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WARRANTY

Wavetek warrants that all products manufactured by Wavetek conform to published
Wavetek specifications and are free from defects in materials and workmanship for a period
of one (1) year from the date of delivery when used under normal operating conditions
and within the service conditions for which they were furnished.

The obligation of Wavetek arising from a Warranty claim shall be limited to repairing, or
at its option, replacing without charge, any product which in Wavetek’s sole opinion proves
to be defective within the scope of the Warranty. In the event Wavetek is not able to modify,
repair or replace non-conforming defective parts or components to a condition as
warrantied within a reasonable time after receipt thereof, Buyers shall be credited for their
value at the original purchase price.

Wavetek must be notified in writing of the defect or nonconformity within the Warranty
period and the affected product returned to Wavetek's factory or to an authorized service
center within (30) days after discovery of such defect or nonconformity.

For product warranties requiring return to Wavetek, products must be returned to a service
facility designated by Wavetek. Buyer shall prepay shipping charges, taxes, duties and
insurance for products returned to Wavetek for warranty service. Except for products
returned to Buyer from another country, Wavetek shall pay for return of products to Buyer.

Wavetek shall have no responsibility hereunder for any defect or damage caused by
improper storage, improper installation, unauthorized modification, misuse, neglect,
inadequate maintenance, accident or for any product which has been repaired or altered
by anyone other than Wavetek or its authorized representative and not in accordance with
instructions furnished by Wavetek.

Exclusion of Other Warranties

The Warranty described above is Buyer’s sole and exclusive remedy and no other
warranty, whether written or oral, is expressed or implied. Wavetek specifically
disclaims the implied warranties of merchantability and fitness for a particular pur-
pose. No statement, representation, agreement, or understanding, oral or written, made
by an agent, distributor, representative, or employee of Wavetek, which is not contained
in the foregoing Warranty will be binding upon Wavetek, unless made in writing and
executed by an authorized Wavetek employee. Under no circumstances shall Wavetek
be liable for any direct, indirect, special, incidental, or consequential damages,
expenses, losses or delays (including loss of profits) based on contract, tort, or any
other legal theory. ’
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SAFETY

This instrument is wired for earth grounding via the facility power wiring. Do not bypass
earth grounding with two wire extension cords, plug adapters, etc.

BEFORE PLUGGING IN the instrument, comply with installation instructions.

MAINTENANCE may require power on with the instrument covers removed. This should
be done only by qualified personnel aware of the electrical hazards.

The instrument power receptacle is connected to the instrument safety earth terminal
with a green/yellow wire. Do not alter this connection. (Reference: & or /N stamped
inside the rear panel near the safety earth terminal.)

WARNING notes call attention to possible injury or death hazards in subsequent
operations.

CAUTION notes call attention to possible equipment damage in subsequent operations.

vii
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1.1 THE MODEL 193

The Wavetek Model 193, a 20 MHz Sweep/Modulation
Generator, is a precision source of sine N,
triangle v, square ™, AM sine {¢ and dc. All
waveforms are front panel variable from 0.002 Hz to
20 MHz and can be internally and externally
modulated. Outputs can be continuous, triggered or
gated by an external trigger signal or a front panel
manual trigger switch. The main generator can be
swept, frequency modulated, 0 to 100% amplitude
modulated and suppressed carrier modulated using
the auxiliary generator or an external source. The aux-
iliary generator, in addition to being an internal
modulation generator, can be used as an independent
function generator. Both generators have symmetry
control of waveforms and can be frequency
modulated by an external signal. Each modulation
parameter has a static setup feature to allow its exact
selection. Amplitude of the waveforms is variable
from 30 Vp-p (15 Vp-p into 50Q) down to 1.5
mVp-p. DC reference of the waveform can be offset
positively or negatively. Maximum 150 mA peak cur-
rent can be continuously varied over an 80 dB range.
A sync output provides a TTL level into 50Q.

1.2 SPECIFICATIONS
1.2.1 Main Generator

Waveforms

Selectable sine "\, triangle "\, square "L, AM sine{¢
and dc.

Symmetry

Symmetry of all waveform outputs is continuously
adjustable from 1:19 to 19:1*. Varying symmetry pro-
vides variable duty-cycle pulses, sawtooth ramps and
distorted sine waves.

Operational Modes
Continuous: Generator runs continuously at selected
frequency.

Triggered: Generator is quiescent until triggered by
external signal or manual trigger, then generates one
complete waveform cycle at selected frequency.

Gated: As triggered mode, except output continues

for duration of gate signal. Last waveform started is
completed.

SECTION
GENERAL DESCRIPTION

Frequency Range
0.002 Hz to 20 MHz in nine overlapping decade
ranges with 1% of full scale vernier.

Function Output

Waveforms variable to 30 Vp-p (15 Vp-p into 509).
Waveforms may be attenuated continuously to 80 dB.
50Q source impedance.

DC Output and DC Offset

Adjustable between =15 Vdc (+7.5 Vdc into 50Q)
with signal peak plus dc offset limited to +15 Vdc
(£7.5 Vdc into 50Q). DC offset and waveform at-
tenuated proportionately 10 dB/step to 70 dB.

Sync Output
TTL level pulse into 509Q. Duty cycle varies with SYM
control. 50Q source impedance.

GCV Output
0 to +5V open circuit voltage level proportional to
main generator frequency. 6002 source impedance.

AM—Amplitude Modulation

Either an internal signal (AUX GEN), or external signal
(AM IN), or internal plus external signals (AUX GEN
MODE—AM, main generator FUNC—AM) amplitude
modulates the main generator’s sine wave in either
the 0 to 100% AM or suppressed carrier mode.

AM Input: 5 Vp-p gives 100% modulation 10 Vp-p
gives suppressed carrier operation. 6002 input
impedance.

Carrier Level (0 to 100% AM): Adjustable 10 to 50%
of full amplitude at function output.

Carrier Null (Suppressed Carrier AM): Adjustable
+ 2% of full amplitude at function output.

VCG—Voltage Controlled Generator

Up to 1000: 1 frequency change with external 0 to
+ 5V signal. Upper frequency limited to maximum of
range.

Slew Rate: 2% of range per us.

Linearity: £0.5% thru X100K range; *5% on X1M
and X10M.

lmpedanc_e: 10 kQ.

Trigger Input
Input Range: 1 Vp-pto = 10 V.

1-1
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Trigger Level Adj: —5V to +5V.
Impedance: 1.5kQ shunted by 1.5 pF.
Pulse Width: 25 ns minimum.
Repetition Rate:

Input Max Rep Rate
+1V 1 MHz
+2.5V 10 MHz

Frequency Precision

Dial Accuracy

+ 3% of full scale from X .1 Hz to X 1 MHz range.
+ 5% of full scale on X 10M range.

1.2.2 Amplitude Precision

Sine Frequency Response

< +0.2 dB all ranges thru X 100K.
< +£0.5dB on X 1M range.

< +1.5dB on X 10M range.

Step Attenuator Accuracy
+ 0.3 dB with 10, 20 and 40 dB.
+ 0.6 dB with 30, 50 and 60 dB.
+ 0.9 dB with 70 dB setting.

1.2.3 Waveform Characteristics

Sine Distortion
<0.5% on X100, X 1Kand X 10K. <1.0% on X 0.1 to
X 100. : ’

All harmonics 30 dB below fundamental on X 100K,
X 1M range, and 25 dB below fundamental on X 10M
range.

Square Wave

Rise/Fall Time: <15 ns (10% to 90%).

Total Aberrations: 5% of full amplitude for each
waveform peak.

Time Symmetry
Square wave variation from 0.1 to 2 on dial less than:
+1% to 200 kHz. £10% to 20 MHz.

Triangle Linearity
>99% for 0.002 Hz to 200 kHz.

1.2.4 Auxiliary Generator

Waveforms
Selectable/, v, "L , 1 andlL . Symmetry of
and _ adjustable 1:19 thru 19:1*,

Frequency Range

0.1Hz to 100 kHz in 4 ranges.*

Auxiliary Output

Waveforms selectable and variable to 10 Vp-p (5V p-p
into 600Q).

12

Auxiliary Sync Output
Rear panel BNC. TTL level pulse coincident with AUX
GEN output. Duty cycle varies with symmetry control.

AUX VCG Input

Rear Panel BNC. Up to 33:1 frequency change with
external + 5V signal. Upper frequency limited to max-
imum of selected range. 11 kQ input impedance.

1.2.5 Modes of Operation

Internal auxiliary generator used as the modulation
source.

FM

Two setup and one operate mode.
Set-Freg/Aux-Gen-Off: Disables auxiliary generator
for main generator adjustment.

Set AF: Allows vernier setup of peak deviation. Ver-
nier range is up to +10% of main generator range.

FM: Operate mode.

Sweep

Two setup and one operate mode.

Set Start: Allows setup of main generator start fre-
quency.

Set Width: Allows vernier setup of main generator
stop frequency.

Sweep: Operate mode.

AM
Two setup and one operate mode for double sideband
or suppressed carrier operation.

Set Carrier: Allows setup of carrier amplitude.

Set AM: Allows the setup of the modulation level.
AM: Operate mode. 0 to 100 % AM or suppressed
carrier modulation of main generator by auxiliary
generator plus external signal if present at AM IN.

Aux Out Only: Disconnects the modulator for indepen-
dent operation of auxiliary generator.

1.2.6 General

Stability

Amplitude, frequency and dc offset at FUNC output after
2 hour warmup: £+ 0.05% for 10 minutes. £+ 0.25% for
24 hours. :

Environmental
Specifications apply at 25°C +5°C. Operates 0°C to
+50°C.

Dimensions
28.6 cm (11 % in.) wide; 13.3 cm (5% in.) high; 28.6
cm (11 % in.) deep.
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Weight
4.6 kg (10 Ib) net; 6.4 kg (14 Ib) shipping.

Power
100/120/220/240V(+ 5% —10%),48t066 Hz, <70VA.
VA.

NOTE: All specifications apply from 0.1 to 2.0 on frequency dial,
when FUNC OUT amplitude is max and 50 Q terminated, and with
SYM control OFF.

SYMMETRY and VERNIER controls affect frequency calibration.
Maximum possible asymmetry is a function of frequency setting.

*NOTE: When SYMMETRY control is used, indicated frequency is
divided by approximately 10.

1-3
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2.1 MECHANICAL INSTALLATION

After unpacking the instrument, visually inspect all
external parts for possible damage to connectors, sur-
face areas, etc. If damage is discovered, file a claim
with the carrier who transported the unit. The shipping
container and packing material should be saved in
case reshipment is required.

2.2 ELECTRICAL INSTALLATION

2.2.1 Power Connection

WARNING

To preclude injury or death due to shock,
the third wire earth ground must be con-
tinuous to the facility power outlet.
Before connecting to the facility power
outlet, examine extension cords, auto-
transformers, etc., between the instru-
ment and the facility power outlet for a
continuous earth ground path. The earth
ground path can be identified at the.
plug on the instrument power cord; of
the three terminals, the earth ground
terminal is the nonmatching shape,
usually cylindrical.

CAUTION

To prevent damage to the instrument,
check for proper match of line and instru
ment voltage and proper fuse type and
rating.

NOTE

Unless otherwise specified at the time of
purchase, this instrument was shipped
from the factory with the power trans-
former connected for operation on a 120
Vac line supply and with a % amp fuse.

Conversion to other input voltages requires a change
in rear panel fuse holder voltage card position and
fuse (figure 2-1) according to the following procedure.

SECTION
INITIAL PREPARATION

Figure 2-1. Voltage Selector and Fuse

1. Disconnect the power cord at the instrument,
open fuse holder cover door and rotate fuse-pull
to left to remove the fuse.

2. Remove the small printed circuit board and
select operating voltage by orienting the printed
circuit board to position the desired voltage to
the top left side. Push the board firmly into its
module slot.

3. Rotate the fuse-pull back into the normal posi-
tion and insert the correct fuse into the fuse
holder. Close the cover door.

4.  Connect the ac line cord to the mating connec-
tor at the rear of the unit and the power source.

Card Position Input Vac Fuse
100 90 to 105 3/ amp
120 108 to 126 3/ amp
220 198 to 231 /s amp
240 216 to 252 3/s amp

2.2.2 Signal Connections

Use RG58U 509 coaxial cables equipped with BNC
connectors to distribute signals when connecting this
instrument to associated equipment.

2.3 ELECTRICAL ACCEPTANCE CHECKOUT

This checkout procedure verifies the generator opera-
tion. If a malfunction is found, refer to the Warranty in

2-1
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the front of this manual. A dual trace, 150 MHz band-
width oscilloscope with X10 time base magnification,
a 500 load, a coaxial tee and three 509 cables are
required to perform this checkout.

Set up as in figure 2-2 and preset the generator front
panel controls as follows; then perform the steps in
table 2-1.

TRIGLEVEL ........... ... ... .. ... .. 10 o’clock

FUNCTION ... ... .. .. . . ... ... . ... .. .. AV

DC OFFSET (On/Off) . ... .. ... ... . OFF (Extended)
DC OFFSET (variable Control) .. ....... .. .. .. CcCCcwW
OUTPUT ATTEN 40,20,10 .. ... .. .. .. All extended
AMPLITUDE . ... .. .. ... ... ........ .. MAX (cw)
SUPPRESSED CARRIER . ... ..... .. AM (extended)

AM CARRIERLEVEL/NULL . ..... ... ... .. . ccw
. AUXGENMODE ... ............ AUXOUT ONLY
Control Position  wipTHaFAM ... cw
FREQ/STARTFREQ ... ... .. ... ... ........... 1.0 AUXGENFUNC . ....... ... ..... .... .. N
FREQMULT ... ... .. ... .. .. .. ... .. .. ... 1K AUXGEN SYMMETRY . ... .. ... ..... ... ... .. cw
VERNIER/SYM . ... ... ... .. ... .. FREQ CAL (cw) AUXGENFREQ ..... .. ... ........ ... 100-3K
SYM .. Off (extended) AUXGENVERNIER ... ... ... ... ... ... MAX (cw)
MODE .. ... ... ... .. ... CONT POWER ... ... ... ... ... . ON
Model 193 ~ OSCILLOSCOPE
SYNC HORIZ SWP: 0.5 ms/DIV
( ouT > Fgf}f : TRIG VERT, CH1: 5V/DIV
CH1 CH2 CH2: 2vIDIV
TRIG MODE: DC
500
Figure 2-2. Main Generator Check Setup
Table 2-1. Checkout Procedure
Step Control Position/Operation Observation

1 | Oscilloscope
positive.

Trig level and slope, both

CH2: Square wave that begins on positive
going edge. CH1: 15 Vp-p sine wave.

2 | Dial and
VERNIER/SYM

Rotate dial full cw, vernier full
ccw. Then the opposite. Return
dial to 1.0, vernier to CAL.

CH2: Square wave remains in sync for all dial
positions. Range is greater than 2 Hz to
2000 Hz (1000:1).

3 |FREQ MULT Rotate to all positions. Frequency is 1 X each range position.
Return to 1K position.
4 |AMPLITUDE Set to 6 Vp-p on scope. CH1: Amplitude decreases to approximately
6 Vp-p.
5 |DC OFFSET Depress DC OFFSET switch, then| Full ccw gives negative offset. Clipping

completion.)

rotate DC OFFSET Control cw.
(Extended DC OFFSET upon

occurs when the offset plus waveform

peak amplitude exceeds approximately
+ 7.5V into 50Q. Initially the negative peak is
clipped, but as the dc offset is rotated cw the
clipping of the negative peak disappears and
eventually the positive peak begins to clip.
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Table 2-1, Checkout Procedure (cont)

Step Control Position/Operation Observation
6 [AMPLITUDE Rotate cw. Waveform returns to 15 Vp-p.
7 |OUTPUT Depress buttons in various Output level varies from 15 Vp-p
ATTN 10, 20, 40 combinations. Then release all | (0 dB) to 4.7 mV (70 dB).
buttons.
8 |FUNC Select DC, v , Vv, L. Observe 0 Vdc level; v , v and 'L are

(Main Generator)

Reset to "V .

15 Vp-p. Note phase relationships; ™
in phase with v and "\ .

9 |SYM, Depress SYM switch and rotate | Frequency decreases to approximately
VERNIER/SYM. VERNIER/SYM control ccw. 100 Hz. ccw of the 12 o’clock position gives
Extend SYM, return 1:19; cw gives 19:1 (askewed sine wave and
VERNIER/SYM to CAL. variable duty cycle pulses can be observed
for v and L )
10 [MODE and Select GATE. A dc level near zero volts (except "L func-
FUNC Select N , NV, L. tion; quiescent level is at negative peak
(Main Generator) Return to \v . value). ,
11 |MANUAL Press, hold and release. A burst of v for the period the MAN TRIG
TRIGGER is depressed.

Set up trigger source (200 Hz triangle 10Vp-p), scope, and Model 193 as shown in figure 2-3.

12 |TRIG LEVEL Rotate throughout CH1: The number of waveform cycles in each
its range. Return gated “‘burst’” varies with the trigger level.
to 10 o’clock. Notice relationships between Channels 1 and

2 waveforms as the TRIGGER LEVEL is
rotated.

13 |MODE Select TRIG CH1: A single triggered "\ recurring at the

200 Hz trigger rate.

Return all controls to the initial setup. Set up scope and Model

193 as shown in figure 2-4.

14

AUX GEN FUNC

Rotateto ™, , v, L.

v , v, L are approximately 10 Vp-p, 3
kHz.

15 | Width/AF/AM Rotate ccw. Return to cw CH1:AUX OUT level varies from approximate-
position. ly 10 Vp-p to O Vp-p.
16 | AUX GEN FUNC Rotate to 1, n_. Vary ~Tand = are approximately 10 Vp-p,

and SYMMETRY

symmetry control. Return to "\ .

300 Hz. Symmetry varies from 19:1 to 1:19.

17

AUX GEN FREQ

Rotate VERNIER in all FREQ

Frequency varies in each range to the range

and VERNIER range positions. Return FREQ limits as marked.
range to 100-3K and VERNIER
to cw.
MODEL 193 “OSCILLOSCOPE AUX SYNC NOTE:
L_:I ouT Verify scope is properly triggered
® TRIG (REAR PANEL) (on positive going edge).
TRIG 500 CH1 CH2 * - MODEL 193 OSCILLOSCOPE
IN ouTt '
500 < b > [] e
| AUX cH1 cH2 ¢
° ® | FUNCTION ouT ®
GENERATOR
VNG NO LOAD]
ouT

Figure 2-3. Checkout Setup

Figure 2-4. Auxiliary Generator Check
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Table 2-1.

Checkout Procedure (cont)

Step

Control

Position/Operation

Observation

Set up the Model 193 and scope as shown in figure 2-5.

18

AUX GEN MODE

Set to SET FREQ/AUX GEN OFF.

FM center frequency of 1kHz on CH1.

19

AUX GEN FREQ
Range, VERNIER

FREQ range to .1-3 and VERNIER
to 12 o’clock.

(This sets the rate of modulation.)

20

AUX GEN MODE
and WIDTH/AF/AM

Select SET AF and vary
WIDTH/AF/AM for 1.1 kHz on
scope.

Approximately 1.1 kHz.on CH1. This
will be maximum peak frequency of
modulated signal.

21 | AUX GEN MODE Select FM. Both channels: CH1 frequency varies with in-
stantaneous amplitude of AUX OUT
waveform on CH2.

22 | AUX GEN FUNC Select .~1 and full ccw rotation. | (Ramp’s instantaneous amplitude controls

and SYMMETRY sweep: A slow sweep up and fast return to
start frequency.)

23 | AUX GEN MODE Select SET START (Ramp is held at its start voltage.)

24 | FREQ/START Set dial to .02 and VERNIER CH1: Approximately 2 Hz. (start frequency).

FREQ Dial and full ccw.
VERNIER/SYM
25 | AUX GEN MODE Select SET WIDTH and rotate CH1: Approximately 2 kHz.
and WIDTH/AF/AM WIDTH/AF/AM cw. (Max sweep frequency for range).

26 | AUX MODE Select SWEEP Sweep of main generator from 2 Hz to 2 kHz.
(If AUX GEN symmetry is rotated cw, the main
generator sweeps from 2 kHz to 2 Hz.

MODEL 193 OSCILLOSCOPE
<. hd .> CH1 CH2
AUX SYNC | FUNC TRIG
out ouTt out
500
Figure 2-5. FM and Sweep Check Setup
AU)é LSJ¥NC MODEL 193 OSCILLOSCOPE
(REAR PANEL) < <
°
AUX TRIG
out

Figure 2-6. AM Check Setup



https://www.manualsplus.com/

Table 2-1. Checkout Procedure (cont)

Step

Control

Position/Operation

|

Observation

Set up the Model 193 and scope as shown in figure 2-6.

CH1: When AM is selected, the unmodulated

27 | AUX GEN MODE Select SET CARRIER
FREQ MULT 10K carrier level at the FUNC OUT decreases to
(Main Gen) one-half the normal amplitude to prevent
FREQ/START 1.0 clipping of AM peaks. 7.5 Vp-p unmodulated
FREQ Dial carrier shown on CH1. (Note: AM CARRIER
FUNC (Main Gen) AM LEVEL/NULL varies carrier level.
28 | AUX GEN MODE AM
AUX GEN FUNC v
AUX GEN FREQ 100I3K
AUX GEN FREQ 9 o’clock
VERNIER
29 | WIDTH/AF/AM Adjust for 4 Vp-p sine wave. CH1: 4 Vp-p sine wave.
30 | AUX GEN MODE AM CH1: Modulation envelope varies with instan-
taneous amplitude of CH2 waveform.
Approximately 30% modulation.
31 | SUPPRESSED Depress Suppressed carrier signal on CH1.
CARRIER (Adjusting AM CARRIER LEVEL/NULL con-

trols the balance of the modulation envelope

peaks.)

2-5
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22

FREQ {Hal

mmeq/
STARY FREQ

21 20

SET FREQ)
AUX GEN OFF

19

AN CARRIER
AEVWELINULL

| FREQ MULT (H2!

VEBNIER/SYMe

BUX OUT

BEFOAE OPEMING

POWER CORD. DANGEROUS

VOLTAGES . BEE

MANUAL FOR SAFETY
INSTRUCTION.

YV o S
e TRIG LEVEL®
i TR :
CONT. fﬂi GATE

6 7 8 9 10 11 12

24

nc.

QFFSET | 40

13

14

23

AUXVCE

UPPRESSED
CARRIER

15

OUTPUT ATTEN (4B}

20 0

REAR PANEL

Figure 3-1. Controls and Connectors.

. avermar
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3.1 CONTROLS AND CONNECTORS

The generator front panel controls and connectors
are shown in figure 3-1 and keyed to the following
descriptions.

1

FREQ/START FREQ Dial — Settings under the
dial index mark summed with 6 and multiplied by
5 determine the main generator signal frequency
at FUNC OUT 15.

POWER Pushbutton — Depressed is power
on, extended is power off.

AUX OUT Connector — This BNC is the aux-
iliary generator waveform output. The FUNC
control 21 of the AUX GEN selects the waveform
and the WIDTH/AF/AM control 20 varies the
waveform level from O to 10 Vp-p (5 Vp-p into
600Q). Source impedance is 600%.

AM IN Connector — This BNC receives the
external amplitude modulation or suppressed
carrier signal. When FUNC switch 12 selects
AM, a 5 Vp-p signal gives 100% modulation for
normal AM (SUPPRESSED CARRIER 18 extended)
or a 10 Vp-p signal gives suppressed carrier
operation (SUPPRESSED CARRIER 18 pressed).
Source impedance is 6009.

FREQ MULT Control — Outer coax control
selects one of nine frequency multipliers for dial
1 setting.

VERNIER/SYM Control — When SYM 7 is off
(extended) this inner coax control is a fine
adjustment of the dial 1 setting. When SYM 7
switch is on (depressed) this control varies the
symmetry of the main generator waveforms
(normally 50% duty cycle). Symmetry range is
19:1 to 1:19 (half cycle to half cycle ratio). When
SYM is used, the main generator frequency is
divided by 10. Extending SYM switch ensures
1:1 (50%) symmetry.

VCG IN Connector — This BNC accepts ac or
dc voltages to proportionately control main
generator frequency within the range deter-
mined by the FREQ MULT 5. Positive voltages
increase the frequency set by the dial 1;

SECTION
OPERATION

negative voltages decrease the frequency. The
VCG IN will not drive the generator frequency
beyond the normal limits of a range. (Upper limit:
2 X FREQ MULT setting. Lower limit: 1/1000
upper limit). Input impedance is 5 kQ.

SYM Pushbutton — This switch, when
depressed, allows main generator waveform
symmetry to be varied 19:1 to 1:19 range by the
VERNIER/SYM control 5 (as a result, the main
generator frequency is divided by 10). When
extended, the switch allows the main generator
to produce normal (50% duty cycle) waveforms.

GCV OUT Connector — This BNC provides dc
excursions of 0 to +5V (open circuit) that
represents the main generator output frequency
in the range selected by FREQ MULT 5. Source
impedance is 6009.

MODE Control — This outer coax control
selects one of the three main generator
operating modes:

CONT — Continuous output at FUNC OUT 15
and SYNC OUT 13 connectors.

TRIG — A dc level output until the generator is
triggered by the MAN TRIG 10 or with a signal at
the TRIG IN connector 11. When triggered, the
generator output is one cycle of waveform
followed by a dc level.

GATE — As for TRIG except the output is con-
tinuous for the duration of the manual or external
trigger signal. The last waveform cycle started is
always completed.

TRIG LEVEL Control — This inner coax control
is a continuously variable adjustment of the trig-
ger circuitry firing point. When full ccw, a
positive going signal at approximately + 5V is re-
quired for triggering (see figure 3-2). In the full
Cw position, a positive going signal at approxi-
mately — 5V or more positive voltage is required
for triggering. In the gated modes, the generator
will run continuously when the control is cw of
12 o’clock.
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CCW —=—

+5V

TRIGGER LEVEL

CONTROL = CW
A TRIG
o GER
7YX LEVEL
-¥ a__1Vp-p MIN.
T 51GNAL

- A-— -5V

Trigger signal must be a
positive going signal
exceeding the TRIGGER
LEVEL setting.

Figure 3-2. Minimum Trigger Signal

B % -

POSITIVE
DC OFFSET

NEGATIV
DC OFFSET

EXCESSIVE EXCESSIVE
POSITIVE NEGATIVE
OFFSET OR OFFSET OR
LOADING LOADING
Figure 3-3. DC OFFSET Control

10

11

12

3-2

MAN TRIG Pushbutton — Triggers or gates
the output signals when main generator mode is
TRIG or GATE 9. In trigger mode, one waveform
cycle is output when the button is pushed. In
gated mode, waveform cycles are continuously
output as long as the button is held in.

TRIG IN Connector — This BNC receives the
external trigger and gate signals. These signals
are applied to the trigger and gate circuit when
the MODE switch 9 is in the TRIG or GATE posi-
tions. Refer to Section 1, Trigger (and Gate).The
TRIG LEVEL control 9 varies the firing point of
the TRIG IN signal.

FUNCTION Selector — Outer coaxial knob
selects one of the three main generator
waveforms (sine, triangle, square), dc, and AM.

DC OFFSET Control — Inner coaxial control
offsets the main generator output waveform ver-
tically from its normal position and, when
FUNCTION (outer coaxial switch) 12 is in the DC
position, controls polarity and voltage of dc out-
put. DC output range is 0 +10 Vdc (£ 5 Vdc into
509). DC OFFSET switch 14 must be depressed
to enable this DC OFFSET control. Extending the
DC OFFSET switch ensures zero volt offset. DC
offset and waveform are attenuated by the OUT-
PUT ATTEN control 17, but dc offset is not at-
tenuated by the AMPLITUDE control 16.
Waveform peak voltage plus dc offset is limited
to + 15 Vdc (£ 7.5 Vdc into 509Q). See figure 3-3.

13

14

15

16

17

18

SYNC OUT Connector — The sync signal from
thisBNCisaTTL level into 50Q, synchronous with
FUNCOUT 15signal.In ™ , duty cycle varies with
waveform symmetry. Source impedance is 50Q.

DC OFFSET Pushbutton — Depressed button
activates dc offset 12. Extended button ensures
zero dc offset.

FUNC OUT Connector — This BNC is the
waveform, or dc, output of the main generator
(alone or modulated). Maximum output is 30 Vpp
(15 Vp-p into 50Q). Source impedance is 509.

AMPLITUDE Control — Continuously varies
waveform amplitude within each. OUTPUT
ATTEN 17 range. Full ccw rotation reduces
waveform amplitudes by greater than 10 dB. DC
and dc offset voltages are not affected by this
control.

OUTPUT ATTEN Pushbuttons — Select the
attenuation range of the FUNC OUT 15 signal.
The AMPLITUDE control 16 allows continuous
waveform (but not dc) level variations within
each attenuator range. Each of the three buttons
may be used individually for 40, 20 or 10 dB
steps of attenuation, or pressed in combinations
for up to 70 dB of attenuation. The attenuator at-
tenuates both the waveform and dc offset.

SUPPRESSED CARRIER Pushbutton —
When pressed, selects suppressed carrier
operation and if extended, selects AM operation.
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19 AM CARRIER LEVEL/NULL Control — In the

20

AM function (FUNC 12) with the MODE switch
20 set to SET CARRIER, this control sets the
peak-to-peak level of the carrier (main generator
sine wave) at FUNC OUT 15.

If SUPPRESSED CARRIER 18 is pressed, the AM
CARRIER LEVEL/NULL control balances the
peaks of the suppressed carrier signal at FUNC
OUT 15.

MODE Switch — Outer coax control selects
one of three basic operating modes of the
auxiliary generator: frequency modulation, fre-
quency sweep, or amplitude modulation. Addi-
tional settings allow static setup of these modes.
The following sections describe each switch set-
ting.

SET FREQ/AUX GEN OFF — Auxiliary
generator is turned off for main generator only
operation, or to allow center frequency (fo
adjustment for FM operation. The dial 1 and
FREQ MULT 5 sets the center frequency (fo) for
frequency modulation.

SET AF — In preparation for FM operation, -

FUNC OUT 15 frequency is held at the maximum
frequency deviation (fo + Af). The WIDTH/AF/
AM control 20 sets the maximum frequency.
(Refer to previous paragraph for fo selection.)

FM — Allows the auxiliary generator to fre-
quency modulate the main generator creating
an FM signal at FUNC OUT 15..

SET START — In preparation for sweep opera-
tion, FUNC OUT 15 is held at initial sweep fre-
quency. Dial 1 and FREQ MULT 5 sets the initial
frequency. FUNC 21 sets the waveform that
controls the main generator frequency.

SET WIDTH — In preparation for sweep opera-
tion, FUNC OUT 15 frequency is held at the final
sweep frequency. The WIDTH/AF/AM control 20
sets the final sweep frequency.

SWEEP — Allows the auxiliary generator to
sweep the main generator creating a frequency
swept signal at FUNC OUT 15.

SET CARRIER — In preparation for AM opera-
tion, allows setting of unmodulated output carrier
level (main generator output) at FUNC OUT 15
by the AM CARRIER LEVEL/NULL control 19 and
AMPLITUDE control 16.

SET AM — In preparation for AM operation,
holds FUNC OUT 15 at the valley of the modula-
tion signal from the auxiliary generator to allow
level adjustment by the WIDTH/AF/AM control
20.

21

22

23

24

AM — Allows the auxiliary generator to AM or
suppress carrier modulate the main generator
for AM or suppressed carrier signal at FUNC
OUT 15.

AUX OUT ONLY — Disconnects the auxiliary
generator from the main generator. Allows the
auxiliary generator to be used as an independent
function generator whose output is AUX OUT 3.

WIDTH/AF/IAM — Inner coax control serves
several functions dependent upon the outer
coax MODE switch setting. With MODE in AF
position, WIDTH/AF/AM sets the maximum
positive frequency deviation. With MODE SET
WIDTH, WIDTH/AF/AM sets the final sweep fre-
quency. With MODE in SET AM, WIDTH/AF/AM
sets the valley of the FUNC OUT 15 modulation
signal. Finally, with MODE in AUX OUT ONLY,
WIDTH/AF/AM controls the signal amplitude at
AUX OUT 3.

FUNC Control — This outer coax control
selects one of five auxiliary generator
waveforms: sine, triangle, square, sawtooth and
pulse. Symmetry of the sawtooth and pulse is
adjustable between 1:19 and 19:1 by the inner
coax SYMMETRY control. When sawtooth and
pulse are selected, the auxiliary generator fre-
quency is divided by 10.

SYMMETRY — When outer coax FUNC control
is set to sawtooth or pulse, this inner coax con-
trol varies the symmetry of sawtooth and pulse
over a 1:19 to 19:1 range.

FREQ Control — Outer coax control selects
one of four auxiliary generator frequency
ranges; e.g., 3-100 Hz.

VERNIER — Inner coax control provides con-
tinuous frequency control of the auxiliary
generator frequency range selected by outer
coax FREQ control.

AUX VCG Connector — This BNC allows up to
a 33:1 auxiliary generator frequency change
with a £ 5V signal. Upper frequency is limited to
the maximum of the selected range. Input
impedance is 11 kQ.

AUXSYNC OUT Connector — This BNC provides
aTTL level pulse which leads the AUX OUT 3 sine
wave by 90°, lags the triangle wave by 90° and is
180° out of phase with the square wave. AUXSYNC
OUT duty cycle varies with SYMMETRY control 21.

3.2 OPERATION
Perform the initial checkout in Section 2 for the feel of
the instrument. Any questions concerning individual

3-3
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controls and connectors may be answered in
paragraph 3.1.

3.2.1 Signal Termination

Proper signal termination, or loading, of the generator

connectors is necessary for its specified operation.
For example, figure 3-4 shows proper termination of
the FUNC OUT connector. Placing the 502 termina-
tor, or 509 resistance, in parallel with a higher imped-
ance, matches the receiving instrument input imped-
ance to the coax characteristic and generator output
impedance, thereby minimizing signal reflection or
power loss on the line due to impedance mismatch.

RECEIVING
MODEL 193 INSTRUMENT
OUTPUT RG58 OR EFFECTIVE
IMPEDANCE EQUIVALENT CIRCUIT
500 l 500 RESISTANCE
LOAD
(SIGNAL
OUTPUT LOAD)
AMPLIFIER \5 > 500

Figure 3-4. Signal Termination

~ The input and output impedances of the generator

connectors are:

Connectors Impedance
FUNCOUT. .. ... ... . .. ... .. ... .. ... 500
SYNCOUT. .. ... ... ... . ... .. ... .. . ... 500
GCV OUT. . ... .. . .. . . 60092
AUX OUT. .. ... ... ... ... ... ....... 6009
AUXSYNCOUT.............. ... ... ..... TTL
TRIGIN. .. ... 1.5k
VCG IN...... . 10kQ
AMIN. 6000
AUXVCG IN. .. .. .. ... ... ............. 11k

3.2.2 Manual Main Generator Basic Operation
The following steps demonstrate setting up the main

generator for continuous operation. (Bold numbers -

are keys to figure 3-1. Refer to paragraph 3.1 for fur-
ther explanations of controls and connectors.) Out-
puts are shown in figure 3-5.

34

Step Control/Connector

1 AUX GEN
MODE 20

2 FUNCOUT 15

Setting
Select AUX GEN OFF.

Connect to under test
(refer to paragraph

3.2.1).

3 MODE 9 Select CONT.

4 SYM 7 Extended.

5 FREQ MULT 5 Set to desired range of
frequency

6 FREQ/START FREQ
Dial 1

7 FUNCTION 12

Set to desired frequen-
cy within the range.

Select desired wave-
form.

Set as desired. Limit
offset to prevent clip-
ping (See figure 3-3).
Select for desired at-
tenuator range.

8 DC OFFSET 14,
Inner Control12

9 OUTPUT ATTEN 17

As an actual exercise in operation, perform steps 1
through 13 in table 2-1.

3.2.3 Voltage Controlied Main Generator
Operation

Operation of the main generator as a voltage controlled
function generator (VCG) is as for a manually con-
trolled function generator, only the frequency within
particular ranges is additionally controlled by an
external voltage (£ 5V excursions) injected at the
VCG IN connector. Perform the steps given in para-
graph 3.2.2, only set FREQ/START FREQ to determine
a reference from which the frequency is to be voltage
controlled:

1. For frequency control with positive dc inputs at
VCG IN, set the dial for a lower frequency limit.

2.  For frequency control with negative dc inputs at
VCG IN, set the dial for an upper frequency limit.

3.  For modulation with an ac input at VCG IN, set
the dial at the desired center frequency. When
applying VCG voltage, do not exceed the max-
imum dial range of the selected frequency
range.

Figure 3-6 is a nomograph with examples of dial and
voltage effects. Example 1 shows that with OV VCG
input, frequency is determined by the dial setting, 1.0
in this example. Example 2 shows that with a positive
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MAIN GEN MODE: CONT
FUNC: "\ W
|
FUNCOUT { FUNC: /\/\/\/\
| ,
FUNC: "L | | I | I | I l
SYNC OUT (TTL) I | I I | I I I

MAIN GEN MODE: TRIG

TRIG IN (EXTERNAL SIGNAL)® j, _ TRIGGER LEVEL

,

FUNC: "\

FUNCOUT 4 FUNC: A\,

dELe

FUNC: L

.
SYNC OUT (TTL)
*TRIGGERS ONE FUNCTION GENERATOR CYCLE FOR EACH POSITIVE GOING

TRANSITION.
MAIN GEN MODE: GATE
| 1
TRIG IN (EXTERNAL SIGNAL)** — /"~~~ —~—= ==\~ TRIGGER LEVEL

|
( ! —=|__ | |==— CYCLE COMPLETED
|

|
|
! |
FUNCOUT 4 FUNC: A, —./\/\/\/—'—
| |
|
FUNC: L, I | I | I “

\
|

|
|
SYNC OUT (TTL) | I I | l ||

| [

**GATES FUNCTION GENERATOR ON WHEN RISING EDGE EXCEEDS TRIGGER LEVEL AND OFF WHEN FALLING EDGE GOES BELOW
TRIGGER LEVEL. LAST CYCLE STARTED IS COMPLETED

Figure 3-5. Main Generator Basic Operation
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VCG input, output frequency is increased.
Example 3 shows that with a negative VCG input, out-
put frequency is decreased. (Note that the Output Fre-
guency Factor column value must be multiplied by a
frequency range multiplier to give the actual output
frequency.)

NOTE

Nonlinear operation may result when the
VCG input voltage is excessive; that is
when the attempted generator frequency
exceeds the range limits. The upper limit is
2 times the multiplier setting, and the lower
limit is 1/1000th of the upper limit.

Step Control/Connector
1 AUX GEN MODE 20

2 AUXOUT3
3 FREQ 22
4 VERNIER 22
5 FUNC 21

6 WIDTH/AF/AM 20

Setting
Set to AUX OUT only.

Connect to circuit under
test, source impedance
is 6009.

Select desired fre-
guency range.

Set to desired fre-
quency within the
range.

Select desired wave-
form.

Select desired ampli-
tude at AUX OUT.

FREQ/ VCG OUTPUT
START FREQ IN FREQUENCY
DIAL (VOLTS) FACTOR*
20— -5 —-— .002

8T T 5 T 2

\5?\—%//
16+ -3 T + 4
141 —24" 1 s
//
12+ 7 - T 8
-7 EXAMP
10 €=~ -~~~ o EXAMPLED 1 10
\\\ .
8+ ~_ *1°T —+ 1.2
~ N
61 Y2t + 1.4
\\8*
41 +3 1 N4y, -+ 16
N
2 et % Las
~N
002 L +5 L ~A 20

*Must be multiplied by FREQ MULT switch setting

Figure 3-6. VCG Voltage-to-Frequency
Nomograph

The up to 1000:1 VCG sweep of the generator fre-
guencies available in each range results from a 5V ex-
cursion at the VCG IN connector. With the frequency
dial set to 2.0 and the main generator VERNIER fully
ccw, excursion between — 5V and 0V at VCG IN pro-
vide the up to 1000:1 sweep within the set frequency
range.

3.2.4 Manual Auxiliary Generator Operation

The auxiliary generator, when used as a separate
function generator, provides frequency and function
selection in a continuous mode. (Bold numbers are
keyed to figure 3-1. Refer to paragraph 3.1 for further
explanations of controls and connectors.) The follow-
ing steps demonstrate setting up of the auxiliary
generator for continuous operation.

3-6

NOTE

AUXSYNC OUT Connector—This rear panel
BNCprovides a TTL level pulse which lags the
AUX OUT 3 triangle signal by 90°.

As an actual exercise in operation, perform steps 14
through 17 of table 2-1.

3.2.5 Voltage Controlled Auxiliary Generator
Operation

Operation of the auxiliary generator in Voltage Con-
trolled Generator (VCG) mode is very similar to VCG
operation of the main generator (paragraph 3.2.3)
except there is a maximum of 33:1 frequency change
with a 0 to +5V change at the AUX VCG input BNC (a
1000:1 change is maximum for the main generator).

3.2.6 FM Operation

In FM operation, the instantaneous frequency of the
output signal varies with the instantaneous amplitude
of the modulating signal (Figure 3-7). Both main and
auxiliary generators may be frequency modulated by
external signals at their VCG inputs (ref: paragraphs
3.2.3 and 3.2.5): Internal operation is the main
generator modulated by the auxiliary generator.
Internal FM operation is the same as a manually
controlled main generator operation (ref: paragraph
3.2.2) except that, in addition, the main generator is
frequency modulated by the auxiliary generator. The
following steps demonstrate setting up the unique
controls for FM modulation. (Bold numbers are keyed
to figure 3-1. Refer to paragraph 3.1 for further
explanations of controls and connectors.)

Step Control/Connector Setting

1 AUX GEN Mode 20 Select SET FREQ/AUX
GEN OFF.
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2 FREQ/START Set for FM center

FREQ Dial 1 frequency.
FREQ MULT 5 and
VERNIER/SYM 5
3 AUX GEN MODE 20 Select SET AF.
WIDTH/AF/AM 20 Set for peak frequency
deviation.
4  AUX GEN
MODE 20 Select FM.
5 FUNC 21 ~ Select modulation
function.
6 AUX GEN FREQ, Set modulation rate.
AUX GEN
VERNIER 22

As an actual exercise in operation, perform steps 18
through 21 of table 2-1.

AUX GEN MODE: FM*

—>| |<"'AF

|
FUNC OUT MAIN GEN FUNC: "\, \MV\/

I

| |

NT 1
AUX OUT AUX GEN FUNC: "\, : -

|

*Similar waveforms apply when external signals are used to AM, FM and sweep
the main generator. AUX OUT and AUX SYNC OUT signals are applicable to
AUX GEN use only.

1—.—_

P <

AUX SYNC OUT (TTL)

Figure 3-7. FM Operation

3.2.7 Sweep Operation

Both the main generator and auxiliary generator may
be swept with a ramp voltage applied to their respec-

tive VCG inputs (ref: paragraphs 3.2.3 and 3.2.5). In-
ternal sweep is the main generator being swept by the
auxiliary generator. Internal sweep operation is the
same as manually controlled main generator opera-
tion (ref: paragraph 3.2.2), except that, in addition, the
auxiliary generator sweeps the main generator fre-
guency between two preset frequency limits (Figure
3-8). The following steps demonstrate setting up the
controls for frequency sweep of the main generator.
(Bold numbers are keyed to figure 3-1. Refer to
paragraph 3.1 for further explanations of controls and
connectors.)

Step Control/Connector Setting

1 AUX GEN
MODE 20

2 START FREQ
Dial 1,
FREQ MULT 5
and VERNIER/SYM
5

3 AUXGEN
MODE 20

Select SET START.

Select start frequency.

Select SET WIDTH.

WIDTH/AF/AM 20

4 AUXGEN
MODE 20
5 FUNC 21

Set maximum sweep
(stop) frequency.

Select SWEEP

Select modulation func-

tion.

6 AUX GEN FREQ, Set sweep rate.
AUX GEN/

VERNIER 22

As an actual exercise in operation, perform steps 22
through 26 of table 2-1.

AUX GEN MODE: SWEEP*

i |

FUNC MAIN GEN
ouT FUNC: "\ |
I
-+ AUX GEN FREQ —~ SETWIDTH
GCV OUT AND AUX GEN | SWEEP WIDTH
AUX OUT FUNC: -\ I
=—_ __ SET START L

AUX SYNC I l
OUT (TTL) 1

'.ﬂ

[
Figure 3-8. Sweep Operation

3-7
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3.2.8 AM Operation

In amplitude modulation, the instantaneous amplitude
ofthe output signal varies with the instantaneous ampli-
tude of the modulation signal figure 3-9. The main
generator may be amplitude modulated by an extenal
signal (with MODE set to AUX GEN OFF) applied to the
AM IN BNC connector as well as internally modulated
by the auxiliary generator. For internal AM operation, set
up the generator as for continuous operation (refer to
paragraph 3.2.2). The following steps demonstrate
setting up the additional controls for AM Modulation.
(Bold numbers are keyedto figure 3-1. Refer to paragraph
3.1 for explanations of controls and connectors.)

Step Control/Connector
1 Main Generator

Setting -
Select AM. FUNC OUT

FUNC 12 decreases by 50% to
prevent waveform clip-
ping when amplitude
modulating.

2 AUXGEN Select SET CARRIER.

MODE 20

3 AM CARRIER Set unmodulated output

LEVEL/NULL 19 carrier level.

4 AUX GEN Select AM.
MODE 20

5 AUX GEN MODE
WIDTH/AF/AM
20

6 AUXGEN
MODE 20

Select the valley of the
modulation signal.

Select AM.

7 AUX GEN Sets amplitude modula-
FREQ/VERNIER tion rate
22

8 AUX GEN Selects modulation func-
FUNC 21 tion

As an actual exercise in operation, perform steps 27
through 30 of table 2-1.

3.2.9 Suppressed Carrier Operation

Operation as a suppressed carrier modulated
generator is the same as for AM operation (ref:
paragraph 3.2.8), except the main generator carrier is
suppressed (figure 3-9). The following steps
demonstrate setting up the controls for suppressed
carrier modulation. (Bold numbers are keyed to figure
3-1. Refer to paragraph 3.1 for explanations of con-
trols and connectors.)

Step Control/Connector

1 SUPPRESSED
CARRIER 18

Setting

Depressed. Selects sup-
pressed carrier opera-
tion.

2 AM CARRIER Adjusts for equal balance

LEVEL/NULL of modulation envelope

19 peaks. Balanced peaks
ensures greatest carrier
suppression.

As an actual exercise in operation, perform steps 27
through 31 of table 2-1.

MAIN GEN FUNC: AM,

AUX GEN MODE: AM

FUNCOUT  SUPPRESSED ---:
CARRIER:
RELEASED
FUNCOUT  SUPPRESSED |
CARRIER: -ﬂ » A
DEPRESSED |
AUX OUT AUX GEN ' : :
FUNC: "\, 5 NOTE
) ; | Similar waveforms apply
SYNC OUT (TTL) JUUTUUTUUUUUUUUUUUULY  when external signals are
! used to amplitude modu-
AUX SYNC OUT (TTL) 1 | I

late the main generator.

Figure 3-9. AM Operation
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4.1 INTRODUCTION

The Model 193 consists of two completely seperate,
independent function generators: the main generator
and sweep/modulation generator. This section
describes the functional relationship between the two
generators, and the function and relationship of the
major circuit element of each generator.

While each generator can operate independently,
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