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SECTION 1
GENERAL DESCRIPTION

1.1 INTRODUCTION

The Krohn-Hite Model 5400A Function Generator provides sine, square, triangle,
positive ramp and negative ramp functions over the frequency range of 0. 002 Hz to
5 MHz. An auxiliary fixed amplitude square wave is provided, independent of the
other functions, for synchronous gating, blanking, etc. Contrel of symmetry is
provided for all functions, and allows for pulse or sawtooth operation. The maxi-
mum output amplitude is 30 volts p-p open circuit or 15 volts across 50 ohms.
The output attenuator has a range of 70 dB, and has a vernier capable of an addi-
tional attenuation of 30 dB. Externally generated signals may be used to synchro-
nize the frequency of the generator, to F-M the generator output about a center
frequency, or to sweep the generator frequency over a range of at least 1000:1.
The output signal may be offset by £10 volts by means of a front panel control.

The function generator is carefully inspected, aged, and adjusted before shipment,
and should be ready for operation when it is unpacked. If it appears to have been

damaged in shipment, make a claim with the  carrier and notify Krohn-Hite im-
mediately,

Study this manual carefully before operating the function generator. The operating

instryuctions give information on applications and interfacing the instrument with
other equipment,

1.2 SPECIFICATIONS

Waveforms

Sine wave, square wave, triangle, positive ramp, negative ramp. Positive and
negative pulses with adjustable widths from 100ns to 1000s are also obtainable on
the square wave function,

Frequency Ronge

0.002 Hz to 5 MHz in 9 ranges.

Frequency Control

Single turn dial calibration with single linear scale from 2 to 50 in Hz and a 9-band
pushbutton multiplier switch.
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BAND MULTIPLIER FREQUENCY RANGE PULSE WIDTH
1 0,001 0,002H=z - 0,05 Hz 10s - 1000s
2 0.01 0.02Hz - 0.5Hz 1s - 100s
3 0.1 0.2Hz - 5Hz 0,1s - 10s
4 1 2Hz - 50Hz 10ms - 1s
5 10 20Hz - 500H=z Ims - 0, 1s
6 100 200Hz - 5kHz 0, 1ms - 10ms
7 1k 2kHz - 50kHz 10us - lms
8 10k 20kHz - 500kHz lus - 0, lms
9 100k 200kHz - 5MHz2 0. 1lus - 10us

Frequency Accuracy (Symmetrical waveforms)
1% of full scale for bands I thru 8; 2% of full scale on band 9.

Frequency Stability

10 minutes 0,05%
24 hours 0.25%
Vs line 0,01% for 10% line change

Jitter {cycle to cycle} 0.025%
External Frequency Control (YC)
Range: 1000:1.

Input Impedance: 5000 ohms for D. C. to 1 MHz bandwidth,

Maximum Control Voltage: 10 Volts (£25 Volts may be applied without damage
to circuitry),

Res.ponse Time: Approximately 1 microsecond

Tuning Control
Dial Mode: Frequency may be externally controlled above and below dial setting.

External Mode: Dial is electrically removed from circuit, Frequency is con-
trolled by external positive voltage of 10 millivolts to 10 Volts.

Main Output

Waveforms: Sine, square, triangle, positive ramp and negative ramp. Pulse
obtainable by adjusting Symmetry control while on squarewave function.

Maximum Cutput: 30 Volts p-p open circuit; 15 Volts p-p across 50 ochms,

Impedance: Constant 50 ohms #2%.

Amplitude Control: Eight position pushbutton attenuator calibrated in open circuit
peak volts and 10dB steps from 0dB to -70dB plus an infinite resolution vernier,




calibrated in peak volts. Attenuator accuracy +,2dB. Minimum output less than
« 5 millivolt p-p.

D. C. Component: Normal zero except for ramp. At maximum output drift is less
than 5mv/9C., Drift reduced in proportion to pushbutton attenuator setting,

Frequency Response: Sine wave, .05dB from 0,005Hz to 100k Hz; , 3dB to 5MHz.

Sine Wave Distortion: Il.ess than 0.5% from 0, 002Hz to 100kHz; less than 3% to
S5MHz.

Hum and Noise
0.02% of maximum output, Reduced in proportion to dB attenuator setting.
Time Symmetry

Sine, Square, Triangle waveforms, 99% from 0.002Hz to 100kHz with Symmetry
control in NORM position.

Ramp Duration

47% with Symmetry control in the NORM position. Adjustable 1% te 99% by means
of dial and Symmetry control.

Symmetry-pos duration Control

Single turn potentiometer and switch for adjusting positive duration of pulse and
positive slope of triangle. Symmetry ratio, adjustable 100:1. With control on,
negative duration of pulse and negative slope of triangle are adjustable by means
of tuning dial. NOTE: All specifications apply with the Symmetry-pos duration
control in the NORM position.

External Synchronization
2 Volts rms external sine wave signal will lock generator over approximately

4+5% range with slight changes in distortion and amplitude. Input impedance
10K ohms.

Square Waves and Pul se

Rise and fall time less than 30ns, total aberrations less than 5% with 50 ohm
matched load,

Triongle and Ramp Linearity

999, from 0, 005Hz to 100kHz; 95% from 100kHz teo IMHz; 90% from 1MH=z to 5MH=z.
Ramp fall time less than 30ns,

D.C. Offset
On front panel, 10 V open circuit, 5 V across 50 chms. Stability 5myv /C?C, Reduced

in proportion to pushbutton attenuator setting. Maximum peak signal plus offset
15 Volts,
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Auxiliary Square Wave Output
5 Volts p-p open circuit, 2.5 Volts p-p across 50 ohms, 50 chms impedance.
Risec and fall time less than 15ns. Total aberrations less than 5% with 50 ohm

matched load.

Ambient Temperutu.re Range

0 to 50°C.

Contrals

Front panel contains frequency dial, frequency multiplier puchbuttons, amplitude
pushbuttons, amplitude vernier, power switch, waveform switch, tuning switch,
Symmetry-pos duration, d.c, offset, Rear panel contains line switch, d.c. level
adj., symmetry adj.

Terminals (BNC Connectors)

(Froat only on bench model, rear only on rack model,} External frequency control,
main output and auxiliary cutput; External synchronization, on rear of all models.

Power Requirements
105-125 or 210-25C volts single phase 50-400Hz 40 watts,
Dimensions and Weights

Bench Model 5400A: 8 5/8" wide, 5 1/4 high, 14 1/2" deep, 12 lbs, /6kgs, net:
18 1bs, /9kgs. shipping.

Rack Mounting Model 5400 AR: 19" wide, 5 1/4" high, 14 1/2" deep, 16 lbs. /8kgs,
net; 22 lbs. . 10kgs shipping.




SECTION 2
OPERATION

2,1 POWERREQUIREMENTS

The Model 5400A Function Generator may be used either with a 115 volt, 50-400 Hz
line or with a 230 volt, 50-400 Hz line. The line voltage can be selected by opera-
tion of the LINE switch on the rear panel. When the line is 115 volts the fuse re-
quired is 0,4 ampere; for 230 volt operation, the fuse should be 0,2 ampere,

2.2 OPERATING CONTROLS AND CONNECTORS
2.2.1 Front Panel Controls
POWER: on-off switch and pilot Light,

FREQUENCY HZ or neg duration: single turn dial with 5-to-1 vernier drive,
graduated 2 to 50 for coatinuous control of frequency, with a 9 position pushbutton
multiplier switch, X.00! to X100K in decades. With the SYMMETRY —pos duration
control in the NORM position, the dial frequency times the multiplier equals the
output frequency, With the SYMMETRY-pos duration control in use, the dial con-
trols negative pulse duration, sawtooth negative slope, positive ramp delay, or
negative ramp duration,

WAVEFORM : 5-position switch for selecting negative ramp, positive ramp, sine,
triangle, or square wave.

AMPLITUDE: 8-button switch for attenuating 04B (15V) through -704B {4. 75mv])
in 10-d4B increments, and infinite resoclution vernier for fine adjustment to an addi -
tional -30 dB.

TUNING: 2-position switch used for selecting internal generator controlled (DIAL}
or externally controlled (EXT +V} frequency.

DC OFFSET: switched potentiometer permitting dc offset of signal by £ 10 volts {or
+ 5 volts with 50-ohm load). '

SYMMETRY : pos duration—switched potentiometer for controlling positive pulse
duration, positive sawtocth slope duration, negative ramp delay, or positive ramp
duration, With this control in the NORM position, waveforms are symmetrical,
When switched on, independently adjusts part of the waveform period and dial
adjusts remaining porticn.
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2.2.2 Reor Panel Controls
Line: 2-position switch for selecting 115 or 230 volt operation,
SYM ADJ: 10-turn potentiometer for adjusting symmetry of waveforms,

DC OUTPUT LEVEL: potentiometer for adjustment of dec output leveil.

2.2.3 Connectors
OUTPUT:_' auxiliary square wave cutput. Front only on 5400A, rear only on 5400 AR,
VC INPUT: Front only on 54004, rear only on 5400AR,

EXTERNAL SYNC: Rear, all models,

2.3 PERFORMANCE

2.3.1 General

The output frequency of the generator is determined by its tuning mode of
operation—whether its frequency control is internal, or is determined by the use
of an external drive. With the TUNING switch in the DIAL position, the frequency
is determined by the dial and multiplier setting, or if an external voltage is ap-
plied to the VC INPUT, the frequency may be varied about the dial setting, With
the TUNING switch in the EXT +V position, the dial is removed from the circuit,
and the cutput frequency depends upon the amplitude of a positive voltage applied
to the VC INFUT, In all waveform positions, the auxiliary square wave can he
taken from the "L connector, The phase relationship of the various waveforms

is shown in Figure 2,

2.3.2 Amplityde

The AMPLITUDE controls affect only the main QUTPUT, The generator will
provide the peak open circuit cutput voltage given on the push buttons with the
vernier in the maximum clockwise direction. In selecting output amplitude, use
the lowest value that includes the amplitude you want, For instance, if you require
1 volt, press the 1.5 volt button, and adjust the vernier for an output of 1 volt,

The vernier scale gives approximate opencircuit peak amplitude values,

Since the dc output level, the d¢ offset, and the amplitude vernier are all at the
input of the output amplifier, their settings are affected by the action of the
attenuator, which is at the cutput of the amplifier. The attenuator provides an
impedance of 50 ohms at all settings. If the dc level plus the peak value of the
signal exceeds the pushbutton setting, the cutput signal will be clipped or distorted.
Thus the cutput should not exceed 15 volts peak ac plus de orl the 0dB position,

1.5 volts on the -20dB position, etc,
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Figure 2, Phase Relationship of Qutput Signals

2,3.3 Symmetry and Duration Control

Symmetry control on the Model 54004 is not like the symmetry control in most
other generators, Usually, the symmetry control offsets a normally symmetrical
signal by varying beoth portions of the signal simultaneocusly, increasing the time
of one portion and decreasing the time of the other. In the Model 54004, when the
SYMMETRY-pos duration contrel is in the NORM position, the waveforms are
symmetrical; when the control is switched on, it controls half the waveform period,
while the frequency dial controls the other half, The duration of each half of the
waveform can be varied over a 1:100 range, the specific duration depending upon
the multiplier setting, For instance with the multiplier set at X100K, the positive
half of a square wave can be set to 100 nanoseconds by means of the SYMMETRY-
pos duration control, while the negative half can be set to 10 microseconds by
means of the frequency dial, Conversely, the negative half can be set to 100 nanc-
seconds while the positive half can be set to 10 microseconds. The frequency can
be calculated as follows:

1

Frequency =
(pos duration) + {neg duration)

For the latter case:
1

1x10 Tsec+ 100 x 10-7 sec

Frequency B

Frequency = 9900CH=
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When the triangle waveform is used, the duration controls can be used to generate
a sawtooth—the SYMMETRY -pos duration control for the positive slope, and the
frequency dial for the negative slope.,

With the positive ramp, the SYMMETRY-pos duration control determines ramp
duration while the frequency dial determines ramp delay. With the negative ramp,
the frequency dial determines duration while the SYMMETRY -pos duration control
determines ramp delay.

The dial graduations can be used to approximate duration, as follows:

For the frequency dial—

1
2 x dial setting x multiplier

duration in seconds =

For the SYMMETRY -pes duration control-

control scale
multiplier

duration in seconds =

2.3.4 External Synchronization

An external synchronizing signal can be used to lock the generator signal to another
frequency reference. The SYNC INPUT impedance iz 10 K ohms., A 2 vrms sine
wave signal applied to the SYNC INPUT connector on the rear panel will lock the
generator to a source within % 5 percent of the dial frequency with some increase
in distortion. As synchronizing voltage is increased, the locking range increases
linearly—a 10 vrms input will provide a locking range of % 30 percent, with con-
siderable increase in distortion, If a square wave is used as the synchronizing
signal, the sine output will be considerably distorted, and the locking range will
increase linearly from + 5 percent for a 4 volt peak to peak sync input to £ 20
percent for a 20 volt peak to peak synch input, The generator will synchronize
on & harmonic of the dial frequency, with some distortion,

2.3.5 Modulating the Qutput Frequency

With the TUNING switch in the DIAL position, the indicated frequency can be
modulated by the application of a signal to the VC INPUT connector. The range of
medulation extends fram 1/1000 of the maximum frequency obtainable on a parti-
cular multiplier setting to the maximum frequency of the multiplier setting., A
positive voltage will increase the frequency above the dial setting, while a negative
voltage will decrease the frequency below the dial setting, An applied voltage of
#0, 2 volt will change the frequency by 1 Hz x Multiplier, or I dial division, For
example, it may be necessary tc produce a sine wave, varying in frequency
linearly from 20 to 40 Hz and back, at the rate of 2 Hz, Set the generator fre-
quency to 30 X1, and apply a triangle at 2 Hz, amplitude 4 volts peak to peak, The
same effect can be obtained by offsetting the triangle drive te 0 to + 4 volts, and
setting the generator dial to 20 XI. With the generator dial set at 20 X1, a 0 to + 4
valt square pulse would switch the output from 20 to 40 Hz,



2.3.6 External Frequency Control

With the TUNING switch in the EXT +V position, a positive voltage applied to the
VC INPUT can be used to control output frequency to a ratio of at least 1000:1.
The dial is electrically removed from the cireunit, A+ 10 vdc level will provide
the maximum output frequency normally obtainable for a given multiplier setting.
The relationship between voltage and frequency is:

f = 5E . x Multiplier

That is, with the rmultiplier switch in the X1K position, 100 milivolts gives 500 Hz,
I volt 5 kHz, and 10 volts 50 kHz., Notice that with the multiplier in the X, 001
positicn, 100 millivolts gives ., 0005 Hz, well below the dial range. At +10 volts
frequency accuracy is typically within ! percent {referred to the above formula),
but may be off by as much as 15 percent at levels below 100 millivelts. Fregquency
linearity, however, is within 0.5 percent over the entire 1000:! range, Maximum
accuracy is obtained when all internal dc levels have been optimized., At very low
VC levels, distortion can be minimized by adjustment of the SYM ADJ 10-turn
potentiometer on the rear panel. The VC circuit can take a drive of up to 25 volts
without damage,

A negative voltage applied to the VC INPUT will stop oscillation, and a dc¢ level will
appear on the output. If the negative drive voltage is greater than -2 volts, the
output level will settle at the positive peak of the triangle, or at the negative peak
of the sine wave or squarel\wave, The ramps will settle at ground, or the value of
the dc offset, If the negative drive is less than -2 volts, the dc level on the output
is not predictable.

2.3.7 External YC and Duration Controls
When the SYMMETRY -pos duration countrol is on, an external VC level will control

the duration of the negative portion of the signal. When the TUNING switch is in
the EXT +V position, duration can be calculated as follows:

1
10 x VC voltage x multiplier

Duration in seconds =

The VC input affects only the operaticn of the tuning dial; it does not affect the
SYMMETRY -pos duration control,
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SECTION 3
INCOMING INSPECTION AND CHECKOUT

3.1 INTRODUCTION
The following procedure should be used to verify that the generator is operating
within specifications, both for incoming inspection and for routine servicing. Tests
must be made with all covers in place and the procedure given below should be
followed in sequency. Familiarize yourself with the initial setup and operating
procedures given in Section 2,
3.2 EQUIPMENT REQUIRED

{a) Oscilloscope having direct coupled horizontal and vertical amplifier with
10mv/ecm sensitivity and bandwidth of at least 30 MHz, Tektronix type 545 or equal

with 1A5 plug-in unit,

(b) Frequency counter capable of measuring ! Hz to 10 MHz and period from
1 second to 1000 seconds,

(¢} AC Voltmeter, Ballantine Type 323 or equal (+2% to 5 MHz).

{d) Calibrated voltage source, or regulated DC supply and digital voltmeter
0 to 10 volts,

{e) Distortion meter, Hewlett Packard Type 333 A,

3.3 PROCEDURE

After allowing the instrument to warm up for 30 minutes, set the controls to the
following positions:

FREQUENCY H=z 25 X100

TUNING SWITCH Dial

AMPLITUDE 0dB {15V} vernier full CW
WAVEFORM Sine

DC OFFS5ET Off

SYMMETRY-pos duration Norm

10



3.3.1 Wavefoms

Connect the cutput of the generator to the oscilloscope with no load, Operate the
WAVEFORM switch through all pesitions to check for the presence of all wave-
forms.

3.3.2 Amplitude Control

Set the WAVEFORM switch to sine, Rotate the amplitude vernier counterclockwise;
the signal amplitude should diminish by more than 30dB, Rotate the vernier to the
full clockwise position, Set the AMPLITUDE to 0dB (I5V), and connect a 50 ohm
load across the output of the generator., The voltage should drop by half (6dB}.
Remove load. Operate the AMPLITUDE pushbuttons in sequence, starting at

15 volts and going to 4, 75 millivelts, reading the cutput amplitude on the scope with
the scope VOLTS/CM control in the calibrated position. These values can be con-
firmed by the use of the acvim. Remember that the scope and generator are reading
peak-to-peak volts, while the acvim reads in rms volts.

3.3.3 DC Offset

Operate the DC OFFSET control with amplitude vernier CCW; control should be
capable of offsetting signal by %10 volts open circuit, Turn off the offset control,
3.3.4 Symmetry and Duration Controls.

Change to square wave, Turn on the SYMMETRY-pos duration control, and operate
it through its range. It should vary the positive half of the square wave over a
ratio of 100:1, Then turn the frequency dial through its range. The negative
portion of the square wave should vary over a range of 100:1, Return the
SYMMETRY-pos duration control to NORM.

3.3.5 Auxiliary Square Wave

Connect the oscillescope and the 50-ohm load to the auxiliary square wave output,
The amplitude should be 2.5 volts peak-to-peak,

3.3.6 DC Level

Connect the devm to the cutput of the generator. It should be possible to set the
level to zero by means of the DC OUTPUT LEVEL potentiometer on the rear panel,

3.3.7 Frequency Accuracy

Change the WAVEFORM to sine, and connect the frequency counter to the generator
output. Check the frequency with the dial at 2, 25 and 50 in all frequency bands,
Frequency accuracy should be within 1 percent of full scale on bands 1 through §,
and 2 percent of full scale on band 9 {(X100K).

I1
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3.3.8 Extermal Frequency Control

With the frequency set to 25 X100, connect the calibrated voltage source to the
VC INPUT. Set the VC voltage to + 1 volt; the output frequency should change to
3 kHz, Change the VC voltage to -1 volt, The output frequency should change to
approximately 2 kHz.

Flace the TUNING switch in the EXT +V position. Apply + 10 volts to the VC
INPUT; the output frequency should be 5 kHz + 50 Hz, Apply 100 millivolts to the
VC INPUT; the output {requency should be approx. 50 Hz, Disconnect the VC
input and set the TUNING switch to DIAL,

3.3.9 Sine Distortion

With the WAVEFORM switch on sine, and the dial set to 25 X100, check the sine
distortion using the distortion meter, Disfortion should be less than 0.5 percent,

12



SECTION 4
CIRCUIT DESCRIPTION

4.1 SYSTEM OPERATION
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¥igure 3. Model 5400 A Block Diagram

A simplified block diagram of the function generator is shown in Figure 3, The
basic oscillating system is comprised of the square wave generator and the inte-
grator, with frequency controlled by the VC amplifiers. This system generates
square and triangle waves, which are further processed to form the sine and ramp
functions. The frequency control dial or the VC input sets a positive voltage at
the input of the -VC amplifier., This amplifier produces a negative output propor-
tional to its input; the negative output is applied to the ZR resistive network, setting
a negative level at the input to the integrator, and charging the integrator feedback
capacitor C, Capacitor C is one of the multiplier bandswitch capacitors, The
cutput of the -VC amplifier also determines the + VC amplifier output level, which
is applied to the collector of gate Q332., When Q332 is turned on by the square
wave generator it drives the R resistive network, and the integrator charges the
feedback capaciior in the opposite direction, When the square wave shuts off

gate 332, the cycle repeats,

The output of the integrator is a triangle, which is used as the triangle function, as
the innut to the sine shaper, and regeneratively as trigger for the square wave
generator, The square wave generator output is used to provide both the main and
auxiliary square wave outputs.
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The sine and square waves are fed through amplifiers to the WAVEFORM switch.
The triangle is fed directly to the switch and also through a summing network,
where it is added to the square wave and clipped to provide the positive and nega-
tive ramps. The output amplifier inverts its input and provides a 50-ohm output
to the atienuator,

4.2 VC AMPLIFIERS AND SYMMETRY CONTROL (See Figure 4)

o R4i4

= TO 2R NETWORK

NAVaV
+22v EXT
+v Q40
Q403 T0
DIAL
R
NETWORK
FROM
= T
GENERATOR

SYMMETRY
pos duration

Figure 4, VC Amplifiers and Symmetry Control

The VC amplifiers are similar, both having two balanced differential stages and
emitter follower output. Both amplifiers invert; the -VC amplifier has a gain of
-. 5 and the + VC amplifier has a gain of -1, which is precisely maintained by the
feedback transistor, ©Q331. The output of the -VC amplifier drives the 2R
resistors, while the output of the + VC amplifier drives the R resistors, through
gate 0332, When Q332 amplifier is gated on, twice as much current will be pro-
vided to the integrator input as is provided by the -VC amplifier, reversing the
charge on the integrating capacitor,

The operation of the symmetry control switch does two things: (1) it reduces the
gain of the + VC amplifier to -, 5 by increasing its negative feedback; and (2} it
switches in SYMMETRY -pos duration potentiometer R413, which controls a nega-
tive bias applied to the input of the + VC amplifier. This means that the drive for
the R resistors is controlled by R413, while the drive for the 2R resistors is con-
trolled by the frequency dial., The result is independent width control for the posi-
tive and negative duration of the output signal,

4.3 INTEGRATOR (See Figure 5)
The integrator is a negative infinite-gain amplifier with a feedback capacitor C to

provide the integrating function, Two regenerative stages, Q301-Q304 and Q306-
Q308 provide the gain. Capacitor C is selected by the bandswitch.

14
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4.4 SQUAREWAYE GENERATOR (See Figure 8)

+22v

A
FROM

INTEGRATOR

p———>» GATE
Q332

TO Q343 (DIFF AMP)

—22Y

Figure 6. Square Wave Generator

The triangle, taken from the output of the integrator, triggers the square wave
generator, Q344 and Q343 are a differential pair, and Q345 and Q346 are a dif-
ferential pair. Q344 and 3345 form a regenerative sense amplifier with a feed-
back path from the collector of 0345 to the base of Q344., When the peak of the
triangle reaches -10 volts, Q344 conducts, turning on ©345. As the triangle
voltage goes from -10 to + 10 volts, the veltage at the base of Q344 is clamped to
about -0, 6 volt by dicde CR348, When the triangle reaches its positive peak of
+10 volts, the base of Q344 gces positive, turning off (3344 and turning off 345,
The voltage at the base of Q344 is limited to +. 6V this time by the action of
CR349, When the triangle again reaches -10 volts, the cycle repeats, The square
wave from Q345 is applied to gate Q332,

4.5 SQUARE WAVE AMPLIFIERS {(See Figure 7)

The square wave developed at the collector of Q346 is applied to the base of Q373,
which in turn drives the emitter of @374, The auxiliary square wave is taken
from the collector of Q374.
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Figure 7, Square Wave Amplifiers

A second output from Q346 is applied to a diode bridge (CR371 through CR374)},
through dicde-connected Q371, to the base of Q372, The diode bridge clips the
square wave, and (371 provides temperature compensation. The signal from Q372,
which is applied toc the WAVEFORM switch, is 180 degrees out of phase with regard
to the square wave from Q374.

4.6 SINE SHAPER AND SINE AMPLIFLER (See Figure 8)

/\/ "b T0
FRom | DIOE @201 ] WAVEFORM
INTEGRATOR NETWORK Qz02 . SWITCH

R232
AYAY

SINE SHAPER SINE AMP

Figure 8, Sine Shaper and Sine Amplifier

The sine shaper consists of six pairs of diodes, each pair associated with a voltage
divider. The function of the voltage divider is two-fold: (1) It changes the slope of
the input signal, and {2} it sets the level at which the diodes clip the signal. Thus
when the triangle is applied to the circuit, the divider resistance changes its slope
and the diodes clip it at six discrete increments within each 90 degrees, The
resultant approximates a sine wave, The emitter followers Q201-Q202 set and
maintain the diode clamping level. The thermal drift of Q201 and Q202 also

cancels the thermal drift of the diodes. Potentiometers R221 and R229 are adjusted
to minimized distortion, The output of the sine shaper is applied to the sine ampli-
fier Q231 through Q233 to the function switch,

16



4.7 RAMP FUNCTIONS
The ramp functions are developed at the function switch, The square wave and ihe

triangle are added together at resistors R705 and R71l. The sum is clipped by
diodes CR701 and CRT02, and the resultant is appiied to the output amplifier,

4.8 OUTPUT AMPLIFIER (See Figure 9

FROM ATTEN QUTRUT
WAVEFORM ¢ VERNIER
SWITCH ATTENUATOR ——@

Figure 9, Output Amplifier

The output amplifier consists of a balanced input amplifier Q501-Q502, a second
stage Q504-0Q505, and output stage Q506 through 509, The input signal is applied
to the base of 9502, The collector of Q501 drives Q505 which in turn drives output
transistors Q506 and Q507., At low frequencies Q504 is used as a constant current
source, allowing for maximum voltage swing of the output transistors. At higher
frequencies additional drive signal is provided to Q504 through C509, The input
signal level is controlled ,by@niplitude vernier R529, Q508 and Q509 provide addi-
tional output capability at high signal levels,

4.9 POWER SUPPLY (See Figure 10}

UNREG o>

— 422V
INPUT
=
UNRES
— S - 22V
INPUT

Figure 10, Power Supply
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The power supply provides positive and negative 22 volt regulated power to all
circuits. Zener CRI11l is used as the reference in the positive supply; the negarvive
supply, which is similar, is referred to the positive supply. Q101 is a series
regulator; variations in output voltage are sensed by Q106, whose emitter voltage
is determined by Zener CRIIl. Q105 provides temperature compensation, The
output of Q106 is applied to the base of Q102 which drives QI01, A short circuit
from + 22 volts to ground would shut off the supply, providing short circuit pro-

tection.

18



SECTION 5
MAINTENANCE

5.1 INTRODUCTION

If the function generator is not working properly, first check it as a "black box."
That is, check all the external controls to make certain that it is set up for the
purpose intended, {The generator will not oscillate if the tuning switch is in the
EXT +V position and no VC input is provided}. Then isolate the nature of the mal-
function. If the trouble occurs on only one frequency band, it is more than likely
one of the contacts of the bandswitch., The bandswitch components, except for R610,
R611, and C602 are common to two or more bands, as shown in Table 1, For
other symptoms, refer to the Troubleshooting Chart, Table 2.

Table 1. Bandswitch Components

Band # 1 ol ‘3 4 5 b brg 8 9
MULTIPLIER | .001 .01 .1 1 10 100 1K 10K 100K
G Value 5mf 5mf 5mf  .047mf .047mf 470pf 470pf  A70pf 39pf
C# C607 C607 C607 C606  C606  C605 C605  C605 C6O2
R Value 500K 50K 5K 50K 5K 50K 5K 500 500
R# R610 R606 R604 R606 -~ R604  R606 RE04  R60L  R6OI
2R Value IM 100K 10K 100K 10K 100K 10K 1K IK
2R # R611 R607 R605 R607  R605  R607 R605  R602 R602
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Function Generator 5400 A(R)

Table 2.

Troubleshooting Chart

Main and Fixed
Outputs

switch

Positive and Negative
Veltages
(+ 22+, 5V, =22+, 5V)

Tuning pot center arm
(+ 10Vz1V)

Test point ME dc voltage
+ 5V, 5

Polarity at testpoint TI
should be opposite that
at TO

Voltage at TO should be
above + 10V or below
=10V

. Check voltage at test

points TO and SE

Ta,

b,

Tc.

7d.

Setup: Dial; 25 Attenuator: 0db and vernier CW
Multiplier: X100 DC Offset: Off
Waveform: A\, Tuning Switch: Dial
Symptom Checking Procedure Probable Cause
No signal 1. Check position of tuning { 1. Switch should be on DIAL

. Fuse, Rectifier, Regulator

Overload (if low voltage)

. Tuning pot or switch (3601)

VC loops

. Integrator

Integrator

If TO >+ 10V, and
SE=t+ 5, Integrator or
band switch tuning
resistors

If TO>+10V, and SE = 0,
Square wave generator or
332

If TO > -10V, and

SE = +5V, Square wave
generator or (332

If TGO > -10V and SE = 0,
Integrator or bandswitch
tuning resistors

No signal
Main output only

. Check for signal {5V p-p)

on R718 center arm when

R718 is maximum CW
(R718 is output amplitude

pot)

Function Switch
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Table 2,

Troubleshoot Chart {Continued)

Symptom

Checking Procedure

Probable Cause

No signal
Main output only
(contd.)

2,

Check signal onn R528
(30V p-p)

. If signal on R528 is

correct

2.

Output Amplifier

Attenuator

Sine wave only
missing

. Test point Al should be

Ovdec with very small
signal, If Al dc level is
not Ovdc, level on Q233
collector should be of
cpposite polarity.

. 1f sine amp appears

normal, check the sine
shaper

Sine Amplifier {(Q231,
etc.)

Sine shaper

Auxiliary square
wave only missing

Signal on junction of
R385 and R714 should
be the same as on
Q346 collector

Q373, Q374

Main square wave
missing

Signal on Q372 emitter
should be the same as
346 collector

0371, Q372, CR37]1,
CR372, CR373, CR374

Defective signal as
dial is turned

. As dial is turned from

2 to 50, dc voltage on
tuning pot center arm
ghould vary from 1, 9 to
20vdc, and voltage on
test point ME should
vary from +0. 4 to

10 vdc.

If trouble is at low fre-
quency end of dial only,
check Square wave

symmetry

la,

1b,

Tuning potentiometer

VC loops

Integrator
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Section 6 - Calibration

SECTION 6
CALIBRATION

6.1 INTRODUCTION

The following procedure is provided for the calibration and adjustment of the
generator in the field, and adherence to this procedure should restore the generator
to its performance specifications, If the generator cannot be calibrated by the
procedure given, refer to Maintenance Section 5, or consult our Factory Service
Department. The locations of test points and adjustable components are shown in
Figure 11,

6.2 TESTEQUIPMENT REQUIRED
{1) Oscilloscope having direct coupled horizontal and vertical amplifier with
! mv/cm sensitivity and handwidth of at least 30 MHz, Tektronix type 545 or equal

with 1 A5 plug-in unit. Use a X1 probe or shielded cable for scope input,

{2) Frequency counter capable of measuring 1 Hz to 10 MHz and period irom
1 second to 1000 seconds.

{3} AC Voltmeter, Ballantine Type 323 or equal (+2% to 5 MHz),

(4} Calibrated voltage source, or regulated DC supply and digital voltmeter
0-15 volts, accuracy *1 millivolt,

(5} Distortion meter Hewlett Packard Type 333 A,

6.3 POWER SUPPLY

Turn the generator on and allow it to warm up for about 30 minutes. Measure the
veoltage between ground and + 22 volts and then -22 volts, Tolerances are 0,5
volt, If off trim R118B to bring both within 0. 5 volt.

6.4 INTEGRATOR

Set the frequency to 5 x 100, Connect the oscilloscope to T1, and adjust the scope
to 1 mv/cm (cal), ac coupled. Adjust R310 for minimum signal, (I there is too
much noise on the signal, connect & 7 kHz filter in series with the probe, and make
sure that the ground connection is close to T, The 7 kHz {filter may be fabricated
by connecting a 10K resistor in series with probe, with ,0022 mid capacitor to
ground, )
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Function Generator 5400A(R)

6.5 DCLEVELS

Set the frequency to 50 x 10, sine waveform; set the cutput amplitude to minimum,
and attenuator voltage to 15 volts, the TUNING switch to DIAL, and SYMMETRY
control at NORM. Connect the dvim to the OUTPUT, adjust the output level to

0 volts by means of the main output DC LEVEL ADJ contrel R717 {rear panel).
Using the dc voltmeter, check the voltages listed in Table 3, and if necessary adjust
the potentiometers indicated; all should be set to ¢ volt, Set cutput amplitude

to maximum,

Table 3, DC Levels

Test

Voltage Point Adjustment Tolerance

Integrator input TI R308 =1 mv

Integrator output TO R395 + ! mv

Sine Amplifier input Al R246 £ 10 mv
Sine Amplifier output Main Qutput R231 20 mv
Auxiliary Square wave T Output R387 + 10 mv
Square wave (switch Main Output R374 + 30 mv
to L4

6.4 SINE WAVE DISTORTION

Connect the generator to the distortion analyzer; set WAVEFORM to sine, fre-
quency to 5 X1K, amplitude to maximum, and attenuator to 15 volts, Set the dis-
tortion analyzer to 5 kHz and adjust for a null, Adjust the generator SYM ADJ pot
on the rear panel and then pots R229 and R221 in the sine shaper for minimum
distortion. Turn the generator tuning dial maximum CW. Set the distortion
analyzer to 1 kHz and adjust the generator dial for a null, Adjust SYM ADJ pot for
minimum distortion. Disconnect the analyzer.

6.7 YC AMPLIFIERS
Switch the TUNING switch to EXT +V, Do not apply any voltage to the VC input,

With the dc voltmeter measure the voltage at the base of Q401 A Adjust R423 to
0 £10 mv, Measure the voltage at the emitter of Q404, Adjust R416 to 0 10 mv,
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6.8 SQUARE WAVE FLATNESS i

ser TumiGAh To "DIAL
Connect the . main output of the generator te the oscilloscope using a 50 ohm cable
and a 50 ohm terminator at the scope. Set the waveform to square wave and the
frequency to ! MHz. Set the scope to 0.2 usec/cm gain to 2 v/cm and adjust
scope for 6 cm deflection peak-to-peak, Adjust C506 on the main card for maxi-
mum flatness, Aberrations should not exceed 0,3 ¢m. on scope.

6.9 EXT ¥YC CALIBRATION

With the generator in the EXT +V mode, switch the frequency multiplier to XIEK,
and apply 10 volts from the calibrated voltage source to the VC input. Connect the
frequency counter to the output., Output frequency sheould be 50 kHz = 50 Hz, If
off, adjust trimmer capacitor C604 on the Bandswitch, Set the multiplier to XI100K
and reduce VC voltage to 1 volt. Output frequency should be 500 kHz 100 Hz, I
off, adjust trimmer capacitor C601 on the bandswitch. Change external voltage to
10 volts, Output frequency should be 5 MHz + 10 KHz. If off, adjust capacitor
€343 on the main card.

6.10 SINE WAYE RESPONSE

Set the generator to 10 x 100, dial mode, output terminated with 50 ohm load;
waveform switch to sine, amplitude full CW, and attenuator at 15 veolts. Connect
the ACVM across the output, and switch from 10 x 100 {1 kHz) te 50 x 100K

{5 MHz}. Adjust C23! in sine buffer for a change of less than 3 percent,

6.11 DIAL CALIBRATION

With the generator in the DIAL mode, switch the frequency multiplier to X1K and
adjust the dial for an cutput frequency of 50 kHz, The dial should read 50 x1
division, Set the multiplier to X100K and adjust the dial for an cutput frequency
of 500 kHz. The dial should read 5 £ 1 division, If the dial is off, loosen the

dial set screws and adjust the position of the dial on its shaft. At 50 kHz (50 XIK])
tighten set screws.

6.12 TRIANGLE FREQUENCY RESPONSE

With the frequency set at 10 X1K, triangle waveform, terminate the cutput with the
50-chm load, and connect it to the a-c voltmeter. Set the generator for maximum
output. Measure the voltage at 10 X1K, and switch to 50 X100K, Adjust C704 for

minimum amplitude change between the 10 KHz and 5 MHz frequencies. With this

setup unchanged, go on to the next step,

£.33 RAMP FREQUENCY RESPONSE
With the same setup as in paragraph 6, 12, connect the output to the oscilloscope,
with the 50-chm terminator at the scope, Display the 5-MHz triangle, as ad-

justed in 6, 12, and switch to the positive ramp waveform. Adjust C706 for a ramp
amplitude of one-half the peak-to-peak triangle amplitude.
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RESISTORS
Symhot Description Hfr Part No.
21 100K 10% 1740 AR CR1AM R3zz 1 0% 172w AB EB10GT
102 3.3K 0% 174K AB £B3321 R323 1.1K & /8K %H M3-TI-T.1K
2103 390 n¥ 1471 AB EB311 Rizd 39K L34 1/4u AB 53935
2104 no 20k 174K it CB1012 R325 392K 1% 1/8W [l M3-T1-3.92K
2105 1,26 10% 1/ W AR CR1221
S106 47 10% 1/4W a3 CB4701 R331 1.8K 5% 120 B FR2225
R107 100 10% 174K AB CB1011 R332 630 10% 174 AD CB6811
2108 47 0% 1/4u B cgarzol H333A 390 10% /2w Ak EB5H15
R0 100 10% 1/4u AR CET01T
R0 2K 5% 1/4u AR CEA2S R334 5. 11K a0 /80 ¥H M3-TI-5.11K
RI1TT 100 10% 1/9W A8 ceiom k335 220 184 174U AR cB2211
"z 390 104 1720 hB EB2911 K336 &80 0% 1/4u hB CB6E1T
2113 3.3K 10 1/4W BB £B3321 R137 150 1 17480 AB CB1511
2114 750 5% 1721 AR [B7515 R338 5K 2K 72PM
R115 4.02K 14 1/8W KH M3-T1-4.02( k341 15k % 174w AR 81535
Rl116 100 20% 1740 B CB10T? R342 629 5% 1/4W B CBB215
®17 10K 10% 174k LB £BI03] R3434 2.21K 1% 1/8W KH M3-11-2.21K
23184 4,22k 14 1/44W KH Hd-71-4.02K R343B TRIM M8 TYPE CB
R118B MM AR TYPE €R k344 10K 109 1/4W AR CRI031
119 4.7K 10% 1/4W AR ed47 21 R345 220 10 1/4W AB CB2211
pien 422K 14 1740 KH MA-T1-4.03K R346 220K 5% 1/4W AR CBz245
Rizl 100 20% 1/4W AB cB1aiz R347 9.7K 5% 1794 Al CB9125
lR122 10K 10% 1/4W AB CR10N R348 4. 3K 5% 1/4W AB CB4325
1123 4.22K 1% 14w Kl MA-T1-1.02x R349A 240K 5% 1744 AB {82445
R124 330 105 1/4W AB CB3311 k3498 TRIM AB TYPE LB
25 330 108 174K AR CB3311 350 16K b 1/4u AR CRIN3S
R126 220 10% W AB HBZZ1] 2351 m 10% 1744 AL C81001
R127 220 10% 24 AR HR2211 R362 100 10% 1/4W AB CE1011
R201 1.07K 1% 1/6W 11 MI-TI-1.0/K R353 1K 10% 14 AB GB1021
R202 6.04K 1% 1/4W KH MA-TI-6.04K R354 1.5K 5% /24 AB EBTS25
n203 1.33K 1% 1/8% £H M3-T1-1.33K 11395 220 10% 1/44 AB 2211
R204 6.34x 1% 1/8M KH M3-TT-6. 34K R356 &, 42K 1% 1/4W £H M4-T1-4.42K
R205 1.1K 1% 1/8u KH M3-11-1.1K R357 2.2TK 1% /20 KH ME-T1-2.21K
R206 3,92k 1% 1/8W XH M3-T1-3.92K 11358 1.8K 10% 1/4W AB 18zl
R207 22.1K 1% 178K KR M3-T1-22.1K R359 75 5% 1744 AB CR7R05
208 2. 05K 1% 1/8W ¥H M3-T1-2.05K 2360 00 10% 1/4W AB CBTOMT
R209 412K 1% 1/8W KT M3-T1-4.12K 7361 330 0% W AB HE3311
2210 26.7K 1% 178 KH M3-T1-26.7k RI6Z 2k 5% 1/2W AB EBZ2025
Q211 10.5K 1% 1/8W ¥H M3-T1-10.5K R363 1K 104 TH AB GRI021
RZI? 4 87K 1% 1/8KW kH 43-T1-4.87X R364 100 T 1/4W AB 2NN
=213 825 1% 1484 KH M3-T1-325 8365 1.5k 5% 1770 AB £B1525
R214 158 1% 1480 fH M3-T1-158 R371 2. 7K 5% T/ AB EB2721
12215 220 10% 1/4W AB 22l R372 27K 5% 1/24 AB EB2721
RZ16 4.75K 13 1/8W KH M3-T1-4.75K R373 18K 10% 1/4W RB CB1531
R217 4. 75K 1% | /84 KH M3-Ti-4.75K R374 Gk PAT BKM 72M
k218 340 1% 1444 il M4-T1-340 R375 Z2K 10% 1/4W AB CB2231
p219 120 10% 1744 AR ce1211 R376 514 5% 1/4W AR CB511S
R220 340 % 1/4u Kl WMA-T1-340 R377 474 10% L AR CR4711
1221 5K PAT BKM 72PH ‘R378B igK 10% 1/4W EB CB103]
p22? ¥ 0% 1/4U als CB10Z1 R379 510 EX 1/4u AB [B5115
RZ23 2.05E 1% 1/7W KH Mo-T1-2.05K R380 27 10% o AB 632701
Q224 200 1% 1/8W ¥H M3-T1-200 r321 100 10% 1744 B CB1O11
R225 200 1% 1784 KA M3-T1-200 2382 330 10% 1/2W AB FR33N
H22h 2K 1% 172w KH M5.T1-2K R383 G6 10% 1/4W AB CB5601
R227 75k 5% 1744 AB CB7535 R384 1.1 10% T/2u AB EBI221
p2e 75K b3 /4 AR CR7R35 R385 340 T k) TL EL-3
R229 25k POT BKM 72 K387 5K pOT B¥M 12
R23! 25K 0l BKM 72m R3RB 2.2K 10% 1/2K AB EB2221
P37 1.1E 1% 1/8W KH M3I-TT-100K R38% 15 10% 1/4W AR CB15M
3233 150K 0% | /4W A CR1647 R390A 150 5% B TL EL-3
7234 330 10% 1740 ) CB3311 R3908 TRIM B TYPE EB
R235 oo 10% 1784 AR CEIntl 12391 100 108 T/4u AR CEIO
RZ36 |00 L 1740 AR CRIOTR R392 10K 10% 1/4W AB CB1031
nra7 2K 5% 172K AB EBZ025 R393 10K 0% 1/4W B CB1O31
n238 TK T0% 1744 Al ce1nel R394 100K 0% /44 hB CB1041
8239 Tk 4 1/4W AB CB1025 395 25K POT BKM 72PM
2240 100K LI 1740 hB CBIDAS R397 100 10 1/4M AR CRIATI
1241 100 0% 1740 AB CB1OHE R348 4.7K 10 1744 A 14721
242 100K 1 178 AB CB1045 RA0Q 10 10% 1/4u EB CB1007
R243 100 10% 174K fitd CRINIT R402 1% POT 0.5% LINCARITY 3351-R1K-L.5
nrdg b 1% 1/ aW KH M3-T1-274 1R403A 30K 5% 1/4W it} CB3035
G745 23 1% 1/4M KH Ma-T1-232 RAQD3EG TRIM AB TYPE CB
w246 25K POT BKM T2m RA04A 549K 1% 1/4W kH M4-T1-5,46K
2487 1 0% 1724 AR EB10SI RAD4AR TRIM AB TYPE CB
748 160 Y 1/2W LB EB1616 RAOGA 47 10% 1/4W B CB4701
2249 1 10% 1/2W iy EB10AT R4058 TRIM AB TYPE CB
RZG0 1K 10y W -] TB1021 R406 9.76K 1% 1/8W KH M3-T1-9.76K
92514 130 Ex 1/40 Al rB4315 R407 187K 1% 1/8W KH M3-T1-187K
RZR1B T2IM AR TYPL B RANS K POT 0% 374W () 307089
R2R2 15K 104 1/40 AR CBIR3T 2409 kal 5% 1/44 AB CB3055
R3O0 470 10% 1744 AB 4711 [£410 el 5% 1/4% AB CB3055
R3O 330 10% 1/4W AB CB331) RAT1 10K * 1444 AB CR1035
Rz 220 0% 1/4u AR {hzz211 R413 2.6 POT 20% 2 KH A30z8
R303 81.1K 1% 1/8W K¥H H3I-TT-51, 1K RA14 51K 1% 1780 KH M4-T1-5,1K
R3n4 511K ¢ 1/8W “H 1H3-11-51.1K R415 2.7 10% 1/2W AR EB2751
4305 422K 1% 1/40 Al M3-T1-4, 22K R416 25K POT B 72PM
H306 11K 1% 1780 il M3-T1-51.1K k417 100 20% 1/44W ag CBIoi2
307 5.1M 10% 171U g CRE151 R418 61.9K 1% 1/84 KH M3-T1-61.9K
R30R ZRKPOT BkM 72 P R419 61.9K 1% 1/8W KH M3-T1-61.9K
309 10K 107 174k ~B CBID2 R420 100K 1% 1/8W Kt M3-T1-100K
2310 My POT BKM 72 RAN 24K 5% 1/44 AR CB2425
=311 22 10% 144 af £B2201 4422 3.3 0% 1/4W AB CB3351
H3z 104 20% 1/4W AR CB1012 R423 25K POT BKM 72
o313 909 1 1/8K KH M3-T1-540% R424 1.7K 5% 1/4W AB (B1225
RI14 30k a% 1744 AR CB3017%% R425 10K 5% 1/4W A5 CB1035
2315 232 1% 1740 KH m1-232 R4 100 10% 174U AB CRI01T
2316 330 B T74u AB (63315 RA427 mn ans 1/4W AB cBIm?2
P37 ?.2¢ 0% 1720 & FRr?21 Rare 4.7K 10% 174W AB £B4721
EEAFS 681 1% 178K “H "3-71-681 R429 5. 11K 0.1% 1/8W KH M3-T1-5.1TK
R31% 77K 5% 1/4W Al CB2725 FA3IN 511K 0.1% 1/8W KH "3-T1-5.1TK
R rit 114 LY 1/40 B CBI02S R432 61.3K 17 1/8W kH M3-T1-61.9K
2321 100 a% T1/2W AR ERINDTG 433 61.9K 1% 1/8W KH M3-T1-61.9K
R253 6.2K 5% 1/4W B CB6225
& A W) '




RESISTORS CONT.

Symbol Description Hfr Fart Mg, Symbal Description MEr Part Mo,
k434 100K 1% 1/8W H M3-T1-100K REDE Lok 0.7% 1784 - M3-TI-S0K
R43S 24K 53 1744 AB CBra25 REOT7 1008 0.1% 1/8W KH M3-TT-1GOK
k436 1.2K %4 1744 AR CB1225 R&0B 750 5% 1/ 2W AR EB7515
R437 JOR 5% [FED AR CBIN3S RE0D 220 10% 1730 A3 CB2211
R438 100 Tt 1/4W AR csion ka1l 500K 0.7% T/4W ke W4 T1-50K
R433 i 10% 174k AR CBTO01 6511 1 (O 142w Ll ME=T1-1H
RA4L0 a2 10% 2W AR 68211 RETZ SO0k 0.1% 1/ KH MA-TTEO0K
Ra47T ‘10 10% 144W AB CE1001
Re42 100 20% 1/4W AR 31512 R701 Sk POT 20% il KH 2938

2702 33K 10% 1480 AR CE3azl
401 24K H 1740 AB (Bz425 RT3 15K 10% 174K AR CR153
Rh02 100 0% 174w AR teine RITHA 1.3 3 170 AR {B1325
HED3 TRIM ap TYPE CB R704B TRIM AB TYPE CB
E504 270 it 1780 AR CE4711 RF0SA X B% 1744 AR CB1025
R505 6.2K o% 140 AR [B5225 RI05B TRIM AR TYPE CB
RE06 470 0% 1440 A5 CE4711 s B.BK Tos 1/4% AR CBaE2]
REQ7 680 10% I’ A3 GBAATI RTGHH 150 ng 174W AB CBTSIT
REOAE 2. 55K 1% 1/8d KH M3-T1-2. 55K R¥O7E TRk AG TYPE CB
RBOS 330 Toi 1744 AB CE3IN nyoa 220 nE 1/4K AE Ce2211
R510 00 193 178 a8 CBION A700 47 0% 1740 AB cadrin
Ra12 6. 2K 1% 1784 Kl KI-T1-T6.2K R7IC T4IM AB TYPE (B
RA13 TRIM AR TYPL CEB RT1Y 270 5% 1/ AR EB2715
T2 75 b 144K AR CBT50E k712 220 105 174U AB rR2211

R713 100 0% T/qW A LE1OTT
RE16 E 5% 174H AR CB3N3S R714 H 53 142W aB cB5105
RBIT 820k 0% 1740 AB CRE241 RIS EHO 0% 174 AB CEEBT]
518 K 5% 1744 AB CE3925 R71E 1.8k oy 174K A [E1821
R513 518 GE 1740 AB CBRI2S RI7 oK POT 0% 3/ (A 30708
B2 270 10% T#4W AR B2 8718 5an poT 20% 2W ¥H AZ945
R521 36 L% 14249 RE EB3E0% ek 100 105 1/4i LB reramn
Raz22 10 108 1744 AE CE10M et 108.1 1% 374U KH H-T¥-17%1
E523 10 10% 1444 AR caimnm RA02 113 1% T/2d KN ME-TE-113
Ra25 n 0% 17446 AR £2100m R&03 142.3 i% 1/4 K M4-TT-T42.3
RSZ6 19 To% 1400 AR CETIO kE0g 3825 1% 1/8W = M3-71-86.75
RG28 200 % 1720 Ke M5-T1-200 AB05 142.3 13 1/4W ki Ha-T1-142.3
it 200 % 142 4] ®a-71-200 La0e 96.25 1% 1780 YH M3-T1-%4.25
4530 200 1% 1720 KH M5-T1-200 RBOT 142.3 1¢ /40 “H M4-T1-122.3
hix} ! 200 1720 kKA M5-T1-200 qa0ng 96.25 1% 1/8W KH M3-T1-95. 25
RE32 2a0 103 1744 AD CB2211 k509 142.3 1% 1740 fatl KA-T1-142.3

RE1G 95, 25 1% el KH M3-T1-9%, 25
REOT S0 0.1% 142U KH HE-T1-500 RAIT 142.3 1% 1744 KH “M4-T1-142,3
R&NZ 1K 0.1% 174l EH M-T] -1 Ra12 95.25 1% T/aW FH M3-T1-06.25
R&03 47 108 1784 LB CE4701 k812 142.3 13 1484 KH MA-TT-142.3
RED4 K a.1% T/ “H M3-TI-5K RET4 65 81 1i 178 ¥H M3.T1-65.81
kank 0k 0.1% 1/R <H M3-Ti- 10K Lr!'!B'I'S 160 108 172U as CB1GTY
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CAPACITORS

Symbot Description Hfr Fart Me. Symba] Descripiion Yy, Part Mo.
[y At LYTIC 40y MaL TOWRD D401 BIP 380 Tuf 20% 35 AL TRCIOSWOINAL
ciaz Tuf 205 38V MAaL TACTAH5MOI5AL C38] Tuf 20% a5y MAL TOCICEMO35AL
Cinz anouf LYTIC a0y MAL TCUEGTHNAGI PP C3a2 22pf 10% L0y ELY UM150220K
104 Tuf 208 35V HAL TDC105MA30AL 383 opf 103 s00Y Lsp S208-209T0
clas AT uF 20% 100 ERT A121-120-651-473M
C106 Tu* £0% a8y MAL TOC 106MO35AL c401 1000pf 204 SO0y 5P CO23BS0TE102M
ce? A7yt 20% Tam LRT B121-100-651-4734 r4a2 1300pf 20 SO0V sSP COZ3BSOF 332M
cloa fuf 20% a5y AL TOC195M03%AL can3 1020 f 0% 500 3P CO23IBSOTETOZM
e eQuf LYTIG A0 ap AN0L2NEENSNCT4 ca0d 15pf 1 50y Asp G300-15110
c1n tuf 2n% 35y MaL TDCT1O5SHA35AL
c1nl 20uf LYTIS B SP 3002263050004 {431 1000pF 0% RO 5P CA23BR0TEYOZM

43z 3300pf 20% GOy 5F L023B501F332M
2o luf 20 5004 5P CO23B501G103M 433 TOMpe 20% ROOV P LN23BSNTETHEM
L20z Muf 0% snay sp C2J3B501G103M ca34 & 1pf 10% 00y ASP a210-51910

c435 Tuf 203 35W MaL TOCIQSMO 36AL
231 4. 5-20uf TRIMMER STT ¥5=-TRIKD-02-H7 5D 436 Tuf 0% 35Y MaL TOCI0EMO35AL
232 10of i 500Y AP 421310110
233 1opf 0% 500w ASP 9213-10110 CHOT a. guf 20% 35Y MaL 1560685%0035F8
Cz14 tuf 208 kLY MAL TDC105H03SAL ch02 22pf 0% S00Y ELM DMPSC220%
C235 Tuf 20% 35y MAL TCC10SMAE5AL €503 6. 8uf 20 kY AL 1960685 X0015FB
LZ23E Tuf 20% 354 MAL TOCI0EMD3EAL can4 Tuf 20% 35 MAL TOC105MO35AL
caza7 4Tpf 1o SO0y ELH [M15C470K L5056 Syt 203 BNOV 5P CN23ER01R103M
[238 Japf L S0y ELM D1 EC 3300 CEO6 4,5-20pf TRIMMER 5TT F5-TRIKD-02-N750
239 180cf 10% . kany ELM CMT1BCTETE C507 2pf. ng sO0Y ASP 9208-20310
c24n 6.2af 103 500V 2212-62910 Ch08 Ipf 105 500v ASP 9E06-10910
Cann Bapf 0% sa0Y ELM DMIRCEENE Cceog uf 20% 100v ERT 8131-100-651-104M
303 LD2uf 29% s00v SP CO23IAS0TGE03M JCEIG Juf 205 100y ERT 28131-100-557-124K
Cai2 &10pf 10% 500V ELM DM19CETik [M:30 Tuf 20% E MAL TOC1a5MI35AL
L3013 200p 10% 5004 ELM DMISCR0TE ce12 &.8uf 20% sy MAL 1960685 X0035FR
(304 22p¥ 194 500% ELH OM15C220% Chid B, Buf 20% sy MAL 1960685 X003E6FB
£305 10pf 10% EO0Y hsp 9213-1a11¢0 c5t4 7.Gpf 0% SO0 ASP B212-759T0
a0k LQTuf 20% 00w 5P CO23B50TGE103M
canz OTuf 20% SO0 sF c2385016703M ceal 3-Saf TRIMHMER STT 75-TRIKD-D2-HOTR
£308 Tuf 0% 35y MAL TOCT05MI35AL cenz 33pF Y s00Y ELM DM150330K
Cing Tuf {0k 3y MAL TDCTOEMOAGAL Cab3 . 330pf hE LO0Y ELM MTRC331)

604 4.5-20pf  TRIMMER 5T F5-TRIKD-02-N750
£34 129F 104 500y ASP 9213-12110 CROSA 430pF 0% 500V ELM  DMISC431K
£iqz B 2pf 0% BO0v ASP g212-82910 LEDEA L047uf 2% 2004 TR N463UN-14
L343 3-3pf TRIMMER 5TT F5-TRIKG-02-H750 CBOAR TRIH
£344 Tuf 20% oy HAL TOCIDSMOASAL Le07 Suf +0F -43% 100Y TR £463UW-15
345 J0d7uf 20% ooy £RT 8121-100-651-4731 Ca0sE TRIM TYPE BMIS
L3456 JATuf 20% 1ogy ERT 8131-100-651-474M cr01 . 33uf 20% 100y ERT 8131-100-857-334M
L347 Tapf 10% 500V 5P a300-15110 Cr02 180pf 10% 500 ELM MTSCT 81K
C3E 1apf Tk 5OV AEP 9300-15110 C7n3 ispf 10% BO0Y ASp G300-15310
can 1000 f 0% BO0Y ELM MISCIOTK c704 7-35pf TRIMMER sTT 7S-TRIKD-D2=-H1500
3 Tuf 207 30 AL O 10EM035AL C705 5.1pf 10% LOny ER 421N-51910
£372 Tuf z0% 3nv MAL TOCIEMD 36AL L7206 7-35pf TRIMMER 51T 7S-TRIKD-02-H1500
343 10000f piaks B0V 5P COZ23BSOTEIORM C707 Slaf Jog B0V EEM M1 SCEINK
375 120pf A% qany ELK MIECTZ1 c7e 3ot 10¢ algy 145 DMISC3I6IK
C376 Ta00af 0¥ ooy 5P CO23RE0IE] DV Ci09 d3pf 5% SO0V ELM HI1BCIIN
C37a 1000f 20% EQay SP COZABSOTETOPK
G3rm Lluf 20 M IRT 8131-100-651-104¥ £801 1200pf 20% So0v SE COZIBGOTETQ2M
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TRANSISTOR, DIODES & MISC.
Swmbol Description Mfr., Fart No. Symbol Description Mfr, Part M.
mo NJE2370 #0T "JE2370 CR201 1N4149 TR 1H4149
moz TLS92 TI TIS92 CR202 TNAT9 TR N8149
0103 TI593 TI TIS93 CR203 1N41a2 TR 1NAT49
0104 MIEZ520 "oT MJIEZS20 CR204 1N4149 TR 14149
1105 2N5225. MOT 2M5225 CR205 TNEY4g TR 4149
0106 2N5087 MOT  ZNGDB7 CR206 148149 TR TN41 42
0107 2N5225 MOT 2NE225 CR207 1M4149 TR TN4149
n1og 2N50D87 MOT 2N50B7 CR208 4149 TR TN4149
CR209 1KA149 TR 1N4149
0201 TIS92 T! Ti592 CH210 1N4749 TR THa149
n202 229054 TI 2N2905A CRETT THE349 1R TN§149
CR212 1N414% TR 4149
0231 MP56566 MOT HPSE566 tr2l3 1143 TR 1K4749
0232 MPSE56E MOT MPSE566 CR214 4149 TR 184149
0233 MPSES18 MOT MPSERTE CR21s 1N4149 TR 1N5149
{R216 1149 TR 184149
Q301 5U2365 SIL 502365
g3g2? MP36518 MOT MPS6518 CR23 1N749A  ZENER (W} TH7494
9303 MPSE518 MOT MPSE51A
G304 MPS6S18 MOT MPSA518 £R3I01 TNSEGB  ZENFR [ TNIRSE
Q305 MPSBE18 “0T YP56518 CR331 N4 T4G TR ThN4149
Q306 N29054 TT ZN29054 £ie341 TN4T4 TR 1HA149
Q307 222194 TI ZN2219A CR342 1N4148 R IN4149
Q308 TI593 TI TI$93 CR343 1H4149 TR 1N4149
CR344 1H4149 TR THATAD
9331 MPS3646 MOT  MPS3646 CR345 1NA149 TR 1NAT4Y
Q332 MPS3646 HMoT MPS3646 CR346 14149 TR LR
CR347 TH4149 TR iNd149
0341 MPSES6SH T MPSE56H R348 14149 TR TH4149
Q342 MPSE566 MOT MP36566 CR349 IN4149 TR 1NA149
Q343 MP33640 MOT MPS364N
0344 MPS3640 MOT MPS3640 CR371 14149 " N4143
Q345 | MPS3646 MaT MPS3646 CR372 Tn4Tag TR 1N4149
0346 MPS3646 MOT  MPS3646 CR373 1H4149 TR 14149
CR374 TN4144 TR 1N4749
Q3N 11597 TI 11597 CR375 1NG87B  FFMER CI 1M9578
Q372 11597 Ti 11587
Q373 MPS6518 HOT MP3E518" CR501 M£2361 MaT MZ2361
(3374 1MP53646 MoT MPS3646 CRs02 TH149 TR IN2T49
Q4 57302 NS NS7302 CR7M TH4149 TR 114149
q4az ZN5087 MOT 2ZN5087 CR732 1N4149 TR Tna149
Q403 2M5087 MOT 2ZN5087
Q404 285087 MOT 2N5087 L231 3. 3uny 10% Y oLy 1637-24
L232 8. 2uhy 10% K] DLy 1537-34
Q431 N$7302 NS NS7302
0432 2N5087 MOT ZN5087 L3 8. 2uhy 10% L bLv 1537-34
(433 2Na087 MOT 2N5087 L331 8.2uhy 10% LAy oLy 1537-34
Q434 2N2219A Tl ZN22719A L34 3. 3uhy mne 4w LY 1537-24
L342 3.3uhy 10% i1 DLY 1537-24
Q501 MPS6518 MOT MP56518 L37i 8. 2uhy % AW v 1537-34
0502 MPSESTR MAT MPSHE518 L372 Tuhy 10% LA OLv BP?74-2
0503 MPS3640 MOT MPS3640 L373 Tuhy 104 Aw oLy EP774-2
Q504 MPSE518 MOT MP56518
0505 MPSELER HMOT MPSEEES L501 Tuhy Y AW oLy RRI74-2
1506 ZNZ2194A TI ZNZ219A L&02 Tuhy 0% LW ny BP774-2
Q507 ZN29054 TT 2N2905A L5032 Tuhy 10% AW oLy BP774-2
Q508 T1582 Tl T1592 L504 Tuhy 10% LA oLy BP77a-2
0509 1593 Tl TIS33
Leu1 3. 3ul~ 0% Y LY 1537-24
La01 FERRITE, TORDID AB TOB20CTOTA
F101 JAAS115Y Slo-Blo BUS MDA
L2A230¢ 5T0-Bla
CRIOT THADDZ ¥5C 1UEGA
CR102 TN4002 MSL 114002 T101 FPOWER TRANSFORMER KH #2883
CRI03 TH4002 ML 402
LRI04 4002 Mss 14002 S10 TOGGLE SWITCH CK 71M
CRID7 1H456 ™ TNA56 5102 SLIDE SWITCH SWC 4A256LIR
Se01 PUSH-BUTTON SWITEH SHD 9XF10-40-GRM
CR1G 42361 MOT MZ2361 S602 SLIDE SWITCH ChW GF 326
CRIM 14843 ZLHER con o
CR1T2 184002 MsC THANGD2 S701 ROTARY SWITCH KH R2926
CRIT3 1N4D02 MSC TN4002
$801 PUSH-BUTTON SWITCH SHD 8XF10-20-6GR
MANUFACTURERS CODE
AR {01121} Allen Bradley Co. Milwaukee, Wisc. MAL P.R. Mallory & Co. Indianapalis, Ind.
ASP (g2147) Airco Speer Dubois, Pa. MOT (34713) Hotorola Semiconductor Phoenix, Ariz.
BUS {71400) Bussman Mfy. Co. 5t. Louis, Mo. MsC (14552} Micro Semiconductor Carp. Culver Citv, Calff.
cl {06751} Comoonents, Inc. Biddeford, Maine HS [36462) National Semiconductor Ltd. Plattshurgh, N.Y.
cK (09353) C&K Components Watertown, Mass. SIL {17856 Siliconix Sunnyvale, Calif.
cTs {71450) CTS Corp. Elkhart, Ind. By {56289) Sprague Electric Co. Morth Adams, Mass.
CW (76727) Continental Wirt Elec. Philadelphia, Pa. STT Stettner-Trush Cazanovia, N.Y.
oLy [99800) Delevan Electronics East Aurora, N.Y. SWC {82389) Switcheraft Inc, Chicags, I17.
FLM (72136) Electromolive Mfg, Willimantic, Conn, TI {D129%) Texas Instruments, Inc. Dailas, Texas
ERT {72982) Erie Technological Erie, Pa. Tl {94322) Tel Labs Hanchester, N.H.
GE (03508} General Electric Svracuse, N.Y. TR (03877) Transitron Clectric Ca. Wakefield, Mass.
KH {8ga65) Krohn-Hite Corp. Cambridge, Mass. TRW (84411} TRK Corp. Ogallala, Neb.
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RI2ZB 220 +22v I——-——-—-—————-—-—--—.—_—_—___.___—___

—PO " 4
= W ER_SUPPLY JSEO/\_@ | R247 |
+
PeT R223 R238 +.J_fz'35
3,3k | A218 2.08K 1K R248 ‘I v
1 340 . 160+
€233 poug =
I 15.5V] CR213 T 10t K B
az0!
| 5 o
Tiol + i |
cio) - +1 o100 240
800uH T i | t 00K
2 +22v RIO4 - r-—="1 AAA
cRi0l CRIO
RIO! i1 4 A T l e re21 " RezalRoz? e S
100K 3 cioz ciosL *. L crenZy caa e 3KS 2008 75K () I Sy = L2z
I Tt T RIOS  O47uf T - Rr2i1 <] E - E 8.2uh
1ot 12K Icazm] crzes] &120 creos X oS P m
] CRICS Y CRIO4 2% 08K Ral0 ¢ R219 R229 R234 23
| 120 25K 330 R23s [ I—i "_[
I 25.705 s Gl R Raus: R2l5 = W ca3e
[ : R214 -
il cre0z] creo6 ] Rreosy creol o757k s 158< 220 202 R2I? R252  S3pf
X 412K p R225< R228 R233 15K
0 Oluf 4.75K Re22 e | Nt =
| 1 l cRe12 L L 1K 200< 75K co39
1 | = = Q202 re3) 180p!
= . =1 25K
il | Ra32 =
sioz | X g
115v/230V| | i NOTES! S CR2IS
sicl i) i 1~ ALL RESISTORS IN OMMS UNLESS OTHERWISE SPECIFIED. A e
FouER f . l 2-ALL VOLTAGES +10% OF NORMAL UNLESS OTHERWISE SPECIFIED.
kS SETUP - FREQUENCY: {10 x 1000 Hz, WAVEFORM: ™, , AMPLITUDE: Od@l Rez0 R
_T~ 200! ! 226 R237 R250
DC OFFSET: OFF, SYMMETRY: NORM, TUNING: DIAL 8 LINE: 60Hz 28 2K 1K
. | 300chm IN SERIES WITH PROBE, SCOPE ON EXT TRIG & +SLOPE aoas |
;:flzlss&;/v | USING AUXILIARY 5Q WAVE OUTPUT FROM GENERATOR.
13- 3-FRONT PANEL CONTROL
800ut] I 4-Rear PanEL conTroL RT83"15K
+22v
5-CHASSIS GROUND /77 R394 @ R393 ¢702 I—-f\/\/\—T
l ATING GROUND <= 100K 10K 8O T c70n RIS 1
6-FLOATI = R3es 2% 33p1__660 o R708
1) | 7-TEST POINT Q oA n l | Tie 220
R704, 7048 R
! ~zev 13K TRIM fggﬁ 7‘3505; oo aros 47
L By SQ WAVE GEN ! oo o—'\/v\—j
—_— R707A R078 cros
150 TR|M| “t Q 0
czaxl R342 2IVe—s —! I -~
i2pt 620 _21 :
R343AS 3438 rosocros
2.2iK S TRIM 7-350t | L
R341 o o R7I =
.5 15K<, c342. €343 - 270 .
5 _‘ ; 5-29’T 3-9pf R358 T
R303 CR304 / 1.BK: R357 CRIE2 QR363
FO 51K Q51K 909 232 % 2.21K }2;( K o 72 R7I2 220 $701
N +22v c348 r €373 | 7 WAVEFORM SW
S0l | 18p¢ |000pr 'T'
o 3-9pt o " i ¥ -
r 4 oo /305 R348 CR347
ceoz 4. 22K 5»1320 Stz 14 . ° s | m, our
oy | Mo A e 53 il
3.3uh 6] -~
R
CE0BE TR R 305 =] RTI9
iZ.av 124V r= H 100
leg —0
cj‘?g o @ cRads 38 = : 1 AMPLITUDE
2 ‘ c304 L = VERNIER < 8
o RE05 [ sioet 22pt — CcR341 cR343 [ o im
O-4 {c605A 4300 | $-O M w3 Q30IA Q3018 - /n7 %
[E —4 f CR34Z, CR344 1ok & DC LEVEL =
- _— : - 1 "
[en -0 REOS R300 1341 R355 |
vy 0 R30I 3.3uh 220 = %801
Il ) AMPLITUDE SW
o 6 " i |
b Lo ook | raorg 2 09t
| | I o - cr3as |
o R ) R365 )
»_t(o—-_)— | = e e SN S - sl |
VC INPUT %5'-"‘ |
O -0 < l
13+ ;
s
o K uf '_o |
RA0Z R4I6 R423
O | e e i B Span S biied % SH |
RAIS 6.9k 613 422 - >
o L B Ex 3% 7y 57V OUTPUT AMP
=7 > g2y 57
- ——9\0_ || R4048 Ra28
FREQ H| TRIM i 47K Leaz
o4 L o o L c40l {0COpt RS20
neg duration 1000t R5I9 270
157V -vco R442 @ R5I6 GR517 < 5K |
RAIT 100 30K $B20K == =
o) ‘__‘o\-o_l %0 Q4314 Q8318 { [
F‘o OVE.000 = Q401A Q8018 Ca04 R43| = R508 [ °5'f° |
O Spt 0404 511K - 330 -
(A RSt
e [
geor Raz? case 433 Vo
O uf -0 100 10000t 1000p¢ 507 = |
) —-a\_oj HE S e IV I S (i Gt Dt S < o O —— S |
%) = =8V
o5 5y - : et
O SYMMETRY R408 0 ! i
= ADJUST o KSR A sek gk = e | [~
= [ R4I0 0
[ | . R4l M
o4 -0 R4z9 = cs02 22pt
511K T Casos R506 Shan cs08
AAA %TR!M 470 TRIM lnf]'
e -0 - RS14
S %
T oz | IR Daasa|[FUNCTION GENERATOR
o = e SYMMETRY 3 Tuh = Sre By e [Hota b 3
< pos duration  2.5K cw LoY 29— FIT™ - A o T
5601 MULTIPLIER SW LiE - e ——— - ey
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OUTPUT PROTECTION CIRCUIT

MODELS: 4100A, 4200, 4300, 5000,
5100A, 5200, 5300, 5400A



OUTPUT PROTECTION CIRCUIT

This instrument has incorporated a protection circuit, which is connected
in series with the 50 ohm output impedance terminal. If a voltage is
accidently applied to the output terminal, that would cause excess current
to flow in the output transistors, the SCR's will turn on bypassing this
current, When the SCR's are turned on, the instrument will present a short
circuit to the load.

This circuit will be damaged if the source load is capable of supplying
more than 2 amps. If it is likely that this situation may develope, a 2 amp
fast blow fuse may be inserted in series with the output.

At Tow oscillator frequencies, the circuit will automatically recover when
the voltage is removed from the output. At higher frequencies, it will

be necessary to turn the output amplitude down or shut the instrument off
momentarily after the voltage is removed from the output.

FROM 2.7 TO
ATTENUATOR => AVAYA '3 —9—=>OUTPUT
OUTPUT 150 pf BNC

’.___..‘
470 '
3—'\/\/\-—$ TIS93
iIN4149
o< ¢
: {50pt
—| — - YnNaige
470
' k GE ’
closya GE
470 Clo6Y2
b
IN4149
470§ Olmf ==
FROM , TO
ATTENUATOR > - & o— 3 L = QUTPUT
GND BNC SHELL

(GND)





