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SECTION 1
SPECIFICATION

Type 115

Change information, if any, affecting this section will be found at the

rear of this manual.

General

The Type 115 Pulse Generator is @ multi-purpose instru-
ment which generates pulses with a variety of controllable
characteristics. It has @ maximum repetition rate of 10 MHz,
a maximum amplitude of #=10 volts and a minimum risetime
and falltime of 10ns. Those pulse characteristics which are
controllable are: the repetition rate, width, amplitude, rise-
time, falltime, DC offset and polarity. lis five modes of opera-
tion include an undelayed pulse, a delayed pulse [with a
calibrated delay), paoired pulses, an externally triggered
burst of pulses and an externally gated burst of pulses. In
addition to the output pulse, there is an undeloyed and @
delayed trigger output.

The following specifications are valid for instruments oper-
ated ot an ambient temperature of from 0°C to 450°C
after an initial warm-up period of 20 minutes, when previously
calibrated ot o temperature of 425°C +5°C. Section 5,
Performance Check and Calibration Procedure, gives a proce-
dure for checking and adjusting the Type 115 with respect
io the following specification.

Type 115 Mod 146B

This manual also pertains to the Type 115 Mod 146B.
The Type 115 Mod T146B is identical to the standard Type
115 except that it is shipped without o cabinet and with a
coiled, detachable power cord (Tektronix Part No. 141-
0031-00) and power cord connector receplical (Tektronix
Part No. 331-0102-00). See Section 9 for rackmounting in-
structions.

TABLE 1-1
ELECTRICAL CHARACTERISTICS

Pulse Output

Characteristic Performance

Pulse Period (TRIGGER | 100 ns to 1 ms in 5 steps; continu-

switch set to INT) ously variable between calibrated
steps. PERIOD VARIABLE extends
moximum period to at least 10 ms.

| Within 3% of PERIOD switch set-
ting (PERIOD VARIABLE set to CALJ;
Within 5% in 100 ns position.

Period Accuracy

Pulse Delay or Burst
Duration

50ns to 50 us in 4 steps; continu-+
ously variable between calibrated

®

I’_nJise Width

steps. DELAY OR BURST DURA-
TION VARIABLE extends maximum
delay to at least 500 ps.

Within 3% of DELAY OR BURST
DURATION switch setting =10 ns
(DELAY OR BURST DURATICN
VARIABLE set to CAL).

50ns to 50 us in 4 steps; continu-
ously variable between calibroted

steps. WIDTH VARIABLE extends
maximum width to at least 500 ps.

Width Accuracy

Pulse Risetime (10% to

90%

Risetime> Accuracy

Pulse Falltime (90% to

10%)

Falltime Accuracy

Within 3% of WIDTH swilch set-
fing (WIDTH VARIABLE sef fo CAL);
Within:59,. 11 500 postioi:

10ns to 10 us in 4 steps; continu-
ously varioble between calibrated
steps. RISETIME MULT extends max-
imum risetime to 100 us.

Within 5% -=1ns of RISETIME
AND FALLTIME switch setting (RISE-
TIME MULT set to 1).

10ns to 10 us in 4 steps; continu-
ously variable between calibrated
steps. FALLTIME MULT extends
maximum risetime to 100 pus.

Within 5% =+1ns of RISETIME
AND  FALLTIME switch sefting
[FALLTIME MULT set to 1).

Pulse Amplitude

Pulse DC Offset

3 ronges, conlinvously variable,
with DC OFFSET AND AMPLITUDE
MULT set to:

fa) 1 from less than ==100 mV
to ot least +10V.

(b) .5 within 5% of 0.5 times
pulse amplitude in (al.

) .2 within 5% of 0.2 times
pulse amplitude in {a).

0V to at least =5V in 3 ranges;
continuously variable.

Pulse Abereations

No more than +-3%, —3% or 3%
peak-to-peck of the pulse ampli-

tude or 200 mV, times the DC OFF-

'Asg d with a Tek

Type 351 Vertical Sampling Unit.

1-1



Specification—Type 115

ELECTRICAL CHARACTERISTICS

Power Requirements

Minimum Pulse
Separation

Maximum Duty Factor

SET AND AMPLITUDE MULT switch
(whichever is greater) in either pulse
polarity.*

50 ns, or less, between 50% am-
plitude points of any two adjacent
pulses, with risetime and falltime
set to minimum.

At least 75% (limited by minimum
pulse separation).

Additional Output Signals

(AC, RMS) 230V
Line | F?qu;n_cy
Moximum Power

Consumption

Medium 208V to 252V
High 224V to 272V
From 48 Hz fo 66 Hz

115 watts, 1 A at 115V, 60Hz

Pretrigger Output

Delayed Trigger
Output

At least 42V into Ik!}_
At least 42V into 1kQ

Input Signal Requirements

External Trigger Input
Frequency

External Trigger Input |

Amplitude

Pulse:
rise.

Sinewave: From 1kHz to 10 MHz.
Pulse: Between +2V and +20V,
maximum decreasing to +4V at
10 MHz.

Sinewave: Between 2V and 20V
peak-to-peak, maximum decreasing

At least 0.5V/us rate of

Gote Pulse Input

to 4V peak-to-peak at 10 MHz.
Between 42V and +20V.

Power Requirements

Line Voltage Range
[AC, RMS) 115V

Line Voltage Range

Low 0V to 110V
Medium 104V to 126V
High 112V to 136V
Low 180V to 220V

TABLE 1-2

ENVIRONMENTAL CHARACTERISTICS

Characteristic
Operuhng Temperature
Specified

USETU'
Non- operohng
“Alfitude -
Operating

Non-operating -
Transportation

Informahon

| +20°C to 430°C
|0°Cto 450°C
=S B $6TC

Up to 10,000 feet
Up to 50,000 feet
Qualified under National Safe

Transit Committee Test Procedure
1A, Category 11 (24 inch drop).

TABLE 1-3

MECHANICAL CHARACTERISTICS

Characlerlshc Description
Dimensions With Cabinet 1 Without cabinet
| | Mod 146B

He_l_g_h? 4 inches | 47fg inches
Width _ST_inches 8 inches o
!feng_!h e 157 lnches 14%, inches
Weight 15 Ibs. 17 Ibs.
Finish N o

Cabinel Blue vmyl painted alumlnum

Front Panel Anodized Aluminum S




Type 115

SECTION 2
OPERATING INSTRUCTIONS

Change information, if any, affecting this section will be found at the

rear of this manual.

General

This section of the instruction manval provides informa-
tion necessary for operating the Type 115 and using it in
various applications, Included are handling and setup pro-
cedures, a description of the Type 115 contrels and con-
nectors, a first time operation procedure, definitions of pulse
characteristics, o discussion of oulput pulse selection, and a
discussion of the use of the Type 115 with other instruments.

INITIAL CONSIDERATIONS

Handle and Stand

The handle of the Type 115 can be pulled out lor conven
ient carrying of the instrument. When not in use, the handle
folds out of the way, into the trim of the instrument cabinet
(see Fig. 2-1).

A bail-type stand is mounted beneath the cabinet, When
folded out it provides a convenient operating position for
the Type 115 (see Fig. 2-1). The instrument may also be set
on feet mounted on the rear, for either operation or storage.

Q

Bail-type
stand

Fig. 2-1. Handle and baoil-type stand,

Cooling

The Type 115 maintains o sofe operating temperatlure by
drawing air in at the rear and blowing it out through ventil-
ation holes in the left side of the instrument. The ambient
temperature of the operating environment should be from
0° C [32°F) to 50° C (122° F) for proper operation. Ade-

\_A\

quate clearance on the left side of the instrument must be
provided to ollow free oir flow and dissipation of heat
from the instrument.

TABLE 2-1

Regulating Ranges

Regulating Range

Range Selector

Switch Position

LO [Switch bar in
left holes)

M (Switch bar in

middle holes)

HI (Switch bar in
right holes)

115 volts 230 volis
$
90 to 110 volts| 180 to 220 volts

104 10 126 volts | 208 to 252 volts

112 to 136 volts| 224 to 272 volts

A thermal cutou! in the instrument provides thermal pre-
tection by disconnecting the power to the instrument if the
internal temperature exceeds a safe operoling level, Power
is autorm@fically restored when the temperature refurns to
safe level. The cabinel is designed to distribute air How
:;ééi]houl the instrument for efficient cooling. Operation of

instrument for extended periods without the cabinet may

&oum it to overheat and the thermal cutout to open,

N

Operating Voltage

The Type 115 can be operated from either a 115-volt or a
230-volt line voltage source. The LINE VOLTAGE SELECTOR
assembly, located on the rear panel, allows conversion of the
instrument so that it may be operated from ona line voltage
or the other, In addition, this assembly changes the con-
nections of the power transformer primary to allow selection
of one of three regulating ranges (see Table 2-1). The assem-
bly also includes the two line fuses, When the instrument is
converted from 115-volt to 230-volt operation or vice versa,
the assembly selects the proper fuse to provide the correct
protection for the instrument,

Use the following procedure 1o convert this instrument
between line voltages or regulating ranges.

1. Disconnect the instrument from the power source.

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

3. To convert from 115-volt to 230-volt line voltage or vice
versa, pull out the Voltage Selector switch bar (see Fig. 2-2);
turn it 180" ond plug it back into the remaining holes.
Change the line-cord power plug to match the power-source
receptacle or use o 115-10-230-volt adapter

2-1



Operating Instructions—Type 115

230-Volt
Line
Fuse

|Bottom!

Fig. 2-2. Line Voltage Selector assembly on the rear panel [vhown
with cover reamoved).

4, To change regulating ranges, pull out the Range Se-
lector switch bar (see Fig. 2.2} slide it to the desired position
and plug it back in, Select a range which is centered about
the average line vollage to which the instrument is lo be con-
nected (see Table 2.1).

5. Re-install the cover and tighten the two caplive screws.

&, Before applying power to the instrument, check that
the indicating tabs on the switch bars are protruding through

TRIGGER
swilch

MANUAL TRIG
button
<

(\'OO

@
PERIOD
Q\,?wilch

the correct holes in voltage selector assembly cover for the Q\\W

desired line voltage and regulating range

CAUTION ‘(’\‘\\

The Type 115 should not be operated with the
Yoltage Selector or Range Selector swilch in the
wrong position for the line voltage applied. Opera-
tion of the instrument with either switch in the
wrong position will either provide incorrect oper-
ation or damage the instrument.

CONTROLS AND CONNECTORS

All controls and connectors required for the normal oper-
ation of the Type 115 are located on the front and rear
panels of the instrument (see Fig. 2-3). Familiarity with the
function and use of each of these controls is necessary for
effective operation of the instrument. These functions are
described briefly in the following toble and in more detail
later in this section.

Controls

MODE Selects mode of operation of instrument

switch to produce different types of outputs at
OUTPUT connector.

2-2

A

VARIABLE
control

DELAY OR
BURST DURA.
TION switch

VARIABLE
control

WIDTH
switch

UNDLY'D PULSE—Identical, equally-spac-
ed output pulses with no delay.

DLYD PULSE—Identical, equally-spaced
output pulses with adjustable delay with
respect to start of undelayed output pulse.

PAIRED PULSES—Identical, equally-spaced
pairs of oulput pulses, second pulse of
each pair having adjustable delay time
with respect to start of first pulse of pair.

BURST—Identical, equally-spaced bursts
of oulput pulses. Each burst is started by
external trigger applied to + TRIG IN
connector or by pressing MANUAL TRIG
button and duratien of burst is contralled
by DELAY OR BURST DURATION controls.

GATED—Identical, equally-spaced bursts
of oulput pulses. Start and duration of each
burst is controlled by external gate applied
to +GATE IN connector.

Selects how output pulses will be trig-
gered in undelayed, deloyed and paired
pulses modes.

INT—OQutput pulses triggered by internal,
free.running period generator.

MAN OR EXTERNAL—Output pulses trig-
gered by external triggers applied to 4
TRIG IN connector or by MANUAL TRIG
button,

Pressed —Triggers one outpul pulse cycle
{undelayed, delayed, paired or burst) when
TRIGGER switch is in MAN OR EXTERNAL.

Release—Re-arms,

Selects time from beginning of one cycle to
start of next in undelayed, delayed and
paired pulses modes when TRIGGER swilch
is set to INT. Selects period of individual
output pulses within each burst or gated
burst, Five colibrated positions (VARI-
ABLE control set to CAL position).

Provides continvously variable pulse peri-
ods between calibrated settings of PERIOD
switch,

Selects time delay between start of un-
deloyed pulse ond stort of delayed pulse
and selects duration of burst in BURST
mode. Four colibrated positions (VARI-
ABLE conirol set to CAL position).

Provides continuously variable pulse delay
or burst duration between calibrated sel-
tings of DELAY OR BURST DURATION
switch,

Selects width of individual pulses gener-
ated in undelayed, delayed and paired
pulses modes. Selects width of individual
pulses within burst or gated output. Width
is measured ot 50% amplitude level with
risetime and folltime at minimum, Four
calibrated positions [VARIABLE control set
to CAL position).
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Fig. 2-3. Fronl-and rear-panel

controls and connectors
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Operating Instructions—Type 115

VARIABLE
control

RISETIME AND
FALLTIME
switch

RISETIME MULT

control

FALLTIME MULT
control

DC OFFSET AND
AMPLITUDE
MULT

AMPLITUDE
(VOLTS) control

DC OFFSET
(VOLTS) VARI-
ABLE control

DC OFFSET
[VOLTS} PRE-
SET adjustment

DC OFFSET
PRESET-VAR!-
ABLE switch

PULSE POLARITY
switch

POWER
switch

Power Light

Line Voltage
Selector
(Rear Panel)

Connectors
+ TRIG IN

connector

2-4

Provides continuously variable pulse width
between calibrated settings of WIDTH
switch.

Selects risetime and falltime of individual
pulses from 10% to 909% amplitude level
and from 90% to 10% level respectively,
in undelayed, deloyed and paired pulses
modes. Selects risetime ond folltime of
individual output pulses in each burst or
gated burst output. Four calibrated posi-
tions ([RISETIME MULT and FALLTIME
MULT controls set to 1).

Provides continuously variable pulse rise-
time between calibrated settings of RISE-
TIME AND FALLTIME switch, independent
of FALTIME MULT control.

Provides continuously variable pulse fall-
time between calibrated settings of RISE-
TIME AND FALLTIME swilch, independent
of RISETIME MULT control.

Selects one of three multiplication factors
to be multiplied by settings of AMPLITUDE
(VOLTS) and DC OFFSET (VOLTS) controls.

Provides continuously variable pulse or
burst amplitude from approximately 0
volts to at least 10 volts multiplied by DC
OFFSET AND AMPLITUDE MULT switch
setting. Risetime and falltime uncffected.

Provides continuously variable DC [evel
of output pulse or burst baseline from 0
volts to approximately =5 volts multi-
plied by DC OFFSET AND AMPLITUDE
MULT switch setting.

Provides continuously variable DC level of
output pulse or burst baseline from 0 volts
to opproximotely +3 volts.

Selects whether DC OFFSET (VOLTS) is
controlled by VARIABLE or PRESET control.

Selects either positive-going or negative-
going output pulse or burst.

Controls power to instrument (ON or off}.

Lights when power is on.

Switch assembly selects operating voltage
and line voltage range. Also includes line
fuses.

Voltage Selector—Selects operating volii-
age (115V or 230 V).

Range Selector—Selects line voltage range
{low, medium, high).

Permits application of external DC-coupled
signal having an amplitude between +2
and +20 volts for triggering output pulses

in undeloyed, delayed, paired pulses and
burst modes with TRIGGER switch set to
MAN OR EXTERNAL.

Provides approximately +2 volts trigger
pulse into 1 k(2 load, preceding undelayed
pulse [or first pulse of poired pulses) and
each individual pulse of burst or gated
burst output for triggering external equip-
ment. Pretrigger precedes output pulse
by lead time ranging from approximately
30 ns to 45 ;s depending on pulse riselime.

-+ PRETRIG
OUT connector

+ DLY'D TRIG
QOUT connector

Provides approximate -}-2-volt trigger
pulse into 1kQ load preceding delayed
pulse (or second pulse of paired pulses)
and at opproximately the end of each
burst in burst mode, for triggering external
equipment. Delayed trigger is delayed
with respect to prefrigger by approxi-
mately the delay time set by DELAY OR
BURST DURATION controls. Delayed trig-
ger precedes delayed outpul pulse by lead
time from approximately 30ns to 45ps
depending on pulse risetime.

4 GATE IN

connector

Permits application of external DC-coupled
gate signal having an amplitude between
+2 and +20 volts for determining start
and duration of gated burst output. With
risetime set to minimum, output burst starts
within 100 ns after gate exceeds +2-volt
level [above chassis ground) and continues
until gate drops below 4-2-volt level. Input
impedance is approximately 1 k(2.

QUTPUT
connéector

Provides DC-coupled output pulse signal.
Characteristics determined by front-ponel
controls when applied to a 50 Q load.

FIRST TIME OPERATION

When the Type 115 is received, it is calibrated and should
be performing within the specification shown in Section 1
of this manual. The following procedure allows the operator
to become familiar with the front panel controls and their
functions as well as some of the problems involved in select-
ing desired oufput pulse characteristics. This procedure may
also be used as a general check of the instruments perform-
ance. For a check of the instruments operation with respect
to the specification given in Section 1, the Performance
Check and Calibration Procedure in Section 5 must be used.

1. Apply power to the Type 115 and @ 15-MHz test oscil-
loscope.

2. Allow the instrument to warm up for a few minutes. (For
instrument to operate within tolerances stated in Section T,
the instrument must warm up for 20 minutes.)

3. Install @ 50-0 5 watt termination on the vertical input
of the test oscilloscope. (Tektronix Part No. 011-0099-00)

4. Connect a coaxial cable between the Type 115 OUTPUT
connector and the termination on the test oscilloscope input.

5. Connect & 50-() coaxial coble between the Type 115
+ PRETRIG OUT connector and the test oscilloscope External
Trigger Input.



6. Set the Type 115 and oscilloscope controls as follows:*

Type 115

MODE UNDLY'D PULSE
TRIGGER INT
PERIOD 1 ms
VARIABLE CAL
DELAY OR BURST 50 ps
DURATION
VARIABLE CAL
WIDTH 50 ps
VARIABLE CAL
RISETIME AND FALLTIME 10 ps
RISETIME MULT 1
FALLTIME MULT 1
DC OFFSET AND 1
AMPLITUDE MULT
AMPLITUDE (VOLTS) 10
DC OFFSET VARIABLE 0
DC OFFSET PRESET- VARIABLE
VARIABLE
PULSE POLARITY =+
Oscilloscope
Sweep Rate 20 pisfem
Vertical Deflection 2V/em
Input Coupling DC
Triggering + External
Amplitude Calibrator Off

7. Adjust the test oscilloscope triggering, positioning and
CRT controls to obtain a stable display of the output pulse
(see Fig. 2-4A).

8. Turn the AMPLITUDE (VOLTS} control throughout its
range and note that the pulse amplitude goes from 10 volts
to approximately zero volts with no change in risetime or
falltime.

9. Reset the AMPLITUDE (VOLTS) control to 10.

10. With the test oscilloscope vertical position control,
position the pulse baseline to the test oscilloscope center
horizontal line,

11. Turn the DC OFFSET VARIABLE control throughout its
range and nole an approximate == 5 volts displacement of
the baseline from ihe fest oscilloscope center horizontal line.

12. Set the DC OFFSET PRESET-VARIABLE switch to the
PRESET position.

13. With a small screwdriver turn the DC OFFSET PRESET
screwdriver adjustment throughout ifs range and nole both
+ and — DC offset about the center horizontal line.

14, Set the DC OFFSET PRESET adjustment for a 2-volt DC
offset os measured on the test oscilloscope CRT.

15. Set the AMPLITUDE AND DC OFFSET RANGE switch
to .5V ond note both o decrease in pulse amplitude to 5
volts and o decrease in DC offset to 1 volt.

This setup will olways yield o pulse when the instrument is oper-
ating correctly.

=
»)
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16. Set the DC OFFSET PRESET-VARIABLE switch to VARI-
ABLE.

17. Turn the DC OFFSET VARIABLE control throughout its
range ond note an approximate +2.5 volts displacement
of the pulse baseline from the test oscilloscope center hori-
zontal line.

18. Set the Type 115 PULSE POLARITY switch to — and
note the inversion of the pulse (see Fig. 2-4B).

Sweep rate 20 us/cm

a) | PORALS

(8)

1 i ‘ ‘ | ‘ ;
. " RISETIME AND FALLTIME switch 1 s

. A

t
|

() PG SRS S B | o

Fig. 2-4. Test oscilloscope displays obtained during first-time opera-
tien: (A] Initial pulse (step 7); (B) Inverled pulse [step 18); (C]
Effect of RISETIME AND FALLTIME switch (step 21).

19. Reset the following Type 115 contrals:

DC OFFSET AND 1
AMPLITUDE MULT

DC OFFSET VARIABLE 0

PULSE POLARITY 4



Operating Instructions—Type 115

20. Position the pulse on the test oscilloscope CRT so thot
both the baseline and the pulse top are visible.

21. Switch the RISETIME AND FALLTIME switch throughout
its range and note the changes in risetime and falltime. Fig.
2-4C shows an example of o display with the RISETIME AND
FALLTIME switch set to 1 us.

22. Reset the RISETIME ond FALLTIME switch to 10 ps.

22. Reset the WIDTH switch to 5us and note the near
disappearance of the pulse (see Fig. 2-5A). The pulse will
begin to disappear when its width becomes less than its
risetime as determined by the positions of the front-panel
controls.

24. Turn the WIDTH VARIABLE switch fully clockwise and
note the reappearance of the pulse shape observed in step
22.

Sweep rate 20 us/ecm

T T ] | 1

[T T T l [—— -
- |

4§ 7 i s s v

SO Iy S ) S YOS v M g - |

1 +f__.'}'|'|51-.] i

jdu'U}'t'-LJU.LU;...LLL.LCM

Fig. 2-5. Test oscilloscope displays obtained during first-time
operation: (A) Risetime greater thon pulse width (step 23); (B)
Decrease in pulse period (step 30); (C) Decrease in puise period
(step 34).

2-6

25. Set the RISETIME AND FALLTIME switch to 1 ps.

26. Turn the WIDTH VARIABLE control to the CAL position
ond note that the pulse does not disappeor os it did in Step
23.

27. Set the WIDTH switch to 50 ps.

28. Turn the RISETIME MULT and FALLTIME MULT controls
to 10 and note the increase in both the risetime and the
falltime.

29. Set the RISETIME MULT and FALLTIME MULT controls
to 1.

30. Set the PERIOD switch to 100 us and note the decrease
in pulse period (see Fig. 2-58B).

31. Turn the PERIOD VARIABLE control fully clockwise
and set the PERIOD switch to 10 5. Note approximately
the same display os observed in Step 30.

32. Turn the PERIOD VARIABLE foward the CAL position
and note that as the pulse period becomes less than the pulse
width the test oscilloscope display exhibits countdown [width
generator triggered before end of cycle).

33. Turn the PERIOD VARIABLE fully clockwise and set
the WIDTH switch to 5 us.

34. Turn the PERIOD VARIABLE control to the CAL position
and nofe the decrease in pulse period with no countdown
{see Fig. 2-5C).

35. RESET the following Type 115 controls:
PERIOD 1 ms
WIDTH 50 us

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

37. With the fest oscilloscope horizontal pesition control,
position the leading edge of the first pulse on the 1-cm
vertical line of the CRT graticule [see Fig. 2-6A).

38. Sef the Type 115 MODE switch to DLY'D PULSE and
note the oppearance of o pulse, delayed with respect to the
start of the undelayed pulse (in this case deloyed with respect
to the start of the trace).

39. Turn the DELAY OR BURST DURATION VARIABLE
control throughout its range and note the variation in delay
time (see Fig. 2-6B).

40. With the DELAY OR BURST DURATION control, posi-
tion the start of the first pulse about 1.5 em from the begin-
ning of the trace.

41. Set the Type 115 MODE switch to PAIRED PULSES and
note the appearance of paired pulses (see Fig. 2-6C).

42. Turn the DELAY OR BURST DURATION VARIABLE
control throughout its range ond note the movement of the
second pulse of each pair relative to the first. Note that
when the delay interval becomes equal to the pulse width
the display begins to exhibit countdown.

43. Connect o BNC T-conneclor to the test oscilloscope
Amplitude Calibrator. Disconnect the coaxial cable from
the Type 115 4 PRETRIG OUT connector and connect it
to one arm of the T-connector. Connect ancther coaxial
coble from the other arm of the T-connector fo the Type 115
-+ TRIG IN connector.



Sweep rate 20 us/em
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Fig. 2-6. Time compari of output sig in three modes of

perati [A) Undelayed pulse Tsl.p 37)1; (B) Delayed pulse
(step 39); (C) Paired pulses (step 41).

44. Reset the following Type 115 controls:

MODE UNDLY'D PULSE
TRIGGER MAN OR EXTERNAL
DELAY OR BURST Midrange
DURATION VARIABLE
45, Set the test oscilloscope amplitude calibrator to 10
volts and nofe the undeloyed output pulses on the CRT.
46, Turn the PERIOD VARIABLE control throughout its
range and note that the PERIOD controls do not affect the
pulse period. The pulse period is determined by the repe-
tition rate of the external trigger. Reset the PERIOD VARI-
ABLE to CAL.
47. Set the MODE switch to DLY'D PULSE and then to

PAIRED PULSES and note that the pulses behave the same
as in Steps 38 through 42.

&1
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48. Reset the following Type 115 controls.

MODE BURST
PERIOD 100 ps

DELAY OR BURST Fully clockwise
DURATION VARIABLE

49, Note the bursts of output pulses on the test oscillo-
scope CRT (see Fig. 2-7A). Turn the DELAY OR BURST DURA-
TION VARIABLE to the CAL position and note the decrease
in the burst duration or number of pulses per burst.

~ S |
AR CRAARAR--

(A) |+ 4 4.4 ..._‘_H..] SlRNEE RN o
|'LJ.-JL _IL_JJL

[
|

18) ] -‘_ﬁ e
i

Fig. 2-7. Output pulse bursts: (A)Burst mode (Step 49); (B)
Gated burst mode (step 511).

50. Disconnect the coaxial cable from the - TRIG IN
connector and connect it to the -+~ GATE IN connector.

51. Set the Type 115 TRIGGER switch to INT and the
MODE switch to GATED and note the bursts of oulut pulses
{see Fig. 2-7B). MNote that the duration of the burst is con-
trolled by the width of the positive-going input gote ond is
unaffected by the DELAY OR BURST DURATION contrals.

52. Reset the following Type 115 controls:

PERICD 10 s

WIDTH Sps

RISETIME AND [T
FALLTIME

53. Note a gated burst where the individual pulses within
the burst are narrower and have a shorter period.

54, Disconnect the coaxial cable [between the test oscillo-
scope External Trigger Input and the Amplitude Calibrator)
from the T-connector ond reconnect it to the Type 115 4
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Fig. 2-8. Pulse waveforms illustrating the different pulse characteristics.
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PRETRIG OUT connector. Disconnect the coaxial cable from
the Type 115 4 GATE IN connector and turn off the test
oscilloscope Amplitude Calibrator.

55. Reset the following Type 115 controls:

MODE UNDLY'D PULSE
PERIOD 1 ms

WIDTH 50 s

RISETIME AND FALLTIME 10 us

DC OFFSET AND SV

AMPLITUDE MULT

56. Position the pulse baseline to the center horizontal
line of the CRT graticule with the test oscilloscope vertical
position control.

57. Observe on the test oscilloscope CRT graticule an
undelayed output pulse with the following characteristics:

Amplitude 5 volts
Period 1 ms
Width 50 ps
Risetime and Falltime 10 ps
DC Offset 0
Polarity +

58. This completes the basic operating procedure for the
Type 115. Instrument operations not explained here, or
operations which need further expianations are discussed
under selecting output puise characteristics.

DEFINITIONS OF PULSE CHARACTERISTICS

In the following discussion the various characleristics of a
Type 115 output pulse are defined and illustrated (see Fig.
2-8) os they ore used in this maonual.

Period—The time interval between the start of one cycle
and the start of the next cycle. In the case of a burst, both
the burst and the individual pulses within the burst have
periods.

Deloy Time--The time interval between the start of the
undelayed pulse and the start of the delayed pulse, Also
the approximate interval of time between the pretrigger
and the delayed trigger.

Lead Time—The fime interval between the output of o
pretrigger (deloyed trigger) and the starl of an undelayed
(deloyed] output pulse. Lead time is dependent on pulse
risetime.

Burst—A group of undelayed pulses followed by o pause
when no pulses are generated.

Burst Duration—The time duration from the start of the
first individual pulse of a burst to the fall of the last indi-
vidual pulse of the burst.

Burst Period—The time interval between the start of one
burst and the start of the next. In burst mode the burst period
is the same as the period of the externally applied trigger.
In gated mode the burst period is the same as the period of
the externally applied positive-going gate.

Width—The time duration from the 50% amplitude level
of the leading edge of a pulse to the 509% level of the
trailing edge.

Operating Instructions—Type 115

Amplitude—The voltage difference between the pulse
baseline and the pulse fop.

Baseline—The quiescent DC voltage level [including DC
offset) at the output when no pulse has been generated.

Pulse Top—The constant voltage !evel to which the pulse
rises from the baseline.

Polarity—The direction of the initial pulse excursion from
the baseline, either positive-going (4] or negative-going

(=)

Risetime—The amount of time required for the pulse ampli-
tude to move from the 10% to the 909 level of the leading
edge of a pulse.

Falltime—The amount of time required for the pulse ampli-
tude to move from the 90% to the 10% level of the trailing
edge of the pulse.

Aberration—Deviations by the actual pulse from an ideal
square-cornered pulse shape, i.e., overshoot, undershoot or
rounding, ringing and tilt or droop.

Overshoot—The part of a pulse rise extending above the
normal amplitude, or the parf of o pulse fall extending
below the baseline.

Undershoot or Rounding—The part of a pulse rise round-
ing off before it reaches normal amplitude or the part of the
pulse fall rounding off before it reaches the baseline.

Tilt or Droop—A long-term aberration in which the pulse
top changes omplitude between the end of the pulse rise and
the start of the pulse fall.

SELECTION OF OUTPUT
PULSE CHARACTERISTICS

The versatility provided by the Type 115 conirols allow
pulses with a wide variety of characleristics to be obtained.
As has been noted in the first-time operating procedure,
however, some undesirable pulse characteristics are also
obtainable. There are many combinations of front-panel con-
trol settings which yield no pulse ot all. The following dis-
cussion has been provided fo help obtain only desired pulse
characteristics. These general rules should be kept in mind
whenever setting up a pulse.

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

2. The pulse falltime must be at least 50 ns less than the
interval between pulses, period minus width (assuming equal
risetime and falltime).

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

4. In the delayed pulse or paired pulses modes, the pulse
period must be 50 ns greater than the delay time.

5. In the paired pulses mode the delay time must be 100 ns
greater than the baseline pulse width.

When setting up an output pulse on the CRT of a oscillo-
scope, it is often easiest to set the Type 115 for minimum
risetime and falltime until the rest of the output pulse char-
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acteristics have been established. This will eliminate the
problem of obtaining no output pulse because of a slow
risetime and/or falltime.

Mode

The MODE switch determines what type of output pulse
will appear at the OUTPUT connector. The undelayed out-
put pulse is the basic of each of the Type 115 Modes of
operation. Its amplitude, width, period, risetime, falltime,
delay, DC offset and polarity con cll be determined by
front-panel conirols. The 5 different modes of operation are
obtained by generating the undelayed pulse in various
arrangements.

Undelayed Pulse. Identical, equally-spaced pulses with
no delay appear at the OUTPUT connector.

Delayed Pulse. Identical, equally-spaced pulses with an
adjustable delay appear at the OUTPUT connector. The
delay is determined by the DELAY OR BURST DURATION
controls and is referenced to the start of the undelayed
pulse.

Paired Pulses. [dentical, equally-spaced pairs of output
pulses appear at the OUTPUT connector. The second pulse
of each pair is delayed with respect to the first by an adjust-
able delay fime determined by the DELAY OR BURST DURA-
TION conirols. The paired pulses mode is actually a combi-
nation of the undeloyed and the delayed pulse modes.

Burst of Pulses. Equal-duration, equally-spaced bursts of
output pulses appear at the QUTPUT connector. Each burst
cycle consists of a group of undelayed pulses followed by a
pause. Each burst is triggered by an external trigger pulse
applied to the 4+ TRIG IN connector or @ manual trigger
ond the duration of each burst is determined by the DELAY
OR BURST DURATION switch. The characteristics of the
individual pulses within the burst and thus the number of
output pulses which can be generated for a given burst
duration are determined by the Type 115 front-panel controls.

Gated Burst of Pulses. Bursts of output pulses time-coin-
cident with an input gate appear at the QUTPUT connector.
Each goted burst cycle consists of a group of undelayed
pulses followed by @ pause. The triggering of the gated
burst, the burst duration and the burst period are determined
by the charocteristics of a positive-going gate signal applied
to the + GATE IN connector. The characteristics of the
individual pulses within the gated burst and thus the number
of output pulses which can be generated for o given gated
burst duration are delermined by the Type 115 front-pane!
controls,

Trigger Source

The TRIGGER switch determines whether the repetition
rate of the output pulse is to be controlled internally by
the free-running period generator or externally by an ex
ternal trigger applied to the - TRIG IN connector. Also a
single cycle may be obtained when the TRIGGER switch is
set to MAN OR EXTERNAL by pressing the MANUAL TRIG
button.

In the undelayed pulse, delayed pulse or paired pulses
modes of operation, the TRIGGER switch may be set lo
either INT or MAN OR EXTERNAL ollowing any of the
methods of triggering.
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In the burst mode, the TRIGGER swilch may be set to
either INT or MAN or EXTERNAL. The burst must be trig-
gered either by an externally applied trigger or a manual
trigger.

In the gated burst mode the TRIGGER switch must be set
to INT to ensure that no trigger from the external trigger
amplifier influences the display.

Polarity

The PULSE POLARITY switch determines whether the output
pulse will be positive-going or negative-going. In either
polarity the pulse characteristics are identical and switching
polarity does not change the baseline level.

Amplitude

The output pulse amplitude is controlled by the DC OFF-
SET AND AMPLITUDE MULT switch and the AMPLITUDE
(VOLTS) control. The AMPLITUDE (VOLTS) control provides
a variable pulse amplitude ranging from approximately
zero to 10 volts which is attenuated by the DC OFFSET AND
AMPLITUDE MULT switch. The numbers on the Type 115
front-panel, which accompany the AMPLITUDE [VOLTS) con-
trol, are approximate voltages. Since they are not exact, they
should be used only for reference. The numbers associated
with the DC OFFSET AND AMPLITUDE MULT switch are
multiplication foctors, which when multipled by the setfing
of the AMPLITUDE [VOLTS] control, give the opproximate
amplitude of the output pulse. It should be noted that when
the AMPLITUDE (VOLTS) control is fully counterclockwise
the pulse amplitude is approximately zero volts,

The amplitude controls are related to the DC offset,
through the DC OFFSET and AMPLITUDE MULT switch, and
affect no other pulse characteristics. The effect of the DC
OFFSET AND AMPLITUDE MULT swilch is to vary the range
6! the DC OFFSET (VOLTS) controls and the AMPLITUDE
(VOLTS) control. The greatest. range is obtained when the
DC OFFSET AND AMPLITUDE MULT switch is in the 1 posi-
tion and the greatest resolution is obtained when the switch
is in the .2 position.

DC Offset

The output pulse DC offset is controlled by the DC OFF-
SET AND AMPLITUDE MULT switch and the DC OFFSET
{VOLTS) controls. When the DC OFFSET PRESET-VARIABLE
switch is in the VARIABLE position, the output pulse DC off-
set can vary from 0 to 5 volts. The numbers on the Type
115 front-panel accompanying the DC OFFSET VARIABLE
control are approximate voltages. These numbers, when
multiplied by the setting of the DC OFFSET AND AMPLITUDE
MULT switch, give the approximate DC offset of the output
pulse.

When the DC OFFSET PRESET-VARIABLE switch is in the
PRESET position, the DC offset is controlled by the front-panel
PRESET screwdriver odjustment. This adjustment allows the
DC offset to be set at a fixed value of from 0 to +3 volis.
Whenever the DC OFFSET PRESET-VARIABLE switch is set to
the PRESET position, the outpui pulse will be offset by the
preset value.

The DC offset controls are affected only by the amplitude
controls. No setting of the DC offset controls can, by itself,
cause an undesirable output pulse characteristic. Table 2-2
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shows the typical baseline stability of the Type 115 for vari-
ous settings of he DC OFFSET AND AMPLITUDE MULT switch.

Width

The output pulse width is controlled by the WIDTH switch
aond the WIDTH VARIABLE control. A calibrated output
pulse width can be obtained only when the WIDTH VARI-
ABLE control is in the CAL position and the risetime and
falltime are equal. The WIDTH VARIABLE control provides a
continuously variable pulse width between the WIDTH switch
setlings and extends the maximum width to approximately
500 ps.

The width jitter is typically 0.05% or less of the pulse width
plus 2 ns regardless of the mode of operation, except when
the DELAY OR BURST DURATION control seitings exceeds
the PERIOD control settings.

TABLE 2-2

Baseline Stability

DC OFFSET AND
AMPLITUDE MULT

Baseline Stability

1 ' 42500 mV
- 5 +250 mV
2 +100 mVY

Although the width controls have been calibrated for
minimum risetime and falltime (see Fig. 2-9A), the calibrated
width readings will remain approximately correct as long
as the risetime and falltime are equal (see Fig. 2-9D). If the
risetime and follime are not equal, the output pulse width
con be determined approximately as follows:

1. If the risetime is longer than the falltime, the pulse
width is decreased by an amount equal to ' the difference
beiween the risetime and the falltime.

2. If the risetime is shorter thon the falltime, the pulse
width is increased by an amount equal to ; the difference
between the risetime and the falltime.

The variation in pulse width, when the risetime and fall-
time arc unequal, is coused by interaction between the rise-
time and falltime controls and the width gate, as shown in
Fig. 2-9B. As described in the Circuit Description, the output
pulse is generated when a fast-rising, fast-talling width gate
{the width being determined by the width controls) enters
the pulse shaper. The initial rise of the width gate causes a
linear ramp fo rise from the baseline to an amplitude deter-
mined by the amplitude controls. The fall of the width gate
causes a linear ramp to tall from the given amplitude back
to the baseline. Fig. 2-9B shows thal when the riselime
exceeds the falltime, the pulse width decreases and Fig. 2-9C
shows that when the risetime is less than the falitime, the
pulse width increases.

Fig. 2.9 also helps explain the first three general rules

listed at the beginning of this discussion on selecting pulse
characteristics. Fig. 2-9E exemplifies the fact that when the

®
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risetime exceeds the duration of the width gote the pulse
never reaches full amplitude before it begins to fall. Fig.
2-9F shows that when the falltime exceeds the interval be-
tween the fall of the width gate and the end of the period,
the pulse never reaches the baseline before it starts rising
rising again. It is also shown in Fig. 2-9F, that the baseline
width of the pulse must not exceed the period.

1 Width Gate ; |
I Duyratien |

(Al i

Output
|—€— Pulse —»—
| Width

Fig. 2-9. Effects of risetime and falltime on pulse width; (A)
pulse with minimum risetime ond folltime; (B) pulse width is
decreased by increase in risetime; (C) width is increased by increase
in falltime; (D) width is opproximately equal to initiol pulse width
when the risetime and falltime are equal; (E] risetime exceeds
duration of width gate; (F) falltime exceeds interval between the
fall of the width gate and the start of the next pulse.
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Period

The output pulse period is controlled by the PERIOD switch
and the PERIOD VARIABLE control. For a calibrated pulse
period, the PERIOD VARIABLE control must be in the CAL
position. The PERIOD VARIABLE control provides a con-
tinvously variable period between the PERIOD switch settings
and extends the maximum period to approximately 10 ms.

The period jitter is typically 0.05% or less of the pulse
period plus 2 ns except when the DELAY OR BURST DURA-
TION control settings exceed the PERIOD control settings,
regardless of the mode of operation.

The most important rules to remember in setting the period
controls is that the duty factor must be no greater than 75%
and the period must be 50 ns greater than the pulse width
[with risetime and falltime set to minimum).

Delay or Burst Duration

The delay or burst duration controls affect the output pulse
only when the Type 115 is operating in the delayed pulse,
paired pulses or burst modes.

In the delayed pulse or paired pulses modes, the DELAY
OR BURST DURATION switch and the DELAY OR BURST
DURATION VARIABLE control determine the deloy time be-
tween the start of the delayed pulse {or the second pulse of
paired pulses) and the start of the undelayed pulse. A cali
brated deloy con be obtained whenever the DELAY OR
BURST DURATION VARIABLE control is in the CAL position.
The DELAY OR BURST DURATION VARIABLE control pro-
vides a continuously variable delay between the DELAY OR
BURST DURATION switch settings and extends the maximum
delay to approximately 500 us. The delay jitter is typically
0.05% or less of the pulse delay plus 2 ns.

When in the delayed pulse mode, the delay time must be
50 ns less than the pulse period. When in the paired pulses
mode, this condition holds true and in addition the delay
must be greater than the baseline pulse width plus 50:ns.

In the burst mode the duration of the burst of output pulses
is determined by the delay or burst duration controls as
discussed above. It is important to remember that the burst
duration must be longer than the period of the individual
pulses within the burst and the burst period minus the burst
duration must exceed the baseline width of the individual
pulses within the burst.

Risetime and Falltime

The oulput pulse risetime and falltime are determined
by the RISETIME AND FALLTIME switch and the RISETIME
MULT and FALLTIME MULT controls. To obtain a cali-
brated risetime and falltime the RISETIME MULT and FALL-
TIME MULT controls must be set to the 1 position. The RISE-
TIME MULT and FALLTIME MULT controls allow independent
and continvous variation of the pulse risetime and falltime
between the RISETIME AND FALLTIME switch settings. The
numbers on the Type 115 froni-panel accompanying the
RISETIME MULT and FALLTIME MULT controls are approxi-
mate multiplication factors of the RISETIME AND FALLTIME
switch setlings. Since they are not exact, they should be
used only for reference.
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It is impertant to remember that the risetime must be less
than the duration of the width gate and the falitime must
be less than the pulse peried minus the duration of the width
gale, as was illustrated in Fig 2-9. The linearity of the rise
rate and fall rate is typically within 2% of an ideal ramp,
except when the RISETIME AND FALLTIME switch is set to
10 ns.

TRIGGERING THE TYPE 115

The Type 115 can be triggered either by the internal,
free-running period generator; an external trigger opplied
to the 4 TRIG IN connector or a manual trigger; or by a
positive-going gate applied to the 4+ GATE IN connector.
The mode of operation determines which methods of trig-
gering are possible and the TRIGGER switch allows the
choice of the method to be used.

When the MODE switch is set to either UNDLY'D PULSE,
DLY'D PULSE or PAIRED PULSES, the Type 115 may be trig-
bered either by the internal trigger, the external trigger or
the manual trigger. For internal triggering, the TRIGGER
switch must be in the INT position; for manual or external
triggering the TRIGGER switch must be in the MAN OR
EXTERNAL position. The external trigger signal must be
applied of the + TRIG IN connector.

When the MODE switch is set to BURST, the Type 115
must be triggered either by an external trigger applied to
the 4+ TRIG IN connector or by & manual irigger applied
by pressing the MANUAL TRIG button. In the burst mode the
TRIGGER Switch may be set to either INT or MAN OR EX-
TERNAL.

When-'the MODE switch is set to GATED, the Type 115
must be triggered by a positive-going gate applied to the
+ GATE IN connector. The TRIGGER switch must be set
fo INT to ensure that no friggers from the external trigger
amplifier interrupt the output pulse.

External Trigger Input

To trigger the Type 115 through the + TRIG IN con-
nector a signal having an amplitude between +2 and 420
volts is required. [f the input signal has a DC component
which prevents it from moving into the +2 to -+20-volt
range, it should be capacitively coupled. The time constant of
the coupling should be very short if the full repetition rate
of the instrument is to be used. See Section 1 for characteris-
tics of signals which are suitable for input at the + TRIG IN
connector,

The most desirable woy fo connect a trigger signal to the
4 TRIG IN connector is through a 50 Q coaxial cable with
BNC-connectors and suitable attenuators to bring the signal
amplifude within the +2 to +20-volt ronge. For some
applications, a trigger probe can be connected to a desired
trigger source. A 1< probe should be used for triggering
signals from +2 volts to 420 volts and a 10X probe for
signals from +2 volls to 4200 volts in amplitude. For best
results, a 10X probe should be compensated after installa-
tion. (This may be done by connecling the probe tip to a 20-
volt square wave source ond adjusting the probe compensa-
tion while monitoring the signal with another probe con-
nected just inside the TRIG IN connector).



4+ Gate Input

To generate a gated burst when the Type 115 is in the
gated mode of operation, a gate pulse having an amplitude
between +72 and +20 volts must be applied to the + GATE
IN connector. Each burst begins after the gate signal exceeds
the 2-volt level and ends after the gate returns below the
+2-volt level.

The most desirable way to connect a gate signal to the -f-
GATE IN connector is through a coaxial cable with BNC
connectors and appropriate attenuators to ensure that the
gate is within the +2 to +420-volt range. If the gate signal
has a DC component which shifts the pulse out of the 42
to +20-volt range, the signal will have to be applied through
a coupling capacitor. The time constant of the coupling must
be long encugh to keep the signal above -2 volts for the
duration of the gate. The input impedance of the  GATE
IN connector is 1k or more.

Manual Trigger

When the TRIGGER switch is set to MAN OR EXTERNAL
and no signal is applied to the 4+ TRIG IN connector, the
Type 115 can be Iriggered by pressing the MANUAL TRIG
button. Fach time the button is pressed, ¢ single cycle is
generated in either the undelayed pulse, delayed pulse,
paired pulses or burst mode.

TRIGGERING EXTERNAL EQUIPMENT
WITH THE TYPE 115

General

The positive-going triggers appearing ot the + PRETRIG
OUT and the + DLY'D TRIG OUT connectors of the Type
115 allow o test oscilloscope or other external device to be
time-referenced to the output pulse. In the case of an oscillo-
scope, these trigger pulses allow the oscilloscope sweep to
be started before the Type 115 output pulse arrives, as well
as allowing time-positioning of the output pulse on the escil-
loscope CRT with the Type 115 delay contrels. These trigger
pulses also provide the convenience of a constant-amplitude
triggering signal that eliminates the need for adjusting trig-
gering confrols.

When the Type 115 pretrigger is connected fo a test oscil-
loscope external Irigger input, the oscilloscope sweep is
time-referenced to the beginning of the undelayed output
pulse. If the MODE switch is set to DLY'D PULSE, the delayed
output pulse displayed on the test oscilloscope CRT will
move back and forth when the DELAY OR BURST DURATION
VARIABLE control is turned.

When the Type 115 deloyed trigger is connected to the
test oscilloscope, the sweep will be time referencd to the
beginning of the delayed outpul pulse. If the MODE switch
is set to UNDLY'D PULSE, the undelayed output pulse will
move back and forth across the test oscilloscope CRT when
the DELAY OR BURST DURATION VARIABLE control is
turned.

Pretrigger Output

The pretrigger output pulse which appears at the + PRE-
TRIG OUT connector is a positive-going pulse which precedes
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by 30 ns or more the undelayed output pulse, the first pulse
of paired pulses and each individual pulse in a burst or
gated burst. The pretrigger precedes the delayed pulse in
the delayed pulse mode by approximately the delay time
and also precedes the delayed trigger appearing at the +
DLY'D TRIG OUT connector by approximately the delay time.
The amplitude of the preirigger is 2 volis or more into 1 kQ
and the risetime is typically 10 ns. The prefrigger serves as
a good time reference for all the output pulses of the Type
115 and also the internol signals of the instrument.

Delayed Trigger Output

The delayed trigger output pulse which appears at the
+ DLY'D TRIG OUT connector is o positive-going pulse
which preccdes by 30 ns or more the delayed pulse and the
second pulse of paired pulses. In the burst mode, the delayed
trigger appears at approximately the end of each burst.
It also appears approximalely the delay time after the
pretrigger. The amplifude of the delayed trigger is 2 volis
or more into 1kQ and the risetime is typically 10 ns. The
delayed trigger signal provides a convenient time reference
for viewing delayed output pulses from the Type 115 and
for time-positioning undelayed output pulses on the test
oscilloscope CRT graticule.

The Type 115 as a Test Device

A common use of the Type 115 is in testing exiernal equip-
ment or electronic components. A sample setup of this type
is shown in Fig. 2-10. In the usual application, the Type
115 pretrigger is used to trigger a test oscilloscope sweep
and the Type 115 output pulse is applied to a device under
test,’An output signal from the device under test is then
cannected to the vertical input of the test oscilloscope allow-
ing it to be monitored on the CRT.

OUTPUT PULSE CONNECTIONS

The output stage of the Type 115 has been designed to
work into a 50-Q load and is calibrated in amplitude and
DC offset only when working into a 50 load. Higher
impedances will produce higher voltage omplitudes and
greater DC offset, bul may also cause refleciions and ringing
in the output connecting cables. lLower impedances will
produce lower amplitudes and less offset, but will not over-
load the output circuit of the Type 115.

Basic Precautions

Certain precauvtions should always be observed when
connecting the Type 115 output signal to a device under
test or when connecting the output of o device under test to
a disploy oscilloscope.

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

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

3. Keep signal cables as short as possible lo preserve the
signal quality.
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Probe Input
Cooxial Coble Pretrigger

Fig. 2-10. Nermal test selup using the pretrigger

4. Use attenuators as needed tfo limit the signal amplitude
applied to 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 5 watts maximum output from the
Type 115. {Power output is determined by offset current and
duty factor of output pulse current.)

Risetime Considerations

If the output pulse signal from the Type 115 is to be used
for determining the risetime of a device under test, the rise-
time of the Type 115 output pulse may have to be taken
into consideration.

In general, if the risetime of the device under test is at
least 10 times as long os the combined risetimes of the Type
115 and the monitoring oscilloscope and cables, the error
introduced 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 1o
the square root of the sum of the squares of the individual
risetimes. Thus the risetime of the test device can be deter-
mined if the risetime of all of the ofther components are
known. Since the minimum risetime of the Type 115 is 10 ns,
the practical lower limit of risetime measurements is 10 ns.

Cabling Considerations

The cables that conduct the output pulse of the device
under test should be low-loss 50 2 coaxial cables to ensure
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pulse for triggering the display oscilloscope.
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Fig. 2-11. Simple imped hing network providing minimum
attenuation.

that all information contained in the pulse will be delivered
to the test point without distorfion. 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 shorl as possible.

When making signal-comparison measurements or time
difference determinalions, 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 coupling
capacitor should be used to prevent the DC offsel compres-
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Fig. 2-12. Peossible connection using two Type 115 simultaneously:

nector.

sion of the Type 115 output pulse. The choice of time con-
stant of the coupling will be dependent on the duty cycle
of the pulse output. The time constant must be long enough
to assure minimum decay of the pulse top but short enough
to allow adequate recovery time before the start of the
next pulse, If a coupling capacitor is nol used, when there
is a DC voltoge across the load, the output pulse amplitude
will be compressed if the DC voltage is less thon =: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 impedances, each device must encounter
a total impedance that is equal to its own characteristic
impedance at the input or output point. The following dis-
cussion provides a method for matching impedance networks
with relatively low impedances. If the Type 115 is operating
into a high impedance system such as the T M2 input of an
oscilloscope, this type of impedance matching is not neces-
sary are long as the 50 Q termination is connected very
close to the high impedances.

A simple resistive impedance-malching network that pro-
vides minimum attenuation is illustrated in Fig. 2-11. To
match impedances with the illustrated network, the following
conditions must exist:

Ry + Zo) R, g
phs PR, =i f -
R, + Z,) R must equal Z,
and
ki
R, + 7 4 R must equal Z.

{ A) using vertical plug-in unit with an add made

(B} using @ T-ton-

Therefore:
RiR. = Z,Z. and RZ, = R. (Z. - Z)

or R] V Z.: !Z- - Z:Iia'

As an example, to match a 50-0 system to a 125-0 sys-
tem, Z, equals 50Q and Z. equals 125 Q.

Therefore:
R, = —\f 125 (125 — 50) — 96.8 chms
125
and R: = 50 12—5 _—5'0 — 6d.6 ohms

When constructing such a device, the environment sur-
rounding the components should also be designed to pro-
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 diamefer of the outer con-
ductor {Z, = 138 log,, D,/D.).

Though the netwerk in Fig. 2-11 provides minimum atten
vation for a purely resistive impedance-matching device, the
attenuation as seen from one end does nol equal that seen
from the other end. A signal applied from the lower imped-
ance source [E,) encounters a voltage attenuation (A,) which
is greater than 1 and less than 2, as follows:

E. Ry
E. L
In the case of Il:Trpe 115,08, is the suurte_iﬁpech-:m:o which
varies with respect to the pesition on the DC OFFSET AND AMPLI-

TUDE MULT. It varies as follows: 1 position—atl least 500 }; .5
posilon—50 1, within 5% ; .2 position—50 {! within 5%,

A]_- +|
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A signal applied from the higher impedance source (Z.)

(A)

encounter a greater voltage attenuation (A.) which is greater
than 1 and less than 2 Z./Z,:

R,

E.
As —= 2 = — =
=g =g tg T
In the example of matching 50Q to 1250,
94.8
A, = 195 + 1 =177
96.8 96.8
and A; 646 59 T 1 = 4.44

The illustrated network can be modified to provide differ-
ent aftenuation ratios by adding another resistor (less than R,)
between Z, and the junction of R, and R..

USE OF MORE THAN ONE TYPE 115

If the output pulses of two Type 115 pulse generators are
combined, an interesting variation of outputs can be ob-

Fig. 2-13. Examples of output pulses obtained using the outputs of

two Type 115 pulse generators.

tained. Fig. 2-12A shows a possible setup using twe Type
115's connected to the vertical inputs of an oscilloscope.
This method can be used only if the oscilloscope [or plug-in
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Fig. 2-14. Control setup chart for the Type 115 front-panel.
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unit) has a mode where the inputs of both cannels are added.
Note that one Type 115 triggers both the display oscilloscope
and the other Type 115. Fig. 2-12B shows a possible con-
nection between the two pulse generalors and the oscillo-
scope using a T-connector and two 50-Q terminations. Fig.
2-13A and B shows two examples of outputs obtained using
two Type 115 pulse generators.

Operating Instructions—Type 115

CONTROL SETUP CHART

Fig. 2-14 shows the front-panel contrals and connectors of
the Type 115, 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 familiariza-
tion with the Type 115.
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SECTION 3
CIRCUIT DESCRIPTION

Change information, if any, affecting this section will be found at the

rear of this manual.

General

This circuit description has been written in two parts:
the Block Diagram Description and the Circuit Description.
The block diagram description discusses briefly the genera-
tion of the undelayed output pulse and the effect of each
maijor circuit on ifs characteristics. Also described are the
five modes of operation and the input and output pulses
related to them. The circuit description gives a more precise
discussion of the operation of each major circuit.

An overall block diagram of the Type 115 circuitry can be
found at the beginning of Section 8. Detailed block dia-
grams of the major circuils are included within the fext of
the circuit description. These block diagrams along with
the Section B schematics will greatly aid in the reading and
understanding of the circuit description.

BLOCK DIAGRAM DESCRIPTION

The Undelayed Output Pulse

The undelayed output pulse is the basis of any output pulse
obtained at the OQUTPUT connector. The period, width,
amplitude, risetime, falltime, polarity and the DC offset of
the undelayed pulse are determined by the front-panel con-
trols. The output pulses related to the five different modes of
operation are produced simply by causing the Type 115, by
means of the MODE switch, to generate the undelayed pulse
in various time arrangements.

The undelayed pulse (see Fig. 3-1) begins at the period
generator which free runs al a calibrated repefition rote
set by the PERIOD switch. The period generator produces
a positive-going trigger at the end of each cycle which

appears at the + PRETRIG OUT connector and a negative-
going trigger which goes to the width generator.

The width generator when triggered by the negative-going
period trigger produces a fast rising and falling gate of
calibrated width which is transmitted to the pulse shaper
circuit. The width of this gate is set by the WIDTH switch.

The pulse shaper, when triggered by the rise of the width
gate, siaris the rise of the output pulse. The rate of rise is
regulated by the RISETIME AND FALLTIME switch and the
RISETIME MULT contrel. The pulse rises to an amplitude of
about 5 volts where it is clamped until the pulse begins to
fall. The fall of the width gate triggers the fall of the output
pulse, the rate of which is controlled by the RISETIME AND
FALLTIME switch and the FALLTIME MULT confrol.

The shaped pulse is transmitted through a variable atten-
uator, the AMPLITUDE (VOLTS) control. The AMPLITUDE
control can attenuate the pulse to as low as approximately
zero volts and transmits the attenuated pulse into the output
stage. In the output stage it is amplified by the output ampli-
fier and is offset by current supplied by the offset current
generator.” The DC OFFSET (VOLTS) controls determine the
amount-of offset current to be odded. If the PULSE POLAR-
ITY switch is in the minus position, the pulse is inverted by
the inverter circuit of the output stage before it enters the
output amplifier. The final shaped output pulse passes
through atttenuators, contrelled by the DC OFFSET AND
AMPLITUDE MULT switch, and appears at the OUTPUT con-
nector. The DC OFFSET AND AMPLITUDE MULT switch
attenuates both the pulse amplilude and DC offset.

Modes of Operation

The MODE switch determines the type of output pulse
which appears at the QUTPUT connector. The five modes

. )

ETTrT G -

Pericd Width

Generator Generator

Y

Pulse

Output
Shoper

Stage

Fig. 3-1. Simplified block diogram of the generation of an undelayed pulse.
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of operation are: UNDLY'D PULSE, DLY'D PULSE, PAIRED
PULSES, BURST and GATED (see Fig. 3-2).

Undelayed Pulse. In the undelayed mode the undelayed
pulse is generated as has been previously described.

Delayed Pulse. When the mode switch is in the DLY'D
PULSE position, the negative-going period trigger goes to the
delay generator rather than the width generator. A cali-
brated delay time after it is triggered by the period trigger,
the delay generator produces a delayed trigger pulse which
is transmitted to the width generator. The delay time is
determined by the DELAY OR BURST DURATION switch.
The delay generator also produces a positive-going delayed
trigger, which appears at the 4 DLY'D TRIG OUT connector.
The delayed output pulse is delayed with respect to the
undelayed output pulse by the delay time set by the DELAY
OR BURST DURATION switch.

Paired Pulses. When the mode switch is set to PAIRED
PULSES both the period trigger and the delayed trigger are
transmitted to the width generator. The result is two output
pulses occurring within the period set by the PERIOD switch,
separated by the delay time set by the DELAY OR BURST
DURATION switch.

Burst of Pulses. When the MODE switch is set to BURST,
the period generafor is inhibited. When an external tfrigger,
either from the 4 TRIG IN connector or from the manual
trigger button, is applied to the delay generator, a period
generater is gated on by the burst gate. The resulting output
delay generator. The duration of the gate is determined by
the DELAY OR BURST DURATION switch. Period triggers are
therefore applied lo the width generator whenever the period
generator is galed on by the burst gate. The resulting output
15 groups of undelayed pulses, called bursts, each burst being
followed by a pause or period of time during which the
period generator is disabled. The duration of each burst is
set, approximately, by the DELAY OR BURST DURATION
switch and the period of each burst cycle is determined
by the repetition rate of the externally applied triggers.
The characteristics of each pulse within a burst are deter-
mined by the front-panel controls. When the burst gate falls
a positive-going delayed trigger appears at the 4+ DLY'D
TRIG QUT connector.

Gated Burst of Pulses. When the MODE swilch is set
to GATED, the output is again bursts of pulses. The dure-
tion and period of each gated burst is in this case deter-
mined by an external, positive-going gate applied to the
+ GATE IN connector. This external gate enables the period
generator as the burst gate does in the burst mode. Alsc, as
in the burst mode, the characteristics of the individual pulses
within each gated burst are set by the Type 115 fronl-panel
controls,

CIRCUIT DESCRIPTION

This circuil description discusses each major circuit within
the instrumenl. It is assumed that the reader has a knowledge
of basic elecironics; therefore, any section of the circuitry
which can be considered basic electronics is discussed only
briefly. It is suggested that the pull-out schematics in the
rear of the manual as well as the block diagrams within
this section be referred to while reading the descriptions.

All the circuitry in this instrument is referenced to a floating
common which is referred to as signal ground. Signal ground

®
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is displaced from chassis ground by an amount varying from
0 to 18 volts, depending on the pulse polarity and DC
offset. Further discussion of the relationship between signal
and chassis ground is found in the QOutput Stage and Power
Supply sections of this circuit description,

Throughout this discussion references to current are in
terms of electron flow; that is, current flowing from a nega-
tive potential to a positive potential.

Pulse Timing and Mode Switching

Period Generator. The period generator consists of mulh-
vibrator Q226 and Q233 (sce Fig. 3-3), current source 244,
enabling circuit Q224, clamping circuit Q253, timing capaci-
tors, tunnel diode D235 and trigger amplifier stage Q244,
Q266, Q274, and Q276. Transistors Q226 and Q233 (see
the Delay and Period Generators schematic] form an astable
unsymmelrical multivibrator. |t is unsymmetrical in the sense
that Q226 is turned on and Q233 is turned off the majorily
of the time. The cycle of the multivibrator, and thus the
period of the output pulse, is dependent on the capacitance
of the liming capacilor switched into the circuit by the
PERIOD switch and the amount of current conducted by
Q244.

When Q224 is turned on, the period generator is enabled.
Initielly Q233 and D254 are off and Q224, referenced to the
+25-volt Supply through D234 and D235, is on. The emitter
of Q226, connected to one end of the timing capacitor, is
held at a constant voltage by the R225-R226 voltage divider.
With Q233 off, Q244 charges the other side of the timing
capacitor with constant current set by PERIOD TIMING ad-
justment R241, VAR PERIOD CAL adjustment R245 and the
PERIOD” VARIABLE control, R246. The capacitor charges un-
til the voltage af the junction of R236 and R247 is low enough
teoturn on Q233. When Q233 begins conducting, the voltage
at its collector drops rapidly, forward biases D254 and clamps
the colleclor vollage of Q233 at approximately 419 volts
as set by Q253. The rapid transition of the Q233 collector
voltage causes tunne! diode D235 to change states and gen-
erate a period trigger pulse at the base of Q2é4.

The voltage drop at the collector of Q233 also is felt at
the emitter of Q226 as it tries to follow the base down. The
constant voltage at the emitter of Q226, however, does not
allow the emitter to go down more than about 0.5 volt and
Q226 becomes reverse biased and turns off. The voltage at
the junction of R236 and R247 is now held constant by Q233
which acts as a constant voltage source. With Q224 now
turned off, the curreni conducted by Q224 charges the timing
capacitor in ihe opposite direction. The charging in this
case is rapid and the voltage at the emitter of Q226 drops
until Q226 is again turned on. With Q226 conducting, the
voltage at its emitter starts to go up. This change in voltage
is coupled through the timing capacitor, rasing the voltage
at the emitter of Q233 until it lurns off. The voltage at the
emitter of Q226 now is free to go to its stable conducting
voltage of about 17 volis, the tunnel diode resets and the
circuit begins another cycle. R233 assures that D235 returns
to its low state by conducting part of the bese current
necessary to keep Q226 turned on.

The negative-going period trigger generated by D235 is

amplified and shaped by Q264 and Q266 and transmitted
to the width and/or delay generator (depending on the posi-
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Fig. 3-3, Block diagram of the period gencrator circuit.

tion of the mode switch) and the base of pretrigger amplifier
Q274. Through Q274 and Q276 the period trigger is inveited
shaped, and further amplified, and appears as a positive-
going trigger at the + PRETRIG OUT connector. The repe-
lition rate of the period generator ranges from 100 Hz to
10 MHz,

External Trigger Amplifier. The external trigger ampli-
fier allows the output pulse period or burst period to be
confrolled externally. A pulse having an amplitude between
+2 volts and +20 volts, when applied to the + TRIG IN
connector, is shaped and amplified by the external trigger
amplifier circuit. The resulting trigger is transmitted to the
delay and/or width generalors according to the position of
the MODE switch. This circuit can also receive a pulse from
the MANUAL TRIG button, SW20.

The circuit consists of input pulse amplifier Q14 and Q18
[see the External Trigger Amplifier schematic), tunnel diode
D25, output amplifier Q32 and output complementary emitter
follower circuit Q36 and Q38. When the TRIGGER switch is
set o MAN OR EXTERNAL, the peried generator is disabled
and the emitter of Q32 is connected to signal ground thereby
enabling the external trigger amplifier. Quiescently, both
Q14 and Q18 are off, D18 is reverse-biased and D17 is con-
ducting, seiting the voltage ai its anode at about +7.6
volls. A Irigger having an amplitude belween -2 and 20

3-4

volts applied to the + TRIG IN connector, turns on Q14
which begins conducting current through D18, setting the velt-
age ai the collector of Q14 to about +6.4 volls. Current
through Q14 also is conducted by R13 which turns on Q18
and turns off D17. When Q18 begins conducting, the current
through D25 increases, causing it to switch to ifs high state,
creating a pulse which is presented to be base of Q32. The
tunnel diode may also be triggered by the manual trigger
bulton, SW20, which when pushed connects the +25-volt
supply to the anode of D25 through R20 and R21. This Irigger
is also presenied to Q32. Inductor L25 momentarily blocks
the external or manual trigger from shunting D25 thus allow-
ing the total pulse voltage to trigger the tunnel diode.
Resistor R2é scts the voltage level al the cathode of D25
so that the voltage at the high state of D25 is high enough
to cause Q38 to conduct.

The pulse from D25 is amplified and inverted by Q32 and
applied to the complementary emitter followers Q36 and
Q38. Q36 and Q38 act in a push-pull manner and produce
a negative-going pulse at their emitters, which is differen-
tiated info @ negative-going trigger by C38 and fransmitled
to the width andfor the deloy generator.

Delay Generator. The delay generalor consists of input
amplifier Q102 {see Fig. 3-4), multivibrator Q106, Q114 and
Q124, current source QI38, timing capacitors, burst gate

an
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Fig. 3-4. Block a diagam of the delay generator circuit.

amplifier Q153, clamping circuit Q144 and output stage
Q1é4, Q184 and QI173. Transistors Q104, Q114 and Q124
(see Delay and Period Generator schematic) form a meonoe-
stable muitivibrator with Q114 ond Q124 conducting «and
Q106 turned off in the quiescent condition. The delay time
from the initial triggering of the delay generator to the
outpul of a delayed trigger, is dependent on the capacitance
of the timing capacitor switch info the circuit by the DELAY
OR BURST DURATION switch and the amount of curent
conducted by Q138.

When Q114 is conducting, D145 is forward bigsed ond
the voltage at the collector of Q114 is set by Q144. Q114
conducts current from both Q124 and QI138. The timing
capaciter switched info the circuit is charged to the voltage
at the junction of R115 and R124. TRIG SENS adjustment
R121 sets the quiescent base voliage of Q114 and Q124 so
that the multivibrator will be monostable and switch whan-
ever @ negative-going trigger is applied to Q102. A neya-
tive-going trigger applied to the delay agenerator turns on
Q10?2 and applies a 2-volt negative-going trigger to the
bases of Q124 and Q114, turning them cff. When Q114
turns off, the voltage at its collector rises, and reverse biases
D145 allowing Q106 to begin conducting. Current through

Q106 pulls the voltage at its collector down and keeps
QI14 and Q124 off by holding down the vollage at their
bases. Current source Q138 now charges the timing capaci-
tor with constant current detemined by DELAY TIMING
adjustment R131, VAR DELAY CAL adjustment R135 and the
DELAY OR BURST DURATION VARIABLE control, R135.
When the DELAY OR BURST DURATION swiich is in the
50 ns position, the delay timing is also influenced by C138
ond 50 ns CAL adjustment R134.

As the timing capacitor charges, the voltage at the emitter
of Q114 geces down until Q114 again turns on. With Q174
on, Q104 turns off, releasing the bases of Q114 and Q124
and turning on QI124. When Q114 turns on, D145 again
becomes forward biased and the voltage at the collector of
Q114 is clomped to aboui 424 volts by Ql44. The delay
generator is now in its quiescent state and is ready for
another period or external Irigger,

As Q114 turns on alter the charging of the timing capaci-
tor, Q144 begins conducling more heavily. The resulting
negative gate is applied fo the bose of Q164 where it is
transmitted to Q184 causing it to conduct more heavily. The
negalive-going pulse appearing at the collector of Q184
is differentiated by C184 and the resulting negative-going
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delayed trigger is applied to the width generator. The
positive-going pulse at the collector of Q164 is transmitted
by emitter follower Q173 and differentiated by C175. The
resulting positive-going Irigger appears ai the + DLY'D TRIG
OUT connector.

When Q114 is turned off at the beginning of the delay
cycle, the base of QI53 rises approximately 4 volts. In
the burst mode this positive gate, called the burst gate, is
transmitted by emitter follower Q153 through the MODE
switch to the base of Q224 enabling the period generator.
When Q114 again turns on, the burst gate falls, disabling
the period generator. The period generator, in burst made,
is thus enabled for the duration of the delay time,

Input Gate Amplifier. The purpose of the input gute
amplifier is to change the reference of an input gate from
chassis ground to signal ground and to produce a gate
of large enough amplitude to enable the period generaior.
When the MODE switch is set to GATED, the emitter of
Q204 (see the Delay and Period Generators schematic) is
connected to chassis ground, thus enabling the input gate
amplifier. When a positive-going gate pulse having an ampli-
tude between 42 and 120 volts is applied to the + GATE
IN conneclor. Q204 and Q214 are turned on and go into
safuration. As Q204 and Q214 turn on, a 10-volt positive-
going gate pulse is generated, forward biasing D222 and
enabling the peroid generalor. The period generator then
remains enabled until the input gate falls, turning off QY04
and Q214.

Mode and Trigger Switching. The preceding discussion
has described the formation of various liming Iriggers and
gates. The period frigger is produced either by the free-
running period generator or the external trigger amplifier;
the delayed trigger and burst gate are produced by the
delay generator and the gated mode gate is produced by
the inpul gate amplifier. The MODE and TRIGGER swiiches
determine how these various circuits are enabled to prodiuce
these triggers and gates and also determines when and where
these assorted signals are applied. See Fig. 3-2, Fig. 3-3
and Fig. 3-4 and the schematics for the External Trigger
Amplifier and the Period and Delay Generators while read-
ing the following.

When the MQODE switch is in the UNDLY'D PULSE puosi-
tion and the TRIGGER switch is set to INTERNAL, the period
generator is enabled and transmits negative-going period
triggers directly to the width generator and positive-going
period triggers to the -+ PRETRIG OUT connector. [Positive-
going period triggers always appear at the + PRETRIG
QUT connector when the period generator is operating.}
When the MODE switch is reset to DLY'D PULSE, period
triggers are applied to the delay generator and the resulting
negative-going delayed triggers are applied to the width
generator. Whenever a delayed frigger is generated, o
positive-going delayed trigger appears at the 4 DLY'D
TRIG QUT connector. When the mode of operation is
switched to PAIRED PULSES, period triggers are applied to
both the delay and width generators and the width genera-
tor receives triggers from both the period and delay gen-
eralors. When the TRIGGER switch is set to MAN ©OR
EXTERNAL for the three previous modes of operation, the
period generator is disabled and negative-going external
triggers originate at the external trigger amplifier output.
These friggers are applied to the delay and width genera-
tors according fo the mode of operation, as if they had
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originated from the period generator. These triggers are
also applied to the base of Q274 to produce positive-going
triggers at the -4 PRETRIG OUT connector.

In burst mode the TRIGGER switch may be in either the
INT or the MAN OR EXTERNAL position. The period genera-
tor is inhibited by the MODE switch. Triggers from the exter-
nal Irigger amplifier are applied to the delay generalor pro-
ducing a burst gate which is used to enable the period
generator. The enabled period generator then applies Irig-
gers to the width generator for the duration of the burst gate.

The gated mode is identical to the burst mode except that
the period generator enabling gate comes from the input
gate amplifier rather than from the delay generator.

Pulse Shaping

Width Generator. The width generator is identical in
operation to the delay generator except that it has no
trigger amplifier stage. The only outpul of the width gen-
erator is a width gate. The width generator consists of
input amplifier Q302 (see Fig. 3-5), multivibrator Q306, Q314
and Q324, current source, Q338, clamp circuit Q343 and
width gate amplifier Q353.

Quiescently Q314 and Q324 are on and Q306 is off (see
the Width Generator and Pulse Shaper schematic). The
quiescent voltage levels al the bases of Q314 and Q324
are set by TRIG SENS adjustment R321. When a negative-
going trigger is applied to the bases of Q314 and Q324,
they turn off and Q306 turns on. With Q314 turned off the
voltage at its collector rises, reverse biasing D345 and
producing a fast rising transition, the start of the width
gate, at the base of Q353. The width gate is transmitted
through- emitter follower Q353 and applied to the pulse
shaper circuit where it determines the width of the output
pulse. The duration of the width gate is determined by the
charge time of the timing capacitor switched into the circuit
by the WIDTH switch and ranges from 50ns to 500 us.
With Q314 and Q324 off, the timing capacilor charges
until the voltage at the junction of R315 and R324 has gone
low enough to turn on Q314 and causes the width gate to
fall. The rate of charge is dependent on the current con-
ducted by Q338 which is controlled by WIDTH TIMING
adjustment R331, VAR WIDTH CAL adjustmeni R335 and
the WIDTH VARIABLE contral, R336.

Pulse Shaper. i is in the puise shaper circuit where the
shape of the output pulse is formed. The width and period
of the pulse are determined by the preceding circuitry, but
its risetime, falltime end emplitude are formed by the pulse
shaper. This circuit can be divided info two sections: the
risetime-falltime generator and the amplitude clamp. The
risetime-falltime generator consists of current steering trans-
istors 384, Q3%4, Q404 and Q414 (see Fig. 3-6) current
sources Q374 and Q424, and the timing capacitors switched
into the circuit by the RISETIME AND FALLTIME switch. The
amplitude section consists of voltage reference Q434, unity-
gain feedback amplifier Q443 and Q444, emitter followers
QA453, Q463 and Q473, amplitude clamp D445 and base-
line clomp Q483. The pulse shcper circuit shapes a pulse
by charging a timing capaciior with constant current until
the pulse voltage reaches the clamp voltage, and then dis-
charging the capacitor with constant current until the volt-
age returns to the baseline. This process forms the voltage
rise, amplitude and fall of the pulse.
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Fig. 3-5. Block Diagram of the width gencrator circuit,

Quiescently, Q384 and Q414 are conducling and Q394
and Q404 are off {see Width Generator and Pulse Shaper
schematic). A fast rising width gate from the width g¢en-
erator raises the voltage at the base of Q384 to abdu! 12
volts which turns off Q384 and turns on Q394. At the same
time the voltage at the base of Q404 is raised to about
5 volts, turning on Q404 and switching current from Q414
into Q404. T, CENTERING adjustment R391 and T, CENTER-
ING adjustment R411, by setting the base voltage on Q394
and Q414 respectively, determine the voltage levels on the
bases of Q384 and Q404 necessary to cause the transistors
to switch., The amount of current conducted by Q3%4 is
determined by T, TIMING adjustment R371, RISETIME CAL
adjustment R375, 10ns T, CAL adjusiment R376 [when the
RISETIME AND FALLTIME switch is set to 10ns} and the
RISETIME MULT control, R376. The current through Q94
charges the fiming capacitor switched into the circuit by
the RISETIME AND FALLTIME switch at a constant rate.
The charging of the timing capaciter forms the leading eclge
of the pulse shaper output pulse [at the emitter of Q473).
The pulse rises until D445 is forward biosed and the pulse
amplitude is clamped by the amplitude clamp circuitry.
The pulse will remain at its clamped amplitude until the
width gate falls.

As the width gate falls, the voltage goes negative at the
base of Q404 furning it off and turning on Q414. At the
same time the voltage at the base of Q384 goes negative,
turning on Q384 and causing Q3%4 to turn off. As Q414
begins conducting, the timing capacitor starts discharging
at o constant current rate as determined by T; TIMING

(&)

adjustment R421, FALLTIME CAL adjustment R423, 10ns T;
CAL adjustment R426 [when the RISETIME AND FALLTIME
switch is set to 10 ns), and the FALLTIME MULT control, R428.
The pulse at the emitter of Q473 falls until it forward biases
D483 and is clamped at a predetermined baseline voitage.
The pulse shaper is now in ils quiescent sate and is ready for
another width gate.

The amplitude of the pulse shaper output pulse at which
D445 becomes forward biased is determined by PULSE AMPL
RANGE adjustment R431. R431 determines the collector volt-
age of Q434 which is coupled through Q443 and D443 and
sets the voltage at the cathode of D445, Q443 and Q444 form
a feedback amplifier with a gain of 1. Any increase in
current through D445 increases curren! through Q443 and
causes Q444 to conduct more heavily. The extra current
conducted through Q444 flows through D445 and allows the
vollage at the cathode of D445 to remain constant. After
D445 has been forward biasd the pulse amplitude will re-
main at 0.6 volt above the voltage set at the collector of
Q444. As the voltage continues to rise at the base of Q463,
Q463 turns off and disconnects the risetime-talltime generalor
circuitry from the output pulse, With Q463 off, a constant
current is conducied through D445 which helps create a flat
oulpul pulse top. When the voltage at the base of Q443
rises more than 1.8 volts above the pulse amplitude voltage,
D453 becomes forward biased protecting Q463 from base
emilter breakdown, Q453 provides current when D453 is
forward biased.

As the pulse begins its fall, D453 becomes reverse biased,
Q463 again begins to conduct and D445 becomes reverse
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Fig. 3-6. Block diogram of the pulse shaper circuit.
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biased. As the voltage falls low enough to forward bias
D483, the pulse will be clamped to a baseline voltage set
by BASELINE CLAMP adjustment R481. As the pulse con-
tinves to fall, Q473 becomes reverse biased, which discon-
nects the risetime-falltime generator from the pulse shaper
output pulse. When the voltage at the base of Q473 falls
more than 1.6 volts below the pulse baseline, D414 turns on
and protects Q473,

When a pulse has been formed by the pulse shaper,
it is transmitter to the output stage through the AMPLITUDE
control, R479. The AMPLITUDE control is a variable attenu-
ator which presents a pulse ranging from approximately
zero to +35 volts to the output stage. R471 and C471 are
pulse aberrations adjustments.

It should be noted that due to the turning on and off of
Q463 and D453, and Q473 and D414, the pulse appearing at
the junction of R394 and R414 is approximately 3.4 volts
higher in overall amplitude than the pulse applied to the
output stage (see Fig. 3-7). As shown in Fig. 3-7, this 3.4
volts is distributed both above and below the pulse applied
to the output stage. The effect of this amplitude difference is
that when D483 reverse biases and the pulse begin to rise
at the beginning of the output stage, it has already risen 1.6
volts above the quiescent voltage at the junction of R394
and R414 and is already on a linear portion of the rising
ramp. This method of starting pulses ensures fewer aber-
rations and a more linear pulse rise (see linarity specifica-
tion Selection 1). When the pulse applied to the outpul stage
reaches its maximum amplitude and forward biases D445,
the rising ramp continues rising 1.8 volts higher at the junc-
tion of R394 and R414. This continuation of the pulse rise
causes a sharper cutoff of the rising ramp when D445 for-
ward biases, and therefore minimizes front-corner aberrations
of the output pulse. The same reasoning applies to the falling
edge of the pulse.

it should be noticed from the above discussion that there
is a varying time delay between the start of the pulse at the

D453 D453
———— - Forward Reverse
Biases Biases

D445 D445
Forward Reverse - —
Pulse Bioses Biases ‘
Appearing Pulse
at Junction Applied
o to Output
R394 and Stage
R414 D483 D483 \

Forward
Bioses

Reverse

Pretrigger
Lead Time
Forward

Reverse |
Biases | Bioses

Fig. 3-7. Relationship between wvarious amplitude and baseline
clamps and varying time delay between the start of the output pulse
and the pretrigger.
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R3%4-R414 junction and the start of the pulse applied to the
ouput stage (which is also the pulse appearing at the OUT-
PUT connector). The delay is varying because it is dependent
on the risetime of the pulse. The pulse rise will always have
to travel 1.6 volts from the quiescent voltage at the R3%4-
R414 junction before a pulse is seen at the output conneclor.
The time required for the rise to travel the 1.6 volts will
depend on the pulse risetime.

Output Stage

General. When the shaped pulse has been generated
by the pulse shaper circuit it is applied fo the output stage.
The output stage consists of an inverfer, an output amplifier,
an offset current generator and the attenuators.

The output stage operates in a current mode, generating a
current pulse and DC offset current to be applied to a 50 ©
load. The output amplifier current amplifies the shaped pulse
to as high as 200 mA. The offset current generator supplies
from —B85mA to +315mA of offset current to the output
amplifier and output load, which offsets the output pulse
from —5 volts to +5 volts in both polarities.

All the infernal circuitry of the Type 115 is referenced to
signal ground and the output pulse is referenced to chassis
ground (see Fig. 3-8). The variable power supply is the cir-
cuit which controls the referencing of an internal pulse to
the outside world. Understanding the interrelationship of the
output stage to the variable supply is basic to understanding
how the Type 115 generates an output pulse. The variable
supply conirols the voltage separation between signal ground
[common) and chassis ground and varies this voltage from
zero to 418 volis. Both the variable supply and the offset
current generator are controlled by the DC OFFSET (VOLTS)
controls and the PULSE POLARITY switch.

The existance of a variable voltage separation between the
internal circuitry common (signal ground) and the chassis
ground performs two functions. It allows pulse polarity
switching with no change in the DC level of the output pulse
baseline (discussed later in the section on the output amplifier)
and it maintains a consistent output pulse shape in both
polarities and for all levels of DC offset.

This consistent output pulse shape is obtained by maintain-
ing a constant Vg3 on output transistors Q564, Q574 and
Q584 for all values of DC offset [see Fig. 3-9). The base
voltage of each output transistor is held at signal ground,
while the DC level of the output pulse determines the col-
lector voltage. For a positive pulse with zero DC offset the
variable supply causes a 15-volt voltage separation between
signal ground and chassis ground, causing a V¢e of 15 volts
to occur quiescently {at the pulse baseline). If the output
pulse is given +5 volts of DC offset, the variable supply
separates sianal ground from chassis ground by 20 volis, thus
keeping the Vcg at 15 volts. When an output pulse is gen-
erated, it decreases the Vg {to as low as 5 veolts on a 10-
volt pulse). The Veg for a 10-volt pulse, however, will be 5
volts (when the pulse has reached 10 volts} for any value
of DC offset. The same process occurs in negative polarity,
except that the quiescent Vg is 5 volls and it increases to 15
volts for a 10-volt pulse. Having a constant V¢p vs. pulse
amplitude relationship for all values of DC offset and pulse
polarity, ensures a consistent pulse shape over the ranges of
the DC OFFSET (VOLTS) controls.
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Fig. 3-8. Block diag

Inverter. The inverter circuit receives the positive-going
shaped pulse from the pulse shaper circuit and inverts it,
while maintaining the original pulse amplitude. This circuit
consists of inverting amplifier Q534 (see the Output Stage
schematic) amplitude and DC level setting circuit Q523 and
Q513, and output emitter follower Q543,

When K500 and K505 are in their actuated position {PULSE
POLARITY switch set o —| the shaped pulse is applied to the
base of Q534. The inverted pulse ot the collector of Q534
is transmitted through emitter follower 3543 and applied to
the output amplifier. NEG AMPL adjustment R523 centrols
the amplitude of the negative-going pulse by regulating the
gain of Q534. NEG DC LEVEL adjusiment R551, through
emitter follower Q513 sets the DC level ol the oulput pulse
by seiting the voltage at the base of Q523.

Output Amplifier. The oulput amplifier consists of input
transistor 553, three parallel-connected emitter followers
Q563, Q573 and 583, and three parallel-connected common
base amplifiers Q564, Q574 and Q584.

The positive or negative-going shaped pulse is transmitied
lo the emitter followers Q563, Q573 and Q583 by emitter
follower Q553. PULSE OVERSHOOT adjustment C551 requ-
lates the front corner of the pulse and is adjusted for the
squarest possible corner. C563 regulates the filt of the pulse
top. Transistors Q563, Q573 and Q583 apply the pulse to
the emitters of Q544, Q574 and Q584. Fach emitter follower
common-base amplifier combination, current ampiifies the
pulse by an amount equal to the load impedance divided by
75Q, or by 2/3. The total current gain of the output amplifier
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of the relationship of the varioble supply to the output stoge and to the floating power supply.

infofa 50 load is therefore 2. As mentioned in the pre
cading section, the Vg of the common base amplifiers is the
same over all DC |evels of operalion of the instrument.

When the PULSE POLARITY swiich is in the 4+ position
the output amplifier is conducting about 15mA of quiescent
current from the offset current generator. When a positive-
going pulse is applied to the emitter followers, the circuit
conducts as much as 215 mA in order to get a 200 mA (10
volt) outpui pulse. If o negalive-going pulse were applied
to the circuit while it was quiescently conducting only 15 mA,
the cutput transistors would turn off. To get a negative-going
pulse, therefore, 200 mA of additional offset current is
switched into the output amplifier when the PULSE POLARITY
swilch is switched to the  position. As a result the total quie-
scenl current conducted by the output amplifier is about 215
mA and a negative-going pulse applied to the emitter fol-
lowers reduces current conducted by the output stage by as
much as 200 mA (10 volt negative-going pulse]. The baseline
of the negative pulse is held at the same DC level as that of
the posilive pulse by reducing the separation between signal
ground and chassis ground. The separation is reduced by 10
volts when the polarity is swiiched to the — position.

Offset Current Generator. The offset current generator
produces DC current varying from —85mA to +315mA,
part of which provides quiescent operating levels for the
output amplifier and part of which causes varying shifts in
the DC level of the outpu! pulse. This current generator con-
sists of variable voltage reference circuit Q614 (see Fig. 3-10,
unity-gain feedback amplifier Q623 and Q624, variable cur-
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Fig. 3-9. Block dingram of the output amplifier and the offset current generator showing the DC currents and the pulse currents due to
different conditions of the PULSE POLARITY switch and the DC OFFSET (VOLTS! controls.
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Fig. 3-10. Block diagram of the Offset current generator.

rent generator Q643 and constant current generator Q634
and Q654.

The offset current generator consists of a constant current
generator which supplies constant DC current plus a variable
current generalor which regulates the flow of this constant
current into, and, in some cases, out of the output amplitier
and output load (see Fig. 3-9). The constant current generator
supplies two different amounts of constant current: 160 mA
in + polarity and an additional 200 mA when in — polarity.
+ OFFSET ZERO adjustment Ré55 (see the output stage
schematic] sets the constant current through Q654 in +
polarity and — OFFSET ZERO adjustment Ré651 (which is
only in the circuit when the PULSE POLARITY switch is in the
— position} in conjunction with R655 sets the current in —
polaity. Q634 provides feedback control of the current
through Qé654, by opposing any current change.

The amount of current drawn by Qé43, the variable cur-
rent generator, is determined by the voltage level at its base.
The base voltage of Qé43 is set by the collector voltage of
Q614 which is coupled through Q623 and Dé23. The DC
OFFSET [VOLTS) controls, by varying the collector series
resistance of Q614 controls its collector voltage, and OFFSET
RANGE adjustment R605 determines the range of the DC
OFFSET (VOLTS) controls. When the DC OFFSET PRESHT-
VARIABLE swilch is in the VARIABLE position, OFFSET CAL
adjustment R&617 and the DC OFFSET VARIABLE control,
Ré18, determine the variable collector voltage level of Qé14;
when the switch is in the PRESET position the PRESET front-
panel screwdriver adjustment R615 conirols the collecior
voltage.

3-12

Transistors Q623 and Qé24 form a feedback amplifier
with a gain of one, which helps keep the voltage constant
at the base of Qé43. When the PULSE POLARITY switch is
in the — position, Dé40 is swilched into the circuit causing
additional current to flow through Ré4l. Qé24 compensates
for this increase in current to hold the current through R623
and thus the base voltage of Q643 essentially constant,

DC Offset in 4 Polarity. See Fig. 3-2 while reading the
following. In -+ Polarity and zero DC offset, the constant
current generator conducts 160 mA, 145mA of which is
conducted by the variable current generator and the remain-
ing 15mA is conducted by the output amplitier as quiescenf
current. No offset current is conducted by the 50 Q output
load; therefore, there is zero DC offset. For + offset the
variable current source conducts as much os 245 mA, thus
drawing as much as 100 mA from the output load. 100 mA
through the output load produces a +5-volt DC offset. For
— offset (in + polarity}) as little as 45 mA of current may be
conducted by the variable current generator and up to
100 mA may be drawn by the output load. A —100 mA cur-
rent through the output load produces a —5-volts DC offset.
In all the preceding cases the output amplifier conducts
approximately 15mA of quiescent current.

DC Offset in — Polarity. In — polarity the output
omplifier requires aboul 215mA of quiesceni current as
explained in the description of the output amplifier circuit.
The additional 200 mA of quiescent current is supplied by
the constant current generator which conducts about 360 mA
in — polarity. For zero DC offset about 145mA is con-
ducted by the variable current source and 215 mA is con-
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ducted by the output amplifier. No offset current is con-
ducted by the output load, producing zero DC offset. For
-+ offset {in — polarity] as much as 245mA may be con-
ducted by the variable current generator and up to 100 mA
may be drawn from the output load producing up to +5
volts DC offset. For — DC offset as little as 45 mA may be
conducted by the variable current generator and as much
as 100 mA may be drawn by the output load. 100 mA of DC
offset current produces a —5-volt DC offset. In all levels
of DC offset the quiescent current of the output amplifier is
215 mA.

Attenuators. When the final pulse (with offset] has been
generated it may pass through an attenuator before appear-
ing at the pulse output connector. The DC OFFSET AND
AMPLITUDE MULT switch transmits the pulse straight through
to the OUTPUT connector when the switch is in the 1.0
position. When the switch is in either the .5 or .2 positions,
the pulse goes through either a =2 or a +5 attenuator,
respectively, before it appears at the QUTPUT connector.
It should be noted that these attenuators attenuate the
pulse offset as well as the pulse amplitude.

Floating Power Supply

General. The Type 115 can be operated either from a
115-volt or o 230-volt line voltage source. The power supply
{see Fig. 3-11) consists of a single transformer which has two
secondaries and produces 5 regulated, short-proof voltages:
+25 volts, 4+12.5 volts +7 volts, —27 volts and — & velts.
As discussed in the descriplion of the oulput stage, the
power supply is floating in the sense that all the voltages
produced are referenced to signal ground which moves
up and down with respect to chassis ground. Also included
in the floating power supply is the variable supply which
is referenced to chassis ground and provides variable separa-
tion between signal ground and chassis ground.

Input Circuit. When the POWER switch is switched to ON,
line current flows from the input, P701 (see the Floating Power
Supply schematic], through fuses F700 and F701, LINE FILTER
FL701, power switch SW701, fuse F702, thermal cutout TK701
and into the primary windings. For 115-volt operation the
LINE SELECTOR switch connects the two primaries in parallel
and for 230-volt operation connects them in series. For 230-
volt operation F703 is connected into the circuit. The RANGE
SELECTOR plug determines how many turns of each primary
winding are utilized to compensate for variations in line
voltage. The fan is connected belween fterminals 1 and 3
on the transformer primary.

+ 25-volt Supply. The 25-volt supply is a short-pro-
tected and regulated supply. |t consists of diode bridge
D712A, B, C and D, filter capacitor C712, comparator
circuit Q722 and Q724, emitter follower Q734, short circuit
protection circuit Q732 and series regulator Q738.

9-volt Zener diode D717 sets the base voltage of compara-
tor transistor Q722 while the guiescent voltage at the base
of Q724 is set by the +25 VOLTS adjustment R727. Any
variation in the 425-volt supply is compared by Q722 and
Q724. The resulting rise or fall in voltage across R722 is
transmitied by Q734 to the base of series regulater Q738.
Any change in voltage of the +25-volt supply will be
opposed by a change in current through the series regulator.

It the 425-volt supply is shorted to one of the supplies
or to chassis ground, D736 and Q732 will protect the supply.
D736 prevents the supply from going more than 0.6 volt
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below signal ground. Q732 will turn on when its base volt-
age is low enough to forward bias it. When Q732 turns on,
its collector voltage rises, turns off Q734 turns on D734 and
limits current flow through Q738. The -} 25-volt supply volt-
age will thus remain at about signal ground until the source
of the short is removed,

+7-Volt Supply. Zener diode D740 sets the voliage at
the base of Q744 at about 7.5 volts and holds its emitter
at about 6.9 volts. The current through R743 is relatively
constant. Any change in supply voltage will change the
base-emitter voltage of Q744 and more or less current will
be conducted to the +7-volt supply as needed. D744 pro-
tects the supply from a short to a potential that is below
signal ground.

—27-Volt Supply. The —27-volt supply consists of diode
bridge D716A, B, C and D, filter capacitor C716, comparator
Q762 and Q764, emitter follower Q774, short-circuit protec-
tion circuit Q772 and series regulator Q778. The circuit
regulates the —27-volt supply in essentially the same manner
as the 425-volt supply circuit operates.

—6-Volt Supply. The —é-volt supply consists of com-
parator Q746 and Q752, emitter follower Q756 and series
regulator Q758. The base of Q746 is connected to signal
ground through R746 and the voltage at the base of Q752
is set by the R750-R751 divider. Any variation in the —&-volt
supply is compared by Q746 and Q752 and transmitted by
Q756 to the base of Q758. D751 protects the supply from
a short to a potential that is above signal ground.

Variable Supply. As has been stated previously, the
variable supply provides a means of varying the voltage
sepatation between signal ground and chassis ground. This
separation will vary from approximately 41 volt to +18
volts with respect to chassis ground: 48 to 418 volts in +
polarity and +1 to 410 volts in — polarity. When the DC
QOFFSET (VOLTS) controls are set for zero offset, the output
vollage of the variable supply is about 13.5 volts in +
polarity and —+6é volts in — polarity.

The variable supply consists of comparator circuit Q782
and Q784, emitter follower Q794 and series regulators Q797
and Q798. Control current from the offset current generator
is conducted through R780 and R781 to the base of Q782.
Through the operation of Q782 and Q784 as a comparator,
variations in current at the base of Q782 cause changes in
the collector current of Q784. Variations in Q784 collector
current determine the base voltage of Q794, which when
coupled through to its emitter, sets the voltage at the bases
of series regulators Q797 and Q798. As this voltage moves
up or down with respect to chassis ground, as determined
by the DC OFFSET (VOLTS) controls, Q797 and Q798 will
turn on and off, one or the other always being on. They
are never both on except at approximately the zero DC
offset level when crossover occurs. D794 helps keep both
Q797 and Q798 conducting slightly at this crossover point.

As the vollage at the bases of the series regulators rises
above the crossover level [chassis ground), Q798 turns off
and Q797 turns on. Any rise in vollage at the base of Q797
while it is on, causes an increase in conduction of the Irans-
istor and a decrease in the voltage separation between
signal ground and chassis ground (i.e., between the collector
and the emitter of Q797). As the voltage moves in a nega-
tive direction at the bases of the series regulators and passes
through the crossover level, Q797 turns off and Q798 turns
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on. Any additional downward movement of voltage at the
base of Q798 while it is on causes an increase in conduction
of the transistor and a decrease in voltage separation be-
tween chassis ground and the —27-volt supply. The —27-
volt regulator circuitry provides a constant voltage separa-
tion of 27 volts between the —27-volt supply and signal
ground. Any decrease in voltage separation between chassis
ground and the —27-volt supply, therefore, causes an in-

®
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crease in voltage separation between signal ground and
chassis ground. Considering chassis ground as reference,
the action of the series regulators moves signal ground and
the —27-volt supply up and down with respect to chassis
ground while maintaining 27 volts separation between signal
ground and the —27-volt supply. D786 protecls the circuit
from a short to a voltage that is more than 0.6 volt above
signal ground.
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Type 115

SECTION 4
MAINTENANCE

Change information, if any, affecting this section will be found at the

rear of this manual.

Introduction

This section of the manual provides information for use in
preventive maintenance, troubleshooting end corrective
maintenance of the Type 115,

PREVENTIVE MAINTENANCE

General

Preventive maintenance consists of cleaning, visual inspec-
tion, lubrication, efc. Preventive maintenance performed on
a regular basis may prevent instrument breakdown and will
improve the reliability of this instrument. The severity of the
environment to which the Type 115 is subjected determines
the frequency of maintenance.

Cabinet Removal

The cabinet of the Type 115 consists of an open-ended
box which the Type 115 chassis slides into. To remove the
chassis from the cabinet, loosen the slotted thumb-sciew
located below the + GATE IN connector on the front-panel
and pull the chassis out of the cabinet. The cabinet protects
the instrument from dust in the interior and directs the flow
of cocling air.

Cleaning

The Type 115 should be cleaned as often as operaling
conditions require. Accumulation of dirt in the instrument
can cause overheating and component breakdown. Dirt on
components acfs as an insulating blanket and prevents offi
cient heat dissipation. It can also provide cn electrical con-
duction path.

Air Filter. The air filter should be visually checked every
few weeks and cleaned or replaced if dirly. More frequent
inspections are required under severe operafing conditions.
If the filter is to be replaced, order new air filters fiom
your local Tektronix Field Office or representative. The fol-
lowing procedure is suggested for cleaning the filter:

1. Remove the filter by pulling it out of the retaining
frame on the rear panel. Be careful not to drop any of
the accumulated dirt 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 mild detergent and hot
water and let it soak for several minutes.

4, Squeeze the filter to wash out any dirt which remains.

5. Rinse the filter in clear water and allow it to dry.
6. Re-install the filter in the refaining frame.

Exterior, loose dust accumulated on the outside of the
Type 115 can be removed with a soft cloth or small paini
brush. The paint brush is particularly useful for dislodging
dirt on and arcund the front-pancl controls. Dirt which re-
mains can be removed with a soft cloth dampened in a mild
detergent and water solution. Abrasive cleaners should not

be used.

Interior. Dust in the interior of the instrument should be
removed occassionally to prevent electrical conductivily
under high-humidity conditions. The best way fo clean the
interior is to blow ouf the accumulated dust with dry, low-
velocity air. Remove any dirt which remains with a soft
paint brush or a cloth dampened with a mild detergent and
water solution. A cotton-tipped applicator is useful for
cleaning in narrow spaces or for cleaning ceramic terminal
strips and circuit boards.

CAUTION

Avoid the use of chemical cleaning agents which
might damage the plastics used in this instrument,
Avoid chemicals which contain benzene, toluene,
xylene, acetone or similar solvenis.

Lubrication

General- The reliability of potentiometers, rotary switches,
and other moving parts can be maintained if they are kept
properly lubricated. Use a cleaning-type lubricant (such as
Tekironix Part No. 004-0218-00) on shaft bushings and switch
contacts. Lubricate switch detents with a heavier grease
(such as Tektronix Part No. 006-0219-00). Potentiometers that
are not sealed, should be lubricated with a lubricant which
will not affect elecirical characteristics (such cs Tektronix Part
No. 006-0220-00). Do not use excessive lubrication. A lubri-
calion kit centaining the necessary lubricants and instructions
is available from Tektronix, Inc. Order Tektronix Part No.
003-0342-00.

Fan. It is recommeneded that the fan-motor bearings be
lubricated every 1000 hours. Fig. 4-1 shows the lubrication
holes in the fan. Place a few drops of light machine oil in
the holes. Remember that toc much lubrication is as harmful
lo the fan moter as too little lubrication.

Visual Inspection

The Type 115 should be inspected occasionally for such
defects as broken connections, loose pin cannections, broken
or damaged ceramic strips, improperly seated transistors,
damaged circuit boards and heat-damaged paris.
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Fig. 4-1. Lecatien eof lubrication heles in fan (right side!.

The corrective procedures for most visible defects is obvious;
however, particular care must be taken if heat-damaged
components are found. Overheating usually indicates other
trouble in the instrument; therefore, it is important that the
cause of overhealing be corrected to preven! recurrence of
the damage

Transistor Checks

Periodic checks of the transistors in the Type 115 are not
recommended. The best check of transistor performance is
its actual operation in the instrument. More delails on check
ing transistor operation are given under Troubleshookss

Recalibration

To ensure accurate measurements, check the calibration
of this instrumen! after each 1000 hours of operation or, il
used infrequently, every é months. In addition, replacement
of components may necessitate recalibration of the affected
circuits. Complete calibration instructions are given in the
Performance Check and Calibration section, This procedure
may also be helpful in localizing certain troubles in the
instrument. In some coses, minor troubles moy be revealed
and/or corrected by recalibration

TROUBLESHOOTING

Introduction

The following information is provided for use with the
other sections of this manual to facilitate troubleshooting
of the Type 115 if trouble develops. An understanding of
the operation of the Type 115 circvitry is also helpful for
locating troubles, See the Circuit Description seclion for
complete information,
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Troubleshooting Aids

Diagrams. A complete set of circuit diagrams is given
on foldout pages in Section 8. The circuit number and elec
trical value of each component in this instrument is shown
on the appropriate diagram. Each main circuit is assigned
a series of circuit numbers. Table 4-1 lisls the main circuits
in the Type 115 and the series of circuit numbers assigned
lo each. The portions of the circuit which are mounted on o
circuit board are enclosed with o blue line on the circuil
d:ugtam.

TABLE 4-1

Component Numbers

Component
Numbers Diagram
on Diagrams | Number Circuit
1-99 I 1 External Trigger Amplifier
100.199 ' 2 4 Deloy Generator
200-299 ? Penod Generalor
300399 | 3 | Width Generator and Pulse
Shaper-Risetime
400-499 3 | Pulse Shaper-Falltime and
Amplitude Reference
500.599 | 4 'Oufpur Amplifier and Inverter
600.699 A I Ofifset Current Generator

700799 | 5 | Power Supply

Also included on the circuit diagrams are vollages and
wavelefims which can be expecled at various points In the
circgify. A list of lront-panel control settings which must be
uged 1o oblain the given vollages and waveforms is shown
@én the apron of circuit diagram number one

Switch Wafer Identification. Switch walers shown on
the diagrams are coded to indicate the postion of each waler
in the complete switch assembly. The numbered portion of
the code refers to the waler number counling from the front,
or mounting end of the switch, toward the rear. The letlers
F and R indicate whether the front or rear of the wafer per
forms the particular switching function. For example, o waler
designated by 2R indicates that the rear of the second woafer
(from the fromt) i3 used for this particular swilching funclion

Circuit Boards. Figs. 4-7 and 4.8 show the circuil boards
used in the Type 115 On each of these pictures each elec
trical component on the boord is identified by ils circuir
number. These pictures, used along with the circuit diograms,
aid in locating the components mounted on the circuit boards

Wiring Color-Code. All insulated wire and cable vsed in
the Type 115 is color-coded to facilitate circuit tracing. Sig
nol carrying leads are identified with one or Iwo colored
stripes.  Volitage supply leods are identified with three
stripes to indicale the approximate vollage using the EIA
resistor color code. A while bockground color indicates
a positive vollage and a tan background indicates a nega
tive vollage. The widest color stnpe identifies the first color
of the code. Table 4-2 gives the wiring color-code for the
power-supply vollages used in the Type 115 The signal
carrying wires color-codes are given in Fig. 4-7 and 4-B with
the appropriate pin connection



TABLE 4-2
Power Supply Wiring Color Code
Back-

Supply Ground 1st 2nd 3rd
- Color Stripe | Stripe Stripe
425 volt | White | " Red | Red | Brown

+7 volt | White | Violet | Green - Black

—27 volt | Tcl Brown Red Black

—~6 volt [ Tan Black | Blue Blach

Signal White Brown

Ground [ |

Resistor Color Code. In addifion to the brown composi-
tion resistors, some metal-film resistors (identifiable by their
gray body color] and some wire-wound resistors (usually light
blue or gray-green) are used in the Type 115, The resistance
value of a wire-wound resistor is printed on the body of
the compenent. The resistance value of a composition resisior
or metal-film resistor is color-coded on the component with
ElA color-code (some metal-film resistors may have the value
printed on the body). The color-code is read starting with
the stripe nearest the end of the resistor. Composition rusis-
tors have four stripes which consist of two significant figures,
a multiplier and o tolerance valve (see Fig. 4-2). Metal-film
resistors have five stripes consisting of three significant figures,
a multiplier and a tolerance value.
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Capacitor Marking. The capacitance value of a common
disc capacitor or small electrolytic is marked in microfarads
on the side of the component body, The white ceramic
capacitors used in the Type 115 are color coded in pico-
farads using a modified EIA code (see Fig. 4-2).

Diode Color Code. The cathode end of each glass en-
cased diode is indicated by a siripe, a series of stripes or a
dot. For most silicon or germanium diodes with a series of
stripes, the color-code identifies the Tektronix Part Number
using the resistor color-code system (e.g., a diode color-coded
blue or pink-brown-grey indicates Tektronix Part Number
152-0185-00). The cathode and anode ends of metal-encased
diodes can be identificd by the diode symbol marked on
the body.

Transistor Lead Configuration. Fig. 4-3 shows the lead
configurations of the transistors used in this instrument. This
view is as seen from the bottom of the transistor.

Troubleshooting Equipment

The following equipment is useful for troubleshooting the
Type 115:

1. Transistor Tester—Some means of testing the semicon-
ductors used in the instrument is helpful. A transistor-curve
tracer such as the Tektronix Type 575 will give the most
complete information.

Composition Resistors:

Ceromic Capacitors:

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

Resistor and Capacitor Color Code

Signifi- |_ Multiplier | Tolerance _
[ cant | Resis- [Capaci-| Resis- | Capaci-
Color | Figures | | | tors | tors | tors |  fors
Silver | --- | 10 --- +10%
Gold | --- | 10 | --- | =5%
Black 0 T | cee | £20% or
- 2 pF*
Brown 1 10 10 +=1% +1% or
. 0.1 pF*
Red | 2 | 10° | 10° | +2% | +2%
Orange | 3 | 10° | 10° | 3% | =3%
Yelow | 4 | 100 [ 10° [ £4% | +100%
—0%
Green 5 10° | 10° | £05% | =+5% or
0.5 pF*
Blue | 6 | 10° | 10° | --- | ---
Violet | 7_-|_ o o [ -
Gray | 8 | --- | 107 | .. | 4+80%
—20%
| | or 0.25pF*
White | 9 | --- | 107 | --- +10% or
SRR S | R (S U .
(none) | --- --- | *£20% | *10% or
| | 1 pF*

® and/ar
monufacturer and copacllor type. May not be present in some coses.

—temperoture coefficient. NOTE:

*For copaocitance of 10 pF or less.

® color code for capacitors depends upon

Fig. 4-2. Color-code for resistors and ceramic capacitors.
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Metal Cased

Epoxy Cased

Flat
side

Fig. 4-3. Elecirode configurations for sockef-mounted transistors:

Top View.

2. DC Voltmeter and Ohmmeter—A voltmeter for checling
voltages within the circuit and an ohmmeter for checking
resistors and diodes are required. A VTVM with a 10 meg-
ohm input impedance and 0 to 50 volts range, and an ohm-
mefer with a 0 to 20 megohm ronge are suggested. A
20,000 ohm/volt VOM can be used io check voltages, if
allowances are made for the circuil loading of a VOM at
high-impedance points.

3. Test Oscilloscope—A test oscilloscope is required to
view waveforms at different points in the circuit. An oscillo-
scope with DC to 20 MHz frequency response and 100 milli
volts to 10 volts/division vertical deflection factor is sug-
gested. A 10X probe should be used to reduce circuii
loading.

Troubleshooting Techniques

This troubleshooling procedure is arranged in an order
which checks the simple trouble possibilities before pro-
ceeding with extensive troubleshooting. The first few checks
ensure proper connection, operation and calibration. If the
trouble is not located by these checks, the remaining steps
aid in locating the defective component, When the delec-

4-4

tive component is located, it should be replaced following
the replacement procedure given under Corrective Main-
tenance.

1. Check Control Settings. Incorrect control seftings can
indicate a trouble that does nof exist. If there is any ques-
tion about the correct function or operation of any control,
see the Operating Instructions section of this manual.

2. Check Associated Equipment. Before proceeding with
the troubleshooting of the Type 115, check that the equip-
ment used with this instrument is operating correctly. Check
that the signals are properly connected and that the inter-
connecting cables are not defective. Also, check the power
source.

3. Check Instrument Calibration. Check the calibration
of this instrument or of the affected circuit if the trouble is
known tfo exist in one particular circuit. The apparent trouble
may be only a resull of misadjusiment and may be corrected
by calibration. Complete calibration instructions are given
in the Performance Check and Calibration section of this
manval.

4. Pin point Malfunctioning Circuits. To pinpoint the source
of a malfunction in instrument operation, the trouble symptom
will often indicate the identity of the faulty circuitls). For
example, if a proper oulput pulse appears in the undelayed
pulse mode but not in the delayed pulse mode, the fault
is probably in the delay generator,

If the trouble symptom does not indicate which circuit(s)
is causing problems, as would be the case if no pulse ap-
peared at the output connecior in any mode, a more systen-
atic troubleshooting procedure is necessary. Fig. 4-4 provides
a general guide for pinpointing circuits and the troubles
within_them which are causing instrument malfunctions.

The chart first covers the circuits which affect the genera-
tion of an internally-triggered undelayed pulse: The power
supply, the internal pulse and trigger gencrators and the
output stage. A further extension of the chart provides a
troubleshooting method for determining trouble spots when
the problem lies in obtaining pulses in different modes of
operation or in obtaining proper external triggering.

The following preliminary procedure ensures that the instru-
ment malfunction is not caused by improper control setfings
and helps determine where to begin on the troubleshooting
chart:

A. Set the Type 115 contrals as given under First Time
Operation Instructions in Section 2.

B. Connect the Type 115 OUTPUT through a coaxial cable
terminated in 50-2 to the vertical input of the oscilloscope.

C. Turn on the Type 115 power switch and observe the
oscilloscope display of the pulse;

a. If no pulse appears, start at the beginning of trouble-
shooting chart point {A).

o. It a pulse appears but is improperly shaped (com-
pared to Fig. 4-5), start at point (B) on the troubleshooting
chart.

c. If the undeloyed pulse is similar to the pulse seen
in Fig. 4-5 but a problem arises in other modes of opera-
tion or in external triggering, start at point (C} on the
troubleshooting chart according to the trouble symptom.

@1
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(A}

B

TYPE 115 TROUBLESHOOTING CHART

Connect Type 115 to correct power
source and set POWER switch 1o
ON. Allow several minutes warm
up.

POWER light does__

nao! come on

POWER‘FIIghf on

cord.

Check fuses, power switch, power
source, power transformer, power
light bulb, thermal cutout and line

Check power supply test points os Measure power line veltage ond b 1 t
described in step 1 and 2 of Sec- Incorrect | check that Voltage Selactor assem- No 5&:‘ ass:r:d 'vm;h:d; ::;fr::—
tion 5, Performance Check ond ~| bly on rear panel is set to correct il hm s i
Calibration Procedure. voliage. ted power supplies,
Correct | - Correct | Slill*’lntormtl
Y > Check

Attach oscilloscope 103 prebe to P — - Yes powTr
pin Q on top circvit board (see P ks Check period generator. sll.!prur
Fig. 4-7)and check for a negative- trigger Al L
going period trigger.

|
Attach oscilloscope 10 probe to
pin AQ on top circuit board (See No width gulg__ Check width generator
Fig. 4-7) and check for positive-
going width gate.

Yes +
Attach oscilloscope 10< probe to
pin X on bottom circuit board (See | Mo pulse or | cpen pulse shaper and
Fig. 4-8) and check for positive- | poorly shoped amplitude refercnce circuits.
going shaped pulse. pulse
Connect Type 115 OUTPUT to oscil- I Remave offset current from output sHill I
loscope through coaxial cable ter- No pulse or by disconnecling wire attached to t ne Ppulse or | Check output

minated with 50 {1, Check for out-
put pulse,

Yes

Turn Type 115 DC OFFSET VARI-

poorly shap ed |
pulse

pin Y on bottem circuit boord (See
Fig. 4-8).

Pulse

Pulse | acceptable

poorly shaped pulse. amplifier

shape varies

Y

ABLE throughout its range for both with movement of | Check offset current  gen-
positions of PULSE POLARITY DC OFFSET VARI- 7 |erator and varioble power
switch. ABLE control. supply.
Yes —L *
The preceding checks concerned only those circuits which affect
the generation of an internally triggered, undelayed output pulse.
(C) | If the instrument malfunction is in another mode of operation or
in external triggering one or more of the fallowing checks should
be made,
| |
Exlemal+Trigge:ing Delay + Gatel In

Connect o from +2V to +20V Attach oscilloscope 10X probe to A

trigger signol to the Type 115 +
TRIG IN connecter and set TRIG-
GER switch te MAN or EXTERNAL.
Check for output pulse with same
period os external Higger.

pin AK on the
|See Fig. 4.7)
negative-going delay trigger.

top circuit board
and check for

o

No | output pulse

Connect from +2V to +20V
positive-going gale signal te the
4+ GATE IN connector and set
PERIOD switch te 100 ps. Attach
oscilloscope 107X probe to pin Q
on the top circuit board (See Fig.

Y

Disconnect trigger signal from <+
TRIG IN connector and press the
MAN TRIG button, Check
single output pulse.

Yes

4-7) and check for groups of
Check external trig- negative-going period triggers.
ger amplifier Yes
Ne deluy‘r trigger
No output pulse No period
Check delay generator triggers
for 1 Check
gate
If this chart has not yielded the input
circuit  problem, proceed with - amplifier
Troubleshooting Techniques 6
through 8.

Fig. 4-4. Troubleshooting chart.
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Sweep rate 20 us/cm

Fig. 4-5. Type 115 Output pulse which should be obtained if instru-
ment is operating properly.

After the defective circuit has been located, proceed with
steps 5 through 9 to locate and repair the faulty components,

5. Visual Check. Visually check the portion of the instru-
ment in which the trouble is located. Many troubles can be
located by visua! indications such as unsoldered connections,
broken wires, damaged circuit boards, damaged components,
etc.

6. Check Circuit Board Interconnections. After the trouble
has been isclated to a particular circuit, check the pin con-
nectors on the circuit board for correct connection, Fig, 4-7
and 4-8 show the correct connections of each board.

The pin connectors used in Ihis instrument also provide a
convenient means of circuit isalation. For example, if the
power supply is shorted, the defective circuit can be isolated
by disconnecting the pin connectors at the beards until the
shorting condition is removed.

7. Check Voltages and Waveforms. Often the defective
component can be located by checking for the correct volf-
age or waveforms as given on the circuit diagrams on fold-
out pages in the back of this manual.

NOTE

Voltages and waveforms given on the diagrams
are nol absolute and may vary slightly between
instruments. To obtain operating conditions simi-
lar to those used to lake these readings, see the
first diagram page.

8. Check Individual Components. The following procedures
describe methods of checking individual components in the
Type 115. Components which are soldered in place are best
checked by disconnecting one end. This isolates the meas-
urement from the effects of surrounding circuitry.

A. TRANSISTORS. The best check of transistor operction is
actual performance under operating conditions. If a transisior
is suspected of being defective, it can best be checked by
substituting @ new component or one which has been checked
previously, However, be sure thal circuit conditions are
not such that a replacement fransisior might also be dam-
aged. If substitute transistors are not available, use a
dynamic tester (such as Tektronix Type 575). Static-type
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testers are not recommended, since they do not check opera-
tion under simulated operating conditions.

CAUTION

The POWER switch must be turned off before re-
moving or replacing transistors.

B. DIODES. A diode can be checked for an open or
shorted condition by measuring the resistance between termi-
nals, With an ohmmeter scale having an infernal source of
between 800 millivolts and 3 volts, the resistance should be
very high in one direction and very low when the leads are
reversed. To measure reverse leakage, a dynamic fester is
necessary. When unsoldering leads, be sure to provide a heat
shunt so that the diode is not damaged.

CAUTION

Do not use an ohmmeter that has a high internal
current. High currents may damage the diode.
Do not measure tunnel diodes with an ochmmeter;
use a dynamic tester.

C. RESISTORS. Resistors can be checked with an ohm-
meter. Check the Electrical Parts List for the tolerance of
the resistors used in this instrument. Resistors normally do not
need to be replaced unless the measured value varies widely
from the specified value.

D. INDUCTORS. Check for open inductors by checking
conlinuity with an ohmmeter. Shorted or partially shorled in-
duclors can usually be found by checking the waveform
response when high-frequency signals are passed through the
circuit. Partial shorting often reduces high-frequency re-
sponse causing rounding. Check toriods and Ferrite beads
for cracks.

E. CAPACITORS. A leaky or shorted capacitor can best
be detected by checking resistance with an ohmmeter on the
highest scale. Do not exceec the voliage rating of the cao-
pacitor. The resistance reading should be high after the
capacitor has charged. An open capacitor can best be
detected with a capacitance meter or by checking to see
if the capacitor passes AC signals,

F. REED SWITCHES. Check the reed switches with a volt-
meter when the instrument is operaling, to be sure that the
reed is closed when actuated and open when not acfuated.

G. REED-DRIVE COILS. The reed-drive coils can be check-
ed for correct operation as follows (coil has four mounting
leads for rigidity; make measurements between the two leads
on cither end of the coil): 1) With the instrument power off,
check the DC resistance of the coil with an ohmmeter; typical
resistance values are given in the electrical parts list, 2)
With the instrument power on, check the DC voltage drop
across the coil when the actuating level is applied. 3} If
both the resistance and voltage are correct, the coil can be
assumed to be correct; 4) If the resistance is incorrect {take
info account surrounding circuitryl, disconnect the coil and
check the resistance again. 5} If the voltage across the coil
is incorrect but the coil resistance is correct check the circuit
originating the actuating level.

9. Repair and Readjust the Circuit. If any defective parls

are located, follow the replacement procedures given in this
section. Be sure to check the performance of any circuit that

s
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has been repaired or that has had any electrical components
replaced. If a compeonent has been replaced, recalibration is
usually necessary.

CORRECTIVE MAINTENANCE

General

Corrective maintenance consists of component replacement
and instrument repair. Special techniques required to replace
components in this instrument are given here.

Obtaining Replacement Parts

Standard Parts. All electrical and mechanical part re-
placements for the Type 115 can be obtained through your
local Tektronix Field Office or representative. However,
many of the standard electronic components can be obtained
locally in less time than is required to order them from Tek-
tronix, Inc. Before purchasing or ordering replacement parts,
check the parts list for value, tolerance, rating and description.

NOTE

When selecting replacement parts, it is important
to remember that the physical size and shape of
a componenl may affect its performance, parti-
cularly at the upper frequency limits of the instru-
ment. All replacement parts should be direcl
replacements unless it is known that a different
component will not adversely affect instrument
performance.

Special Parts. In addition to the standard electronic com-
ponents, some special parts are used in the Type 115, These
parts are manufactured or selected by Tektronix, Inc. to meet
specific performance requirements, or are manufactured for
Tektronix, Inc. in accordance with our specifications. Each
special part is indicated in the electrical parts list by an
asterisk preceding the part number. Most of the mechanical
parls used in this instrument have been manufactured. by
Tektronix, Inc. Order all special parts directly from your
local Tektronix Field Office or representative,

Ordering Parts. When ordering replacement parts fiom
Tektronix, Inc., include the following information.

1. Instrument Type.
2. Instrument Serial Number.

3. A description of the part (if electrical, include circuit
number).

4. Tektronix-Part Number,

Soldering Techniques
WARNING

Disconnect the instrument from the power source
before soldering.

Circuit Boards. Use ordinary 60/40 solder and a 35- lo
40-watt pencil type soldering iron on the circuit boards. The
tip of the iron should be clean and properly tinned for best
heat transfer to the solder joint. A higher wattage soldering
iron may separate the wiring from the base material.
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The following tetchnique should be used to replace a com-
ponent on a circuit board. Most components can be replaced
without removing the boards from the instrument.

1. Grip the component lead with long-nose pliers, Touch
the soldering iron to the lead at the solder connection. Do not
lay the iron directly on the board, as it may damage Ihe

board.

2. When the solder begins to melt, pull the lead out gently.
This should leave a clean hole in the board. If not, the hole
can be cleared by reheating the solder and placing a sharp
object such as a toothpick into the hole to clean it oul. A
vacuum-type desoidering tool can also be used for this
purpose.

3. Bend the leads of the new component to fit the holes
in the board. If the component is replaced while the board
is mounted in the instrument, cut the leads so they will just
protrude through the board. Insert the leads into the holes
in the board so the component is firmly seated against the
board (or as positioned originally). If it does not seat pro-
perly, heat the solder and gently press the component into
place.

4. Touch the iron to the connection and apply a small
amount of solder to make a firm solder joint. To protect
heat-sensitive components, hold the lead between the com-
ponent body and the solder joint with a pair of long-nose
pliers or other heat sink.

5. Clip off the excess lead that protrudes through the
board (if not clipped in siep 3).

6. Clean the area around the solder connection with a
flux-remover solvent. Be careful not to remove information
printed on the board.

Ceramic Terminal Strips. Solder used on the ceramic
terminals strips should contain about 3% silver. Use a 40- to
75-watt soldering iron with a jg-inch wide wedge-shaped
tip. Ordinary solder can be used occasionally without
damage to the ceramic terminal strips. However, if ordinary
solder is used repeatedly or if excessive heat is applied, the
solder-to-ceramic bond may be broken.

A sample roll of solder containing about 3% silver is
mounted on the chassis of this instrument next to Lé44. Ad-
ditional solder of the same type should be available locally,
or it can be purchased from Tekironix, Inc. in one-pound
rolls; order by Tektronix Part No. 251-0514-00.

Observe the following precautions when soldering fo a
ceramic terminal strip:

1. Use a hot iron for a short time. Apply only enough
heat to make the salder flow freely.

2. Maintain a clean, properly tinned fip.
3. Avoid putting pressure on the ceramic terminal strip.

4. Do not altempt to fill the terminal-strip notch with
solder; use only enough solder to cover the wires adequately.

5. Clean the flux trom the terminal strip with a flux-re-
mover solvent.

Metal Terminals. When soldering to metal terminals [e.g.,
switch terminals, potentiometers, elc.), ordinary é0/40 solder
can be used. Use a soldering iron with a 40- to 75-watt
rating and a 'f-inch wide wedge-shaped tip.
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Observe the following precautions when soldering to a
metal terminal:

1. Apply only enough heat to make the solder flow freely.
2. Apply only enough solder to form a solid connection.
Excess solder may impair the function of the part.

3. If a wire extends beyond the solder joint, clip off the
excess.

4, Clean the flux from the solder joint with a flux-re-
mover solvent.

Component Replacement
WARNING

Disconnect the instrument from the power source
before replacing components.

Ceramic Terminal Strip Replacement. A complete cera-
mic terminal strip assembly is shown in Fig. 4-6. Replacement
strips (including studs] and spacers are supplied under
separate part numbers. However, the old spacers may be re-
used if they are not damaged. The applicable Tektronix Parl
Mumbers for the ceramic strips and spacers used in this
instrument are given in the Mechanical Part List.

Fig. 4-6. C ic terminol strip bly.

To replace a ceramic terminal strip, use the following pro-
cedure.

REMOVAL:

1. Unsolder all components and connections on the sirip.
To aid in replacing the strip, it may be advisable to mark
each lead or draw a sketch showing the location of the com-
ponents and connections.

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 [spacers should be
replaced if they are damaged).

REPLACEMENT:
1. Place the spacers in the chassis holes.

2. Carefully press the studs of the strip into the spacers
until they are completely seatetd. If necessary, use a soft
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mallet and tap lightly, directly over the stud, to seat the
strip completely.

3. If the studs on the new ceramic strip are longer than
those on the old one, cut off the excess length before the
new strip is put in place.

4. Replace all components and connections. Observe the
soldering precautions given under soldering Techniques in
this section.

Circuit Board Replacement. If a circuit board is damaged
beyend repair, either the entire assembly including all solder-
ed-on components, or the board only, can be replaced. Part
numbers are given in the Mechanical Parts List for either the
completely wired or the unwired board. Most of the compon-
ents mounted on the circuit boards can be replaced without
removing the boards from the instrument. Observe the sold-
ering precautions given under Soldering Techniques in this
section,

Use the following procedure to remove a circuit board.

la. To lift the board for maintenance or access to areas
beneath the board, disconnect the pin connectors which
might impair lifting.

1b. To completely remove the board; disconnect all the
remaining pin connectors.

2. Remove all screws holding the board to the chassis.

3. Lift the circuit board partially or all the way out of the
instrument. Do not force or bend the board.

4. To replace the board, reverse the order of removal.
Correct location of the pin connectors is shown in Figs. 4-7
ond 4-8, Replace the pin connectors carefully so they mate
correctly with the pins. If forced into place incorrectly
the -pin connectors may be damaged.

Transistor Replacement. Transistors should not be re-
placed unless they are actually defective. If removed from
their sockets during routine maintance, return them to their
original sockets. Unnecessary replacement or exchange of
transistors may affect the calibration of this instrument. When
transistors are replaced, check the operation of that part of
the instrument which may be affected.

CAUTION

POWER switch must be turned off before removing
or replacing transistors,

Replacement transistors should be of the original type or
a direct replacement. Fig. 4-3 shows the lead configuration
of the transistors used in this instrument. Some plastic case
transistors have lead configurations which do not agree
with those shown here. If a transistor is replaced by one
which is made by a different manufacturer than the original,
check the manutacturer’s basing diagram for correct basing.
All transistor sockets in this instrument are wired for the
basing used for metal-case transistors. Use silicone grease
when replacing transistors which have heat radiators or are
mounted on the chassis. Replace the silicone grease when
replacing these transistors.

WARNING

Handle silicone grease with care. Avoid gelting
silicone grease in the eyes. Wash hands thorough-
ly after use.



Fuse Replacement. The power-line fuses are located on
the rear panel in the Voltage Selector Assembly. Power-
supply fuses are located beside the power transformer. See
the electrical parts list for the values of the fuses.

Glass Reed-Switch Replacement. The glass reed-switches
used in this instrument are pressurized and can easily be
broken. To avoid damage to the reed-switch, do not apply
stress to the metal-glass bond. When it is necessary to bend
a lead, use two pair of long-nose pliers one next to the glass
to hold the lead and one to bend the lead. Before replacing
a reed-switch, be sure the actuating circuitry is not at fault.
See Troubleshooting procedure for methods of checking the
circuit. It is important that the replacement reed-switch be
correctly positioned within the drive-coil assembly with the
sume lead length as the original to provide similar magnetic
characteristics.

REMOVAL:

1. Observe the physical position of the glass bulb and the
leads of the old reed-switch.

2. Unsolder the leads of the old reed-switch from the
solder posts.

3. Pull the old reed-switch out of the drive-coil.

REPLACEMENT:

1. Bend and clip the leads of the new reed-switch to dupli-
cate those of the old one. Be careful not to stress the gloss.

2. Slip the new reed-switch into the drive-coil.

3. Position the new reed-switch in exactly the same physi-
cal position as the old one.

4. Position the leads correctly and solder the new reed-
switch fo the solder posts. Avoid excessive heat on the
reed-switch; use a heat sink on the leads.

Rotary Switches. Individual wafers or mechanical parts
of rotary switches are normally not replaceable. If a switch
is defective, replace the entire assembly. Replacement switches
can be ordered either wired or unwired; refer to the Elec-
trical Parts List for the applicable part number.

When replacing a switch, tag the leads and switch termi-
nals with corresponding identification tags as the leads are
disconnected. Then, use the old switch as a guide for instal-
ling the new one. An alternative method is to draw a skeich
of the switch layout and record the wire color at each termi-
nal. When soldering to the new switch, be careful that the
solder does not flow beyond the rivets of the switch terminals.
Spring tension of the switch contact can be destroyed by
excessive solder.

To gain access to the switches attached to the front-panel,
use the following procedure:

1. Remove the screws on the rear panel which hold the
spacer bars in place.

Maintenance—Type 115

2. Loosen the screws in the spacer bar clamps.

3. Pull the front panel foward until the switches are ac-
cessable.

4. When puiting the front-panel back in its proper posi-
tion, be sure to re-tighten the spacer bar clamp screws.

Power Transformer Replacement. The power transformer
in this instrument is warranted for the life of the instrument.
i the power transformer becomes defective, contact your
local Tektronix Field Office or representative for a warranty
replacement (see the Warranty note in the front of this man-
ual]. Be sure to replace only with a direct replacement Tek-
tronix transformer.

To replace the power transformer the bottom chassis plate
to which the power transformer is bolted must be lowered as
follows:

1. Lift the bottom circuit board( as described in the part
titled Circuit Board Replacement) enough to gain access to
the screws which hold the bottom chassis plate in place.

2. Remove the screws which secure the bottom chassis plate
to the rear panel and front bulkhead.

3. Lower the bottom chassis plate until the power frans-
former can be removed.

4. Be sure to label the leads before unsoldering them from
the power transformer.

Miscellaneous Maintenance Information

TK701 -l the thermal cutout is replaced, be sure the nuts
and screws used to hold it in place are tight before turning
on the instrument.

C716 and C717—The filter capacitors can be removed
without lowering the bottom chassis plate.

Ré15—The PRESET control can be disconnected from the
front-panel with an Allen wrench.

L668—When removing then replacing the bottom circuit
board, be sure that L668 {mounted on the back side of the
circuit board), is not touching the chassis.

Recalibration After Repair

After any electrical component has been replaced, the
calibration of the associated circuit should be checked, as
well as the calibration of other closely related circuits. Since
the Power supply affects all circuits, calibration of the entire
instrument should be checked if work has been done in the
Power supply or if the power transformer has been replaced.
The Performance Check and Calibration Procedure in Section
5 provides a means of checking instrument operation and
making necessary adjustments.
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SECTION 5
PERFORMANCE CHECK AND
CALIBRATION PROCEDURE

Change informatien, if any, affecting this section will be found at the

rear of the manual.

General

This combined performance check and calibration pro-
cedure provides both a method of comparing the insiry-
ment to performance requirements given in the Specification
section and a method of adjusting any instrument choracter-
istics which do not meet this specification. A performance
check and calibration record is included at the beginning of
the procedure for use as a check list to verify correct cali-
bration and operation of the Type 115 or as a guide for
quick calibration by an experienced calibrator.

The Type 115 should be checked and recalibrated alter
each 1000 hours of operation or al least once every 6 months
to ensure that it is operating properly. In addition, portions
of the instrument will require recalibration it components are
replaced or other clectrical repairs are made.

The step by step instructions in this procedure furnish an
orderly approach to the isolation of possible malfunctions
and thus serve as an aid in troubleshooting the instrument.
Any maintenance that is known to be needed should be per-
formed before starting the calibration procedure. If any
troubles become apparent during calibration, these also
should be corrected before proceeding. Repair and servic-
ing information is given in the Maintenance section of this
manual.

EQUIPMENT REQUIRED

The fellowing {or equivalent) items of equipment are re-
quired for a complete calibration of the Type 115. The equip-
ment is illustrated in Fig. 5-1. If substitute equipment is
used, its accuracy must exceed the lolerances fto be measuied
by at least 4 times in order ‘o make an cccurale measure-
ment,

1. Test oscilloscope, Tekironix Type 547 with Type 1Al
wideband Dual-Trace Amplifier Plug-In Unit. Minimum alter-
nate requirements: Bandwith from DC to 40 MHz; sweep
rate from 10msfem to T0nsfcm (0.1 pus/cm magnified by
10); internal and external triggering; amplitude calibrator out-
put available (approximately 1 kHz); vertical deflection fac-
tors from 5mV/cm to 5V/[em; voltage accuracy of the dis-
play within 3%; alternate-trace switching,

2. Time-mark generator, Tektronix Type 184, Minimum
alternate requirements: Time-mark outputs from 0.1 s to 10
ms; sine wave output of 10ns; accuracy within 0.75%.

3. Variable autotransformer le.g., General Radio, Variac
Type WIOMT3W]. Minimum requirements: Qutput voltage
variable from 90 volts to 136 volts AC RMS for 115-volt opera-

®

tion or from 180 volts to 272 volts AC RMS for 230-volt opera-
tion; output power rating at least 0.1 KYA. If monitor volt-
meter is not included, separate AC voltmeter is required.

4. DC Voltmeter. Minimum suggested requirements: Volt-
cge range 6 volts to 27 volts; basic accuracy within 3%; ac-
curacy within 1% al 25 volis and 27 volts; sensitivity 20,000
chms per volt.

5. Two 1< test probes, Tektronix P4011, with BNC con-
nectors, Tektronix Part Number 010-0192-00.

6. Three 42 inch coaxial cables. Characteristic impedance
approximately 50 ; BNC connectors. Teklronix Part Num-
ber 012-0057-01. (One of these cables is included with the
Type 115).

7. 50 Q in-line termination with BNC connectors, 5 watt.
Tektronix Part Number 011-0099-00. (Included with the Type
115).

8. 50-¢ in-line termination with BNC connectors. Tektronix
Part Number 011-0049-00.

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

10. Plastic screwdriver-type adjustment tool. Tektronix Part

Number 003-0000-00.

NOTE

The following equipment is needed only to per-
form steps 17 through 20 of this section. If the
accuracy of the pulse characteristics adjusted and
checked in these steps is not critical, these items of
equipment may be omitted.

11. Sampling Oscilloscope, Tektronix Type 561 A with Type
351 Dual-Trace Sampling Unit and Type 3T77A Sampling
Sweep Unit, Minimum altrnate requirements: Riselime of
2.5 ns; equivalent sweep rates of 0.2 us/em fo 2 ns/cm; verti-
cal deflection factors from 1 mV/em to 200 mV/em; front-
corner abberations of 2%, and 2% peakto-peak; external
lriggering, time-positioning capability (time delay); voltage
accuracy within 3%.

12. 5-ns coaxial cable. Characteristic impedance approxi-
mately 50-Q; GR connectors. Tektronix Part Number 017-
0502-00.

13. 50 Q2 10 attenuator with GR connectors. Tektronix
Part Number 017-0078-00.

14. 50-02 5X attenvator with GR connectors. Tektronix
Part Number 017-0079-00.
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15. 50-2 10¢ attenuator with BNC connectors. Tektronix
Part Number 011-0059-00.

16. BNC female to GR connector adapter. Tektronix Pari
Number 017-0063-00.

17. BNC male to GR connector adapter. Tekironix Parl
Number 017-0064-00.

PERFORMANCE CHECK/CALIBRATION
RECORD AND INDEX

The fallowing abridged performance check and calibration
procedure has been provided for use as a record of perform-
ance check and/or calibration or as a guide for an experi-
enced calibrator. It may also serve as an index to locate a
particular step in the procedure. Performance requirements
given in the following correspond to those given in Section 1
of this manual.

Type 115, Serial No. _
Performance Check/ Calibration Date
Checked/ Calibrated by —woe aviIi

POWER SUPPLY
[1 1. Adjust +25-volt Supply (Page 5-7)
Adjust R727 for +25 volts with respect to signal
ground,

[] 2. Check Other Power Supply Yoltages

—27 volts with respect to signal ground.

—é volts with respett fo signal ground.

+7 volts with respect to signal ground.

Chassis ground (while varying DC offset controls)
with respect to signal ground).

[ 3. Check Regulation

>15mV ripple on +25-volt supply.

>50mY ripple on +7-volt supply.

>30mV ripple on —é-volt supply.

>15mV ripple on —27-volt supply.

>20 mVY ripple on chassis ground.

Measured differentially with respect to signal ground.

(Page 5-8)

(Page 5-8)

PRELIMINARY PULSE CIRCUIT ADJUSTMENTS

[ 4. Adjust Risetime Centering (Page 5-10)
Adjust R391 for 0 volt between base of Q384 and
base of Q3%4.

[] 5. Adjust Falltime Centering (Page 5-11)
Adjust R411 for 0 volt between base of Q404 ond
base of Q414.

[] 6. Adjust Width and Delay Trigger (Page 5-11)

Adjust R321 and R12] for stable delayed output pulse
throughout range of DELAY OR BURST DURATION
VARIABLE and WIDTH VARIABLE controls.

. Adjust Cffset Zero Level—Preliminary  (Page 5-12)
Adjust R655 for zero offset with DC OFFSET [VOLTS)
VARIABLE control set to 0 in + polarity.

[] 8. Adjust Baseline Clamp {Page 5-12)

Adjust R481 for stable baseline throughout ronge of
AMPLITUDE (VOLTS) control.

O
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PULSE OFFSET AND AMPLITUDE

] 9. Adjust Offset Range (Page 5-14)

Adjust R605 for 10-volt DC offset with DC OFFSET
AND AMPLITUDE MULT switch set to 1.0 and with
DC OFFSET (VOLTS) VARIABLE control turned from
+5 to —5.

[7] 10. Adjust DC Offset (+ Polarity) (Page 5-14)

Adjust Ré655 for zero DC offset with DC OFFSET
[VOLTS) VARIABLE control set to 0.

111, Adjust + Amplitude (Page 5-15)
Adjust R431 for 10 volts amplitude of the positive-
going pulse with AMPLITUDE [VOLTS) control set to

10 and DC OFFSFT AND AMPLITUDE MULT switch
set to 1.0.

[ 12. Adjust Amplitude and DC Offset Page 5-15
(—Polarity)

Adjust R523 for 10 volts amplitude of the negative-
going pulse with the AMPLITUDE (VOLTS) control
set to 10 and the DC OFFSET AND AMPLITUDE
MULT switch set to 1.0, Adjust R511 and R561 for
zero offsel with DC OFFSET (VOLTS) VARIABLE con
trol set to 0.

[[] 13. Check Offset Accuracy {Page 5-16)

10 volt range of DC OFFSET (VOLTS) VARIABLE con-
trol with DC OFFSET AND AMPLITUDE MULT switch
set to 1.0, zero volts with control set to 0. & volt
range of PRESET screwdriver adjustment.

[] 14. Check Amplitude Accuracy (Page 5-16)

Amplitude of 10 volts, 5 volts 5% and 2 volis
#45% with DC OFFSET AND AMPLITUDE MULT
switch set to 1.0, .5 and .2 respectively and the
AMPLITUDE (VOLTS) control set to 10 in both polar-
ities.

RISETIME AND FALLTIME

[C] 15. Adjust Risetime and Falltime {Page 5-18)

Risetime and Falltime within 5% —+1ns with RISE-
TIME MULT and FALLTIME MULT controls set to 1.
Adijust R371 and R421 for a risetime-falltime of 100
us. Adjust R375 and R425 for a risetime-falltime of
10 pus. Adjust C397 for a risetime-lalltime of 100 ns.

[} 16. Check Risetime and Falltime Accuracy (Page 5-19)

Risetime and Falltime within 59, =-1ns with RISE-
TIME MULT and FALLTIME MULT controls set to 1.

PULSE SHAPE, FAST RISETIME AND FALLTIME

[] 17. Adjust Pulse for Minimum Aberrations (Page 5-21)

Aberrations of less than +3%, 3% peak-to-peak
times the sefting of the DC OFFSET AND AMPLITUDE
MULT switch setting, whichever is greater. Adjust
C551 and C563 while viewing pulse fall. Adjust
C471 and R471 while viewing pulse top.

[] 18. Check Pulse Aberrations [Page 5-21)

Aberrations of less than =+3%, 3% peak-to-peak
times the setting of the DC OFFSET AMPLITUDE
MULT switch setting, whichever is greater.
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119,

[]2.

[ 22.

5-4

. Check 10 ns Risetime and Falltime

. Adjust Pulse Delay Timing

. Check Pulse Delay Timing

Adjust 10 ns and 100 ns Risetime and
Falltime

Risetime and Falltime within 55, -+1ns with the
RISETIME MULT and FALLTIME MULT contrals set fo
1. Adjust R376, R426 and C395 for a risetime and
falltime of 10ns. Adjust C397 for a risetime-falltime
of 100 ns.

|Page 5-23)

(Page 5-23}
Accuracy

Risetime and Faltime within 5% -t-1 ns with the RISE-
TIME AND FALTIME switch set to 10 ns and the RISE-
TIME MULT and FALLTIME MULT controls set to 1

WIDTH GENERATOR

Adjust Pulse Width Timing (Page 5-26)
Width timing within 3% with WIDTH VARIABLE in
CAL position [within 5% with WIDTH switch in the 50
ns position). Adjust R331 for a width of 550 jis. Adjust
R335 for a width of 50 us. Adjust C338 for a width
of 50 ns.

Check Width Accuracy (Page 5-26)

Width timing within 3% with WIDTH VARIABLE in
CAL position {within 5% with WIDTH switch in the 50
ns position).

DELAY GENERATOR

(Page 5-26)
Delay timing within 39 -+10ns with DELAY OR
BURST DURATION VARIABLE control in the CAL posi-
tion. Adjust R131 for a delay time of 550 pis. Adjust
R135 for a delay of 50 pis. Adjust R134 and Ci138 for
a delay of 50 ns.

(Page 5-28}
Delay timing within 3% =10 ns with the DELAY OR

BURST DURATION VARIABLE control in the CAL
position.

(] 25.

[ 2

PERIOD GENERATOR

Adjust Pulse Period Timing (Page 5-29)
Period timing within 3% with the PERIOD VARIABLE
control set o CAL (within 5% with the PERIOD switch
set to 100ns). Adjust R241 for a period of 11 ms.
Adjust R245 for a period of 1 ms. Adjust C249C for
for a period of 1 s, Adjust C249A for a peried of
100 ns,

Check Pulse Period Accuracy {Page 5-30)

Period timing within 3% with the PERIOD VARIABLE
control set to CAL (within 5% with the PERIOD switch
set to 100 ns).

MODES OF OPERATION, TRIGGERS AND TRIGGERING

0 2.

[] 28

[] 30.

1 3.

. Check External and Manual Triggering

{Page 5-33)
Pretrigger and delayed trigger pulse amplitudes of
greater than 2 volts into 1 k.

Check Undelayed Pulse, Delayed Pulse
ond Paired Pulses

Correct selection of undelayed pulse, delayed pulse
and paired pulses with the MODE switch.

Check Pretrigger and Delayed Trigger

{Page 5-33)

{Page 5-34)
Correct triggering of output pulse with externally
applied frigger at the + TRIG IN conneclor (see
Section 1 frigger specification). Correcl triggering of
output pulse with trigger received from MANUAL
TRIG bution,

Check Burst Mode (Page 5-34)
Correct output pulse when MODE switch is set to

BURST.

Check Gated Output Mode (Page 5-35)

Correct output pulse when MODE switch is set to
GATED.



PERFORMANCE CHECK AND
CALIBRATION PROCEDURE

The following procedure is arranged to allow: (1) Checking
of the performance of the Type 115 with respect fo folerances
given in Section 1; {2) complete or partial adjustment of the
Type 115 internal controls without a complete performance
check; or {3} a complete recalibration of the Type 115, which
includes adjustment of internal controls as well as a complete
performance check. To perform any of the above operations,
use one of the following methods:

Performance Check Only. Start with the PRELIMINARY
PROCEDURE—Performance Check Only and perform only
those steps with fitles printed in Baskerville type throughout
the main procedure. An example of this type can be seen
in Step 13 on page 5-16.

Adjustment Only. Start with the PRELIMINARY PROCE
DURE—Calibration Only and perform only those steps with
titles followed by the adjustment symbol throughout the main
procedure and the Calibration and Performance Check Re-
procedure. An example of the heading and symbol can
be seen in Step 1 on page 5-7.

Calibration. Start with the PRELIMINARY PROCEDURE—
Calibration Only and perform all the steps throughout the
main procedure.

When doing a complete calibration or a complete ad-
justment of internal controls of the instrument, the best
overall performance will be obtained if each adjustment is
made to the exact setting, even if the observed performance is
within tolerance. When doing only a partial adjustment,
however, do not readjust any controls unless the observed
performance is not within tolerance. In either case, do not
preset any adjustments unless they are know to be signi-
ficantly out of adjustment or unless repairs have been made
in the circuit. In these instances, set the particular controls to
midrange.

A picture of the initial setup of the Type 115 and related
test equipment is shown for each major group of adjustments
and/or checks. Beneath each setup picture is a completfe list
of front-panel control settings of the Type 115, plus significant
control settings of the test instruments. Any conrol that has
been changed from the setting at the end of the preceding
step is given in boldface type. These control settings can
be used no matter which of the three procedures is to be
used. If adjustments and/or checks are made without fol-
lowing one of the three procedures, start with the nearest
initial setup preceding the desired adjustment or check and
follow the sequence up fo the desired step, making changes
in control setting as indicated.

PRELIMINARY PROCEDURE
Performance Check Only

1. Set the line voltage selector switch on the Type 115
rear panel in accordance with the line voltage source to be
used.

Performance Check/Calibration—Type 115

2. Connect the Type 115 to the line voltage source.

3. Install the Type 1A1 Plug-In Unit in the Type 547 Oscil-
loscope and connect the instrument to a suitable power
source.

4. Connect a 50-0 coaxial cable, terminated with a 5
watt 50-Q termination, (Tektronix Part No. 011-0099-00} from
the Type 115 QUTPUT connector to the Channel 1 vertical
input of the test oscilloscope.

5. Turn on the Type 115 and the test oscilloscope. Allow
at least 20 minutes warm-up at an ambient temperature of
between 0° C and +50° C (+32°F and +122° F) before
making any checks.

6. Set the instrument controls as shown in Fig. 5-7 and
start the performance check procedure with step 13 on page
516,

Calibration Only

1. Remove the Type 115 from its cabinet.

2. Set the line voltage selector assembly on the Type 115
rear panel in accordance with the line voltage source io
be used.

3. Connect the autotransformer and other test instruments
to a suitable power source.

4. Connect the Type 115 to the autotransformer output.

5. Set the autolransformer for the line voltage and range
chosen on the Type 115 line voltage selector.

é. Install the Type 1A1 Plug-In Unit in the Type 547 Oscil-
loscope.

7. Connect a 50-Q coaxial cable terminated with a 5-watt,
50-Q termination {Tektronix Part No. 011-0099-00), to the
Type 115 OUTPUT connector.

8. Check that the seven variable controls on the front
panel of the Type 115 are correctly aligned: Variables at the
CAL position when fully counterclockwise, RISETIME MULT
and FALLTIME MULT controls at the 1 position when fully
counterclockwise, AMPLITUDE (VOLTS) control at the 10
position when fully clockwise and DC OFFSET VARIABLE at
the O position when it is in the center of its range of rotation.
Realign any knob that is not correctly positioned.

9. Turn on the autotransformer, the Type 115 and the fest
instruments.

10. Allow at least 20 minutes warm-up at an ambient tem-
perature of +25° C +5° C (+77° F =9° F} before making
any checks or adjustments,

11. Connect the two 1< test probes to the vertical inputs
of the test oscilloscope.

12. Set the instrument controls as given following Fig. 5-2
and start the adjustment or calibration procedure with step 1
on page 5-7.
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Test Oscilloscope
Type 547 /Type VA1

DC Valtmeter

1X Probes

Type 115

50-4!
Coaxlol
Caoble

50-4! Termination

Autatransformer

Fig. 5-2. Initial test equipment selup for-steps | through 3,

Control Settings AMPLITUDE (VOLTS) 10
DC OFFSET PRESET VARIABLE
Type 115 VARIABLE switch

MODE UNDLY'D PULSE DC OFFSET (VOLTS) 0

TRIGGER MAN OR EXTERNAL PUYSA:IPAC[;LL;RITY

PERIOD 10 s ' +
VARIABLE CAL Test Oscilloscope

DELAY OR BURST DURATION 50 nS lime/cm 5ms {Calibrated)
VARIABLE CAL Sweep Magnifier Ot

WIDTH 5 ps Triggering -, AC, Line
VARIABLE CAL Vertical Mode Add

RISETIME AND FALLTIME 10ns Volts/Cm (Channel 1) 0.01
RISETIME MULT 1 Volts/Cm (Channel 2) 0.0
FALLTIME MULT ! Invert (Channel 2} Invert

DC OFFSET AND AMPLITUDE | Input Selector AC

MULT Amplitude Calibrator Off




Fig. 5-3. Top circuit boord: L 1

Performance Check/Calibration—Type 115

Signal Ground

ts and test points in steps 1, 2 and &

POWER SUPPLY

NOTE

The power supply voltages and the ripple toler-
ances listed in the following 3 steps are guides
to correct instrument operation; nol instrument
performance requirements. Actuol measured values
may vary from the listed voltages with no loss in
pulse accuracy, providing the instrument meets the
performance requirements in Section 1 as tested in
this procedure.

1. Adjust <+ 25-volt Supply 0
a. Test equipment setup is shown in Fig. 5-2.
b. Position the Type 115 so that the top circuit board is
visible

c¢. Connect the negative lead of the DC voltmeter to the
signal ground test point [see Fig. 5-3] and the positive lead
to the 425V test point

d. CHECK FOR—DC veltmeter reading of 425 volts with
respect to signal ground

e. ADJUST—R727, +25-VOLTS adjustment, [see Fig. 5-3)
if the voltage is not correct.
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NOTE

The voltage level of the +25-volt supply affects
the calibration of the entire instrument. Any ad-
justment of R727 will probably require the read-
justment of all other instrument adjustments as well.

f. (If doing only the Adjust steps, disconnect the meter
leads and go to Step 4).

2. Check Other Power Supply Voltages
NOTE

All voltages are mcasured with respect to signal
or common) ground,

a. Move the positive lead of the DC voltmeter to the +7-V
poin! (see Fig. 5-3).

b. CHECK FOR—Mefer reading of approximately +7
volts with respect o signal ground.

c. Move the positive lead of the DC voltmeter to the signal
ground fes! point [or reverse the polarity of the meter).

d. Move the negative lead ro the —27-V test point (see
Fig. 5-3).

e. CHECK FOR—Meter reading of approximately --27
volts with respect to signal ground.

. Move the negalive lead to the -——6-V test point (see
Fig. 5-3).

g. CHECK FOR—Meter reading of approximately
with respect fo signal ground.

6 volts

h. Move the negative lead to the chassis ground test
point (see Fig. 5-3).

i. While observing the DC volimeter reading, turn the
Type 115 DC OFFSET VARIABLE control throughout its range,
then set the PULSF POLARITY switch to — and again turn the
DC OFFSET VARIABLE control throughout its range.

i. CHECK FOR—Meter reading ranging from approxi-
mately +8 volts to 418 volts in | polarity and from
+1 volt 1o 410 volts in — polarity.

k. Reset the following Type 115 controls:

DC OFFSET VARIABLE 0
PULSE POLARITY -+

|. Disconnect the DC voltmeter leads from the Type 115.

3. Check Regulation
a. Trigger the test oscilloscope on the internal line signal.

b. Connect the Channel 2 1< probe to the Type 115
signal ground fest point.

c. Connect the ground clips of both 13 test probes to
chassis ground.

CAUTION

Do not connect the probe ground clip to signal
ground. This will ground the power supply causing
incorrect operation and possible damage of the
instrument,

d. Connect the Channel 1 1X t{est probe tip to the test
points of each of the power supplies given in Table 5-1.

e. With the probe connected to each iesi point, observe
the test oscilloscope display while varying the aulotrans-
former output voltage over the regulating range selected by
the Line Voltage Selector assembly on the rear panel.

f. CHECK FOR—Test oscilloscope display of power supply
ripple with the line frequency ripple amplifude not exceed-
ing the maximum value given in Table 51.

g- Disconnect the probe tips and ground clips from the
Type 115,

h. Remove the 1:X probes from the test oscilloscope verti-
cal inpuls.

i. Disconnect the Type 115 from the autotransformer and
connect it‘directly to the power source, or set the autofrans-
former ©utput vollage fo the center of the regulated range
selected by the Line Voltage selector assembly,

TABLE 5-1
POWER SUPPLY REGULATION CHECKS

Voltage Ripple (60 Hz or 120 Hz Component)
Test Point Voltage Display
(Fig. 5-3) | (peak-to-peak] Amplitude
+25V | 15mV 1.5cm
A 50mV 5em
=8V 30mY 3em
7V 15mV 15em
Chussié-around_i_‘_ 20 mV | 2 cm
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Tes! Oscilloscope
Type 547 /Type 1A

DC Voltmeter

Type 115

s0-41
Coaxlal
Coble

50-1! Termination

Fig. 5-4. Initial test equipment setup for steps 4 through B

Control SeHings AMPLITUDE (VOLTS) 10
Type 115 DC OFFSET PRESET VARIABLE
: VARIABLE switch
MODE UNDLY'D PULSE DC OFFSET (VOLTS) 0
TRIGGER INT VARIABLE
PERIOD 10 45 PULSE POLARITY i
VARIABLE CAL
DELAY OR BURST DURATION 50 ns
VARIABLE CAl Test Oscilloscope
WIDTH 51
VARIABLE CAL Time/cm 2 ps
RISETIME AND FALLTIME 10 ns Triggering 19, 44 AC, Norm
RISETIME MULT 1 Vertical Mode Channel 1
FALLTIME MULT | Volts/em (Channel 1) 2
DC OFFSET AND AMPLITUDE ] Invert (Channel 2) Normal
MULT Input Selector DC
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Junction of —_— Junction of
R403 and base - R393 and bose
of 0404
\ -

Fig. 5-5. Botlem circwit boord: Location of test points and adjustments in steps 4 through 8

PRELIMINARY PULSE CIRCUIT ADJUSTMENTS e F.‘tl" sition the Type 115 so that the bottem circuit board
15 visible
4. Adjust Risetime Centering 0

¢ f. Connec! the negative lead of the voltmeter to th
Test equipment setup is shown in Fig. 54. b ead c iy r to the

unction of R383 and the bose of Q384 [see Fig. 5.5
b. Connect the Type 115 output pulse through the term
inated 5061 coaxial cable to the Channel 1 vertical inpu! g. Cennec! the positive lead of the volimeter to the unc-
of the test oscilloscope tion of R393 and the base of Q394 (see Fig 5.5)
Trigger the test oscilloscope display h., CHECK FOR—Meter reading of approximately 0 volts
If o stable pulse display appears, adjustment of the
risetime and falltime centering is probably not necessary.

. ADJUST—R3%1, T, CENTERING adjustment, (see Fig
Proceed to step 6 5-5)

I the voltage is not correct
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5. Adjust Falltime Centering 0 P YR
a. Connect the negative lead of the volimeter to the R T T } 1 ]
junction of R403 and the base of Q404 [see Fig. 5-5). no| [ [
b. Connect the positive lead of the voltmeter to the junc-
lion of R413 and the base of Q414 (see Fig. 5-5). = T s
c. CHECK FOR—Meter reading of approximately 0 volts. (A) . l e
d. ADJUST—R411, T, CENTERING adjustment, (see Fig. N I
5-5) if the voltage is not correct. [ |
e. Disconnect the voltmeter from the Type 115. | |77 . T
f. Position the Type 115 so that the top circuit board is I S
visible. — o = ‘_] I
- - - - ‘ H [
6. Adjust Width and Delay Trigger 0
a. Set the test oscilloscope Trigger Source switch to
External and the Time/Cm switch to 0.2 us. LU AAnat RORSE AROEN RRG | INRRSRRRRE At .
|
b. Connect a 50-0 coaxial cable between the Type 115 ¢ - =t
+ PRETRIG QUT connector and the test oscilloscope External
Trigger ||"|puf, I I { T | N
c. Trigger the test oscilloscope display. ‘ I -
d. Set the Type 115 MODE switch to DLY'D PULSE and T (I N NN WO | T
the WIDTH switch to 50 ns. L] (Y S S ]
e. Observe the fest oscilloscope display (see Fig. 5-4) ' I
while performing the following four operations: i
1. Turn the DELAY OR BURST DURATION VARIABLE (= e amas aanas nnon | Shbas Sases Baney ARRES ot :r +
control slowly clockwise to the fully clockwise position (B). | |
Ee) o | d =
2. Turn the WIDTH VARIABLE control slowly clockwise | i
to the fully clockwise position (C). -+ S5 Beet -I‘ -----
1 4

3. Turn the DELAY OR BURST DURATION VARIABLE N . bl | ]
control slowly counterclockwise back 1o the CAL position . . .

(0. 11
4. Turn the WIDTH VARIABLE control slowly counter- 1
clockwise back to the CAL position (E|. S S S | A
f. CHECK FOR—Stable test oscilloscope display of the D) fboerisaedorids P | [ e (AFYUS RPN Y
Type 115 delayed output pulse throughout the preceding ' | |
checks. A | M |- I "
g. Reset the following Type 115 controls: SRR ! F S RO P
PERIOD 1 ms 1 O e O S Y
VARIABLE Fully clockwise T I T
t . 1 i 4
DELAY OR BURST i ﬂ ; l _____ ] l _______
DURATION 50 pis ' ,
WIDTH 50 pis = / | == |_
h. Set the test oscilloscope sweep rate to 0.2 ms/cm (E) beee J - ‘ .......... | IS PO
i. Repeat steps e and f at these control settings. =i | 1 l l |
.. ADJUST—R32I, TRIG SENS Adjustment, (see Fig. 53) . [ . . N
in the width generator circuit, according to the following | | | I |
procedure, if the pulse is not present, is unstable or disappears [ N N A N _]

during steps e through i.

. Fig. 5-6. Typical test oscilloscope displays obtained during check
1. Set the Oscilloscope sweep rate to 0.2 juis/em. of width and delay trigger sensitivity adjustments (step &e).
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2. Reset the following Type 115 controls:

MODE UNDLY'D PULSE
PERIOD 10 uS

VARIABLE CAL
DELAY OR BURST 50 ns
DURATION

VARIABLE CAL
WIDTH 50 ns

VARIABLE Fully clockwise

3. Turn R321 (TRIG SENS) through its range of rotation
and cbserve the region over which the Type 115 output
pulse is present and stable.

4. Turn R321 slowly counterclockwise through the stable
pulse region and note the position of the falling edge of
the pulse when the width generator starts to free run.

5. Set R321 slightly clockwise from the free-run position.
The pulse width should just start to decrease from the
maximum width present before free-run, but should not
decrease by more than 1 mm,

6. Turn the WIDTH VARIABLE to the CAL position. The
pulse should still be present if the adjustment is correct.

7. Recheck the widih and delay trigger sensitivity as
given in steps d through |.

k. ADJUST—RI21, TRIG SENS adjustment, [see Fig. 5-3) in
the delay generator circuit, according fo the following proce-
dure, 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 pusfem.

2. Reset the following Type 115 controls:

MCDE DLY'D PULSE
PERIOD 10 S
VARIABLE CAL
DELAY OR BURST 50 ns
DURATION
VARIABLE Fully clockwise
WIDTH 50 nS
VARIABLE CAL

3. Turn R121 through its range of rotation and note the
region over which the pulse remains present and stable.

4. Set R121 as far clockwise as possible withoul causing
the pulse to disappear.

5 Turn the Type 115 DELAY OR BURST DURATION
VARIABLE control slowly counterclockwise until the pulse
becomes unstable.

6. Turn R121 slightly counterclockwise until the pulse
again becomes stable.

7. Repeat parts 5 and 6 until the DELAY OR BURST
DURATION VARIABLE is in the CAL position.

8. Turn the DELAY OR BURST DURATION VARIABLE
control throughout its range while checking for a stable
pulse.

9. Recheck the width and delay trigger sensitivity as in
steps e through |,

7. Adjust Offset Zero Level—Preliminary O

a. Position the Type 115 so that the bottom circuit board
is visible.

b. Reset the following Type 115 controls:

MODE UNDLY'D PULSE
PERIOD 10 S
VARIABLE CAL
WIDTH 500 ns
VARIABLE CAL
c. Reset the following test oscilloscope controls:
Time/cm 2 ps
Voltsfem 0.5
Input Gnd

d. Free run the trace and position it to the center hori-
zontal line of the CRT graticule.

e. Sel the tesl oscilloscope Input Selector switch to DC.

f. CHECK FOR—Test oscilloscope display with the pulse
baseline at the center horizontal line with the DC OFFSET
control set exactly to 0.

q./ADJUST—Ré55, +OFFSET ZERO adjusiment, (see Fig.
5-5) if the offset zero level is not correct.

8. Adjust Baseline Clamp 0

a. Check to be sure the Type 115 DC OFFSET VARIABLE
control is exactly on 0.

b. Set the Type 115 AMPLITUDE (VOLTS) control to 0.

c. Position the pulse baseline to the center horizontal line
of the CRT graticule.

d. Set the Type 115 AMPLITUDE {VOLTS} control to 10.

e. CHECK FOR—Test oscilloscope display of the pulse
baseline at the center horizontal line.

f. ADJUST—R481, BASELINE CLAMP adjustment, (see
Fig. 5-5) if the baseline level is not correct.

g. Turn the AMPLITUDE (VOLTS) control throughout its
range and check that the baseline does not move up or
down on the CRT with changes in pulse amplitude.

h. If the baseline still does not remain constant, readjust
R481.
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Test Oscilloscope
Type 547 /Type 1A1

50-1! Termination Coaxial
Caobles

Fig. 5:7. Initlal test equipment selup for steps 9 through 14,

Control Settings DC OFFSET AND I
AMPLITUDE MULT
Type 115 AMPLITUDE (VOLTS) 10
MODE UNDLY'D PULSE DC OFFSET PRESET- VARIABLE

VARIABLE switch

oo vish DC OFFSET (VOLTS) 5
+
PERIOD 1.00 1S VARIABLE
VARIABLE CAL PULSE POLARITY
DELAY OR BURST 50 us .
DURATION Test Oscilloscope
VARIABLE CAL Time/ cm 20 u$
WIDTH 50 I“s |ru‘;.:]cnn_q External
VARIABLE CAL Vertical Mode Channel 1
RISETIME AND 1 _.45 Volts/Cm lChnnnol 1) 2
FALLTIME Volts/Cm (Channel 2) 2
RISETIME MULT | Invert (Channel 2) MNormal
FALLTIME MULT ] Input Selector DC
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M+ OFF&H’I i
IERO

Fig. 5-8. Bettom circult board: Location of adjustments in steps 9 through 15

PULSE OFFSET AND AMPLITUDE VARIABLE to +5 and reche

1} I'Irr_\l_ll_;|| L
9. Adjust Offset Range 0
1 ‘ : R 57 10. Adjust DC Offset (4 Polarity) 0
o es! equipment setup 15 shown in Fig. J-/

ck the olfsel range os in parts

Set the Type 115 DC OFFSET VARIABLE contrel ¢ 5
b. Pesition the pulse baseline 2.5cm above the Qe 255 e A28 I " . co i

horizontal line of the CRT graticule b. Set the

test oscilloscope Input Selector switch toa Gnd

Set the DC OFFSET VARIABLE control to 5 c. Free run the trace and position it to the center hori
3 2 : rontal line of the CRT graticule
d. CHECK FOR—Test oscilloscope display with the pulse 9 I

baseline

offsell.

25cm below the center horizontal line (10 volts d. S5et the tes! oscilloscope Input Selector switch to DC

e. CHECK FOR—Test os 1;03.;0;;0 display with the pulse
e. ADJUST—R&05, OFFSET RANGE adjustment, [(see Fig baseline 2.5cm below the center horizontal line
5-8) it the pulse baseline is not correct . s ; e

)i f eline 15 noT cof f. ADJUST—Ré55, + OFFSET ZERO adjustment, [see Fig

f. If R&OS requires adjustment reset the DC OFFSET 5.8) if the baseline level is not correct



Fig. 5-9. Test oscilloscope display fer checking amplitude adjust-
ment.

g. Turn the Type 115 DC OFFSET VARIABLE control clock-
wise until the pulse baseline is on the center horizontal line

of the CRT graticule.

h. CHECK FOR—Index dot on the Type 115 DC OFFSET
VARIABLE control knob aligned with the 0 on the front-
panel.

i. If the dot position is not correcl, loosen the Allen screw
on the DC OFFSET VARIABLE control-knob and realign the
knob so that the dot coincides with the 0 on the Type 115
front-panei when the pulse baseline is on the center hori-
zontal line of the CRT graticule.

11. Adjust + Amplitude 0

a. Position the pulse with the test oscilloscope vertical
position control so that it is centered on the CRT (see Fig. 5-9).

b. CHECK FOR—Test oscilloscope display of the pulse with
an amplitude of 5em ({10 volts).

c. ADJUST—R431, PULSE AMPL RANGE adjustment, [see
Fig. 5-8] for a pulse amplitude of 10 volts.

12. Adjust Amplitude and DC Offset 1
(— Polarity)

a. Set the Type 115 PULSE POLARITY switch to —.

b. Position the pulse so that it is centered on the CRT
with the test oscilloscope Vertical Position contrel.

c. CHECK FOR—Test oscilloscope display of the negative-
going pulse with an amplitude of 5¢cm (10 volts).

d. ADJUST—R523, NEG AMPL adjustment, (see Fig. 5-8)
for an amplitude of the negative-going pulse of 10 volts.

e. Disconnect the Type 115 output pulse from the test oscil-
loscope vertical input.

f. Connect two 1X test probes fo the vertical inputs of
the test oscilloscope.
NOTE

Be sure that the gain of each channel is the same.
Check with the amplitude calibrator.

Performance Check/Calibration—Type 115

g. Set the Type 115 PULSE POLARITY switch to .
h. Reset the following fest oscilloscope controls:

Vertical Mode Add

Channel 2 |nvert Invert

i. Connect the Channel 2 probe tip to signal ground (see
Fig. 5-8).

j. Connect the Channel 1 probe tip to the base of Q553
(see Fig. 5-8).

k. Position the pulse baseline 1 ¢cm below the center hori-
zontal line on the CRT screen with the test oscilloscope
Vertical Position control (see Fig. 5-10A).

. Set the Type 115 PULSE POLARITY swilch to —.

m. CHECK FOR—Test oscilloscope display with the signal
envelope of the negative-going pulse at the same level as
that of the positive-going pulse [see Fig. 5-10B).

n. ADJUST—R511 NEG DC LEVEL adjustment, [see Fig.
58] if the display is not correct.

o. Disconnect the two probe tips from the Type 115 and
disconnect the probes from the vertical input connectors of
the test oscilloscope.

p. Reconnect the Type 115 output pulse to the Channel 1
vertical input connector of the test oscilloscope.

| B 1 .4
w L] s
I A I
T T
N I O O O T

V

= T 1__’_ 14 ‘\‘ — Sig*nul
‘ l. envelope

(B) | | = i_.‘.... —_ polurlilv

T 1 1
bt |

. | | S S
Ii;'! | .

’ ; _— :- Pulni
| i‘.

baseline |
L Lo
4

Fig. 5-10. Test oscilloscope display for checking adjustment of —
pelarity DC level.
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q. Reset the following test oscilloscope controls:
Vertical Mode Channel 1
Input Selector Gnd

r. If R523 and/or R511 have been adjusted, reset the test
oscilloscope Input Selector switch to DC and recheck the
adjustments in parts b through n.

s. Free run the trace and position it to the center hori-
zontal line of the CRT graticule.

t. Set the test oscilloscope Input Selector switch to DC.

v. CHECK FOR—Test oscilloscope display with the base-
line of the negative-going pulse at the center horizontal line
of the CRT graticule. (Be sure the Type 115 DC OFFSET
VARIABLE confrol is set to 0).

v. ADJUST—Ré51, — OFFSET ZERO adjustment (see Fig.
5-8) if the zero offset is not correct.

13. Check Offset Accuracy

a. (If steps 9, 10 and 12 have just been completed, go to
part n of this step). Test equipment is shown in Fig. 5-7.

b. Set the Type 115 DC OFFSET VARIABLE confrol to 0.

c. Set the fest oscilloscope Input Selector switch to Gnd.

d. Free-run the trace and position it to the center hori-
zontal line of the CRT graticule.

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

f. CHECK FOR—Test oscilloscope display with the base
line of the positive-going pulse at the center horizontal line
of the CRT graticule.

g. Set the Type 115 PULSE POLARITY switch to —.

h. CHECK FOR—Test oscilloscope display with the base-
line of the negative-going pulse at the center horizontal
line of the CRT graticule.

i. Set the Type 115 PULSE POLARITY switch to +.
|- Set the Type 115 DC OFFSET VARIABLE control to --5.

k. CHECK FOR— -Test oscilloscope display of the pulse
baseline 2.5cm (5 volts) above the center horizontal line of
the CRT graticule.

|. Set the Type 115 DC OFFSET VARIABLE control to --5.

m. CHECK FOR-—Test oscilloscope display of the pulse
baseline 25cm (5 volts) below the center horizontal line of
the CRT graticule.

n. Set the Type 115 DC OFFSET PRESET-VARIABLE switch
to PRESET.

o. Set the Type 115 front-panel PRESET screwdriver adjust-
ment on fully clockwise.

5-16

p. Position the pulse baseline 1.5c¢cm above the center
horizontal line of the CRT graticule.

g. Set the Type 115 front-panel PRESET screwdriver adjust-
ment fully counterclockwise.

r. CHECK FOR—Test oscilloscope display of the pulse
baseline at least 1.5¢cm below the center horizontal line,

s. If the pulse offset is incorrect in any of the preceding
checks, readjust R605, R655, R&51 and RS5IT in Steps 9, 10
and 12.

14. Check Amplitude Accuracy

a. Trigger the test oscilloscope display.

b. Position the pulse so that it is centered on the CRT (see
Fig. 5-9).

c. CHECK FOR—Test oscilloscope display of the positive-
going pulse with an amplitude of at least 5em (10 volts).
[Note the actual pulse amplitude for use in parts i and k).

d. Set the Type 115 PULSE POLARITY switch to —.
e. Position the pulse so that it is centered on the CRT screen.

f. CHECK FOR—Test oscilloscope display of the negative-
going pulse with an amplitude of at least 5em (10 volts).

g. Reset the following Type 115 controls:

DC OFFSET AND 5
AMPLITUDE MULT
PULSE POLARITY +

h. Pesition the pulse baseline 1 cm below the center hori-
zontal line of the CRT graticule.

i.c‘CHECK FOR—Test oscilloscope display of the pulse
with an amplittude of 0.5 times the measurement made in
part ¢, =5%.

i. Set the Type 115 DC OFFSET AND AMPLITUDE MULT
switch to 2.
k. CHECK FOR—Test oscilloscope display of the pulse

with an amplitude of 0.2 times the measurement made in part
¢, *=5%.

. Set the Type 115 DC OFFSET AND AMPLITUDE MULT

switch to 1.
m. Position the pulse so that it is cenfered on the CRT.

n. Turn the AMPLITUDE (VOLTS) control to the D position
while observing the display on the CRT screen.

o. CHECK FOR—Test oscilloscope display of the pulse with
a continvously decreasing amplitude of from at least 10
volts to less than 100 mV

p. If the pulse amplitude does not appear as described in
any of the preceding checks, readjust R431, R523 and R511 in
steps 11 and 12.
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Test Oscllloscope
Type 547 /Type 1A1

oy - S 1.‘
s s Q-

th"—- h i

Time-Mark
Generator

. ———
I TER
TTEETTT L
r

50.1! Terminations

Coaxial
Cables

Control Settings

Filg. 5-11. Initial test

Type 115

MODE UNDLY D PULSE
TRIGGER INT
PERIOD 1 mS
VARIABLE CAL
DELAY OR BURST 50 uS
DURATION

VARIABLE CAL
WIDTH 50 1S

VARIABLE Center of range
RISETIME AND 10 S
FALLTIME

RISETIME MULT 10

FALLTIME MULT 10

equipment selup for steps 15 through 146

DC OFFSET AND
AMPLITUDE MULT
AMPLITUDE (VOLTS)

DC OFFSET PRESET-
VARIABLE switch

DC OFFSET (VOLTS)
VARIABLE

PULSE POLARITY

1

10
VARIABLE

0

Test Oscilloscope

Time/em

Triggering

Vertical Mode
Volis/Cm (Channel 1)
Volts/Cm (Channel 2)
Invert (Channel 2}

Input Selector

20 s

Int, Norm
Channel 2
2

1

Normal

DC
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Sweep rate 0.2 psfem

T .
Test oscilloscope sweep rate is i
%-4—od|\ulnd for exactly 2 markers;‘—v-—'

em over the center B cm,

tmlllllHIHIlH{ HH

‘cl RS

| Falltime

—_— | S Y - - i_.. —

Fig. 5-12, Typical test oscilloscope displays for checking risetime and
falltime of the output pulse.

RISETIME AND FALLTIME
15. Adjust Risetime and Falltime O
a. Test equipment setup is shown in Fig. 5-11.

b. 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,

c. Set the time-mark generator for a 10 ps marker outpul.

d. If the test oscilloscope display does not contain exactly
2 markersfcm over the center Bem of the CRT graticule,
adjust the variable sweep raie control to provide correct
timing [see Fig. 5-12A).

f. Set the test oscilloscope Vertical Meode switch to
Channel 1.
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g. If the display amplitude is not exacily 5cm, adjust the
test oscilloscope Variable Velts/Cm control to provide the
correct amplitude for measuring risetime and falltime.

h. Trigger the test oscilloscope display to observe the
rise of the Type 115 output pulse (see Fig. 5-12B).

i. CHECK FOR—Test oscilloscope display of the pulse
rise with a risetime of 100 us (5cm).

i. ADJUST—R371, T, TIMING adjustment, [see Fig. 5-8)
if the display is not correct.

k. Set the test oscilloscope Trigger Slope switch to —.

I. Trigger the test oscilloscope on the negative-going
slope of the waveform [see Fig. 5-12C).

m. CHECK FOR—Test oscilloscope display of the pulse fall
with a falltime of 100 s [5 em).

n. ADJUST—R421, T; TIMING adjustment, (see Fig. 5-8} if
the falltime is not correct.

o. Set the Type 115 RISETIME MULT and FALLTIME MULT
controls to the 1 position.

p. Reset the following test oscilloscope controls:
Time/Cm 2 ps
Trigger Slope +
Vertical Mode Channel 2

q. Set the time-mark generator for a 1-us marker oulpul.

r. Check the test oscilloscope display for exactly 2
markers/cm over the center 8 cm of the CRT graticule and
adjust the variable sweep rate control if necessary.

5. -Set the test oscilloscope Vertical Mode switch to Chan-
nel 7.

t. Trigger the test oscilloscope on the pulse rise.

u. CHECK FOR—Test oscilloscope display showing a rise-
time of 10 s £ 5% +1ns [S5em =2.5mm).

v. ADJUST—R375, RISETIME CAL adjustment, [see Fig.
5-13) if the risetime is not correct.

w. Set the test oscilloscope Trigger Slope switch to —.

x. Trigger the test oscilloscope on the negative-going slope
of the waveform,

y. CHECK FOR—Tes! oscilloscope display of the pulse fall
with a falltime of 10 us 5% =1 ns [5cm == 2.5 mm].

z. ADJUSTR425, FALLTIME CAL adjustment, [see Fig.
5-13) if the falltime is not correct.

aa. |f R375 and/or R425 are adjusted, set the test oscillo-
scope Vertical Mode swilch to Channel 2, then recheck the
adjustment of R371 and R421 in steps ¢ through n.

bb. Reset the following Type 115 controls:

PERIOD 148
WIDTH 500 nS
VARIABLE CAL

RISETIME AND FALLTIME 100 ns



cc. Reset the following test oscilloscope controls:

Time/Cm 0.1 us
Sweep Magnifier X5
Trigger Slope +

Vertical Mode Channel 2

dd. Set the time-mark generator for a 2-ns output marker
ee, Trigger the test oscilloscope display.

ff. If the test oscilloscope display does not contain exactly
| markerfcm over the center 8 cm of the CRT graticule adjust
the variable sweep rate control to provide correct timing.

gg. Set the Vertical Mode switch to Channel 1.

hh. Trigger the test oscilloscope display to observe the
rise of the Type 115 output pulse,

ii. CHECK FOR—Test oscilloscope display of the pulse
rise with o risetime of 100ns +5% 1 ns [5em -3 mm)

ji. ADJUST—C397 (see Fig. 58] if the risetime i3 not cor-
rect. Remove the adjustment tool while observing the rise
hime,

kk. Position the test oscilloscope to observe the fall of the
pulse.

Il CHECK FOR-—Test oscilloscope display of the pulse fall
with a falltime of 100 ns 5% =1ns (5em -+ 3 mm|

mm. If the falltime is not correci, readjust C397 for a
compromise selling so that both the risetime and falltime
are within tolerance.

16. Check Risetime and Falltime Accuracy

a. Test equipment setup is given in Fig. 5-11.

Performance Check/Calibration—Type 115

R375
RISETIME CAL

Fig. 5-13. Location of risetime and fallti djustmenis on the right

side aof the Type 115 chassis whpanel.

b, Set the Type 115 controls, the time-mark generalor and
the test oscilloscope conlrols as given in Table 5-2. For each
sweep rate, check the display timing by observing the time-
mark signal [Channel 2) and adjusting the variable sweep
rate control if necessary, then display the Type 115 oulput
pulse

¢. CHECK FOR-—Test oscilloscope displays of the pulse
rise and the pulse fall with risetimes and falltimes as indi-
cated in the table.

d. If the risetime and/or falltime are out of telerance in
any ofQhe preceding checks, readust R371, R421, R3/5, R425
or €397 as described in step 15

TABLE 5-2
RISETIME AND FALLTIME ACCURACY CHECK
PERIOD WIDTH RISETIME
MULT and = RISETIME Oscilloscope Risetime and Falltime
FALLTIME AND Time Sweep Trig-
[ MULT | FALLTIME | Markers Rate | gering Time Display
Ims | 50us ! 1 [ 10 ps | 1 us 2 psfem | + 10us -+ 5% 5em -+ 25mm
| | ' | | | 108 = 5% Sem = 2.5mm
100 ps 5pus 1 1 s 0.1 ns 0.2 us/em + 1 us == 5% 5em + 25mm
. 1 us <4 5% 5em -~ 25mm
100 ps ' 58 10 100ns | Olus | 0.2us/em + I pes S5em
| [ . | — 1 s i 5em
100 ps 500 ns I 100 ns 20 ns 20 ns/em + 100 ns = 5% | 5em -+ 25mm
| 100 ns 5% | Sem = 2.5 mm

*0.1 us/em Mognified X §
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Sampling Oscillowcope
Type S&61A/3T77A/351

Type 115

10X Amenvaror

50.1}
Coaxlal
10-ms Cable
Cable

Fig. 5-14. Initial test equipment setup for steps 17 through 20

Sampling Oscilloscope
Type 561A
Calibrator Off

Control Settings
Type 115

MODE

TRIGGER

PERIOD
VARIABLE

DELAY OR BURST
DURATION

VARIABLE
WIDTH
VARIABLE

RISETIME AND
FALLTIME

RISETIME MULT
FALLTIME MULT

DC OFFSET AND
AMPLITUDE MULT

AMPLITUDE [VOLTS)
DC OFFSET PRESET-

VARIABLE swilch
DC OFFSET

[VOLTS) VARIABLE

PULSE POLARITY

5-20

UNDLY'D PULSE
INT

1 s

CAL

50 uS

CAL
50 nS
CAL
10nS

10
VARIABLE

CRT Cathode Selector
[rear panel)

Type 351

Mode

Smeoth-Normal
Position (A and B)

DC Offset (A and B)
mVolts/Div (A and B
Invert-Norm (A and B)

Chopped Blanking

Channel A
MNormal
Centered

Pulse centered
200 {calibrated)
MNormal

Sampling Mode Triggered
Internal Trigger A
Type 3T77A

Sweep Rate Time/Div
Triggering

Trigger Sensitivity
Recovery Time

Pull For Sync

Sweep Mode
Horizontal Position
Dots per Div

Time Expander

Time Position

20 ns (calibrated)
4+ Ext

Stable Display
Stable Display
Pulled Out
Normal

Trace centered
100

X1

Display centered



PULSE SHAPE, FAST RISETIME AND FALLTIME

NOTE

In order to determine if the instrument performance
is within specified tolerance in the following 4
steps, use of the sampling equipment listed in the
Equipment Required list is suggested. If the Type
115 is used in an application where the aberra-
tions and the accuracy of the fast risetime and fall-
times are not critical, these adjustments can be
made with the specified real-time equipment.

17. Adjust Pulse for Minimum Aberrations O

a. Test equipment setup is shown in Fig. 5-14.

b. Disconnect the Type 115 output pulse and pretrigger
from the test oscilloscope.

c. Connect the Type 115 output pulse signal through a
10 ns coaxial cable and a 10X attenvator fo the Channel
A input of the Type 351 Dual-Trace Sampling Unit. [50-Q
termination is not required because the input to the Type 351
is 50-0).

d. Connect the Type 115 pretrigger pulse through a 50-2
coaxial cable terminated by a 500 10X attenuator to the
External Input connector on the Type 3T77A Sampling Sweep
Unit.

e. Trigger the sampling oscilloscope display.
f. Reset the Type 3T77A Time/Div switch to 5ns.

g. Position the pulse on the CRT screen with the Type
3T77A Time Position control.

h. Reset the Type 351 mVolts/Div switch to 10.

i. Vertically position the pulse baseline immediately fol-
lowing the pulse fall onto the CRT with the Type 351 Posi-
tion and DC Offset controls (see Fig. 5-15A).

j. CHECK FOR--Sampling oscilloscope display of the pulse
fall and baseline with no more than 3 cm (3%] of overshoot,
short-time rounding, it or droop and with total aberrations
of no more than 3em (3%) peak-to-peak.

k. ADJUST—C551, PULSE OVERSHOOT adijustment, (see
Fig. 5-10) for the fastest falltime with minimum aberralions
and adjust C563 (Pulse Tilt) for the flattest possible baseline.

I. Vertically position the pulse top on to the CRT with the
Type 351 position and DC Offset controls (see Fig. 5-15A).

m. CHECK FOR—Sampling oscilloscope display of the pulse
rise and pulse fop with no more than 3 em (3%) of overshoot,
shori-time rounding, tilt or droop and with total aberrations
of no more than 3cm (3%) peak-to-peak.

n. ADJUST—C471 and R471 [see Fig. 5-16) for the lastest
possible risetime with minimum aberrations.

@
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Check .far Jem or less

B i

| Fﬂurleline
T

Check for Jcm or less
aberrotions on  pulse top

/
I A A
(8) [/\\/ _,::;. R

Fig. 5-15. Typical sampling escilloscope displays for checking and

ad| pulse

harrati

18. Check Pulse Aberrations

[l step 17 has just been completed, go to part m of this
step).

a. Test equipment setup is shown in Fig. 5-14.

b. Disconnect the Type 115 output pulse and pretrigger
from the test oscilloscope.

c. Connect the Type 115 output pulse signal through a
10 ns coaxial cable and a 10X attenuator to the Channel A
input of the Type 351 Dual-Trace Sampling Unit. (50-2 termi-
nation is no required because the input to the Type 351 is
50-02)

d. Connect the Type 115 prefrigger pulse through a 50-Q
coaxial cable terminated by a 50-2 10X attenuator fo the
External Input connector on the Type 3T77A Sampling Sweep
Unit.

e. Trigger the sampling oscilloscope display.
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Fig. 5-16. Bottom circuit board: Location of

f. Reset the Type 3T77A Time/Div switch 1o 5ns

3. Position the pulse onto the CRT with the Type 3T77A

Time Posthon control

h. Reset the Type 351 mVolts/Div switch ta 10

| Vertically posilion the pulse }m-.-_‘l ne v-wu'f.! alely "','

owing the pulse fall on the CRT with the Type 351 Position

and DC Offsel controls [see Fig. 5-15A)

j. CHECK FOR

eline with na more than 3 em |

"-'J'f'_{] Ing OsC |i Qicope aispay

Il and bas
yet-time rounding, hlt or droop and with tatal abe

no more than 3cm (3%) peak-to-peak

k. Vertically pesition the pulse top onto the CRT with the
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odjustments In steps 17 through 20

Type 35] Position and DC Offset controls [see Fig. 5-15B)

CHECKX FOR—Sampling oscilloscope display ol the
sulse rise and pulse top with no more than 3em (39%) of over-
shoot, shorl-time round ng, hit or droop and wilh total aber

of no more than 3em

ralians 3%) peak-to-peak

1. Set the Type 115 PULSE POLARITY switch to
Repeat parts i through | for the negative going pulse.
n ’]"-_u I"‘.
the preceding checks, adjust C551 and R471
to bring the pulse aberrations within

o. If the pulse aberrations are out of lolerance
C563

as described in step 17

telerance

p. Set the Type 115 PULSE POLARITY switch to +



19. Adjust 10 ns and 100 ns Risetime 0
and Falltime

a. Reset the following Type 115 contrals:

PERIOD VARIABLE Midrange
PULSE POLARITY +

b. Connect the time-mark generator marker output to the
Channel B input of the Type 351 through a 50-Q coaxial
cable and a 5X attenuator,

¢. Disconnect the coaxial cable from the Type 115 +
PRETRIG QUT connector and reconnect if to the time-mark
generator Trigger Output.

d. Set the time-mark generator for a 10-ns marker output
and a 1-us frigger output.
e. Reset the following sampling oscilloscope controls:

Vertical Mode Channel B
Time/Div 2ns
mVolts/Div {Channel 1) 200

f. Trigger the sampling oscilloscope.

g. Check the sampling oscilloscope display for exactly 1
cycle/Scm and adjust the variable sweep rate control, if
necessary, to obtain proper liming.

h. Disconnect the coaxial cable from the time-mark gen-
erator Trigger Qutput connector and reconnect it to the Type
115 4 PRETRIG OUT connector.

i. Reset the sampling oscilloscope Vertical Mode switch
to Channel A.

i. Trigger the sampling oscilloscope display.

k. Check that the display amplitude is exactly 5cm and
adjust the mVolts/Div Variable, if necessary, for correct
deflection to measure risetime.

|. Position the display with the Time Position control to
observe the pulse rise.

m. CHECK FOR—Sampling oscilloscope display of the
pulse rise with a risetime of 10ns +5% —=+1ns (5cm
+7.5 mm).

n. ADIUST—R376, 10 ns T, CAL adjustment, (see Fig. 5:13)
and C395 (see Fig. 5-1¢) if the risetime is not correct. Remove
the adjustment tool while observing the risetime.

o. Time-position the display with the Time Position control
to observe the falling edge of the pulse.

p. CHECK for—Sampling oscilloscope display of the pulse
fall with a falltime of 10ns =#=5% =+1ns (5ecm == 7.5 mm).

q. ADJUST—R426, 10ns T; CAL adjustment, (see Fig.
5-13) if the falltime is not correct.

r. Reset the following Type 115 controls:

WIDTH 500 ns
RISETIME AND FALLTIME 100 ns

s. Reset the following sampling oscilloscope controls:

20 nsfem
Channel B

Sweep Rate
Verlical Mode

@)
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t. Disconnect the coaxial cable from the Type 115 +
PRETRIG QUT connector and reconnect it to the time-mark
generator Trigger QOutput.

u. Set the time-mark generator for a 20 ns marker output.
v. Trigger the sampling oscilloscope display.

w. Check for a display of 1 marker/cm and adjust the
sampling oscilloscope variable sweep rate control, if neces-
sary, for proper timing.

x. Disconnect the coaxial cable from the time-mark gener-
ator Trigger Qutput and reconnect it to the Type 115 +
PRETRIG OUT connector.

y. Reset the sampling oscilloscope Vertical Mode switch
to Channel A.

z. Trigger the sampling oscilloscope display.
aa. Time position the display to observe the pulse rise.

bb, CHECK FOR—Sampling oscilloscope display of the
pulse rise with a risetime of 100ns 5% ~+1ns 5em =3
mm).

cc. ADJUST—C397 (see Fig. 5-16) if the risetime is not
correch

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

ee. CHECK FOR—Sampling oscilloscope display of the
pulse fall with a falltime of 100ns +5% ==1ns {5cm
+ 3mm).

ff. If the falltime is not correct, readjust C397 for a com-
promise setting so that both the risetime and falltime are
within specifications.

gg. Disconnect the Type 115 output pulse and pretrigger
and the time-mark generator output from the sampling oscil-
loscope.

hh. Reconnect the Type 115 oulput pulse through a 50-0
coaxial cable terminated with a 50-Q termination to the
Channel 1 input of the test oscilloscope.

ii. Reconnect the time-mark generator marker output
through a 50-0 coaxial cable terminated in 50 © to the Chan-
nel 2 input of the test oscilloscope.

ii- Reconnect the Type 115 pretrigger to the test oscillo-
scope Trigger Input through a 50-© cooxial cable.

20. Check 10ns Risetime and Falltime Ac-
curacy
(If step 19 has just been completed, go to step 21).

a. Set the Type 115 PERIOD YARIABLE control to mid-
range.

b. Connect the time-mark generator marker output to
the Channel B input of the Type 351 through a 50-Q coaxial
cable and a 5X attenuator.

c. Disconnect the coaxial cable from the Type 115 +
PRETRIG OUT connector and reconnect it to the time-mark
generator triggering oufput.

d. Set the time-mark generator for a 10-ns marker output
and a l-us trigger output.
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e. Reset the following sampling oscilloscope controls:

Vertical Mode Channel B
Time/Div 2ns

t. Trigger the sampling oscilloscope.

g. Check the sampling oscilloscope display for exactly
1 eycle/5¢cm and adjust the varioble sweep rate control,
if necessary, to obtain proper timing.

h. Disconnect the coaxial cable from the time-mark gen-
erator Trigger Output connector and reconnect it to the
Type 115 + PRETRIG OUT connector.

i. Reset the sampling oscilloscope Vertical Mede switch
to Chanrnel A.

j- Trigger the sampling oscilloscope display.

k. Check that the display amplitude is exactly 5ecm and
adjust the mVolts/Div Variable, if necessary, for correct
deflection to measure risetime.

I. Position the display with the Time Position control to
observe the pulse rise,

m. CHECK FOR—Sampling oscilloscope display of the pulse
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rise with a risetime of 10ns 5% =+ 1ns (5em =+ 7.5 mm).

n. Position the display with the Time Position control fo
cbserve the falling edge of the pulse.

o. CHECK FOR—Sampling oscilloscope display of the
pulse fall with a falltime of 10ns +5% ==1ns (Sem
+ 7.5mm).

p. If the 10-ns risetime and/or falltime is out of tolerance
in the preceding check, adjust R374, R426 and C395 as
described in Step 19.

q. Disconnect the Type 115 oulput pulse and pretrigger
and the time-mark generator marker output from the sam-
pling oscilloscope.

r. Reconnect the Type 115 output pulse through a 50-Q
coaxial cable terminated with 50-} to the Channel 1 input
of the test oscilloscope.

s. Reconnect the time-mark generator marker output
through a 50-2 coaxial cable terminated by 50-2 to the
Channel 2 input of the test oscilloscope.

t. Reconnect the Type 115 pretrigger to the test oscillo-
scope Trigger Input through a 50-Q coaxial cable.
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Test Oscilloscope
Type 547 /Type 1A1

Type 115

50-0! Terminations

N/

50.1}
Coaxial
Cables

Time-Mark
Genarolor

Fig. 517, Initial test equipment wetup for steps 21 through 26

Control Setings

Type 115
MODE UNDLY'D PULSE
TRIGGER INT
PERIOD 1 mS
VARIABLE CAL
DELAY OR BURST 50 ;15
DURATION
VARIABLE Fully clockwise
WIDTH 50,8
VARIABLE Fully clockwise
RISETIME AND 10 nS
FALLTIME

RISETIME MULT

FALLTIME MULT
DC OFFSET AND |
AMPLITUDE MULT

AMPLITUDE (VOLTS)
DC OFFSET PRESET

VARIABLE switch

DC OFFSET
[VOLTS) VARIABLE

PULSE POLARITY

10
VARIABLE

Lo

Test Oscilloscope

Time/Cm

Sweep Magnifier
Triggering

Vertical Mode
Volts/Cm (Channel 1)
Volis/Cm (Channel 2|

Input Selector

0.1 ms

Off

4 Int, Norm
Alternate

2V

v

DC
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WIDTH GENERATOR
21. Adjust Pulse Width Timing 0

a. Test equipment setup is shown in Fig. 5-17.

b. Position the Type 115 so that the top circuit board is
visible.

c. Set the time-mark generator for a 50-us marker output.

d. Trigger the test oscilloscope display.

e. Center the two displayed waveforms vertically and
position the Type 115 output pulse rise to the 1 e¢m vertical
line on the CRT screen [see Fig. 5-18).

f. CHECK FOR—Test oscilloscope displays of a pulse
width of at least 500 us, measured af the 50% level with
respect to the time-mark waveform (5cml.

g. ADJUST—R331, WIDTH TIMING adjustment, (see Fig.
5-19) for a pulse width of 550 us (5.5 cm) if the display is
not correct.

h. Set the Type 115 WIDTH VARIABLE control to the
CAL position.

i. Set the test oscilloscope sweep rate to 10 pusfem.
|. Set the time-mark generator for a 5-us marker output.

k. CHECK FOR—Test oscilloscope display of a 50-us
pulse width, within 3% of the time-mark waveform (5cm
=+ 1.5mm).

. ADJUST—R335, VAR WIDTH CAL adjustment, (see
Fig. 5-19) if the display is not correct.

m. If R335 is adjusted, reset the Type 115 WIDTH VARI-
ABLE fully clockwise, reset the test oscilloscope sweep rate
to 0.1 ms/cm and recheck the width timing os in steps ¢ and |.

n. Reset the following Type 115 controls:

PERIOD 1S
WIDTH 50 ns
VARIABLE CAL

o. Reset the following fest oscilloscope controls:

Time/Cm 10 ns (0.1 us magnified
X10)
Volts/Cm (Channel 2) 2

p. Set the time-mark generator for a 10-ns marker outpul.
g. Trigger the test oscilloscope display.

r. CHECK FOR—Test oscilloscope display of 50-ns pulse
width, within 5% of the time-mark waveform (S5ecm =
2.5 mm). See Fig. 5-18B.

s. ADJUST—C338 (see Fig. 5-19) if the display is not
correct.

t. If adjustment of C338 does not bring the 50-ns width
within tolerance, readjustment of R331 and R335 at the
beginning of this step may be necessary.

u. If readjustment of R331, R335 and C338 does not bring
the 50-ns width within tolerance, readjustment of R391 (T,
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Fig. 5-18. Typical test oscilloscope displays for checking pulse width:
[A) 500-us pulse width; (B) 50-ns pulse width.

CENTERING) in Step 4 and R411 (T; CENTERING) in Step 5
may be necessary.

22. Check Pulse Width Accuracy
a. Test equipment setup is shown in Fig. 5-17.

b. Set the Type 115 controls, the test oscilloscope sweep
and the time-mark generator as indicated in Table 5-3.

c. CHECK FORTest oscilloscope displays of the pulse
width, measured with respect to the time-mark waveform,
as indicated in the last column of Table 5-3.

d. If the pulse width timing is out of tolerance in any of
the preceding checks, adjust R335, R331 and C338 as de-
scribed in Step 21 to bring the width timing within tolerance
on all ranges.

DELAY GENERATOR
23. Adjust Pulse Delay Timing 0

a. Reset the following Type 115 controls:

MODE PAIRED PULSES
PERIOD 1 mS

VARIABLE Fully clockwise
W|DTH 50 ,uS

b. Set the test oscilloscope sweep rate to 0.1 ms/cm
{unmagnified).
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Fig. 5-19. Yop circuit board: Location of adjustments used in steps 21 through 25

TABLE 5-3
WIDTH TIMING ACCURACY CHECK
WIDTH | Time QOscilloscope | Difference from
PERIOD | WIDTH VARIABLE Markers | Sweep Rate | Time Reference Waveform

Ims | 50 us | CAL [ Sps | 10 us/em | 50 us —+ 3% 1.5 mm
100 jes S jus CAl | 05 1 js/em Sus 4 3% 1.5 mm

10 jis 500 ns CAL 50 ns 0.1 usfem | 50ns + 3% 1.5mm

1058 | 50 ns Fully cw 50ns | 0 us/em 500 ns

1 ps 50 ns CAL 10 ns 10 nsfem* 0ns = 5% 2.5 mm

*0.1 usfem Magnified X 10 ond 0.2 v/¢m,
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Fig. 5-20. Typical test oscilloscope disploy for checking delay
timing adjustments; 500 us delay time.

c. Set the time-mark generator for a 50-us marker output.

d. Trigger the test oscilloscope display.

e. CHECK FOR—Test oscilloscope display of the paired
pulses with o delay period of at least 500 us between cor-
responding points on the two pulses [5cm), measured with
respect to the lime-mark waveform (see Fig. 5-20).

f. ADJUST—RI131, DELAY TIMING adjustment, (see Fig.
5-19] for a delay interval of 550 ps (5.5 cm) if the display is
not correct.

g. Reset the following Type 115 controls:

PERIOD VARIABLE CAL
DELAY OR BURST CAL
DURATION VARIABLE

WIDTH 5,5

h. Set the test oscilloscope sweep rate to 10 us/cm.
i. Set the time-mark generator for a 5-is marker output,
j. CHECK FOR—Test oscilloscope display of the paired

pulses with a delay period of 50 us == 3% == 10ns [Scm
=+ 1.5 mm).

k. ADJUST-R135, VAR DELAY CAL adjustment, (see Fig.
5.21) if the delay interval is not correct,

l. If R135 requires adjustment, recheck the delay timing
adjustment as in parls a through k of this step.

m. Reset the following Type 115 controls.

VARIABLE CAL
DELAY OR BURST 50 nS
DURATION

VARIABLE CAL
WIDTH 50 ns

n. Reset the following test oscilloscope controls,

Time/Cm 10 ns (0.1 ps/em
magnified by 10)
Vertical Mode Channel 2

o. Set the fime-mark generator for @ 10-ns marker output.

p. Trigger the test oscilloscope and adjust the Time/Cm
Variable control for a CRT display of 1 cycle/em over the
center 8 cm of the graticule.

g. Reset the following test oscilloscope controls:

+ External
Channel 1

Triggering
Vertical Mode

r. Trigger the test oscilloscope display.

s. With the test oscilloscope Horizontal Position control
position the rise of the undelayed pulse on the 1-cm vertical
line of the CRT graticule (see Fig. 5-22A).

t. Set the Type 115 MODE switch to DLY'D PULSE.

u. CHECK FOR—Test oscilloscope display with the rise of
the deloyed pulse ot the é-cm vertical line = 1.15 on the
CRT graticule. This represents a delay time of 50 ns == 3%
~+ 10ns. The rise of the delayed pulse must cross the 6-cm
line at the same pulse amplitude that the rise of the un-
delayed | pulse crossed the 1-cm line (see Fig. 5-22B).

vo. "ADJUST—R134, 50 ns CAL adjustment, {see Fig. 5-21)
and C138 (see Fig. 5-19) if the display is not correct.

w. If adjusting R134 and C138 does not bring the 50-ns
delay time within tolerance, readjustment of R135 and R131
may be necessary.

24. Check Pulse Delay Timing

a. Set the Type 115 MODE switch to PAIRED PULSES.
b. Reset the following test oscilloscope controls:

Vertical Mode
Trigger Source

Alternate
+ Internal

c. Set the Type 115 controls, the test oscilloscope sweep

MODE UNDLY'D PULSE rate and the time-mark generator output as given in Table
PERIOD 1 ps 5.4,
TABLE 5-4
DELAY OR BURST DURATION ACCURACY
DELAY OR
DELAY OR| BURST - Deldyintarval
BURST | DURATION Time | Oscilloscope Time | Difference from
PERIOD | DURATION _VARIABLE WIDTH ‘Markers | Sweep Rate _  |Reference Waveform
005 | S0 | CAU | 5ps | Sps | W0ssfem | s = 3% - i0ms|  ISmm
_-_10_}5 _ 5ps | CAL 500 ns 0.5 ps 1 ps/em Sps = 3% = 10ns| 1.6 mm
1 s 500 ns CAL 50 ns 50 ns 0.1 usfem | 500ns == 3% == 10ns | 2.5 mm

5-28



Fig. 5-21. Location of delay liming adjustments on the left side of
the Type 115 chowsis subpanel

d. CHECK FOR—Test ascilloscope displays with o delay
period between corrsponding points on the two pulses [meas
ured with respect to the time-mark waveform) as indicated
in the last column of Table 5.4

e. If the delay is out of tolerance in any of the preceding
checks, adjust R135, R131, R134 and C138 as described
in Step 23 1o bring the delay time within tolerance on all
ranges

f. Rese! the following Type 115 controls:

MODE UNDLY'D PULSE
PERIOD 1 1S

VARIABLE CAL
DELAY OR BURST 50 nS
DURATION
WIDTH 50 nS

Reset the following test oscilloscope controls:

10 ns (0.1 jus/cm
magnified by 10)

Time/Cm

Vertical Mode Channel 2
h. Set the time-mark generator for a 10-ns marker output
i. Trigger the test oscilloscope

i. Adjust the Time/Cm Variable for o CRT display of 1
cycle/em over the center Bcm ronge

k. Reset the following test oscilloscope controls:

Triggering External

Vertical Mode Channel 1
l. Trigger the test oscilloscope display

m. Position the rise of the undeloyed pulse on the 1.cm
vertical line of the CRT graticule with the test oscilloscope
horizontal position control [see Fig. 5-22A)

n. Set the Type 115 MODE switch to DLY'D PULSE.

Performance Check/Calibration—Type 115

1-ecm 6-em
line | I line

LA)

(L1}

Fig. 5-22. Test oscilloscope displays for thecking the 50-ns delay
time adjustment

o. CHECK FOR—Test oscilloscope display with the rise
of he deloyed pulse ot the 6-cm vertical line on the CRT
1.05¢m. This represents o delay time of 50 ns
4. 3% -+ 10ns. The rise of the delayed pulse must cross
the 6.cm verlical line at the same pulse amplitude os the
rise of the undeloyed pulse crossed the l.em line (see Fig

5.228)
p. Set the Type 115 MODE switch to UNDLY'D PULSE

woden

q. Set the test oscilloscope Sweep Mognifier to X1.

r. With the test oscilloscope Horizontal Position control,
Position the undelayed pulse rise on the 1.cm vertical line
of the CRT graticule

5. Reset the following Type 115 conirols

DLY'D PULSE

Fully clockwise

MODE
DELAY OR BURST
DURATION VARIABLE

1. CHECK FOR
of the delayed pulse on at least the 6-cm vertical line of
the CRT graticule (ot least 500 ns).

Test oscilloscope display with the rise

u. If the delay timing is out of tolerance in parls o or t

of this step, adjust R135, R131, R134 and C138 in Step 23

PERIOD GENERATOR
25. Adjust Pulse Period Timing 0

a. Reset the following Type 115 controls:
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Fig. 5-23. Typical test oscilloscope displays for checking period
timing: [A) PERIOD VARIABLE fully clockwise; (B] PERIOD VARI-
ABLE in CAL position,

MODE UNDLY'D PULSE
PERIOD 1 ms
VARIABLE Fully clockwise
WIDTH 50 S A
VARIABLE Fully clockwise &%
b. Resel the following lest oscilloscope controls
Triggering + Internal
Time/Cm 2 ms [vpmagnified)
Vertical Mode Alternate

¢. Set the time.mark generator for @ 1.ms marker input.
d. Trigger the test oscilloscope display.

e. CHECK FOR—Test oscilloscope display with o fime
inferval of at least 10ms [Scm) between the two pulses,
measured with respect to the time-mark waveform (see Fig.
5.23A)

f. ADJUST—R241, PERIOD TIMING adjustment, (see Fig.
5-19] for a period of 11 ms [5.5¢cm| if the display is not
correct,

g. Set the Type 115 PERIOD VARIABLE to the CAL position,
h, Set the test oscilloscope sweep rate to | ms/em.

i. CHECK FOR—Test oscilloscope display with equal time
intervals belween the Type 115 oulput pulses and the time-
markers, + 2.7 mm over the first 9 cm of the test oscilloscope
CRT graticule, (1 ms +3%) [see Fig. 5-23B).
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1. ADJUST—R245, VAR PERICD CAL adjustment, (see
Fig. 5-24) if the display is not correct. R245 is located on
the bottom side of the instrument.

k. If R245 is adjusted, readjustment of R241 in parts a
through f of this step may be necessary.

I. Reset the following Type 115 controls:

PERIOD 1 uS
VARIABLE CAL
WIDTH 500 nS
VARIABLE CAL

m. Sel the test oscilloscope sweep rate to 1 jus/cm,
n. Set the time-mark generator for a 1-us marker output

o. CHECK FOR-—Check for test oscilloscope display with
equal intervals between the Type 115 oulput pulses and
the time markers, == 2.7 mm over the first 9 cm (1 ps -+3%).

p. ADJUST—C249C (see Fig. 5-19) if the display is not
correct,

q. Reset the following Type 115 controls:

PERIOD 100 nS

WIDTH 50 nS
. Sel the lest oscilloscope sweep rate to 0.1 ps/em.
5. Sel the time.mark generalor for a 0,1-is marker outpul,

t. CHECK FOR—Test oscilloscope display with equal inter-
vals between the Type 115 outpul pulses and the time
markers, +4.5mm over the first 9em (100ns +-5%)

. ARJUST-C249A (see Fig. 5:19) if the display is not
corrfg&f’

S I adjustment of C249A and C249C does not bring the

2 ns and 1 us pulse period timing within tolerance, readjust-
Q\\W ment of R24]1 and R245 may be necessary.

26. Check Pulse Period Accuracy
0. Reset the following Type 115 controls:

MODE UNDLY'D PULSE
PERIOD VARIABLE CAL

Fig. 5-24. Localion of period timing odjustment on bottom side of
Type 115 chossis subpanel.
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b. Set the Type 115 controls, the fest oscilloscope sweep
rate and the time-mark generator marker output as listed
in Table 5-5.

c. CHECK FOR—Test oscilloscope displays wilth equal
time intervals between the Type 115 output pulses and the
time markers. For each setup in Table 5-5 turn the Type

Performance Check/Calibration—Type 115

115 PERIOD VARIABLE control fully clockwise and check
for an interval of ot least 5cm between the two pulses,
measured with respect to the time-mark waveform (see Fig.
5-23).

d. If the pericd timing is out of tolerance in any of the
preceding checks, adjust R241, R245, C249A and C249C as
described in Step 25.

TABLE 5-5
PERIOD ACCURACY CHECK
Period

Time Oscilloscope Difference from
PERIOD WIDTH ~ Markers | __S_v_\.reep_Rgi_g ~ Time _Rgfe_lrengg_ Waveform
B S 5 p,s' ] CIms " 2ms/em ' Tms + 3% | 27 mm over 9em
100,s | 500ns | Olms 02msfem | 100us - 3% 27 mm over 9em

T 10ps | 50ms | 0ps | 20psfem |  10ps += 3% | 27 mm over 9cm

e [T soms T s 3 st T £ 3% |27 mm over Sam

" 100ns | 50ns T 00ps | 02psfem | 100ns = 5% |  45mm over 9cm
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Test oscilloscope
Type 547 /Type 1A1

N 50-{! Termination

Type 115

Cobles

Fig. 5-25. Initial tes! equipment setup for steps 27 through 31,

Control SeMings AMPLITUDE (VOLTS) 10
T 15 DC OFFSET PRESET VARIABLE
ype VARIABLE switch
MODE UNDLY'D PULSE DC OFFSET [VOLTS) 0
TRIGGER INT VARIABLE
PERIOD 10 uS PULSE POLARITY
VARIABLE CAL
DELAY OR BURST 50 nS
DURATION Test Oscilloscope
VARIABLE CAL Time/Cm 0.1 us
WIDTH _ 3 p$ Triggering External
VARIABLE CAlL :
) ) Vertical Mode Alternate
RISETIME AND FALLTIME 10 nS Volts/Cm (CH L1 2y
RISETIME MULT ‘- sl
FALLTIME MULT 1 Volts/em (Channel 2) 2v
DC OFFSET AND 1 Input Selector DC
AMPLITUDE MULT Amplitude Calibrator Off
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MODES OF OPERATION, TRIGGERS
AND TRIGGERING

27. Check Pretrigger and Delayed Trigger

a. Test equipment setup is shown in Fig. 5-25.

b. Disconnect the terminated cooxial cable from the
Channel 1 input of the test oscilloscope and connect it to
the Trigger Input connector.

c. Connect a 50-Q coaxial cable between the Type 115
+ PRETRIG OUT connector and the test oscilloscope Channel
1 input.

d. Connect a 50-Q coocxial cable beiween the Type 115
4+ DLY'D TRIG OUT connector and the test oscilloscope
Channel 2 input.

e. Trigger the fest oscilloscope.

f. Position the pulses on the CRT so that they do not
overlap [see Fig. 5-26).

Sy T — T

Performance Check/Calibration—Type 115

Fig. 5-26. Test oscilloscope display for checking pretrigger and
delayed trigger output pulses.

g. CHECK FOR—Test oscilloscope display of the two
pulses each with an amplitude of at least 2 volts.

h, Turn the DELAY OR BURST DURATION VARIABLE
slowly to the fully clockwise position.

i. CHECK FOR—Test oscilloscope display with the delayed
trigger moving at least 5 cm (500 ns) to the right of the pre-
frigger.

28. Check Undelayed Pulse, Delayed Pulse
and Paired Pulses

a. Disconnect all the 50 Q coaxial cables from the test
oscilloscope vertical inputs.

b. Reconnect the 50-Q coaxial cable, terminated in 500,
between the Type 115 OUTPUT connector and the Channel
1 input.

c. Reconnect the 50-0 coaxial cable between the Type
115 + PRETRIG QUT connector and the Trigger Input con-
nector on the test oscilloscope.

®

SN N .
|| —
A bt I (S0 (SN
| ‘ |
l - - .
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S | b I -

Icl - - S e

Fig. 5-27. Test oscilloscope displays for checking first three modes
of operation: (A) Undelayed pulse; (B) Delayed pulse; (C) Paired
Pulses.

d. Resel the following Type 115 controls:

PERIOD 1 mS
DELAY OR BURST 50 1S
DURATION

VARIABLE CAL
WIDTH 50 S

RISETIME AND FALLTIME 10 1S

e. Reset the following test oscilloscope controls:
Time/Cm 02 ms
Vertical Mode Channel 1

f. Trigger the test oscilloscope display.

g. CHECK FOR—Test oscilloscope display of an undelayed
output pulse with an approximate period of 1 ms [see Fig.
5.27A).

h. Set the Type 115 MODE switch te DLY'D PULSE.
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0.2 msfem

}* 7“_11,1_1t

Fig., 5-28. Test oscilloscope display for checking burst: {A) Exter-
nally triggered burst; (B) Gated burst.

i. Turn the DELAY OR BURST DURATION VARIABLE
control slowly clockwise while observing the test oscilloscope
display.

i. CHECK FOR—Test oscilloscope display of the delayed
pulse with the delay time controlled by the DELAY OR BURST
DURATION VARIABLE controls.

k. Set the DELAY OR BURST DURATION VARIABLE ¢on-
trol so that the rise of the delayed pulse is about 1.5¢m
from the beginning of the sweep [see Fig. 5-27B).

. Set the Type 115 MODE switch to PAIRED PULSES.

m. CHECK FOR—Test oscilloscope display of pairs of
pulses with the second pulse of each pair delayed with
respect fo the first by an amount controlled by the DELAY
OR BURST DURATION controls (see Fig. 5-27C).

29. Check External and Manual Triggering

a. Connect the BNC-T connector fo the test oscilloscope
Amplitude Calibrator Output connector.

b. Disconnect the 50-Q coaxial cable from the Type 115
+ PRETRIG OUT conneclor and reconnect it to one arm of
the T-connector.

c. Connect another 50-Q coaxial cable between the other
arm of the T-connector and the Type 115 4 TRIG IN con-
nector.

d. Set the Type 115 TRIGGER switch to MAN OR
EXTERNAL.
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e. Set the test oscilloscope Amplitude Calibrator for 20
volts.

f. CHECK FOR Test oscilloscope display of the externally
triggered Type 115 waveform,

g. Set the fest oscilloscope Amplitude Calibrator for 2
volis.

h. CHECK FOR—Test oscilloscope display of the externally
triggered Type 115 waveform as cbserved in part f.

i. Disconnect the 50-Q coaxial cable connected belween
the Amplitude Calibrator Output cennector and External
Trigger Input of the lest oscilloscope lrom the Amplitude
Calibrator Output and reconnect it to the + PRETRIG OUT
connector on the Type 115,

- Reset the foliowing Type 115 controls:

MODE UNDLY'D PULSE
TRIGGER INT

WIDTH VARIABLE Fully clockwise

k. Reset the following test oscilloscope controls:

Amplitude Calibrator Off

Triggering Mode Triggered

I. Trigger the test oscilloscope.

m. Set the Type 115 TRIGGER switch to MAN or
EXTERNAL.

n. Press the Type 115 MAN TRIG button.

o. CHECK FOR—Test oscilloscope display of manually
triggered coutput pulse.

30..Check Burst Mode

a. Disconnect the 50-0 coaxial cable from the Type 115
+ PRETRIG QUT connecter and reconnect it to the vocant
arm of the T-connector on the test oscilloscope Amplitude
Calibrator Outpul.

b. Reset the following Type 115 controls:

MODE BURST
PERIOD 100 ;.5

DELAY OR BURST
DURATION VARIABLE

WIDTH VARIABLE CAL

Fully clockwise

c. Set the test oscilloscope Amplitude calibrator to 20
volts.

d. Trigger the fest oscilloscope display.

e. CHECK FOR—Test oscilloscope display of burst of
output pulses, with the burst duration set by the DELAY OR
BURST DURATION controls and the burst period set by the
test oscilloscope Amplitude Calibrator signal. The characteris-
tics of each individual pulse within o burst are determined
by the other Type 115 front-panel controls (see Fig. 5-28A).

f. Turn the DELAY OR BURST DURATION VARIABLE
throughout its range while cbserving the change in burst
duration.

g. Set the lest oscilloscope Amplitude Calibrator to 2
volts.



h. CHECK FOR—Test oscilloscope display of the burst
output, as observed in part e of this step.

31. Check Gated Output Mode

a. Disconnect the 50-0 coaxial cable from the Type 115

+ TRIG IN connector and reconnect it to the 4 GATE IN
connector.

b. Set the Type 115 MODE switch to GATED.

c. Set the test oscilloscope Amplitude Calibrator to 20
volts.

Performance Check/ Calibration—Type 115

d. CHECK FOR—Test oscilloscope display of the gated
burst of output pulses, with the burst duration and the burst
period set by the test oscilloscope Amplivde Calibrator
signal. The characteristics of each pulse within a burst are
determined by the other Type 115 contrals {see Fig. 5-28B).

e. Decrease the test oscilloscope Amplitude Calibrator
output to 2 volls,

f. CHECK FOR—Test oscilloscope display of the gated
burst outputs, as observed in part d of this step.

This completes the calibration and performance check
procedure of the Type 115, Tesi equipment may be discon-
nected and turned off.
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PARTS LIST ABBREVIATIONS

BHB binding head brass int internal

BHS binding head steel lg length or long
cap. capacitor met. metal

cer ceramic mtg hdw mounting hardware
comp composition oD outside diameter
conn connector OHB oval head brass
CRT cathode-ray tube OHS oval head steel
csk countersunk PHB pan head brass
DE double end PHS pan head steel
dia diameter plste plastic

div division PMC paper, metal cased
elect. electrolytic poly polystyrene

EMC electrolytic, metal cased prec precision

EMT electrolytic, metal tubular PT paper, tubular

ext external PTM paper or plastic, tubular, molded
F&l focus and intensity RHB round head brass
FHB flat head brass RHS round head steel
FHS flot head steel SE single end

Fil HB fillister head brass SN or §/N serial number

Fil HS fillister head steel SW switch

h height or high TC temperature compensoted
hex. hexagonal THB truss head brass
HHB hex head brass thk thick

HHS hex head steel THS truss head steel
HSB hex socket brass tub. tubular

HSS hex socket steel var variable

D inside diameter w wide or width

incd incandescent Ww wire-wound



PARTS ORDERING INFORMATION

Replacement ports 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 o part you have orcered hos 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 Tekironix, Inc., or rewaorked or checked components.

Use 000-0000-00 Part number indicated is direet renlacement.

Screwdriver adjustment,

[:l Control, adjustment cr; connector.



SECTION 6

ELECTRICAL PARTS LIST

VYalues are fixed unless marked Variable.

Type 115

Tektronix Serial/Model No.
Ckt. No. Part No. Disc Description
Bulb
B710 150-0045-00 Incandescent # 685

Tolerance £20% unless otherwise indicated.

C10 281-0552-00
Cl4 281-0518-00
Cci7 283-0004-00
C20 283-0059-00
Cc3 283-0004-00
C33 283-005%-00
C38 281-0638-00
cl02 281-0549-00
Ccng9 281-0592-00
C127 281-0558-00
C130 283-0059-00
Ci33 283-0004-00
Ci137 283-0095-00
C138 281-0093-00
C139C

C139D *295.0119-00
CI3%E

C141 290-0183-00
C154 290-0162-00
C155 281-0540-00
C157 290-0135-00
Clé4 281-0511-00
C175 281-0523-00
C180 283-0059-00
C184 281-0549-00
C192 290-0135-00
C194 290-0135-00
C194 290-0162-00
Ci198 290-0261-00
C204 281-0516-00
C214 281-0509-00
c221 281-0523-00

Capacitors
25 pF Cer 500V
47 pF Cer 500V
0.02 uF Cer 150V
1 uf 25V
0.02 uF Cer 150V
1 pF Cer 25V
240 pF Cer 500V
68 pF Cer 500V
4.7 pF Cer
18 pF Cer 500V
1 uF Cer 25V
0.02 uF Cer 150V
5.5-18 pF, Var Cer
56 pF Cer 200V
0.0085 pF
0.1 uF Timing Capacitor Assembly
863 pF
1 puF Cer 35y
22 uF Elect. 35V
51 pF Cer 500V
15 uF Elect. 20V
22 pF Cer 500V
100 pF Cer 350 v
1 uF Cer 25V
68 pF Cer 500V
15 uF Elect, 20V
15 pF Elect. 20V
22 pF Elect. 35V
6.8 uF Elect. 3BV
39 pF Cer 500V
15pF Cer 500V
100 pF Cer 350V

+80%—20%

+80% —20%
50/0

10%

=+0.5pF

+80% —20%

10%

10%

Sﬂf‘n

10%
+80%—209%
10%

10%

10%
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Capacitors (coni)

Tektronix Serial/Model No.
Ckt. No. Part No. Eff Disc Description
C230 290-0261-00 6.8 uF Elect. 35y
C241 283-0059-00 1 pF Cer 25V +80% —20%
C243 283-0004-00 0.02 uF Cer 150V
C249A 281-0061-00 5.5-18 pF, Var Cer
C2498 281-0504-00 10 pF Cer 500V 10%,
C249C 281-0063-00 9-35 pF, Var Cer
C249D 283-0651-00 430 pF Mica 500V 1%
C249E 0.00488 uF
C249F *295.0120-00 0.00495 uF Timing Capacitor Assembly
C249G 0.5 uF
C250 283-0059-00 1 uF Cer 25V +80% —20%
C252 283-0059-00 1 uF Cer 25V +80% —20%
C256 283-005%-00 1 pF Cer 25V +80%—20%
C263 281-0525-00 470 pF 500V
C266 281-0623-00 650 pF Cer 500V 5%
C270 281-0511-00 22 pF Cer 500V 10%
C273 283-0000-00 0.001 uF Cer 500V
C276 281-0543-00 270 pF Cer 500V 10%
c277 290.0162-00 22 uF Elect. 5V
€290 290-0162-00 22 uF Elect. 35V
C292 290-0135-00 15 uF Elect. 20V
C294 290-0135-00 15 uF Elect. 2V
C298 290-0261-00 6.8 uF Elect. 35y
C302 281-0504-00 10 pF Cer 500 v 10%,
c319 281-0592-00 4.7 pF Cer =+0.5 pF
C327 281-0509-00 15 pF Cer 500V 10%
C330 283-0059-00 1 uF Cer 25V +80%% —20%
€333 283-0004-00 0.02 uF Cer 150 v
C337 283-0534-00 65 pF Mica 100V 1%
C338 281-0093-00 5.5-18 pF, Var Cer
€339C 0.0085 uF
C339D *295-0118-00 0.1 uF Timing Capaciter Assembly
C33%E 908 pF
C341 283-0059-00 1 4F Cer 25V +80%—20%
C346 283-0059-00 14F Cer 25V +80% —20%
C340 290-0162-00 22 pF Elect. 35v
C362 290-0135-00 15 uF Elect. 2V
C366 290-0162-00 22 uF Elect. 35v
C367 290-0261-00 6.8 uF Elect. 35y
C348 290-0261-00 6.8 uF Elect. 3BV
C370 283-0003-00 0.01 uF Cer 150V
C374 283-0003-00 0.01 uF Cer 150 v
C381 283-0003-00 0.01 wF Cer 150 v
C390 283-0003-00 0.01 uF Cer 150V
C395 281-0092-00 9-35 pF, Var Cer
62 ®i
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Capacitors (cont)

Tektronix Serial/Model No.

Ckt. No. Part No. Eff Disc Description

C3% 283-0628-00 410 pF Mica 500V 1%
Cc397 281-0092-00 9-35 pF, Var Cer

e #295.0093.00 0004 Checked Assembly

C400 283-0059-00 1 uF Cer 25V +80%—20%
C401 283-0003-00 0.01 puF Cer 150 ¥

C410 283-0003-00 0.01 puF Cer 150V

C420 283-0003-00 0.01 uF Cer 150V

C424 283-0003-00 0.01 uF Cer 150V

C434 283-0000-00 0.001 uF Cer 500V

C445 2%0-0162-00 22 uF Elect, 35Y

C446 283-0059-00 1 uF Cer 25V +80% —20%
C453 283-0059-00 1 uF Cer 25V +80%—20%
C463 283-0059-00 1 uF Cer 5Y +80%—20%
C4s7 283-0080-00 0.022 uF Cer 25V +80%—20%
C47 281-0093-00 5.5-18 pF, Var Cer

C473 283-005%9-00 1 uF Cer 25V +80%—20%
C479 283-0059-00 1 pF Cer 25V +80%—20%
C481 283-0059-00 1 uF Cer 25V +80%—20%
€490 281-0816-00 68 pF Cer 200 V

C492 2790-0261-00 68 uF Elect. 35V

C49% 283-0059-00 1 pF Cer 25V +80% —20%
C497 290-0162-00 22 uF Elect. kiR

C498 290-0135-00 15 uF Elect. 20V

C499 283-0059-00 1 uF Cer 25V +80%—20%
C515 283-0080-00 0.022 uF Cer 25V +80%—20%
C543 283-0059-00 1 pF Cer 25V +80%—20%
C548 283-0059-00 1 uF Cer 25V +80%—20%
C549 290-0183-00 1 uF Elect. 35V 10%
C551 281-0093-00 5.5-18 pF, Var Cer

C563 281-0092-00 9-35 pF, Var Cer

C571 290-0134-00 22 uF Elect. 15V

C572 283-0080-00 0.022 pF Cer 25V +80% —20%
C574 281-0511-00 22 pF Cer 500V 10%
C584 281-0638-00 240 pF Cer 500v 5%
C589 283-0059-00 1 uF Cer 25V +80% —20%
C592F 281-0512-00 27 pF Cer [nominal value) Selected

C593 290-0312-00 47 uF Elect. By 10%
C595 283-0059-00 1 uF Cer 25V +80% —20%
C599 283-0059-00 1 uF Cer 25V +80%—20%
Cé06 283-0003-00 0.01 uF Cer 150V

Cé14 283-0000-00 0.001 pF Cer 500v

Cé623 290-0121-00 2 uF Elect. 25V

€633 283-0059-00 1 uF Cer 25V +80%,—20%
Cé34 283-0000-00 0.001 uF Cer 500 V
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Electrical Parts List—Type 115

Capacitors (cont)

Tektronix Serial/Model No.

Ckt. No, Part No. Eff Disc Description

C712 290-0122-00 1000 »F Elect. 50v

C716 290-0122-00 1000 »F Elect. 50V

cn7 290-0183-00 1 uF Elect. 3BV 10%
C722 283-0003-00 0.01 uF Cer 150V

C725 290-0183-00 1 uF Elect. 3BV 10%
C736 290-0312-00 47 uF Elect. 35V 10%
C740 290-0183-00 1 uF Elect. 3BV 10%
C744 290-0297-00 39 uF Elect. LAY 10%
C751 290-0297-00 39 uF Elect. 10V 10%
C773 283-0004-00 0.02 uF Cer 150V

C776 290-0312-00 47 uF Elect. 3BV 10%
C780 290-0183-00 1 uF Elect. 35V 10%
C786 290-0312-00 47 uF Elect. 35V 10%

Semiconductor Device, Diodes

DN *152-0185-00 Silicon

D17 152-0071-00 Germanium
D18 *152-0185-00 Silicon

D25 152-0373-00 Tunnel

D26 *152-0075-00 Germanium
D32 *152.0185-00 Silicon

D38 *152-0075-00 Germanium
D39 *152-0185-00 Silicon
D107 152-0212-00 Zener
D108 152-0055-00 Zener

D144 152-0071-00 Germanium
D145 *152-0185-00 Silicon
D175 *152-0185-00 Silicon
D176 *152-0185-00 Silicon
D180 *152-0185-00 Silicon
D204 *152-0185-00 Silicon
D220 *152-0185-00 Silicon
D222 *152-0185-00 Silicon
D228 152-0280-00 Zener

D234 *152-0185-00 Silicon
D235 152-0373-00 Tunnel
D240 *152-0185-00 Silicon

D241 *152-0185-00 Silicon
D254 *152-0185-00 Silicon
D279 *152-0185-00 Silicon
D280 *152.0075-00 Germanium
D282 *152-0075-00 Germanium
D283 *152-0185-00 Silicon
D307 152-0212-00 Zener

D308 152-0055-00 Zener
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Replaceable by TN4152
ED2007

Replaceable by TN4152
Ip-4.7 mA  Cv-50 pF
Tek Spec

Replaceable by 1N4152

Tek Spec

Replaceable by 1TN4152
IN936 0.5W, 2V, 5%, TC
IN962B 0.4 W, 11V, 5%

ED2007

Replaceable by 1N4152
Replaceable by TN4152
Replaceable by 1N4152
Replaceable by TN4152

Replaceable by TN4152
Replaceable by 1N4152
Replaceable by 1N4152
IN753A 04 W, 62V,5%
Replaceable by 1N4152

Ip-4.7 mA  Cv-50 pF

Replaceable by 1N4152
Replaceable by TN4152
Replaceable by TN4152
Replaceable by 1N4152

Tek Spec

Tek Spec

Replaceable by 1N4152
IN%36 0.5W,9V,5%,TC
TN962B 04 W, 11V, 5%



Electrical Parts List—Type 115

Semiconductor Device, Diodes (cont)

Tektronix Serial/Model No.
Ckt. No. Part No. Etf Disc Description
D345 152-0141-02 Silicon 1N4152
D381 152-0127-00 Zener IN755A 04 W,7.5V,5%
D401 152-0149-00 Zener 1N961B 0.4 W, 10V, 5%
D414 *152-0322-00 Silicon Tek Spec
D443 *152-0185-00 Silicon Replaceable by 1N4152
D445 *152-0322-00 Silicon Tek Spec
D453 *152-0322-00 Silicon Tek Spec
D483 152-0141-02 Silicon 1N4152
D484 152-0141-02 Silicon 1N4152
D543 152-0123-00 Zener 1N935A 0.5W,%1V,5%
D553 *152-0185-00 Silicon Replaceable by 1N4152
D589 *152-0185-00 Silicon Replaceable by 1N4152
D423 *152-0185-00 Silicon Replaceable by 1N4152
D&33 152-0166-00 Zener IN753A 04W,62V,5%
D640 152-0236-00 Zener 04 W, 125V, 4%
D641 152-0304-00 Zener IN94BB 0.4 W, 20V, 5%
D643 *152-0185-00 Silicon Replaceable by TN4152
Dé44 *152-0185-00 Silicon Replaceable by 1N4152
D712 152-0200-00 Rectifier Bridge MDA 962-5 (Motorola)
D716 152-0200-00 Rectifier Bridge MDA 962-5 (Motorola)
D717 *152-0212-00 Zener IN936 05W,9V,5%,TC
D722 *152-0185-00 Silicon Replaceable by 1N4152
D734 *152-0185-00 Silicon Replaceable by 1N4152
D736 152-0056-00 Silicon 1N3194
D737 152-0089-00 Zener 126V, 10W, 5%
D740 152-0127-00 Zener 1N755A 04'W, 7.5V, 5%
D744 152-0066-00 Silicon 1N3194
D751 *152-0107-00 Silicon Replaceable by TNé47
D767 *152-0185-00 Silicon Replaceable by TN4152
D774 *152-0185-00 Silicon Replaceable by TN4152
D776 152-0066-00 Silicon 1N3194
D780 *152.0185-00 Silicon Replaceable by 1N4152
D786 152-0064-00 Silicon TN3194
D794 *152-0185-00 Silicon Replaceable by 1N4152
Fuses
F702 159-0041-00 1.25A 3AG Slo-Blo
F703 159-0018-00 08A 3AG Slo-Blo
Connectors
Jio 131-0106-00 BNC, 1 contact, female
nze 131-0105-00 BNC, 1 contact, female
J201 131-0106-00 BNC, 1 contact, female
1279 131-0106-00 BNC, 1 contact, female
1593 131-0104-00 BNC, 1 contact, female



Electrical Parts List—Type 115

Relays
Tektronix Serial/Model No. Description
Ckt. No, Part No. Eff Disc
K397 *108-0499-00 Coil, Reed
K397A 260-1002-00 Reed
K398 *108-0499-00 Coil, Reed
K398A 260-1002-00 Reed
K399 *108-0499-00 Coil, Reed
K399A 260-1002-00 Reed
K500 *108-0357-00 Coil, Reed
K500A 260-0721-00 Reed
K505 *108-0357-00 Coil, Reed
K505A 260-0721-00 Reed
Inductors
125 *108-0148-00 2.4 uH
L1114 *108-0170-01 0.5 uH (Wound on a 22 MQ resistor}
L146 276-0528-00 Core, Ferramic Suppressor
L184 276-0528-00 Core, Ferramic Suppressor
L314 *108-0170-01 0.5 uH {(Wound en a 22 MQ resistor}
L374 276-0507-00 Core, Ferramic Suppressor
L384 276-0507-00 Core, Ferramic Suppressor
L394 276-0507-00 Core, Ferramic Suppressor
L404 276-0507-00 Core, Ferramic Suppressor
L414 276-0507-00 Core, Ferramic Suppressor
L424 276-0507-00 Core, Ferramic Suppressor
L471 *108-0278-00 0.3 uH {Wound on a 3.3 2 resistor)
L591 276-0528-00 XB020000 Core, Ferramic Suppressor
L592 *108-0352-00 XB020000 0.1 uH
Lé64A 108-0344-00 8.6 mH
Lé64B *108-0354-00 5mH
Lé64C *108-0353-00 1.3 mH
Lé68 *108-0417.-01 110 uH
LR144 *108-0212-00 0.5 xH (Wound on a 330 Q resistor)
LR524 *108-0209-00 0.75 uH [Wound on a 470 Q resistor)
Transistors
Q4 *151-0108-00 Silicon Replaceable by 2N2501
Q18 *151.0133-00 Silicon Selected from 2N325]
Q32 *151-0127-00 Silicon Selected from 2N2369
Q36 *151-0108-00 Silicon Replaceable by 2N2501
Q38 *151-0133-00 Silicon Selected from 2N3251
Q102 *151-0108-00 Silicon Replaceable by 2N2501
Q106 *151.0127-00 Silicon Selected from 2N2369
Q114 *151-0127-00 Silicon Selected from 2N2369
Q124 *151-0127-00 Silicon Selected from 2N2369
Q138 *151-0103-00 Silicon Replaceoble by 2N2219
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Transistors (conf)

Electrical Parts List—Type 115

Tektronix Serial/Model No.

Ckt. No. Part No. Eff Disc Description

Ql44 *151-0127-00 Silicon Selected from 2N2369
Q153 151-0190-00 Silicon 2N3904

Qls4 *151-0133-00 Silicon Selected from 2N3251
Q173 *151-0127-00 Silicon Selected from 2N2369
Q184 151-0223-00 Silicon 2N4275

Q204 *151-0108-00 Silicon Replaceable by 2N2501
Q214 *151-0133-00 Silicon Selected from 2N3251
Q224 151-0225-00 Silicon 2MN3563

Q226 *151-0127-00 Silicon Selected from 2N23469
Q233 151-0223-00 Silicon 2N4275

Q244 *151-0103-00 Silicon Replaceable by 2N2219
Q253 *151-0127-00 Silicon Selected from 2N2369
Q264 *151.0133-00 Silicon Selected from 2N3251
Q266 *151-0127-00 Silicon Selected from 2N236%
Q274 #151-0133-00 Silicon Selected from 2N3251
Q276 *151-0108-00 Silicon Replaceable by 2N2501
Q302 *151-0108-00 Silicon Replaceable by 2N2501
Q206 *151-0127-00 Silicon Selecetd from 2N2349
Q314 *151-0127-00 Silicon Selected from 2N2369
Q324 *151-0127-00 Silicon Selected from 2N2349
Q338 *151-0103-00 Silicon Replaceable by 2N2219
Q343 *151-0127-00 Silicon Selected from 2N2369
Q353 *151-0108-00 Silicon Replaceable by 2N2501
Q374 *151-0134-00 Silicon Replaceable by 2N2905
Q384 *151.0133-00 Silicon Selected from 2N3251
Q394 *151-0133-00 Silicon Selected from 2N3251
Q404 *151-0127-00 Silicon Selected from 2N236%
Q414 *151-0127-00 Silicon Selected from 2N2369
Q424 *151-0103-00 Silicon Replaceable by 2N2219
Q434 151-0164-00 Silicon 2N3702

Q443 151-0164-00 Silicon 23702

Q444 *151-0136-00 Silicon Replaceable by 2N3053
Q453 *151-0133-00 Silicon Selected from 2N3251
Q463 151.0221-00 Silicon 2IN4258

Q473 151-0223-00 Silicon 2N4275

Q483 151-0221-00 Silicon 2N4258

Q473 151-0221-00 Silicon 21N4258

Q513 151-0188-00 Silicon 2MN3904

Q523 *151-0198-00 Silicon Replaceable by MPS-218
Q534 151-0223-00 Silicon 2N4275

Q543 151-0223-00 Silicon 24275

Q553 *¥151-0167-00 Silicon Selected from 2N3544
Q553 *151-0211-00 Silicon Selected from 2MN386%
Q554 151-0235-00 Silicon 24890

Q573 *151-0211-00 Silicon Selected from 2N3866
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Electrical Parts List—Type 115

Transistors {coni)

Tektronix Serial/Model No.
Ckt. No. Part No. Eff Disc Description
Q574 151-0235-00 Silicon 2N48%90
Q583 *151-0211-00 Silicon Selected from 2N3866
Q584 151-0235-00 Silicon 2N4890
Qé14 151-0164-00 Silicon 2N3702
Q623 151-0164-00 Silicon 2N3702
Q624 *151-0136-00 Silicon Replaceable by 2N3053
Q634 151-0120-00 Silicon 2N3904
Q643 151-0227-00 Silicon 2N3741
Q654 151022600 Silicon 2N3767
Q722 151-0188-00 Silicon 2N3906
Q724 151-0188-00 Silicon 2N3906
Q732 151-0188-00 Silicon 2N3906
Q734 151-0208-00 Silicon 2N4036
Q738 151-0258-00 Silicon 2N4905
Q744 *151-0134-00 Silicon Replaceable by 2N3053
Q746 151-0188-00 Silicon 2N3906
Q752 151-0188-00 Silicon 2N3906
Q754 151-0208-00 Silicon 2N4036
Q758 151-0227-00 Silicon 2N3741
Q762 151-0190-00 Silicon 2N3904
Q764 151-0190-00 Silicon 2N3904
Q772 151-0190-00 Silicon 2N3904
Q774 *151-0136-00 Silicon Replaceable by 2N3053
Q778 *151-0140-00 Silicon Selected from 2N3055
Q782 151-0188-00 Silicon 2N3906
Q784 151-0188-00 Silicon 2N3%906
Q794 151-0208-00 Silicon 2N4036
Q797 151-0226-00 Silicon 2N3767
Q798 151-0227-00 Silicon 2N3741

Resistors

Resistors are fixed, composition, *=10% unless otherwise indicated.
R9 315-0101-00 100Q W 5%
R10 315-0102-00 1kQ Vi W 5%
R13 315.0122-00 1.2kQ Ve W 5%
R14 315-0391-00 390 0 Va W 5%
R17 307-0104-00 33Q . W 5%
R18 315.0272-00 27 k2 Ve W 5%
R20 315-0301-00 300 Q Ve W 5%
R21 315-0152-00 1.5kQ Vu W 5%
R24 301-0332-00 33ka a W 5%
R25 301-0330-00 B YV, W 59
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Resistors (cont)

Electrical Parts List—Type 115

Tektronix Serial/Medel No.
Ckt. No. Part No. Eff Disc Description
R26 301-0152-00 1.5k 2 W 5%
R27 301-0340-00 30 V2 W 5%
R30 315-0100-00 10Q W 5%
R31 315-0100-00 100Q Vi W 5%
R32 301-0152-00 1.5kQ Va W 5%
R35 301-0751-00 750 2 . W 5%
R34 315-0242-00 2.4kQ U W 5%,
R101 301-0101-00 100 Q T, W 5%
R102 301-0391-00 300 V. W 5%
R104 301-0391-00 3900 W 5%
R107 301-0472-00 4.7 kQ W 5%
R110 315-0101-00 100Q Ve W 5%
R114 301-0331-00 330Q a2 W 5%
R115 307-0060-00 680 hW 5%
R119 301-0342-00 3.6kQ W 5%
R120 301-0222-00 22ka T2 W 5%
R121 311-0496-00 2.5k, Var 5%
R124 301-0241-00 240 Q 1y W 5%
R125 301-0510-00 510 Ve W 5%
R127 301-0681-00 480 Q 2 W 5%
R130 301-0242-00 2.4kQ W 5%
R131 311-0462-00 1k, Var
R132 301-0202-00 2kQ . W 5%
R133 323-0151-00 365Q 2 W Prec 15
R134 311-0054-00 500Q, Var
R135 311-0777-00 1k, Var
R136 311-0860-00 10 k2, Var
R137 301-0510-00 51Q V. W 5%
R138 315-0560-00 560 Ve W 5%,
R13%9C 315-0220-00 20 Vi W 5%
R140 321-01463-00 487 Q Ya W Prec 1%
R141 321-0145-00 5110 e W Prec 1%
R146 301-0821-00 8200 1, W 59,
R150 301-0101-00 100 2 o W 5%
R154 307-0104-00 330Q Ve W 5%,
R155 321-0161-00 464 0 Ve W Prec 19,
R156 321-020%-00 1.47 k2 e W Prec 1%
R157 307-0104-00 33q Vi W 5%
R160 301-0820-00 82Q W 5%
R164 301-0471-00 470 W 5%
R170 301-0470-00 47 Q 1, W 5%
R175 301-0102-00 1kQ Va2 W 5%
R179 315-0101-00 100 0 W 5%
R180 301-0123-00 12k W 5%
R184 301-0511-00 5100 h W 5%
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Electrical Parls List—Type 115

Resistors [con!)

Tektronix Serial/Model No.
Ckt. No. Part No.  Eff Disc Description
R185 301-0432-00 4.3k . W 5%
R192 307-0104-00 330 Ve W 5%,
R194 307-0104-00 330 W 5%
R1%96 307-0104-00 33Q Vi W 5%
R201 301-0102-00 1kQ a W 5%
R202 301-0512-00 51k VW 5%
R204 301-0153-00 15kQ Ve W 5%
R205 301-0471-00 470 Ve W 5%
R210 301-0102-00 1kQ Va W 5%
R214 301-0752-00 7.5k Vo W 5%
R215 301-0223-00 22 k(2 . W 5%
R220 301-0752-00 7.5k Va W 5%
R221 301-0101-00 100Q Va W 5%
R222 301-0202-00 2ka W 5%
R224 301-0561-00 560 Q Va W 5%
R225 315-0512-00 5.1k Ve W 5%
R226 315-0103-00 10k {nominal value) Selected 5%
R228 315-0683-00 68 kQ e W 5%
R230 315-0820-00 82Q e W 59,
R233 315-0101-00 100 Ve W 5%
R234 301-0681-00 680 Q W 5%
R235 317-0101-00 100 @ Ve W 5%
R236 307-0108-00 68 Q A 59
R240 315-0302-00 3kn Vi W 5%
R241 311-04%4-00 25k, Var
R243 321-0204-00 1.3kQ g W Prec 1%
R245 311-0131-00 1kQ, Var
R246 311-0642-00 20k, Var
R247 307-0108-00 680 Vi W 5%
R249A 307-0113-00 51Q Ve W 5%
R249D 315-0100-00 100 u W 5%
R250 301-0471-00 4700 2 W 5%
R251 301-0391-00 3900 Va W 5%
R252 301-0162-00 1.6 kQ o W 5%
R254 317-0101-00 100 e W 5%
R256 301-0682-00 68 kQ h W 5%
R263 315-0101-00 1000 W 5%
R264 315-0121-00 1202 W 5%
R245 315-0751-00 750 0 VA 5%
R266 315-0620-00 62Q Vi W 5%
R270 301-0102-00 1 kQ Va W 5%
R271 301-0102-00 1kQ Vo W 5%
R273 315-0471-00 470 Q Vi W 5%
R274 301-0202-00 2ka V. W 5%
R276 301-0331-00 33002 Ta W 5%
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Electrical Parts List—Type 115

Resistors (cont)

Tektronix Serial/Model No.
Ckt. No. Part Ne. Eff Disc Description
R277 307-0104-00 330 V. W 59,
R279 315-0102-00 1k0 Ve W 59,
R280 301-01071-00 100 @ Vi W 5%,
R282 301.0101-00 100 © v, W 5%,
R290 307-0104-00 330 Vi W 59,
R292 307-0104-00 330 VoW 5%,
R294 307-0104-00 330 Ve W 5%,
R302 301-0391-00 3900 Va W 5%,
R304 301-0391-00 3900 Vo, W 5%
R307 301-0472-00 47k W 5%
R310 315-0101-00 100 Q VA 5%,
R314 301-0331-00 3300 2 W 5%
R315 307-0108-00 68Q W 5%,
R319 301-0362-00 3.6k V, W 5%,
R320 301-0222-00 2.2kQ Vo W 5%
R321 311-0496-00 2.5kQ, Var
R324 301-0560-00 56 Q Vs W 5%
R325 307-0113-00 510 W 59,
R327 301-0481-00 680 Vo W 5%,
R330 301-0123-00 12k0 W 5%
R331 311-0463-00 5k, Var
R332 301-0822-00 8.2 ko Yo W 5%
R333 323-0164-00 499 0 Y W Prec 1%
R335 311-0777-00 1k, Var
R336 311-0860-00 10k, Var
R337 301-0510-00 510 Va W 59,
R338 315-0510-00 510 Ve W 59
R339C 315-0220-00 20 Vi W 5%,
R340 321-0163-00 487 Q Ve W Prec 1%
R341 321-0165-00 5110 Yo W Prec 1%
R346 301-0182-00 1.8kQ VW 5%
R350 301-0271-00 270 Q Yo W 5%
R354 315-0511-00 5100 Ve W 5%
R354 301-0751-00 750 © Va W 5%
R340 307-0104-00 330 YW 5%
R362 307-0104-00 330 Vi W 5%
R366 307-0104-00 33q e W 5%
R370 315-0242-00 240 e W 5%
R371 311-0442-00 1ka, Var
R372 315-0102-00 1kQ Ve W 5%
R373 315-0330-00 kk¥9) i W 5%
R374 323-0133-00 2370 7 W Prec 1%
R375 311-0616-00 250 Q, Var
R376 311-0616-00 250 Q, Var
R378 311-0861-00 4k, Var
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Electrical Parts List—Type 115

Resistors (cont)

Tektronix Serial/Model No.

Ckt. No. Part No. Eff Disc Description

R380 315-0220-00 20 Ve W 5%
R381 315-0152-00 1.5k Ve W 5%
R383 315-0101-00 100Q VeW 5%
R390 315-0222-00 22kn Ve W 5%
R3%1 311-0462-00 1kQ, Var

R392 315-0332-00 3.3kQ Ve W 5%
R393 315-0101-00 100Q Vi W 5%,
R394 315-0180-00 18Q Vo W 5%
R395 307-0113-00 51Q Vi W 5%
R397 307-0113-00 510 Ve W 5%
R401 301-0202-00 2kQ 7, W 5%
R403 315-0101-00 100 Q i W 5%
R410 315-0221-00 220Q Ve W 5%
R411 311-0462-00 1kQ, Var

R412 315-0222-00 22kQ Ve W 5%
R413 315-0101-00 100 Q Vi W 5%
R414 315-0180-00 18Q Vi W 5%
R420 315-0242-00 2.4 kQ Vi W 5%
R421 311-0462-00 1kQ, Var

R422 315-0102-00 1kQ Vi W 5%
R423 315-0330-00 330 Vi W 5%
R424 323-0134-00 2550 o W 1%
R425 311-0616-00 250 Q, Var

R426 311-0616-00 250 Q, Var

R428 311-0861-00 4kQ, Var

R430 315-0102-00 1kQ VoW 5%
R431 311-0462-00 1kQ, Var

R432 315-0302-00 3k Vi W 5%
R433 315-0153-00 15k Ve W 5%
R434 301-0113-00 11 kQ V. W 5%
R443 315-0103-00 10kQ VoW 5%
R444 315-0223-00 22k Yo W 5%
R453 315.0472-00 47kQ Ve W 59,
R460 315-0271-00 270Q Ve W 5%
R461 315-0244-00 240 kQ Ve W 5%
R463 315-0100-00 100 Ve W 5%
R464 303-0511-00 510Q 1w 5%
R466 307-0113-00 51Q V. W 5%
R467 315-0101-00 100 @ Ve W 5%,
R470 315-0101-00 100Q Ve W 5%
R471 311-0422-00 100 Q, Var

R473 315-0330-00 30 Vi W 5%
R474 307-0113-00 510 Vi W 59,
R476 303-0182-00 1.8 kQ 1w 5%
R479 311-0169-00 100 Q, Var
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Resistors (cont)

Electrical Parts List—Type 115

Tektronix Serial/Mode! No.
Ckt. No, Part No. Eff Disc Description
R480 303-0392-00 3.9 k0 1w 59,
R481 311-0514-00 100Q, Var
R482 315-0820-00 82Q V. W 5%
R483 306-0122-00 1.2k0 2W
R4%0 317-0101-00 100 0 Vo W 59,
R491 315-0151-00 150 0 U, W 59,
R492 307-0104-00 330 Ve W 59,
R493 301-0202-00 2k T W 5%,
R494 315.0101-00 100 2 YW 59,
R497 307-0104-00 33Q W 5,
R498 307-0104-00 330 Ve W 5%
R499 307-0104-00 330 W 5%
R500 315-0151-00 150 0 Y, W 59,
R501 315.0270-00 270 A 5%
R503 315-0271-00 270 0 Vv, W 5%
R505 315.0151-00 150 W 5%
R506 315-0270-00 270 Ve W 5%
R510 315.0221-00 2200 Vi W 5%
R511 311-0480-00 500 @, Var
R512 303-0182-00 1.8ka 1R 5%
R514 301-0152-00 155kQ Y, W 5%
R515 315-0220-00 20 Ve W 59%
R520 315.0220-00 20 Ve W 5%
R522 315-0221-00 2200 Ve W 5%
R523 311-0480-00 500 Q, Var
R524 301-0561-00 560 0 v, W 5%
R531 315.0101-00 100 Y, W 5%
R532 315-0274-00 270 kQ W 5%
R533 315-0153-00 15k W 5%
R534 301-0752-00 7.5kQ a W 5%
R535 301-0821-00 8200 . W 5%
R541 315-0100-00 100 W 59,
R542 315-0330-00 330 Ve W 5%
R543 303-0302-00 3k0 TW 5%
R544 315-0151-00 150 O Ve W 5%
R548 307-0106-00 47 Q Ve W 5%
R549 307-0106-00 470 A" 5%
R551 315-0181-00 180 @ YV, W 59,
R553 308-0077-00 1k aw WWwW 5%
R554 307-0113-00 510 A 5%
R540 315.0330-00 330 e W 5%
R553 315-0511-00 5100 LAY 5%
R545 303-0750-00 75Q W 5%
R547 315.0330.00 30 Y, W 5%,
R570 315-0330-00 330 Vi W 5%
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Electrical Parts List—Type 115

Resistors (coni)

Tektronix Serial/Model No.
Ckt. No. Part No. Eff Disc Description
R571 307-0051-00 279 V, W 5%
R574 315.0391-00 3900Q V. W 5%,
R575 303-0750-00 750 W 5%
R577 315-0330-00 330 Ve W 5%
R580 315-0330-00 330 Ve W 5%
R584 315-0222-00 2.2k Ve W 59,
R585 303-0750-00 750 TW 5%
R587 315-0330-00 330 VA 5%
R589 307-0106-00 47 Q e W 5%
R591A 305-0510-00 510 2W 5%
R591B 305-0510-00 510 2W 5%
R591C 305-0101-00 100Q 2W 5%
R591D 305-0101-00 1000 2W 5%
R592A 305-0101-00 1000 2W 5%
R592B 305-0101-00 1000 2W 5%
R592C 305-0101-00 1000 2W 5%
R592D 323-0606-00 400 a W Prec 1%
R592E 323-0606-00 600 Yo W Prec 1%
R5%2F 323-0606-00 600 Vo W Prec 1%
R592G 323-0047-00 3000 Yo W Prec 1%
R595 307-0106-00 470 W 5%
R404 315-0202-00 7k0 Ve W 59
R&05 311-0462-00 1k, Var
R606 315-0272-00 2.7 k2 V. W 5%
R613 315.0103-00 10k Y, W 5%
Ré14 323-0164-00 4990 (nominal value) Selected
R&15 311-0546-00 10k, Var
R&17 311-0131-00 1k, Var
R618 311-0546-00 10 k2, Var
R623 301-0182-00 18k Va W 5%
R624 315-0273-00 27 k0 Ve W 5%
R634 303-0102-00 1 k2 TW 5%
R641 301-0422-00 62kQ YVa W 5%
R644 315-0470-00 47Q Ve W 5%
Ré645 308-0248-00 150 5W ww 1%
Ré44 308-0250-00 1950 5W WW 1%
R647 310-0524-00 10290 2W Prec
R650 315-0470-00 47 Q Vi W 5%
R&51 311-0866-00 1259, Var
R652 308-0297-00 247Q aw WWwW 1%
R&55 311-0867-00 300, Var
R656 306-0330-00 30 2w
R&64A 301-0222-00 2.2k 1, W 5%,
R664B 301-0822-00 8.2k v, W 5%
R&64C 301-0512-00 51k 1y W 5%
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Resistors [coni)

Tekironix Serial/Model No.

Electrical Parts List—Type 115

Ckt. No. Part No. Eff Disc Description
R664D 301-0512-00 5.1k Vo W 5%,
REG4E 301-0512-00 51ka Va W 5%
R664F 301-0153-00 15k V. W 5%
R710 315-0220-00 220 Vi W 5%
R711 308-0165-00 050 5W ww 5%
R715 308-0165-00 0502 5W ww 5%
R717 323-0225-00 2.15kQ V. W Prec 1%
R720 315-0221-00 2200 Ve W 5%
R722 315-0103-00 10 ka2 Y W 5%
R723 301-0302-00 3kn . W 5%
R724 315-0102-00 1k e W 5%
R725 315-0221-00 220Q Vi W 5%
R726 323-023%9-00 3.01 k@ Yy W Prec 19
R727 311-0658-00 500 , Var
R728 323-0213-00 1.62 kQ2 W Prec 1%
R729 317-0510-00 51Q e W 5%
R730 315-0563-00 56 kQ Vi W 5%
R733 321-0301-00 133k e W Prec 1%
R734 321-0165-00 50 Vo W Prec 1%
R735 315-0470-00 47 Q Vi W 5%
R738 308-0245-00 0.6Q A wWwW 5%
R740 301-0182-00 1.8kQ Y, W gL
R742 308-0248-00 150 © 5W ww 1%
R743 315-0103-00 10 k2 Ve W 5%
R746 315-0272-00 2.7kQ Vu W 5%
R748 315-0103-00 10 kQ Ve W 5%
R750 322-0298-00 124 kQ Ve W Prec 1%
R751 321-0239-00 3.01 ko Va W 1%
R752 315-0153-00 15k v, W 5%
R756 315-0332-00 3.3k W 5%,
R757 315-0471-00 470Q VAN 5%
R758 308-0179-00 50 5W ww 5%
R740 315-0272-00 27 k0 Vi W 5%
R762 315-0163-00 16 k02 i W 5%
R763 315-0682-00 6.8k 1, W 5%
R764 315-0221-00 2200 W 5%
R766 323-0259-00 4.87 kQ 2 W Prec 1%
R767 322-0216-00 1.74 kQ W Prec 1%
R768 323-0244-00 3.57 ka 2 W Prec 1%
R770 307-0113-00 510 e W 5%
R773 321-0304.00 143kQ Yo W 1%
R774 321-0165-00 5110 Ve W Prec 1%
R775 304-0271-00 2700 1w
R778 308-0245-00 0460 2W ww 5%
R780 315-0102-00 1k Vi W 5%
6-15
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Resistors (cont)

Ckt. No. Part No. Serial/Model No.

Tektronix Eff Disc Description )
R781 315-0101-00 100 Q Ve W 5%
R782 315-0331-00 3300 VA 5%,
R783 303-0432-00 43kn W 5%
R784 301-0562-00 5.6kQ W 5%
R786 315-0471-00 470 VoW 5%
R790 317-0101-00 100 @ Va W 5%
R794 306-0332-00 3.3k0 2W
R795 307-0106-00 479 Vi W 5%
R796 317-0510-00 51Q Va W 5%
R797 317-0510-00 510 Ve W 5%
R798 308-0179-00 50 5W WWwW 5%

Switches

Wired or Unwired

SW20 2460-0247-00 Push MAN TRIG

SW139  Wired *262-0851-00 Rotary DELAY OR BURST DURATION
SW139 250-0946-00 Rotary DELAY OR BURST DURATION
SW249  Wired *262-0852-00 Rotary PERICD

SW249 260-0951-00 Rotary PERIOD

SW280 Wired *262-0853-00 Rotary MODE

Sw280 260-0953-00 Rotary MODE

SW33?2  Wired  *262-0850-00 Rotary WIDTH

SW339 260-0946-00 Rotary WIDTH

SW399 260-0945-00 Rotary RISETIME AND FALLTIME

SW501 260-096%-00 Slide PULSE POLARITY

SW591  Wired  *262-0854-00 Rotary DC OFFSET AND AMPLITUDE MULT
SW5%1 260-0759-00 Rotary DC OFFSET AND AMPLITUDE MULT
SWél16 260-0968-00 Slide DC OFFSET

SW701 260-0834-00 Toggle POWER

SwW702!

SW703!

Thermal Cut-out

TK701 240-0413-00 Opens at 175°F =5°F

Transformer

T701 *120-0560-00 POWER

*See Mechanical Parts List. Line Voltage Selector Body (*204-0279-00)
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FIGURE AND INDEX NUMBERS

Items in this section are referenced by figure and index numbers to the illustrations which
appear either on the back of the diagrams or on pullout pages immediately following the
diagrams of the instruction manual.

INDENTATION SYSTEM

This mechanical parts list is indented to indicate item relationships. Following is an
example of the indentation system used in the Description column.

Assembly and/or Component
Detail Part of Assembly and/or Component
mounting hardware for Detail Part
Parts of Detail Part
mounting hardware for Parts of Detail Part
mounting hardware for Assembly and/or Component

Mounting hardware always appears in the same indentation as the item it mounts,
while the detail parts are indented to the right. Indented items are part of, and included
with, the next higher indentation.

Mounting hardware must be purchased separately, unless otherwise specificed.

PARTS ORDERING INFORMATION

Replacement parts are available from or through your local Tektronix, Inc. Field Office
or representative.

Changes te Tektronix instruments are sometimes made fo accommodate improved
components as they become available, and to give you the benefit of the lafest circuit
improvements developed in our engineering deparfment. It is therefore important, when
ordering parts, to include the following information in your order: Part number, instru-
ment type or number, serial or model number, and meodification 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.

Change information, if any, is located at the rear of this manual.

ABBREVIATIONS AND SYMBOLS

For an explanation of the abbreviations and symbols used in this section, please refer
to the page immediately preceding the Electrical Parts List in this instruction manual.
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INDEX OF MECHANICAL PARTS LIST ILLUSTRATIONS
(Located behind diagrams)

FIG. 1 EXPLODED VIEW
FIG. 2 CABINET
FIG. 3 STANDARD ACCESSORIES
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Mechanical Parts List—Type 115

SECTION 7
MECHANICAL PARTS LIST

FIG. 1 EXPLODED VIEW

Fig. & Q
Index Tektronix Serial/Model No. t —_—
No. Part No. Eff Disc Yy 12345 DESCTIPTIOH
1-1  366-0493-00 1 KNOB, red—CAL VARIABLE
------ - knob includes:
213-0153-00 1 SCREW, set, 5-40 x V5 inch, HSS
-2 366-1062-00 1 KNOB, gray—PERIOD
------ - knob includes:
213-0153-00 1 SCREW, set, 5-40 x 0.125 inch, HSS
-3 262-0852-00 1 SWITCH, wired—PERIOD
~~~~~~ - switch includes:
260-0951-00 1 SWITCH, unwired
-4 384-0102-00 BO10100 B019999 1 ROD, extension shaft
384-0103-00 B020000 1 ROD, extension shaft
-5 374-0051-00 1 ASSEMBLY, flexible coupling
------ - assembly includes:
213-0022-00 4 SCREW, set
354-0251-00 2 RING, coupling
376-0049-00 2 COUPLING, plastic
I 1 RESISTOR, variable
------ - mounting hardware: (not included w/switch)
-7 210-0590-00 1 NUT, hex., %-32 x 75 inch
-8 366-0493-00 1 KNOB, red—CAL VARIABLE
...... - knob includes:
213-0153-00 1 SCREW, set, 5-40 x /4 inch, HSS
9 366-1062-00 1 o -KNOB, gray-—DELAY or BURST DURATION
------ X knob includes:
213-0153-00 1 SCREW, set, 5-40 x '/ inch, H3S
-10  242-0851-00 1 SWITCH, wired—DELAY or BURST DURATION
------ - switch includes:
260-0944-00 1 SWITCH, unwired
-11 131-0371-00 2 CONNECTOR, single contact
-12 384-0440-00 1 ROD, extension shaft
213-0048-00 1 SCREW, set, 4-40 x /s inch, HSS [not shown)
e S e AT 1 RESISTOR, variable
...... - mounting hardware: [not included w/resistor)
210-0012-00 1 LOCKWASHER, internal, 3/ ID x 7/;s inch OD [not shown)
210-0590-00 1 NUT, hex., ¥-32 x 1, inch
------ - mounting hardware: (nof included w/switch)
-14  210-0590-00 1 NUT, hex., %-32 x 74 inch

-15  366-0493-00 1 KNOB, red—CAL YARIABLE
------ - knob includes:
213-0153-00 1 SCREW, set, 5-40 x '/, inch, HSS
16 366-1062-00 1 KNOB, gray—WIDTH
- knob includes:
1

SCREW, set, 5-40 x '/ inch, HSS

213-0153-00
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Mechanical Parls List—Type 115

FIG. 1 EXPLODED VIEW (cont)

Fig. & Q
Index Tektronix Serial/Model No. t P
No. Part No. Eff Disc Y 12345 Rezcripion
1-17  262-0850-00 1 SWITCH, wired—WIDTH
...... . switch includes:
260-0946-00 1 SWITCH, unwired
-18  131-0371-00 2 CONNECTOR, single contact
-19  384-0440-00 1 ROD, extension shaft
213-0048-00 1 SCREW, set, 4-40 x 1/ inch, HSS
20 - - - - .- 1 RESISTOR, variable
-diasas - mounting hardware: (not included w/resistor)
210-0012-00 1 LOCKWASHER, internal, % ID x 13 inch OD [not shown)
210-0590-00 1 NUT, hex., %5-32 x 7/;4 inch (not shown]
------ - mounting hardware: (not included w/switch)
210-0840-00 1 WASHER, flat, %3 ID x /4 inch OD
21  210-0590-00 1 NUT, hex,, %-32 x 74 inch
22 366-0373-00 1 KNOB, red—TRIGGER
------ - knob includes:
213-0074-00 1 SCREW, set, 2-56 x 1/ inch, HSS
=23 366-1062-00 1 KNOB, gray—MODE
------ - knob includes:
213-0153-00 1 SCREW, set, 5-40 x Vg inch, HSS
-24  262-0853-00 1 SWITCH, wired—MODE
—————— 2 switch includes:
260-0958-00 1 SWITCH, unwired
------ - mounting hardware: (not included w/switch)
.25 210-0590-00 1 NUT, hex., %-32 x 7h¢ inch
-26  366-1028-00 1 KNOB, gray—DC OFFSET AND AMPLITUDE MULT
------ - knob includes:
213-0153-00 2 o SCREW, set, 5-40 x ' inch, HSS
=27  262-0854-00 19" SWITCH, wired—DC OFFSET AND AMPLITUDE MULT
------ - switch includes:
260-095%2-00 1 SWITCH, unwired
-28 131-0371-00 2 CONNECTOR, single contact
------ - mounting hardware: [nof included w/switch)
210-0940-00 1 WASHER, flat, %, ID x ', inch OD
29 210-0590-00 1 NUT, hex,, %-32 x 74 inch
-30  366-1054-00 1 KNOB, gray—RISETIME AND FALLTIME
...... 5 knob includes:
213-0153-00 1 SCREW, set, 5-40 x g inch, HSS
=31  260-0945-00 1 SWITCH, unwired—RISETIME AND FALLTIME
------ - mounting hardware: ([not included w/swilch)
210-0803-00 1 WASHER, flat, 0.150 ID x 3 inch OD
-32  210-0583-00 1 NUT, hex., "/;-32 x 3/;4 inch



Mechanical Parts List—Type 115

FIG. 1 EXPLODED VIEW (cont)

Fig. & Q
Index Tektronix Serial/Model No. t —
No. Part No. Eff Disc Y 12345 Descriptian
1-33  366-0494-00 1 KNOB, gray—RISETIME MULT
------ - knob includes:
213-0153-00 1 SCREW, set, 5-40 x /g inch, HSS
34 - - - - - - 1 RESISTOR, variable
------ - mounting hardware: [not included w/resistor)
-35 210-0583-00 2 NUT, hex., V4-32 x 3/4 inch
-36  210-0046-00 1 LOCKWASHER, internal, 0.261 ID x 0.400 inch OD
210-0803-00 1 WASHER, flat, 0.150 ID x 3/ inch OD
237 366-0494-00 1 KNOB, gray—FALLTIME MULT
----- - - knob includes:
213-0153-00 1 SCREW, set, 5-40 x ' inch, HSS
;1. R 1 RESISTOR, variable
------ - mounting hardware: (not included w/resistor)
-39 210-0583-00 2 NUT, hex., 1/:-32 x 34 inch
-40  210-0044-00 1 LOCKWASHER, internal, 0.261 ID x 0.400 inch OD
210-0803-00 1 WASHER, flat, 0.150 ID x %} inch OD
-41  366-0494-00 1 KNOB, gray—AMPLITUDE [VOLTS}
------ - knob includes:
213-0153-00 1 SCREW, set, 5-40 x g inch, HSS
AP & o s e w o 1 RESISTOR, variable
------ - mounting hardware: (not included w/resistor)
-43  341-0143-00 1 SPACER, ring, 0.281 ID x 0.562 inch OD
210-0803-00 1 WASHER, flat, 0.150 ID x 3/ inch OD
-44  210-0583-00 1 NUT, hex., 4-32 x 34 inch
45  366-0494.00 1 KNOB, gray—VARIABLE
...... & knob includes:
213-0153-00 1 SCREW, set, 5-40 x V inch, HSS
46 - - - - - - 1  RESISTOR, variable
------ - mounting hardware: (not included w/resistor)
-47  361-0143-00 1 SPACER, ring, 0.281 ID x 0.562 inch OD
210-0803-00 1 WASHER, flat, 0.150 ID x 3/ inch OD
-48  210-0583-00 1 NUT, hex., Y4-32 x %4 inch
-49  260-0834-00 1 SWITCH, toggle—ON
------ - mounting hardware: (not included w/switch)
210-0940-00 1 WASHER, flat, V4 ID x 35 inch OD
50 210-0562-00 1 NUT, hex,, V,-40 x % inch
-51  260-0247-00 1 SWITCH, push button, w/hardware—MAN TRIG
------ - mounting hardware: (not included w/switch)
52 210-0940-00 1 WASHER, flat, s ID x % inch OD
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Mechanical Parts List—Type 115

FIG. 1 EXPLODED VIEW (conf)

Fig. & Q
Index Tektronix Serial/Model No. t Description
No. Part No. Eff Disc Y 12345
1-53  260-0969-00 1 SWITCH, slide—PULSE POLARITY
------ - mounting hardware: (not included w/switch)
-54  210-0406-00 2 NUT, hex., 4-40 x %4 inch
-55  260-0948-00 1 SWITCH, slide—DC OFFSET (VOLTS)
------ - mounting hardware: (not included w/switch)
210-0406-00 2 NUT, hex., 4-40 x 3,4 inch
N ¥ P 1 RESISTOR, variable
------ - mounting hardware: [not included w/resistor)
210-0471-00 1 NUT, hex., /4-32 x 3/1¢ x %33 inch long
-57  210-0045-00 1 LOCKWASHER, internal, 0.261 ID x 0.400 inch OD
-58  358-0054-00 1 BUSHING, resistor mounting
-59  136-0279-00 1 UGHT, indicator, w/hardware
------ - mounting hardware: (not included w/light)
-60  210-0046-00 1 LOCKWASHER, internal, 0.261 ID x 0.400 inch OD
61 131-0106-00 2 CONNECTOR, coaxial, 1 contact, BNC w/hardware
-62  131-0106-00 3 CONNECTOR, coaxial, 1 contact, BNC w/hardware
------ - mounting hardware for each: (not included w/connector)
43 210-0255-00 1 LUG, solder, 3 inch ID
-64  214-0553-00 1 SCREW, latch
-65 358-0255-00 1 BUSHING, laich, plastic
-66  333-1056-01 1 PANEL, front
-67  386-1379-00 1 @ PLATE, sub-panel
-68  200-0799-00 I COVER, plastic
69  386-1380-00 1 PLATE, chassis support
------ - plate includes:
70 211-0094-00 4 SCREW, 4-40 x V, inch, THS
71 406-0635-00 9  BRACKET, resistor mounting
------ - mounting hardware for each: (not included w/bracket)
-72  213-0088-00 2  SCREW, thread forming, 4-40 x '/, inch, PHS
73 - - - - - 9  RESISTOR, variable
------ - mounting hardware for each: [not included w/resistor)
210-0438-00 2 NUT, hex., 1-72 x %3, inch
-74  352-0048-00 2 HOLDER, plastic
-75 348-0055-00 4  GROMMET, plastic, V4 inch diamefer
76  348-0056-00 1 GROMMET, plastic, 33 inch diameter
-77  348-0064-00 1 GROMMET, plastic, % inch diameter

7-4
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FIG. 1 EXPLODED VIEW (coni)

Fig. & Q
Index Tektronix Serial/Model No. t Description
No. Part No. Eff Disc Y 12345
1-78  348-0063-00 4  GROMMET, plastic, ¥, inch diameter
-79  348-0031-00 1 GROMMET, plastic, %3, inch diameter
-80 358-0215-00 1 BUSHING, plastic, "U" shaped
-81  441-0781-00 1 CHASSIS, center
...... - mounting hardware: (not included w/chassis)
-82  211-0507-00 8 SCREW, 6-32 x % inch, PHS
83 ----.-.- 2 CAPACITOR
------ - mounting hardware for each: [not included w/capacitor)
-84 211-0516-00 2 SCREW, 6-32 x 7/ inch, PHS
-85 432-0048-00 1 BASE, mounting, plastic
386-0254-00 1  PLATE, fiber, large
-86 210-0457-00 2 NUT, keps, 6-32 x %4 inch
B s w e s 3 COlL
...... - mounting hardware: (not included w/coil)
-88  211-0553-00 1 SCREW, 6-32 x 1Y, inches, RHS
-89  200-0659-00 1 COVER, plastic
210-0007-00 1 WASHER, plastic, 0.156 ID x 1.062 inch OD
-90 211-0507-00 1 SCREW, 6-32 x %/ inch, PHS
91  441-0732-00 1 CHASSIS, lower
------ - mounting hardware: [not included w/chassis)
92 211-0507-00 6 SCREW, 6-32 x /4 inch, PHS
-93  211-0538-00 2  SCREW, 6-32 x %4 inch, 100° csk, FHS
-94  210-0457-00 6 NUT, keps, 6-32x 5/ inch
95 - - - - - - 1. SWITCH, THERMAL CUTOUT
------ - mounting hardware: (not included w/switch)
213-0044-00 2 SCREW, thread forming 5-32 x 34 inch, PHS
96 124-0146-00 2  STRIP, ceramic, 7/, inch h, w/1é notches
------ - each shrip includes:
355-0082-00 2 STUD, plastic
—————— - mounting hardware for each: [not included w/strip)
97 361-0008-00 2  SPACER, plastic, '/ inch long
8 .. 2 TRANSISTOR
------ - mounting hardware for each: (not included w/transistor)
99 210.0457-00 2 NUT, keps, 6-32 x 5 inch
210-0202-00 1 LUG, solder, SE #6
386-0143-00 1 PLATE, insulator, small
210-0935-00 2  WASHER, fiber, shouldered, 0.140 1D x 0.375 inch OD
210-0803-00 2 WASHER, flat, 0.150 ID x 3% inch OD
-100 211-0510-00 2 SCREW, 6-32 x ¥; inch, PHS
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FIG. 1 EXPLODED VIEW (cont)

Fig. & ? Q
Index Tektronix Serial/Model No. t e
No. Part No. Eff Disc Y 12345 Rexcription
]| e 1 TRANSISTOR
------ - mounting hardware: [not included w/transistor)
-102 211-0510-00 2  SCREW, 6-32 x 33 inch, PHS
386-0143-00 1  PLATE, insulator, small
210-0803-00 2  WASHER, flat, 0.150 ID x 3/ inch OD
210-0935-00 2  WASHER, fiber, shouldered, 0.140 ID x 0.375 inch OD
210-0202-00 1  LUG, solder, SE #6
-103 210-0457-00 2 NUT, keps, 6-32 x %4 inch
-104 - - - - - - 1 DIODE
------ - dicde includes:
----- - 1 PLATE, insulator
------ - mounting hardware: [not included w/diode)
210-0813-00 1 WASHER, fiber, shouldered, #10
210-0805-00 1 WASHER, flat, %5 ID x %4 inch OD
210-0410-00 1 LUG, solder, SE #10 long
1

-105 220-0410-00 NUT, keps, 10-32 x 33 inch

-106 670-0264-00 1 ASSEMBLY, circuit board—SHAPER/OQUTPUT
------ - assembly includes:
388-0984-00 1 BOARD, circuit
-107 131-0505-00 B010100 B020349 6 TERMINAL, stud, 0.345 inch long
214-0579-00  B020370 1 PIN, test point
-108 131-0525-00 é TERMINAL, stud, 0.449 inch long
-109 214-0506-00 40 PIN, connector
-110 344-0119-00 8 CLIP, diede
-111 136-0183-00 10 SOCKET, transistor, 3 pin
-112 136-0220-00 19 SOCKET, transistor, 3 pin
-113 214-0667-00 1 HEAT SINK
-114 214-0668-00 6 HEAT SINK
------ - mounting hardware: [naot included w/assembly)
-115 211-0114-00 8  SCREW, sems 4-40 x 5/¢ inch, PHB
-116 210-0202-00 1 UG, solder, SE #6
...... - mounting hardware: [not included w/lug)
213-0044-00 1 SCREW, thread forming, 5-32 x 54 inch, PHS
-117 381-0288-00 1 BAR, support
------ - mounting hardware: (not included w/bar)
-118 211-0507-00 2 SCREW, 6-32 x %, inch, PHS
210-0202-00 1 LUG, solder, SE #¢
-119 214-0210-00 1 ASSEMBLY, solder spool
------ - assembly includes:
214-0209-00 1 SPOOL, w/o solder
------ - mounting hardware: (not included w/ assembly)
361-0007-00 1 SPACER, plastic, 0.188 inch long
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Mechanical Parts List—Type 115

FIG. 1 EXPLODED VIEW (conl)

Fig. & Q
Index Tektronix Serial/Model No. t P
No. Part No. Eff Disc Y 12 345 D&SCI'IP'IOD
1-120 - - - - - - 1 TRANSFORMER
------ - transformer includes:
-121 212-0516-00 4 SCREW, 10-32 x 2 inches, HHS
210-0812-00 4 WASHER, fiber, #10
------ - mounting hardware: [not included w/transformer)
-122 210-0206-00 1 LUG, solder, SE #10 long
-123 220-0410-00 4 NUT, keps, 10-32 x ¥ inch
=124 407-0461-00 1 BRACKET, transistor mounting
------ - mounting hardware: [not included w/bracket)
-125 211-0008-00 BO10100 B010129 3 SCREW, 4-40 x V/, inch, PHS
211-0130-00 B010130 3 SCREW, 4-40 x '/, inch, HHS
126 - - - - - 1  TRANSISTOR
------ - mounting hardware: (not included w/transister)
-127 211-0510-00 2  SCREW, 6-32 x %3 inch, PHS
210-0202-00 1 LUG, solder, SE #6
-128 386-0978-00 1 PLATE, insulator, large
210-0935-00 2  WASHER, fiber, shouldered, 0.140 ID x 0.375 inch OD
210-0803-00 2  WASHER, flat, 0,150 ID x 3/g inch OD
-129 210-0457-00 2 NUT, keps, 6-32 x %4 inch
------ 1 TRANSISTOR (not shown]
------ - mounting hardware: (not included w/transistor)
211-0578-00 2 SCREW, 6-32 x 7/ inch, PHS
210-0202-00 1 LUG, solder, SE #6
384-0978-00 1 PLATE, insulator, large
210-0935-00 2  WASHER; fiber, shouldered, 0.140 ID x 0.375 inch OD
210-0803-00 2 WASHER, flat, 0.150 ID x %3 inch QD
210-0457-00 2 NUT, keps, 6-32 x 5/ inch
-130 - - - - - - 2 - TRANSISTOR
------ =" mounting hardware for each: (not included w/transistor)
-131 211-0510-00 2 SCREW, 4-32 x %, inch, PHS
210-0202-00 1 LUG, solder, SE #6
-132 386-0143-00 1 PLATE, insulater, small
210-0935-00 2  WASHER, fiber, shouldered, 0.140 ID x 0.375 inch OD
210-0803-00 2 WASHER, flat, 0.150 1D x 3/ inch OD
-133 210-0457-00 2 NUT, keps, 6-32 x 5/ inch
-134 441-0783-00 1 CHASSIS, upper
...... - mounting hardware: (not included w/chassis)
-135 211-0507-00 5 SCREW, 6-32 x %4 inch, PHS
-136 211-05328-00 1 SCREW, 4-32 x 54 inch, 100° csk, FHS
-137 210-0457-00 6 NUT, keps, 6-32 x %/ inch
-138 670-0263-00 1 ASSEMBLY, circuit board—TIMING [POWER SUPPLY
------ - assembly includes:
388-0933-00 1 BOARD, circuit
-139 136-0183-00 8 SOCKET, transistor, 3 pin
-140 136-0220-00 40 SOCKET, transistor, 3 pin
-141  214-0506-00 &7 PIN, connector
<142 214-0578-00 5 PIN, test point
------ - mounting hardware: (not included w/assembly)
-143 211-0116-00 8 SCREW, sems 4-40 x %/,4 inch, PHB

@1
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FIG. 1 EXPLODED VIEW (cont)

Fig. & Q
Index Tektronix Serial/Model No. t P
No. Part No. Eff Disc Y 12345 Pescription
1-144 147-0008-00 1 MOTOR, fan
------ - mounting hardware: [not included w/motor)
-145 212-0575-00 2 SCREW, 10-32 x %4 inch, HHS
-146 369-0024-00 1 FAN, impeller
-147 384-0615-00 3 ROD, spacer
------ - mounting hardware for each: (not included w/rod)
-148 212-0023-00 1 SCREW, 8-32 x ¥ inch, PHS
-149  351-00946-00 1 RAIL, guide
------ - mounting hardware: [not included w/rail)
211-0559-00 2  SCREW, 6-32 x 3/, inch, 100° csk, FHS (not shown}
212-0023-00 1 SCREW, 8-32 x 33 inch, PHS
-150 214-0480-00 1 PIN, guide
-151 214-0480-00 1 PIN, guide
------ - mounting hardware: (not included w/guide)
-152 210-0457-00 1 NUT, keps, 6-32 x 3/ inch
-153 386-1381-00 1 PLATE, rear
-154 378-0035-01 1  FILTER, air
-155 380-0105-00 1 HOUSING, filter
------ - mounting hardware: [not included w/housing)
-156 211-0034-00 2 SCREW, 2-56 xY; inch, RHS
210-0001-00 2 LOCKWASHER, internal, #2
-157 210-0405-00 2 NUT, hexi; 2-56 x ¥4 inch
-158 204-0279-00 1  BODY, line voltage selector
------ - \Umounting hardware: (not included w/body)
210-0006-00 20 LOCKWASHER, internal, #6 (not shown)
-159 210-0407-00 2 NUT, hex., 6-32 x '/ inch
-140 200-0762-00 1 COVER, line voltage selector
...... - cover includes:
<161 352-0102-00 2 HOLDER, fuse, plastic
------ - mounting hardware for each: [not included w/holder]
-162 213-0035-00 2 SCREW, thread forming, 4-40 x /, inch, PHS
-163 161-0033-00 1 CORD, power
-164 358-0161-00 1 BUSHING, strain relief
-165 103-0071-01 1 ADAPTER, strain relief
------ - mounting hardware: (not included w/adapter)
-166 211-0507-00 2 SCREW, 6-32 x 3/;4 inch, PHS
-167 210-0457-00 2 NUT, keps, 6-32 x %/4 inch
210-0202-00  XB020000 1 LUG, solder, SE #6

®



Mechanical Parts List—Type 115

FIG. 1 EXPLODED VIEW (conf)

Fig. & Q
Index Tektronix Serial/Model No. t P
No. Part No. Eff Disc Y i i d Description
1-168 124-0207-00 1 TERMINAL STRIP, ceramic
------ - mounting hardware: (not included w/terminal strip)
358-0324-00 2  BUSHING, sleeve, plastic
-169 213-0164-00 2 SCREW, thread forming, 6-32 x 3/ inch
-170 210-0202-00 1 LUG, solder, SE #4
------ - mounting hardware: [not included w/lug)
213-0146-00 SCREW, thread forming, 6-32 x 5/ inch, PHS (not shown)
171 179-1293-00 1  CABLE HARNESS, lower board
...... - coble harness includes:
131-0371-00 34 CONNECTOR, single contact
172 179-1294-00 1  CABLE HARNESS, upper board
------ - cable harness includes:
131-0371-00 59 CONNECTOR, single contact

-173 179-1295-00

CABLE HARNESS, 110 Volt
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Mechanical Parts List—Type 115

FIG. 2 CABINET
Fig. & Serial/M Q
Index Part No. erial/Medel No. t P
No. Tektronix Eff Disc Y 12345 Bgeripaion
2- 437-0096-00 1 " ASSEMBLY, cabinet
------ - assembly includes:
-1 377-0122-00 1 INSERT, handle pivet, right
-2 377-0120-00 1 INSERT, frame, right
-3 377-0123-00 1 INSERT, handle pivet, left
-4 377-0121-00 1 INSERT, frame, left
-5 347-0052-00 1 HANDLE
______ - mounting hardware: (not included w/handle)
-6 212-0040-00 2 SCREW, 8-32 x %3 inch, 100° csk, FHS
-7 367-0050-00 1 PIVOT, handle, right
------ - mounting hardware: [not included w/pivet)
-8 214-0554-00 1 BOLT, hinge, 10-32 x 0.468 inch, HHS
-9 214-0558-00 1 WASHER, thrust, %44 ID x 1/ inch OD
-10  367-0051-00 1 PIVOT, handle, left
------ . mounting hardware: [not included w/pivot}
11 214-0554-00 1 BOLT, hinge, 10-32 x 0.448 inch, HSS
-12  214-0558-00 1 WASHER, thrust, 5/ ID x 1/, inch OD
-13  426-0252-00 1 FRAME, front, right
-14  426-0253-00 1 FRAME, front, left
-15  426-0255-00 1 FRAME, front, top
------ - mounting hardware: (not included w/frame)
216 212-0002-00 4 SCREW, 8-32 x '/, inch, 100° csk, FHS
-7 426-0254-00 1 FRAME, front, bottom
------ - mounting hardware: (not included w/frame)
-18  212-0004-00 2 SCREW, 8-32 x 5/;4 inch, PHS
-19  212-0002-00 2 SCREW, 8-32 x '/ inch, 100° csk, FHS
<20  351-0093-00 1 GUIDE, left
------ L mounting hardware: (not included w/guide)
-1 212-0023-00 1 SCREW, 8-32 x 0.375 inch, PHS
210-0007-00 1 LOCKWASHER, external, #8
22 211-0510-00 1 SCREW, 6-32 x ¥ inch, PHS
210-0005-00 1 LOCKWASHER, external, #6
-23  358-0293-01 1 BUSHING, plug-in securing, left
------ x mounting hardware: [not included w/bushing)
=24  212-0001-00 1 SCREW, 8-32 x '/, inch, PHS
210-0007-00 1 LOCKWAGSHER, external, #8

25 358-0294-01 BUSHING, plug-in securing, right

mounting hardware: (not included w/bushing)

=26 212.0001-00 SCREW, 832 x '/, inch, PHS
210-0007-00 LOCKWASHER, cxternal, #8

27 211-0510-00 SCREW, é-32 x '/, inch, PHS
210-0005-00 LOCKWASHER, external, #6

— e ok ot ek

-28 210-0457-00 NUT, keps, 6-32 x /4 inch
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Mechanical Parts List—Type 115

FIG, 2 CABINET (cont)

Fig. & Q
Index Tektronix Serial/Model No. t -
No. Part No. Eff Disc Y 12345 Daetriptich
229 351-0092-00 1 GUIDE, right
-30  348-0072-00 1 FOOT, flip stand
31 348-0073-00 1 FOOT, bail limiting, left front
------ - mounting hardware: ([not included w/foof)
=32 211-0532-00 2 SCREW, 6-32 x ¥ inch, Fil HS
-33  210-0457-00 1 NUT, keps, 6-32 x %4 inch
-34  348-0074-00 1 FOOT, bail limiting, right front
...... - mounting hardware: (not included w/foot]
-35  211-0532-00 2 SCREW, 6-32 x ¥ inch, Fil HS
-36 348-0073-00 1 FOOT, bail limiting, right rear
------ - mounting hardware: [not included w/fool)
-37  211-0532-00 2 SCREW, 6-32 x ¥, inch, Fil HS
348-0074-00 1 FOOT, bail limiting, left rear (not shown)
e e . mounting hardware: (not included w/foot)
211-0532-00 2 SCREW, 6-32 x ¥, inch, Fil HS
-38  210-0457-00 1 NUT, keps, 6-32 x %/, inch
-39 377-0119-00 4 INSERT, foot
-40  390-0043-00 1 CABINET, bottom
-41  386-1020-00 1 CABINET SIDE, right
------ = mounting hardware: [not included w/cabinet side)
-42  212-0002-00 2 SCREW, 8-32 x '/, inch, 100° csk, FHS
-43  3%0-0045-00 1 CABINET SIDE, left
------ - mounting hardware: [not included w/cabinet side)
-44  212-0002-00 2 SCREW, 8-32 x 1/, inch, 100° esk, FHS
-45  386-0139-00 1 PLATE, rear
-46  386-0138-00 1 PLATE, top
-47  348-0075-00 2 FOOT, rear guard
------ . mounting hardware for each: (not included w/foot)
-48  212-0039-00 2 SCREW, 8-32 x ¥ inch, THS
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SECTION 8
DIAGRAMS

The following special symbols are used on the diagrams:

Screwdriver adjustment.

Front-, side- or rear-panel control or
connector

Clockwise control in direction of arrow.
Refers to the indicated diagram.

Connection soldered to circuit board.

. Blue line encloses camponents locuted

on circuit board.
Test poim
Chassis arernd

Sigtal posnd,



VOLTAGE AND WAVEFORM
TEST CONDITIONS

Typical voltage measurements and waveform photographs were ob-
tained under the following conditions unless noted otherwise on the
individual diagrams:

Test Oscilloscope (with 10X Probe)

Frequency Response

Deflection factor
(with probe)

Input impedance
Probe ground
Trigger Source

Recommended type (as used
for waveforms on diagrams)

Voltmeter

Type

Sensitivity

Range

Reference voltage

Recommended type (as used
for voltages on diagrams)

Type 115

MODE

TRIGGERING

PULSE POLARITY

PERIOD
VARIABLE

DELAY OR BURST DURATION
VARIABLE

WIDTH
VARIABLE

RISETIME AND FALLTIME
RISETIME MULT
FALLTIME MULT

DC OFFSET AND AMPLITUDE
MULT

AMPLITUDE (VOLTS)
DC OFFSET (VOLTS)
VARIABLE-PRESET switch

DC to 50 MHz

100 millivelts to 5 volts/
division

10 Megohms, 7.5 picofarads

Type 115 chassis ground

Type 115 4 PRETRIG OUT

Tektronix Type 547 with Type
1A1 plug-in unit

Non-loading DC voltmeter
20,000 ohms/volt

0 to =30 volts

Type 115 signal ground
Triplet Model 630-NA

UNDLY'D PULSE
INT
+

1 ms
CAL
50 us
CAL
50 s
CAL
10 s
1

1

1.0

10

0
VARIABLE

All DC voltages indicated on waveform pictures are given with respect
to chassis ground. To determine these voltages with respect to Type 115
signal ground subtract 4 13.5 volts from the given DC voltage.

All DC voltages given but not related to a waveform picture are given
with respect to signal ground and are in volts. Waveforms shown are
actual waveform photographs taken with a Tektronix Oscilloscope
Camera System and Projected Graticule.

Voltages and waveforms on the diagrams (shown in blue) are not abso-
lute and may vary between instruments because of differing component
tolerances, internal calibration or front-panel control settings.
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FIG. 1 EXPLODED VIEW
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FIG. 2 CABINET
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FIG. 3 STANDARD ACCESSORIES +

_I_El
Fig. &
Index Tektronix Serial/Model No. Description
No. Part No. Eff Disc 1 2345

3-1 011-0099-00
-2 012-0057~01
-3 103-0013-00

070-0786~00

TERMINATION, NETWORK, 50 @, 5 W
CABLE ASSEMBLY, coaxial, 50 0
ADAPTER, 3 to 2 wire

MANUAL, instruction (not shown)

N [0

TYPE 115 PULSE GENERATOR



Type 115

SECTION 9
MOD 146B AND RACK MOUNTING

Change information, if any, affecting this section will be found at the

rear of the manual.

General

The Type 115 Mod 146B consists of a Type 115 without
the standord cabinet and with a coiled power cord [Tektronix
Part Neo, 161-0031-00). It is shipped in this manner so that
it may be mounted in a rack adapter [such as the Tektronix
Part No. 014-0084-00 or 016-0086-01)

Mounting the Rack Adapter

The rack adapter is designed for permaonent mounting in
o slandard 19:inch wide rack with at least 5, inches of
vertical space. Rear mounting brackets can be adjusted for
rear mounting depths from 8/, inches to 26 inches.

To mount the rack adapler into a rack proceed as follows

1. Attach a rear mounting bracke! to each side of the
rack adapler

2. Fasten the rear mounting extension brackets to the rear
rails of the rack at the height which the rack adapter is 1o
be mounted. Use bar-nuts if the holes on the rails are not
lapped.

3. Hold the rack adapter in a position such that the rear
mounting brackets slide inside the brocket extensions and

Rock

Rear Rail Extension

Brocket

fasten the rack ocdapter securely to the front rails of the
rack. Use bar-nuts if the holes on the rails are not topped.

4. Connect the rear mounting brackets to the bracket
extensions with hexagonal head screws and a bar-nuts. (see
Fig. 9-1). Each screw-nut assembly should be arranged so
that o screw heod and a washer are on the instrument side
of the rear mounting bracket

Installation of the Type 115 into the

Rack Adapter

To install the Type 115 Mod 146B into the rack adapler
proceed os follows

|. Set the rock adapter Line Voltage Selector switch to
coincide with the line voltage source,

2. Plug the Type 115 power cord into one of the plugs
mounted on the outlet strip inside the rack cdapter

3, Slide the Type 115 into one side of the rack adapter
ond tighten the slolted-thumb screw located beneath the
t GATE IN connector.

Rack

Front Rall

Fig. 9-1. Rack Adapter mounted in rock.

®



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 devel-
oped and tested.

Sometimes, due to printing and shipping requirements, we
can't get these changes immediately into printed manuals.
Hence, your manual may contain new change information on
following pages.

A single change may affect several sections. Sections of
the manual are often printed at different times, so some of
the information on the change pages may already be in
your manvual. Since the change information sheels are carried
in the manual until ALL changes are permanently entered,
some duplication may occur. If no such change pages appear
in this section, your manual is correct as printed.



TYPE 115

TEXT CORRECTIONS

Section 4 Maintenance
Page 4-10 Fig. 4-7A, Timing and Power Supply Board

Resistor R26 has been added between pin BJ and the cathode of D25,
Resistor R140 has been removed and reconnected between the collector
of Q173 and the positive terminal of Cl41l. Resistor R225 has been
added between the emitter of the collector of Q226. Resistor R226 has
been added between the anode and the cathode of D235. Resistor R265
has been added between pin Q and the positive terminal of C198. Diode
D202 has been added in parallel with R202.

Page 4-14 Fig. 4=8A, Pulse Shaper and Output Board

Diode D480 has been removed and R482 has been added in its place.
Diode D484 has been added with its anode connected to the cathode
of D483 and its cathode connected to the emitter of Q473.

C4/469
(Revised)



TYPE 115

CHANGE TO:

c139cC
C139D
C139E

C249F

C339C
C339D
C339E

ELECTRICAL PARTS LIST AND SCHEMATIC CORRECTION

295-0119-00

295-0120-00

295-0118-00

863 pF
0.0985 pF
0.1 uF

0.0495 uF

908 pF
0.00985 pF
0.1 pF

C5/470



TYPE 115

ELECTRICAL PARTS LIST AND SCHEMATIC CORRECTIONS

CHANGE TO:

C337 283-0639-00 56 pF 100 Vv Mica 1%
ADD:

C756 283-0078-00 0.001 uyF 500 V Cer 20%

C756 Y750
0.00I uF
RT57
PARTIAL
POWER SUPPLY  -27V

M16,357/370
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