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Figure i — Modal 146 Multifunction Generator

SCOPE OF THIS MANUAL

This manual provides descriptive material and instructions for the installation, operation,
maintenance, and repair of this instrument. Wavetek’s product improvement program ensures that
the latest electronic developments are incorporated in all Wavetek instruments by the addition
of circuit and component changes as rapidly as develapment and testing permit. Due to the time
required to document and print instruction manuals, it is not always possible to incorporate the

more recent changes in the released manual, In this case, data will be found on addendum change
page(s) at the back of the manual.

We continue to rely on careful readers to help us improve future revisions of this instruction

manual, If you should spot an error, inconsistency, or ambiguity, send your corrections and
comments 1o:

WAVETEK

Publications Department
P. Q. Box 651
San Diego, Calif. 92112

P






1.1 GENERAL CAPABILITIES

The Model 146 Multifunction Generator consists of two
independent signal sources in one integrated unit. Each
generator can be used as an individual signal source, or both
can be used together. Functions and operating modes of
both generators are push button selectable. The signal of
the main generator can be frequency or amplitude modu-
fated by any of the auxiliary generator waveforms. Analeg
control of output frequency and amplitude is provided by
VCG {Voltage Controtled Generator) and VCA {Voltage
Control of Amplitude} circuitry, Amplitude is variable from
maximum through null to maximum at inverted phase. A
caliper dial establishes upper and lower limits for frequency
and amplitude modutation. Continuous, triggered and gated
waveforms can be produced by the main generator through
the range of 0.0005 Hz 10 10 MHz. The auxiliary generator

_is capable of producing sine, square, triangle, and special

sawtooth outputs. These waveforms can be internally ap-
piied to the main generator to obtain frequency modulation
and frequency sweep up to 1000:1 ratio; amplitude modula-
tion through 100% to suppressed carrier modulation; and
triggered, gated and tone hurst outputs, Operating rangs of
the auxitiary generator is 0.004 Hz 10 100 kMz. Both gener-
ators can be externally triggered. VCG and VCA connec-
tors are available for external inputs to the main generator,
Auxitiary and main generator output impedances are 60082
and b0S2, respectively.

1.2 PHYSICAL AND ELECTRICAL SPECIFICATIONS
MAIN GENERATOR
1.2.1 Versatility

Waveforms

Selectabie sine "\, |, square L , and triangle A and
de outputs. Symmetry of all outputs continuously adjustable
from 1:19 to 19:1, with rear panel control. Varying triangie
symmetry provides a positive siope sawtooth 4 |, or
negative stope sawiooth ™, output. Separate sync with

- variable symmetry (see below). Waveform can be continuous,

triggered, or gated,

Frequency Range
0.0005 Hz to 10 MHz in 10 decade ranges.

SECTION
INTRODUCTION

Ranges

X 0.001 Co . 0.0605 Hz 10 0.01 Hz
X601 . . . . . . . . . . 0005Hzt00.1Hz
X 0.1 e e e e 0.05 Hz to 1 Hz
X1 . . . o 0.0 0.1 Hz to 10 Hz
X 10 s e e 4 e e e o . . . . THzto 100 Hz
X100 . . . . . . . . . . . . 10Hzto1kHz
XIK . . . . . . . . . . . 100Hzto 10kHz
X1W0OK . . . . . . . . . . . 1kHzto 100 kHz
X 100K ce 10 kHz to 1 MHz
XM . . . . . . . . . . 100kHzto 10 MHz

NOTE
When symmetry control is used, indicated
fre};uency is divided by a factor of approxi-
mately 10

Main Qutput .

Sine, square, and triangle selectable. Maximum output
20 V p-p open circuit and 10 V p-p into 5052, Precision
front dial controls the amplitude with high resolution and
provides phase reversal of output. Qutput impedance is
50LL. Short circuit current is 150 mA. Precision output
range multiplier with four decade steps.

Sync Output

Amplitude greater than 4 V p-p into open circuit; 2 V p-p
into 502, Rise and fall times are less than 50 nanoseconds.
Square waveform for symmeirical outputs; rectangular wave-

form for non-symmetrical outputs.

DC Offset

Can be controlled manually using the front panel control.
Range of 110 Vdc into open circuit {6 Vdc into BOS
load}, peak output limited to £15 Vdc into open circuit
{£t7.5 Vdc into B0SY load}. DC offset and output wave-
form are attenuated proportionately by the amplitude range
multiplier.

Operating Modes

Continuous, triggered, and gated modes of the main and
auxiliary generator are push button selfectable. Triggering
or gating of the main generator by the auxiliary generator
is internal. The auxiliary generator may be triggered or
gated by the main generator through external connections
on the rear panel. Both generstors provide for external
triggering and gating.

1-1






1.2.2 Accuracy

. Horizontal Precision

Frequency Accuracy of Symmetrical Waveforms

0.001 Hz to 1 MHz +{1% of setting +1% of full scale)
1 MHz 10 10 MHz +{2% of setting +2% of full scale)
Applies for symmetrical waveforms.

Vernier
Electronic vernier controls provided for precision frequency
and amplitude adjustment.

Time Symmetry
10 Hz to 100 kHz
0.001 Hz to 500 kHz

*0.5%
+0.1%

Vertical Precision

Amplitude Dial Accuracy

0.001 Hz to 10 kHz #{2% of setting +2% of full scale),
Accuracy stated is for X T amplitude muitiplier. For X 0.1,
X 0.01, X 0.001, add £3% +1 mV,

Frequency Response (Sine Wave)
Ampiitude change with frequency less than:
0.13dB8 to 1 MHz
0.59d8B to 10 MHz

Stability
Short tefm . 1(3.056% for 10 minutes
lLong term ., . . . 10.25% for 24 hours

Percentages -apply to amplitude, frequency, and dec offset.

Amplitude Symmetry
Al waveforms are symmetrical about ground within £2% of
maximum peak to peak amplitude,

1.2.3 Waveform Purity

Sine Wave Distortion
10 Hz to 100 kHz
0.001 Hz to 1 MHz
1 MMz to 10 MHz

less than 0.5% {typically 0.25%)
tess than 1.0%
. ail harmonics at teast 26 dB down

Triangle Linearity
Greater than 99% 1 Hz2 to 100 kHz
Square Wave Rise and Fall Time (Terminated into 5082 Load)
Less than 50 nanoseconds. '

. Total Aberrations

l.ess than 5%.

1-2
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1.2.4 Analog Control Characteristics

Voltage Controlled Generator (VCG)

‘Up te 1000: 1 frequency change with external voltage input.

Required externat signal for full control is b volts with input
impedance of & k(2. When the FM switch is depressed, the
output of the auxiliary generator is connected to the VCG
circuit and the FM LIMITS knob controls the amount of
moduiation.

VCG Control Range

Upper frequency is limited to maximum of selected range.
Minimum and maximum frequencies are indicated by the
caliper pointers and the center frequency is indicated by the
frequency index when in internal sweep.

VCG Input Freguency
VCG Bandwidth .
VLG Slew Rate

. 100 kHz
2% of range per microsecond

VCG Linearity
10 Hz to 100 kHz
0.00t Hz to 1 MHz

£0.2%
+0.5%

Voltage Control of Amplitude {VCA)

Full amplitude control with an external voltage input of
%5 volts. The control is bipolar, that is, the amplitude can
be controlied from maximum throuch null to range maxi-
mum at inverted phase. VCA input impedance is 10 k§L.
When the AM switch is depressed, the output of the auxil-
fary generator is connected to the VCA input. The AM
LIMITS control adjusts the amount of AM modulation.
Minimum and maximum amplitudes are indicated by the
caliper pointers and the mean amplitude is indicated by the
amplitude index.

VCA Response
Bandwidth 100 kHz, slew rate 2% of range per micro-
second,

VCA Linearity
1% of full scate,

AUXILIARY GENERATOR
1.2.5 Versatility

Waveforms

Selectable sine N, , square f, , triangle A\, , positive
slope sawtooth 1, and negative slope sawtooth ™
outputs, OQutput fevel fixed b V p-p into open circuit, Ap-
proximately 2.5 V p-p into 60082 (6002 output impedance}.
Short circuit current is approximately 4 mA peak., Rear
panel AUX SYNC OUT connector provides approximately
5V sync signat.






A

frenamic Frequency Range
o004 Hz to 100 kHz (250 seconds per cycle to 10 us per
cycied cabibrated in frequency and time.

Oparating Frequency Range

xo0piHz . . . 0004HztoOTHz{ 1 N ondy)
XK OAHZ . . e e 0.04 Hz to T Hz
X tHz . [ 0.4 Hzto 10 Hz
¥ I0HZ . . o . e e e 4 Hz to 100 Hz
¥ i100Hz . . . . - . . . 40 Hz to 1 kHz
X YkMz . . . . . . 400Hz1t010kHz

¥ t0wkHz . 4kHzto 100kHz{ ~, L A only)
1.2.6 Environmental .

Temperature

All specifications listed except for stability are for 25°C
+5°C. For operation from 0°C to 55°C, derate all specifi-
cations by a factor of 2.

1.2.7 Mechanical

Dimensions
17% inches wide, B% inches high, 17 inches deep.

Weight
14 1bs net, 23 ths shipping.

Power

105 V to 125 V or 200V to 250V, 50 Hz to 400 Hz. Less

than 45 watts.
NOTES

All specifications apply for frequencies ohtained
when dial is between 1.0 and 10 on the Main
and Auxiliary Generators. Main Generator out-
put specifications apply at 10V p-p into a 5082
foad.

It is possible to stop the generator from oscil-
lating by applying a negative voltage when the
dial is already set at a minimum frequency. In-
put up to 30 V will not permanently damage
the instrument, however.






2.4 MECHANICAL INSTALLATION

After unpacking the instrument, visually inspect all external
parts for possible damage to swilches, connectors, surface
areas, etc, 1f damage is discovered, file a claim with the
carrier who transported the unit. The shipping container
and packaging material should be retained in case reship-
ment is required.

A Wavetek Rack Adapter Kit will allow this unit to be
mounted in a standard 18-inch equipment rack. No mechan-
ical installation is required whean the instrument is to be
used as a portable bench unit,

2.2 ELECTRICAL INSTALLATION
2.2.1 Power Connection

NOTE

Unless otherwise specified at the time of pur-
chase, all Wavetek Model 146 instruments are
shipped from the factory with the power trans-
former connected for operation on a normal
115-volt ac line supply, and a 1/2 ampere 115
volt slow-blow line fuse.

CAUTION

To convert to 230 volts, set the slide switch at
the rear of the instrument to 230, and replace
the fuse with a slow-blow fuse rated at 1/4 am-
pere at 230 volts. Connect the ac line cord to
the mating connecter at the rear of the unit.

2.2.2 Signal Connections

Use 508 shielded cables equipped with female BNC con-

nectors to distribute all RF signals when connecting this
instrument 1o associated equipment,

INSTALLATION AND GPERATION

SECTION

2.3 OPERATING CONTROLS

The operating controls and electrical connections for the
Model 148 are shown in Figures 2-1 and 2-2. Each of the
following paragraph numbers corresponds to a number ap-
pearing in Figure 2-1, front panel, and Figure 2-2, rear panel,

FRONT PANEL CONTROLS

1. FREQ Hz - Selects one of ten decade ranges from
X 0.001 1o X 1M to establish the frequency multiplier
for main generator frequency.

2. Frequency VERNIER — Allows precision control of
the cutput frequency. A complete turn of this controi
is approximately equal to 1% of full scale on the
FREQUENCY dial. When turned to the full clockwise
position (CAL}, settings on the main dial will be
calibrated, :

3. FREQUENCY Dial {(Main} — Centrols the frequency
of the main generator. The setting on this dial multi-
plied by the frequency range setting {1) equals the
output frequency of the generator. The frequency
VERNIER (2) and the SYMMETRY ADJUST (38)
{rear panet) also affect the generator frequency,

4, FREQUENCY Index {Main} — The lower point of the
triangle above the FREQUENCY dial indicates the
dial setting.

5. Caliper Pointers {FM} — Indicate the limits for fre-
quency sweep or moduiation on the FREQUENCY
dial {3).

6. DG OFFSET Control — Controfs the amount of dc or
baseline offset above {+) or below (-} signal ground.
The larger knob controls the polarity of dc offset and
the smalier knob adjusts the baseline offset 210 Vde
into an open circuit {(£5 Vdc into 5080 foad}, with peak
output limited to 15 Vdc into an open circuit {£7.5
Vde into 5082 load).

7. AMPLITUDE Dial — Aliows calibrated control of
amplitude for the main generator output. This con-
trol is bipotar; that is, as the dial is rotated from the
full cw to full ¢cw, the output waveform will be

- 2.1
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Figure 2-1. Operating Contrels and Electrical Connections, Front Panel

10.

1t

12.

2-2

phase shifted 180° as the dial passes through zero.
This setting multiplied by the VOLTS P-P {10) setting
and VERNIER {11} adjustment equals the main gen-
erator output amplitide, ‘

AMPLITUDE Index - The lower point of the triangle
above the AMPLITUDE dial indicates the dial setting.

Caliper Pointers {AM} — Indicate the limits for am-
plitude modulation on the AMPLITUDE dial (7).

VOLTS P-P — Attenuates the main generator output
signal in four catibrated steps, X 1, X 0.1, X 0.01 and
X 0.001.

VOLTS P-P VERNIER — Allows precision control
over the output ampiitude. A complete turn of this
vernier is equivalent to approximately 5% of the
AMPLITUDE diat {7} setting multiplied by the VOLTS
P-P {10) selector setting, When in the full cw position
(CAL}Y, the setling on the AMPLITUDE dial {7} will
be calibrated.

FREQ/PERIOD - Selects one of seven decade ranges
from X 10 mHz to X 10 kHz {black numerals and
fetters) for auxiliary generator frequency. However,
the X 10 mHz setting can only be used when the
positive or negative siope sawtooth waveform .~

Ny is selected. The X 10 kHz setting can only be
used when the sine A, , triangie A, , or square

13.

14,

15.

“1, {15) waveform is selected. The selected frequen-
cy range and black AUX FREQUENCY diai setting
{13} determine the output frequency of the auxiliary
generator. The dial and range muktiplier are atso cali-
brated in period for convenience. This calibration is
indicated in red.

AUX FREQUENCY Dial — Controls the frequency of
the auxiliary generator. The outer scale setting {black
on this dial) multiplied by the selected frequency
range {12) equal the output frequency of the auxiliary
generator. The inner scale setting (red on this dial)
muitiplied by the selected period setting {12} gives
the auxiliary generator period,

AUX FREQUENCY index — The lower point of the
triangle above the AUX FREQUENCY dial indicates
the dial setting.

AUX FUNCTION Selector — Alilows push button
selection of the waveform to appear at the AUX OUT
(19} connector. The waveforms are sine N\, |, triangle

A, , square ", sawtooth 7, and negative
slope sawtooth ™
waveforms appear in black above the push buttons.
When the AUX MODE — TRIG or GATE push button
is in the depressed position and the TRIG push button
isin the depressed {INVERT) position, depressing one
of the AUX FUNCTION push huttons wilt select the
waveform appearing in red below the push button.

for normal functions. These
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16.

TRIG - Selects the state of the step source which
controts the direction of integration when enabled by
the TRIG IN signat (18}, In the NORMAL {released)
position, the auxiiiary generator will start integrating
positively and in the INVERT (depressed) position,
it will start integrating negatively. This switch is only
effective in the TRIG (17) or GATE {17) auxiliary
mode. {Refer to the following illustration.}

TRIG IN 0-- J ————— SERPUVOUE U R A 0
- NORMAL INVERT
°”/\/' “\/\—"
AUX . _
FUNCTION =4 0 =nmmn ORIV VRO R SN S 0
SIGNALS

17.

18.

BLACK ON
FRONT PANEL

RED ON
FRONT PANEL

AUX MODE Selector

CONT (Continuous Mode) — Allows continuous wave
operation of the auxiliary generator at the selected
frequency.

TRIG {Trigger Mode) — Allows the auxiliary generator
to produce one complete cycle of output for each
square wave pulse applied to the TRIG IN connector
(18).

GATE (Gated Mode) — Operates the same as trigger
mode, except that the auxiliary generator will continue
to produce an output for the full time that the signal
at the TRIG IN connector (18} exceeds the minimum
gating level {approximately +2 volts). When the gating
signal is removed, the generator will complete the last
cycie,

TRIG IN — Provides a dc coupled input with 3 k{2 in-
put impedance, when in the GATE mode {17). The
minimum gating level {signal at TRIG IN connector)
is +2 volts. When in the TRIG mode {17), the TRIG
IN connector is ac coupled and requires a minimum

19.

20.

21.

22,

23,

24,

input square wave of 4 volts peak to peak and 1 micro-
second in width, Maximum external input level is
30 volts peak for both modes. '

AUX QUT — Provides approximately 6008 output
impedance connection for all auxiliary generator out-
put functions. The output amplitude is £2.5 volts into
an open circuit.

5052 OUT — Provides 508 output impedance connec-
tion for ali main generator output signals,

AM - When depressed, this push button enables am-
plitude modulation of the main generator signal by the
waveform selected in the auxiliary generator. The fre-
quency of the modulation envelope is determined by
the auxiliary generator.

AM LIMITS — Opens the AM caliper pointers when
turned in the cw direction and closes the pointers
when turned in the cow direction to set the amplitude
modulation limits. The AM push button must be de-
pressed to enable the caliper pointers 1o set the cali-
brated fimits.

VCA IN — Provides connections for an external input
signal up to 5 volts for amplitude modulation of the
main generator signal. input impedance is 10 kiZ,

MODE Selector

CONT (Continuous Mode) — Provides continuous wave
operation of the main generator at a fixed frequency.

TRIG (Trigger Mode) — Allows the main generator to
produce cne complete cycle of ocutput for each pulse
applied to the TRIG IN connector {25). Manual trig-
gering can be accomplished by rotating the TRIG
LEVEL control {26} from full cow to fuli cw position
with the TRIG LEVEL switch (26) in the positive {+}
position. At higher generator freguencies, triggering
with this manual control will be difficuit. Use an
external trigger.

GATE (Gated Mode) — Operates the same as trigger
mode, except that the main generator wili continue to
produce an output for the full time that the signal at
the TRIG IN connector {25) exceeds the minimum
gating level {approximately +2 volts}.

TRIG IN — Provides connection for an external trigger
or gating signa| to the main generator when the TRIG
or GATE {24) push button is in the depressed position.
The trigger signal should be at least £3 volts dependent
upon the position of the TRIG LEVEL switch (26).
Maximurn external input level is 50 volts peak.

- | 2.3






26.

27.

28.

29.

TRIG LEVEL Selector and Contro! — When the
selector (larger knob) is set to the INT position, the
main generator is triggered internatly by the auxiliary
generator. In the INT position, the TRIG LEVEL con-
trof adjusts the sensitivity of the trigger input circuitry,
+ {ccw) and — {cw). When an external trigger is used,
the TRIG LEVEL selector must be set to the —or +
position for selection of the respective negative or
positive portion of the trigger signal. When the control
is in the full cw position, approximately —15 volts is
required for triggering. In the full cow paosition, ap-
proximately +15 voits is required for triggering. At
the midpoint, extremely low voltages will trigger the
main generator.

FUNCTION Selector — Allows push button selection

of the waveform to appear at the 5382 QUT (20} con-
nector. The waveforms are sine 7\, ,triangle A, ,
and square

VCG IN {Voltage Controlled Generator tnput} — Al-

lows external control of frequency. With O voitage
in, the generator output frequency is determined by
the frequency range selected and the FREQUENCY
dial setting. A positive VCG voltage will increase the

fraquency, and a negative voltage will decrease the

frequency within the limitations described in 2.5.2.
Input impedance is 5 k§1,

FM Switch - Allows the main generator to be fre-
quency modulated by the auxiliary generatol when in
the depressed position. The FM LIMITS (30} deter-
mines the amount of sweep or modulation.

30.

31.

32,

FM LIMITS — Opens the FM caliper pointers when
turned in the cw direction and closes the pointers
when turned in the cow direction to set the frequency
sweep or modulation limits. The FM push button must
be depressed to enable the caliper pointers to set the
calibrated Hmits. '

PWR — Applies power to the unit when push button
is in the depressed position.

Power Indicator — |Huminates when the unit has been
switched on.

REAR PANEL CONTROLS

33,

34,

35.

36.

FUSE — Protects the instrument from ac line transients
as well as short circuits within the instrument. For
115 Vac operation, use a 1/2 ampere slow-blow fuse,
For 230 Vac operation, use a 1/4 ampere slow-blow
fuse. -

Power Receptacle — Accepts a female power connector
for applying 1156 or 230 volts ac.

115 — 230 Volt Switch — Selects the power input
voltage used. The instrument is normally shipped for
115 Vac and a 1/2 ampere fuse. To convert to 230 Vac, |
set slide switch to 230 and install a 1/4 ampere slow-
blow fuse.

AUX SYNC OUT - Provides a synchronizing wave-
form at the same frequency as the auxiliary generator,
The maximum output amplitude is b volts peak 1o
peak into an open circuit.

SERIM 40
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Figure 2-2. Operating Controls and Electrical Connections, Rear Panel
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ooy OUT - Provides an anzlog voltage which s
ceteonal o the output frequency of the main
cator Tins outpul is chenged when the main
catne FREGUENCY dial [3) is wrned; a signal is
wf 1o the VGG N (28) connector; or the auxitiary
<y connected for frequency modulation of

D geneator signal,

S¥YNC GUT - Provides a square or rectanguiar output
2t e seme hrequency as the main generator. The out-
ot ampidude is approximately 4 volts peak to peak

sty B rmpedance,

P BYRIMETRY ADJUST - Controls the time symmetry
te-tween e pasitive and negative portions of the
cotpat wavelorm. In the {ull cow detented (OFF)
panitson, the control is disabled and the output wave-
tor bas 101 symmetry (50% duty cyele). Rotating
the controel in g ow direction will release the calibrated
detent and cause the frequency to divide by approxi-
swately 10, Continuing in a cw direction will vary the
tinesyrunetry from 1:19 through 191, This altows
# mamum pubse width of approximately 50 nano-
weconds with a repetition rate of 1 MHz.

24 INSTALLATION CHECKS

Tro parspraph outlines 8 quick checkout procedure to

deieroe ol the instrument is operating correctly, Field

wabbraton and checkout instructions are given in Sectien 4
to deteroune comphiance with electrical specifications, if
siedtiscal delwrencies exist, refer to the warranty on the back
of the title page. Use an oscilloscope and counter-timer of
e type stated o Table 4-1 when performing these instalia-
Lon checks,

1. Set front and rear panel switches and controls as
foltows {reter to Section 2.3 for loeation of controls):
SWITCH/CONTROL POSITION/ROTATION

MAIN GENERATOR

FREQH2: . . . . . . . . . ... X110
Frequency VERNIER . . . | e e cw
FREQUENCY Dial . . . . . . . . . .o 10
MO L Ve e out
FUNCTION . . . . . , . . . . . N
DC OFFSET Switch . . . . . . . . . . QFF
DCOFFSET Conwol . . . ., . . . P cow

TRIG LEVEL Switch . . . .. . . . . | INT
FRIGLEVEL Control . . . , ., . . . . . cow
MODE . . . . . . . CONT
AMPLITUDE Dial Cos v 4 o .. L cowat 10
VOLTSPP . 0 L 0 © o 0 L X
VOLTS P VERNIER . . . . . . .. cw
AM L . out

AUXILIARY GENERATOR

FREQ/PERIOD X 100 Hz/X 1 ms

FREQUENCY Dial . . . . ., . . . .-, . 10o-
AUX MODE e CONT
TRIG . . . oo L L, NORMAL (out}
AUXFUNCTION . . . . . . . . . ., N

2. Depress PWR push button and check 1o assure indica-
tor is iluminated,

3. Connect AUX OUT to oscilloscope. Check to assure
waveform displayed is 5 V p-p open circuit (approxi-
mately 2.5 V p-p terminated into a 60002 icad) at
T kHz.

4. Connect a BNC cable between auxiliary generator
TRIG IN connector and main generator SYNC QUT
{rear panel). Depress AUX MODE - TRIG push
bution, Check oscilloscope display to assure one cycle
of selected waveform appears and is idem%ca% to wave-
torm above selected function push button,

b, uDepress TRIG (NORMAL/INVERT) push button,
Check oscilioscape display to assure waveforms appear
identical to waveform below sefected function push
bution.

6. Depress AUX MODE — GATE push button. Check
oscilloscope display to assure several cycles of selected
waveform appear.

7. Depress AUX MODE — CONT push button,

8. Rotate AUX FREQUENCY generator dial cw to the 1
setting, while observing osciiloscope display. Sine wave
frequency should change from 1 kHz to 100 He.
Check range-to-range tracking accuracy with dial set-
ting at 10,

NOTE

N, N Land [ functions will not op-
erate on lowest range, X 10 mHz.

9. Depress AUX FUNCTION - A push button.

10.  Check range-to-range tracking accuracy with dial set-
ting at 10.

NOTE

v and N functions will not operate on
highest rarige, X 10 kHz.






11.

12,

i3

14,

15.

i6.

17.

18.

19.

20.

21.

22.

28

Check remaining AUX FUNCTION sefections for cor-
rect waveforms.

Connect AUX SYNC OUT connector {rear panel} to
oscilloscope. Waveform display should be a b Vopp
square wave for n, , N ,and Ji functions
and 5 V p-p rectanguiar wave for 1 and N
functions.

Set FREQ Mz switch to X 100 position.

Connect oscilloscope Trigger tn Connector to instru-
ment SYNC CUT connector {rear panel}.

Connect B0$: OUT connector to oscilloscope with
50 ohm terminator. Wavefarm should be 1 kHz sine
wave at 10 V p-p. Rotate AMPLITUDE dial cw.
Amplitude should decrease to zero when dial setting
reaches 0 and should increase to 10 V p-p, 180° out-
of-phase, at full cw setting.

Turn AMPLITUDE dial to O; deprass AUX FUNGC-
TION JL push button; and connect a BNC cable
from AUX QUT connector to VCA IN connector.
Check to assure amplitude of oscifloscope display is
approximately 5V p-p and symmetricat about ground.

Set DC OFFSET switch to — position. BC OFFSET
control should vary waveform reference from @ to at
feast —5 volts,

Set DC OFFSET switch to + position. DC OFFSET
control should vary waveform reference from 0 to at
least +5 volts.

Disconnect BNC cable from AUX QUT and VCA IN
connectior.

Set DC OFFSET switch to OFF position; depress AM
push button; and turn AM LIMITS control until
caliper pointers are on both 55 of AMPLITUDE dial.
Check to assure amplitude of oscilioscope display 13
approximately 5V p-p and symmetrical about ground.

Turn AMPLITUDE dial to either 10 {caliper pointers
together); release AM switch; depress AUX MODE —
CONT push button; depress MODE — TRIG push
button; depress AUX FUNCTION — A, push but-
ton; set FREQ Hz to X 1K position; set FREQ/
PERIOD switch to X 100 Hz position; and adjust
Trigger Levet Control untl one cycle of selected

‘waveform appears in oscitloscope display.

Depress MODE — GATE push button. Check oscillo-
scope display to assure multiple cycles of selected

23.

24,

25,

26.

27.

28,

29.

30.

waveform appear when Trigger Level Control is ro-
tated toward the cw extreme and disappear when the
control is turned toward the cow extreme.

Set TRIG LEVEL switch to negative {—} posiéion.
Connect BNC connector from AUX OUT connector
to main generatar TRIG IN connectar, Check to as
sure multiple burst of cycles of selected wavefarm
appears in osciiloscope display when the Trigger Level
Control is rotated toward the cw extreme and disap-
pears when the control is turned toward the cow
extreme.

Set TRIG LEVEL switch to positive (+) position.
Check to assure multiple burst of cycles of selected
waveform appears in oscilloscope display, when the
Trigger Level Control is rotated toward the cow ex-
treme and that the generator free-runs when the
control is turned toward the cw extreme.

Depress MODE — CONT push button; set TRIG
LEVEL switch to INT position; turn Trigger Level

Control fully ccw; and depress FUNCTION — T,

push button. Check to assure oscilioscope'dﬁplay is
1, wavefarm, 10V p-p at 10 kHz.

Move VOLTS P-P switch to each position while checlk-
ing oscilloscope display to assure correct attenuation
at each position. Return VOLTS P-P switch to X 1
position.

Rotate VOLTS P-P VERNIER control to assure ap-
proximately 5% change of amplitude reading. Return
control to CAL position,

Rotate FREQUENCY dial ew to the 1 setting, while
observing oscilloscope display to assure square wave
frequency changes from 10 kHz to 1 kHz. Check

range-to-range tracking accuracy with dial setting at 10.

Rotate FREQ Hz VERBNIER control to assure ap-
proximately 1% change in full scale frequency and
return to CAL position,

Set FREQ Hz switch to X 10K position. Rotate
SYMMETRY ADJUST control {rear panel} slightly
cw uniil detent is disengaged. Check oscilloscope
display 1o assure square waveform is unsymmetrical
by a ratio of approximately 1:19 and the frequency
is divided by approximately 10, Continue rotating
the SYMMETRY ADJUST control through its en-
tire range. Symmetry of the square waveform should
vary from 1:19 through i:% to 19:1 at the fuil
cw exlreme.






flotate SYMMETRY ADJUST control cow to OFF
position; set FREQUENCY dial to 0; set FREQ Hz
1o 1K position; depress AUX MODE - TRIG push
petion; depress AUX FUNCTION - 1 push
hutwn'; depress TRIG push butten to INVERT; and
connect BNC cable between AUX QUT connector and
VCG IN connector. Check to assure square waveform
frequency in oscilloscope display is. approximately
5 kHz,

i1

32, Remove cable from AUX OUT and VCG IN con
nectors; turn £ LIMITS control cew; and depress
FM push button. Check to assure square waveform
frequency in oscilloscope display is approximately
10 kHz. Beturn FM push button to out position.

33. Connectoscilloscope to SYNC QUT connector, Check
to assure square waveform in oscilloscope display is
4V p-p (2 V p-pinto 50 ohm {oad),

34. Connect oscilioscope to GCV OUT connector (rear
panel}. Rotate main generator FREQUENCY dial from
fully ew to fully cow. Check oscilloscope display to
assure voltage level varies from 0 to 5 volis,

2.5 OPERATING PROCEDURE

No preparation for operation is required beyond completion
of the initial instaliation checks given in Paragraph 2.4 of
this manuat, It is recommended that a one-half hour warm-up
period be asilowed for the associated equipment to reach a
stabilized aperating temperature and for the Model 146 1o
attain stated accuracies. '

2.5.1 Operation as a Function Generator
MAIN GENERATOR

1 Terminate 505 QUT connector with 50 ohm +1%
termination.

2. Select desired waveform and mode of operation by
depressing respective FUNCTION and MODE push
buttons.

3. Set desired output frequency by setting the FRE-
QUENCY dial and FREQ Hz range multiplier to the
. respective positions.

4. Setect desired amplitude of output by setting the.

AMPLITUDE dial and VOLTS P-P muttiplier to the
respective positions.

5. Select the polarity of dc offset desired using the DC
OFFSET switch, and set the amount of offset using
the VERNIER control. If an excessive amount of dc
offset is used, waveform clipping may be observed.
The sum of peak waveform voltage and dc offset can-
not exceed the maximum rated output of the main
generator, Maximum output is 16 V peak to peak or
7.5 V peak above and below 0 volts, Offset plus peak
voltage cannot exceed 7.5 V. {See Figure 2.3.}

ANA
o

0 DC OFFSET

ov
. POSITIVE DC OFFSET
ov
NEGATIVE DC OFFSET
WAVEFORM
CLIPPING f
7.5V INTO 508
ov

EXCESSIVE DC OFFSET

Figure 2-3. DC Offset Control

6. Set SYMMETRY ADJUST control for desired sym-
metry or dissymmetry. The symmetry control can be
used to develop ramp waveferms with variabte rise-fall
ratios and puise trains with variabie duty cycle. By
using the sine wave with dissymmetry, controllable
sine distortion can be developed. Figure 2-4 shows
the effect of this control on output waveforms.

AUXILIARY GENERATOR

1. Connect oscilloscope to AUX CUT connector (600
ohm output impedance).
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SYMMETRY CONTROL AT NORM

SYNC L Ll e ar o p— _m.,.l_.

TRIANGLE

SINE

SQUARE Qule «--——-».-__._..,....I....

SYMMETRY CONTROL AT CW

SYNC

TRIANGLE
SINE

SOUA.RE O—rmu—lw——--H—w_..___I_.

SYMMETRY CONTROL AT CCW

SYNC | Gulm——-«-H——m.—qu

TRIANGLE

SINE G“W_.

SQUARE 0..!__,.__H_,,_._“ -

Figure 2-4. Waveform Phasing and Symmetry Control
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Select desired. waveform and mode of operation by
depressing respective AUX FUNCTION and AUX
MODE push buttons.,

Set desired output frequency by setting FREQUENCY
" dial and FREQ/PERIOD range multiplier.

Qutput signal should be 5 volts p-p into an open cir-
cuit, or 2.5 volts p-p into 600 ohms.

2.5.2 Oporation as a Frequency Maodulated, Sweep or
Voltage Controlled Generator

The frequency of the Model 148 may be modulated or
changed in several ways as fallows:

1. Modulated around a center frequency.

2. Swept from a low to a high frequency or a high to a
tow frequency.

3. Freguency Shift Keyed (FSK).

These and other types of frequency modulation may be
performed internaily or externally. The auxiliary generator
provides the waveforms for the internal FM and the VCG IN
connector allows an external signal to be used for Fi.

Using the internal method of EM allows calibrating the
limits of the modulation using the FM LIMITS control.
This control spreads the caliper pointers to the desired
calibrated limits. )

The principle of operation is simple. An increasing voltage
causes the frequency to increass and a decreasing voltage
causes the frequency to decrease. Therefore, the type of
frequency modulation depends only an the waveform used
to FM. The following wavetorms as selected from the auX-
iliary generator provide the indicated moduiations:

A sine wave input will cause the main
generator to FM around the center fre-
quency (fc) by ar amount of Af {fn,-]).
The fc is the frequency as read off the
main dial under the top index. The fr is
the value as read adjacent to the caliper

"\J pointerson the main dial if internal modu-
lation is used. I external modulation is
applied to the VCG IN connector, the
amount of deviation, 2f, may be approxi-
mated using the voltage-to-frequency nom-
ograph shown in Figure 2-5, or may be
measured using a counter.

A square wave, or other dc shift, will
cause Frequency Shift Keying (FSK). The
frequency will instantaneously change to
_”.. ~ the two values as set by the pointers if
internal modulation is used or as deter-
mined using the nomograph in Figure 2-5,
if an external signal s applied to the
7 VCG IN connector,






A positive sloped ramp will cause the main
generator frequency to be swept from a
low to a high value, [f the internal auxil-
iary generator is used, these low and high
limits may be set by rotating the FM
;/1 LIMITS control in conjunction with the
‘ main FREQUENCY dial to achieve the
desired calibrated end points of the sweep.
The sweep limits are read off the main
FREQUENCY dial adjacent to the point-

ers,

A negative sloped ramp will sweep the
'\‘ generator from & high to a tow frequency
in the same manner as described above,

INTERNAL FM

Using the internal method of frequency modulating is
straightforward since the limits are calibrated. Note the
foltowing diagram.

FREQUENCY

@y, CENTER
FREQUENCY (f;}

L.OW S
LIMIT

o HIGH
LiMIT

FM
LIMITS

O

The following is a step-by-step procedure for internal FM:

1. Set the main FREQUENCY dial in conjunction with
the FM LIMITS control to the limits required by the
application. Up to 1000:1 frequency deviation is al-
lowed. The mechanical stops disallow incorrect set-
tings:

2. Select the waveform which is to be modulated by
depressing the appropriate FUNCTION push button
on the main generator.

3. Depress MODE — CONT push button on the main
generator,

4, Set the AMPLITUDE dial to the desired ocutput level.

E. Set the AUX FREQUENCY dial to the desired rate of
modulation.

6.  Select the desired modulating waveform by depressing
one of the AUX FUNCTION push butions.

7. Select the desired AUX MGDE.
8. Depress the FM push button on the main generator,
EXTERNAL FM

The VCG IN connector can be used to externally control
the frequency of the main generator.

NOTE

When using an external voltage to FM, the
FM LIMITS controf has no affect.

The nomograph in Figure 2-6 may be used to determine the
FM Hmits. 1 a positive voltage is applied to the YCG iN
connector, the frequency will increase from the FREQUEN-
CY dial setting. A negative voltage will cause the frequency
to decrease. The VGG range of the Model 146 is 1600:1 on
and FREQ Hz selector setting. With external voltage control
the frequency can be driven to 0 in any range, but below
1/1000th of full scale, stability is insufficient for practical
control. ‘ .

The nomograph in Figure 2-5 shows the characteristics of
the VCG circuit. Column A gives the FREQUENCY dial
setting, column B, the VCG voltage and column C, the
resuftant frequency.

in Example 1, the FREQUENCY dial setting is b and the
potential at the VCG IN connector is 0 volts. Extend a
straight line from 5 (FREQUENCY dial setting} through
0 volts (VCG voltage}. The result is an output frequency of
B {multiptied by the FREQ Hz selector setting).

In Exampie 2, the FREQUENCY dial setting is 5 and a -
varying voltage of —1 volt to +1 volt is applied to the.
VOCG IN connector. Extend a straight line from 5 {FRE-
QUENCY dial setting) through —1volt and ancther through
+1 volt {VCG voltage). The result is an output frequency

Ahat will vary from 3 to 7 {multiplied by the FREQ Hz

selector setting).

To obtain a meximum frequency change of 1000:1, such as
sweeping from 10 kHz to 10 MHz, proceed as follows:

1. Connect a counter, or oscilloscope, to the 500 QUT
connector.

2. Set the FREQ Hz selector to the X 1M position.

3. Turn the FREQUENCY dial cw to a freguency equal
to 0.1 of full scale {i00:1).

4, Rotate the frequency VERNIER control cow to reduce
the frequeney another 10:1, thereby providing a fre-
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FREQUENCY VCG IN 5002 QUT
SETTING VOLTAGE FREQUENCY
9.99 7 5V 0.01—

' + 0.1
.00+ + -4V ~+ 1
8.00- + -3V + 2
7.00-+ 2V L 3
6.00+ 1V -+ 4

ot
5,004 Example L | o 45
4.00 1V T 6
3.00-1 2V - 7
2.00—+ = 43V + 8
1.004- , e +4 V + 8
0.10— _J
4—001 ~ 45V —-10
{A) - {B} {C)

. Figure 2-5. VCG Valtage-to-Frequency Nomograph

quency equal to 0.01 of full scale, 10 kH: {0.01 X

1M = 10 kHz},

5. Connect a 0 to +5 volt ramp signal to the VCG IN
connector,

6. Observe that when the VCG signal increases to +5
volts, the output will have increased to a frequency
equal to full scate {10 MMz}, or 1000 times,

As another example, sweep down from 1 kHz to T Hz. The
. VCG input must be a 0 to —5 volt ramp signal with the
FREQUENCY dial turned to 10 and the FREQ Hz selector
set at X 100, or 1 kHz {the high frequency), At a —4.995
volt input, the generator will be at the minimum frequency
for the X 100 range (0.01 X 100 = 1 Hz).
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2.5.3 Operation as a Triggered Generator

2.53.1 MAIN GENERATOR TRIGGERED .
INTERNALLY

The main generator may be triggered internally or externaily.
The procedure for this made of operation is:

1. Depress AUX MODE — CONT push button.

2. Depress desired AUX FUNCTION.

3. Set auxiliary generator to the desired triggering fre-
quency. This frequency must be less than the main
generator frequency.

4. Set main generator to the desired frequency.

b, Select desired output waveform by depressing the
corresponding FUNCTION push button on the main
generator,

6. Set TRIG LEVEL switch to INT posifion,

7. * Depress MODE — TRIG push button,

8  Adjust TRIG LEVEL control so that the triggered
output IS present.

2532 MAIN GENERATOR TRIGGERED -
EXTERNALLY

When triggering the main generator externally, an external
source of £1 volt minimum must be connected to the main
generator TRIG IN connector. The procedure for this mode

of operation is: '

1. Connect an external trigger source {at least £1 V) to
the main generator TRIG IN connector.

2, Set external signal source to the desired triggering
frequency. This frequency must be less than the main
- generator frequency.
CAUTION
Input level should not exceed 50 voits peak.

3. Set main generator to desired fraquency,

4, Select desired output waveform by depressing cor-
responding FUNCTION push button,

5. Set TRIG LEVEL switch to desired negative {—) or






6.  Depress MODE — TRIG push button.

7. Adjust TRIG LEVEL control until triggering occurs.

2.5.3.3 AUXILIARY GENERATOR TRIGGERED
OPERATION

When triggering the auxiliary generator, an external trigger
source or the main generator may be used. The minimum
voitage requirement from either trigger source is 4 volts
peak. Minimum pulse width must be at least 1 micro-
second, and the slew rate may not exceed 8 volis per micro-
second. Inversion of the triggered output of the auxiliary
generator i push button controiled from the front pansl.
Depressing the TRIG push button on the auxiliary generator
(INVERT position) wili cause the triggered cycle to be
generated with a 180° phase reversal. The procedure for
triggered operation is:

1. Connect main generator or external trigger signal

source {sguare wave or puise} to auxiliary generator
TRIG IN connector,

2. Setmain generator or external signal source to desired
triggering frequency with at least 4 V peak amplitude.

CAUTION
Input level should not exceed 130 volts peak.
3. Set auxiliary generator to desired frequency,

4, Select desired output waveform by depressing cor-
responding AUX FUNCTHION push button.

5. Depress AUX MODE — TRIG push button.
2.5.4 Operation as a Gated or Tone Burst Generator
2541 MAIN GENERATOR GATED INTERNALLY

The main generator may be gated internally or externally.
Gating internally on a square wave will not allow changing
the number of cycles, due to the rapid rise time of the
wavefarm. tsing a sloping waveform in conjunction with
the TRIG LEVEL control will allow selection of any num-
ber of discrete cycles to be generated. The procedure for
this operation is as follows:

1. Depress AUX MODE - CONT push button.
2. Select desired triggering waveform (sine, triangle or

ramp) by depressing the corresponding AUX FUNC-
TION push button.

3. Set auxiliary generator to desired frequency. This
frequency must be lower than the frequency of the
main generator.

4. Set main generator to desired frequency,

5, Select desired output waveformn by depressing the
corresponding FUNCTION push button,

6. Set TRIG LEVEL switch ta INT position.
7. Depress MODE — GATE push bution.

8. Adiust TRIG LEVEL control until the desired number
of cycles in the burst is obtained.

2.5.4.2 MAIN GENERATOR GATED EXTERNALLY

When gating the main generator externally, an external
signal source of £1 voit minimum must be connected to the
main generator. This signal cannct be one with a rapid rise
time. Since the TRIG LEVEL control must be used to
select voltage levels, a triangie, sine or ramp waveform
should be used, The procedure for this mode of operation is:

1. Connect external signal source {sine, triangle or ramp)
to main generator TRIG IN connector,

CAUTION

Input level should not exceed 50 volts peak.

2. Set external signal source to desired frequency. This
frequency must be lower than the frequency of the
main generator,

3. Set main generator to desired frequency.

4, Select desired output waveform by depressing cor-

responding FUNCTION push button.

5. -Set TRIG LEVEL switch to desired negative (—) or
positive {+} position.

6. Depress MODE — GATE push button.

7. Adjust TRIG LEVEL control until the desired number
of cycles in the burst is achieved.

2543 AUXILIARY GENERATOR GATED
OPERATION

When gating the auxiliary generator, an external gating
source or the main generator may be used. The minimum
requirement for either gating source is +2 volis peak. A sine,
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triangle or ramp waveform should be used. Inversion of the
gated output of the auxiliary generalor is push button
controlled from the front panel, Deprassing the TRIG push
button on the suxiliary generator (INVERT position} will
cause the gated burst to be generated with & 180" phase
reversal. The procedure for this operation is:

1. Cennect main generator or external gating source 1o
auxiliary generator TRIG IN connector.

2. Set main generator oF exterpal signal source {sine,
triangle or ramp) to desired frequency and amplitude
{at least +2 volts peak]).

CAUTION

Input level should not exceed 30 volts peak.

3 Set auxiliary generator 10 desired frequency.

4, Select desired outpul waveform by depressing corre-
sponding AUX £UNCTION push button.

5. Depress AUX MODE — GATE push button.

6. Adjust main generator AMPLITUDE dial or external

signal source level until the desired number of cycles

in the burst is achieved.

2.6.5 Operation as a DC Voltage Source

The Modal 146 Generator may be used as a variable d¢
voltage source not 1o exceed 100 mA of current. The
AMPLITUDE dial is 2 calibrated control only when the
instrument is connected to 2 B0 ohm ioad. The procedure is:

1. Depress the FUNCTION — ™, and MODE — TRIG
push buttons.

2. Connect the 5082 QUT connector to the device Te-
quiring the dc voltage source.

3. Turn the Trigger Leve! Control fully cow.

4,. Rotate FREQUENCY dial so that 10" is under the
index {oscillation may occur at the bottom of the
dial}, Maximum jevel of £15 V can be obtained into a
5082 toad.

5. The dc level may be adjusted using the AMPLITUDE
dial and/or the DC OFFSET controls.

2.5.6 Operation as an Amplitude Modulated Generator

The Model 148 may be internatly or externally amplitude
moduiated. I the auxitiary generator has the desired wave-
form describing the envelope and the desired frequency
range, then the main generator shoutd be amplitude modu-
fated internally using the auxitiary generatar.

if the auxiliary generator is not sufficient as the modulating
source, an external signal may be applied to the VA input
connector,

In order to hetter understand the AM operation of the
Modet 146, please note the following:

A means Voitage Controlied Amplitude. Voltage con-
rrolied amplitude implies amplitude modutation. The VCA
signal originates either internally from the auxiliary genera-
1or or externally via the VA IN connector. This VCA signal
is summed with the dc level selected by the p-p AMPLITUDE
dial. By rotating the AMPLITUDE dial. a different dc offset
is applied to the VCA signat. Now the VCA signal with its
otfset is ‘multiplied times the carrier signal which originates
from the main generator. The product of these two signals
gives the AM output. Figure 2-6 shows the block disgram
describing the algebraic process.

AVEAVE AN E

OUTPUT
- WY

X

*\yCA may be provided either

internally (auxiliary genera-
Yo tor) or externaily {external
sourcel.

P-P AMPLITUDE
A
VOLTS

Figure 2-B. ¥.Y wultiplier Block Diagram

The VCA signal is Y, and the do level from the p-p
AMPLITUDE dial is Ys. Hence, Y = Y, + Y des-
cribes the envelope of the AN outpul, X is the carrier
waveform; therefore, ¥+ Y = AN output.

Figure 2-7 shows several amplitude modulated oulputs cor:
responding 1o various VCA signals. Note that the percent of
modulation may be determined by two factors: the amount
of carrier amplitude provided by the AMPLITUDE dial as
indicated by the fixed pointer and/or the amplitude of the
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VCA SIGNAL AM OUTPUT

100% modulation
{Same as B, except carrier hes 180° phase reversai}

less than 100% medulstion

(Same as A, except carrier has EBOD phase reversal)

Figure 2-7. Amplitude Modulating tnput and
the Resultant Output

modutating waveform. When modulating internally, the per-
cent of modulaticn is established using both the pp
AMPLITUDE dial and the AM LIMITS contral. The p-p
AMPLITUDE dial is providing carrier amplitude and the
AM LIMITS control is varying the amplitude of the modu-
fating waveform from the auxiliary generator, These pointers
are calibrated, and the percent of modulation may be
determined as follows (see Figure 2.7, Diagram A}:

oSS s e R i+ rvstIA LT

A—B

T2 X 00 = %of AM

A+B

where A = the position of the left
hand pointer

and B = the position of the right

hand pointer

For example, the following AMPLITUDE diai and pointer
positions provide the modulation shown in Figure 2-7.

When modulating with an external waveform, the AM
LIMITS control does not controt the gain of this signal and,
therefore, the pointers may not be used to calibrate the
amount of medulation. The gain must be adjusted exter-

nally. The p-p AMPLITUDE dial is the only control to set.

the amount of modulation.

Figure 2-8 provides a nomograph for several different exter-
nalty applied moduiating waveforms. {t allows you to deter-

* mine the peak limits of the amplitude modulated output.

The following examples are provided for clarification:

Exampie t displays suppressed carrier modulation. The input
must be symmetrical about ground of the Model 146. See
Figure 2-7, Diagram C, for a display of the VCA input
waveform and the resultant modulated output.

Example 2 shows 100% modulation. The envelope is 4 volts
peak to peak. The input sine wave is 2 voits p-p with the
negative peak egual 1o zero as referenced to signal ground
of the Modet 146, See Figure 2-7, Diagram B, for waveform
display. ’

Example 3 illustrates the effect of using the AMPLITUDE
dial together with a VCA input. The result is fess than 160%
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p-P AMPLITUDE
SETTING

107

Figure 2-8.

VCA
i

INVERTED OUTPUT |

¢ 10

{180° phase reversail
(P-p)
™
~ v
...... — ..;; ch "
~
~ .
\ »h
N
~
~ .
~
.
~
N “
NORMAL
QUTPUT
(P-P}
_:s. 10

Amplitude Modulation Nemograph
for an External input

modutation, since the AMPLITUDE dial has offset the VCA
input above signal ground, The effect is shown in Figure 27,

Diagram A,

The following step-by-step procedures may be used to set up
the generator for internal ov external AM.

2-14
a/74

NOTE

The AM LIMITS control which spreads the
caliper pointers around the AMPLITUDE dial
is only used when modulating in ternally. Depres-
sing the AM push button enables this control.
An external input to the VCA is not affected
by this control,

INTERNAL AM

Depress the desired FUNCTION push button to select
the carrier waveform.

Depress the MODE — CONT push button. You may
also operate in the TRIG or GATE mode for other
applications.

Depress the AUX MODE - CONT push button.

Depress the desired AUX FUNCTION push button to
select the maodulating waveform.

Set the carrier frequency using the main generator.

Set. the modulating frequency of the envelope using
the auxiliary generatlor,

Depress AM push button,

Vary the AM LIMITS control and the p-p AMPLITUDE
dial to set the desired amount of modulation.

EXTERNAL AM

Depress the desired FUNCTION push button on the
main generator to select the carrier waveform.

Depress the MODE — CONT push button. You may
also operate in the TRIG or GATE mode for other
apptications.

Set the carrier frequency using the main generator.
Be sure the AM push button is in the out position.

Connect the modulating waveform to the VCA input

connector.

The percent of modulation may be varied using the
AMPL;{-TUDE dial on the main generator.






FREQ/PERIOD Switch X 10 Hz
AUX FREQUENCY Dial . . . . . . 10
AUX FUNCTION Selector . . . . N
AUX MODE Selector CONT
AM Switch | released {off)
MGDE Salector e TRIG
FUNCTION Selector . . . . . . AN
FM Switch . N . released {off)
SYMMETRY ADJUST . {rear panel) OFF
PWR | depressed {on}

4.4.2 Power Supuly Regulation

1.

4.4.3

4.4.4

Connect ac power to the instrument and connect the
voltmeter leads to TP1 (common} and TP2 (+15 V)
on the power supply board.

Adjust R21 for a reading of +15 Vdec %20 mV.
Check the voltage at TP3 for —156 Vde %50 mV, at

TP4 for +28 Vde 2400 mV, at TPS for —28 Vdc
+400 mV, and at TP8 for +6 Vde 1060 mV.

Auxilizry Triangle Amplitude
Connect the oscilloscope with a BNC cable to AUX
OUT {unlpaded). Use a peak mV measuring capa-

bility plug-in module in oscilloscope.

Adjust the triangle amplitude to 22,5 V 250 mV using
R42 {+) and RGBS (-},

Auxiliary Souare Wave Amplitude:
Depress AUX FUNCTION J1 and adjust the square

wave amplitude to £2.5 V 25 mV using R98 (+} and
R110 {—).

3 Audliary Freguency Dial Alignment

Set AUX FREQUENCY dial to 10.

Set FREQ/PERIOD switch to X 100 and adjust #10
to obtain 1 kiz 21 Hz.

Adjust R10 for eptimum frequency on X 100, X 10,
A 1, and X 0.1 of FREQ/PERIOD switch.

Set FREGQ/PERIOD switch to X 1K and adjust £10
For 10 kHz £10 Haz,

Set FREQ/PERIOD switeh to X 10K and adjust C12
for 100 kHz £100 He.

10.

Set FREQ/PERIOD switch to X 10, AUX FUNCTION
selector to o7 , and adjust R26 to obtain 100 Hz
0.1 Haz.

Sei AUX FUNCTION selector to Ny and adjust
R30 10 obtain 100 Hz £0.1 Hz.

Set AUX FREGQUENCY dial to 1 and adjust R1 to
obtain 10 Hz 20.1 Ha.

Set AUX FUNCTION selector to o1 and adjust
R35 to obtain 10 Mz #0.1 Hz.

Repeat steps € through 10 until all frequencies are
correct.

4.4.8 Auxiliary Sine Distortion, Amplitude, and Balance

1.

Set AUX FUNCTION selector to N, , FREQ/
PERIOD to X 100, and FREQUENCY dial to 10.

Adjust R61 to balance output,
Adjust RB7 to obtain 5 V p-p £10 mV output.

Connect the test equipment as shown in Figure 4-1,
Model 148 connects to the AUX OUT,

MODEL 146 CSCILLOSCOPE

Vi, Q
AU QUT CHANNEL A 1IN

OR 502 0UT

o
| CHANNEL BIN |

o

o
INPUT - ouTPUT

DISTORTION
ANALYZER

T AMALYZER
CUTPUT

VG148
£ sonout

Figura 4-1.

Distortion Analysis Test Setr Unp

A

Adjust R28, B53 and R55 for minimum sine distor-
tion,






6. Repeat steps 2 and 3 to obtain £2.5 V %5 mV.
4.4.7 Triangle Amplitude Adjustment

1. Set MODE selector to CONT and AUX MODE selsc-
o7 to TRIG.

2. Connect a X T oscilloscope probe to TP7T { A ).
Use a peak mV measuring capability plug-in maduie
in oscilloscona,

3 Adjust the triangle amplitude to £1.25V 25 mV, using
R96 {+) and RYS {-),

4.4.8 Freguency and Time Symmetry Calibration

T Set FREQ Mz o X 10K, FREQUENCY dial to 10,
and frequency VERNIER to CAL.

2. Adjust RS fo obtain 100 kHz £160 Hz.

3. Turs FREQUENCY dial to 1/100 of full scale and
verify accuracy with oscilloscope. While opening and
shorting the VCG N, adjust R35 for minimum fre-
quency shift,

4, Adjust time symmetry within 0.1% with R18.

5, Set FREQUENCY dial to 1 and adjust R34 to obtain
0 kHz £10 Hz.

Check for 1000: T EM operation. 1f necessary, readjust
R34 to maintain 1000:1 operation and requirements
in first paragraph of Step b.

G. Repeat steps 1 and 4, as necessary, for accurate fre-
guency at 10 and 1 on the dial.

7. Set FREQ Hz to X 1M, FREQUENCY dia! to 10, and
adjust C31 to obtain an output frequency of 10 MHz
+10 kHz. Check frequency accuracy from 1 to 10 on
the dial and readjust C31 to split the error, if necessary.

8.  Set FREQ Hz 10 X 100K, FREQUENCY dial to 10,
frequency VERNIER to CAL and adjust C42 to ob-
tain 1 MHz %1 kHz at the output. Check frequency
accuracy from 1 to 10 on the FREQUENCY dial and
readjust C42 to split the error, if necessary.

9.  Set FREQUENCY dial to 10 and frequency VERNIER
to CAL position,

10. Set FREQ Hz to X 1K and adjust RG to obtain 10 kHz
10 Mz,

11. Set FREQ Hz to X 100 and adjust R7 to obtain
1000 Hz 1 He,

12.

14.

10.

1.

Set FREQ Hz to X 10 and-adjust RE to obiain 100 He
+0.1 Hz.

Set FREQ Mz to X 1 and adjust RZ3 1o oblain
10 Hz £0.01 Hz.

Adiust RZ3 for optimum frequency on X 1, X 0.1,
KG.O1, X2.001 of FREQ Hz sslector.

Set FREQUENCY diat fully cow, frequency VERMNIER
to CAL and FREG Hz to X 1.

Adjust K73 for 0.1% time symmetry.

Sine DHstoriion

Set FREQ Hzto X 100, frequency VERNIER to CAL,
FUNCTION selector to Ny, and FREQUENCY dial
1o 10,

Connect X 1 oscilloscope probe to TP3 { Ay .

Adjust R141 so that the dc offset of the sine am-
plifier is zero.

Connect the sest equipment as shown in Figure 4-1.
Model 146 connects to the B0 QUT.

Adjust R134, R136 and R136 for minimum sine wave
distortion.

Set FREQ Hz to X 1K and readjust B134, R135 and
R136 for optimum sine distortion.

Alternately parform steps 5 and 6 until the least
amount of sine wave distortion is obhtained ¢n both
ranges {typically 0,14%).

Connect oscilloscope probe to TP8{ N, ).

Adjust R159 for 2 2.6 V pp £b mV s:gna% cutput
from the sine amplifier.

Readjust R141 so that the d¢ offset of the sine am-

plifieris 0 V 26 mV.

4.4.10  X-¥ Multiplier Adjustment

Set FREQ Hz 10 X 100, FREQUENCY dial to 10 and
FUNCTION selector to A,

Turn AMPLATUDE dial to null waveform at 5082 OUT
{foaded with 50OSY).

Adjust R231 for 0V 210 mV,

4.3
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10.

1.

T4,

Set amplitude to 1 V p-p and decrease amplitude
until the straight sides of the triangie wave become
parabolic. '

NOTE

Avoid decreasing the amplitude so far that the
wavefarm folds over into a null.

Adjust R201 for an unwarped triangle,

NOTE

It s not necessary to perform step § with
great care at the initial higher amplitudes.

Repeat steps 4 and B until the trisngle is down to
about 50 mV p-p.

NOTE

{t is normsl for the 50 mV triangle to be fuzzy
end somewhat distorted, but the potentiometer
should be set for optimum lincarity. Increase
osciffoscope sensitivity as necessary to observe
the sigral.

Feadjust R2371 for 3V 210 mV.

Set AMPLITUDE dial to 9 and adjust 89 on switch
board to null waveform at 5080 OUT.

Turn AMPLITUDE dial to either 10 and adjust tri-
angle from 50§ OUT (loaded with 500Q) for 25 V
peak 25 mV with R228 (amplitude) and R2056
{calance).

Turn AMPLITUDE diat 1o other 10 and check to as-
sure waoveform s within £5 V peak #50 mV. If not,
reset H228 and RZ05 for optimum amplitude and
batance at both 10s.

Set FUNCTION selector to v and AMPLITUDE
dial 1o cithor 10,

Connuct the test equipment as shown in Figure 4-1,

Adiost RI1G5 for minimum sine distortion at both 10s
of the AMPLITUDE dial.

Set FUNCTION selector to A, and repeat steps 10
through 13 for optimum amplitude and balance and
rinimin sing distortion,

4.4.11  Sqguare Wave Amplitude Adjustment

1.

a3

Set FUNCTION selectorto T, and set AMPLITUDE

dial to either 10,

Adjust the square wave amplitude from 508 QUT
{loaded with 5082} for £5 V 225 mV using R167 and
R169.

Turn dial to other 10 and check that waveform is
within £5 V 250 mV. If not, reset R167 and R169 for
optimum amplitude at both 10s.

-4.4.12  Sine Wave Amplitude and Balance Adjustment

Set FUNCTION selector to A, and AMPLITUDE
dial to either 10,

Adjust the sine wave amplitude from 508 QUT
tloaded with 5082} for £5 V %25 mV using R156%
{amplitude) and R141 (balance).

Turn AMPLITUDE dial to other 10 and check to as-
sure the waveform is within 5 V £50 mV. If not,
reset R155 and R141 for optimum amplitude at both
10s,

4.4.13  AM LIMITS Adjustment

Set FUNCTION selector 10 1, , MODE selector to
TRIG, AM LIMITS control fully cw, AUX MODE
selector to CONTY, AUX FUNCTION to [l , and
depress AM push button.

Adjust BB on switch board for square wave amplitude
at 5082 OUT (loaded with 5082} for 10V p-p 260 mV,

4414 Trigger Base Line Adjustmont

Set AUX MODE selector to TRIG and FUNCTION
selector t6 Ay ; release AM push button and turn
AM LIMITS controf fulty cw.

Adjust BR80 for 0V +5 mV at 500 OUT {leaded with
5C82).

Turn AMPLITUDE dial to other 10 and split the
error from 0 V by readjusting R890.

Set FREQUENCY dial to 1/100 of full scale and
adjust R257 to set base line to O V £ error acorued in
stop 3.






Check to assure base line remains within 100 mV &t
all FREQUERNCY dial setiings from full scale to 1/108
of full scale.

o1

L4105 GOV OUT Adiustment

1. Set MODE selector to CONT and FREQUENCY dial
to 0.

2. Adjust RH2 1o obtain +5 Yde 10 mV a1t GCV QUT
connector,

£.4.18  High Freguency Response Adjustment

1. Set FREQ Hz to X 0.1M, FREQUENCY dial to 10
and FUNCTION selectorto M,

2. Adjust C85 for optimum square wave, without peak-
ing, frem BV pp 1o 10V pp output amplitude,

3. Set FUNCTION selector to A\,
to 10 and FREQ Hz to X 1M

, FREQUENCY dial

4, Adjust C26 to obtain 10 V p-p output amplitude.

Symptom Corrective Action

Blown Line Fuse

4.5 CORRECTIVE MAINTENANCE

This portion of the manual presents a sysiematic appreach
0 troubleshooting. ttis composed of two parts. Part one
{see 4.5.1) is a qguick guide for locating the area of the
problem. Part two {see 4.5.2) contains 10 1abies which are
given &s detailed supplemants 1o part ene.

The following abhrevistions are used:

Symbot Feaning
B Base {ransistor)
-C Collector {transistos)
E Emitter (in.n%hm j
G Gate (FET)
S Source {F T
D Drain (FET)
CR Co Diode
Qn . - . . . . . .. Transistor number {n)
VGS . . . . Voltage between gate and source {(FET)
G Output terminal (flip-flop)
a {nverting output terminal (flip-flop)

4.5.1 Quiclk Trouble-Shooting Guide

Replace fuse, 1 it blows again, check the foilowing:

1. Solder bridge or wire connection shorted.

2. Q39 and/or 040 shaorted in output amplifier.

3. Bypass capacitors for power supply are sharted,

4. Foliow Table 4-2 1o locate the short in a particular power supply.

puery

+18 V Power Supply Malfunctions . Voltage low:

a. Transformer output low.
b. Extra current loading. Check for overheated and defective component in the

cireuit.

. Q2 is open.
CR10 is shorted.
IC1 is defective,
2, Voltage high:

~o o0

Q4 or 13 is shorted.

a. Power transistor Q1 or G2 is shorted,

- b, Q4 is open.

c. 1C1 is defective,

3. High frequency oscillation {MHz}:
a. C4or ChHat 1CT is defective.
b. One of the semiconductors in another part of the circuit is osciliating. Locate by
using hand to touch the most sensitive area of the circuit boards.
4, Large 60 cycle noise: defective filter capacitor, C1 or €O,

QOther Power Supply Malfunctions 1. Follow Tchle 4-2 to locate the problem to a particular power supply.
2. Use similar procedure for trotible-shooting as in the +15 V power supply

malfunctions.
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Quick Trouble-Shooting Guide (Continted)

Symptdi\d o

AN GEMERATOR

No Cutput Signals

No N , ™ or SYNC Output
™, Rise/Fall Time Abnormally

Siow

Frequency Accuracy Out of
Specification

High Freguency Quiput Has
Abnormal Ringing

High Sine Distortion at Low

Frequency

High Sina Distortion at High
Frequency

Unsymmetrical A,

Arnplitude Accuracy Out of
Snacification

TEIG and GATE MODE
inoperative

ALILIARY GEMNERATOR
Mo Aux Qutput Signal
ho Aux Ay Dutput

4-3
9/74

Lorrective Action . R

1.
2.
3.

Hno v signal is present at output of A, amplifier (G of OB}, follow Table 4-3

for trouble-shooting.

Check for faulty wiring to and from FUNCTION selector (switch board).

if no signal is present at R238 and R241 with the A, FUNCTION selected;
follow Table 4-10 to check out the X-Y muitiplier and Table 4-5 to check out.the
output amplifier.

Foliow Table 4-10 to check out the correspénding circuit.

4,

. Malfunctioning 7, amplifier. _
. One of the capacitors in the output amplifier is open.
. 85 {output amplifier} is not calibrated.

. Checit frequency calibration.. . L _
. Check for defective C34, C45 to C52, CR14 andfor CR16 on main board, if

problem isin X 10K to X 1 MHz ranges.

. Check capacitance multiplier, if problem appears.in X 0.001 to X 1 ranges only,

using Table 4-6.
Check VCG for frequency linearity probiem in all ranges, using Table 4-4.

Defective capacitor in output amplifier.

Fo

[

-

A, amplitude and time symmetry caiibration is off.
Deofective sine converter, .

. Sine converter or X-Y multiplier calibration is off,

1. M, also locks bad, if problem is in the cutput amplifier,
2. Defective capacitors C34 and C45 to CHE2in A, amplifier.
3.

4. Defective sine converter.

Defective C29 to 36 in sine amplifier.

Hlow Table 4-4 to check out VGG clrouit.

. Check calibration,
 Check X2 raultipiier, using Table 4-10.

. Check trigosr and gated control switches.
 check for correct signals in the trigger circuit, vsing Table 4-9.

Cifno Ay s present at Junction of 33 and R34, use Tabie 4-7.
JEoA,

signal is present at junction of B33 and R34, check FUNCTION switch
and wiring.

C1f mo Ay signal s present at pin 4 of 1CB {£125 mV), check for defective

sine converter (A1}

e P

T







CGusick Trouble-Shooting Guide (Continued)

Symptom

No Aux
{Cont}

v

No sux [T

Dutput

Output

TRIG and GATE MCDE

fnoperative

4.5.2 Trauble-Shooting Guide Tables

4521

POWER SUPPLIES

Corrective Action

2, Hno %y

3.

i ono

L1t

and associated circuitry,

A,

I

(120 — 022 and gssociated circuitry,

witing.

bise Table 4-7.

Use Table 4-2 to localize the problem to a particuiar power
supply ang associated loading circuitry. In some cases, it is
necessary to turn on the power of the unit no more than one

. Check trigger and dated control switches.

signal is present at pin 12 of IC5 (2.5 V peak), check for defective ICH
signal is present at pin 12 of IC5, check FUNCTION switch and wiring.
signal is present at the emitter of 022, check for defective 107,

signal is present at the emitter of 022, check FUNCTION switch and

or two seconds at a time to pravent it from blowing fuses
and further damage circuit components,

NOTE

Be sure to use the correct ground in the follow-
ing voltage checis.

Table 4-2. POWER SUPPLIES

BOWE
58?9?5( | POWER ON &
CHECK FUSE BLOWN?
YES NO
REPLACE » N
FUSE & TURN +15vsupPLY [YES —15vsuppLy |YES! 423 vsurpLy (YES! _ogy guppLy |VES
POWER ON NORMAL? “1 NORMAL? NORMAL? "I NORMAL? -
FOR 1 SEC ¥
ONLY
NO NO NO NO
3 bl % w k4
TURN ON PROBLEM PROBLEM PROBLEM PROBLEM
FUSE BLOWN | NO | POWER FOR 1 IN+15V IN —~15V N +28 V N =28V
AGAIN? Bl SEC AT A TIME. SUPPLY OR SUPPLY OR SUPPLY OR SUPPLY OR
IF POSSIBLE, ITS LOADING ITS LOADING ITS LOADING ITS LOADING
CHECK THE CIRCUITRY CIRCUITAY CIRCUITRY CIRCUITRY
YES FOLLOWING
! !
CHECK FOR CHECK FGR PROBLEM
SHORTING SHORTING +5V SUPPLY | NO| IN4+BV
TRANSFOR- B POWER TRAN- NORMAL? ®1 SUPPLY OR
MER & POWER SISTORS ON ITS LOADING
SWITCHES REAR PANEL CIRCUITRY
OF CHASSIS
4-7
9774






Table 4-3. TRIANGLE AMPLIFIER, COMPARATOR, AND HYSTERESIS SWITCH

TROUBLE- MAKE SURE CHECK FOR CHECK FOR
suooTing | Mo | YES CIRCUIT |YES| TRIG & GATE DEFECTIVE DEFECTIVE ¢34 OR CR4
vCG CIRCUNT (] WORKING ¥ SWITCHES TRANSISTORS | COMPONENTS 1S SHORTED
| (TABLE 24) NORMALLY? ARE NOT a6 To Q12 CRS, CRB.....vee
PUSHED IN _— ;
Y T 3
- "4 YES J NO NO
TROUBLE- ALL POWER VOLTAGE AT | CALIBRATE -
SHOOTING | NO JUNCTIO YES] SHORTG VOLTAGE aT [YES VOLTAGE .j
i} SUPPLY CTiON OF 06 2 AT E OF Q10
POWER ¥ VOLTAGES cratachag |7 OF Q67O "l eorarTo b Sl
SUPPLIES NORMAL? <-1.25V? GROUND =20, BY RBO :
{TABLE 4-2} s
Y MO YES 1
NO 5 4
N N, PROBLEM IS N 1 EOFQIS | ¥
fN THE TRIG- AMPL | =m+24va ¢
GESW"_}TEQ'; GENERATOR GEH LOGIC ISNORMAL | | EOFQ2! —® &
LOOP CHED RUNNING? OR BASELINE Ao 0.4 V2
S . COMPEMNSA- ,
YES TION CIRCUIT ' - ‘:3
L - k
SEE OTHER . EQOF QI5 ¢
TABLES FOR CRY!S N0l VOLTAGE NO| ~ 24va YES |
ABNORMAL OPEM OR % ACROSS CRO ¢ OF Q21 (1)
A, WAVE- SHORTED =T V? v
FORN
LFOBRM Tee
b
R CHECK FOR
coF 17 |NO| CHECK FOR BEFECTIVE
- s DCFECTIVE SIS TORS
EeER T AL Ql7 & CR1B TRANSISTORS
L Q15 70 Q21 &
CAPACITORS
lYES )
N GENGK. REPLACE { - %HECK FOR
SEE OTHER - REPLACE EFECTIVE Q15
A NEFECTIVE 76 OR Q16 DEFECTIVE Q15
TABLES FOR C10 018, Q19 & Q21
| ApnORMAL N
b i [ A
PYES 1 O NO NO
DASCONNCL VOLTAGE AT 016 SHOULD {?2:‘%&;1?({)}!; CHECK FOR
e SHORT J\] f TRUT MO b p% ] ‘mm S .‘,: J - ,’ ’
AL Se IR gruz”x;n T PINS 3RO OF BE ON % 020 015 5 2.4V, Ca cais
b oFas IC1G A3V OFF E oF Q2 Q162 Q20
H ; CAEIEAM L
! YES & G TES
L ' YES [vES
. i e I VOLTAGE AT VOLTAGES CRE1S
@i\fﬁ VOLTAGE AT T5H g or Qs HO | ACROSS RITY SHOATED
&5 f;?:;f{?? Mway v RELOW ] ] 1 V. ACHOSS OR 1C10 18
R R B 020 129 =0 VY DEFECTIVE
l Lo :







Table 4-3. TRIANGLE AMPLIFIER, COMPARATOR, AND HYSTERESIS SWITCH (Continued)

WITH Q19 DFF, e fon
QO SHOULD | ... . . CHECHK FOR
REPLACE 1o NOT e on & Y i MO ereerive ats
ot 020 E 2] R 24V,
€O/ Q2 Q16 OFF E OF Q15 418, Q15 & (23
N mAD.4 NV
YES -
o VOLTAGE VOLTAGE CHECK FOR g
: ATGATEOF | ypg ATBOF G20 |NO | ACROSS Ri2g |YES DEFECTIVE |
@+ Q7 VOLTAGE Bl 207 v BELOW 2V, ACROSS " CR14, R,
<125 V7 BOF Qig? R11T 207 Q16 & Q70
NO
% %
MUST BE BE. PROBLEM CR71S
TWEEN 21.25V. [yq STILL IN Ay SHORTED
1S VOLTAGE B AMPL; BACK OR 1610 1S
AT G OF Q5 TO START BEFECTIVE
ALSC 8E- OF THiS
TWEEN +1.28Y? TABLE
VES
MAKE SURE CHECK £0R CHECK FOR
VEG ¢ DEFECTIVE
CG CIRCUIT o snomTED N
@+ s orenaTinG B ™ CR10TO CRI3,
1S OPERATING 30 OR €31
NORMALLY CR47 & CR48







Table 4-4. VCG, CURRENT SOURCE, AND TRIG BASE LINE CORRECTOR

SETFREQTO
10X 1 ke,

B e b g
TRIG O GATE

SHITCHES OFF

W

VOLTAGE
ACRHOSS A4

NO

= VOLTAGE
ACROSS 8362

BV

N "WJ_\? ES

4

= OF Q48
=RANT

MO

7

THIS CHRCUIT
15 NORMAL

IF (48 1S ALSO
MORMAL

CHECK FOR
DEFRCTIVE
Q46 & Q48

it GOMPONENT
$

;
o
M

TROUBLE-
SHOOTING REPLACE
POWER LEAKY Q13
SUPPLIES
£ &
NO NO
POSITIVE
VGG ALL POWER VOLTAGE \/ESM CURRENT REPLACE
CHECK SUPPLIES ACRQOSS B SOURCE LEAKY Q14
MNORMAL? R16 =07 15 0K GEND
YES L& £ &
¢ ? YES W MO
SET FREQTO MEGATIVE
. VOLTAGE
10 X 1 kHz, PIN 2 OF PIN 2 OF YES! ACHOSS YEE’:: CURRENT
TRIG & GATE 1 K3=+10V? 108 = —10V? - RG7 = O7 SOURCE
SWITCHES OFF : oo - - i 15 0K,
J NO NO-
i . .
&
. 7
Vo lJmGEsm sEsl VOLTAGE vieg| VOLTAGE vest VORTAGE  |yps| VOLTAGE YES
ATVURGHUN 5l AT PIN 2 OF  bees| ATPIN 30OF » AT PIN 20F AT PIN 3OF ~2(T)
G‘”Jﬂ% ?W 102 = O V? I3 = +10V? 07 = <5 V7 iC8=~10V?
40 = -5 V7
o NO [ Mo NO NO
i i k-4 7
CHECK FOR . CHECK FOR . . CHECK FOR
PEFECTIVE VOLTAGE DEFECTIVE VOLTAGE  Vvgs | orrecTIVE
SR ACROSS o ACROSS ‘
a1, 102 & Q2,107 & 0~ 2 iCB. CR3 &
ASSOCIATED RIT=0V? ASSOCIATED RE0 =0V ASSOCIATED
CIRCUITRY CIRCUITRY CIRCUITRY
MO vES MO
hird k f.
REPLACE IEPLACE
LEAKY Q1 LEAKY Q2







QUTPUT AM-
PLIFIER PER-

CHECK

FORMANCE /

Table 4-5. QUTPUT AMPLIFIER

SET FUNCTION

VOLTAGE AT

CHECK FOR

NQ

TROUBLE-
SHOOTING

KN MUL-
TIPLIER

NE

g{j LPOWER Avpslro 7, ,0FF- | | soFoa3s no L s
UPPLIES SET 70 0, B oF »| DEFECTIVE
NORMAL? AMPLITUDE i3V Q32 8 Q33
DIAL TS 1G, FROMN i~ ?
NO MODE TO TRIG
YES
hil Y
g}rg}ﬁ};e VOLTAGE AT | 8o | CHECK FOR
A CR2E & RUOG =] DEFECTIVE
POWER REONP 1014
SUPPLIES '
YES NG
CHESK FOR B GF Q35 QUTPUT AT N
SHORTED c8p, | NO A1V & (YES| 5000uUT 1S ‘ i’i?:{ OR CR30
83, 035, 035 & [ BOFQ3s ¥ eiTHER 410 seHORT 10
ITS BIASING .19 V7 OR = 10V? GROUND I =0
CIRCUITRY vis
wr
REPLACE THE | NO zfgng’;?f’?
TRANSISTOR N'msf{:{\{“fl\.;p
YES
%
CHECKFOR IYES| agyissat |NO| qagissar. |[NO| CHECKFOR
DEFECTIVE 1w URATED? P URATED? 4 DEFECTIVE
Q37 & Q38 f Q3% & Q40

! THEN AMPL
SHOULD 8
OK.SET

| OUTPUT TO
( N, &TRY

4-11







CAP MULT
PERFOR-
MANCE
CHECK

Table 4-6. CAPACITANCE MULTIPLIER

SEE TABLES CHECK FOR
§§8§$}§g 43, 4-4 FOR DEFECTIVE
VEG CIRCUIT LOW FREQ iC4 & ASS0C

PROBLEM CIRCUITRY

311- F-X E:
NO YES NO
PROBLEM
sHOWS UP  |YES| SET FREQTO | generaTOR [ NO| SHORTPIN 3 NO|  pinsOF
ONLY AT X 1, "1 X 1Hz RANGE 1 RUNMNING? OF IC4TOGND - 1IC4=0V?
X 0.1, X 0.0
& ¥ 0.001
RANGE? YES
v
UL
104 1S OPER- VOLTAGES AT lves gf\:;g” T REMOVE THE
ATING NOR- » GiOF Q3= B ORMAL B SHORT AT
. PIN 30OF 1C4
MALLY G2 OF Q3?7 ' Q4 & 05
41
s MNITRMAL
N
REPLACE (13 & CHECK FOR
. am SYES]aurew NO "

REMOVE THE | CHEQK FOR "1 DEFECTIVE

SHORT AT ) DEFECTIVE Q3 TiOI09 & ASSOC

BN 3 OF iC4 CIACUITAY

L
v

ol

B3

P ]

[R———






Table 4-7. BUXILIARY GENERATOR

NO N CHECK FOR
QUTPUT .| LOOSE OR
AT JUNCTION T OPEN AP
OF R23 & R34 PR CON-
b e MECTION
&
TROUBLE- . | e CHEGK WIRE
SHOOTING [ NO f.i;if;li ?ﬁi f COMNED-
POWER MORIAL? TIONS TO
SUPPLIES A AUX DAL
YES
] NO
SET FUNCTION VOLTAGE AT | ,..| CHECKFOR
TO N ,FREQ JUNCTION OF 17521 DEFECTIVE
TO 10X 100 Hz R0 AND R15 107 & ASSDE
WITH TRIG & =B V? CIRCUITRY
GATE OFF &
@
] NO 4
AMPL & CLANE] 1 EOFQ2= e ) 1
mrEGRATOR DES]  usvwoy [NO) YOLTAGE AT eS| goroa-  NOT pe RECONNECT
L HEYSTERESIS SOUUARE b Zievr ¥ +H5 Y OR OV7 ‘ 1c2, 01, Q2, ARdE PIN 27
SWHTCH O.K. WAVE? i1 =45 03 OR ASSOC
| CIRCUITRY ;
YES | S 5
¥
CHECK FOR ] VOLTAGE AT YOLTAGE AT - .. THSCONNECT OHEQK FOR
perecoTive  YES| wuncTion oF [YES| pin 11 OF Ice= [YES] PINZOE (T cwppiN gz (IO ) pereCTIvE
otraison | 95 AND AMP | 1V RIORE K iC3=+2.5 V7 P 2 OF “11cy, ic4, 0407
ASSOCIATED R T MEGATIVE 2R 25 V7 OR ASSOC
CIRCIHTRY O THAN PIN 3 YES CIRCINTRY
OF IGB? E
éwo (b
YES % X
VOLTAGE AT CHECK FOR
CHECK MODE £
JUNCTION OF [ NGO ~ DEFECTIVE
RO5 B AMP Pl SWITCHES ON (4 @+ 16, B, Q9. 5 (2)
PIN 7 R OV? SWITCH BD Q14-016 OR
: ASSOCIATED
CIRCUITRY
NO NO
_ GENERATOR APPL WAVEEORM GHECK FOR
VOLTAGE AT \YES| ERee RUNS | NO TREGY 1 AT JoncTiON |YES! DEFECTIVE
i’jN 11 OF K26 WHEN TRIG I INPUT "1 OF ROG & AMP 1 a1o13,Q17-
=85 VT OR GATE DE- PIN 7 = TRIG Q19 OR ASSOC
PRESSED WITH INPUT FOR CIRCUITRY
NO TRIG INPUT GATED & DIF-
; FERENTIAL
PULSE FOR
TRIG INPUT
AUX MODE SQUARE WAVE
TRIG & GATE

INOPERATIVE
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Al LIMITS
PERFORM-
ARNCE CHECK

FMOLIMITS
PERFORM-
AMNCECHECK

Table 4-8. AM_LIMITS AND FM LIMiTS CONTROLS

MAIN BOARD E SWITCH BOARD
MAN GENER- es AUX GENER- i AUX GENER- CHECK FOR
ATOR WILL o AUX GENER- ["ES. AvoR ouTPUT NO ;| AToR ouTPUT|[YES| DEFECTIVE
NOT AMPLI- ATOR O.K.? AT R202 & £l arrINGOF SW10 & WIiR-
TUDE MODU- AMP PIN 25 | 1Ic1? ING TO MAIN
LATE INTER- JUNCTION? BOARD
MALLY NO NO
% i %
FOLLOW CHECK FOR 1| AUX GENER- | CHECKFOR
AUXILIARY perecTIVE  [NO 51 ATOR oUTPUT |7E3] DEFECTIVE
GENERATOR, AM LIMITS | ATRBUWIRE | | ICT&ASSCC
TABLE 4.7 POTENTIO- % #29 JUNCTION? CIRCUITRY
- METER a
NO 5
MAIN GENER. | AUX GENER- AUX GENER- | CHECK FOR
ATOR WILL 1 AUX GEMER- {YES| avor outeuT | NO 21 AToR ouTPUT[YES] DEFECTIVE
NOT FRE- 1 ATOR O.K.? AT R84 & Y] AT PIN 8 OF "l SW2 & WIR-
QUENCY AMP PiM 6 1027 ING TO MAIN
MCDILATE Ay JUMNMCTION? 5 BOARD
I TERNALLY NG
L]
-
ves I Auxeener. || SHECKTFOR
: - o ™ DEFECTIVE
ATOR OUTPUT oy .
1 wiAE 7 102, FNLIMITS
: R o POTENTIO-
METER &
% ASSOCIATED
§ CIRCUITRY

45.2.2 TRIGGER AMD GATED LOGIC TIMING

For trouble-shooting the trigger, set the generator to the
GATE MODE. (Rofer 10 Table 4-9.) Draw a vertical line on
the timing diagram along t, or t,, depending on whether

414

the TRIG IN signal is low or high, and check for cosrect
voitage levels according to the timing diagram,

After the GATE MODE has baen checked, the TRIG MODE
can he checked in the same way, bul concentrated in the

055, Q56 area.
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Table 4-10. KEY SIGNAL AND VOLTAGE

A AMPLIFIER, COMPARATOR AND HYSTERESIS

SWITCH
Test Point Typical Voltage
G of OB 25Vpp N, 0Vde offset
G of Q7 25V pp A, ,0Vde offset
Eof QI10 28V pp A, = +7 Vdc offsat
Pins 1 aind 4 See Tabie 4-11.
of 1C10
Pins 2 and B -3V
Pins 3 and 8 -3V
Eof Q16 +6.8 Vdc

8 of 016 and Q20
Eof 016 and Q21
Eof Q17
Rii18and R125
junction
So0fQi3

SofQi4d

Tout Polnt

See Table 4-11,
See Table 4-11,
+H10V
-3V

+10 V to +15 V, dependent on fre
quency setting

quency setting

XV FULTIPLIER

Tyoical Yoliage

R196
Pin G of 1011

Pin 6 of 1C12

Pins Jand 13
of 1C13
Pin 1ot iC13
£ of 032 and
E ol Q33
Pin 14 of 1013

N G0

Tast Point

Selected signal (A, , A, , T4 )

+11 volisto —11 voits, depandent upon
ANMPLITUDE dial setting

+2.5 volts to —2.5 volts, dependent
Cupon AMPLITUDE dial setting

Selectzd signal cutput +4 Vo offset
Selected signal output +13 Vdo offset

amplitude dependent upon setiing
2§ Wde

MVERTER AND AMPLIFIER

Typical Voitags

Pin 2 of A1

Pin 4 of Al

Pin 1 of Al

Pin & oof A1

HI55 and R1B6
nction

Bof Q24 and 025

Sse Table 4-11.-

+14 Y

14 Y

250 mVY pp A, 0 Vde offset
25Vpp A, ,0Vdeoffset

+8Y

—10 V to —15 V, dependent on. frg-

SYNC AND SQUARE AMPLIFIER

Test Point

Typicat Voltage

R165 and R166 2V
junction
CR23 cathode 1.2V 'L_
R175 and R176 126V 1,
junction
CUTPUT AMPLIFIER
Test Point Typical Voltage
B of Q3% +19 Vdce
E of Q37 +19 Vde
B of Q36 —19 Vde
£ of Q38 -19 Vdc
R238 and R241 Main output, £10 V maximum
junction

VOG AMPLIFIER AND TRIGGER BASELINE

Tast Point

COMPENSATION

Tygical Voltage

Pin 6 of 1C1
B48 and R49
iunction
S of Q1
Ping 2 and 3

of 103
Sof 02
PinsZ2and 3

of 1C7
VGS of 048
R258 and R250
E of Q48
R282

Vi vF
OVio-BV*

ov _
+10V o +15 V*

0Vt -bV*
~10V t0 —15 V*

A \

G151 YG2s52
Voltage across both are equsl
+2,2V

Voltage across R2682 and RB4 are equal

*Voltage is dependent on a FREQUENCY dial setting.

CAPACITANCE MULTIPLIER?

Fest Point

Typical Voltage

Gland G2 of O3
PinboftCH

Fins Zand 3
of 1G4
Pin 6 of |1C4

*Theinformation applies if the frequensy range is at-X 1 Haz.

126V A,

T, . amplitude dependent on fre-

qguiency setting
125V A,

EFEV A,






2.5.7 Operation as the Horizontal Driver of an Oscilloscope
or X-Y Recorder

The Mode! 146 may be used to drive a display device to
show many network respdnse characteristics, such as fre-
quency versus amplitude and frequency versus impedance.
This is possible because the GCV OUT (No. 37, Pare
graph 2.3) on the reav panel makes available an output
voltage which is directly nroportional to the instantansous
output frequency of the generator. As the main FRE-
QUENCY dial is rotated, the GCV voltage chianges propor-
tionally with the change in frequency. This feature is used
to calibrate the graticule of an oscilloscope or the X-axis of
an X-Y recarder directly in the frequency domain. No time
to frequency domain conversion is necessary.

MODEL
146 50820UT FILTER
GENERATOR
6oV
out OSCILLOSCOPE
VERTICAL
HORIZONTAL
(EXTERNAL)

Figure 2-9. Test Setup for an Qscilloscope

Figure 2-9 shows a typical test setup in which GCV is used.
The following step-by-step procedure demonstrates how to
use GCV with an oscilloscope. In this example, assume that
a filter is to be swept and a frequency versus amplitude
plot is required.

1 Select the frequency range in which the sweep is to
occur,

2. Rotate the FM LIMITS controi and spread the cali-
pers to the desired start and stop frequencies. (FM
push button should be in the out position.)

3. Select the waveform to be used Dy depressing the
desired FUNCTION push button on the main gen-
erator.

4. Depress MODE — CONT push button.

5 DC OFFSET should be OFF.

6.  AM push button should be in out position.

7. Set AMPLITUDE dial and multiplier for the desired
output.

8. Depress the AUX MODE — CONT and AUX FUNC-
TION - M

9. Set AUX FREQUENCY to desired sweep rate.

10. Comnect the instruments as shown in Figure 2-3. Be
sure scope is in the externat horizontal mode.

11. Rotate the main FREQUENCY dial so that freguency
which was adjacent to the left hand pointer {low fre-
quency sweep limit} is now under the center index.

Adjust the horizontal position of the scope so that
the vertical component line is aligned with the ieft
hand major verticat division, :

12. Rotate the main FREQUENCY dial so that the fre-
guency which was adjacent 10 the right hand pointer
{high frequency sweep Hmit; see step 2} is now under
the center index,

Adjust the scope horizontal gain so that the vertical
component is on the right hand major vertical division.

13. Repeat steps 11 and 12 to eliminate scope gain and
position interaction.

14. Return main FREQUENCY dial to the position es-
tablished in step 2.

15. Depress the FM push button. The scope will now

show a frequency response of the filter. The sweep
rate should be fast for a good enveiope display.

MODEL
146 5082 OUT FILTER
GENERATOR
GOV
ouT
RECORDER
X Y

Figure 2-10. Test Setup for an X-Y Recorder

An X-Y recorder may also be driven with the GCV. See
Figure 2-10. The procedure is similar to that for an oscil-
loscope, except that the auxiliary generator signal must bea
triggered ‘triangle { A~ ) waveform. The X-axis of the
plotter may be catibrated in frequency by adjusting the
horizontal gain-in the same way as with the scope.
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2.5.8 Operation as a Pulse Generator
The following puise outpuls are provided by the Modet 146:
SINGLE PULSE DOUBLE PULSE PULSE TRAIN

The puises may be gither positive or negative by rotating
the AMPLITUDE dial to either polarity. They may be
unipolar or bipolar. The pulses may be rectanguiar, sinusoi-
dal, triangutar or sawtooth in shape.

The duty cycle may be continuously varied over a range

of 1:19 to 1%:1 by using a symmetry control. Pulse widths
as narrow as B0 nanoseconds may be achieved.

218

Pulses may be generated in two ways:

1. By triggering a single cycle or gating two of more
cycles of square waveform from the main generator,
the repetition rate is controlied by the trigger source
frequency and the pulse width is set by the main
generator frequency. Refer to Paragraph 2.5.3 for
trigger operation or Paragraph 2.5.4 for gated opera-
tion.

2. By using the symmetry control gn the rear panel, the
pulse width may be varied. The main generator FRE-
QUENCY contsot selects the repetition rate, The
symmetry controi in effect is varying the duty cycle
of the selected waveform over a range of 1:19 to 19:1.
This control divides the frequency py appraximately
10 when out of the detent position.






3.1 GENERAL DESCRIPTION {Main Generator)

3.1.1 VCG Generator

A simplified block diagram of the VCG generator is shown
in Figure 3-1. Triangle and square signals are generated

SECTION
CIRCUIT DESCRIPTIU

simultaneously in the generator loop circuit, The triangle
is then applied to a sine converter and amplified,

The freguency is controlled by the current from the VCG

amplifier which, in turn, is controlled by the voltage from
the VCG surmming amplifier. Voltage from the VCG sum-

Gev
ouT
Gev
B AMPLIFIER o= <
TRIG IN +
Ny A | Ef
7Y ]

i “ SYNC
VCG IN o
/ﬁﬁ TRIG & GATED SYNC o

Eg LOGIC AMPLIFIER ¥ 4
AUX GEN 1
OUTPUT

i BUFFER.—‘—?; -
prs SUMMING VCG GENERATOR
B AMPLIFIER AMPLIFIER LOGP

"L
,_,,.,___20 FUNCTION
SWITCH

+ v r\J

FREQ -~

gl BUFFER

oA CONVERTER
- & AMPLIFIER
AUX GEN
QUTPUT

AM i BURFER

LIMITS
VCA IN T
N o _ =
- R Lj _

= VCA Y AMPLIFIER OUT

. SIS X ANALOG ATTENUATOR
AMPLITUDE AMPLIFIER -

f MULTIPLIER - T
CONTROL

+ lé DAL

BUFFER

Figure 3-1. VCG Generator Simplified Block Dagram







ming amplifier is also fed into the GCV amplifier which
gives a generator control voltage that is proportional to
frequency,

One of the signats, square, triangie or sine, is fed into the
X-Y multiplier and the amplituds is controlled by the VCA
summing amalifier and AM limits buffer. The signal is then
fed into the output amplifier. DC offset voitage can be
varied positively, or negativety from the front panel dec off-
set control, The sguare wave from the triangie generator
circuit is also fed into a sync amplifier to generate a sync
output,

3.2 THEQRY OF QPERATION

3.2.1 Generator Loop

When the voltage at point D is positive, the diodes CRA and
CRD are reverse hiased and CRB and CRC are forward
biased. (See Figure 3-2.) Therefore, the current |+ is charg-
ing the capacitor C which causes the voltage at peints A

and B to rise. As soon as the voltage at point B reaches
+1.25 V, the output of the hysterssis switch will switeh
negative and thus reverse the current flow. The cu rrent f-
is drawn from capacitor C. Again, the hysteresis switch wili
switch positive when the voltage at B is helow —1.25 V.
Thus, triangie and square signals are generated simulta-
neously.

The output frequency depends on the size of the capacitor
selected and the amount of currents, I+ and I—, charging
the capacitor. Currents are controlled by the VCG am-
plitier which, in turn, is controlied by the veltage from the
VCG summing amplifier.

3.2.2 VCG Amplifier and Current Sources

The voltage used to control the output frequency from
the VCG ampiifier is applied to point A of the VCG am-
plifier. (See Figure 3-3.) ICA and ICC are used to shift the
controf voltage ground reference to the power suppiy refer-
ence, iCB and ICD aré the current source generators. The
two current outputs are fed to the triangle generator.

a

TO SYNC SQUARE
AMPL AMPLIFIER
E
_ HYS ,
FROM VCG SWITCH
AMPL 4
CRC TRIANGLE
AMPL
B
p— A,

FROM ¢
VCG AMPL

+1.26V

A.B

~128V

+28YV

PE

-25V

Figure 3-2. Generator Loop Block Diagram
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R R

? T‘

TO TRIANGLE |
- GENERATOR
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SUMMING

AMPLIFIER R
AN

A

icc

«/”w_%
+ ]

ICD

R R

Figure 3-3. “_15&

Amplifier .and Current Source Simplified Circuit







tf the current of the negative current source is decreased by
19 times, the fall time of the triangle will be 19 times longer
than the rise time of the triangle, resulting in an unsymmet-
rical waveform and a division of the frequency by a factor of
10. Symmetry of the output waveform can be continuously
varied, while frequency is held constant. This can be ob-
tained by gradually increasing the current from the negative
current source and decreasing the current from the positive
current source in such a way that the period for the triangle
to complete one cycle remains constant. To accomplish this,
the SYMMETRY ADJUST centrol on the rear panel must
be utilized,

3.2.3 GCV Amplifier

The VCG amplifier output (0 to —5 valts} is fed to the
generator control voltage (GCV) amplifier. This is a unity
gain, inverting amplifier. From the GCV amplifier, the signal
is applied to the GCV QUT connector. The GCV voltage (0
to +5 volts} is proportional to the output frequency.

3.2.4 Sine Converter and Amplifier

The sine wave is produced by feeding the triangle wave into
a shaping network composed of resistors and diodes, As the
triangle wave voltage passes through zero, loading of the
triangle wave is minimal and thus the slope is maximum. As
the triangle voltage increases, diodes with current limiting
resistors conduct successively, causing the slope of the
cutput to be reduced.

Since the diode break points are mathematically computed
and fitted to the true sine shape, the resultant waveform re-
sembles a pure sine wave. Using a complimentary pair of
diodes on each break point, the circuitry is completely
symmetrical about ground. The sine wave, produced by
shaping, is considerably less in amplitude than the triangle
wave input and is thus armplified to be equal to the triangle
wave.

3.2.5 Capacitance Multiplier

Frequency ranging is achieved by selecting different capac-
itors. For frequency ranges a1 X 1 Hz or below, iarge capaci-
tors are necessary and, therefore, impractical. Instead, a
capacitance multiplier circuitis used, and ranging is achieved
by changing the multiplication factor which is equivalent to
the ranging resistors. The simplified circuit is shown in
Fligure 3-4.

Because of the nature of the feedback loop connection, Al

and AZ, most of the current I+ and 1— will be drawn by A2

through R1. Oniy a small percentage of current is charging
and discharging capacitor C1. Therefore, the output fre-
guency will appear much stower. The percentage of current

N

QUTPUT

A, AMPLIFIER

Figure 3-4. Capacitance Multiplier Simplitied Circuit

drawn by AZ is precisely controlled by the loop gain and
time constant of the capacitance multiplier circuit. Fre-
quency.ranging is achieved by changing R2.

3.2.6 X-Y Multiplier, Qutput Amplifier, and Attenuator

One of the signals is selected and fed inte one of the Y in-
puts and a control voitage from- the VCA summing am-
plifier and AM limits buffer are fed to the X inputs. (Refer
to Figure 3-1.) The output from the X.Y multiplier is
directly proportional to the product of the X and Y inputs.

The signal is then fed into the output amplifier. This is an
inverting amplifier whose output is fed into & step attenua
tor and then to the output BNC connector {5002 QUT).

3.2.7 Trigger Gated Modes

The triangle generator will oscillate continuously only if the
voltage at G is negative which reverse biases CR48. (Refer to
Figure 3-5.) This requires that the voltage at E or F be
negative. 1f both voltages at € and F are positive, then so is
the voltage at G. The current through CR48 will keep the
voltage of C from falling below zero, because CR47 is
clamped at zero, This stops the generator from oscillating.

The J-K flip-flop is used to control the timing, so that the
triangle will always stop at the end of the cycle. I the trig-
ger signal is reset between times t, and t,, the triangle will
stop at time t,, as shown in the timing diagram.

i the signal at B is differentiated before it is applied to the
J-K flip-flop, only one cycle of the triangle signal will be
generated for each trigger input.
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Figure 3-5. Trigger Gated Block and Timing Dia.gra-r.'ns







3.3 GENERAL DESCRIPTION (Auxiliary Generator)

A simplified block diagram of the auxiliary generator is
shown in Figure 3-6. The dial pot picks off a --dc voltage
proportionzl to frequency from 0 to —15 V. This voltage
is fed to a potentiometric buffer to guard against modifica-
tion of this voitage by load current,

This buffered generstor conirol voltage is fed through a
switched resistive voltage divider to the reference or + input
of the operational ampiifier used as the integrator. This
voltage is the exact common mode vollage seen by the
integrator. For time symmetrical waveforms {ie, "\
A 1} this commen mode voltage is just hat of the
output of the dial buffer. For the down ramp Ny #Us
nearly afl of the dial butfer output and for the up ramp "

" itis only a small part.

The amplifier and clamp is a circuit which multiplexes
alternately between 0 Vde and the output of the dial
buffer on command from the logic generated at the hystere-
sis switch. The combination of this step funetion signal and
the dc commaoen mode voltage fed 1o the integrator causes a
bipolar voltage 1o be developed across the integrating resistor
which is appropriate for thewaveform that is being generated.

A square wave is applied to the input‘of the integrator,
The output of the integrator, a triangle wave, is fed into
a hysteresis switch, The hysteresis switch functions like
a Schmitt trigger with the limit points set at the wave-
form extremes, firing when the triangle wave reaches
+1.25 volts and —1.25 volts. The firing set the hystere
sis switch which reverses the square wave fed into the
integrator, causing the iriangle wave to reverse direction.
The result is simultaneous generation of a square wave and

TRIG AUX
TRIG IN
pi  TRIGGER g
GATE CIRCUIT .
— +15V—0C
CONT
NORMAL INVERT
SYNC
TRIG OUT
A Ve
FREQ/PERIOD
/Cf—H""‘ —
[ e C
AUX O———H—-——g
ERED
DIAL AMPLIFIER
BUFFER e3> CﬁN:\DA HYSTERESIS SQUARE
AMP SWITCH B WAVE
CONDITIONER
w .
N AL
N
i o™\ SINE
=Bl snarca

AUX FUNCTION PUSH BUTTONS

Figure 3-6. Auxiliary Generator Simplified Blogk Diagram







triangle wave of the same frequency with the positive half
cycle of the square wave coincident with the negative stope
of the triangle wave.

The frequency of oscillation is determined by the magni-
tude of capacitor C selected with the FREQ/PERIOD swich
and by the amplitude of the square wave fed into the
integrating resistor R. Setting the potentiometer for maxi-
mum voltage, and thus maximum integrating current, pro-
duces an output at maximum frequency. Freguency is
directly proportional to the amplitude appearing on the arm
of the frequency dial potentiometer.

The sine wave is produced by shaping the triangle wave. The
triangle wave is fed into a shaping network composed of
resistors and diodes. As the triangle wave voltage passes
through zero, loading of the triangte wave is minimal and
thus the siope is maximum. As the triangie wave voltage
increases, diodes with current limiting resistors conduct,
successively, causing the slope of the output to be less.

Since the diode break points are mathematically computed
and fitted to the true sine shape, the resultant waveform is
an almost pure sine wave. The circuitry is completely
symmetrical about ground, using a complimentary pair of
diodes on each break point, The sine wave produced by
shaping is considerably less in amplitude than the triangle
wave input and is thus amplified 1o be equal to the triangle
wave.

TSN i

Selection of a sync or an inverting sync signal for the
trigger flip-flop will determine at which phase, positive or
negative, the ground clamping feedback 10op will be enabiled.
{See Figure 3-8.) If the TRIG push buttonis in the NORMAL
lou1} position, the integrator output will he integrating
positively when clamped to ground at the zer¢ crossing.
At this point, the amplitude and clamp will be positive
with respect to the integrator input common mode volt
age. When a gaiing pulse is applied 10 the TRIG IN con.
nector, the integrator will start integrating negatively, since
the step source is positive. When the TRIG push button is
in the INVERT {depressed) position, the integrator output
wilt be integrating positively when clamped to ground at
the zero crossing. At this point, amplifier and clamp will be
negative with respect 10 the integrator input common mode
voltage. When a gating pulse is applied to the TRIG 1N con-
nector, the integrator will start integrating negatively, since
the ampiifier and clemp are negative. (See iflustration on
page 2-3 under number 16.}

The generator trigger circuit is disconnected in the continu-
ous-frequency operation just described. When 2 trigger or
gated operation is selected, this circuit places a shunt path
between 1he integrator input and output. Therefore, there
is no output at the BNC until an external trigger/gate signal
is applied to the trigger input connector. A trigger input
enables the generator for one complete cycle of the selected
waveform; then, the generaior is disabled until another
1rigger arrives. A gate input allows the generator to function
for the duration of the gate.






4.7 INTRODUCTION

This section provides instructions for 1esting, calibrating,
troubte-shooting and repairing the Model 146 instrument.
The instrections are concise and written for the experienced
eloctronics technician or field engineer. Wavetek maintaing
a factory-repair department for those customers not pos-
sessing the necessary personnel or test equipment to main-
tain the instrument. A list of salesfservice offices for repair
of the instrument is atso available on pages il and iv of this
manual, 11 an instrument is returned to the factory for
calibration or repair, a detsiled description of the specific
problem should be attached to facilitate the turnaround
time. The meain board test point and adjustment locations
are shown on the board itself and all points are iHustrated
in the data package, '

4.2 RECOMMENDED TEST ROUIPMENT
Table 4-1 contains a Hist of recommended test eguipment.
Any test equipment having equivalent accuracies may be

substituted for those listed.

Table 4-1. TEST EQUIPMENT

Required
Type Characteristies
Oscilloscope To 250 MHz
Oscilloscope Te 30 MHz

Plug-in Dual Channel

Plug-in Peak mV measuring capability
Distortion Analyzer Teo 500 kHz |
Spectrum Analyzer Display To 5.0 MHz
iF Section
RF Section
Differential Voltmeter Microvolt de measurement

To 10 MHz
0.1% of reading accuracy

" Counter-Timer

4.3 ACOESS INSTRUCTION

Removal of the top and bottom dust covers affords quick
access to all of the components within the unit.

4.2.1 Bemoving the Dust Cover

1. Unplug the power cord.

2. Unscrew three screws on top cover.
3. Ramove top cover.
4, Foliow same precedure for bottom cover removal.

4.4 CALIBRATION INSTRUCTIONS

The following paragraphs provide complete sequential cali-
bration procedures for the Model 146 instrument.

NOTE

The entire calibration procedure must be read
first to determine initial control settings and
test equipment connections required before at-
tempting recalibration. The steps of this pro-
cedure should be performed in the sequence
given and the parts within each step should also
be performed in the same sequence given, See
fold-out on page 4-18 for test point location.

4.4.1 Preliminary Procedures

Allow the unit to warm up for at least 30 minutes. Start
the calibration by setting the switches and controls as foi-
fows: | .
X 100

FREQ Hz Switch Ce e

Frequency VERNIER . . . . . . CAL
FREQUENCY Dial . . . . . . . . 10
DCOFFSET Switech . . . . . . QOFF
DC OFFSET Control fully cow
TRIG LEVEL Control . . . . . fullycew
TRIG LEVEL Switch . . . . . . INT
AMPLITUDE Dial .o ... fullycow
VOLTS P-PSwitech . . . . . . . X1
Amplitude VERNIER . . . . . . CAL
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AUMILLARY R

{CONT MGDE)

ERATOR

KEY SIGNALS sann VOLTAGES

Test Poing

Pingofic2

Pin 8 of 1001
Eof 03

Typical Voliags

0V o +5 vye depandent on FRE:
QUERCY dial selting

0 Vde

0V to +5 vdc Step source dependent
on FREGUENDY dial setting {ses

Fin 13 0f 104
Pin 9ot ica

Figure 3.7 for COrrect step sourcs),
+1.25 Ve
—1.25 vic

Cof 08, pin 11
ot 4, pin 3 of
iCland pin 3

1TVopp logic love!, =~ _3 Ve offsat
180° out-of-phase with lagic level of
Cof Oy

cf 1C7

Cof Q7, pin 2 of
1G4, pin 11 of
1CT and pin 11
of IC7

Pin 3ot lcs

Pin 11 of 105

RO6 ang AMP
pin 7 junection

Pin 2 of 107

Pin 6 of 1C7

Pin 4 of 105
Pin 12 of IC5

IV opp fogie devel, & .3 Vde offset

1807 out-of-phaze with logic level of
Cof G5

~7.8 Vde

A P

Test Poing

FURCTIONS ONLY

Pin 2 of iC3, R20
and AMP pin 27
function, and
pin Gof ICe

R33 and Raa

LAEV A,

function
E of 022 and AUUX
CUT connecior

e

Test Point

Pin 2 of IC3, R20
and AMP pin 27
junction, and
pin 6 of ICH

R33and R34
junction

Eof 022 and AUy
OUT connector

N

Test Point
M*ﬂ—-«
Pin 2 o1 103, RZ0

and AMP pin 27
junction, and
Bin 6 of 10§
R33and R34
junction
Eof Q22 and AUX

2EV 1

FUNCTION OnLY

Typical Voltage

0TV

128y A

TZEY LT

FUNCTION OnNLY

Typical Voltage

+4.9V

N AVENS

25V

CUT connector
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Table 4-11. KEY WAVEFGRMS

Test Point Waveforms
+1.25 Vv
GotQs
G of Q7
—-1.25V.
0.7V
Pin 1 of IC10
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+05V
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- . 1V
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| : +7Y i ™ ™
0 of G20 )
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€12 Ancde //
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54 RECOMMENDED SPARE PARTS LIST

-

{nformation is provided 1o maintain srument oo 2 board of cormponent level, Price and delivery infarmation shouid
ed from the YWavetek reoresentziive in your ares or direetly from the factory.

DIAGRAMS ADDENDUMS AN

frty TRTIR

CESCTIPTION MEG PART NO. ary
5, DRANINGS 53 ADDENDA
w BORARD LEVEL
& The following assembly drawings {with parts lists) and iinder Wavatsk's product improvement program, the latest MAI BOARD WAVETEK 1
schematics are in the arrangernent shown balow, elizctro: designs and circuits are incorporated into each POWER SLPPLY BOARD WAVETEK H
‘ N SWITCH BOARD ¥ K
Wavetsk instrument &5 quickly as deveiopment and testing swiTC ~
3 ALXILIARY CENER, B BOARD Wi 1
M permit. Because of the time nseded to compose and orint a ERATO
52 ORDERINGPARTS instruetion manuals, it is not always possible to incfude the COMPONENT LEVEL
most recent changes in the mitiad printing. Whenever this 2
When ordering spare parts, please speaify part number, accurs, addendum pages are prepared 1o summianize the 1
reference, beard, serial number of unit and, if changes mads and are insered Immediately inside the rear w
apohcable, the Tunction performed. cover, 1f no sugh pagas exist, the manus s correct s p nted. 2
1
2
CROSS REFERENCE FOR DRAWING NUMBERS ATED OKT - 14 aCA 1
FINTEGRATED CKT ~ 13 RCA H
Dirawings Old Number New Number ,MMM M
FRrs 1
H
1
Drawings Cid Number New Number B
1 !
2 Chassis Assy 146-020 0102-00-0298 m
Chassis Gchernatic 146.220 0004-00-0037 {
. Chassis Parts List - 1101-09-0037 7
Main Board Assy 146030 :
Main Board Schematic 146230 " m
Main Boarg Parts List " 2 1
o 1
Power Supply Assy 148011 0101-00-0057 LA 1
Power Supply Schematic 146.211 0103-00-0057 - » m
Power Supply Parts List . 1100-06-0057 o :
TOLA 1
NMaovement Assy 146-002 010720003253 A 1
t.eft Movement Parts List * 1101.00-5070 A 1
Right Moverment Parts List * 1101-50-0091 ww !

ki Switch Board Assy 146-032 03101000058 . . . .

5 Syiteh Board Schemati 148.232 C103.00-0058 €550 pari and shoule e drderad from Wave:s
Switeh Beard Parts List . 1106-00-0058

~

;w Auxiliary Board Assy 14£-033 0101-50-0058
Auxifiary Board Schematic  148-233 0103-00-6869
Auxitiary Board Pars List 7 1103-00.005¢

TSame as assernbiy number
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