)

(Also add the following to Fig. 7-5:)
NOTE
All voltages except the relay-power supply are measured
with respect to signal ground. The relay-power supply

is measured with respect to chassis ground.

2 k. ZLeave the negative lead o the meter connected to the chassis
sround test point and move the positive lead of the meter to the relay-power
test peint.

> 1, Check for--Meter reading of +9.5 volts 20.7 volts, with respect to

. 2
~hassis ground.

2 s .
“This veltage may be measured with a 1% tolerance de voltmeter.

Page 7-17,
"1 1. Adjust R3b (-DC IEVEL) on the Scrics G card if the signal level

1a wot correct.

M1111%/1066



TYPE R116 Page 11 of 13
TEXT CORRECTIONS(cont)

CALIBRATION (cont )

Page 7-19,

15 d. Check for--Test oscilloscope display with the pulse baseline at
the horizontal centerline 1 cm (zero volts *100 mV) with the DC OFFSET
control set exactly at O.

15 g. Check for--Test oscilloscope display with the baseline of the

negative-zoing pulse at the horizontal centerline *1 cm (zero volts *100 mV).

(adad) 15 j. Set the test oscilloscope Millivolts/Cm switch to 20.

1€ ¢. Check for--Test oscilloscope display with the pulse baseline at
the horizontal centerline #1.75 cm (5% +100 mV), as indicated in the Offset
(Internal) column of Table 7-5. The checks on the 1 V amplitude range cover

the .5 V and .2 V ranges as well, since the attenuator was checked previously.

TABLE 7-5
Offset Accuracy Check
(same as Table 6-3 on page 5 of this insert).

17 e. Check for--Test oscilloscope display with the pulse baseline at
the horizontal centerline 10.5 cm (zero offset #103 mv).

17 k. Check for--Test oscilloscope display with the pulse baseline at
+ie horizontal centerline #2.5 cm (8% +100 mV), as given in the Offset
(Remoie) column of Table 7-5.

1/ m. Repeat steps i through k for the +5 settings of the DC OFFSET
control miven in Table 7-5. The tolerances here arc different from those

ir - pelarity cince the analog resistor is not in the circuit at maximum

18 b. Reset the fellowing test oscilloscope controls:

Input Attenuation 100

Millivolts/Cm 10

Input coupling Gnd

Comparison Veltage Range 0
Page 7-"1,

1% h. AdJjust--R54 (PRGGRAM CLAMP) on the series H card (see Fig. 7-18)
for a compromise setting between the two polaritics if the program clamp

levael is not correct in + and/or - polarity.

M11113/1066



Page 12 of 13 TYPE R116
TEXT CORRECTIONS (cont)

CALIBRATION (cont)

Page 7-2h,
21 a. Disconnect the Type R116 output pulse from the test oscilloscope

vertical input.

Page T7-27,
23 s through 23 hh. Delete these steps.

Fig. 7-26. Location of C72 on the Pulse Shape Gencrator (Series F) card

for setting 1 nS risetime-falltime range. (Delete the reference to CTh in the

illustration and change the C72 rcference to read "l nS range".)

Page 7-28,
TABLE 7-7
Risetime and Palltime Accuracy Chonk

(Change last 2 columns only

Risetime or Falltime

Time Display
= —]
1.1 pus +10% 5.5 cm 5.5 mn
110 ns *10% 5.5 cm #5.5 mm

100 ns *10% em £5.0 mm

\J1

10 ns 100 5 em %5.0 mm

2 ¢. I the risetime and/or falltime are out of tolerance in any of
the proseding checke, readjust C72 (sce step 23) as required to bring the

Linming within tolerance over the 10 ns to 1.1 us rarge.

MI121/1056



TYPE R116 Page 13 of 13
TEXT CORRECTIONS (cont)

CALIBRATION (cont)
Page 7-27, TABLE 7-8
Remote Risetime-Falltime Range Check
(Change last 2 columns only)

Risetime and Falltime

Time Display
ibé ns *12% ] 5 cm .0 mm
100 ns *12% 5 cm .0 m

1 us #7% S cm 3.5 mm
1 pus 7% 5 cm #5.5 mm
10 us *7% 5 em 3.5 mm
10 ps #7% 5 cm 5.5 mm

Puge 7-29,

25 o. Reconnect the shorting straps between the Icllowing points:
Terminals 36 and 28; terminal 2 and the 1.7L-kQ resistor zornected to terminal
31; terminal 3 and the 1.T7h<k? resistor conncected to terminal 32.

25 t. Move the shorting straps connected to the 1.7h-kQ
resistors on terminals 31 and 32 to the 3.40-kQ resistors connected to the

same terminals.

Page 7-35),

29 i. Check for--Test oscilloscope display of the double pulse with
a delay period of 500 us, within 3% (+10 ns) of the reference waveform
(1.5 rm over 5 cm).

29 p. Adjust--C32 on the Scries C card (see Fig. 7-32) if the delay

time interval is not correct.
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TYPE R116 SN 1000-UP

REMOVE :
RL6E2

ADD:
ClL13
cL8k

DL13
L485

Q13
Ql23
QL3k
QL8h
R413
R485
RLB6
" 556

CHANG= TO:

chos
chio
cL20

DLEO

RIEO
RIB8
RS0l
R51h
R52L
R550
R534
R542
R552
R562

ThOl

PARTS LIST CORRECTIONS
INSTRUMENT CHASSIS

315-0101-00

283-0059-00
283-0000-00

152-0055-00
108-0417-00

151-0195-00
151-0149-00
151-0190-00
151-0190~00

302-0152-00
315-0682-00
301-015%-00
315-0122-00

290-0510-00
290-0086-00
290-0310~00

152-0166-00

302-0103%-00
315-0182-00
311-0537-01
311-0535-01
311-0536-01
%21-019%-00
711.-0536-01
311-0536-01
311-0543-01
311-054%-01

120-0457-00

100 Q

1.0 uF Cer
0.001 uF Cer

1N962B Zener
110 uH

6515

2N3441 Silicon
2N390L Silicon
2N3904 Silicon
1.5 kKQ

6.8 k0

15 kQ

1.2 kQ

2,000 uF

2,000 uF EMC
2,000 pF

1N753A Zener
10 kQ Var

1.8 ka

20 kQ Var

10 k@ Var

10 kQ Var

1 kQ(Nominal)

10 k§ Var

10 kQ Var
4k Var

L4 kq Var

Transformer, Power

1 )3ded between SW10 (TRIG) and pin F of Jh.

Page 1 of 6

1/4 W

25V
500 V

11V

1/2
1/4
1/2
1/h4

= = X X

(PR
5V
™V

6.2 V

1/2 W
1/4

Wi
W
1/8 A
W

W
AW

1111113/1066

5%

]{
1%



Page 2 of 6 TYPE R116 SN 1000-UP
PARTS LIST CORRECTION

DELAY GENERATOR CARD-SERIES €, MODEL 2

CHANGE TO:
D26 152-0304-00 1N968B Zener 20V 5%
2L68 (1) 276-0541-00 Core, Ferrite
R1k 301-0391-00 390 Q 1/2 W 5%

* FUNCTION PROGRAM# 1 CARD
SERIES--~ Changed from Series D to Series J, Model 1.
Complete Card--- Changed to 670-0216-01

ADD:
C5 283-0128-00 100 pF Cer 500 V 5%
c1h 283-0128-00 100 pF Cer 500 V 5%
D1 152-0185-00 6185
CHANGE TO:
cl 283-0115-00 47 pF Cer 200 V 5%
R15 315-0301-00 300 Q 1/4% W 5%
WIDTH GENERATOR CARD - Series E, Model 2
CHANGE TO:
D26 152-0304-00 1N968B Zener 20 V 5%
R12 301-0391-00 390 Q 1/2 4 5%
PULSE SHAPE GENERATOR CARD-SERIES F, Model 2
ADD:V
211k 276-0528-00 Core, Ferrite
212k 276-0528-00 Core, Ferrite
2158 276-0526-00 Core, Ferrite
7168 275-0528-00 Core, Ferrite

CHANIGE TO:

C120 290-0121-00 2 pF EMT 25 V
REMOVE :
cTk 281-0097-00 9-35 pF Cer Var

]
pccated on the anode lead of D&E.

J.
Added Lo the collector leads of Qlh, Q2h, Q58 and (68 respeztively.
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TVPE R116

ADD:
R4 3

CHANGE TO:

chko
chh

Rhb

REMOVE :

ADD:

SN 10000-UP

PARTS LIST CORRECTION

OUTPUT AMPLIFIER CARD - Series G, Model 2

#*570-0219-00 Complete Card

315-010%-00

281-0564-00
283-0026-00

315-0105-00

ATTENUATCR

151-0046-00
151-0046-00

50 -0680-00
303%-0680-00

POJER SUPPLY CARD-Serics I, Model 2

152-0185-00
152-0195-00

315-0511-00
515-0511-00
315-0510-00
515-0511-00
.515-0510—00

10 k@

24 pF(Nominal) Cer
0.2 uF Cer

10 kQ

CARD - Series H, Model 2

Bulb, Incandescent

Bulb, Incandescent

68 Q
68 a

6185
6185

510 @
510 &
51 Q
510 @
51 @

Page 3 of 6

1/%

25 v
/b W

/
/b0

1/h W

ML, 1060

o
o]

A\
oL

1

A2
o\

Uio\n
ch ol o

-~

\J1
WA

Ui
T e



Page b of 6 +25V TYPE R116

R4

+7V Di4 Ci4

7 he

D'

Q4

R

(03 )
RS 100

PARTIAL FUNCTION PROGRAM # | @

R33

D44

R43
10K

e

PART OUTPUT AMP. @
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TYPR R116 Page 5 of 6

+25v

OFFSET CURRENT
TO $Q. PIN CONN.

R450

> )
/
v
R4B 0
R460 ISK
10K
Q404 =
TO D430 VA £
€ D452 ) (-VARIABLE)
”~
R474 ree4
| caea
.00
Q484 :
R46L
C460 D460
6.2V
R468
-27V
| =27V

PARTIAL OFFSET CURRENT GENERATOR

M11113 /1066



Page 6 of 6 TYPE R116

Q423

RELAY-POWER SUPPLY
+9.5V FROM CHASSIS

GND
I
ICHB

QIS

(-VARIABLE)
S R4

> H

=27V
PARTIAL POWER SUPPLY &
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