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WARRANTY

Wavetek warrants that all produsts manufactured by Wavetek conform to published
Wawvetek specifications and are iree {rom defects tn materials and workmanship for a period
ot 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 io repairing, or
at its option, replacing without charge. any product which in Wavetek's sole opinion proves
ta be defective within the scope of the Warranty. in the event Wavetek is not abie to modify,
repair or replace non-conforming defective parts or components to a condition as
warrantied within a reasonable time after receipt thereof, Buyersg shall be credited for their
valug at the original purchase price.

Wavetek must be notified in wiiting 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 1o 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 anather country, Wavetek shail pay for return of producis to Buyer.

Wavetek shall have no responsibility hereunder for any defect or gamage causeg by
improper storage, improper installation, unauthorized medification, misuse. neglect.
inadequate maintenance, accident or for any praduct 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 exciusive remedy and no other
warranty, whether written or ¢ral, 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
be tiable for any direct, indirect, special, incidental, or consequential damages,
expenses, losses or defays (including ioss of profits) based on contract, tart, or any
other legal theory.
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SAFETY FIRST

Protect yourselt. Follow these precautions:

Don't touch the outputs of the instrument or any expesed test wiring carrying the output
signals. This instrument can generate hazardous voitages and currents,

Don't bypass the power cord’s ground lead with two-wire extension cords ar plug
adaptors.

Don'tdisconnect the green and yeliow satety-earth-ground wire that connects the ground
iLug of the power receplacie o ihe chassis ground rerrminal imarked with (=307 v ).

Don't hold your eyes extremely ¢lose to an rf output for a long time. The normally
nonhazardous low-power rf energy generated by the instrument could possibly cause

eye injury

Don't plug in the power cord until directed to by the instailation instructions.

Don'trepair theinstrument unless you are a qualified electranics technician and know
how to work with hazardous voltages

Pay attention 10 the WARNING staternents. They point out situations that can cause injury
or death.

Pay attentionio the CAUTION statements. They point out situations that can cause equip-
ment damage.
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1.1 MODEL 190

The Wavetek Model 190, 20 MHz Function Generator,
is a precision source of sine, triangle and sguare
waveforms plus de voitage. Allwaveforms are front panel
variable from 002 Hz to 20 MHz and can be externally
meduiated. Quiputs canbe continuous or the genarator
canbetriggeredorgated by anexternal signal ar a front
panel switch. Amplitude of the waveforms is variable
from 30V peak-topeak {15V peak-ic-peak into 50) down
to 1.5mV peak-ta-paak. DO reference of the wavelform
canbe offset positively or negatively. Maximum 150ma
peak current can be continuously varied over an 80 dB
range. A& sync output provides a TTL level into 50Q.

1.2 SPECIFICATIONS

1.2.1 Versatility

Waveiorms

Selectablesine . triangle .  sguare ...anddcwith
TTL sync. Symmetry of wavetorms may be varied for
sawtpoth and variable duty cycle pulses.

Opearational Mades
Continuous; Generator oscillates continuously at
selected frequency.

Triggered: Generator is ouiescent until triggered by
external signal ar manual trigger, then generates ane
cycle at selected frequency.

Gated: As tnggersd mode, except generator oscillaies
for the duration of gate signal plus time 1o complete the
iast cycle.

Frequency Range
0.002 Hz to 20 MHz in 3 overlapping decade ranges with
approximately 1% of full scale vernier control.

Function Qutput

M, e . L selectable and variable to 30 Vp-p (15 Vp-p
into 502}, Allwaveforms and dc can supply 150 mA peak
current and may be attenuated in 10 d8 steps to 70 dB
with 10 dB vernier for overall attenuation of 80 dB . 50Q
source impedance,

DG Qutput and DC Offset
Selectable thru function output BMNC. Controlled by frant
panel control with separate on-off switch, Adjustable
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GENERAL DESCRIPTION

between + 15 VYdc{ £ 7.5 V¥dc into 5021 with signal peak
plus offset limited to + 15 Vde{ = 7.5 Vde into 50Q}. DC
offset and cutput wavelorm attenuated propartionately
by the 0 {0 70 dB ottput atteriuarar.

Sync Quiput

ATTLleveipulse whenterminatad with 502, Duty cycle
varies with symmetry when in square wave function. 502
source impedance.

VCG—Voitage Controlied Generator

Up to 1000:1 frequency change with external Oto £ 5V
signal. Upper frequency is limited to maximum of
selected range.

Slew Rate: 2% of range per us
Linearity: +0 5% thru x 100K range.
*=5% on x 1M and x 10M range.
Impedance: 10 k2.

Trigger {and Gate) input
Input Range: 1 Vp-pto + 10V,

Trigger Level Adj: —5V o + 5V,
Impedance: 1.5 kQ shunted by 1.5 pF,
Pulse Width: 25 ns min.

Hepetition Rate:

input Max Rep Rate

+ 1V 1 MHz

+ 2.5V 10 MHz
Symmetry

Symmetry of ail waveform outputs is continuously
adjustatile from 1.2 910 191, Varying syrmetry provides
variable duty-cycle pulses, sawtooth ramps and distortad
SiNE wWaves,

NOTE

When SYMME IRY controiis used, indicated
frequency fs divided by approximatety 10,

1.2.2 Fregency Precision

Dial Accuracy
+ 3% of full scale from x 1 Hzto X 1 MHz ranges,
+ 5% of full scaig on » 10M range.

Time Symmetry
Squara wave variation from (.1 to 2 on diai less than:



+ 1% 10 200 kHz.
*=10% to 20 MHz.

1.23 Amplitude Precizion

Amplitude Change with Frequency

Sine variation with frequency tess than;

+0.2 dB on 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 d8 attenuator selting.
+ 0.6 dB with 30, 50 and 60 dB attenuator setting.
+=0.8 dB with 7) dB aitenuator setting.

1.2.4 Waveform Characteristics

Sine Distortion
<0.5% on X1K, and X10K ranges.
<3.0% on X1 1o X100 and X100K ranges.

Adl harmonics 30 dB below fundamentai on X 1M range,

and 25 dB betow fundamental on X10M range.

Sguare Wava
Rise/Fall Time: <15 ns (10% o 80%).

Total Aberrations: 5% of fuil amplitude (each peak).

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

Stahility

Ampiltude, freguency and dc offser after two hour
waim-ug.

Short Term: = 0.05% for 10 minutes.
Long Term: +£0.25% for 24 hours.

Environmentail
Specification apply at 25°C x 5°C.

instrument operates from 0°C to + 50°C.

Dimensions
28.6cmi11'4 in.) wide; 8.9 cm {32 in.) high; 28.6 cm
(11% in.} deep.

Weight
4.7 kg (10.4 Ib) net; 5.9 kg (13 Ib) shipping.

Power
100/120/220/240V (+ 5%, — 10%), 48 Hz to B8 Hz,

70 VA.
NOTE

All specifications apply from 0.1 to 2.0 on
frequency dial, when FUNC OUT is maxi-
mum and 50 terminated, and with SYM
control OFF,

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



21 MECHANICAL INSTALLATION

After unpacking the instrument, visually inspect ali
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
221 Power Conneciion

NOTE
Unless otherwise specified at the time of
purchasge, this instrument was shipped
from the factory with the power lrans-
former connected for cperatfon 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.

Figure 2-1. Voltage Selector and Fuse

1. Disconnect the power cord at the insirument,
open fuse holder cover door and rotate fuse-pull
1o left to remove the fuse.
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2.  Remove the small wrinted circuit board and

select operating voitage by orienting the printed
circuit board to position the desired voitage 1o
1he top left side. Push the board firmiy into its
module slot,

3.  Rotate the fuse-pull back inte 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-

tar at the rear of the unit and the power source,

Card Position input Vac Fuse
100 90 to 105 4 amp
120 108 to 126 dsamp
220 198 to 231 s armp
240 15 to 252 s amp

2.2.2 Signal Connections

Use RGEBU 500 coaxial cables equipped with BNG
connectors to distribute signals when connecting this
instrument to associated equipment,

2.3 ELECTRICAL ACCEPTANCE CHECKOUT

This checkout procedure verifies the genarator opera-
tion. If a malfunction is found, refer 1o the Warranty in
the frant of this manual. A dual trace, 150 MMz band-
width oscilloscape with X10 time base magnification,
a 508 load, a coaxial tee and three 500 cables are
required to perform this checkout.

Set up as in figure 2-2 and preset the generator front
panef cantrols as follows.
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CONTROL POSITION
Dial 1.6
FREQ MULT iK
VERN/SYM FREQ CAL {cw)
SYM OFF (Extended)
MODE CONT (FUNC)
TRIG LEVEL 10 o'clock
FUNCTION M
DC OFFSET {Qn/Off) OFF {Extended)
DC OFFSET (Variable Controi) cow
OUTPUT ATTEN 40, 20, 10 All Extended
AMPLITUDE MAX (cw)
POWER ON
MODEL 190 OSCILLOSCOPE OSCILLOSCOPE
HORIZ SWP: 0.5 ms/OIv
SYNC FLNG VERT, CH1: 5v/DIV
OUTe @ auT CH2: 2viDV
CH1 CH2 TRIG WMODE: OC
500 hd
TEAMINATION
Figure 2-2. Chackout Setup
Table 2-1. Checkout Procadure
Step Control Position/Operation Observation
1 Oscilloscope Trig leve! and siope, both positive.  |CHZ2: Square wave that begins on positive
going edge. CH1: 15 Vp-0 square wave.
2 Dial and Rotate dial full ew, vernier full cew. | CH2: Sguare wave remains in sync for all dial
VERNIER/SYM | Then the oppostte. Return dial to 1.0, | positions. Range is less than 2 Hz to 2000 Hz
vernier to CAL {1000:1}.
3 FREQ MULT Rotate to all positions. Frequency is 1 X each range pasition.
Return to 1K position,
4 AMPLITUDE Set 10 6 Vp-p on scope. CH1: Amplitude decreases to approximately

8 Vp-p.

2-2
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Table 2-1. Checkout Procedure {Continuad)
Step Control Position/Operation Observation
5 DC OFFSET Depress DC OFFSET switch, then Full CCW gives negative offset. Clipping occurs
rotate DC OFFSET Cantrol Cw. when the offset olus waveform peak amplitude
{Extanded DC OFFSET upon axceeds approximately +7.8Y into 508,
completion.) Initially the negative peak is clipped, but as
the DC offset is rotated cw the clipping of the
negative peak disappears and eventuaily the
positive peak begins fo clip.
g AMPLITUDE Rotate cw. | Waveform returns to 15 Vp-p.
7 CUTPUT Depress buttons in various Qutput tevel varies from 15 Vpp
ATTN 10, 20, combinations. Then reicase all (0 dB)to 4.7 mV (70 aB).
40 buttons.
8 i FUNCTION  Rotate cow. | Observe 0 Vdc level: ~, , ~ and ©, are
- Select BC ™~ 0 0 L 15 Vpp. Note phase relationships:
. Resetto ~. . T_ in phase with ™, and ~. .
3 5YM, . Depress SYM switch and raotate Frequency decreases to appraximateiy 1 kHz.
VERNIER/SYM.| YERNIER/ISYM control cow COW of the 12 o'clock position gives 1:19;
Extend SYM. return VERNIER/ISYM | CW gives 19:1 {a skewed sinewave and
to CAL. variable duty cycle pulses can be ghserved for
A,oand L) -
10 MODE and Select GATE. Select ~, . », ., ", .  Adc level near zero volts (except 7. function:
FUNCTION Return to ™ i quiescent level iz at negalive peak valuel.
11 MANUAL Press. haold and reiease. . Aburst of . for the period the MAN TRIG
TRIGGER | i5 depressed.

2-3



3.1 CONTROLS AND CONNECTYORS
The generator front panel! controls and conrectors
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OPERATION

by 10. Extending SYM switch ensures 1:1 {(50%)
symmetry. See figure 3-2.

are shown in figure 3-1 and keyed o the following
descriptions.

1 Frequency Dial — Settings under the dial index
mark summed with 13 and muitiplied by 2 deter-
mine the output signal frequency.

2 FREQ MULT Control — Selects one of nine fre-

quency muitipiiers for dial 1 setting.

VERNIER/SYM Control == When the SYM
switch 3 is off {extended) this inner controf is a
fine adjustment of the frequency dial 1 setting.
When the 5YM switch s on (depressed) this con-
trol varies the symmetry of the waveforms {nor-
maily 50% duty cycle) Symmetry range is 191
to 1:18 (half cycle to half cycle ratio). When SYM
is used, the main generator frequency is divided

ASYMMETRY
{Rotate COWY

SYMMETRY
12 o'clock

ASYMMETRY
{Rotate CW)

,ar-\\f\
sywe | LI L

SYNC® ﬂ—_'

* 8YNC DUTY CYCLE VARIES SAME AS FUNC QUT SIGNAL
WHEN SQUARE FUNCTION { 7, }1S SELECTED.

W
.-"‘-.v

Figure 3-2. Effect of Symmetry Control

FAED MLLT (HE
VERNIEN ! 5Nt

w,
L] ' L
‘~“/"_‘, k.19

TP LEVEL®
TaId

™

. -0
i

— QUTBUT ATTEM dB! —
FUMNCTION b an L

DE CEFGETE

14 13

12 11 10

Flgure 3-1. Controls and Connectors

3-1



S¥YM Pushbutton — This switch, when
depressed, allows the waveform symmetry 1o be
varied 19:1 to 1:19 range by the VERNIER/SYM
control 2; as a resuit the generator frequency is
divided by 10. When extended, the swiich allows
the generator to produce normal (50% duty
cycle) waveforms.

MODE Control — This swiich selects one of the
three operating modes:

CONT — Continuous output at FUNC OUT 10

~and SYNC OUT 171 connectors.

TRIG — A dc level output until the generator is
triggered by the MAN TRIG 5§ or with a signal at
the TRIG IN connector 12, When triggered the
generator output is one cycle of waveform
followed by a d¢ level.

GATED — As for TRIG except the output is con-
tinuous for the duration of the manuat ar external
trigger signal. The tast waveform cycle started is
always compieted.

TRIG LEVEL Control — This inner control is a
continuously variable adjustment of the trigger
circuitry firing point. When full cow, a positive
going signal at approximately + 5V is required
for triggering (see figure 3-3). in the fuil cw posi-
ticn, a positive going signat at approximatety
~ 5V or more positive voitage is required for trig-
gering. In the GATED modes, the generator will
run continuously when the control is cw from
12 o'clock.
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FUNCTION Selector — Cuter coaxial knob
selects one of three waveforms (sine, triangia,
sguare) or dc.

DC OFFSET Control — Inner coaxiai control
offsets the main generator output waveform
vertically from 18 normal position and when
FUNGCTION {outer coaxial switch 8} is in the DC
position, controls polarity and voltage of dec out-
put. BC output range is 0 £15Vde (= 7.5 Vdo into
50, DC OFFSET switch T must be depressed
to enable this DC OFFSET Control. Extending
the DC OFFSEY switch ensures zerg volt offset.
DC offset and waveform are aftenuated by the
OQUTPUT ATTEN contro! 8, but dec offset i{s not
attenuated by the AMPLITUDE control 9. Wave-
form peak voltage plus do offset is {imited to
+15 Vdc { £ 7.5 Vdc into 508). See figure 3-4.

CCW

+ 9V

TRIGGER LEVEL

w
CONTROL ¢

-

TRIGGER |

LEVEL ;
“E o= 1 VpD MIN.

" SIGNAL ;

--mo- -5V

Trigger signat must be a positive go-
ing signal exceeding the TRIGGER
LEVEL setting.

Figure 3-3. Minimum Trigger Signal

W

FOSITIVE NEGATHV
DC OFFSET DC OFFSET
TSV T e —
S i
EXCESSIVE EXCESSIVE
POSITIVE NEGATIVE
OFFSET OR OFFSET OR
LOADING LOADING

Figure 3-4. DC OFFSET Control

3-2

MAN TRIG Pushbutton — Triggers or gates
the output signals when generator mode is TRIG
or GATED 4. In trigger mode, one waveform
cycle is output when the button is pushed. In
gated mode, waveform cyctes are continuously

At as lmvmes g tha hattan o Rale s
SR L T e LD e o nieiha

DC OFFSET Pushbution — When depresseg,
the dec offset is switched on and controlled by the
DC OFFSET control 8. When extended, zero off-
5€t is assured.

OUTPUT ATTEN Pushbuttens — These but
tons select the attenuation range of the FUNC
QUT 10 signal. The AMPLITUDE control 9 aliows
continuous level variations within each atien-
uator range. Each of the three buttons may be
used individually for 40, 20 or 10 dB steps of
altenuation, or réssed in combinations for up 1o



70 dB of attenuation. The attenuator attenuaies
both the waveform ang de ofiset.

9 AMPLITUDE — This control continuously varies
the waveioim amplitude within each QUTPUT
ATTEN 8 range. CCW rotation reduces
waveform amplitudes at FUNC OUT 10 by
approximately 10 dB. DC and de offset voltages
are not affected by this control.

10 FUNC OUT Connector — This BNC is the
wavetform (or de) output of the generator. Max-
imum output is 30 Vp-p (15 Vpp into 500
Source impedance is 508.

11 8YNC OUT Connector — The syne signal from
this BNC is a TTL ievel into 500Q. Duty cycle
varies with waveform symmetry. Source im-
pedance is 5010.

12 TRIG IN Connectar — This BNC receives the
external trigger and gate signals. These signais
are appiied to the tsigger and gate circuit when
the MOOCE switch 4 is in the TRIG or GATED
positions. Refer to paragraph 1.2.1, Trigger (and
Gate} Input, for trigger signai requirements. The
TRIG LEVEL conirol 4 setectively accepis trigger
and gate signais for the trigger and gate circuits.

13  VCG IN Connector — This BNC accepts ac or
dc voliages to proportionately control frequency
within the range determined by the FREQ MULT
2. Positive voltages increase the frequency set
by the dial 1; negative voltages decrease the fre-
guency. The VCG IN will not drive the generator
frequency beyond the normal limits of a range.
Input impedance is 5 k@,

14 POWER Pushbution — Depressed is power
on, extended is power off.

3.2 OPERATION

Perform the inittal checkout in Section 2 for the feai of
the instrument. Any questions concerning individual
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 exampte, the proper termination of the 50Q QUT
connector is shown in figure 3-5, Placing the 50 ohm
terminater, or 50 ohm resistance, in parailel with a
higher impedance, matches the receiving instrement
input impedance to the coax characteristic and
generator output impedance, thereby minimizing
signal reflection or power loss on the line due ta
impedance mismatch.
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The input and cutput impedances of the generator
connectors are listed below.

RECEIVING

MODEL 180 INSTRUMENT
QUTPUT RG58 OR EFFECTIVE
IMPEDANGE EQUIVALENT CIRCUIT
RESISTAN

500 i 500 ESISTANGE

] LOAD

(SIGNAL
QUTPUT LOAD)

AMPLIFIER %; <7 =500 97

Figure 3-5. Signal Termination
Connsctor Impadance
FUNCOUT .. o 5082
SYNCOQUT(TTLY ... ... . .. .. .. . ... ..., 50Q
TRIGIN . 10k
VOGIN . . 5k

3.2.2 Manual Functlon Ganerator Qperation

The following steps demonstrate manual control of
the function generator. (Boid numbers are kevs to
figure 3-1.)

Step Control/Connector
1 FUNCOUT 10

Setting

Connect circuit to out-
put (refer 1o paragraph

[ap)

3.2.1).
MCDE Select CONT.
SYM Exiended.
FREQ MULT Set to desired range of

Frequency Dial

DC OFFSET

QUTPUT ATTEN

AMPLITUDE

frequency.

Set to desired fra-
quency within the
range.

Sei 0 desired
waveiorm.

Set as desired. Limit
offset o prevent
wavetorm clipping {see
figure 3-4).

Select for desired
attenuator range.

Select for desired
waveform amplitude.

3-3



1.2.3 Voliage Controiled Function Generator
Oparation

Operation as a voltage controlied function generator
(VCG) is as for a manually controlled function
generator, only the frequency within particuiar ranges
is additionally controlled by an external voltage { = 5V
excursions) injected at the YCG IN connector. Per-
form the steps given in paragraph 3.2.2, only set the
frequency dial to determine a referance from which
the frequency is to be voltage controlled.

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

2. For freguency contral with negative d¢ inputs at
VCG IN, set the dial for an upper frequency limit.

3. For moduiaticn with an a¢ input at VCG IN, set
the dial at the desired center frequency. Do not
exceed the maximum dial range of the seiected
frequency range.

Figure 3-6 is a nomograph with examples of dial and
voltage effects. Example 1 shows that with OV VCG in
put, frequency is determined by the main dial setting,
1.0 in this example. Example 2 shows that with a
positive VCG input, output frequency is increased.
Example 3 shows that with a negative VCG input, out-
put frequency is decreased. (Note that the Cutput Fre-
guency Factor column value must be multiplied by a
frequency range muitiptier to give the actual ocutput
frequency.}

VoG OUTPUT
In FREQUENCY
DIAL {VOLTS) FACTOR*
20+ - -+ 002
18+ -4 s T 2
\b@\r//
16+ R L T 4
1.4+ -2+ -+ 8
121+ 7 -+ + 8
L EXAMPLE 1
I | [ S b oy S - 1.0
‘\._\‘\ ]
. e N T+ 1.2
~
b
B Y2 - 1.4
-~ -
At -+ ™04 -+ 1.8
+3 z \4&(
~E,
2 +4 = ~E 418
™~ -
002 1. +5 L s 20

*Must be muitiplied by FRED MULT switch selting

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

Nonlirrear operation may result when the
VCG fnput voltage is excessive; that |s,
when the aftempted generator frequency
exceeds the range limfts. The upper fimit is
2 times the multiplier setting, and the lower
limit is 1/1000th of the upper fimit

The up to 1000:1 VCG sweep of the generator fre-
quencies available in each range results from a 5V
excursion at the VCG IN connector, With the frequency
diai set to 2.0, excursions between —5V and OV at
VCG [N provide the up to 1000:1 sweep within the set
frequency range.

3.2.4 Waveforms

See figure 3-7 for definition of controllable waveform
characteristics.

SINE W/\_/

CONTINUQUS SQUARE I_LI_U_I_I_L
MODE ,
TRIANGLE /\/\\/\/\/
SYNG f [_] U U [_
THIG LEVEL
TRIGGERED [ !
MODE ; :
\ [}
SINE ™1 N1 N
S5QUARE ﬂ m
TRIG LEYEL
___________ i__
TRIG IN ' B !
| |
souare —] L] LI
GATED + COMPLETED
MCDE :

SINE —:"\/\_/\/—

i

TRIANGLE _I/\\/\/\/—

Figure 3-7. Waveform Characteristics
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TIMING

OUTPUT
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» L

FREQ PAGITORS
otal fﬁT—L
= ™ CAPACITANGE
MULTIPLIER
v
e (o
E N — ]
POSITIVE GURRENT SINE
CURRENT [ ¥
vl SWITCH | 4 CONVERTER
SYM SOURCE
VERNIER é
n NEGATIVE - r, DG
¥ CURRENT .
SOURCE HYSTERESIS |got o
= SWITGH r
M\ y i AN
3 I
/ LOOP DS DELAY FUNCTION :
COMPENSATION sy
.|
l
MANUAL 2}
TRIGGER FI:
T y _ LooP STOP | _
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4’ ZERO CROSSING  |q g’ét‘gm
DETECTOR ¥
SYNC

Lo + 5
= —5

POWER -+ 15

- + 23
g - 23
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» i O
ATTEN- l
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SYNC
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Figure 4-1. Function Bleck Diagram
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4.1 INTRODUCTICN

This section describes the functicns of the majar cir-
cuits elements and their relationships to one another
as shown in figure 4-1, functional block diagram.

4.2 FUNCTIONAL BLOCK DIAGRAM ANALYSIS
As shown in figure 4-1, the VCG (Voltage Controlled
Generator) sums the voltage inputs from the fre-
quency dial, VGG IN, and frequency vernier to provide
a voltage control signal for the positive and negative
curreni sources. The positive ang negative current
sources generate precision cyrrents, linearly related
to the output of the VCG summing amplifier, which
pass through the current switch 1o the timing
capacitors. Additichal linear currents are generated
for loop dc delay compensation and the trigger
baseline compensation,

The current awilch, controlleg by the hysteresis out-
put, causes either the positive current source or the
negative current source to charge the timing
capacitor setected by the frequency muitiplier. When
the positive current sourca is switched in, the charge
on the timing capacitor will rise linearly producing the
positive-geing triangle slope. Likewise the negative
current source produces the negative going triangle
slope,

The triangie buffer ampiifier is a unity gain amplifier
whose output is fed to the hysteresis switch, sine con-
verter and output circuits. The hysteresis switch
operates as a "window'' comparator with limit points
set {0 the triangle peaks. When the positive going
ramp reaches + 1.0V, the hysteresis switch toggles to
a low state causing the current switch to connect the
negative current source. This causes the timing
capacitor voitage 10 lineariy ramp to — 1.0V as the
timing capacitor veltage reaches - 1.0V, the
hysteresis switch toggles to a high state, switching in
the positive current scurce. The generator loop con-
tinues to osciliate producing simultaneaus triangle
and square waves, at a frequency determined by the
frequency multiplier and the magnitude of the timing
current controlled by the sum of the dial setting, the
VCG input, and the vernier.

Depressing the SYM bution produces an unsym-
metrical waveform and a division of the frequency by
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SECTION
CIRCUIT DESCRIPTION

a facter of 10. The VERNIERISYM control creates an
imbalance in the current sources and therefore an
imbalance in the waveform symmetry up to a ratic of
18:1. The result is variable duiy cycle pulse, variable
askewed sine wave and variable “sawtgoth™ triangle
waves,

The dc ivep delay comgensation circuit is used on the
two highest frequency ranges to compensate for ioop
detay. This circuit causes the hysteresis switch trip
paints to switch earlier in the cygle, and prevents the
timing capacitors from charging beyond +1.0V. The
switch points are adjusted in proportion ta the charg-
ing current, thus ensuring a constant amplitude as fre-
quency is varied.

The capacitance multiplier is an active circuit witich
simulates capacitors up fo 10,000 times larger than
thie timing capacitor, ihus aliowing very iong charging
times using physically small capacitors. This circuit is
used in the four lowest frequency ranges.

The sine converter accepts a = 1.0 volt triangie signai
fram the triangle buffer and converts it to 3 sine wave
current. The output is fed via the function switch to
the preamplifier,

The trigger circuit allows precise single or muitipie
(gated) cycles at the ouiput in response to external
trigger signals or manual trigger operation. The trig-
ger circuit operates by holding the timing capacitor at
0 volts, via the loop stop signal, on the positive going
triangle ramp, until a trigger signal occurs, in the TRIG
mode a single cycle is produced for each trigger
signai above the variable trigger level threshold. In the
GATED mode continuous cycles are generated for the
time period at which the external signal is above the
trigger level threshold plus the time for completion of
the last partiai cycle. The RUN signal causes the
8YNC output to stay in the low state when the
generator is quiescent. The TRGRST signal resets the
trigger circuit and generator ta the quiescent state on
every generator cycle to arm it for the next trigger in-
put. The trigger baseline compensation circuit holds
the generator output at zero volts, LOOP STOP,
{within specified limits) during the guiescent intervals
at any position (value) of the frequency diai, FREQ
MULT, VCG IN, or VERNIER.

4.1



The sync circuit accepts the square wave signal from
ihe hysteresis or the zerp crossing detector switch
and converts it to 3 true 208 TTL ievel output. In
square wave function (SYNC SELECT enabled) the
sync is in phase with the cutput, but in triangle or sine
functions {SYNC SELECT disabled), the zero crossing
detector causes the sync ouiput {0 be in phase with
the zero crossing of the cutput waveform,

When square is selected by the function switch, the
square shaper accepts the signai from the hysteresis
switch and convents it o a clean, fast square wave
current to drive the preamplifier. The function switch
aiso enables the syne circuit, causing the sync output
to be in phase with the positive going edge of the out-
put sguare wave. In sine, triangte or DC functions, the
square shaper wmput and output are disabled 50 as not
o interfere with the selected waveform -

The preamplifier is fed from both the function switch
and the sguare shaper. The voltage output drives the
output amplifier via the amplitude control.

The output amplifier accepts signals from the
preamplifier by way of the amptitude controt and
drives the output attenuator. DC offset is achieved by
offsetting the output amplifier.

The output attenuator, fed directly from the output
amglifier, provides up to 70 dB of attenuation to the
selected waveform or DC offset. This signal is con-
nected directly to the FUNC QUT BNC.

4.3 DETAILED CIRCUIT DESCRIPTION

4.31 Current Sources

Refer to the Generator Board Schematic sheet 4. The
VCG IN {J7} and FREQ VERNIER (R88) are summed
with the dial potentiometer {R56) at the summing
node, U14 oin 6 of the VCG amnpiifier. Full scale on the
dial causes a — 5 voit control signai at the dial butfer
output U14 pin 7. Rotating the dial to minimum, plus
turning the FREQ VERNIER cow produces -5 m¥ at
U14 pin 7. The output of the buffer drives both the
GCV puffer and current scurces. The GOV output at
{114 pin 1 is + 5.0 voits at full scale.

The current source from U14 pin 7 is present at U13
gin 1, The output of U13 at pin 12 is fed through level
shifting transister Q14 to U8 pin 6. The collector cur-
rent &t pin 7 flows from ground through R&1 and R80.
As the voltage at 114 pin 7 varies, amglifier U13 and
transistor Q14 adjust the base drive of UB pin 8, and
hence the collector current, until the veoltage at U13
pin 2 equals the voltage at U13 pin 1. Because U8 is
an array of maitched transistors with the bases con-
necisd together. and all emitier resistors are equal
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with VERNIER selected, all collector currents are also
equal.

The positive current source is controtled by a currant
control signal at U8 pin 1, which is held at O volts by
the servo action of U13 pins 8, ¥ and 10, level shifting
transistor Q15 and U7 pins 6 and 7. The current ' in
R84 must flow through R93, and because thess
resistors are both 1kfl, an eguai but opposite base
control voitage is present on U7 pin 6 compared to UB
pin 6. Because the transitors in U7 are matched and
their bages are af the same point, a positive current
“I" flows in A87 and hence the positive current
source. A smatlgamount of adjustable balance is pro-
vided by R95Mnd R94 to enable the positive and
negative currents 10 be set for correct symmetry.

On the 1M and 10M ranges, the timing current is
increased by approximately 25%, allowing the use of
larger timing capacitors and hence, minimizing the
effect of any stray capacitance. On the higher ranges,
the parailel resistance across R83 (at ISCAL) is
greater than the resistance on the lower ranges. This
would decrease the current through U8 pin 8 were it
not for the servo loop action of U13 pin 12, Q14 and
U8 pins B, 7 and 8. For any YOG setting at Ui4 pin 7
and U13 pin 1, o matter which range is selected, this
servo loop maintains the voltage at U13 pin 2 equal to
pin 1, Because the voltage at U13 pin 2 remains con-
stant from range to range, the voltage across, and
therefore the current through R80 and R81 aiso
remains constant. This current aiso flows through U8
pins 7 and 8. To enable this current to remain con-
stant, the servo loop drives the base voltage at U8 pin
6 in a positive direction. Because all of the bases in
UB are at the same point, the current refative 1o the
lower ranges increases in R84 through RB7 and aiso
in the collectors of UB pins 1, 14, 2, and 9.

vVarable symmetry 1s controiled by R88 which doubies
as the frequency vernier. With VERNIER selected,
R68 functions as a frequency vernier with one end of
the controt connected to ground and the other con-
nected to the = 15 voit suppiy. The wiper supptlies cur-
rant to the summing node U14 pin 6. Additionally, one
end of 1kQ resistors R84 through RABY are all con-
nected to the — 15 vaolt supply. For any given dial set-
ting, the current through each of the four resistors is
"1, With SYM selected, R88 functions as a variable
symmetry vernier with the wiper connected to the
— 15 voit supply. Cne end of this vernier supplies cur-
rent 1o R84 and R85, while the other end supplies cur-
rent to RBE and R87. With the vernier centered, each
leg is approximately 5000% and reduces the current
through each of these 4 resistors (o 1/1¢ |, dividing the
generator frequency by 10. As the symmetry contral



is varied, resistors for the positive and negative cur-
rent sources are changed in ratio, hence the current
sources are unbalanced and the timing for the posi-
tive waveform is varied in respect 1o the negative
waveform. resulting in variable symmetry.

Loop celay dc compensation currenis {+ ICMP and
- [CMP}, are supplied by Q16 ang US pin 9 and track
the timing currents.

A current (ITRGBL), is supplied by U8 pin 14 to ihe trig
baseline circuit to compensate for variations in freq
dial settings when the generator is in & quiescent
irigger or gated mode,

432 Cumant Switch

Refer. 1o sheet 3. The current switch is driven by the
square wave signal (ISWCTRL) from the hysteresis
switch. Level shifting transistor Q10 provides a con-
trol signai for the diode bridge CR8, CR9, CR30 and
CR31. When the control signal is + 1.8 voits, CR30 is
reversed biased, allowing CRB to conduct current
from the positive current source 1o the timing capaci-
tor selected by SW3-0, This produces a positive gaing
ramp. CR31 is aiso turned on, which reverse hiases
CR9 and prevents current sinking from the timing
capacitor to the negative current source. When the
coniroi signai is — 1.8 voits, boif CR30 and CRS are
forward biased, white CR31 and CR8 are reversed
biased. Af this time, current from the negative current
source sinks from the timing capacitor, preducing a
negative guing ramp.

433 Triangie Buffer Ampilfler

Refer again tg sheet 3 of the schematic. The signal on
the selected timing capacitor is present at both the
gate of Q11, and at U9 pin 2. These devices provide a
very high input impedance for the signal to avoid leak-
age which wouid otherwise cause poor triangle
linearity. The output current of Q11 gontrols the base
drive to emitter foliower Q13 and hence the output
valtage on the emitier. This voitage is sensed at U9
pin 3, causing U9 to adjust the base voltage of Q12
until the differential input of U3 is zero. The low
impedance source output vollage at the emitter
follower Q13 now foliows the high impedance input
signal at the gate of Q11 with a circuit gain of 1.0 up to
a bandwidth of approximately 1 MHz, above which the
gain wiil drop down to approximately 0.95 typically.

4,3.4 Hysteresis Switch

Refer to sheet 2. U110 pin 5 is the input to the positive
peak comparator, while pin 10 is the input to the nega-
tive peak comparator. A level shifted triangle signal of
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- 0.9 volts to - 2.8 voits is present at pins 5 and 10 of
U10. Assume a positive going.ramp. R18 and R13 set
the reference voltage on U1C pin 4 at — 0.9 volts.
Whean the voltage on pin 5 exceeds the reference volt-
age on pin 4, the positive comparator changes state
and the voltage on pin 3 pulses from an ECL low
{~1.8V) to an ECL high { — Q.8V). This signal is con-
nected to clear direct {pin 43 of O flip flop US. The out-
put of U5 pin 2 goes iow, while U5 pin 3 goes high.
These outputs tagale the differential pair Q7 and Q8
so that Q7 is on and Q8 is off. This causes the current
switch control signal {ISWCTRL) tc go low, which con-
nects the negative current source to the timiEng
capacitor, and causes the triangle to begin to ramp
negaiive. The negative peak comparator functions in
an identical manner to the positive comparator except
that the reference voltage at U10 gin 3 is — 2.8 volts.
At the negaitive triangle peak, U0 pin 6 pulses high,
causing a set direct at US pin 5. toggling the current
switch signal {ISWCTRL) high and preducing a posi-
tive going ramp. In addition o being used to store the
first peak comparison pulse from U1Q pins 3and 6, U5
also ignores “'chatter’’ from both pesitive and naga-
tive comparatoss.

435 Loop DC Delay Compensation

The ¢ircuit is aiso located on sheet 2 of the schematic
diagram. The purpose of this circuit is to adjust the
reference voitages on the comparators in the two
highest frequency ranges so that the triangle peaks
do nat increase in amplitude due to loop delay. Q2
functions as a variable pgsitive current source con-
trolled Gy the range switch and the main qurrent
source. As the generator frequency is increased, the
base voitage of Q2 progressively moves negative
causing posilive current through R15 and increasing
the reference voftage on US pin 8 in a positive direc-
tion. This causes the negative peak to switch earlier in
time, compensating for the loop delay and maintain-
ing constant triangle amplitude and correct frequency
tracking.

The positive peak comparator reference is changed in
an identical way, excent that the valtage on L1 nin 4
becomes more negative with increased frequency.
Q4 is a variable negative current source. Q1 and Q3

function as temperatureé compensating diodes.

4.3.6 Capacitance Multiplier

Refer to schematic diagram sheet 5. The capacitance
muitiplier i a precision current splitter which shunis
up ¢ 98.990% of the VCG current away from the inte-
grating capacitor (C57) to preduce the 100 through 0.1

frequency ranges. Timing current is divided between
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C57 and R114. then again between R113 and the
selected timing resistor (110 through R112 or R108).

The signat at U1t pins 2. 6, and 7is a +1.0 voit
triangle. U11 (pins 6, 7, and 10) i$ a non-inverting
amplifier with a gain of 8. The waveform at U11 pin 1
iIs a £1.0 voit triangte with 0.5 volt spikes at each
peak. At any given moment, the junction of B103 and
CS55 (differentiator circuit input) has 8 times the
voltage as the junction of R104 and C55. This voltage
difference causes a constant current to charge C55
through R104 and the selected timing resistor. Thus a
frequency dependent charging current flows into the
summing node of U11 pin 1, producing an inverted
square wave component &t the differentiator output
U11 pin 12 sinking or sgurcing current from the main
current sources and limiting the amount af current
avaitable to charge C57. The = 1.0 triangte at U11 pin
2 provides the triangle portion of the waveform at U117
pin 12. Since the triangle slopes on U11 pins 1 and 12
are identical, only the square wave component of the
wavetorm at U1 pin 12 is across the timing resistor.
The amount of current suppiied tg charge €55 is
therefore this voliage divided by the range resistor
value. As the range resisior is increased, the feed-
back for U11 between pins 1 and 12 i3 also increased,
causing less current to charge C55 and increasing the
amount of current being shunted ta U191 pin 12 by a
factor of 10 for each lower frequency range.

4.1.7 Sine Convarter

Refer to sheet 6 of the circuit diagram. The sine con-
verter converts the buffered + 1.0 volt peak triangle
to a sinusaidal current of 2mA peak. The input triangie
voltage (TRIBUFC} passes through a voltage divider
network to the input of the diode at pins 1, 4 and 6. As
this signal progressively increases, the diode between
ping 1 and 3 is progressively reversed biased, sinking
less current and causing the diode between pins 2
and 3 to pass increasingly more current in 2 sinusoidal
manner to IFUNC. This produces the positive haif of
the sine wave at the output of the preamplifier. At the
same time, the diode between pins 2 and 8 is progres-
sively reversed biased. This slaws and eventually pre-
vents current from flowing frormn the negative portion
of the sine converter.

When the input waveform moves negatively, the diode
between pins 2 and 5 is reversed biased and the diode
between pins 2 and 8 progressively conducts, produc-
ing the negative half of the sine wave.

R15% sets the input amplitude for correct biasing of
the sine conversicn diodes, while R165 adjusts the
input signal offset. Thermister R161 agjusts the input
voltage to cempensate for the diode voltage change
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with temperature. The network consisting of R186,
R167 and C102 pravides a signal (SINCMP) 10 the non-
nverting input of the preampiifier to compensate for
the effects of diode capacitance which would other-
wise distort the sinewave peaks at high trequencies,

4.3.8 Trigger Circuit

Refer 1o sheet 5. The trigger input at J8 is added ta the
voltage from the trigger level control R119 and com-
pared at U12 pin 5 with a reference at U12 pin 4.
When the signal at U12 pin 5 exceeds pin 4 by a few
millivolts, U12 pin 3 goes high. R120 and C60 ensure a
noise free pulse at U12 pin 3 which is ane of two wire
ORed inputs to U4 pin 7. The second input originates
trom the MAN TRIG switch circuit. When this switch is
depressed, R115 pults U12 pin 10 tow. Pin 10 is com-
pared ta the Vbb reference voltage at pin 9, fatching
pin & high and preventing false triggering due to
switch contact bounce. Pin 13 connected to pin 6, is
referenced to pin 12, causing pin 15 to also go high.
When either U12 pin 3 or pin 15 go high, U4 pin 3 goes
low because these outputs are wire ORed to U4 pin 7.
Ud pin 3 is connected to pins 4 and 10. Because pin
10 was previously high, U4 pin 14 was low causing a
low at U4 pin 5. The trigger puise iow at U4 pin 4
causes & 10 ns ECL high pulse at {4 nin 2. At the
same time, U4 pin 14 goes high and after the time
deiay set by R126 and C82, U4 pin 5 aiso goes high.
This causes U4 pin 2 to return low.

in the gate mode CR14 holds U4 pin 11 high, forcing
pin 14 low. The length of the contral pulse at U4 pin 2
is now equal to the period during which U4 pin 7 is
heid high. In the continuous mode, U4 pin 2 is held
high by CR16 regardless of any input trigger signals.

4.3.9 Trigger Baseline

Refer to sheet 5. In the trigger mode, with no trigger
inputs, U5 pin 12 is held low. On the next positive going
triangle, the trigger reset (TRIG RST) signal at US pin
11 causes US pin 14 to go high. This turng Q18 off and
Q17 on, which turns off Q19. The Q19 emitter voltage
is pulled down by the negative current sources Q20
and Q21, causing CR19 to conduct. Because the
anode is at ground and CR18 is maiched to CR1S, the
voitage at the anode of CR18 is also zero. This causes
the triangle on the positive going ramp to stop at ex-
actly zero volts. When a trigger signal oceurs, US. pin
12 goes high {or about 10ns, causing pin 15 to also go
high. This turns on Q18 and turns off Q17, which turns
on Q19, causing the emitter to rise to about 1.7 voits,
This reverse biases CR18 and CR19 causing the
generator 1o run for exactly one cycle. in the gaie
mode, US pin 12 is held high ‘or the duration of the in-



put signal causging the generator to run far this interval
plus the time required o complete 2 partial cycle.

In the trigger or gated made, guiescent state, positive
charging current | flows in CR18. As the VCG current
is varied, | also varies, causing the voltage across
CR18 to vary. To prevent this from causing a baseline
shift, current {I) must also flow in the reference diode
CR19. A negative current source (ITRGBL} is con-
nected 10 the bases of Q20 and Q21. Negative current
{— 1) ftows through the collector of G20 and R133.
Because of the configuration of Q20 and G21, and
because R133 and R134 are both 1kQ, an egqual
amount of current — | also flows through the collectar
of Q21 and R134, causing — 2l to flow at the junction
of A133 and R134. Half of this current (=1} flows
through CR13, while the remaining current flows
through CR18. Therefare, the anode ot CR18 is held at
zero volts regardless of the VCG summing ncde
current.

The RUN signal is used to hold the sync oulpul low
during quiescent periods.

4.3_.10 Sync

Refer to sheet 2. The SYNC QUT ampiifier is driven
from the signal at U8 pin 10 in the triangle and sine
functions. and from U6 pin ¥ when the function switch
is in the sguare function. These two inputs are wire
CRed at U6 pin 13.

In the triangte and sine functions, $YNC SEL allows
R23 to pull CR4 high causing a low at U8 pin 2. This
enables the signal from the zero crossing detector
output (U10 pin 15), and disables the hysteresis
switch input at U pin 7. When the positive going ramp
crosses O volts at the zero crossing detector input
U10 pin 13, U10 pin 15 and U6 pin 10 go high. This
causes a low at UB ping 14 and 13. U6 pin 3 goes low
and pin 15 goes high turning on Q5 and turning off Q8.
This results in a high at SYNC CUT. As the triangle at
LU0 pin 13 crosses 0 wolts in a negative direction, pin
15 goes low, causing Q5 to be turned on, producing a

low at SYNC QUT, Therafora the SYNC QUT always

toggles when the triangie crosses 0 volts.

When the square wave function is selected, CR4 pulls
UG pins 4 and 6 low. U8 pins 2 and 11 now go high,
disabling the zero crossing detector input from pin 10,
and enabling the square wave input from U pin 7. US
pin 3 now drives the SYNC QUT connector in a similar
mann&r ag U10 pin 15 The SYNC OUT is in nhase
with the sguare wave output.

R286, 2 49.9Q resistor sets the 500 output impedance.
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4.3.11 Square Shaper

The sguare shaper schematic is located on sheet 8. In
square function. CR20 pulls U4 pin 13 iow, enabling
the hysteresis switch mput {HYS) ai U4 pin 12. A low
at U4 pin 12 causes a low af U4 pin 15 and a high at
pin 9. Q22 turns on while Q23 is turned off, producing
a +1.2 volt high at the bases of the current switch
control trangistors Q24 and Q25. Transistor Q25 is on,
reverse Diasing CR23. Transistor Q24 is off allowing
positive current w fiow through Ri147, CR22, Ri%4
and into the preamplifier node via R152.

When MYS toggies high, Q23 turns en forcing the
bases of Q24 and Q25 0 = 1.2 volts. Q24 turns on
and Q28 turns off. allowing negative current to flow
through R157, CR23, R154 and the the amplifier node
via R152,

R152 and R154 form a current divider to obtain a 2ma,
full scaie current into the preamplifier. Overshoot
raused by diode capacitance is reduced by R153 and
C73. The output of the square shaper is disanled in al
other functions by turning on Q26 and CR24 which
reverse bias CR22 and CR23 and prevents current
from flowing through R152.

4.3.i2 Preamplifier

Refer o sheet 7 of the schematic circuitry. For all
functions, full scale output voltage is produced when
2mA is injected into the input summing node U1 pin 8.
Transistor array U1 lorms a cascaded differential
stage. Transistor Q27 is a fixed current source. Q28
and Q29 form a high gain voltage follower. OC nega-
tive feedback is applied through R195 to U1 pin 8. The
closed loop voltage gain of the amplifier is deiermined
by the ratic of R185 fo the input resistors, R152 for
sguare wave and R176 for triangte. The sine converter
output supplies the correct current directly from U3
pin 2 to U1 pin 8. The servo action of the preamplifiar
holds this point at 0 voits, therefore no voltage can be
measured. Ut pin 4 is the non-inverting input and is
used both to adjust the oifget 1o O velts at TP2 using
R185 and to inject the sine canverter compensation
signal (SINUMP) described under paragraph 4.3.7,
Sine Converter. High frequency compensation is pro-
vided by R182, €81, C86 and C153. Zener diode CR2%
provides increased coilector voltages for U1 ping 11
and 12 and alsc allows these two points to be rela-
tively close in voltage.

4.3.13 CQutput Amplifier

The output ampiifier consists of an ac coupled ampli-
fier for signals above about 18 kHz, and a de coupled
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amplifier for signais below about 18 kHz, and to main-
tain zero de output offset within specified limits. Reter
to the simpiitied cutput ampiitier schematic, figure 4-2.

Assume zero input voltage at the junction of B203 and
R218. The output at R222 and R224 is maintained at 0
volts by dc amplifier U2. U2 pin 3 is connected to a O
volt reference. If the output drifts away from Q voits,
this will be sensed at U2 pin 2 through R256, R257 and
Rz254. amplifier U2 will sense a difference between its
inputs and produce an autput voltage which adjusts
the bias in the ac coupied amplifier to return the out-
put to O voits. Because R218 and R222 form half of a
balanced bridge, and R253, R256 and R257 form the
second half, the amplifier node at the junction of R218
and R223 will be held at 0 volts as U2 has returned the
junction of R253 and R256 (o § voits.

Adcinput of + 1 volt at R218 and R253 is sensed as a
pasitive increase at U2 pin 2, causing U2 pin 6 to 90
negative. The ac amplifier output goes negative in
response {o the dec control input. This continues untii
the output becomes sufficiently negative to sink ail
the input current, and return U2 pin 2 to O volts. The
bridge circuit causes the ac amplifier node to be 0
volts. if the input is + 1 volt and the node at the junc-
tion of R218 and R223 is 0 volts then the input current
is 1/12 1=8.26 mA. All of this current must flow in
R223. Because the node is at 0 voits, the output volt-
age must be =~ 8.26 mA X 2k = —18.52V. There-
fore the ampiifier voltage gain = R223/R218 = 18.52.

Above about 16 kHz, the ac amplifier controls the
summing node directly, sinking or sourcing current
through R223 by adjusting the output voitage to hald
the node at 0 volis. The ac ampiifisr gain is also
R223/R218 = 16(35) This s divided by 2 at the output
terminal, due 1o the 50Q source impedance resistors
R222 and R224, providing the output is aiso termi-
nated intg 508,
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Refer to sheet 7. The top half of the circuit ampilifies
the positive portion of the signal, and the bottom half
amplifies the neqative part. Q30 and Q31 form an ac
gain stage. An emitter follower stage is formead by Q32
and Q33, to provide a low impedance drive to the
second voltage gain stage Q36 and Q39. This stage
drives the paraliel qutput emitter followers Q37 and
(238 on the positive side, and G40 and Q41 on the
negative. Diodes CR23 and CRZ26 set thermally stabie
bias for the output transistors. Networks R211, R212,
C94 and C93 bypass emitter resistor R208, while
R245, R246, C107 and C106 bypass R244. Ag fre-
quency (s increased, these components decrease the
local negative feedback in the driver stage, increasing
the high frequency gain. Voitage reguiators VRS and
VRE have externai current iimiting cirguitry set to limit
at about 220 mA to prevent damage in the event of a
shorted transistor. When the offset button is depressed,
offset current is injected directly into both nodes in
proportion 1o the feedback resistor values. The ampli-
fier responds exactly as described above for a de
input.

4.3.14 Qutput Attenuator

Refer to sheet 7. Each attenuator button selects an
independent voltage divider, which has 50Q input and
cutput impedances to correctly load the amplifier and
to provide a constant 500 impedance at the FUNC
OUT terminal.

The 10dB attenuator has a 3.18/1 voltage division
ratic. The 20dB attenuator has a 10/ voltage division
ratio, and the 40dB stage has a 100/1 ratio. These
ratios multipiy in valtage, For example if the 20dB and
40dB buttons are depressed, the voltage division ratio
is 1000/1. The attenuators add algebraically in dB,
therefore any attenuation from 10 to 70dB may be
selected in 10dB steps.

AVAVAY -[
FROM R223 2Kn
PREAMPLIFIER 5
AMPLITUDE g R201 _ R203 '333,?, oy cmwltu':ms
b il .
A 12ig0 | Rez2sR224
261 '—'—'\/\J\;—b
De AN ! TO
OFFSET 4 R282 | ATTENUATOR
' CONTROL g

i R253 1.21K 1 OV  R2SG/R257
A oy vl

R254 20Kq
Figure 4-2. Simplified Output Amplifier




5.1 FACTORY REPAIR

Wavetek maintains a factory departmeni for those
customers not possessing the necessary personnel or
test eguipment to maintain the instrument. If an
instrument is returned to the factory for calibration or
repair, 4 detailed description of the specific problem
should be altached to minimize turnaround time.

5.2 REQUIRED TEST EQUIPMENT

Voltmeter Millivolt d¢ measurement
(0.1% accguracy). true rms
Oscilloscope. Duat Channei 100 MHz pbandwidth

Counter 20 MHz (0.01% accuracy)
20Q £0.1% accuracy, 2w
Distortion Anaiyzer To 200 kHz
RGS58U Coax Cable 3 ft length BNC male contacts
Spectrum Analyzer To 20 MHz

5.3 COVER REMOVAL

NOTE

Before rernoving the covers, disconnect the
instrument from the ac power source.

Invert the instrument and remaove the four s¢rews in the
bottom cover Remove the bottom cover,

NOTE

Femove the cover only when it is necessary
10 Make adjusiments or measurements,

5.4 CALIBRATION
After referring to the following preliminary data. perform

calibration, as necessary, per {abie 5-1. if performing
partial calibraticn, check previous settings and
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SECTION
CALIBRATION

adiustments for applicability. Calibration points are
shown in figure 5-1.

NOTE
The completion of the calibration procedure
returns the instrument to carrect alignment.

CALIBRATION LIMITS AND
TOLERANCES ARE NOT

INSTRUMENT SPECIFICATIONS

1. All measurements made at the FUNCTIQON OUT
connector must be terminated intoa 50Q( £ 0.1 %)
load.

WARNING
With the covers removed, dangerous voltage
points may be exposed. Cantact with any of

these points could cause serious injury or
death.

2. Start the calibration by removing covers as
described in paragraph 5.3, connecting the unit {o
anac source andsetting these froni panet switches

as follows:

SYM Off {extendad)
TRIG LEVEL 12 o'clock
DC OFFSET Ot (extended)
QUTPUT ATTEN 0 dB (all extended)

3. Allow the unitio warm up at least 30 minutes for fing!
calibration. Keep the instrument covers on to rmain-
fain heat. Remove covers only to make adjustments
ar measurements,

5-1
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Table 5-1. Generatar Board Calibration Procedure

Note: Where there are no entries, open column indicates previous entry is applicable.

Freq/
Start | Frag Vern Tast 501t
Step Test Frag Mult | Sym | Mode | Func | Ampl | Point Tester adjust Load Rasult Remarks
1 i1] + 15V Balance 20 1K ow | CONT | Sgr oW Board Dwm A3 "No TH15 = 75 vde "Ref gﬁ]s TP7
| +18Y .
T |- _ _ . B N Boara _ venly | -15 = 75V S5V = | e 1BV gamegl
—— e - 18V - Sce remarks * 10 mvy. il nal retouch R3
2 4 5\.|' Suppl\,r — — . — — + Gy - — — v EH = Z5vwdo
. ] e . i
q - 5\; &upply — — - e — . -5V — — Lo P25 VAo
———— | _— ]
4 L edv Suppi\f — _ . — _ FB1 _ _ t219 £ 110 ‘u’dc
3 - 23U Sup[}ly _ _ _ - —_ _ FR2 — — - SN ,J CR R vuc
6 | Power Ampl Zero — — t — | — Voclcew [ FUNG R256 Yes | © x 20 mvdc
ouTt -
7 F'n:amp Zera - - - — | cw - — (R85 —
8 Top ol Dlal Symimeiy — — — bar — - Scope FIEIE — ALY o s Sel lor aua asym (Sel by dlilemale
o _ | o ] o _lriggenng :)I | scope x shope ) ]
9 WCG Null oz YOUK -- — - - AG® - See remaiks Sl Ion Heq sttt when YOG |N
13 grounded. Repeat sieps § and b
as ne{.es.sdry
1 NJO 1 S}fmmelly - — — -- — — Ha4 — ftbym <! 1;5 . Pl ler mn asym
1 = — | cew - | - - Counter | F&3 - 160 { + 0. - 20) Hz
20 B 1K Cw Tn - - DVM R¥? D1 20 mide
_ S — |swe| - - Oist R153 - W T
Aldlyzel . R16%
i4 Trniangle Trigger — — THIG T - — Dyl RAs1 — U+ 20 my
Haszeling ! _ _
15 (1] Dial Aligrmenl - — . i CONT| Sai — SvNC Caunter R — 2¥Hz + 10 H2
! ouT I B S e,
15 [2) — 02 — e — — — - Wernfy — 200 = 1Kz [ aaluslacmry :;.lc:p 1o slep HJ 41 I
15 {3 - See - — — — - REt 2088 kHZ * 10 | Remove dial and set lhe shaf Gow
(EMarks bz
a o . i ) _ _ _ _ See — 200 + 10 Hz Repiace diak. align to 02 tighien
15 1) remarks ) sel Screw and veriy seling
_‘Ib(_U)HDM Freguency 20 1M -— - - — — (237 — 20 Mz + 800U Cptrmize CGE value f salling 15 qul
) kHZ . 0 range lor G37 o
1:4M) — See — - — — - Venly - Ohai matk £ 600 Venty lrequency al cach magor dial
remarks N kHz . mark o
Y {11 X*M Frequency 20 1M : - - - - Sue r8marks Tmncaa 10 set @ ML fieg al
20z 40 kH2
18 X 00K Freguency — 100K — ] e - |_ - . : — 2070 x 40 kHZ Ophrnlze H39 v.:lue W e z-'daury




Table 5-1.

Geanerator Board Calibration Progcedure {Conlinued)
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Note: Whera there are no entries, open column indicates previous entry is appiicable.

Aberrahnong

Freg!
Slart Freg
Slep Tast Frag Muit
19 | Capacity taun o1 | 100
Syiwmetry
2001 Capacty Mull 20
Frequency
21 Lenw Frequency 1K
Aberraiong
22 {11 Funchon Culput
Ampliludu
23 Fhgh Freguency 5 1am

vern/
Sym

Ty

Mode

CONT

Test a0u
Func | Ampl | Poim Fesler Adjusgl Load Resuli Remarks
Sqr | cw FUNC Scope o6 -- < 2008 8ot for mn asym (Very impattant
ouT for kw Irag swe Jist ) o
— — SYNC Counler R102 - 19956 = &Mz '
ouT
— — FUNC Scape H254 - See remarks Adjust the ~Cosner Shapa’ 1ot st
ouT R N L notceable peaking
Sine — — DM RZ03 — 535 vms x 01V
sa | - —  Scope R245 - <06 VD | worsi case aberratons noi1e
R211 exceed 4% o ful ampd 1or gach

paak
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6.1 FACTORY REPAIR

Wavetek maintains a factory repair department for
those customers not possessing the necessary per-
sonnel or test equiprment to maintain the instrument. [
an instrument is returned 1o the factory for calibration
of repair, & detailed description of the specilic pro-
blem should be atiached to minimize turnaround tirme.,

6.2 BEFORE YOU START

Since no troubleshooting guide can possibly cover ail
the potential problems, the aim of this guide is to give
a methodology which, if applied consistently, will lead
fo the probiem area. Therefore, it is necessary 1o
familiarize yoursell with the instrument by reviewing
the functional description and the detaiied circuit
description in conjunction with the schematic. Sucg-
cessiul troubleshooting depends upon understanding
the circuit operation within each functional block as
well as the block relationships.

6.3 TROUBLESHOQTING

WARNING

With the covers removed, dangerous
voitage points may be exposed. Contact
with any of these points could cause
serioys injury or death.

Tabie 6-1 gives an index of common symptoms. For
each symptom a troublesheoting guide is referenced
{Paragraphs 6.3.1 through 6.3.15) that, when carrectly
followed, wilf lead 10 & solution to the problem.

The troubleshooting guide is arranged in three (3)
lavels:

1. Identify improperly set controis.
2. isolate the faulty functional biocks.
3. Identify the faulty circuit or component.

Individuai component troubleshooting is given in para-
graph 6.5, recommended test equipment is given in
paragraph 5.2 and circuit schematics are in the back
of this manual.

ManualsPlus.com

SECTION
TROUBLESHOOTING

In ail probiems:
1. Bouble check fgr proper control settings.
2. Calibrate or rule out calibration as a probiem.

3. inspect components, wiring and circuit boards for
heat damage.

4. Recalibrate as necessary after circuit repair.

Find the instrument symptom in table 6-1 and proceed
as direcied o the proper troubleshooting paragraph.

Table 6-1. Symptoms

Symptom Pacagraph
Fuse blows, no dial lamp. &6.3.1
Power supply > 100 mvp-0 rippla or out of §5.3.2
specification.
Furietion out {all functions) distorted or 6.3.2
missing.
Square output distorted or missing. 6.3.4
Sine wave output distorted or missing. 6.3.5
Triangle outpu! distorted or missing. 5.3.8
Sync putput distorted or missing {FUNC OUT 837
normal).
Excessive high frequency sine or triangle 8.3.4
rofl off, exeassive squars wave overshoot and
rise/fall time,
Low {requency square wave tilt, g3.9
Time symmetry cannot be adjustad within 5.3.10
specification, .
Frequency accuracy and dial response 6.3.11
probiems.
Trigger, gate and {rigger bagelineg probliems, §.3.12
Voitage at VCG IN connector not changing 8.3.13
frequency property.
DC offset not functioning corractty, 8.3.14
Variable symmetry prablerms §.3.15

6.3.1 Fuse Blows, No Dial Lamp
Fuse size incorrect for voltage setting.
Line voltage selector incorrectly positioned.

Disconnect PS. If ac voltages are now correct,
refer to the power supply quide, paragraph 6.4.1,
It not, inspect the f{ransformer and power
receptacle.

8-1



6.3.2 Power Supply >100 mVp-p Ripple or Out of
Specification

Check line voltage selector for correct position.

2. f the supply is OV, check for a short between the
faulty supply and ground by lifting the jumpers at
rear of the bhoard.

3. Lift P& from the board. f the voltages at P5 are not
close to the values shown on the schematic table,
inspect the transformer and power receptacle. if
the voitages are normal, connect P5, then lift the
jumpers (rear of board) for faulty supply. If the
supplies are still bad, refer to paragraph 6.4.1. i
not, the problem is caused by an excessive cur-
rent drain by the generator circuits,

6.3.3 Ail Wavetorms at FUNC OUT Distorted or
Missing

Improgerly set contrals:

1. QUTPUT ATTEN or AMPLITUDE controls incorrec-
lly set to0 low for scope gan or voltmeter range.

2. FUNCTION switch incorrectiy set to DC.
3. MQDE switch incorrectly set to TRIG or GATE.
4. 3¥YM or DC OFFSET buitons depressed.

Functional block isolaiion:

1. Verfy power supply voltages are within +5% of
nominal, with less than 100 mVp-p of ac ripple. If
not. refer to paragraph 6.4.1.

2. Check for a nonlinear triangle. |f the triangle is
nonlinear on onty one range, check for a leaky
capacitor on that range. If the triangte is nonlinear
in more than one range, check for leaky capaci-
tors or faulty active compenents in the frequency
multiplier and triangle buifer circuits.

3. If the waveform is bad in one of the lour lowest
ranges (1. 1, 10, 100), but the remaining ranges
are normal, refer to the capacitance multiplier
quide 6.4.9.

4. It the waveform is bad only in 1M or 10M FREC
MULT positions, refer to paragraph 6.4.3. if the
delay compensation circuit appears normal, refer
to figure 6-1.

5. If square wave symmetry, measured at FUNC
QUT, is out of specification and cannot be
caliprated, refer to paragraph 6.3.10.

6. if none of the above conditions apply, refer to
figure 6-1,

6.3.4 Square Wave Distorted or Missing
improperty set controls;

&2
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1. 5YM button depressed.
2. Excessive dc offset overdriving output amplifier.
Functional block 1sclation:

1. Verify power supply voitages are within 5% of
nominal, with jess than 100 mVp-p of ac ripple. If
not, refer {o paragraph 6.4.1,

2. If the waveform is bad in one or more of the four
lowest ranges {1, 1, 10, 100}, but the remaining
ranges are ncrmal, reter to paragraph 6.4.9.

3. If symmetry is not in specification and cannaot be
calibrated refer to paragraph 6.3.10.

4. If none of the above conditions apply, refer to
figure 6-2.

6.3.5 Sine Wave Distorted or Missing
Improperly set controls:

1. 3YM button depressed

2. Excessive de¢ offset overdriving output ampiifier.
Functional block isolation:

1. Verify power supply voltages are within + 5% of
nominal, with less than 100 mypp of ac ripple. If
not, refer to paragraph 6.4.1.

2. Check the triangle for nonlinearity at FUNC OUT.
If it is nonlinear, but onty on one range, check for
a leaky capacitor on that range. If the triangle is
nontinear on more than one range, check for a
leaky capacitor or fauity active component in the
frequency muitiplier and triangie buffer circuits,
{NOTE: Some nonlinearity above 200 kHz is nor-
mal and not specified)

3. if the waveform is bad in one or more of the four
lowest ranges (.1, 1, 10, 100), but the remaining
ranges are normal, refer (o paragraph 6.4.9.
Verify that aguare wave symmetiy, &l FUNC CUT,
is in specification. If not and cannot be calibrated,
refer to paragraph 6.3.10.

5. If none of the above conditions apply, refer to
figure 6-3.

:l:;

§.3.6 Triangle Distortad or Missing

improperly set controls:

1. 3¥YM button depressed.

2. Excessive dc offset overdriving output amplifer.

Functional biock isolation:

b
!

Verify power supply voltages are within + 5% pf
nominal with less than 100 myp-p of ac rippie. if
not, refer io paragraph 6.4.1.
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NO

FUNCTION OUT
{ALL FUNCTIONS)
BISTOATED OR
MISSING

NORMAL.

NO TTL SQUARE

AREFER TQ
CUHHENT
SOURCE GUIDE
542

h

WAVE AT STYNC
QuTH

NORMAL

% 1.8 Vp WAVEFCH
AT TP2 (ANY
FUNCTIONY?

BIASED? (SHOULD
BE + 1.7VDC AT

RAEFER TQ
PREAMPLIFIER
GUIDE £.4.14

e =15V
WAVEFOJRM
<« AT JUNCTION OF
. R221 AND
R2227%

YES

¥

GR™A
REVERSED

YES

AEFEA TO GHECK
QUTPUT ATTENUATOR
AMPLIFIER OUTPUT CONNECTCR
GUIDE B.4.15 AND CABLE

CATHOOE)

REFER TQ
TRIG
BASELINE GUIDE
§.4.11¢

~ 0.9V AND U10
PN = - 2.8V7 (100
KHZ RANGE OF

NO

b

YES

HEFER TO GROUND Q11
LOOP DELAY GATE AND
COMPENSATION MONITOR
GUIDE 8.4.3 AES WITH A
10 MG PROBE
THROUGH OV AS A%2
1S ADJUSTED?
h
LIFT R8 AT
REFER TO EMITTER OF 13
TRIANGLE BUFFER AND INJECT
GUIDE 6.4.8 VARIAHLES = 1 Vde
AT LIFTED END
OF A3
ar
/ouemok
NO DGELES COARECTL YES
r——< 43 INJECTED YOLTAG '
CEEDS =1V
?
L h 4
REFER TO REFEA TG
HYSTERESIS CURRENT
SWITCH GUIBE SWITCH GUIDE
645 G444
Figure 8-1. Function Qutput Troubieshooting
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BISTORTED OR

Y SQUARE OUTRUT

MISSING

IF THE PROBLEM 15
FREQUENCY HELATED,
SET UNIT TQ THAT
FREQUENCY

NO

NCORMAL
ECL SQUARE
WAVE AT U4
PIN 127

SQUARE WAVE AT TP23
AMPLITUCE
cw)

YES

NORMAL
+ 15¥p

SQUARE WAVE
AT A2227?

a r

REFER TO LOOP AEFER TO

DELAY COMPENSATION QUTPUT CHECK

GUIDE 8.4.3 INCLUDING NORMAL AMPUFIER OUTPUT

~[ICMP AND +iCMP = 3V SQUARE PL ATTENUATOR
VOLTAGES WAVE AT CR22 GUADE 5.4.15
T —— . — 2
IF THE ABOVE CATHODE?
VOLTAGES ARE NOR-
MAL REFER TO
HYSTERESIS SWITCH
GUDE 8.45
h A 4
REFER T REFEA TO
ggf;g: PREAMPLIFIER
GOIE 412 GUICE 8.4.14
Figure 68-2. Square Output Troubleshooting

2. Check the triangie for nonlinearity at FUNG QUT. 6.3.7 Sync OQutput Disterted or missing {FUNC

If it is nonlinear, but only on one range, check for OUT Normai)

a tegky capacitor on that range. If the triangle is Improperly set controls:

neniinear on more than one range, check for a , _

leaky capacitor or faulty active component in the 1. Because thle FUNC QUT is normal, this cannot be
frequency multipiier and triangle buffer circuits. caused by improperly set controls.

(NOTE: Some nanlinearity above 200 kHz is nor- , _

mal and not specified.) Functional block isclation:

3. it the waveform is bad in one or more of the four 1. Ifthere is no ECL square wave at UG pin 10, refer
lowest ranges (.1, 1, 10, 100), but the remaining 1o paragraph 6.4.7, if there is an ECL square
ranges are normal, refer to paragraph 6.4.9. wave, refer to paragraph 6.4.8.

4. Verily square wave symmetry at FUNC QUT is in
specification. i not and cannot be calibrated,  6.3.8  Excessive High Frequency Sine or Triangle
refer to paragraph 6.3.10. Roll Oft

. 1f none of the above conditions apply. reter to Improperly set controls:

Yigure B-4.

Excessive dc offset overgriving outpur ampiifier.
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SINE CUTRUT
DISTORTED OR

MISSiNG

w

IF THE PROBLEM IS
FREQUENGY RELATED,
SET UNIT TO THAT
FRBQUENCY

NORMAL
+ 16 Vp SINE

NC
WAVE AT TP2?

YES

tAMPLITUDE
oW
. = 15 ¥p SINE WAVE
AT l:z PN AT HzzZ2?
r b 4 k4 h 4
REFER TO CHECK U3 REFER TC CHECK
SINE CONVERTER AND QUTPUT
cfu?:?s ;f_.,a PREAMPLIFIER AMPLIFIER Ar?éﬂ:gon
GUIDE &.4.14 GUIDE 6.4.15

Figure 6-3. Sine Output Troublashooting

TRIANGLE
QUTPUT DISTORTED

Of MISSING

IF THE PROBLEM
I3 FREQUENCY
AELATED, SET UNIT TG
THAT FREQUENCY

YES

AT TP2?
AMPLITUD
cw)
NORMAL NORMAL
+ 1V¥p = 18 Vp
TRIANGLE AT TRIANGLE AT
AT R2227
REFER TO CHECK SW5-B REFER TO CHECK
TRIANGLE AND QUTRUT QUTPUT
BUEFER GUIDE PRAEAMPLIFIER AMPLIFIER ATTEMUATOR
B.4.8 GUIDE §.4.14 GUIDE 5.4.15

Figure 6-4. Triangle Output Troubleshooting
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EXCESSIVE
HIGH FREQUENCY
SINE OR TRIANGLE
AOLL OFF

SINE
ROLL QFF AT
TPZ LESS

W

NG YES

WAVE = 1.8V
<3% ABERRATIONS,
«f ns RISEFALL

WAVE = 1.6V
< 3% AHERRATIONS,
<8 ns RISEFALL

YES YES

h J

AEFER TO ) NOAMAL
PREAMPLIFIER TRIANGLE £ 15V SQUARE
GUIDE 8.4.14 ROLL OFF AT TP2 WAVE AT JUNCTION

< + 2 dB?

OF RZ2ZIAT24
?
k4 r .
REFER TQ
ATEOL LT O OF SINE CONVERTER gyl CHECK
GUIDE §.4.13 QUTPUT
0215 + 0.68Y ANG INCLUDING AMPLIFIER ATTENUATOR
as18 JL?%EHEQ SINCMP LINE GUIDE 8.4.15
FAL: 2
3 ? y v
s
REFER TO REFEA TO SQUARE WAVE
LOGP DELAY TRIANGLE % 0.3V, <2
COMPENSATION BUFFER GUIDE ABERRATIONS, YES
GUIDE 6.4.3 548 <3 na AISEFALL TIME
AT CATHODE
CAz2
r
SQUARE SHAP REFER T
GUIDE 8.6.14
Figure 6-5. High Frequency Waveform Troubleshaoting
2. Verify 500 load on the cabie at osciloscope end, Functional block isclation:
Functional block isolation: 1. Verify power supply voltages are within + 5% of
1. Verify power supply voltages are within +5% of 20;“':’?;‘ aitnd Ierss tha: éof ImVp-p of ac ripple. If
nominal with less than 100 mVp-p of ac rippie. If ol reter ta paragraph 6.4.
not refer to paragraph 6.4.1. Use a X10 probe with 2. H none of the above conditions apply, refer to
a very short ground lead and a spectrum analyzer, figure 6-8.

RF voitmeter or a 200 MHz bandwidth scope

2. If none of the above conditions apply, refer to Within Speciflcations
figure 6-5. improperly set controls:

1. 8YM button depressed.

Functi k isolation:
8.3.9 Low Frequency Square Wave Tilt unetionaj block isolation

-+

im W sel controls: t. Verify power supply voltages are within = 5% af
praperly set controls: nominai, with iess than 100 myp-p of a¢ ripple. If
1. Scepe improperly set to ac, not, refer 10 paragraph 6.4.1.
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) h J

LOwW
FREQUENCY
SQUARE WAVE
TILT
TILTED
&

YES

9

REFERA TO OUTPUT
G:%%ﬁﬁ.”m' PUT AMPLIFIER GHIDE
8.4.15

AEFER TO REFER TQ SQUARE
PREAMPLIFIER GLIDE SHAPER GLIDE
6.4.14 5.4.12

Figure 6-6. Low Frequency Square Wave Troubieshooting

2. If symmetry is out of specification in one of the
four iowest ranges (.1, 1, 10, 100}, but the remain-
ing ranges are nermal, refer to paragraph 6.4.9.

3. lfsymmetry is out of specification on FREQ MULT
settings TM or 10M only, refer to paragraph 6.4.3.

4. If the voltages across R86 and R97 are not equal
(typically 3.8V, Freq Diat: 2.0 Freq Mult: 100K or
less), refer to paragragh 6.4.2.

6.3.11 Frequency Accuracy and Dial Response

Prablems
Improperly set controls:
1. SYM button depressed.
2. External signal connected to VGG in BNC,
3. VERNIER not in FREQ CAL position.

Functional block isclation:

1. Verity power supply voltages are within 5% of
nominat with less than 100 mvp-p ac ripple. If not,
refer to paragraph £.4.1,

2. If the problem occurs in one of the four lowest fre-
qguency ranges {.1, 1, 10, 100}, but the remaining
ranges are normal, refer 10 paragraph 6.4.9.

3. If the frequency accuracy is out of specification
on FREQ MULT settings 1M and 10M, refer fo
paragraph 6.4.3.

4. If the frequency is out of specification, but anly on
one range, check the range capacitor for that
range.

5. If the probiem occurs on the 1K, 10K, or 100K
range, check the range capacitor.

6. On the 1K range ang frequency dial set at 2.0,
check for 3.8V across R86 and RE7. As the diai is
rotated, this voltage should linearly track the dial
setiings within + 3% of full scale. If not, refer to
paragraph 6.4.2,

7. !f none of the above conditions apply, refer 10
figure 6-7.

6.3.12 Trigger, Gating and Trigger Bassline
Probiems.

improperly set controls:

1. MODE incarrectly set to CONT,

2. FUNCTION incorrectly set to DC.

3. DC OFFSET overdriving output amplifier.

Functional biock isolation:

1. Verify power supply voltages are within £ 5% of
nominal, with less than 100 mVp-p of ac ripple. If
nct, refer to paragrapt 6.4.1.

2. If the trigger baseline cannot be calibrated within
specification, set MODE to GATE and monitor the
emitter of Q19. With TRIG [N disconnecied, rotate
the TRIG LEVEL ccw. The voltaged should go
about —0.7 Vdc. Rotating the TRIG LEVEL cw
should change this voitage to about + 1.8 Vdo |
these voltage readings are normal, check CR18
and CR18.
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FREQUENCY
ACCURACY
FROBLEMS

- 10,3V
ATUBPING
?

CHECK U14 CHECK U13,
PINS 5,6,7 Q14 AND
AND CURAENT GURRENT
SOURCE GUADE SOURCE GUIDE
6.4.2 8.4.2
NG

4

YES

CHECK U8
AND CURARENT
SQUACE GUIDE

6.4.2

+10.2¥

AT U7 FIN & YES
?

GHECK U13,

8.4.2

Q15 AND CURRENT
SOURCE GUIDE

CHEGK U7
AMND CURRENT
SOURCE GUIDE

8.4.2

Figure 6.7,

Frequency Accuracy Troubleshooting

3. If none of the above conditions apply, refer to
figure 6-8.

4. For high frequency (1M and 10M ranges) trigger
or gate problems, set the controls as follows:

Freguency Dial 2.0

FREQ MULT: 10M

SYM: OFF

MODE: TRIG or GATE

{Depends on symptom-
GATE preferrad)

TRIG LEVEL: 12 o'clock
Set the scope as foliows:

Harizantal: 20 nsidiv

Vertical: 1 Vidiv

Inject a 15 MHz 1 Vp-p trigger signal and refer to
figure 6-9,

6.3.13 Voitage At VCG IN Connector Not Chang-
ing Frequency Properly

Improperly set controis:
1. Excessive VCG IN voitage for diat setting (maxi-

5-8

mum input voltage is + 5.0 Vde with the dial set ai
.02 and the Freq VERNIER turned cow).

Functional biock isclatign:

1. Set the frequency dial to 2.0, FREQ MULT to 1K,
and VCG IN with no input. Measure voltage
across R86 and R97 ( + 3.8 Vdc). In addition, as
the trequency dial is rotated, the voltage linearly
tracks the dial settings within = 3% full scale. if it
functions properly, check RB67, R68. RB9 and
associatec circuitry, but if not, refer to paragraph
6.3.11.

6.3.14 DC Offset Not Functioning Correctly
Improperiy set centrols:

1. 3ignal peak plus offset exceeding + or — 7.5V
(with a 500 load}, or + 15V open circuft.

2. Check QUTPUT ATTEN since this also attenyates
output offset.

Functional block isolation:
1. Verify power suppiy voitages are within = 5% of
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" TRIGGER OH
GATE
PROBLEM

IN 7 TGI..E

TO ECL LOW
P47 5.8v) WHEN MAN TRIR-1ES
FPAESSED AND
iG LEVE
4 VERNIER
ROTATED?
CHECK L2
AND TRIGGER NO PLLSES ECL HIGH vES
GUIDE 6.4.10 ~0.8¥) FOR I0NS WH%-
AN TRIG BUTTON
{S PRESSED?~"
h 4 r
CHECK U4 REFER TO
AND TRIGGER TRIG BASELINE
GHDE B.4.10 GUIDE 6.4,11

Figure &-8. Trigger Gate Troubleshooting

" BE ADJUSTED TO

ATTAIN AN ECL LEVEL,~"
PULSE AT U4
N 77

YES

CHECK LH2
PING 2
PULSE THROUGH %
AT US PN 122 AND RSSOCIATED
(10 ns PULSE 1N CIRCUITRY
TRIG MODE)

h

REFER CHECK
TO THIG Ua AND
BASELINE GUIDE ASSDCIATED -
B8.4.11 CIRCUITRY

Figure 6-9. High Frequency Trigger/Gate Troubleshooting

nominal with iess than 160 mvp-p of ac ripple, If constant compensation by (2 of variations in
not, refer to paragraph 6.4.1. output transistor currents.)

Take the following voliage measurements with = | none ?1' "f gbove conditions apply, refer to
the DC OFFSET button depressed and the DC paragraph 6.4.15.

OFFSET control rotated ow: 6.3.15 Variabie Symmetry Problems

Improperly set controls:
1. §YM button is incorrectly extended.
B} U2 pin 2 should hold at 0.0V. 2. Note: When 5YM is depressed the output frequency

¢} U2 pin 6 should vary frorm — 1.0V to + 1.0V, should be one-tenth the setected frequency.
{Drifting of this voltage is typical because of 3. DC offset is overdriving the output amplifier.

a) The junction of R280 and C116 shaould vary
from + 8.0V to — 8.0V as control is rotated,

8-9



Functionat block isotation:

1. Verify power supply voltages within +5% of
nominal with less than 100 mVp-p of ac ripple. If
not, refer to paragraph 6.4.1.

2. When the wvoltage at the right leg of R8§
(VERNIER/SYM CW) is — 15V ang when the volt-
age at the left leg of R88 {VERNIER/SYM) is
~ 13V, refer to paragraph §.4.2, if not, chieck A88
and SW8.

6.4 CIRCUIT GUIDES

Circuit quides provide listings of voltage levels, wave-
forms, and hints that, when used with the schematics,
are heigful in isolating faulty circuits, Table 6-2 is an
index of circuit guides.

Table 8-2. Clreuit Guide Index

Clreuit Guida Paragraph
Power Supply 6.4.1
Current Source 6.4.2
Loop Deiay Compensation 6.4.3
Current Switch 6.4.4
Hysteresis Switch 6.4.5
Triangie Buffer 6.4.6
Zero Crossing Detector 8.4.7
Sync 6.4.8
Capacitance Muitiplier 6.4.9
Trigger 6.4.10
Trig Baseline 6.4.11
Square Shaper 654,12
Sine Converter 6413
Preamplitier H.4.14
Qutput Amplifier B.4.18

6.4.1 Power Supply Guide

1. To determine a faulty power supply, check for
the voltages given in table 6-3.

2. If the regulator input is bad, remove PS and
check for:

a. Shorted or open diodes (CR1, CR2, or CR3).

b. Shorted or open capecitors at the input of
the reguiator.

¢.  Short between the regulator metal mount-
ing tab and chassis groung.

5-10
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3. If the reguiator input is good, check for:

a.  Shorted or open capacitors at the outpul of
the reguiator.

b. Short between reguiator metal mounting
tab and chassis ground.

c. Excessive loading by main board circuits;
to wverify, lift jumper of the appropriate
supply.

d. If ail of the above conditions appear nor-
mal, repiace the voltage reguiator.

Tabls 8.3. Powaer Suppiy Checks

Maximum Maximum
Reguiator Reguiator
Input Qutput
Voltage Rippls Rippie
Supply Tolerance P {p-p}
+ 15V Balance 0 x15vde —— _
(a)
+15¥ {bh 1.5 vac 10 m¥
- 15V {c) 1.5 Vac 10 mv
+5Y £ 750 mv 1.5 Vac 10 my
-5V + 750 mv 1.5 Vae 10 my
+ 23V +£1.15 vde 1.5 Vac 10 mv
- 23V +1.15 Vdc 1.5 Vac 10my

{a} Measured between + 15V and — 15V supplies.
{b} Measure and note + 15V supply (¥ +15h
{cy — 15V supply = - |V+-|5 + 01l

6.4.2 Cumrent Source Guide

Top of Dial Check: Set the controls as follows; then
perform the checks in table 6-4.

Control Setting
Frequency Dial 2.0
FREQ MULT 1K
VERNIER FREQ CAL
SYM Off (extended)
VCG IN Disconnected

VCG Check: Set the controls as folfows: then perform
the checks in tabie &5-5.

Control Setting
Frequency Dial .02
FREQ MULT 1K
VERNIER Full cow
SYM Off {extended)
VCG N + 5.0 Vde input



Table 6-4. Current Source Check {Top of Dial)

Test Point Deslred Results
Utd pin 7 -5 = 5Vdc
M3 pins1, 2 -5+ 5Vde
Measure across RB3 +3.8 = 38 Vde
U8 pin 6 —-10.3 + 1.03 Vdc
Measure across R84 and R93 | +3.8 + .38 Vde |
U13 pin & 0 + .01 vde
U7 pin 6 +10.2 = 1.02 Vde
Measure across R8E and RY7 | +3.8 = 38 Vdc

Table 8-5. Currant Source (VCG IN)

Test Polnt Desired Results
U7 pin 6 +14.38 £ 1.44 Vde
U8 pin 6 (disconnect VCG IN) | ~14.3 £ 1.43 Vdc

10 MHz Range Check: Set the controls as shown
below, then perform the checks in table -6,

Control Setting
Frequency Digl 2.0
FREQ MLUILT 10M
VERNIER FREQ CAL
SYM Off {(extended)
VCG IN Disconnected
Tabie 6-8. Current Source Check (10 MHz Range)
Test Point Desired Results
Measure across R99 +5.9 = 59 Vvde
Measure across R83 +6.05 = 61 Vde
Ugpiné —82 + 82Vde

Vatiabls Symmatry Check: Set the controis as
shown then measure the voltage acrpss resistors
R84, R85, A86, AR7, A93, and RY97. The measured
voltages should read + 0.38 £ .04V.

Controi Setting
Frequency Dial 20
VERNIER 12 ¢'clock position
VCG N Disceonnected
FREQ MULT 1K
SYM On {depressed)

6.4.3 Loop Delay Compensation Guide

Set the controls as shown; then perform the chacks in
table 6-7.

ManualsPlus.com

Control Satting
Frequency Dial 2.0
VERNIER FREQ CAL
VCG IN Disconnected
FREQ MULT 10M
SYM Off (extended)
Table 6-7. Loop Delay Compensstion Checks
Test Paint Desired Results
Q1 and Q2 emitiers + 8.2 £ 92 Vdc
Q1 base and collector, 32 base| +8.5 = .8 vdo
Q2 collector +0.68 x= .07 Vde
Q3 and Q4 emitter —g.05 £ .91 vVde
Q3 and Q4 base —8.32 + 83 Vde
Q3 collector
Q4 collector ~-4.2 + .42 Vde
U10 pin 4 =16 £ 16 Vdc
{+ Pesak referance)
U1D pin 9 —2.17 = 22 Vdg
{ — Peak referance)

8.4.4 Current Switch Guide

Set the controls as shown:
measuraments. Hefer to figure

then take waveform
8-10.

Control Selting
Freguency Diai 20
FREQ MULT 1K
SYM O (extended)
MODE CONT
+28V— ~ (3 ns
| TRANSITIONS)
QI0BASE | - Y
!
+1.8v — - {5 ns
| TRANSITIONS)
Q10 EMITTER :._, l___qev

CR30 ANODE

+18Y ==~ ——l=g——-
'Z-—'r/-[-- AP R Y
i J_ 1

J - 1.5V

+1.4Y = | - —
CR31 GATHODE|— — | . ¥ R N Y Y

Rd4 VOLTAGE DROP
Figure 6-10. Current Switch Waveforms
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6.4.5 Hysteresis Switch Guide

Set the controls as shown: then perform the checks in
table 6-8 and take waveform measurements. Refer to

figure 6-11.

Control Setting
Frequency Dial 20
FEEQ MULT 1K
SYM Qff
MCDE CONT

Tabie 8-8. Hysteresis Switch Guide

ManualsPlus.com

6.4.6 Triangle Bufter Giide

Set the controls as shown; then perform the checks in
table 6-9 and take waveform measurements. Refer to
figure 6-12. 1, after setting the controls, the generator
loop dees not run, iift R45 at £23 and injecta = 1.0V
triangle into R45,

Control Setting
Freguency Dial 20
FREQ MULT 1K
SYM Off
MODE CONT

Tast Point Desired Rasults Table 6-8. Triangle Buffer Checks
U118 pin 4 -0.9 £ .09 Vde Tast Point Desired Results
{+ Peak reference) 11 grain +6.5 + .65 Vde
J10 pin 9 —2.8 x .28 Vdc Q12 emitter 0.3 £ .03 Vpp trianie,
{— Peak reference) offset —10 + 1 Vde
Q7 ana Q8 emitters —-3.0 = 3Vvdc Q12 base 0.3 % .03 Vp-p triangle,
offset —9.3 = 9 Vdc
Q13 collector +5.0 £ .5 Vde

-0.9V ———

U10 PINS !
5 AND 10

— =28V

08V = — |
10 PIN 3 | Il —l T
| —_— 1.8V
-08v — —-:-———-——-———
U10 PIN 8 T
| e —18Y
-08av — —I—-— — -
US PIN 2 r ]
- _ - — —1.8V
| ]
~0.8Y ——— - - B
USPIN 3 |
, - _ ——— — 1.8V
+ 2.6V — i — —
Q7 COLLECTOR
e — | -1y
-2y II ——
Q7 BASE I ]
:__. - - — =28V
I
—22Y = — - - 1
08 BASE |
—_ ———— 28V
Figure 6-11. Hysteresis Switch Waveiorms
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Q11 SOURGE (2)

U9 PINS 2 AND a3 {
Q11 GATE,
Q13 EMITTER {a)

Q12 COLLECTOR,
Q13 BASE I

U3 PIN §

{a} Requires a X10 Probe (high impedanca)

Figure 8-12. Triangie Buifer Waveforms

8.4.7 Zero Crossing Detector Guide

Set the controls as shown; then take waveform
measurements. Refer to figure 6-13,

Control Setting
Frequency Dial 2.0
FREQ MULT 1K
SYM Off
MODE CONT
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FUNCTION: SINE OR TRIANGLE .
—_—— 1V

U10 PIN 13
Q13 EMITTER — o
| —_ v
U1 PIN 15 | | - — -8y
- - 1BV UG PIN 10
. - —0av I ~t i_—mv
U3t PiN 14 | l — - —E— =0.8Y
: - - 18V Us PIN 13 |
_ ! - _— - =1.8Y - —— = 1BY
MO PIN 12 | I FUNCTION: SQUARE
- - e 20V - ——— —08v
Us PIN 7
(In TRIG mode, no input, voltage is ~ 1.2 Vde.) 1 | _iav
| - —_ =
Figure 6-13. Zero Crossing Detector Wavetorms — - - — —OaY
g . ¢ vePIN1Z | I
— - —_— =18V
ALL FUNCTIONS
s — ~08vV
64.8 Sync Guide 1 |
) Ue PIN 13
Sel the controls as shown then perfarm the checks in :_ - — — 1V
table 6-10 and take waveform measurements. See g ! iy
figure 6-14. I - = |_
USPIN 9 i
Control Setting j—— - —_——— =18V
Frequency Diai 20 }-— ' — ——— 08V
FREQ MULT 1K UBPINE
SYM ot L _ | —av
MQDE CONT [ — e r—— + 5.0V
t
Q&
Table 68-10. Sync Check COLLECTOR | _ _ ] 1 _ oov
Dasired Resuits {SYNC OUT OPEN CIRCUIN
Funetlon:
Sine or Triangle Functlon: Figure §-14. Sync Waveforms
Teat Point Wave Squars Wave
CR4 cathoge +1.2 £ 12 vde -5 x SVde
U8 pins 4 and 6 -1 + 1 Vde —4.3 + 43 Vde
UB pins 2 and 11 -18 + .18 Vde ~0.8 + 08 Vde +1.0v
{25/Q6 emitters -16 = 16 Vdc -1.6 = .16 Vde _1i0v
| .
e e e e 4 8.0V
u | /F‘\-g/\ \/\\
1MPIN1D |
6.4.9 Capacitance Multiplier Guide / LN NN 8.0V

Set the controis as shown; then take the waveform
measurements. Refer to figure 8-15.

Control Setting
Frequency Dial 2.0
FREQ MULT 100
SYM Oft
MODE CONT

U1t PN 12

Figure 6-15. Capacitance Multiplier Waveforms
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8.4.10 Trigger Guide

TRIG or CONT Check: Set the controls as shown:
then take the waveform measurements. Refer to

figure 6-16.

Contral Setting
Frequency Dial 2.0
FREQ MULT 1K
MQDE TRIG or CONT
TRIG IN + 1V 1 kHz Square
wave
— - ——— 1Y
Ja
(TRIG IN) ! — - - =1
1
L2 PIN 5§ { : Varies between — 0.5 angd - 2.0V
| | as TRIG LEVEL is rotated.
P
J - —_ - -1V
U12 PIN 4
. — e 18V
I YU - -—— . -8V
Ud PIN 7
- - - —— — 18V
- — — =08V
U4 PIN 3
_ _— — . =18V
| |
o
[
U4 PIN 11 : : -5.0 vdc
| 1
I - ———— 0.8V
U4 PIN 14
- - - — -8V
Us PIN 5 T ubmte i o e
PULSE WIDTH:J |§ } \
[ . e 18V
=1 —-= - —-=-1
U4 PIN 2 - ———— o
PULSE WIDTH:
18 ns _ — —1.8v

Figure 8-16. Trigger Waveforms (TRIG or CONT)

GATE Checks: Set the contrals as shown; then take
the waveform measurements. Refer to figure 6-17.

Control Setiting
Freguency Dial 2.0
FREQ MULT 1K
MCDE GATE
TRIG IN =1V 1 kHz Square
wave

B-14
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—_——— 1V

(TRIG (N} _ - — -1y

] |
1 !

1 | Varies between —0.5 and — 2.0
[ | as TRIG LEVEL it roteted.
! !
| f

I

|
U12 PIN 6 :

|

1 _ — —— - 1.0V
uzPINgG |

| _ — . —18V

I i - ——— 08V
U4 PIN 7 I

k_..__l - —-1.8v

: L - - ~0.8V
U4 PIN 3 [

| ] - - _ -8V

| If |
U4 PIN 11 I | : -0.7Vde (ECL HIGH)

b

I 1 i

| i
UAPIN 14 | i | -18vde (ECLLOW)

[ l

B
U4 PIN S L -1.3 Vde (ECL LOW)

[ I |

I

] - _ o _ -08V
U4 PN 2 !

| — - - 1.8V

Figure 6-17. Trigger Waveforms (Gate)

8.4.11 Trigger Baseline Guide

Trigger or Gate Mode Problems: Set the controls as

shown; then take the waveform measurements. Refer
10 hgure 5-18.

Control Setting
Freguency Dial 2.0
FREQ MULT 10K
SYM Off
MGCDE TRIG or GATE
(Depends on symp-
tom—GATE pre-
. ferred
TRIG LEVEL Approximately
centered
TRIG IN =1V 10 kHz Square
wave



— —  +1V
Ja
RIG N
(TRIG I} . -
N O T I - DAY
usPiNi2 I I{A h =10 ng
RIG ON
(TRIG ONLY) A : A —— 1.8V
i —— e = 0.8V
US PIN 12 ‘[
GATE ONL'
[ ) sy
1 I J _ —— o - L8V
]
Us PIN 11 i ;
: : - — e = TEY
_;_ S e e g e — 08V
S PIN ‘ d —l
: | - ——— Ay
I
Q17 EMITTER | : { —15 & .15 vde
Ly
! —_ — o +2EBY
|
019 BASE I
:_ - —_—Ll __ -osv
L N _ I
[
G119 EMITTER I |
- —_—— e -0y
I i
(I | -
I |
Q20 EMITTER | | !
AND 1 : | +55 £ 55 vdc
Qzi EMITTER : , I
| 1 |
I I
I
| P + 1.0V
Q13 | ! 0.0v
EMITTER _ _1ov

Figure 6-18. Trigger Baseline Waveiorms

Continuous Mode Problems: Set the controls as
shown; then take the waveform measurements. Refer
to table 6-11.

Control Setting
Frequency Dial 2.0
FREQ MULT 10K
SYM Off
MODE CONT

ManualsPlus.com

Table 811. Trigger Baseline Check (Continuous)

Tast Point Desirad Rasuits
Li5 pin 12 —0.8 = .08 Vdc
U5 pin 14 —-1.8 = .18 Vde
Q17 emitter =15 £ .15 Vdc
Q19 base +2.6 £ .26 Vde
Q1% emitter +1.7 £ .17 Vde
Q20 emitier +55 + 585 vdo
921 emitter +55 %+ 55Vde
Q13 emitter + 1.0V friangie

6.4.12 Square Shaper Gulds

Set the controls as shown: ther perform the checks in
table B-12, and take waveform measurements. Refer
to figure 6-19.

Controi Satting
Frequency Dial 2.0
FREQ MULT 1K
SYM Off
MODE CONT
FUNCTION See Table 8-12 and
Figure 6-19
Table 8-12. Square Shaper Checks
Desired Kesults
Test Point | Sine or Triangls Sguars
Q22 emitter | = 3.0 £ .3 Vdc =30 2 .3vdc
U4 pin 13 —08 = DBVde |—4.3 =+ 43 Vdc
Q26 base -08 £ 08Vde | —-4.2 £ 42Vde
Q26 emitier —1.6 £ .16 Vdc =40 + 4 VdC
CR24 anode | 416 = 16Vdc | —1.5 = .15 Vdce

8.4.13 Sine Converter Guide

Set the cantrols as shown; then perform the checks in
table 6-13 and take waveform measurements. Refar
to tigure 8-20.

Contrmol Setting
Freguency Dial 2.0
FREQ MULT 1K
SYM OF
MCD CONT
FUNCTION Sine

Table 8-13. Sine Convertar Checks
Test Point
Junction R170 and R 71
Junction R173 and R174
U3 pin 2

Desired Results
+14.8 + 1.5 Vde
~14.8 * 1.5 Vdc

0.0V (Full scale
currént = 2 mA,

6-15
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SINETRIANGLE SQUARE

e e+ 1.0V +1.0¥
1
Q13 EMITTER |
N N -y 4 - 1.0V
_— _ _ -8V : | _ S e ~0.8V
U4 PIN 17 I
L - _ —— e _-l8V E_ - _— - —1.8V
I — — ——— =23V
G22 BASE -1.8 = .18 Vde- I |
i | -~ -— 28V
! —-—— - _I__ -22v
Q23 BASE ~0.8 = .08 Vde 1
| —_ _ —— 28V
: -—— - ————— 1.2V
Q23 COLLECTOR -1.2 x 12 Vde | |
: - — - =12V
|I_ —_ — e +058VY
Q25 EMITTER =12 £ 12Vdc | |
. - =12V
1
'[ —— —_ _——— — + 0.3V
CR23 ANCOE 0.0 £ 10 mVde ! |
: - - — —-fav
I._‘__ - —_——— 12V
Q24 EMITTER ~15 & .15 vde |
_ - —_-05v

Figure 8-19. Squars Shaper Waveiorms

8.4.14 Preampiifier Guids

DC Problems: Set the FUNCTION control to DC: then
perform the checks in tabie 8-14.

U3 PIN 1

___ Table 6-14. Preamglifier Checks (DC)

Test Point Desired Rasuits U3 PIN g
Ui pin 2 +14.86 £ 1.5 Vdc
U1 pin 3 —-0.7 > .07 Vdc
U1 pin 13 -14 + 14Vde USPINS
U1 pin 9 -0.7 £ 07Vdc
U1 pin 4 0.0 10 mv U3 PIN 3
Ut pin 8 6.0 £ 10mv
Ut pin 12 +58 £ .58 Vde
U1 pin 11 +6.6 + B8 Vde U3 PiN 8
Q27 base +9.6 £ .96 Vdc
Q27 emitter +103 x 1 Vdo Figure 8-20. Sine Converter Waveforms
Q28 collector +11.2 £ 1.1 Vde o
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Funetion Problams: Set the controls as shown; then
take the waveforrm measurements. Refer o figure
B-21.

Control Setting
Frequency Dial 20
FREQ MULT 1K
SYM Off
MODE CONT
FUNCTION Square
- - P i
Q% BASE
L. - _ _— -V
- - —_— 1V
()]
EMITTER | | L _ — 1.6V
Figure 6-21. Preampiifier Waveforms

6.4.15 Output Ampilfler Guide

Set the controls as shown; then take the waveform
meadsurements. Refer to table 6-15.

Control Setting
FUNCTICN DC
DC OFFSET Qff

6.5 TROUBLESHOOTING INDIVIDUAL
COMPONENTS

§.5.1 Transistor

1. A transistor is defective if more than one volt is
measured across its base-emitter junction in the
forward direction.

2. A trangistor when used as a switch may have a
tew volts reverse bias voltage across base emitter
junction.

3. ifthe collector and emitter voltages are the same,
but the base emitier voltage is less than 500 my
torward voltage (cr reversed bias), the transistor
is defective,

4. A transistor is defective ¥ its base current is
larger than 10% of its emitter current {caiculate
currents frorm voliage across the base and emitter
series resistors),

ManualsPlus.com

Tabie 6-15. Output Amplifier Checks

Tast Point Desired Resuits
Base +11.7 + 1.2 Vde
Q30 Emitter +11 % 1.1 Vde
Collector +18 = 1.8 Vdc
Q32 Collector +22.8 + 23 Vde
Base =12 = 1.2 Vde
Q31 Ermitter =113 = 11 Vdc
Coliector —-19 + 1.9Vde
Q33 Collecter =227 £ 2.3 Vde
Base +18.3 £ 1.8 Vdc
Q36 Emitter +18 + 1.9 Vde
Collector +0.7 = .07 Vdcq—_
Qa7 Emitier +0.08 = .003 Vde
Collector +225 + 2.3 Vdc
Q38 Emitter + (.05 = .005 Vde
CR27 Cathode +23 £ 2.3 Vdc
Angde +0.6 = .08 vdc
VRS input +31 = 31 Vde
Qutput +24 + 2.4 Vdc
Q34 Collector +228 £ 23Vvdc
Base -18.3 = 1.8 vdc
Q39 Emitter —-18 + 1.9 Vdc
Collector -0.05 + 005 Vde
040 Emitier -0.05 = .005 Vde
Collector —-21 = 21 Vde
C41 Emitter —0.05 = .005 Vdc
CR28 Ancde -23 * 2.3 Ve
Q35 Base —06 = .06 Vdc
IN =31 £ 3.1 Vde
VRE ADJ —-21.3 = 21 Vdc
ouT —23.6 £ 2.4 Vdc
Uz Pin 2 0.0 + 10 mVdc
Pin § —0.056 = 005 Vdc

5. In a transistor differential pair {common emitter
stages), either their base voltages are the same in
normat operating condition, or the one with less
forward voltage across its base emitter junction
shouid be off (no cellector current); otherwise,
one ¢f the transistors is defective.
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6.5.2 Diode

A diode (except a zener) is defective if there is greater
than one volt (typically 0.7 volt} forward voltage
across it.

B.5.

1.

3 Operational Amplifier

The “+" and "—" inputs of an operational
amplifier wiil have less than 15 mV voitage differ-
ence when operating under normal conditions.

When the output of the amplifiar is connected to
the " — "' input (voliage follower connection), the
cuiput should be the same voltage as the "+ '
inpit voitage, otherwise, the aperational amplifier
is defective,

if the output voltage stays at maximum positive,
the "+ " input voltage should be more positive
than ** — " input voltage, or vice versa; otherwise,
the operationai amplifier is defective.

§.5.4 FET Transistor

1.

5-18

No gate current should be drawn by the gate of an
FET transistor. If so, the transistor is defective.

The gate-to-source voltage is alwavs reverse
biased under & normal cperating ¢ondition; e.g.,

ManualsPlus.com

the source voltage is more positive than the gate
voitage for 2Nb48E, and the source voitage is
more negative than gate voitage for a 2N5462.
Otherwise, the FET is defective.

It the device supplying gate voltage to an FET
saturates, the FET has too large a Vgs (pinch off)
for the circuit and should be replaced.

§.5.5 Capacitor

1.
2.

Shorted capacitors have OV across their terminals.

Cpened capacitor can be located {but not always)
by using a geoog capacilor connected in parailet
with the capacitor under test and obsearving the
resuiting effect.

Leaky capacitors will often have a decreased voii-
age across their terminais.

6.5.6 Digital ECL ICs

1.

The device is operating correctly if the output high
stateis —0.81 to - 0.96V and low state is — 1.65
to - 1.85V.

The input must show the same two levels as in
step 1,



7.1 DRAWINGS

The Tollowing assembly arawlngs (with parts lists) and
schematics are in the arrangement shown below.

7.2 ERRATA

Under Wavetek's product improvement program, the
latest electronic designs and circuits are incorporated
into each Wavetek instrument as guickly as development
and testing permit. Whenever ihis occurs, errata pages
are prepared and placed in the shipping cortainer along
with the instrument and current manual. If no such pages
exist, the manual is correct as printed.

DRAWING

Instrurnent Scnematic
Chassis Assembly
Chassis Parts List

Generator Board Schematic
Generator Board Agsembiy
Gererater Board Assembly
Generator Board Farts List
Generator Board Switch Detent
Generatoar Board Switch Parts List
Subassembly Mounting Angle
Sutassembly Parts List

Rear Parel Assembly
Rear Fanel Parts List

Froni Panel Assernbly
Front Panel Parts List

SECTION
PARTS AND SCHEMATICS

7.3 ORDERING PARTS

When orderning spare parts, please specify part number,
circuit reference, board, serial number of unil, and. if
applicable, the function performed.

NOTE

An assembly drawing number is not
necassarily the assembly part number.
However, the assembly parts iist number is
the assembly part number.

DRAWING NUMBER

0C04-00-0187
0102-00-0838
1101-00-0838

0103-00-2926
1100-00-2526
0101-00-2826
1500-00-2926
C102-00-0358
1202-00-0958
0102001024
1206-00-1024

3102-00-0857
1101-00-0957

0102-00-0980
1103-00-0280
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