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1.1 THE MODEL 182A

Wavetek Model 1824 Four MBz Function Generaioris
& precision source of sine, {riangle and square wave-
forms pius de voltage. All are front panel variable from
0.004 Hz 10 4 MH;z and can be externally modulated or
swept over a 1000:1 range. Quiput can be continuous
of the generator can be triggered of gated by an exler-
nal sighal or a front panél switch. Amptitude of the
wavelorms is variable from 10V peak-to-peak into 500
down to 30 mv p-p. DO referencs of the waveforms

can be offsel positively or negatively.

The main waveform output is 20V peak-fo-peak maxi-
murm and can be varied over a 30 dB range. A second
waveform at 2V peak-to-peak maximum (20 dB at-
tenuation) and a TTL leve! square at generator fre-
quency are auxiliary outputs. inputs are provided for
axternal voltage controiled genarator frequency (VCG)
and for triggering and gating the generator.

1.2 SPECIFICATIONS
1.2.1  Versatility

Waveforms
Sine “u | trangle " ,square T Tl puise

and dc,

Operaiional Modes i
Confinucus: Generator runs contindously at selected

frequency.

Triggerad: Generator is guiescent until triggered by
external signal or manual trigger, then generates one
complete waveform cycie at selected frequency.

Gated: As triggared mode, except output continues
for duration of gate signal. Last waveform startsd is

completed.

Frequency Range .
0.004 Hz fo 4 MBz In 7 overlapping decade ranges:

......... 0.004 Hz to 4 Hz
,,,,,,,,,,, 0.04 Hz {0 40 Hz
R 0.4 Hzto 400 Hz

‘‘‘‘‘‘‘‘‘‘‘ 4 Hz o4 kHz

SECTION
GENERAL DESCRIPTION

Function Cutput '

My, 7], selectable and variable to 20V pp
{10V p-p into 500} HI output, and o 2V p-p (1V p-p inio
500).LO cutpud. Both outputs varied with a 30 dB ver-
nier. Peak output current is 100 mA maximum {Ml out-
out) into B0Q (200 mA peak into a short circuit). Source
impedance is 504Q.

DC Offset and DC Output

Waveform offset and de output selectable and variable
thru Hl and LO BNC cutputs. DC output seleciable by
not selecting a wavetorm function, H ouiputis £ 10V
max {5V into 50Q) as offset or Vde ouipul. Signal-
peak plus offset timited 1o = 10V {2 5V into 500). LO
output s + 1V max { £ 0.5V into 509) as is signalpeak
plus oftset fimit. DC offset pius waveform attenuated
proportionately at LO (— 20 dB} outpul.

TTL Pulse Cutput
TTL pulse (50% duty cycle} at generator frequency.
Drives up to 20 TTL loads.

VCG — Voitage Controiled Generator

Up to 1000:1 frequency change with exiernal G to
+ 4V signal, Upper and lower frequencies limited to
maximum and minimum of selected range,

Slew Rate: 2% of range per ps.

Linearity: ’

+0.5% thru X 100K range; 2% on X 1M ranhge.
Input Impedance: 2 kQ.

Trigger and Gate

Input: TTi. compatible leveis.
Puise Width: 80 ns minimum.
Repetition Raie: 4 MHz maximum.

1.2.2 Frequency Precision

Dial Accuracy
+5% of full scale.

Time Symmetry
Square wave variatton from 0.2 to 4.0 ondial less than:
1% 1o 100 kKHz, 5% to 4 MMz

1.2.2  Amplitude Precision

Sine variation with freguency less tham
+ 0.2 dB on all ranges through X 100K, £1.0dB io
4 MHz,
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1.2.4 ‘Waveform Characteristics

Sine Distortion

Less than:

0.5% on X 1K and X 10K ranges; 1% on X1, x10,
X 100 and x 100K ranges. All harmonics 25 dB below
fundamental on x 1M range.

Triangle Linearity
Greater than 99% to 200 kHz.

Square Wave Rise and Fall Time
At I output, less than 50 ns for 10V p-p outptt into
508 termination. :

1.25 General

Environmenial
Specifications apply at 25°C +58°C. Instrument will
operate from 0°C to 50°C ambient temperatures.

Dimensions
28.6 cm (11% in) wide; 8.9 cm (32 in.} high; 28.7
(102 in.) desp.

Weight
2.7 kg {6 b} net; 4.5 kg {10 b} shipping.

Power
90 to 128V or 198 to 252V (specify), 48 o 66 Hz; less
than 15 watts.

NOTE

Afl specifications appiy for dial between 0.2
and 4.0; amplitude at 10V p-p from Hi out-
put into 50Q termination.
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2.1 MECHANICAL INSTALLATION

After unpacking the Instrument, visually inspect all
extarnal 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
contatner and packing material should be saved in
case reshipment is required.

2.2 ELECTRICAL INSTALLATION
2.2.1 Power Connection
WARNING

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

CAUTION

To oprevent damage to the Instrument
check for proper match of line and instru-
ment voltage and proper fuse type and
rating.

NOTE

Uniess otherwise specified at the fime of
purchase, this instrument was shipped
from the factory for operation on a 90 to
128 Vae line supply and with a 1/4 amp stow
biow fuse. Instruments configured for 198
to 252 Vac have a 1/8 amp Slow blow fuse,
Select the appropriate fuse and 115 or 230
swiich position at the rear panel when
changing power SoUrces,

2_.2.2 Signal Connaections
Use 3 foot RGE8U 500 shisided cables equipped with

female BNC connectors to distrioute afl input and out-
put signals.

SECTION
INSTALLATION

2.3 ELECTRICAL ACCEPTANCE CHECK

This checkout procedure is a general verification of
generator operation. Should a malfunction be found,
refer to the warranty in the front of this manual.

A rwo channe! oscllloscope, four 3 foot 508 coax
cables with female BNC connectors, a coax tee con-
nector and an additional function generator are re-
quired for this procedure.

Praset the generator front panel controls as follows:

Controt Position
Dhal . 20
MODE ... CONT (released)
FUNCTION. s m

BOOFFSET . ... s OFF (cow)
AMPUITUDE . . MAX {ow)
FREQUENCYMULTIPLIER . ... .. .. ... X 1K

Set up the oscliloscope, Model 182A and external
function generator as shown in figure 21 and perform
the steps in tabie 21,

o [
s e & ¢ o O SYNG

MODEL 1824 | TTL OUT OSCILLOSGCPE

CHI CHZ
voa| Lo [ o
o * 9

FUNCTION GENERATOR

oR
de
&= VOLTAGE SOURGE
(NITIALLY OFF)

Figure 2.1. First Setup

2.4 CHANGING THE OUTPUT IMPEDANCE
The output impedance is normally:

HI 10V pp (500 source} into BOQ.
LO 1V p-p (500 source) into 508,

Ampiitude is normally variable over 30 dB with — 80 a3
lowest possible ampiitude.
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MODEL 182A | TTL OUY QSCILLOSCOPE
.
o @ & » SYNG
! . CHt  CHZ
THIG 500 OUT ® 9
i (Hly

FUNGTION
[ @ TTLOUT 1 GENERATOR

Figure 2-2. Second Setup

24 CHANGING THE QUTPUT IMPEDANCE

The ouiput impedance is normally:
HI 10V p-p (500 source) into 50Q.
LO 1V pp {500 source) into 500.

Amplitude is normally variable over 20 dBwith —50dB
lowest possible amplitude.

if simuitanecus 6000 and 508 output impedances are
desired:

1, Change value of R148 from 4991} v 80442
2.  Remove R148.

The result is:

Hi 10V p-p (500 source) into 500
O 10V p-p (6001 source} into BOOG.

Amplitude is variable over 30 dB with — 30 d8 lowest
possible amplitude. Square wave rise and fall time Is
less than 150 ns. Any value groater than 800Q may
also be substituted for the vaiue of R148 for other out-
put impedances.

To increase the range of the variable ampiitude con-
trol in a modified unit beyond 30 dB, decrease the
value of R124 as necessary., Waveform quality
retative to the standard unit is not guaranteed below
- 30 dB and above 20 KHz

Table 2-1. initial Checkout

Step Control PositioniOperation Observation
1 | POWER ON + 10V square wave on CH1 and + 1V on CH2.
Return to CHY only.
2 | Dial Rotate either direction. Reiurni Rotation ccw increases freguency of Ty

o 2.0,

3 | FREQUENCY

MULTIPLIER return to X 1K.
4 | AMPLITUDE Rotaie cow.
5 1DC OFFSET Rotate cw. Return to OFF.
8 | AMPLITUBE Rotate ow.

rotation ow decreases frequency.

Press each swilch sequentially;; Frequency increases in decade steps, left to

right.
Amplituce decreases.

Cutput immediaiely offset negative, then moves
poslitive. OFF return it to original lavel,

Square returns to original amglitude.

7 | Function Generater | Vary input de voitage; then discon-| Frequency increases with positive vollage and

or DC Voltage nect VCG IN input.

Source
8 [ FUNCTION Press s, L, v .
9 | MODE

released).

10 | MANUAL TRIGGER | Press and hold.

decreases with negative voltage.

Observe N\, , "L, v wavelorms.

Gate (CONT depressed, TRIGIGATE! A do level near zero volts {except L function).

Continuous v .

Sef up trigger source as shown in figure 2-2. Set irigger sotirce for 100 Hz TTL signal.

12 | Trigger/Gate Trigger (depressed)

A, gated on during positive portion of TTL
signal on CGH2.

One -\~ cycle per trigger cycle.
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3.1 CONTROLS AND CONNECTIONS

The generator front panel controls and conneciors are
shown in figure 3-1 and keyed to the following descrip-
fions.

4 Frequency Dial — Settings under the dial index
mark summed with 14 and multiplied by 3
determine the output signai frequency.

2 POWER Button — Turnsgenerator ON and OFF.

3 FREQUENCY MULTIPLIER Controls — Selects
one of seven frequency multipliers for dial 1 set-
ting.

4, 5Generator MODE Controls ~ Selects one of
the foliowing three modes:

CONT — 4 released. Continucus output at
500 QUT 18 and 11 and SYNC OUT (TTL)
12 connectors.

SECTION
OPERATION

TRIG -~ 4 and 5§ pressed. DC level output
untit generator triggered by the MAN TRIG 8

or with a signal at the TRIG IN connector 13 .
Whaen triggered, the generator cutputis one oycle
of waveform foliowed by a d¢ tevel.

GATE — 4 pressed and § released. As for
TRIG except the output is continuous for the
duration of the manual or externai trigger signal.
The iast cycle started Is always compieted.

Manuat Trigger Bution — Triggers or gates the
outpui signals when generator mode is TRIG or
GATE {4 pressed). In frigger mode, one
waveform cycle is ocuiput when the button is
pushed. In gate mode, waveform cycles are con-
tihuously cutput as fong as the button is held in.

FUNCTION Selector - Selects one of three
waveforms or when all three buttons are releassd,
2 dc level,

12 it 10

Figure 3.1 Conirols and Connectors
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8 DC OFFSET Control — Offsets the 500 cuUT
waveforms or gives dc levels from - 10V to
+10V (—-5Vtc +5Vinio 508 at 10 and from
=1V to +1V {-05V io +0.5V into 500) at

11 . An OFF position ensures no ofiset.

8  AMPLITUDE Control - Cow rotation reduces
waveform ampiitudes at 10 apd 11 by
30 dB. DG and ofiset voltages are not atfected
by this control.

10 508 QUT HI Connectar — The main outpui of
the generator at the function selectsd, Maximum
20V p-p {10V p-p Into 500) with 36 dB continuous
amplitude control. 500 source impedance,

1 500 OUT LO Connector — Same as 16 ox-
cept 2C dB {1/10} lower in ampiitude.

12 TTL OUT Connector — A TTL square for each
cycle of the generator. To be used for syn-
chronization er as a TTL signal capable of driv-
ing 20 TTL ioads.

13  TRIG IN Connector — Accepts a TTL signat to
trigger or gate tha generator. Triggers on the ris-
ing (low to high) transition and gates during the
positive (high) portion of the triggering signat,

14  VCGIN Connector - Accepts ac or de voltages
to proportionately control frequancy within the
range determined by the FREQUENCY
MULTIPLIER 3 . Positive voltage increases the

frequency set by the diai 1 , hegative voitage

decreases the frequency. The YOG IN will not
drive the generator frequency beyond the nor-
mal dial fimits of a range, Input impedance is
2 k@,

3.2 OPERATION

Perform the initiai checkout in Section 2 for the feel of
the instrument. Any guestions concerning individuat
controls and connectors may be answered in
paragraph 3.1,

3.2.1 Signal Termination

Proper signal termination, or toading, of the generator
connectors s necessary for its specified operation.
Fer exampie, the proper termination of either of the
502 OUT cornectors is shown in figure 3-2. Plaging
the 50 ohm terminaior, or 50 ohm resistance, in
paralle! with a higher impedance, matches the recelv-
Ing instrument Input Impedance to the coax
charactetistic and generator output  impedance,
thereby mirimizing signal reflaction or power loss on
the fine due to impedance mismaich,

The input and cutput impedances of the generator
connectors are iisted beiow.

3-2

Connecior Impedancy
S0QCUTHY ... 50¢
S50ROUTLO). . ... 500
SYNCOUT(TTL) .0 o '
TRIGIN oo !
VCGIN .. 248

*The TTL QUT connecior Is diode protected and car
drive up fo 20 Transistcr-"i’ransismr-i.og:’c (TTL} ioads
{low ltevel between 0V and 0.4V, and high level bet-
ween 2.4V and 5V), It should not be conencted to
resistive load less than 6000, The TRIG IN connecior
accepts TTL logle fevels, is diode protecied, andg re.
quiras 500 uA drive from a high level output,

RECEIVING
MODEL 1824, INSTRUMENT
OUTPUT RGES OR EFFECTIVE
IMFEDANCE §  EQUIVALENT GIRCUIT
5091 RESISTANCE
560 :
LOAD
(SIGNAL
OUTPUT LOAD}
AMPLIFIER =500

Figure 3-2. Signai Termination

3.2.2  Manuat Function Generator Operation

For basic operation, select the waveform frequency
and amplitude. The following steps demonstrate
manual control of the function generator. (Bold
numbers are keys 1o figure 3-1 3

Step Control/Connector Setting

1 50Q0CUT 10 11 Connect cirouit to either
output (refer to para-
graph 3.2.1}

2 FREQUENCY
MULTIPLIER 3

Set to desired range of fre-
quency,

3 Freguency Dial 1 Sat 1o desired frequency
within the range,

4 FUNCTION 7 Set to desired waveform.

Set as desired. Limit wave-

form amplitude to prevent
ciipping (see figure 3-3).

5 DC OFFSET 8

8 AMPLITUDE &  Select for desired ampli-

tude,
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3.2.3 Voliage Controlied Function Generator
Operation

Operation as a voltage controlied function generator
(VCG} s as for a manually controlled function
generator, only the frequency within particular ranges
is additionaliy controfled by an external voltage (£ 4V
excursions) injected at the VCG IN connector, Per-
form the steps given in paragraph 3.2.2, only set the
frequency dial to determine a reference from which
the frequency is 16 be vollage controlied,

DA i

v POSITIVE NEGATIV
DG OFFSET DG OFFSET
BV o g e e
3 S, S, A/\Z —
EXCESSIVE EXCESSIVE
POSITIVE NEGATIVE
CFFSET OR OFFSET OR
LOADING LOADING

‘Figure 3-3. DC OFFSET Control

1. For frequency controb with positive de inputs at
VCG IN, set the dial far & lower fraquency Hmit,

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

3. For modulation with an ac input ai VCG IN, set
the dial al the desired center frequency. Do not
exceed the maximum dial range of the selected
frequency range.

Figure 3-4 is & nomograph with examples of dial and
voliage effects. Example 1 shows that with OV VOG in-
put, frequency is determined by the main dial setling,
2 in this example. Example 2 shows that with a
positive VCG input, autput frequency is increased. Ex-
ample 3 shows that with a negative VCG input, output
trequency is decreased. (Note that the Quiput Fre-
quency Factor column value must be multipiisd by a
frequency range multipher to give the actual output
frequency.)

NOTE

Nonlinear operation may resuft when the
VCG input voltage is excessive; that is,
when the attempted generator frequency
exceeds the range limits. The upper limit is

four times the multiplier setting, and the
lower fimit is 1/1000th of the upper iimit.

OUTPUT
MAIN DIAL VGG IN FREGUENGY
SETTING VOLTAGE FACTOR
4 —d - 004
N -3 4 5
5 -2 L1
W2 A
E‘M‘:"ﬁ?, -
N -1 s
= EXAMPLE 1
2 et O e o d 2.0
~
. S 1 te 25
4 ey £
1 20 \_q:% 2.0
\\\A(@
. 3oL 9 433
. J
04 L 19 L ~dap

Figurs 3.4, VCG Voltage-to-Frequency Nomograph

The up to 100011 VCG sweep of the generator fre-
quencies available in each range results from a 4V ex.
cursion at the VCG IN connector. With the frequency
dial set o 4.0, excursions between — 4V and OV at
VCG IN provids the up to 1000:1 frequency sweep.
With the dial set to .004, excursions between OV and
+ 4V at VOG IN provide the up to 1000:1 sweep within
the set frequency range.

3.2.4 Waveforms

See figure 3-5 for definition of controfiable waveform
characteristics.

(1}
0 Vde PERIOD
:

AMPLITUDE

CONTINUCLS

MODE TQ%ANGLE/\/\/\/\/\/\/\/\/
sauare L LU

SYNCLI LI L LT Lr

~

TRIG N2 E7rrrrmm e ) (ir
TRIGGERED SINE— p—— ~ N
MODE S A A
SQUARE™ ] [T
" TRIG IN—.f va_ T
SINE—"\/\ N\ e A
GATED

MODE TRANGLE—A A A e A
SOARET LU

Figuie 3.5. Waveform Characteristics







DiaL

VoG
N

TRIG
N

MODEl

GONT

J1
COMPARATOR > SYNG )
SYNC
ouT
1‘ AV L)
1
-vea L» DIODE i " - TRIANGLE |
GATE l i AMPLIFIER
? leGGER 5ToG
; DIODES -
—
. FREQUENGY MULTIPLIER
v
TRIGGER P TRIGGER p! GCAPACITANCE
LOGIC pl  FLIPFLOP .ml MULTIPLIER
v
.| BASELINE
MAN * COMPENSATION
GATE T TRIG
FUNCTION
. SINE Y 3
¥l CONVERTER
N oD £15Y — 16V + BV -5V
m, | | |
SQUARE s POWER
' SHAPER SUPPLY
N
PHEAMPLIFIER
MAX
AMPLITUDE P OUTPUT
AMPLIFIER AV O
Ml
506 OUT
DG OFFSET "o
OFF ‘o

Figure 4-1. Functional Block Dlagram
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4.1 FUNCTIONAL BLOCK DIAGRAM ANALYSIS

This section describes the functions of major gircuit
elements and their relationships to one ancther as
shown in figure 4-1, functional block diagram. The fol-
lowing sections in this manual provide more detailed
Information for maintaining the instrument.

As shown in figure 4-1, the VCG sums voltage inputs
from the frequency dial and the VCG IN connector.
This sum voltage controls the magnitude of a comple-
mentary current source and current sink. This current
varies linearily from approximately 2 mA o 2 A and
over the 1000:1 {4.0 to .004) range of each frequency
multiplier. The VCG also controls the trigger baseline
compensation circuit, which consists of another cur-
rent sink at twice the current magnitude.

The diode gate, controlled by the comparator output,
connects either the current source or the current sink
to the timing capacitor selected by the frequency
muitiplier, When the current source is switchad in, the
charge on the timing capacitor will rise linearily, pro-
dueing the positive-going triangle stope. Likewise, the
current sink preduces the negalive-going iriangie
slope,

The trigngie amplifier is a unity gain amplifier whose
output is fad to the comparater and to the output ¢ir-
cufis. The comparator operates as a window detector
with limlt points set to the triangie peaks, The +2V
oulput is sert back to the diode gate and to the output
circuits. When the output is +2V, the triangle is
positive-going until the +1.25V limit is reached and
the comparator output swilches to - 2V, When the
ouiput is — 2V, the triangie is negative-going untii the
—1.25V limit is reached and the comparator output
switches back 1o + 2V, repeating the process. in thig
manner, the basic function generator ioop, the bold
path in figure 4-1, produces simuitaneous generation
of triangte and square waves at the same frequency.

The output frequency is determined by the magnitude
of the timing capacitor selected by the frequency
muitipiier switches and by the magnitude of the cur-
rents supplied to and removed from it. Since the cur-
rents are linearily proportional 1o the sum of the VCG
inputs, so will be the output frequency. :

To extend the lower frequency capability of the
generator, a capacitance muitiplier circult divides
VCG currents by 10 (effectively muitiplying the timing

- SECTION
CIRCUIT DESCRIPTION

capacitor by 10) for each of the iower 3 muitiplier
ranges.

The TTL square from one side of the comparator is
bufferad and sent to the SYNC OUT TTL connecter,
The other side is sent to the trigger flip-fiop and to a
lavel ghifter to produce the =2V bipolar square for
the dicde gate and the sguare shaper circuits. The
sguare shaper converis the sguare intc a current
signal and applies it to the "y FUNCTION switeh.
The buffered triangle is applied to the A, FUNCTION
switch and 10 the sine converter input. The sine con-
verter, using the nonfinear characteristics of its
diodes, converls the trlangle into a sinusoidal current
for the Ay FUNCTION gwiteh.

The selected function is sent to the preamplifier,
where itis inveried and buffered. The preampitier out-
put goes to the output amplifier through the
AMPLITUDE control where K is summed with offset
voltage from the DC OFFSET control, Here, waveform
and offset are inverted and amplifled to & 10V peak
signal which can drive a 500 termination from a 500
source impsedance. The output ampilfier drives the
500 OUT HI connector and a resistor divider produc-
ing the 500 OUT LO cutput.

Noncontinuous moedes of operation (irigger and gate)
result from allowing or preventing the VCG current
source from charging the timing capacitor. Whenever
the trigger Hip-flop output is low, each of the two trig-
ger dicdes conduct a current |, sourcing 21 to the
baseline compensation circuit. This removes the cur-
rent | from the VCG current source and forces a OV,
baseline at the triangle amplifier input.

When the CONT switch is released, trigger logic is In-
hibited from passing any trigger signais and the trig-
ger flip-flop output is heid high. This prevents the trig-
ger diodes from conducting and the generaior loop
cperates continuously.

When the CONT switch is pressed, the generator loop
Is held at the OV baseline. Pressing the TRIG/GATE
TRIG/GATE switch puts the instrument in triggered
mode and any external or manuai trigger signals at
the trigger logic inpul will be transformed into a nar-
row pulse corresponding {o the low-to-high transktion
of the trigger input. This puise sets the trigger tiip-flop
high and allows the generaior loop to run. When the
triangle negative peak is reached, the comparator
low-to-high transition clocks the trigger fip-fiop low
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and, when the {V basseline level is reached, the
generator loop again stops. The result is a single
waveform generated after the triggering signal cor-
responding to O to 360° of phase, Successive trig-
gered waveforms always start at the same 07 point.

Releasing the TRIG/GATE switch puts the instrument

in the gated mode. This is identical to the triggered
mode, except the trigger fiip-flop is held high for the
full duration of the triggering signai. The generator
produces coniinuous waveforms during the time the
exiernal signal Is high or the manua! trigger swilch is
neld in. The last triggered cycle started is always com-
plated and successive gated bursts always start at the
0° point.






§.1 FACTORY REPAIR

Wavetek maintains a factory repair department for those
customers not possessing the necessary persennel or
test equipment to mainiain the instrument. If an instru-
ment is returned to the factory for alignment or repair,
adetaiied description of the specific problem should be
attached to minimize turnaround time.

5.2 REQUIRED TEST EQUIPMENT

VoltmeterMicrovoit do measurement (1% acouracy)

Oscilloscope. .. ... ........ 250 MHz bandwidih
Counter................. 4 MHz (0.1% accuracy}
50Q Feedthru. . ............. +1% accuracy, W
Distortion Analyzer. . ................ To 400 kHz

RGEBU Coax Cable . . . 3 ft length BNC male contacts

5.3 REMOVING GENERATOR COVERS

1, Imvert the instrument and remove the four $crews
in the bottom cover.

2, Turnthe instrument upright; remove the top cover
for access o genarator alignment controls.

3. When aglignment is complete, secure the botiom
cover with four screws.
NOTE

Remove the cover only when itls necessary
to make adlustments or measurements.

SECTION
ALIGNMENT

5.4 ALIGNMENT

After referring to the following preliminary data, perform
alignment, as necessary, per table 5-1, if performing par-
tial alignment, check previous seitings and adjustmenis
for applicability. See figure 51 for atignment conirol
iocation.

The completion of these calibrationprocedures returns
the instrument o correci calibration. Al limits and
tolerances given in these procedures are calibration
guides and should not be interpreted as instrument
specifications. Instrument specifications are given in
section 1 of this manuat.

1. Allmeasuremenis made at the FUNCTION OUT con-
nector must be terminated into a 50Q {+ 1% }ioad.

2. Start the alignment by connecting the unit to an
appropriate ac power source and setting the front
panel switches as follows:

POWER . .............................0ON
Frequency Dial. . ... ... ... ... .. 40
FREQ MULT (Hz}. ........ ... ... .. X 1K
MODE ........................... GONT
FUONCTION . ... .

DO OFFSET. ... QFF
AMPLITUDE. ... ... ... ... .0 e MAX

3. Aliowthe unittowarr up at least 30minutes for final
alignment. Keep the instrument cover on to main-
tain heat. Remove cover only 16 make adjusiments
or measurements,

Table 5.1. Alignment Procedure

Test
Step | Check Tester | Point | Control Setiing | Adjust Resuit - Remark
1 Power Voltmeater G4+ Paragraph 5.4, Step 2 +15 .75V Vaerify.
Supply %15V should track
within 30 mV
2 CH —15 %75V
3 C7+ w5 + 26V
4 6 -5 %.26V
5 Cepacliar SW3-B R80 0 £2my
Multiplier Winer
Zerc







Table 5:1. Afignment Procedure (Continued)

Test Controi
Step| Check Tester Point Setting Adjust Resuit Remark
& | Approximate Counter | B0t QUT | Diak 004 Rar 20 ms
Bottom of Hi {termin- | FREQ MULT: 10K period
the Dial ata into
Freguency 500
7 Botiom Seope R49 Equalize {+) Set scope to (—) trigger;
of the and () half display one tull cycle.
Dial cyclas Align positive transition to
Symmetry center of soreén. Muliiply the
horizontal display x 10, Set
scope {+) trigger; adjust R49
1o align negative transition
with center of screen
8 Bottom of Counter FREQ MULT: x 1K R37 35¢ =50 ms
the Dial period
Frequency
g Top of the Scope Dial: 4.0 R46 Equalize {+) Bao step 7
Diat and {~) haif
Symmetry cycles
10 top of the Counter Dial; 4.8 R18 4 %0.2 kHz
Dial FREQ MULT: x 1K
Fraquency
1 FREG MULT: x 10K 40 +.BkHz . Verify
12 FREQ MULT: x 1M C34 4 .02 MHz
13 FREQ MULT: = 100K 400 %8 kHz- Verify.
It necessary, trim by
changlng value of C33
14 FREQ MULT: x 100 REs 25 =05 ms
18 FREQ MULT: x 18 25 n.5ms Verity
16 ¢ FREQ: x1 250 x5 ms
17 Sine Oistortion EUNCTION: Ny RO7 Adjust for it may be necessary
Distortion Anglyzer EREQ MULT: x1K R1i4 minimum 1o reduce amplitude
distortion 10 5V peak
18 Output Soope FUNCTION: Ay /116 18 Vp-p +.3V
Ampiltude -Qv
19 Cutput Voltmeter FUNCTION: ™ Ri12 0V =50 my
Qifsat
20 Baseline Scope MODE: Trigger R&1 o "+ 75 my it may be necessary
Zero to trim the. baseiine

with FB0
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6.1 FACTQRY REPAIR

Waveiek maintaing a factory repair department for
those customers not possessing the necessary per-
sonnel or test equipment to maintain the instrument, H
an instrumert is returned to the factory for alignment
or repair, a detailed description of the specific prob-
lemn shouid be attached to minimize turnaround time.

6.2 TROUBLESHOOTING TABLES

Tabie &1 gives an index of the troublesheoting tables
by indications of commen problems. The fables do not
cover every possible trouble, but, when used in con-
Junction with circuit descriptions and schematics, will
be an aid in systematicaily isolating faulty components,

6.3 TROUBLESHOOTING INDIVIDUAL
COMPONENTS

6.3.1 Transistor

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

2. Atransistor when used as & switch may have a
fow volls reverse bias voilage across base-
emitier junction,

3. If the collector and emitter voitages are the
same, but the base emitter voilage is less than
500 mV forward volizge (or reversed bias), the
transistor is defective.

4. A transistor is defective if Its base current is
larger than 10% of its emitter current {caiculate
currenis from voltage across the base ang emit-
ter series resistors).

8. In & transistor differential pair (common emitier
stages), either their base voltages are the same
in notmal operating condition, or the one with
less forward voliage across its base emiller
junction should be off {no collector current);
otherwise, one of the transisiors is defective.

SECTION 6

TROUBLESHOOTING

6.3.2 Diode

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

6.3.3 Operationai Amplitier

1. The "+ and “~"" inpuis of an cperational
amplifier will have less than 15 mV voltage-dif-
farence when operating under normal conditions.

2. When the output of the amplifier is connected to
the *“ =" input (voltage follower connectiony, the
output shouid be the same voliage as the "+ "
input voltage; otherwise, the operational ampli-
fier is defective.

q. 1 the output voitage stays at maximumn positive,
the "+ Input voltage should be more positive
than the ' = input voltage, or vice versa; other-
wise, the operational amplifler is defective.

6.3.4 FET Transisfor

1. No gate current shouid be drawn by the gate of
an FET transistor. if so, the transistor is gefective.

2. The gate-to-source voltage is always reverse
hiased under a normal operating condition;
a.g., the source voltage is more positive than the
gate voltage for 2N5485, and the source voitage
i3 more negative than gate voltage for a 2N5462.
Otherwise, the FET is defective.

4. If the device suppiving gaie voltage to an FET
saturates, the FET has foo large a Vgs (pinch off}
for the circuit and should be replaced.

6.3.5 Capacitor

1.  Shorted capacitors have zero voits across their
terminals.

2.  QOpenedcapacitor canbe locaied (but not always)
by using a good capacitor cennected in paraliel
with the capacitor under test and cbserving the
resulting effect.
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6.4 GENERAL INSTRUCTIONS

When encountering a problem, it is advisable to refurn
as many of the front panel controis as possibie to their
initial setlings and stiil retain the problem. The trouble-
shooting tables in this section generally begin at these
initial settings and specify ali subsequent setups.
Preset the front panet conirols as follows.

Control Paosition
Frequency Dial . ... .. ... .. ....... ... ... .. 4.0
POWER ... .. ON
FREQMULT(Mz) ... ... ... .. ... .. 1K
FUNCTION . ... .. My
DCOFFSET ... ... OFF
AMPLITUDE . ... ..o L Lo MAX

CAUTION

To prevent damage to components, turn
unit off while removing or repiacing
components, connectors or pc boards.

The suspected malfunctioning condition should be
double checked to eliminate the possibiiity of improper
settings or connections. Befdre attempting fault isofa-
tlon, the unit should be checked for proper line
voltage selaction (refer to Section 2). A good visual in-
spection of the boards and chassis wires for damage
or overheating often saves much time.

Once the malunction is defined, begin the isolation
procedure by selecting an indication in table 61

which best describes the malfunction and proceed to
the referanced troubleshooting table,

Foliow through the checks inthe troubleshooting tabie,
using schematics and assemblies as a guide. When
positive resuits are not obfained, perform the in-
dicated corrective procedure.

Table 6-1. Fault Isolaticn

indication Tabie

1. Fuse blown, no power indication or no
outputs. . . 8-2

2. Functlen oulputs missing or clipped; 63
when TTL, sync OK: Triangle problem.

3, Sine waveform problem. 6-4
4. Sguare waveform problem, 65
5. TTL sync ocutput problem. 66

6. Generator frequency does not respond | 6-7
corractly to dial and VCG Input,

7. Waveform symmetry problem. 6-8
8. Problem on botiom three ranges only, 6.9

9. Generator triggsr and gate mode prob-| 8-10
lem.

Table 8-2. Power Supplles and Generator Loop

Indication: Fuse blown, no power indication or no outpuis,

Check

If Fauity, Check

1. Set all controls in their initial positions {refer 10 paragraph 6.4).

2. Ensure line voltage matches instrument configuration (refer to Section 2},

Check fuse.

3. Check C1 (+)and C2 () for + 20 to 26V unreguiated do.

4, Check indicater lamp.

5. Check C4 {+) for +15 Vdc.

6. Check C5 (-} for —15 Vdc.

Replace fuse; check for nor-
mal aperation.

a. CRt - CR4.

b 1,02

c. SW1.

d. T1, RVY, F1 {bracke! as-
sembly).

D81 and VR2, wiring E34
and £33.

a. VR1.

b, Excessive loading; use
board jumpers to isolate
cause. :

. Q2.

. U2, Q1.

¢. Excessive lcading; use
board jumpers to isolate
cause,

oo







Table 6-2. Power Bupplies and Generator Loop {Continued)

Indication: Fuse biown, no power indication or no outpuis,

Check it Faulty, Check
7. Check U7 pin 14 for + 5 Vdo and U7 pin 13 for — 5 Vde. a. Q4, G3, vz
b, Excessive loading; use
board jumpers to isolate
cause.
8. Check U4 pin 13 for a de¢ shift from approximately + 10V to + 15V as the | Go to table 6.7,
freguency dial is rotated from 4.010 .004. Check US pin 8 or a de shift from
~ 10V to" — 15V as the frequency dial is rotated from 4.0 to .004.
9. Check anode GRS for approximaiely + 3.5 Vde. Go to table 8410.
10, If emitter Q11 has a 4 kHz, £1.28V trlangle, go to table 6-3.
11. Check for the same voltage at the gate of 09 as at the eamitter of Q11, | Q9 - 911 and assosiated
within saturation limits of the ampiifier. clrouitry,
12. 1 the voltage at the emitter of Q11 is = +1.25V, check cathode CR10 U7, Q7 and assocciated
for approximately — 2.5V, If the voltage at the emitter of Q11 is = — 1.25V, | circuitry.
check cathode CR10 for approximately + 2.5V,
13. Check U5,
Table 6-3. Quiput Circuits
{ndication: Function outputs missing or clipped when TTL sync output OK. Problem with triangle waveform.
Check If Faulty, Check
1. Set controls to initiai positions (refer to paragraph 6.4), Check for normal operation.
2. Check amitter Q11 for a 4 kHz, £ 1.25V {riangle. Go 1o table 8-2,
3. Select triangle function, rotate AMPLITUDE cew, and check U3 pin 10 | a2 R114, R112 adjustments.
for a = 1.25V triangle, b. U1s
. SwW1d
4. Hotate AMPLITUDE cw (MAX}), DC OFFSET fo OFF, and check 500 CUT | a. Quiput ampiHier cirouit.
(BRI} for & 20V p-p {open circull) triangle. n. E15, E18 wiring,
5. Chack for excessive discontinuities at the triangle peaks near the bottom = a. UB,
of a frequency range {other than X1 to X 100). b, 8QR signal at cathode
CR10 not 2.5V
8. Check for nenlinearities in the triangle slopes near the bottom of a fre- | a Associated timing capaci-
qguency range {other than X1 to X 100} tor or C38.
b. U5, CR&.
¢, Q8, Q10
7. Check for & waveform symmetry problem, Go to table 8-8.
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Table 6-4. Sine Conversion

Indication: Sine waveform problem.

Check

it Fauity, Check

Set controls to initial positions (refer to paragraph 6.4).

Check for normal operation,

2. Check emitter Q1 for a 4 kHz, £ 1.25V triangle. Go fo table 8-2.
3. Verify that the £1.28Viriangle peaks at the emitter of Q1 agree within 3%. | a. R62, R63, BS54, BE5,
R67, R68, RE8 R70
b. CR7, CR8, U7.
¢. =15V supplies.
4. Select friangle function; check for = 1.28V triangle at U13 pin 10. Go to table 63, step 3.
5. Selact sine function; check for + 1.25V gine at U13 pin 10, a. U12 circuitry.
. ‘ b. SWi2.
8. Check sine distortion 500 CUT (HI) per calibration procedure (refer to | a. RO7, R114 adiustments.
table 5.1}, b. Waveform symmetry, R45
adjustment and table 6-8,
c. U12 circuitry.
7. Check sine amplitude vs frequency per specifications (refer to section 1). C47, C55, €58, C57
Table 6.5. Square Function
Indication: Square waveform problem,
Check it Faully, Check
1. Set controls to initial positions (refer to paragraph 6.4). Check for normal operation.
2. Check CR1i0 cathode for a 4 kHz, approximately #+ 2V square wave. (o to table 6-2.
3. Setect a triangle function; check U13 pin 10 for a = 1.25V triangle. {30 to table 8-3.
4. Select square function; check U13 pin 10 for a +1.25V sguare. a. Q12, Q13 circuitry,
b. W14,
8. Check sgquare wave at 5002 QUT (HI) for the same 20V po (open circuity | R106, R110, R111.
amplitude as the triangie and sine.
6. Check riselfall times of 4 MHz sguare (500 terminated) for <50 ns. C51, C85, C56, C57.
Table 6-6. TTL Sync Cuiput
Indication: TTL sync output problem.
Check If Faulty, Check
1. Set controls to initial positions {refer to paragraph &.4). Check for normal operation.
2. Check U8 pin 1 for a TTL level, 4 kkz sauare. Go to table 6-2.
3. Check UB pin 8 for a TTL ievel, 4 kMz sguare. a. Us.
b. CR11, CRiZ2.
4. Check SYNC OUT TTL. E27, E28, E19 wiring.
5. Chack SYNC OUT wave.form at 4 MHz, using a TTL load terminationora | a. U8,

= 6006 resistive termination and =3 foot RG58U coax,

b. E19 ground connection.
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Table 6-7. VCG Circuit

Indication: Generator does not respond correctly to diaf and VCG input.

Check

H Faulty, Check

10

i1

12,

14,

Set controls to initial positions (refer to paragraph 6.4).

Check for approximately + 15V at E11.

Check for 0 £10 mV at U1 pin 13.
Check Ut pin 14 for approximately —5V.

Check that as the dial is rotated from 4.0 to .004, the voliage
at U1 pin 14 varies from approximately — 5 o OV.

Ensure that U1 pin 8 remains at a constant 0V £ 40 mV as the
dial is varied.

Check that, as the dial is rotated from .004 10 4.0, the voitage
at U1 pin 1 does not saiurate nsar — 15V or + 18V (typical range is
between — 10V and -+ 10V) and stops varing with the dial.

Check that as the dial is rotated from .004 to 4.0, U6 pin 8 varies from
approximately - 15V {0 -~ 10V,

Check that, as the dial is rotated from .004 10 4.0, the voltage at
U1 pin 7 does not saturate near + 15V or — 15V (typical range is between
+ 10V and —~ 10V) and stops varying with the dial.

Check that, as the dial is rotated from .004 te 4.0, U4 pin 13 varies from
approximately + 15V to +10V.

Check for nonlinearity in the = 1.25V triangie at the emitter of Q11 near
the bottom of the X 1K through X 1M ranges.

Check frequencies of X 1K, X 10K and 100K ranges.

Check frequency and linearity of X 1M range.

Check frequencies of X1, X 10 and x 100 ranges.

Check for normal operation.
a. E10, E11 and E12 wiring.
b. -+ 18Y supply.

c. Dial potentiometer,

Ut.

Ut.

Ut

U1, U4, and UE circults,

Q6, U1, and U8 clrouits.

U8§, U1, and Q86 circults.

U4 and U1 circuiis.

U4 and U1 circults,

a. Assoclated timing
cepaciors or €38,
. Us, CRe.

c. Q8, Q10,

a. Adjust R19,
b. G306, 31 and 32
(trimmed by C33).

a. G34,
b. C386.
¢. C18, 19, 20 and 21.

R86é and table 6-8.







Table 8-7. VCG Circuit

indication: Generator does not respond correctly to dial and VCG input.

Check

if Fauity, Check

10

11.

12.

13

Set controls to initlal positions (refer to paragraph 6.4}

Check for approximately + 15V at E11.

Check for ¢ £10 mV at U1 pin 13.
Check U1 pin 14 for approximatsly — 8V.

Check that as the dial is rotated from 4.0 to .004, the voitage
at U1 pin 14 varies from approximately — 5 to OV,

Ensure that U1 pin & remains at a constant OV £48 mV as the

dial {s varied.

Check that, as the dial is rotated from .004 {0 4.0, the voitage

at U1 pin 1 does not saturate near — 15V or + 15V {iypical range Is
between — 10V and + 10V} and stops varing with the dial.

Check that as the dial is rotated from .004 o 4.0, U6 pin 8 varies from
approximately — 15V to —10V.

Check that, as the diai is rotated from .004 t0 4.0, the voitage at
U1 pin 7 does not saturate near + 158V or — 15V {typical range is between
+ 10V and — 10V} and stops varying with the dial.

Check that, as the dial is rotated from .G04 ic 4.0, U4 pin 13 varies from
approximately + 15V 1o + 10V,

Check for nonlinearity In the +1.25V triangle at the emitter of Q11 near
the botiom of the X 1K through X 1M ranges.

Check frequencies of X 1K, X 10K and 100K ranges.
Check frequency and linearity of X 1M range.

Check frequencies of X1, X 10 and X 160 ranges,

Check for normal operation.
a. E10, E11 and E12 wiring.
b + 15V supply.

c. Dial potentiometer.

Ui,

U1,

Ut.

U1, U4, and 18 circulls.

Q8, U1, and UE circuils.

U, U1, and Q6 circuits.

{44 and U1 circuits.

U4 and Ut circuits.

a. Associated timing
capacitors or G386,
b, U5, CR6.

c. 8, Q6.

a. Adjust R18.
B, C30, 31 and 32
{trimmed by C33).

a. 34,
o, C36.
a. C18, 19, 20 and 21,

H886 and table 6-9.
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Table 6-8. Symmetry

Indicat.'on: Waveform symmetry problem.

Check

If Fauity, Check

Set controls 1o intial positions (refer 10 paragraph 8.4).

Check for normal operation.

2, if symmetry problem appears on X1, X 10, X 100 ranges only, probiem
may be RS0 adjustment or go 1o table 6-9,
3. Perform steps 5 through 12 of table &7, then retumn to this table. z. R49 adjustment.
b. R44, adjustment.
4. Verify RUN signal at cathodse CRB is approximately + 3.5V, Go to table 6-10.
5. varify U6 pin 4 and U6 pin 15 vary from approximately — 10V to — 15V as Ut,-Us, RS2, RE3.
diat is rotated from 4.0 to .004.
6. Verify amplitude of SQR signal at cathode CR10 is approximately =2V, a, Q7 cireult.
b, U7 circuit,
c. + 5V supply.
7. Check U5, CRE.
Tabie 6-8. Capacitance Multiptier
Indication: Problem on bottom frequency ranges only.
Chack if Faulty, Check
1. Set controls to initial positions (refer to paragraph 6.4). Check for normal operation
on X 1K range.
2. Check for 0 Vdc at U117 pins 2 and 6. SW2 - SW4.
3. Check for approximately 0 Vde at U1 pin 12, U1t circuitry.
A, Check for 0 Vde &5 mV af Uit pin 10. a. R90 adjusiment.
b. U11 circuitry.
5. Select X 100 range; check Y11 pin 10 for heavy osciltations. C46, A1,
6. Check that the signal at U11 pin 2 is amplified by approximately 8atpin12 | U1 clreultry.
{within saturation limits).
+  Check for the same signal at U11 pins 6 and 7 as at the emitter of Q1. Swa, Ut1 clrouttry.
8. Ensure that R93 and R94 are shorted in the X 100 range. Sw4.
9. Check 400 Hz frequency (4.0 x 100). a. RB6 adiustment.
b. RBY, R85, C46.
10. Check 40 Hz freguency {4.0 x 10 Ra3, SW3.
11. Check 4 Hz frequancy {4.0 x1). Rg4,
12, Check symmetry at 0.2 X 100; ensure triangle is linear. a. R90 adjustment.

b. U1t.
¢. L.eaky C30, C36, C45, C48,
CR8, U5, Q9.
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Table 6-10. Trigger Logic

Indication: Generator trigger and gate mode problems.

Chack

If Fauity, Check

10.

1.

12.

18,

17,

18.

18,

20.

Set controls to initial positions (refer to paragraph 6.4}

i generator operates nermally in continuous mode, go to step 7.
Check for OV at US ping 2 and 5.
Check for a TTL low at U10 pin 10.

Qheck for +5V at Ul0pin 8.

Check for approximateiy + 3.5V at anode CR6. Check for normal contin-
ugus mode oparation.

Check that U8 pin 4 and UB pin 15 vary irom approximately — 10V to
— 18V ag dial ig rotated from 4.0 1o .004.

Go to gated mode (CONT depressed, TRIGIGATE released). Check U8pin2
for a TTL high.

Check U9 pin 1 for a TTL high.

Check U10 pin 10 for a TTL high.

Check U10 pin 9 for TTL low.

Check anode CR6 for approximately — 1.5V,
Check cathode GR6 for approximately — 0.7V,
Check emitter Q11 for 0 Vde £100 mV.

Connect an external TTL signal to TRIG IN connecior; check for the inverse
of that signal at U10 pin 16

Press TRIG/GATE switch and check for an approxmate 20 ns negative
pulse at U10 pin 10 foilowing the fow-to-high transition of the external
signal {increasing the frequency of the external generator makes this
pulse more visible).

Remove the exiernal signal and verify that U10 pin 5 goes from high to low
when the MAN TRIG switch is held depressed.

Reiease the TRIG/GATE switch {gated) and check that U10 pin 10 goes
from high to iow when the MAN TRIG switch is pressed.

" Monitor 500 CUT, triangle function, for 0 Vde baseline.

Press MAN TRIG switch and check 502 QUT for a continuous triangle
while the switch is held. Depress TRIG/GATE switch (triggered) and verify

Check for normai continuous
operation.

SWa.

U8, +5V supply.
a. M9,

b. CR6, CR15, Q8.
c. Ud.

a. CR6, UB, Q8.
b. Go to table 62,

a. UG, R52, R53.
b. Go 1o table 6-7.

a. U10.
b, SW9, SWit, + 5V supply.

a. Ug,
b. R73, —5VY supply.

a. Usg,
b. Ut0.

a. U10.
b, 08.

a. CR15, Q8, R78.
b. CR8.

a. Us,
b. U6,

a. R81 adjustment.
b. Q9 - Q11 clreuitry.

a. B25, E286.
b. CR13, CR14.
c. Ug, swWio.

a. Ug, Swi0.
b. C28.

a. SWi1.
b. U10.

SWa.

R81, R112 adjusiments,

a. W10 or clock signal to U10
from U7

b. C29 {pulse too narrow}







