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WARRANTY

Wavetek warrants that all preducts of its own manufacture conform 1o Wavetek specific-
ations and are free from defecis in material and workmanship when used under normal
operating conditions and within the service conditions for which they were furnished.

The obligation of Wavetek hereunder shall expire one {1) year afier delivery and is limited
10 repairing, or at its option, replacing without charge, any such preduct which in Wavetek's
sole opinion proves to be defective within the scope of this Warranty. In the event Wavetek
is not abie to repair or repiace defective products or compenents within a reasonable time
after receipt thereof, Buyer shall be credited for their value af the original purchase price.

Wavetek must be notified in writing of the defect or nonconformity within the warranty
period and the affected product returned to Wavetek’'s factory or to an authorized service
center within thirty {30} days after discovery of such defect or nonconformity. Shipment
shall not be made without prior authorization by Wavetek,

This is Wavetek's sole warranty with respect to the products delivered hereunder. No state-
ment, representation, agreement or understanding, oral or written, made by an agent,
distributor, representative or employee of Wavetek, which is not contained in this warran-
ty, will be binding upon Wavetek, unless made in writing and executed by an authorized
Wavetek employee. Wavetek makes no other warranty of any kind whatso-
ever, expressed or implied, and alf implied warranties of merchantability and fitness
for a particular use which exceed the aforestated obligation are hereby disclaimed
by Wavetek and excluded from this agreement. Under no circumstances shail
Wavetek be liable to Buyer, in contract or in tort, for any special, indirect, incidental
or conseguential damages, expenses, losses or delays however caused.






Vil Model 22. 11 MHz Stabilized Function and Sweep Generator
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1.1 MODEL 22

Mode! 22 is a closed-locop, frequency stabilized,
sweep/function generator, Both short termand long term
frequency accuracy is0.08% overits 100 uHzto 11 MHz
frequency span.

Modes are continuous, triggered, gated, sweep set, con-
tinuous sweep and triggered sweep. Output levels are
to 20V peak-to-peak (10 Vp-p into 5082).

Waveforms are sine, triangle, square, ramp up, ramp
down, and dc. Above 1.1 kHz waveforms are analog
generated; below, waveforms are digitaily synthesized.

An LCD display shows frequency (32 digits plus unit of
measure) and annunciators that indicate selected
operating modes, etc. The waveform output circuitis pro-
tected from accidental application of high voltage to the
BNC connector.

1.2 SPECIFICATIONS
1.2.1 Versatility

Waveforms

A bidirectional pushbution switch selects sine { ™\ ),
triangle { ~ ), square ( L ) and de (===, and for fre-
guenciesonorbelowthe 1.100kHz range, rampup(.-1)
and ramp down (™).

Operationa! Modes

Continuous: Generator runs continuously at selected fre-
quency. Continuous frequency and sweep start fre-
qguency set with Frequency Course and Fine controls,

Triggered: Generator is quiescent until triggered by ex-
ternal signal or manual trigger, then generates one com-
plete waveform cycle at selecied frequency.

Gated: As triggered mode, except output continues for
duration of gate signal. Last waveform started is
compieted.

Set; Generator runs continuously at swesp siop fre-
guency set by Sweep Set control. Sweep stop freguency

- {s displayed.. .- - - o

Sweep: Generator frequency is swept from the start fre-
quency limit set by the Frequency control to the stop

SECTION
GENERAL DESCRIPTI

frequency limit set by the Sweep Set controf ina «
tinuously occurring sweep. Sweep Time and linea
logarithmic sweep are selectable.

Triggered Sweep: Generator is quiescent until trigge
by alow to high external signal at Trig In BNC or mant
by Trigger button. After a trigger, generator is gate
for the duration of a single sweep at selected sweep |
and start and stop frequencies. Hexternal trigger si
has returnedtothe lowstate (or manual Trigger isrel
ed)before the end of the sweep time, generator rett
to the guiescent state until the next trigger input. if
ger is high at the end of the sweep {or manual Tri
isheld) the generaior returns io the start frequency
runs continuously until the next trigger input.

Frequency Range

100 uHz o 11 MHz in 9 overlapping decade ran
Range swiiching with bidirectional switch with freque
digits, decimal and units dispitayed on LCD display. £
decade range capable 0f1100:1 frequency change
trolied by the Frequency Course and Fine conirol

Function Qutput

Waveform amplitude variable over a 26 dB range L
20 Vp-p {10 Vp-p into 50%) at Function Cut. Wavel
also present at Function Out (-20 dB) with a fixed 2!
attenuation relative to the Function Gut for a fult 4
of amplitude range. Peak cutputcurrent s 100 mAr
imum at Function Out. Source impedance of both
puts is 50%.

DC Offset and DC Ouiput

Waveform offset and dc¢ output variable with DC Of
controt with off position for calibrated zerooffset. F
fion OQutis + 10V maximum ( = 5V into 509) as offs:
Vde output. Signai peak plus offsetlimiledto = 10V (:
into 50R). DC ofiset plus wavetorm attenuated prc
tionately at Function Qut (-20 ¢B).

-8ync Cutput -

TTL pulse {50% duty cycle) at generator frequency
drive 10 LS TTL loads.



YCG — Voltage Controlied Generator

Upto 1160:1 frequency change with externai 0to £ 5V
signal appited to VCG IN connector. Upper and lower fre-
auencies limited to maximum and minimum of selected
range. input impedance is 5kQ and maximum slew rate
is 0.1V/us. VCG IN is disconnected when the Stabilizer
is enabled.

Trigger and Gate

External TTL compatible signal at Trig In BNC triggers
or gates generator output when generator is in trigger,
gate or triggered sweep mode. Generator triggers on
positive edge of input or gates on for duration of high level
input. External signal pulse width is 50 ns minimum with
a maximum repetition rate of 5 MHz.

Stabilizer

When selected, the generator frequency is stabilized at
the displayed frequency to a crystal-controlled
reference.

When the stabilizer is on, long term freguency stability
is corrected 1o the displayed frequency over the entire
operating temperature range of 0 to + 50°C. The
stabilizer is automatically turned off when the mode is
taken out of continuous or when Log frequency is
enabled.

Display

1100 count LCD frequency display with frequency
ranging units (mHz, Hz, kHz, and MHz) and a floating
decimal point. Annunciators indicate selection of
waveform, stabilizer status, generator mode, sweep time
and iinear or logarithmic sweep.

Sweep Generator
Sweep Mode: Linear or logarithmic, up to 3 decades.
Sweep Time: Selectable {in seconds) .01, .1, 1 and 10.

Sweep Output: Output voltage at sweep out connector
proportional to the sum of Frequency control, internal
sweep voltage and external VCG In voltage. Scale
factor is 0 to + 5Y (open circuit) linear voltage change
from bottom to top frequency of a range. Source
impedance is 6009 for driving horizontal axis of
oscilloscope or recording equipment.

Sweep Width: Up to 1100:1 linear or togarithmic.

1.2.2 Frequency Precision
Frequency Display Accuracy

+1 count of 1100 counts, which is 0.09% of range.
Stabllizer maintaing same reading indefinitely.

1-2

Time Symmaetry

Square waveform variation from 1100 ic 100 counts
on display less than:

+0.1% to 1.100 kHz (across bottom five specified
ranges), ‘

+1% to 110.0 kHz,

+5% to 11.00 MHz.

1.2.3 Amplitude Precision
Sine Variation with Frequency

Less than:
+0.2 dB on all ranges up through the 110.0 kHz
range,
1.5 dB to 11.00 MHz.

Referenced to 1 kHz.

1.2.4 Waveform Characteristics
Sine Distortion

<0.5% THD up through the 11.00 kHz range.
<1.0% THD on 110.0 kHz range.

All harmonics 40 dB below fundamentai on 1,100 MHz
range, and 28 dB below fundamental on 11.00 MHz
range.

Square Wave
Rise/Fall Time: <22 ns
Total Aberrations: Each peak <b% of p-p amplitude.

Triangle Linearity
>99% to 110.0 kHz.

1.2.5 General
Outiput Protection

Function outputs are protected against a short circuit
toany voltage between + 10V dc and aisochave internal
fused protection (both output and common conductors)
against accidentat application of up to 250 Vac or
350V de.

Stability
Amplitude, Frequency {Non-Stabilized) and DC Offset:

After 30 minute warm-up:
+ 0.10% of range for 10 minutes,
+ 0.50% of range for 24 hours.

Frequency (Stabilized): £0.10% of range for 210
minutes, G tc 50°C.




5cm

3 VA

Environmental
Temperature Range: 25°C + 10°Cfor spec operation,

operates 0°C to 50°C, - 26°Cto + 75°C for storage.

Warm-up Time: 20 minutes for specified operation.

Altitude: Sea level to 10,000 ft for operation, Sea level

tc 40,000 fi for storage.

Relative Humidity: 95% at 25°C and at sea level
{noncondensing).

Dimensions
211 cm (8.3 in) wide, 8.6 cm (3.4 in.) high, 30.
{12 in.) deep.

Weight
3.4 kg (7 1/2 Ib) net, 4.5 kg (10 ib) shipping.

Power
90 to 128, 180 1o 256V, 48 to 66 Hz, less than 3!

NOTE

All specifications apply for display between
1100 and 100 frequency counts; amplitude
at 10 Yp-p into 50%. '
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2.1 UNPACKING INSPECTION

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

2.2 ELECTRICAL INSTALLATION
2.2.1 Power Connection

WARNING

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

CAUTICN

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

Unless otherwise specified at the time of purchase, this
instrument was shipped from the factory with the power
transformer connected for operation ona 115 Vac line
supply and with a 3/8 amp fuse. f the unit is shipped for
115 Vac operation, there will be no markings or tags on
the unit. it the unitis shipped for 220 Vac operation, there
will be a 220 Vac tag on the rear panel of the unit.

2.2.2 Verifying the Line Voltage

CAUTION

All calibration potsarelocated inside the
bottom cover on the circuit board. Be
careful not to bump any pots, as this may

SECTION
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require arecalibration of the instrument.
Moving R103, iocated near the front panel,
can keep the generator from operating; if
adjustment is needed, refer {o table 51
steps 1 through 10.

To verify the line voitage {or change the fuse)
operator must first remove the top and bottom co
Remave the top and bottom using the foliowing step
figure 2-1.

1

Remove two (2) screws holding top and bc
covers io rear panel.

Slide both covers{together asa unit)totherea
remove from the chassis assembly.

2
Figure 2-1. Top and Botiom Cover Remov:

After the covers have been removed, the line voltag
be checked by viewing the voltage label through |
spection hole as shown in figure 2-2.

© U YOLTAGE RATING

|NSPECT|ON SE_Q‘[‘% e

GUARD FLATE

F:gure 2-2. Line Voltage inspection Hole




2.2.3 Fuse and Voltage Selection

if the line voltage Is not correct, perferm the following

steps and refer tofigure 2-3forsteps 1 and 2, andfigure
2-4 for steps 3 thru 5to change the line voltage and fuse.

1. Remove the five screws attaching the guard plate.

2. Holdthe ac power receptacle assembly againstthe
rear pane! while removing the guard plate.

ROTATING
REAR  oCREWS (5)

AC POWER RECEPTACLE GUARD PLATE

Figure 2-3. Guard Plate Removal

3. Holdthe ac power receptacle firmly against the rear
panel and remove the voltage selector connector
from the ac primary board. Rotate the connector
unti¢the correct voitage sefector indicatorisontop.

VOLTAGE SELECTCR
CONNECTOR

AC PRIMARY
BOARD

VOLTAGE

SELECTOR .~ .-
INDICATOR /[ (- 6}\
< g ,_{f-f‘\
L

Figure 2-4. Fuse and Voltage Selection

4. Reinstall the voltage selector connector.

5 Remove the fuse and install new fuse as cailed oui
in table 2-1.

Table 2-1. Voltage/Fuse Selection

Connector
Position Voltage Range Fuse
118V 90 to 128 Vac 318 amp
220V 180 to 256 Vac 3/186 amp
WARNING

Because lethal voliages are exposed, do
not apply ac power to the unit until the
guard plate is attached to the unit.

2.2.4 Reassembly

Refer to figure 2-5 for steps 1 thru 5 and figure 2-6 for
steps 6 thru 8.

1. Ensure the power rod goes through the slot in the
front pane! and the ac primary board seats intc the
slot in the rear panel.

2. Alignthe guard plate to the ac power receptacle and
check the routing of all wires to prevent pinching
wires between the transformer and guard plate.

3. Verify that the power rod extends through the front
panet slot, the circuit board seats correctly in the
rear panel slot.

4, Verify the guard plate, ac power receptacie and rear
panel standoffs are property aligned and then secure
with two screws.

5. Fasten the guard plate to the unit with the three
remaining screws.

FRONT PANEL
POWER ROD SLOY

TRANSFORMER

POWER ROD

REAR
PANEL SLOT
Py
AC PRIMARY GUARD “
BOARD PLATE N\

Figure 2-5. Rear Chassis Assembly
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CAUTION

When sliding on the bottom cover, avoid
pinching any coaxial cables located near
the front panel.

Turn the instrument upside down, position the
bottom cover over the guard shield, and then slide
the bottom cover forward approximately twoinches
while engaging the top cover and slides {see figure
2-B, detail A and detail B). Den't slide the cover on
yet.

Turn the instrument right side up. Install the top cover
using the same procedure as in step 6. Don’t slide
the cover on yet.

Align the rear of both the top and bottom cover with
each other sothat the cover interiocks are properly

Figure 2-6. Top and Bottom Cover Installation

mated. Once mated, hold the covers firmly toge
and slide the chassis assembly into the matec
and bottom covers.

9, Secure covers (o unit using two screws as sh
in figure 2-1.

2.2.5 Signal Connections

tlse RG5aU 509 or eguivalent 50 coaxial ca
equipped with BNC connectors 1o distribute signe

NOTE

Signal ground may be floated up 10 * 42V
with respect to chassis ground. Be aware that
all signal grounds are common and must ali
be floated together.

2.3 [INITIAL CHECKQUT PROCEBURE

The initiai checkout procedure in table 2-2 allows
operator to learn the basic cperaticn and capabiliti
the Model 22 inan easy and orderly fashion. In addi
it can be used as a receiving inspection or post-re
checkout. While this precedure verifies functionat of
tion of this instrument, it does not verify the calibra
The frequencies shown are typical values and sh
only be used as a guide. Regquired tools and test ex
ment are listed below.

instrument Comments

Osciiloscope Dual channel, 100 MMz
bandwidth

Voltage Source + 5Vdc 4

50Q Feedthrough . 0.5% accuracy, 2W

External Generator 200 Hz to 1.1 MHz TTL
autput

BNC Yee 1 male, 2 female connet

BNC Coax Cable RG58U, 3 fi. length (3 e

2.3.1 Using the Procedure

The checkout procedure (table 2-2)canbe usedse
different ways. It can be started at step 1 and foll
straight through to the final step. Or, it canbe en
at the highlighted steps, which start specific grou
checks, If the table is being followed in sequence
the previcus step, perform the instructions as wr

- Butif starting at a highlighted-step, the Model 22

first be reset {0 the power on settings (see beloy
do this, turn the Power Off, then On,



Power-On status:
Frequency Range: G.001 to 1.100 kHz
Mode: Continuous
Function: Sine

LinfLog: Lin

Sweep Time: 0.01s.
Stabitizer: Off

2.3.2 Front Panel Swiiches
The Func, Mode, and Freq Range switches are bidirec-

ticnal. To use these switches, the operator must press
the left or right side of the switch's front surface, as
indicated by the arrows ocnthe panel. Fressing the center
of any bidirectional switch does not ensure correct
operation. Ali other switches canbe pressed anywhere,

When a switch s pressed, either the frequency of an
annunciator cnthe dispiay will change, as shownintable

2-2.

Table 2-2. Initial Checkout Procedure
NOTE . Test Setup 1
1. Before beginning this procedure, review paragraph SCOPE
2.3 MODEL 22
2. Frequencies shown are typical and should only be SYNC FUNC
used as a guide. S % @ @
3. If starting at a highlighted step, first press Power Off, 506
then On.
initial Settings
Control Se%tiﬂg Scope Setﬁng
Frequency Time base 0.2 ms/div
Coarse ow CH1 Vert 2vidiv
Fine ow CH2 Vert 2V/div
Amplitude cw Display CH1
Swp Set CW
Step Control Operation Display Observation/Comments
Function Check
Set to Initial Settings T e TR Cam ST Se Too 5w Connect as shown in
T . - y o test setup 1.
Power On "o« § 8 FLE ., a5l | 1.1 kKHz, 10Vp-p sine
e § §F §7% 1 isecr | wave.
Llog — ¢
L e N T I R E R LE)
2(a) Func 1 T ‘Ma{;‘ Gate Trig Cont Ser Swe Tng iwpm 10Vp-p square wave.
# "o e &4 4 :ﬁ KHz 1.
Press Once in e § § _§ ! (sec)
Log . 10
QFenck T e Ty See e e Ui RHE
2 b 4 m » 4Mogek Gate Trig Cj:t Set  Swg  Trig Swp ‘EOVD'Q Triaﬂgle.
®) x Stab:::: . @ g g i ﬁ g :35‘“’
Press Once ine § § § kHz by
Lag ® - 15
Te¥inck  oTET ML Tl e el et iRHA
Mods # sie ig © Se Swyg  Trig Sw
2(c) 4 e * on S e e e T A :;1 10Vp-p ramp up.
oM 4§, A
Press Once we §,0 § iSec)
iog — 10
EFuner  TEE \L T L, Mo ] el e RTRM2

2-4
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Table 2-2. Initial Checkout Procedure (Continued)

Step Control Operation Display Observation/Comme
nde Gate Trig Cont Set Swp Trig Swp
2(d Fun et _ 10Vp-p ramp down
(@ | Func 1> 1| p-p ramp
R I I T W IR
Press Once CICTEN N A A | 1 Sec)
Log ® 10
AFuncb [V NN ST e 1T KHe
Frequency Range Check {11k o 11 MHz2)
3(a) | FreqRange Q| uees Owe Te ComoSer Swe T 5‘““’01 11 kHz, 1OVp-p trian
On -, P
F swb " .' " B im chimp defaulis to
Fress Once un o« f f, 81 1 sem| | triangle above the
Log R 1 1.1 kMz range.
TEomer T SN Tl e T el 1 TKHRE
3(b) { [::] b 1_@_0@;3 Gate Trig C:::z Set  Swp Trig S‘;wpm 1 10 kHZ
4 Stab "l . Sw
’ oft < {10 KHz " T
Press Once un o § f §06 * (Sec)
Log 0
ek L T, e el el b T KMt
3(c) LT ([T TSR ) 4 Mz
Stab i -
# * ot ¢ i 8 & Lj MHz 1o
Press Once un o f f f (Sec)
tog * - 0
T R T R N R R L LT
Moaek  Gate Trig Cont  Set Swp Trig Swyp
3(d) S | ) - 1 MHz
S b b '
; Oﬁ ta (L).“ 4 g g i“’s ;_' MH: : fl‘:;
in 4 tSec)
ress Once o | e s
T m==m L T, S ] P toitems

Frequency Range Check (110 Hz to 110 mHz)

<Moaer  Gate Trig Cont Set  Swp Trig Swp
Set {0 initial Setting ceap®" T o b0 Connect as shown i
s § & § 4 2% test setup 1.
Un < wmy kHz ' Time .
Power Press to Off Log f. § 1.8 o 1.1 kHz, 10Vp-p sin
theﬁ 1o On. T h —— :\;) L, Ny e el 111K wave.
ode Gate Trig Cont Set  Swp Trig Swp
5(a Freg Range e el 110 Hz
@) G rang I | . Ry
IS i-‘nabmf B g E g D  Swp
. -, Hz Time
Press Once wne f § §._8 1 (Sec)
0y 10
TeFunck oo T T ™S e el 10 T KHD
aModer  Garte  Trig €ont Set Swp Trig Swp
5(b) " 2 >.01 11 Hz
- CURTE N R I N S e
PressOnce ;| una § § . § 8§ 1 {Sec)
Log ° 10
WFuncy  mmmo L T L e e i 11KHR)




Tabie 2-2,

Initial Checkout Procedure {Continued)

Step Controt Operation Display Cbservation/Comments
eModer  Gate Trig Cont Set Swp Trig Swp
5(c) | FreqRange QE*Z?' o - s o 1.1 Hz
CORI N N N T S
Press Once tn ¢ f_ i i ‘_g T (See
Loy 10
GFunch w7, NN T S feVIKH
5 d dMoaelk  Gate Trig Cont Set  Swp Trig Swp 110 miz
@ ) 50 = o
p o o8 4 ﬁ 6 e s 1 fl‘:f;
ress Once une § § §,§ T iSec)
Log 0
WFanck = M, ML, M 1 [ - 1TKHP
DC Offset Check
Set to Initial Setting et Gate Trig Cont Set Swe Tr Swp} Connect as shown in
: Stab " Sw test setup 1.
Off 4 ﬁ 3 @ ] Q 1 Swp . p
Power Press to Off e §.§ § 7% KHz 1 reeetl 1.1 kHz, 10Vp-p sine
then to On. Leg — 1 wave.
dPoncd == N, T, N o] P e TTRE
7 E €Modst Gate Trig Cont Set Swp Trig Swp 0 Vd
unc ﬂ ib on - [ c
% o« FEOIFT,,, 15w
Press Once . i BEBEAE * (Sec)
Log — %0
APeecy  TTT o, ML, e ] e elaRHn
8(a) | D.C.Offset @ Greater than +5 Vdc
Full cw
8(b) @ Greater than — 5 Vdc
Full cow, but
rot off
8(c) @ 0 Vde
Off

Coarse and Fine Frequency Cheack

Set to Initiai Settings

Func

Press Once

dModer Gate Trig Cont $Het

StabGn
O

iin
fog

4Funch

Swp  Trig Swp
p .01

s a s :ﬁ kHz 1 Tsi:;

(. 1

e “j :ﬂ€Secl

e :T_, s ™ 1 e - 11 KHa

Connect as shown in
test setup 1.

1.1 kMz, 10 Vp-p sine
wave,
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Table 2-2. Initial Checkout Procedure (Continued)
Step Control Operation Display Observation/Comme:
Moaeh  Gate Trig Cont Set  Swp Trig Swp .
10 Freguenc e Approximately 11:1 fi
G s bOn A p 0t N
Coarse ot « 15t +$we || quency change. Verl
Lir 4 A EERE sect| | all display segements
L.og 10 f '
— unction.
FU“ CowW Furch = r\J [ /\/ /1 e 113 KHIY
11 Freguency Fine {Moder Gate Trig Cont Set  Swp Frig Swp Approximately 100:1
: On LR frequency change.
@ SRR T PP '
Lin 4 LILy 1 (sec)
Log e 0
Full cow WEmeh === MU Tl S T e e R
12 Frequency tMoeab  Gate  Trig Cont et Swp THg Swp Total frequency char
Coarse and /\ on 0 of 1100:1.
CTIRT B N N o
un e f f § § (Sec)
Log " 10
Both full cw b mmr MU Tl e b Pl KA

Amplitude Check

Connect as shown in

Set to Initial Setting iModer Gate Trig Cont Set  Swp Trig Swp
On - P01 test setup 1.
Stab 5 .
Amplitude f\ o e § 4 UL, a3w !l 11 kHz, 10Vp-p sine
LL;“ <« f.0 84 S,s=ell] wave; output level
T :] e v ML A e ke decreases to 1 Vpp
Full cow — - controt is rotated.
Test Setup 2
SCOPE
MODEL 22
SYNG —20dB
ouT  out CH1  CH2
o o
50Q
13(b) f\ Connect as shown ir
test setup 2. Quiput
increases from 0.1 1
Rotate cw 1 Vpp.
Sync Qut Check
14 | Display CH2; 1.1 kH
TTL sguare wave.




Table 2-2.

Iinitial Checkout Procedure (Continued)

Step Controi Operation Display Observation/Comments
Trigger and Gated Check
Set 1o Initial Seﬁmgs Modeb  Gate  Trig Cont Set Swp Trig Swp
on - p0 Connect as shown in
Func of ERE Sw
7 . { g g L ;| ETS";E test setup 1.
Press Twice Log - _ 10 1.1 kHz, 10 Vp-p
e A T e R R triangle.
16(a) Mode 4 [P | G g o S Sws TEEwE Approximately O Vdc
% stanO" - > oo lavel.
Press Once ont ¢ kHz. * rime
Lin ¢ 1 (Sact
Log ® —
Woned mme oM, ML, N, 1 [t LiEKHE
Test Setup 3
SCOPE .
MODEL 22 Scope Settings
TRIG FUNC . .
IN ouT GHA CH2 Time base 1 ms/div
0 0 Q CH1 Vert 2 Vidiv
500 CH2 Vert 2 Vidiv
Trigger CH2
Display CH1 and CH2
Externai Generator Setting
200 Hz TTL
EXTERANAL L
GENERATOR our
16(b) Connect as CH2:
shown in test Trigger -
setup 3 input : ‘
CH1: f ;
Triggered ™'~ v ;
Triangte ‘ :
16{c l I :
{ ) < % b dModer Gate Trig Cont Set  Swp  Trig Swp g::;ge!’
on poot S L
Press Once | |swb s 1 Swo Input QQ_%AJEE ..... 3,
L - Y Sec i !
Log — L] CH2: OV_J/\/\/\/.
Enck === N, M A, 1 ek || Gated | :
Triangle
16(d) TrigIn Disconnect Display CH1. 0 Vdc.
External
Generator
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Tabie 2-2.

initial Checkout Procedure (Continued)

Step Conirol Operation Display Obhservation/Comme
Manual Trigger Check
17 | Trigger [;] Continuous triangte
while trigger bution |
Press and pressed.
Hold

Sweep Check

Test Setup 4

SCOPE Scope Settings
MCDEL 22 . .
WP FUNG Time base 1 ms{dav
OUT  ouTt CH1  CH2 CH1 Vert 2 Vidiv
¢ o CH2 Vert 2 Vidiv
50Q Trigger CH1
Display CHt and CH2
Set o Initial Setlings
4Modzb  Gate Trig Cont Set  Swp Trig Swe C(}nnect as ShQWn
o — o iest setup 4
Power Press to Off | lstap™" ' ...‘ 4 “swol| CH1: 1.1 kHz 10 V
then to On D = iz LTmel s
un s f fF § _§ isea)| | Sine wave.
tos — " CH2: + 5 Vdc level.
QFanck == M T, ™o 1 el 1 R1KRH2L
19 Frequency <Moder Gate Trig Cont Set  Swp Trig Swp CH1: 100 Hz sine w
Coarse (\ R s o b0l CHZ: Voliage level
Ton < irint 1821 | decreases.
kHz Time
Lin « . i Lj L§ ¥ (Sec)
Log 10
FU” CCW TeFanck  TDT Nl Ty ™S b e TrEHn
20 MOde 4' ip 4Modeb Gate Trig Cont Set  Swp Trig Swp CH-‘ 1 1 kHZ Sine
E On - : p Wave.
Press Once |[|™™on « § §TITT 19w 1 | CH2: +5 Vdc level.
tin ¢ f  §L{ Ll iSec)
Log 10
Funck DT T, T S e Pl b T1RHE
21(a} | Swp Set iWoceb  Gate Trg Comt Set  Swp Tnd Swp CH1: 100 Hz sine w
on — o1 CHZ2: Veltage level
S%Pon < § 1 Bweit decreases
kMz Yimme -
kin ¢ - l ,«“! L‘ ! {Sec)
. Log o Bl 10
Full cow WFanck  momT o ML T, N 1 T U 11RHA




Table 2-2.

initial Checkout Procedure (Continued)

Step Control Operation Display Observation/Comments
21(b) Swp Set See tModab  Gate  Tng  Gont Set  Swp  Trig Swp Dispiay: Set to
comments st o L 1.00 kMz.
o« FATETT,, 13 | CHI: 1.00 kHz sine
un < BAS R {Sec}
Log ol Pl Fowl 0 wave.
TEF 2o ML A A [ b1 K CH2: Voltage level
decreases.
22 Mode Trigger scope on falling
4@ 4 dModeb  Gate Trig Cont Set  Swp Trig Swp edge of sweep range
Stab" - >0 (CH2). ; ,
Press Once I KH: A gwel | CH1: Linear sine wave
L“" “ . :Oisfw? sweep from 100 Mz to
0g
Farch Tom L Tl S o] e b RTRHE) 1.00 kHz. .
CH2: Ramp up (10 divi-
sions on scope).
23(a) | Lin/Log Ty Gate ¥rig Comi Ser Swr Tro Swo Logarithmic sine wave
‘_T_J stap 0" - bt sweep from 100 Hz to
“Fort < A 13wel 1.00 kHz.
Li 1
Press Once g <« o'
WRanch om0 NN, e [ 0 11 HHY
23(b) eirs Gate Trig Coni Set Swp TigSwp Linear sine wave
L.,T__I 510 0" - s sweep from 100 Hz to
s < kHe 1 TSX:, 1.00 kHz.
Press Once Lin ¢ {Sec
Log " 16
ARuneb mmm N, T AN, D e 11 RNR
24(a) Swp Time Scope: Trigger sweep
g ] <Mode+ Gate Trig Cont Set  Swp Trig Swp to normaﬁ; time base to
) stas0" - o 10 ms/div.
Press Once ?;: : iHz > 1’ Tl | CH1: Linear sine wave
tog » 0 | sweep from 100 kHz to
ﬁm s 1.00 kMz.
AFunch T N, T N, ot e 1 Lt KHD L.
CH2: Ramp up (10 divi-
sions on scope).
24({b) Scepe: Time base to
LT_-] SModer Gate Trig Cont Set Swp TFrig Swp 0.1 sidiv
Stabgf: . Uswp| | CH1: Linear sine wave
Press Once tn ¢ Khiz b 1 imel | sweep from 100 Hz to
Log . 10 1.00 kHz.
drunch a0 T, NS et P N KEn Ci—{z Ramp Up ('] 0 divi-
slens on scope).

2-10



Table 2-2. Initial Checkout Procedure (Continued)

ents : Step Control Operation Display Observation/Comm
3 24(c) [ ] : : Scope: Time base t
,t AModed Gate Trig Cont Set  Swp Trig Swp \
. on J o 1 ms/div.
e Press Once | |5, " 1 5w CH1: Linear sine ws
z ime
to Lin « . 1isest| | Sweep from 100 Hz
Loy — > 1.00 kHz.
mp. : Atk === Ay T D o T e | G20 Slow rising rai
o} : 24(c) | } Scope: Time base t
i dModed Gate Trig Cont Set Swp  Trig Swp 1s/div
Press three Stab:f: « :TSWD Sweep time annuni-
ms, _ times Ln < | kHz » 1 aeg| | cator steps to 0.01
ne Log o 1 0.1 sto 1 seachtir
ad, Ty == N Tl e 1 M cvienn | fhe switch is presse
25 MOde I I «Moder Gate Trig Cont Set  Swp Trig Swp CH1 . O VdC ieve!-
U Stﬂhan T
Press Once o « KHz g
Lin 4 ¥ 1 gec)
tog - 10
CFunck  mimz N, L, NS o Pl (KR

\w

26(a) Trigger CH1: Triggered sine

; l <Modep Gate Trig Cont Set  Swp Trig Swp

£ an - m wave sweep from
in Pressand | [*™or « e 18w 11 100 Hz to 1.00 kHz
ies- release e, » el 1s and return to qu
e ~ cent OV fevel.
Funck oo Ty Tl S T P 1 KEn

Triggered sine wav

e —

Press and
Hold

sweep from 100 Hz
1.00 kHz in 1s and
returns to 100 Hz.

Stabilizer Check

as Set to Initial settings Wi Gae g Cont St Swp TroSWh Connect generator
)1 __ sta®" - » 01 shown in test setur
e | Power Press to Off SRR B I N 15wl 1.1 kHz 10 Vp-p sir
then to On Lin 4 " ‘ ' ‘ 1 {Seci wave
Log 10 '
AFuncb === T T, ™S, b e 1 niKEn
1@ . 28 Frequency Fine See WMossk  Gate Frig Gont Set  Swp Trig Swp Rotate knob untii it
it Comments | |g.,2" - b oo least significant di¢
a ot 4 ' ' ' ‘ ¢ Swp T
two we (. f 1 iz 1 ume) | fluctuates between
ec e
“tog e VN st g - digits..
Funck oo L Tl S T el B 11HHR




Table 2-2. Initial Checkout Procedure {(Continued)

Step Control Operation Display Observation/Comments
29 Stab s Gate  Trg Cont e Swp g Swr The least significant
2 on 4 s b .01 digit remains stabilized.
Seab s
Press Once o i 14 kHz T i
Lin 4 g' i g 1 (Saet
Lag - 10
Ahunck  S== A\, T AN ) P iR KM
VCG Check
Set to Initial Settings
4moder Gate Trig Cont Set  Swp Trig Swp
Stab " - 0 1.1 kHz 10 Vp-p sine
Stab;’" B e ‘ e s > 1 Swp Po
we §f kHz | Time| | Wave.
£ i8aci
Press Once iog . 10
anek mmw L Tl ™ 1 el B 11RED
31 §:requency (’\ dModeb Gate Trig Cont Set Swp THg Swp Low fr@quer%cy sine
Coarse and on e oot wave,
Fine *ox < e i, 1 Swp
tin ¢ .Em! ij § Y iSec)
Both fuil cow Log - 10
dRunck  Tmm N, T, Ny 1 [ i T1KHa
Test Setup 5
SCOPE Scope Settings
MODEL 22 .
Time base 0.2 ms/div
VCG  FUNC .
IN ouT CHi  CH2 CH1 Vert 2 Vidiv
© o o Display CH1
oo
SOURCE
+ 8Y
32 VCG In + 5 Vde Connect as shown in

4Modab

Stabon
O
iin
Log

“EFanch

Gate Trig Cont Set Swp Trig Swp

b 01
€ ‘ ' s :‘ kHz a 'i:i

4 !. ’ 'ml ! (Sec}

i1
=== M T, No T et

test setup 5.
1.1 kHz 10 Vp-p sine
wave,
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Figure 3-1. Conirols and Connectors
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3.1

INTRODUCTION

This section describes the operation of the Model 22.
The first part describes the controls and connectors of
the instrument. The following part illustrates several
applications which use the various functions and modes
of this instrument.

3.2 CONTROLS AND CONNECTORS

Figure 3-1 shows the front panel conirols and connec-
tors that are keyed 1o the following paragraphs.

1

Display A 3% digit (1100 county LCD frequency
display which incorperates annunciators that
indicate Mode, Function {waveform), stabllizer
on/off, lin/log sweep, and sweep time.

Frequency Controls The coarse frequency control,
the outer knob of the concentric pair, aliows coarse
frequency adiustment (approximately 1000 counts)
within the selected frequency range.

The fine frequency control, the inner knob of the
concentric pair, allows fine frequency adjustment
(epproximately 100 counts)withinthe selected fre-
quency range,

For linear mode, these conirols vary the frequency
linearly over the frequency range. FFor logarithmic
mode, these controis vary the frequency
logarithmically over the frequency range. Together
the fine and coarse controls cover & 11001 fre-
quency span within a selected range.

D.C. Offset Control The DC offset knob controis
the dc voltage and offset of waveforms. A clock-
wise rotation vertically offsets the waveiorm up
from the normal position (figure 3-2). A counter-
clockwise rotation vertically offsets the waveform
down from the normal position (figure 3-2). A full
counterclockwise rotation to Off ensures zero
offset.

Amplitude Control The amplitude knob, the outer
knob of the concentric pair, controls waveform

ampiitudes. Rotate the conirof full clockwise for -~ - -

maximum amplitude (see tabie 3-1). A counterclock-

wise rotation decreases the ampiitude by 20 dB.

g

SECTION &
OPERAT

+ BYm e et s e e s e e e
— B e e i i s s e M —_
POSITIVE NEGATIVE
DG QFFSET DG OFFSET
7] \]v __________
A Z\[\/_
EXCESSIVE EXCESSIVE
POSITIVE POSITIVE
OFESET OR OFFSET OR
LCADING LOADING

Function Out (509Q) terminated with 508

Figure 3-2. DC Offset Control

Table 3-1. Maximum Voitage

50Q

Function Open Circult Terminat
N

Vp- 10 Vp-

AN 20 VPP P

&e =10V + BY

Sweep Set Control The Swp Set control, the
knob of the cencentric pair, sets the stop freat
in the sweep modes (see figure 3-3).

Power Switch The power switch turns the it
ment On or Off. At power-up the instru
initializes in the following conditions:



Stab: Off annunciator arrow on the display indicates the
Func: Sine status.
Mode: Cont
Freq Range: 0.001 to 1.100 kHz 11 Sync Qutput This output isa TTL square wave at
Lin/Log: Lin the frequency of the generator. This output canbe
Swp Time: 0.01s used as a synchronizing reterence for the Fune-
{lon Qutputs 7 and 9. Phase of the waveforms
7  Function Quiput Connector This BNC connector relative 1o the sync cuiput is shown in figure 3-4.
is the main output for the selected function. The . ) . ,
Amplitude knob 4 controls the amplitude from 110~ 12 Sweep Time Switch The Sweep time button, when
10Vp-p Into a 50 load (20 Vp-p into open ¢ircuit). pushed, steps through the sweep time (.01, .7, 1,
Source impedance is 50Q. and 10 seconds). Sweep time is indicated by an
_ annunciator arrow onthe dispiay. Freguency of the
8  Trigger Switch In triggered mode, the trigger internal sweep ramp, the sweep rate, is governed
buiton, when pressed, manualiy initiates a single by the Sweep time switch 12 (see figure 3-3).
cycie of the selected waveform. In the gated mode,
it gates the output until the button is released; the 13 Frequency Range Switch Frequency Range
last gated cycle will always be completed. The switch, when pushed on the left or right, steps
gulescent output depends on the waveform selec- through the nine frequency ranges, a shown below.
tion and dc offset (see figure 3-4). In iriggered
sweep mode, the trigger button, when pressed, .
initiates a triggered sweep (refer to Triggered . Lowest Obtainable
Sweep Mode). Specitied Range Frequengy
9  Function Output{— 20dB) This BNC connector is 11.00 10 1.00 MHz 0.01 MHz
the same as the Func Out 7 except the output is 1.100 to 0.100 MHz 0.001 MHz
1/10th (— 20dB}of the amplitude, 0.1 1o 1Vp-p. Both 110.0to 10.0 kHz 0.1 kHz
the waveform and offset are attenuated at Func 11.00 t0 1.00 kHz 0.01 kHz
Out (- 2C dB). Source impedance is 50%. 1.100 to 0.100 kHz 0.001 kHz
110.0t0 10.0 Hz 04 Hz
10 LiniLog Switch When pressed, the Lin/Log switch 11.0C to 1.00 Hz 0.01 Hz
selects either linear or logarithmic mode for up to 1.100 to G.100 Hz 0.001 Hz
1100:1 linear or legarithmic frequency range. An 110.0 to 10.00 mHz 0.1 mHz
SWEEP |
wt TIME -1
STOP LEVEL
SWP ?
ouT
SNEER 070 +5V MAX
e -————%— START LEVEL
[ ‘
W i

START FREQUENCY STOP FREQUENCY

Figure 3-3. Sweep Time and Width

3-2
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TRIGGER MODE

GATED MODE

11
TRIG IN T
OV
SYNC OUT
TRIANGLE GV; /
~N
ov
SINE —(\/
i
!
1 I
SQUARE ;
ov—d L
; i
7 —
RAMPUP gy, ]
i
RAMP DOWN OV ™I\
I

Figure 3-4. Waveform Phase Reiationships

14

15

the LCD display 1. Each range has an 1100:1
breadth, Power-up range is 0.100 to 1.100 kHz.

Sweep Out Connector The Swp Out BNC provides
alinearramp atthe frequency selected by the Swp
Time 12 switch. The rampwiil belinear inboth linear
and logarithmic modes. The output voltage is pro-
portional 1o the linear output frequency whichis a
summation of Frequency knobs 2 position, inter-
nal sweep voltage and exiernal voltage at VCG In
18 connecior. Quiput source impedance is 600%.

Mode Switch The Mode switch, when pushed on
the left or right, steps through the six operating
modes of the instrument.

Continuous (CONT) Generator runs continuously
at the selected frequency. This is also the sweep

start frequency:

Triggered {TRIG) Generator is quisscent {qulescent
level depends on waveform and offset selected,

figure 3-4} until triggered, &t which time on
plete cycie of waveform is generated.

Gated (GATEYAs for triggered except the wa
is continuous for the duration of the gate
When the signal stops, the last waveforry
started is completed.

Sweep Set (SET} The generator runs contin
atthe sweep stop frequency setby Swp Set.
The sweep stop freguency is displayed.

Continuous Sweep (SWP) The generator fre:
sweeps from the start frequency limit, set
frequency knobs 2, to the stop limit, setby ¢
set 5 knob.,

Triggered Sweep {TRG SWP) The gener
guiescent untii triggered by a lowto high e
signatl at Trig In or by the Trigger buttor

receiving this trigger, the generater makes

sweep at the selected sweep time start ar
frequencies. If the trigger signal is low at t
of a sweep, the generaior returnstothe qui



state. If the trigger is high at the end of a sweep,
the generator returns io the start frequency and
runs continuously untit the next trigger pulse.

For proper operation, repetition rate of the trigger
pulse should not exceed twice the sweep time.

An annunciator on the display indicates the
selected mode.

18 Trigger In Connector The Trig In connector
accepts a positive-going TTL.levelinput (14} to trig-
gerandgate the generator, as showninfigure 3-4.
A negative-going edge (1) ends the gated opera-
tion. When triggered, the generator produces one
complete cycle for each trigger input. When gated,
the generator proeduces continuous cycles untit the
gate signai (tp) is removed; the last cycle started
is always completed (t).

17 Funciion Switch The Func switch, when pushed
on the teft or right, steps through the six function
of the Model 22: sine v ,triangle v  square " ,
ramp up 1, ramp down ™, and dc. An annun-
ciator on the LCD display 1 indicates the selected
function. Ramps are only available at frequencies
at or below the 1.100 kHz range.

18  VCG In Conneclor This connecior accepts G to
+ 5V ac or de input signals, which, when summed
with a level proportional to the frequency knobs
setting, controls the output frequency within the
selected range. Positive input levels increase the
frequency, while negative inpuis decrease the fre-
guency. Frequency excursions of 1100:1 are possi-
ble by placing the Frequency knobs 2 to full
clockwise (G 1o — 5V) or counterclockwise (0 1o
+ 5VY). Input impedance is 5k@. VOG slew rate is
0.1V/us. If frequency stabilization is selected, the
VCG In connector is internally disconnected.

19 Stabilizer Switch The Stab button references the
generator o an internal standard which maintains
the freguency within x 1 (least significant) digit. An
annunciator on the LCD display 1 indicates the
status of the stabilizer. The stabilizer works only
in the continuous mode and with an internal
reference.

3.3 OPERATION

Perform the inHial checkout procedure in Section 2 for
a feel of the instrument. Any guestions concerning in-
dividual controls-and connectors may be answered in
paragraph 3.2. Bold numbers are keyediofigure 3-1. Qut-
puis are shown in figure 3-4.

3-4

3.3.1  Signal Termination

Proper signal termination, or loading, of the generator
connectors is necessary for its specified operation. For
example, figure 3-5 shows proper termination ofthe Func
Out {50Q) connector. Placing the 50Q terminator, or 506
rasistance, inparallelwith a higher impedance, matches
the receiving instrument input impedance to the coax
characteristic and generator output impedance, thereby
minimizing signal reflection or power loss ontheline due
to impedance mismatch.

RECEIVING
MODEL 22 INSTRUMENT
ouTPUT RG58
IMPEDANCE | OR EGUIVALENT EFFECTIVE
509 CHRCUIT
| RESISTANCE
500
LOAD
(SIGNAL
LOAD
ouTPUT 5509)
AMPLIFIER <7

Figure 3-5. Signal Termination

The input and cutput impedances of the generator con-
nectors are:

Connectors impedance
Func Out (50Q) 7 500

Func Out(—-20dB) 9 508

Sync Out 11 TTL

Swp Qut 14 800Q

Trig In 16 TTL

VCG In 8 5kQ

3.3.2 Continuous Operation

The basic generator supplies a continuous function
(waveform; at a fixed frequency set by the operator.

Control Setting

Freq Range 13 Set to the desired fre-
guency range.

Frequency Coarse

and Fine 2 Set to the desired fre-
guency within a range.

Mode 15 Select continuous.

D.C. Offset 3 Set as desired. Limit off-

sei to prevent clipping
{see figure 3-2).
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Amplitude 4

Func 17

Func Out (50Q) 7 or
Func Oui (-~ 20 dB) 9

Set to desired output
fevelat Func Out (50Q) or
Func Qut {—20 dB}.

Set to desired function.

Cannect to circuit under
test {refer to paragraph
3.3.1).

To demcnstrate continuous operation connect the
instruments as shown below, then set the controis as

listed below.

MODEL 22

SYNC FUNC
ouT ouT
© ¢

SCOPE

CH1 CH2

500

Model 22 Setlings

Power: On
Ampiitude: cw

D.C. Offset: Off
Frequency knobs: cw

Scope Settings

Time base: 0.2 msidiv.
CH1 Vert: 2Vidiv

CHZ2 Vert: 2Vidiv.
Trigger: CH2.

Display: CH1.

Observation. The scope displaysa 1.1 kHz 10 Vp-p sine

wave,

3.3.3 Voliage Controlled Generator (VCG) Operation

VCG is an external electronic means of controlling the
frequency of the generator by using signal leveis of up
to 5V peak. This allows the generator to be swept (up or
down in frequency) or frequency modulated.

Control
Freq Range 13

Frequency Coarse
and Fine 2

Setting

Set to the desired fre-
guency range. Fre-
guency can only be
changed within a range.

For positive de inputs at
VCG In, set the Fre-
guency knobs to the
lower freguency limit.

for negative dc inputs at
the VCG in, set the Fre-

guency knobs to
higher frequency lim

For modulation with
acinput atVCGIn, sel
Frequency knobs at
desired center freque

VCG in 18 As required.

Mode 15 Setect continuous.

D.C. Offset 3 Set as desired. Limit
set to prevent clipg
(see figure 3-3).

Amplitude 4 Set to desired out

ievel at Fune Out (50¢€
Func Qut (— 20 dB).

Func 17 Set 10 desired functi

Func Qut (508} 7 or
Func Out{—20dB) 9 Connect to circuit ur
test (refer to paragr

3.3.1}

Lin/Log 10 Select desired mode

NOTE

Excessive VCG input voltage may cause
nonlinear operation when the generator
attempts to exceed the range limits.

The generator canbe swept upto 1100:1 witha 5Vir
signat to the VCG In connector, With the frequency
to 1100, excursions between —~ 5and 0V at VCG In
vide a 1100:1 decreasing frequency. With the freque
setto 0001, excursions between OV and + 5V at the\
fn provide a 1100:1 increase frequency within the
guency range.

DISPLAY VCG IN OUTPUT
READING VOLTAGE FREQUI
1100 ~5h 000
1000 —af 100
900 -3k 200
800 e3 3L 300
A%
700 e . 400
600 EXAMPLE 1 500
550 . 0 550
500 X4 600
400 Yee, 41l 700
300 2 800
200 + 3 900
100 +al 100C
000 +50 110¢

Figure 3-6. VCG Nomograph




The VCG noemograph, figure 3-6, gives examples of how
an input voltage affects the output frequency {(LIN).
Example 1 shows that with OV VCG input, the Freguency
knobs determine the output frequency. Example 2 shows
that a positive VCG input increased the output voltage.
Example 3 shows that a negative VCG input decreases
the output frequency. In the nomograph decimal points
are not shown. The output frequency must be muliiplied
by the range. For example, in example number 2 if the
frequency range is set to the .001 1o 1.100 kHz range,
the display will read .550 kHz and when the VCG voltage
is applied the display wiil read 1.1 kHz.

Todemonstrate VCG operation, connect the instrumenis
as shown below, then set the controls as listed below.

VOLTAGE SOQURCE

MODEL 22

VCG
+5V DC IN

o)

Model 22 Setlings
Power: On

Voltage Source Setiings

Qutput level: + 5Vdc,
Frequency knobs: cow

Observation: The display reads approximately 1.1 kHz.

3.3.4 Triggered Operation

Atriggered generatorproduces a single waveformeach
time a irigger signai is received. The Model 22 can be
triggered by manua! control or with a TTL signal.

Control Setting

Freq Range 13 Set to the desired fre-
guency range.

Frequency Coarse
andg Fine 2 Set {0 the desired fre-

guency within a range.

Set as desired. Limit off-
set to prevent clipping
(see figure 3-2).

D.C. Offset 3

Amplitude 4 Set to desired output
lavelat Func OQui (50 or

Func Qut {— 20 dB).

Func 17 Set to desired funciion:

Func Cut (BOQ) 7 or

Func Cut{—20dB) 9 Connect to circuit under

tast {refer to paragraph
3.3.1)

Select Trigger.

Connect to TTL signal
source at desired trigger
repetition freguency (less
thanthe generaior wave-
form frequency),

Mode 15
Trig In 16

Trigger 8 Press to trigger.

The triggered waveform starts from a quiescent point
i.e., sineandtriangle (0Vdc), square and ramp up (lower
level), ramp down (upper level). All waveicrms may be
d.c oftset). The Model 22 triggers enthe rising ( ) edge
of the trigger signal.

To demonstrate trigger operaticn, connact the instru-
ments as shown below, then sel the controis as listed
below.

SCOPE
MODEL 22
TRIG FUNGC
IN ouT CH1 CH2
o) Q )
500
TTL
GENERATOR
200 Hz
TTL
ouT
Mode! 22 Scope TTL
Settings Settings Generator
Power: On Time base: Frequency:
Tmsidiv. 200Hz,
Frequency knobs: CH1 Vert: 2Vidiv. Output
cwW level: TTL.
Amplitude: cw CH2 Vert: 2V/div.
D.C. Offset: Off Trigger: CH2
Mode: Trigger Display: CH1
and 2.

Observation : Scope Channel 1 disptays a single 1.1 kHz,
10Vp-p sine wave coincident with the rising edge of the
trigger input signal (CH2).

3.3.5 Gated Operation

A gated generator produces a continuous cutput
wavefarm for the duration of the trigget signal. The Model
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22 can be gated by manual control (Trig Switch) or with
an external TTL signal (Trig In}.

Controi Setting

Freq Range 13 Set to the desired fre-
guency range.

Freguency Coarse

and Fine 2 Set to the desired fre-
quency within a range.
D.C. Offgset 3 Set as desired. Limit off-

set to prevent clipping
{see figure 3-2).

Amplitude 4 ' Set to desired output
levelat Func Out (50Q) or
Func Qut (—20 dB).

Func 17 Set to desired function.

Func Qut (509} 7 or

Func Qut (— 20 dB) 9 Connect to circuit under
test (refer to paragraph
3.3.1).

Trigin 18 Connrect to TTL signal
source at desired trigger
repetition frequency (less

thanthe generator wave-
form frequency).

Mode 15 Select Gate.

Trigger & Press in o start gate;

release to stop gate.

The gated waveform staris from a quiescent pointi.e,,
sine and triangle (0Vdc), square and ramp up (lower
level), ramp down (upper level). All waveforms may be
dc offset.

The instrument gates from the rising edge ( -+ ) to the
falling edge (T3 of the Trig In signal. The last cycle
started wiil be completed.

To demonstrate Qate operation, connect the instrument
as shown below, then set the controls as listed below.

SCOPE
MODEL 22
TRIG  FUNC
IN ouT CH?1 CHz
© o Q
500
THL
GENERATOR

Mode! 22 Scope T1
Settings Settings Gene
Power: On Time base: Fregu
1ms/div. 200 H;

Amplitude: cw CH1 Vert: 2V/div. Outpu
[.C. Offset: Off CH2 Vert: 2V/div. Level:
Freguency knobs: Trigger: CH2.
cw
Mode: Gate Display: CH1
and 2

Observation: Scope CH1 displays gated sine waves
ing at the rising edge of the trigger input (CH2) and €
after the falling edge of the trigger input.

3.3.6 Stabilizer Operation

The stabilizer, when turned on, locks the freque
the display frequency reading. Stabilizer circuit
tains the generaior frequency at this setting
stabilizer works on all frequency ranges. Thus, |
quency range can be changed without unlockil
stabilizer.

Control Setting

Freq Range 13 Set to the desire
quency range.

Freguency Coarse

and Fine 2 Set to the desire

guency within a r¢
Mode {5 Seiect continuous
D.C. Offset 3 Set as desired. Lir

set to prevent ¢l
(see figure 3-2).

Amplitude 4 Set to desired ¢
level at Func Qut (£
Func Qut (— 20 dl

Func {7 Set to desired fun

Func Qut (50) 7 or

Func Out {(—20dB) @ Connect to circuit
test (refer {o pare
3.3.1).

Stab 19 Select On.

3.3.7 Sweep

The Model 22 uses an internal generaior 1o line
togarithmically change the output frequency. Tl
canh be continuously swept or triggered swept.

3.3.7.1 Continuous Sweep

. For continuous sweep, the generator sweeps fn

start frequency to the stop freguency in a contin
occurring sweep.,



Control
Freqg Range 13

Mode 15

Frequency Coarse
and Fine 2

Swp Set B

Lin/t.og 10

Swp Time 12

D.C. Ofizset 3

Amplitude 4

Func 17
Func Qut (50} 7 or

Func Cut (—20 dB} 8

Set to 1.100 kHz

Setling

Set to the desired fre-
quency range.

Setect continuous to set
the start frequency, Set
toset the siop frequency,
and, finally, Sweep for
centinuous sweep.

These controls set the
desired start frequency
within a range. in the
Continuous mode, the
display 1 shows the start
frequency.

This control sets the
desired stop frequency
within a range. Inthe Set
mode, the display 1 shows
the stop frequency.

Select either linear or
logarithmic sweep.

Select one of the four
sweep times. Sweep rate
should be << generator
waveform frequency.

Set as desired. Limit off-
set to prevent clipping
(see figure 3-2).

Set to desired output
level at Func Out (50RQ)or
Func Out {— 20 dB),

Set to desired function.

Connect to circuit under

Mode: Swp Trigger: CH2 (~ slope)
Trigger Mode: Norm
Display: CH1 and CH2
Amplitude: cw

D.C. Otfset: Off

LinfLog: Lin

Func: sine wave

SCOPE
MODEL 22
SYNG -20dB
CuT ouT CH1 CH2
Q Q ©

Observation: The Model 22 continuousty sweeps from
approximately 1 Hz to 1.100kHz ata 0.01 second rate.

3.3.7.2 Triggered Sweep

For triggered sweep, the generater sweeps from the start
frequency to the stop frequency upon receipt of a trig-
ger. The trigger can be handied in two differenct ways.
First, if the trigger input returns low before the cutput
reaches the stop frequency, the output returns to a quies-
centlevel(same as intriggered mode). If the trigger input
remains high after the cutput reaches the stop fre-

guency, the output returns {o the start frequency.
Control Setting

Set 10 the desired fre-
quency range.

Freq Range 13

Frequency Coarse

test (refer to paragraph and Fine 2 Set to the desired fre-

3.3.1). guency withinarange. In

To demonstrate external reference operation, connect the Continuous mode, the

the instruments as shown, then set the controls as listed display 1 shows the start

below. frequency.

Swp Set 8 This control sets the

Model 22 Seitings Scope Settings desired stop frequency

Power: On withina range. In the Set

Mode: Continuous Time base: 1ms/div. EOGB' thefd13p|ay1 shows
Freguency knobs: CH1 Vert: 2Vidiv. € stop frequency.

Set to 0.001 kHz Linfl.eg 10 Seiect either linear or
Mode: Set CH2 Vert: 2V/div. fogarithmic sweep.

Freguency knobs: Swp Time 12 Seiect one of the four

sweep times.
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CH2

tilthe
reeps
1 and

p.
til the

Jeeps
3 and

D.C. Offset 3

Amplitude 4

Mode 15

Trigger 8
Trig In 16

Func 16

Func Qut (509) 7 or
Funec Qut (— 20 dB) 8

Model 22 Setlings

Power: On
Mode: Continuous

Frequency knobs:

Set to 0.001 kHz
Mode: Set

Swp Set: Set to
1.100 kHz

Set as desired. Limit off-
sel to prevent clipping
(see figure 3-2).

Set to desired output
level at Func Qut (509) or
Func Out (- 20 dB).

Select Continuous to set
the start frequency, Set
o set the stop frequency,
and Trigger Sweep for
that mode.

Pressfor manualtrigger.

For external trigger, con-
nectio TTL signaisource.

Set 1o desired function.

Connect to circuit under
iost (refer to paragraph
3.3.1)

To demonstrate triggered sweep operation, connect the
insiruments as shown below, then set the controis.

Scope Ssttings

Time base: 10ms/div.

CH1 Vert: 2Vidiv.
CH2 Vert: 2Vidiv.

Mode: Trigger Sweep

Swp Time: 1 Sec
Amplitude: cw

D.C. Offset: Off
tinflog: Log

Func: sine wave
Trigger: Press once
and immediately
release it

MODEL 22

SWP  FUNC
ouT ouT
Q o

Trigger: CH2
Trigger Mode: Au

Display: CH1 and

SCOPE

CH1 CH2

Observation. The output is at & quiescent state un
manualtrigger is pressed. At thistime the output sw
from approximately 1 Hz to 1.1 kMz in 1 secon

returns o the quiescent state.

Trigger: Press and hold until completion of swee

Cbservation: The output is at a guiescent state un
manual trigger is pressed. At this time the output sv
from approximately t* Hz 1o 1.1 kHz in 1 secomn

returns to 1 Hz.
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4.1 INTRODUCTION

The Model 22, an 11 MHz siabitized sweep function
generator, operates as an analog waveform generator
at frequencies above 1.100 kHz and a digital waveform
synthesizer at frequencies below 1.100 kHz. The fre-
quency, regardless of range, can be stabilized to the
display freguency. In addition, all frequency ranges

may be logarithmicaily or linaarly swept.

Ag shown in figure 4-1, the function generator loop, con-
trolled by Freguency Coarse and Fine verniers, VCG In,
Trig tn and the stabilizer (ASWP), is the heart of the
generator. Onthe top four frequency ranges (11.00kHz,

d

SECTION
CIRCUIT DESCRIP’

110.0 kHz, 1.100 MHz, and 11.00 MHz), the fur
generator loop produces triangle and sguare wave
are routed directly to the function selector located
output block; a sine cenverter, aiso inthe cutput |
modifies the triangie intc a sine wave. The waveforr
thesizer, which is clocked by the funciion generatc
via the stabilizer (MFSQ), produces all the wave
on the five iower frequency ranges (110.0

1.100 Hz, 11.00 Hz, 110.0 Hz, and 1.10C kHz). Th.
thesizer output, like on the top four frequency ra
is routed through the function selector to the outp
ak ranges, the output biock setects and controls th
put signal at the Func Out (50%), Func Out( — 20dE

. DIGITAL
PUSHBUTTON " conTROL
4
DISPLAY
DC.
OFFSET  AMPLITUDE
m |
et T i it e p——
| |
I
2‘%” 1, STABILIZER

| MFSQ |

| 'y |

| HFSQ ek

|

! WAVEFORM . W@ éﬁ!

| SYNTHESIZER s :

| ASWP QUTPUT 9 Eut

| ! HESQ  of BLock | 22 (-t
TRIG IN { o——m—p Q11 COLLECTOR . | o

’ E

i FUNCTION TRB N T2 oy
VCG IN @mm—ip GENERATOR > | o
FREQ: FINE —>} LOOP | °) ou
FREQ: CCARSE ——i"'* ;

e e e e e e e e e J

Figure 4-1. Model 22 Block Diagram




T Y RO e S e s 2 o SO
| i
= PUSHBUTTONS e

i
1 WAVEFORM

| § AN I SYNTHESIZER ;
e o s m e et THIG L—— S |
TRIG IN (©
MGO, MC1, KILL Y172
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FREQUENCY EE— 1
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Q10
SWITCH coL
AR COMPARATOR
F-¥
+COMP — COMP
HIGH
»| FREQUENCY
COMPENSA- §.
TION *
98\NE€P out
Figure 4-2. Function Generator Loop

Sync Qut connectors; the output block is controiled by
the digital control, Amplitude and DC Offset controls. The
stabilizer, when in Stab mode, monitors the frequency,
the same as shown on the display, from the function
generator loop and supplies a feedback voltage (ASWP)
to the function generator loop; thus the stabilizer keeps
the frequency within one least significant count
regardless of the frequency range. Also, the stabilizer
circuit sweeps the function generator loop by increas-
ing the volitage (ASWP) over a period of time.

The digital control sets the circuits shown in the dotted
outline to adefault state each time the unitis turned on.

4-2

The front panel pushbuticns via the pushbutton interface
causes the digital control to change parameters in the
various control circuits. The digital control along with the
stabilizer controls the front panel digplay’s digits and
annunciaiors.

4.2 DETAILED CIRCUIT DESCRIPTION

4.21 Function Generator Locp

Figure 4-2 shows an expanded diagram of the function
generator loop that consists of the VCG {voltage con-
trolled generator), fog converter, current switch, fre-
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quercy range switches, triangle buffer, comparator,
switch buffer, high frequency compensation, and trig-
ger logic circuits.

The VCG produces two currents (- | and — ), alternately
switched in and out by the current switch and controlled
by the output of the switch buffer, that charge {(+ 1} or
discharge { — ) one of four range capacitors in the fre-
guency range swilches toproduce alinear triangle. The
specific frequency is determined by the magritude of
the +1and — [ currents. The triangle buffer amplifies
the triangle and drives the comparator. The comparator
detects the triangle peaks which causes the comparator
10 switch ouiput states; the threshold levet of the com-
parator is controtled by the high frequency compensa-
tion circuit. The output of the comparator controls the
switch buffer output state which, inturn, controls the cur-
rent switch. The function generator loop only produces
the top four frequency ranges, the five lower ranges are
produced by using the function generator ioop to clock
the waveform synthesizer, The log converter supplies
the VCG with a current fogarithmically proportional to
the Freguency knobs’ settings and VCG Involtage. The
trigger logic circuit enables or disables the function
generator loog depending on the selected mode,

4.2.11 VCG

The VCG (ref: schematic 0103-00-1116 sheet 1) consists
of the VCG ampitler, current sources, current sink, and
trigger controt current sink. The VCG ampilifier (U1 pin
1) converts voltages from the VCG In {except in Stab
mode), FRFINE (Frequency Fine), FRCOARSE (Fre-
guency Coarse), and ASWP (stabilizer or sweep)into cur-
rents that controls the current source and sinks (U28).
The magnitude of the current sets the frequency within
the selected range. A galn adjustment {(R1}controls the
top-of-range frequency, where as R13 sets the 110011
(bottom-of-range) frequency. R11 controls the offset of
the ampiifier and zener diode CR1 limits the voltage
swing at U1 pin 1 fo within 30% over the maximum
allowable swing. CR2 and CR3 prevent excessive
voltages at VCG In from damaging the VCG amplifier.

Current Scurce and Current Sink: The current source
and current sink supply the current charging (+ 1) and
discharging (— 1) the frequency range capacitor. The
negative signal from the VCG amplifier {Ut pin 1)is con-
verted Into a current leaving summing node at U1 pin
9 through R1 and R12. U1 pin 8 controls current sunk
by Q1which, inturn, controls current sourced by Q2 and
the two iransistors in the upper half of U28.

~ Operational amplifier (U1 pin 8) holds pin 9 at ground

‘potential. When pin 9 tries to go negative, pin 8 goes
positive, which causes Q1 to sink current through R18.

This towers the voitage at the base of Q2 and the
transistors in U28 which sources sufficient cu
through Q2's collector to held U1 pin@at Qv incre
current now flows from the current source (U28 pi
CR4 limits the voltage swing at U1 pin 8 1o within
of the maximum allowable swing.

Anincrease in current through R42 pin 16 appear
a positive input to the operationat amplifier (U1
driving the output at pin 7 positive. This raises the vc
at U28 pin 1 that causes pin 3to sink more curren
virtuaily all the current through R42 pin 16 pe
through U28 pin 3, maintaining a virtual ground .
pin 5. Increased current now flows into the curren
{— lythrough U28 pin & which tracks the current sc
The emitter resistors for Q4 and U28 pinsg 2 and
all 1k, therefore the collector currents at U28 pin
{pin 6), and Q4 will be equal.

Trigger Control Current Sink: The trigger contie
rent sink clamps the triangte node (TRN)at groundj
tial during the “off” state in the triggered and
modes.

When the generator is gated “off”’, RUN gos
reverse biasing CR7. Asthe triangle at TRN risesto
the zero crossing point, 2 greater proportion of thy
current, emitter resistor at U28 is 5009, fiows th
L3 pin 9. Equilibrium is reachedwhenthe trigger h
current ks equal to the positive current { + ) bein:
pliedto the generator toop, preventing the triangle
voltage from rising any further. The matched dio
U3 have equa!l currents through them [(— 1) +{
(— 2D)] and the anode at pin 4 is grounded, hent
voltage drops across the two diodes are equal al
triangle node is heid at ground potential, This sto
triangle waveform on the rising slope and ensure
at least one complete cycle wilibe generated ever
the generator is triggered. Also, refer to para
4.2.1.9 Trigger Logic,

4.2.1.2 Log Converter

The log converter transforms the linear change
frequency knobto a logarithmic current that contr
current source. The logarithmic convertel
schematic 0103-00-1116 sheet t)consists of trar
Q3 and amplifier U24 that uses the logarithmic
emitter characteristics of the output haif of the trar
{Q3)to produce the logarithmic current, Varying it
put transistor’s emitter voltage controls the cur

The converter receives its input from the VCG ing
cuitat R31. Aconstant 3mAthrough R34 keeps tht
transistor's base-emitter voltage at —0.7V. Wh

‘Frequency knob is set at minimum freguency (0

emitters are biased at — 0.7V (base of the ¢



transistor is fixed at — 0.3V by R36) which places 0.4V
between the output transistor's base and emitter and
supplies 1uA control current to the current source.

When the frequency knob is set at maximum frequency
{— 7.5V}, the base of the input transistor is biased at
— 0.3V, thus biasing the emitters at — 1V. This places
the output transistor’s base-emitter bias at 6.7V which
supplies 1mA to the current source. Thus, the linear
change in base to emitter voltage of the transistor
generates an exponential change in coliector current.

4.2.1.3 Current Switch

The current switch (ref: schematic 0103-00-1116 sheet
2y consists of the diode switches (CR10,11,12,13), cur-
rent source buffer (Q7) and current sink buffer {G17).
Controiled by the square buffer, the current switch allows
the charging{ + ), and discharging (— I) of the selected
frequency range capacitor (see Frequency Range Swit-
ches) to produce a triangte waveform.

The current switch sources currentbufferedby Q7(+ 1)
or sinks current buffered by Q17 (— ) at the switch out-
put (junction of CR10 and CR12). The instantaneous
polarity of the switch buffer output controt line (junction
of R59 and R60) determines the girection of current flow.

With the control line at + 2V which reverse biases diodes
CR11and CR12,the + | current through CR10 charges
the selected timing capaciior. Atthe same time, current
flows from the control line through CR13 into the cur-
rent sink. With the control line at -2V which reverse biases
diodes CR10and CR13, the timing capacitor discharges
through CR12 to the current sink and the + | current is
sourced through CR11 into the control line.

4.2.1.4 Frequency Range Switches

The frequency range switches {ref, schematic
0103-00-1116 sheet 2) consist of the four basic range
capacitors and their controls. Each range capacitor or
set of capacitors covers 10% to 100% of full scale. A
logic level signal from the frequency range controt cir-
cuit switches inthe range capaciior. For example, when
FRB goes low, it turns on 22 which sources about
30 mA through R108 and diodes CR25 and CR28. With
CR26 forward biased, the dicdes impedance to ground
is less than 29 and the range capacitor set (C40, C41
and C42) is effectively connecied to ground. When this
range is not selected, FRG is high, Q22 is turned off, and
‘R109 pulls the anode of CR25 to — 15V, The voltage
divider (R108, R107)biasesthe anode of CR26t0 — 7.5V
reverse-biasing CR28 which provides a very high
impedance to ground effectively disconnecting the
range capacitor: Frequency range control lines (FR4 or
FR5) operate the same way by connecting matched
capaciors of 0.0047 uF (C43) or 0.047 uF (C45) to the
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triangte node (TRN) line. Capaciiance for the highest fre-
quency range (100 pF) consists of all the stray
capacitance at TRN and the 11 MMz adjustment
capacitor (C39 and C38). Freguency range control line
(FR6) connects an additional 400 pF (C41, C42) and the
1.1 MHz adjustment (C40) 1o TRN.

4.2.1.5 Triangle Buffer

The triangle buffer (ref: schematic 6103-00-1116 sheet
2), & high speed FET input voliage foliower with a low
impedance output and unity gain, buffers the current
switch and frequency range capacitor from relativety
high current circuits in the cutput block and the
comparator.

The triangle buffer consists of Q14, acting as a high input
impedance source follower, and Q15, acting as a tow out-
put impedance emitter follower, The difference between
the input and output voltage of the circuit is controlled
by adjusting the current through Q14, such that, the gate-
source voltage is equal and opposite to the base-emitter
drop of 15, this causes the two voltages to cancei each
other. The baseline adjustment (R103) sets the current
through Q14.

4,21.6 Comparator

The comparator (ref: schematic 0103-00-111& sheet 2)
detects the peak of the triangle and produces two
separate square wave outputs. One square wave out-
put from the comparator (10 coilecier) drives the switch
buffer, while a second square wave of opposile polarity
{Q11 collector) drives the outpui block. The comparator's
threshold voltage is set by the + COMP and - COMP
from the high frequency compensation circuit,

When the triangle voltage at the base of Q19 reaches
the positive threshold voltage (+ 1V at U3 pin 2), ©19
turns on as Q18 turns off. When Q18 and Q19 switch,
they cause the second differential pair, Q10 and Q11 to
switch. As Q10 switches "off”’, current through R&3
decreases and the.collector of Q10 gees low, (about
—1.8V); the current drain through R30 determines the
coliector voltage of Q10. CR17 and CR18 increase the
transistor switching speed of Q18 and (119 by limiting
the signal swing at their coliectors to about 0.7V.
Resistors R64 and R71 increase the switching speed of
Q10 and G111 by providing a small current which keeps
them from turning compietely off, and diodes CR16 and
CR19 are switched on and off {o further guarantee that
Q10 and Q11 do not switch off.

Diode bridge (U3 ping 5, 8, 8) operate identically 1o the
current switch. The switch buffer output (U3 pin6) state
determines the polarity of the comparator threshold
veltage (U3 pin 2). The comparator threshold voltage is
limited to + 1V by the voltage drop across the 332Q



3cur-
dthe
ised.
Jle to
rithis
arse

4116
Jered
nined
tsthe
tfrom
je the
utten
13388
letes
1ency
(22
‘loon.

up in

MCO)
high,
fune-
1g the

1 high
5 pin
is not
U5
in 13.

4F8Q
KICL
%N 10
bove,
i, U23
func-

pin 8
Tig In
in13)
RUN)
At the
goes
23 pin
‘RUN)
cycle
puise

45

resistor {(R92), the + COMP and — COMP currents
supply 3mA. The high freguency compensation circuit
reduces the +COMP and -COMP currents onthe highest
frequency range which iowers the comparator threshold
voltage at the base of Q18 to compensate for switching
delays (see paragraph 4.2.1.8).

Output transistors Q10 and Q11 have different values
of collector and emitter resistors to match the input
requirements of each buffer.

4.2.1.7 Switch Buffer

The switch buffer (ref: schematic 0103-00-1116 sheet
2} shifts the level of the comparator's square wave to
provide a voltage excursion ( £ 2.2V} capable of driving
the current switch. The switch buffer is a complemen-
tary emitier foliower biased on by the voliage drops
across CR14 and CR15 and controlled by the comparator
output at the collector of @10, The + 2.2V square wave
output controls the current switch and the polarity of the
comparator threshold voltage.

4.2.1.8 High Frequency Compensation

High frequency compensation (ref. schematic
0103-00-1 116 sheet 2) circuit sets the threshold voitage
of the comparator. On the lower frequency ranges
{110.0 mHz through 1.100 MHz)}, the value of the
+ COMP and — COMP currents set up the comparator
threshold voltage at the base of Q18; each current has
a fixed value of 3mA through the resistor R92. On the
1.00t0 11.00MHz range, the threshold voltage is lowered
to compensate for switching defays in the function
generator loop; this maintains the triangle peaks at the
same levels as on lower ranges.

On the lower frequency ranges with HF COMP discon-
nected, BB0 and R81 hoids U27 pins 2 and 3 and the
emitter of Q5 at 0.0V. This puts 15V across series
resistors R83 and R85 and — 10V at the base of Q16.
The same current that flows through R85 atso flows
through R52. This puts + 10V at the base of Q6. The
emitterof Q6is + 10.7V which causes 3mAtoflowfrom
the collector of Q6 through U3 and R92 to ground dur-
ing half of the cycle setting up a threshold voltage at the
base of Q18. On the opposite half of the cycle, the base
of Q18 switches to — 1V because the same amount of
current (3mA) flows from ground through R92 and U3
to the coliector of Q16.

In the 11.00 MHz freguency range, HF COMP (U2 pin
10 of the VCG) is connected to U27 pin 3. Attop of the
range, 2.5mA s sinked from ground through R80 and R81

.. to the collecior of Q4 in the VCG lowering the voltage

at U27 pin 3to about — 5V. This decreases the voltage
atthe emitier of Q5, as well as the current through R83,
R85, and R52 which places the bases of Q6 and Q16

closer to their respective power supply voltages. The
rent through R92, the collectorsof QBand Q16, an
threshold voitage at the base of Q18 are all decres
This new lower threshold voliage causes the triang
switch earlier than normal. The thresholdvoliage o
range is inversely proporticnal io the Fregquency C¢
and Fine settings.

4.2.1.9 Trigger Logic

The trigger logic circuit {ref: schematic 0103-00-
sheet 3) allows the generator to be externaily trige
or gated. When in trigger or gated modes (deterr
by MCOand MC1), the Trigger Logic circuit preven
generator from running by sinking away the current
the triangle node (TRN) that wouid normally charg
frequency range capacitor. Pressing the Triggerb
or connecting a signal tothe Trig In(TTL} BNC rele
TRN to allow the generator to run until HFSQ comyg.
one complete cycle. In addition, when the freqt
range is 1.1kHz or lower, the synthesizer output
pin 6) must be high to disabie the function generator
When in DC function, KILL inhibits the generato

The foliowing sections describe the relationst
various conditions reiative to the trigger logic.

Continuous Mode: In Continuous Mode, U12pin 4(
is lowwhich hoids U12pinBlowandsets U23pinb
KILL(U22pin 13)is highand U22pin 11 s low for all
tions except DC. This sets 23 pin 9 high enablir
function generator loop.

Trig Mode: |n Trig Mode, U12 pin 4 (MCO) is heic
and U15 pin 4 (MC1} is held low which forces U1
6 and U12 pin 6 high. i the Trigger pushbutton
pressed, Ut5pin 10 remains high and the signal a
pin 8 is in phase with the Trig In signal at U21 pi

With no signal present at Trig In, U23pin 3isiow. |
is low, U22 pin 8 is high, and U23 pin 5 is low. If
(U22 pin 13} is high, U22 pin 11 will be high. U201
(LF) is low for frequency ranges 11.00kHz and a
this forces U20 pin 8 high. Since U22 pin 2 is high
pin12wilbelow. U238 pin 8 wiltbe low disabling the
tion generator loop.

Each time the Trigger pushbutton is pressed U185
goes low or on each positive transiticn of the T
signal, U23 pin 5is clocked high. With KILL (U22p
high, UZ2 pin 11 goes low which sets U23 pin 9¢(
high and enables the function generator foop. /
positive transition of HFSQ (U22 pin 9), U23 pin 11
low. On the next negative transition of HFSQ, U:

.. 11 goes high, which clocks the fow atpin 1210 pin 84
and stops the triangle on its rising edge. Only one

of generator output is enabled for sach trigger
applied.



Gate Mode: In Gate Mode, MC1 {U15 pin 4}, MCO (U12
pind), U15ping U12ping, and U15pin10are highwhile
U23pin 3is low. If KILL (U22 pin 13) is high, U22 pin 11
will be high, When LF (U20 pin 10) is low (frequency
ranges 11.00 kHz and above), U20 is forced high, and
because SWPRUN is high in gate mode, U22 pin 3 will
be low which disables the generator.

When Trigger on the front panel is pressed (U15 pin 10
goes low) or a positive transition at Trig In {U27 pin 13
goes high}, U15 pin 8 goes high which clocks the Q out-
put (U223 pin 5) high. wWith KILL (U22 pin 13} high, U22
pin 11 will go low which sets U23 pin 9 (RUN) high and
enables the generator. As long as the trigger signal at
Trig inremains high or the Trigger pushbutton is pressed,
U15 pin 6 and U112 pin & will remain low, that sets U23
pin 5 high, forces U23 pin 10(5) low, sets RUN (U232 pin
9) high, and enables the functicn generator loop by
releasing TRN.

When UZ3 pin 3 goes low, U5 pin 6 and U12 pin 6 go
high. The next negative transiticn of HFSQ shifts U22
pity 8 high, clocks the low at pin 12 to the output at pin
9 {RUN), and disables the triangle at OV.

L.ow Freguency: When the Frequency range is 1.1 kHz
or lower, the trigger logic works much the same as
previously described, except U23 pin 12 mustbe low to
stopthe generator. This occurs at either the zero cross-
ing of the riging edge of the triangle (Haver Off), or at the
negative peak of the triangle (Haver On). If Haver is Off,
U13 pin 6 (waveform synthesizer) functions as a zero
crossing detector that controls the trigger logic. If Haver
is on, U16 pin 6 (waveform gsynthesizer) acts as a
negative peak detector. U2Z2 pin 6 goes low in either con-
dition. With U22 pin 6 high, the next positive transition
at 17 pin3forces Q(U17 pin 6) low. For the five lowest
frequency ranges, LF (U20 pin 10) is high, this makes
pin 8 high and causes U22 pin 3 to go low.

Sweep Mode: For the three sweep modes, the trigger
togic functions much the same as for the other modes.
For Set and Sweep modes, the trigger fogic functions
exactly the same as the continucus mode. For triggered
sweep mode, the irigger logic allows the function
generator loop to run depending upon the condition of
the Trig in signal. #f SWPRUN is low, the trigger logic's
FRUN fine remains high this allows the generator to keep
running. But if SWPRUN goes high the RUN fine will go
low at the next positive transitionat W23 pin 11, this shuts
off the function generator loop and always completes
the last cycle.

BC Function: If Func is set to DC, U22 pin 13 (KILL) will
be low. This clears U23 which forces U23 pin §low and
disables the generator.
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4.2.2 Waveform Synthesizer

The waveform synthesizer produces the digitaily syn-
thesized waveforms used on the five lower frequency
ranges (1.100 kHz and below). It consists of seven cir-
cuits: = 1/ 100 counter, reference selector, + 1000
up/down counter, waveform EPROM, data selector,
latch, and DAC, as shown in figure 4-3 and schematic
0103-00-1118 sheet 3.
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i

DAC

SYNTH
SIG

Figure 4-3. Waveform Synthesizer

The synthesizer reference originates at the function
generator loop (HFSQ). This signal must pass through
the =1/~ 100 divider {U7B, U8B: ref: schematic
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0103-00-1115 sheet 3) where the frequency is either
divided by 1 or 100, depending upon the selected fre-
quency range, see table 4-1.

Table 4-1. Reference Selection

Medium
Generator Loop Frequency
Frequency Frequency Square Wave
Range (HFSQ) + 1 +100 (MFSQ)
A00to 1100 kHz | 10010 1100 Mbz ] 1.100 t0 1.100 MHz
10.6 10 1100 kHz | 10.0t0 1100 kHz +1 10.0t0 1100 kH2
1.00 10 11.00kHz | 1.0010 11.00kHz w1 1.00 to 11.00 kHz
100 10 1.100 Mz 100 tc 1160 kHz = 100 100 to 1.100 kHz
10.0t0 110.0mHz | 10010 11.00 kHe = 100 10010 1100 Hz

The 9-bit up/down counter (U6, U10, U11, and U14)
counts from 0 {0 499, then reverses and counts from 499
10 0. The counter steering circuit (U171, U16, and U18)
watches for the iop and bottom counts, then reverses
the direction of the counter. When the counter
increments, U17 pin 12 is low and pin 8 is high. At the
top count, U18 pin 1 toggles high disabling the counter
for one cycle. Aiscat the top count, U17 pin 12 goes high
and on the next clock pulse from U15 pin 11, U17 pin
8 (the counter up/down control line) goes low, causing
the counter to begin to decrement, returning U118 pin 1
10 its original low state. At the bottom count, U18 pin 1
again goes high and disables the counter for one cycie,
L7 pin 12 goes low, and on the next clock puise from
U5 pin 11, UT7 pin 8 goes high, this causes the counter
10 begin to increment. U18 pin 1 again returns low.

The counter output drives the inputs of EPROM (U8)
which contains the data needed {0 produce the sine,
{riangte, ramp up, and ramp down waveforms. The status
of lines FSO and FS1 determine the waveform by
selecting which block of data as accessed; see table 4-2.
For sine and triangle waves, the EPROM produces one
haif cycle, negative to positive peak, on the up count {0
to 499), then uses the same data in reverse, positive to
hegative peak, on the down count (499 {o 0}. The data
fromthe EPROM (US)is latched through U8 1o DAC U7.

Table 4-2. EPROM Control Lines

FS0 FSi Function
0 0 BC
0 0 Sine wave
0 1 Triangie
______ 1 g ‘Ramp up
1 1 Ramp down

The DAC converts the data from the EPROM into
rent, SYNTH SIG, for the function selector.

The synthesizer can also preduce ramp up and
downwaveforms. These ramps are storedinthe EF
{U9), as are the sine and triangle waveforms. Topre
the ramps, the line FS0 goes high; the line FS1 s¢
either the ramp up (FS1: tow) or ramp down {F51:
In generating the ramps, the up/down counter func
the same as it does for triangles and sine waves; cot
G to 499 and 498 to 0, except that the least signi
bittothe EPROM is controlied by the data selector
U12). The U/D line (U7 pin 8} is the complemenrt
line, it causes the counter to count up or down. '
counting up, U/D is low which holds the least signi
bit fow. This allows only even addresses tobe acce
When counting down, U/D Ig high, the least signi
bit is held high and only odd addresses are acce

4.2.3 Stabilizer

The stabilizer serves three functions. First, it mea
the generator’s frequency and drives the freqt
dispiay. Second, it compares the displayed frequ
stored in latches, against the actual frequency
generator and makes slight frequency corrections
generator's frequency. And third, it steps the fur
generator loop through the sweep range. Figu
shows a block diagram of the stabilizer block.

4.2.3.1 Timing Generation

This circuit provides the timing control for the stat
As shown in schematic 0103-00-1115 sheet 2, 1}
MMz oscillator consists of crystal (Y1) and differ
amplifier (USA). The output of this oscillator is d
to 50 kHz by UBA {at pin 9).

Four divide-by-10 counters (UBA, UBA) together wit
control devices, produce the GATE, MEMCLK, FF
and CLRCNT puises which control the frequency
parator clrcuit. Figure 4-5 shows the timing diagr:
the counters.

4.2.3.2 Prescalar

The prescalar (ref: schematic 0103-00-1115 sh
selects the clock for the 3V digit BCD counter. The
frequency, regardiess of the selected range, will 2
be between 1.00and 11.00kHz. The prescalar bloc
sists of the HFSQ divider and selector,

The HFSQG divider (USC, U8C) divides the HFSO s
wave fromthe generator loop by 10, 100, and 1000
of these outputs drive the selector circuit, in ad
the divider includes the = 1/ = 100 counter {U7B)

" synthesizer biock, - .

The selector {(U9B), controlled by the frequency
control, determines which HFSQ divider output wil
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the BCD counter. Tabie 4-3 shows the relationship
betweenthe ranges, generator loop frequency, and divi-
sion ratio.

4,2.3.3 Frequency Counter

The frequency counter (ref: schematic G103-00-1115
sheet 3) consisis of a conirof flig flop (UBF) and four
cascaded BCD ripple couniers (U1A, U2A). This counter
tallies the number of cycles from the prescalar over a
100 ms period. The output lines from the counter drive
the frequency comparator.

When the GATE line goes high, the control ftip flop (UGF)
is enabied to allow the counter to count uatil the GATE

4-8

Table 4-3. Prescalar

Actual Function

Generator Loop
Selected Freq (3 F4] Counter Clock

Range {Hz) Frequency Divider {Hz}

1.00-1100M 1—11 M{FRT - 1000 1—11k
A00—1100M | 1—=11M{FRE) | ~100 1—11k
10.0-110.0k 10-110k (FREY ] =10 1—11k
1.00-11.00k 1— 11k (FR4) 1 1-11k
00— 1100 k -1 1 M{FR8 | =100 1—11k
100- 1100 10— 110k (FRB) | =10 1— 11k
1.00-11.00 1=~11k(FR&) =100 111K
100 - 1,100 10— 110k {FR5) | =10 11K
10.0-1100m [ 1 —-11 k(FR4) =1 1-11k
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Timing Generation

line goes low. which inhibits the controt iip flop. Approx-
imately 20 us after the GATE line inhibits the fiip flop, the
CLRCNT line clears the flip flop and counter, and when
the GATE line returns high, the frequency counter again
counis the frequency. For GATE and CLECNT timing
relationships, see figure 4-5.

4.2.3.4 Frequency Comparator

The frequency comparator {ref: schematic 0103-00-1115
sheet 3) serves two functions. First, it is part of the fre-
guency display. Second, siabitizer enabled, itcompares
the input from the frequency counter with the stored fre-
guency shown on the disptay. The resulting output at the
two latches (U1B, U3B)and two comparators (U2B, U4B)
controls the frequency correction or sweep block.

Latches: The latch{U1B, U3B) receives its data directly
fromthe frequency ceunter. The MEMCLK, whenitgoes
high for 20 us, clocks the frequency data fo the output

. registers of the latches. Ouiputs from the latch drive both

the display drivers and Q inputs of the freguency
comparators (U2B, U4B). The MEMCLK occurs about

every 100 ms, see figure 4-5 for timing relation

When the stabilizer is enabled, the MEMCLK line re
jow holding the frequency data {(displayed freq
stored in the latches.

Frequency Comparator: The frequency comparaic
sists of two individua! comparators (U2B, U4B) th
daisy chained together via gate UBC. 11 monijtor:
from the freguency counter and compares the d
and Y with the cutputs from the latches. Thispro
two conirol lines that control the up/down counten
frequency correction or sweep circuit.

When the stabilizer is off, the Pand Q lines are €
the same (P = Q). When the stabilizer is on, the |
can change while the Q data remains unchange
comparator detects the change and swilches its tv
put tines (U4B pins 1 and 19) as shown in table

sweep modes, Q6isforcedhighand P6isheldlow

forces the comparator output to P<Q; this caus

frequency correction and sweep circuit to aiways
up.



Table 4-4. Comparator — UID Counter Relationship

4aB U4B
Condition Pin1g | Pin1

Correction U/D
Counter

P Q1 Low High Counter Disabled

P2 High High Counts Up

P>Q High Low Counts Down
NOTE

P Frequency data from the frequency counter.
Q Freguency data from the latches.

1 Also Stabilizer off condition.

2 Also Sweep condition.

4.2.3.5 Frequency Correction or Sweep.

When the stabilizer is on, the frequency correction cir-
cuit (ref: schematic 0103-00-1115 sheet 3), controlled
by the frequency comparator, makes frequency correc-
tions to the function generator loop. For sweep modes,
the correction block steps the generator’s frequency
from a start frequency up to the stop frequency. This
block consists of the 8-bit up/down counter (USF, USF)
and the DAC (U8G) along with its summing ampiifier
(U9G).

8-Bit Up/Down Counter: The 8-bit up/down counter (USF,
U8BF), controlled by two lines from the frequency com-
parator, uses its ouiput to increment or decrement the
DAC. Table 4-4 illustrates how the comparator controls
the up/down counter. The counter preloads (1000 G000}
for stabilizer to the center of the counter’s range; for
sweep modes itloadto the bottom of the counter’s range,
t the stabilizer is on, the FRCHG pulse clocks the counter
every 100 ms; see figure 4-5. In sweep modes FRCHG
rate varies depending on the sweep time. When the
stabilizeris turned on, the STAB line from the misc con-
trollogic goes high to enable the counter. For stabilizer
off, the STABline goes low and on the next FRCHG clock
transition the outputs aill gotoa TTL low, except the most
significant bit which is held high. The eight data lines from
the counter directly drive the inputs of the frequency cor-
rection DAC.

Digital to Analog Converter and Summing Amplifier:
The digital to analog converter (U8G), DAC, converts the
8 bits of digital data from the 8 bit up/down counter into
a proportional analog current, The amplifier (U9G) sums
the DAC’s current to produce a voliage that, when the
stabilizer is on, drives the ASWP input of the function
generator loop. The reference voltage for the DAC
depends upon the mode of operation. For the stabiiizer
mode, the reference is set by resistor R29to the + 15V
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supply. For sweep modes, the reference is set by the
Sweep Set control (SWDTH).

4.2.3.6 Trigger Sweep Logic

The trigger sweep logic (ref: Schematic 0103-00-1115
sheet 3) detects the two kinds of sweep trigger that wili
controt the function generator loop. If TRIG remains high
atthe end of the sweep, the generator returns toand runs
atthe startfrequency. If TRIG returnslow before the end
ofthe sweep, the generator returns t¢ lts quiescent state
(OVdc).

The following describes the operating cycles for the trig-
gersweep logic circuit. The TRIG input goes high which
clocks flip-flop (USE pin 5) high thus resetting flip-flops
USD pin 4, USD pin 10, and USE pin 10. With USD's G
output low (SWPRUN]), the function generator foop starts
operating. Also, U9D pin 9is preset high forcing USE pin
7 low which enables the up/down counter.

i TRIG remains high at the end of the sweep time, then
SWPRUN remains low but the counter wili overflow (U8F
pin 15 goes low) which holds the up/down counters. But
when TRIG goes low before the end of the sweep, flip-
flop U9D pin 6 (SWPRUN) goes high which shuts off the
generator. Also, the up/down counter overfiows (USF pin
15 goes low) which holds the up/down counters.

4.2.4 Output Block

The output block, shown in figure 4-8, consists of the
sguare buffer, square selector, square shaper, sine con-
verter, function select, preamplifier, output ampiifier, and
attenuator. it also has output protection circuits for both
Func Out BNCs. The output block selects the appropriate
waveform and connects it to the Func Out BNCs.

4.2.4.1 Square Buifer

The square buffer (ref: schematic ¢103-00-1116 sheet
2)ampiifies the square wave from the function generator
loop (Q11 collector). The output (HFSQ) drives the trig-
ger logic, frequency counter, and square selector. The
square buffer is similar to the switch buffer (ref:
paragraph 4.2.1.7) except for output phasing and out-
put fevel: 0 to 4 BV. A highly differentiated portion of
HFFSQ is coupled through €24, C25 and C31 to the
triangte node (TRN) to counteract switching transients
coupied through the current switch.

4.2.4.2 Square Selector

The square selector (ref: schematic 0103-00-1 116 sheet
3) picks either HFSQ from the square buffer or the low
frequency square wave from the synthesizer. Qutputs
from the square selector drive the square shaper and
Sync Out connector.

Above the 1.1 kHz frequency range, LF (U20 pin 13) is
low which enablies U20 pin 4 and routes HFSQ to the
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Sync Out (U21 pin B)and TTL SQ (U168 pin 12). For fre-
guency ranges 1.1 kHz and below LF ({419 pin 8)is high,
this enables U20 pin 3and routes the square wave from
the waveform synthesizer to the Sync Out (U21 pin 6)
and TIL SQ {U16 pin 12).

If Func is set to sguare wave, SQR at U19 pin 5 will be
low, which puts U16 pin 1 high. The signal at U16 pin 2
will pass in phase to the square shaper via TTL SQ. For
alt functions other than square wave, SQR will be high
disabling TTL SQ {U16 pin 12).

4.2.4.3 Square Shaper

The square shaper (ref: schematic 0103-C0-1116 sheet
3) takesthe TTL square wave (TTL SQ) from the square
selector and converts it {o a clean, fast square wave cur-
rent (£ 1mA) that drives the preamplifier. The square
wave iscreated by alternately sourcing andsinking cur-

rent through the diode switch (CR36 through 39). -

Thevoltage divider (R141,CR33, CR34,CR35, R144)con-
verts TTL SQR to a bipolar signal that switches the diodes

inthe square shaper. When TTL SQ is high, the vol
at the cathode of CR36 is approximately + 1.5V, C
sinks current fromthe TTL SQ signal while CR37 sou
1mA from the + 15V supply through U5 pin 8 i«
preampiitier. When TTL SQ toggles low, the voltag
the cathode of CR36 is approximately — 1.5V;
sources currenttothe TTLSQ signal and CR39 sinks
from the preamplifier through U5 pin 6tothe — 15V
ply. The current source and sink for upper and
levels of sguare waves are independently adjustab
R142 and R147. Resistor R146 sets high freque
sguare wave peaking.

4.2.4.4 Sine Converter

The sine converter {ref: schematic 0103-00-1116 s
3 transforms the triangle into a sine wave. The sine
verter usesthe logarithmic response characteristi
the sixmatcheddicdes (U4) to approximate asinev
current output. Butfered triangle signai (TRB) enter
converter at U4 pins 2, 3, and 9. SIN DIST A trirr
(R121) adjusts the converter input for diode fon



voitage variation. Two other adjusiments, SIN DIST B
(R132)and SIN DIST C (K137}, balance the positive and
negative peaks respectively. The current output is
switched through FET switch (U5) when SIN is iow. Tri
Level trimpot (R126) adjusts the triangle waveformcur-
rent that enters FET switch (U5) which is enabled by a
low &t TRI,

4.2.4.5 Funection Select

The function select circuit {ref: schematic 0103-00-1116
sheet 3) connects either the synthesizer output signal
(SYNTH SIG), the square wave (TTL 8Q), the sine con-
verier autput, or the buffered triangie {TRB)} o the input
of the preamplifier. Signal switching is handled by four
section CMOS analog switch (US). For example, when
SYNTH goes low, U5 pins 14 and 15 short together which
connects SYNTH SiG to the preamplifier. C57 and C58
eliminate ringing (switch bounce) on the control line.
Except for signal names and component numbers, the
rematining three sections are identical.

Both the triangle and sine FET switches (U5), when not
selaectied, are isclated by shorting their inputs to ground
through Q27 or Q28. For exampie, when TRI is high (not
selected), Q26 is turned off, the collector of Q26 goes
low, and Q27 is forward biased which effectively shorts
the emitier of Q27 to ground.

4.2.4.6 Preamplifier

The preamplifier (ref: schematic 0103-00-1116 sheet 4)
inverts and amplifies the signal current from the func-
tion selector {0 a sufficlent voliage leval for the output
amplifier. The gain of the preamplifier is cantrolled by
F184, which sets the sine wave amplitude; zener diodes
CH44 and CR45 bias the preamplifier at + 9.4V,

4.2.4.7 Ouiput Amplifier

The cutput ampiifier (ref: schematic 0103-00-1116 sheet
4) provides the final gain and cutput drive of the instru-
ment itconsists of an inverted summing amplifier {with
a gain of about 10Y for high-frequency signals and a dif-
ferential amplifier for de and low-frequency signals, The
differential amplifier aiso aliows the dc offset of the Func
Out waveforms.

AC Signal Path: High-frequency signals cougle into the
symmetrical emitter followers Q29 and Q32 through
capacitors C91 and C92 regpectively. These emitter
followers drive the symmetrical inverter stage consisting
of Q30 and Q33. Diodes CR46 and CR47, along with the
10Q resistor R175, increase the switching speed of the
output stage transistors Q31 and 034 by biasing them
partially on. The output signal { £ 20V, maximum) feeds
back through resistors R176 and R177 to the input. Two

4-12

100%Q resistors (R196 and R197) set the output im-
pedance for the Func Out (502} connector.

DC Signatl Path: The dc and low-frequency path in the
output amplifier is through the differential amplifier fran-
sistor array (U26}. The ouiput signal (U26 pin 3}, inverted
relative to the input {U26 pin 5), controls the current
through transistor Q30. The signal at the collector 0f Q30
changes until the fedback signal through R176 and R177
balances with the input signals. The PNP transistors
(U26) balance the current through the differential input
pair and provide a high impedance load for the first stage
output. Capacitor C85 limits the speed of this section at
high frequencies.

Offset Clrouit: When the D.C. Offset switchis turnedon,
the voltage on the wiper of R3is converted to current
through R167 and R168. This current is proportional to
the voltage and polarity at the wiper of R3 and provides
de conirol of the input current and, therefore, the out-
put voltage offset. .

4.2.4.8 Attenuator

The attenuator (ref. schematic 0103-00-1116 sheet 4),
two 498Q resistors (R198 and R199) and 2 54.9Q resistor
(R200), provides 20dB of attenuation at 502 output
impedance to the Func Qut { — 20dB) connector.

4.2.4.8 Qutput Protection

The output protection circuits (ref: schematic
0103-00-1118 sheet 4) guard the output amplifier from
excessive exiernal voltages that could be accidentally
connected to elither of the Func Out BNCs that could
damage the instrument,

There are two safeguards fo protect the output amplifier.

1. Two in-tine fast-blow fuses for each Func Out
connector.

2. Four voliage-limiting, high current diodes (CRS0
through CRE3) that provide additional protection at
the Func Out (502} connector.

4.2.5 Pushbution Interface

When a front panel pushbutton is pressed, an input to
the pushbutton interface (ref: figure 4-7 and schematics
0103-0C-1115 sheet 1 and 0103-00-1117) is connected
tc either + 5V or ground which switches the logic level
of the pushbutton interface output, The MAN TRIG line
from the pushbution interface goes to the trigger logic,
while the remaining lines go to the digital control block.
Each switch drives a Schmitt trigger gate. RC circuits
prevent multiple puising at the input of each gate. Out-
puts drive the appropriate control circuit within the unit.
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4.2.6 Digital Control

The digital controt biock (figure 4-8) consists of the power
onreset, mode control, misc. control, frequency range
control, function controt and sweep speed control
circults.

4.2.6.1 Power-On Reset

The power-on reset circuii (ref: schematic 0103-00-1
sheet 3) sets all other digitai control circults to a prede
mined state. On initial power up, C57 holds U3G pir
low which causes MR (pin 12) to go high and MR (pi
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to go low. MR and MR reset the varicus digitat control
citcuits. After about Y2 second, C57 has charged 10
approximately 2.5V which causes MR (pin 12} to toggle
tow and MR {pin 4) to toggle high. These fevels now re-
main constant for the remainder of the time the unitis on.

4.2.8.2 Wode Control

As the Mode pushbutton controt tines (ref: figure 4-9) are
pulsed, the mode control ¢ircuit steps through a
sequance of modes either up (MODUF) or down
(MODDN)from the last selected mode. This switches one
of the output mode lines low. These mode lines, in con-

junction with additional logic gates, control the trigger

logic, stabitizer, display, and misc control; CONT com-
bines with STOP to produce BL.

The mode conirol circuit (ref: schematic 0103-00-1115
sheet 2) containg the up/down counter (U4G) with
separate count up (MODUP) and count down (MODDN)
inputs. The counter's output drives decoder U4F that
enables one of the seven modes.

The two NAND gates (USG) limit up or down counts bet-
ween gate and sweep. At cne extreme (gate mode), UG
pin 8 is low, which causes pin 11 {o remain high and
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Figure 4-8., Mode Control
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inhibits inputs at pin 12. In‘the other case (triggered
sweep mode), USG pin 8 inhibits pin 9. MCO and MCH
controi the trigger logic. CONT controls the misc. con-
trol. GATE, TRIG, and CONT enabtle the appropriate seg-
ment on the display. In {rig or gate modes, BL disables
all number segments of the display.

4.2.6.3 Misc Control

The misc control circuit (ref: figure 4-10 and schematic
0103-00-1115 sheet 2) receives control lines {LIN/L.LOG,
STABPB, and EFCPBISWPSPD)} from the pushbutton
interface, CONT, CSWP and TSWP from the mode con-

trol, LF fromthe frequency frange conirol, and UNS’
from the stabilizer circuit. It drives the display, stabili
function generator loop, frequency range control, m
control, function control, waveform synthesizer, anc

converter.

Sweep Speed: The sweep speed counter (U3A) recei
apulse (EFCPB/SWPPD) from the pushbution interf
(3G pin 10} each time the Swp Time pushbutto
pressed. This steps the counter (U3A) through four bir
states which supply control lines SPDQ and SPD1.Th
two lines are further decoded by U4C whose outp
through the display drivers, control the dispiay.

e R——
e o e e e DISPLAY | WAVEFORM !
| FREquENCY LF BLOCK % SYNTHESIZER
® | 8
| RANGE CONTROL y S S S d
| U—— LOGIC ________T
o e e i USE-11IUTES N
I PUSHBUTTON 1 FUNCTION
i conTROL lunnog __ I CoNTROL
} > S I
TN (AT TN (I Y ST S Lm-—mm—--
CONTROL
LOGIC
LOG
mmmmmm - ¥ — —
E i STAB PB B | FUNCTION
| STABILIZER § UNSTAB CON- VCG KILL | GENERATOF
3 f TROL Ty Loop
—— LOGIC S—
rmmmmmmg .
! wmopE | CONT
E CONTROL l D CONT K —
CSWP 5 : STAB 1 sTaBILIZER
S ——
SWPSPD .|  MODE
¥ _— *|  CONTROL
CONTROL —————
LOGIC EFC S —
"I FREQUENC
RANGE
CONTROL

o 'F'igure 4-10.

~ Misc Control




LinfLog: The Lin/Log counter (U7A) receives a pulse from
the pushbutton interface (U3G pin 8) each time the
Lin/Log pushbuttonis pressed. This causes the counter
output (U7A pin 3)tochange states. whenLiN goes low,
linear frequency change is selected.

Stabilizer: The stab flip-flop (UEF) receives & puise
(STABPB) from the pushbutton interface (U3G pin 2}.
Since both J/K inputs to UF (pins t0and 11)are always
high, the two flip-flop outputs (pins 14 and 15) change
state each time the flip-flop receives a STABFB pulse.
When the stabilizer is off, STAB is high. U4E inverts STAB
to produce STAB which, when low, altows MEMCLK to
be pulsed with e@iransition of UTE pin 13. When the
stabilizer is on, STAB is low, making STAB high, which

VCG KILL is highwhich disconnects the VCG In BNC from
the input of the VCG circuit. The stabilizer is disabled by
UBG pin 1if UNSTAB (U6G pin 3)goes low, the frequency
exceeds the range, or a mode other than continuaus is
selected.

4.2.6.4 Frequency Range Control

The frequency range control circuit {ref: figure 4-11and
schematic 0103-00-1115 sheet 2) steps through a
sequence of frequency ranges. As the Freg Range
pushbutton is pressed, the pushbutton interface detects
whether the frequency range should increase (FRUP)or
decrease (FRDN). The circuit’s output lines control the

-+ 100 N ]
FR4 - i
» FRS - {
B » STABILIZER
R FR7 -
DHz
FRUP _ DMHz__,
PUSHBUTTON v DK .
CONTROL Dbz
FRDN DDP1 4 DISPLAY
> BLOCK
j:j} BOP3 .
COUNTER
AND DOP2
CONTROL -
MISC. EFC .| LOGIC
CONTROL >
' R OUTPUT
> BLOCK
L MISC
> CONTROL
. FUNCTION
b CONTROL

Figure 4-11. Frequency Range Control

4-18



isplay
dorm

count
s low,
gative
NCUP
e non-
nisent
range
either
ngthe
of the
at the
qguare
Jutput
N
anton

natics
softhe
s, BP
' SYN-
:nable
sen BP

1 drive
and all
incon-
signal
nd out
age of
When
s the
sults in
rgates
rinthe

he fre-
iments
rives a
anthey

3+ 5V
rd {ref:

417

stabilizer, display block, output block, function control,
and misc control. External frequency control (EFCycom-
bines with other control tines tc produce LF.

Upfdown counter (UGE), which has separate 'countup”
and "count down” inputs, receives pulsed signais from
USF originating from the freg range (FRUP and FRIIN)
pushbutton buffers. The output of this counter drives
decoder (USD}, which selects one of its output lines to
be low. FR7, which controls the HF COMP on the analog
board and goes to the frequency counter, is driven
directly by one of these lines. From the remaining out-
put lines are decoded the appropriate frequency range
controllines (FR4, FRS, and FRE), which are inverted by
the frequency counter clrcuitbefore going to the anaiog
portion of the generator. The nine output frequency
ranges of the generator criginate from these four con-
trol lines (FR4, FR5, FR6, and FR7), the low frequency
synthesizer, and the + 100 controt line. Inthe five lowest
ranges, LF is high which, unless square function is
selected, enables SYNTH (through the function conirol).
This connects the output of the LF waveform synthesizer
to the input of the preamplifier. The output frequency of
the synthesizer is 1/1000th of the range selected. For

" example, if FR5 (110kHz range) is selected, the output

frequency range of the synthesizer {and therefore the
Func Out connectors), would be 110Hz. In addition, in
the 3 lowest ranges, = 100 is low, further dividing this
signal by 100. Using the same example, the synthesizer
output frequency range would now be 110 mHz. Two
NAND gates {U5F), serve to prevent any up or down
count beyond the capability of the unit. At one extreme
(110mMz frequency range), USF pin 1 is low which
causes pin 3 to remain high at all imes and disables pin
2. Inthe other extreme, (11.00 MMz}, USF pins 8, 8, and
10 perform this function.

Onths display, DmHz controls the “mHz” emblem, DHz
controls "Hz"', DK controis K", and DMHz controls
“MHz'. The decimat points are controlled by DDP1,
DDP2, and DDP3.

4,2.6.5 Function Control

The function control (ret; figure 4-12 and schematic
0103-00-1115 sheet 2), which selects the instruments
six functions {waveforms), consists of the input gates
(USF), up down counter (USD), decoder (U4D), and con-
trol gates (U4E, USE, UBE).

When the Func pushbutton is pressed, a pulse occurs
on either the FUNCUP or FUNCDN lines. These lines,
routed through the input gates, step the up/down counter
efther up or down from the last selected function. The

- BCD output from the counter is decoded by U4D; alow

on the decoder’s cutput represents an enabled line. The
control gates (U4E, USE, and UBC) further decode the

circuits output lines. These lines control the d
block, cutput block, trigger logic and wave
synthesizer.

The two NAND gates (USF) prevent any up or down
beyond the limits. For de function, USF pin 13
which disables FUNCDN at U5F pin 12, For ne
going ramp, USF pin 5 goes low which disables FU
at U5F pin 6. Qutput lines TRI, SIN, and SQR inth
synthesized frequency ranges select the waveforr
tothe preampiifier. When LF {from the frequency
control) is high and the unit is in sine, triangle, or
ramp function, SYNTH is seiected (low) connecti
output of the waveform synthesizer o the input
preamplifier. FSO and FS1 select the waveform
waveform synthesizer output. Whenthe unitisins
function, SQR is selected (low), connecting the (
of the square shaper to the input of the preamplifie
T . A, T, A enable the appropriate segm:
the front panel display.

£.2.7 Display

The display block (ref: figure 4-13 and scher
0103-00-1115 sheet 1 and0103-00-1117) consists
display drivers and the display. Two 30 Hz signe
and its complement BP originating from U5C
chronize the LCD and the segment drivers. To ¢
a segment of the display, 5Vrms is needed betwe
and the segment control line.

The display drivers are exclusive-or gates whict
the display’s bars, arrows, and decimal points ¢
functionthe same. For example, whenthe unitis!
tinuous mode, U3F pin 8 (CONT) is low. The BP
at pin 8 is in phase with the signal at pin 10{Z3) a
of phase with BP. This results in a 5Vrms volt:
between BP and Z3, which enables the segment.
the unit is not in Cont mode, a high at pin 9 caus
output at pin 10 to be in phase with BP which res
OVrms and disables the segment. Data for these
originate from the various digital control circuits
unit.

Lines D2A through D4D, which originate from t
quency comparater, determine which number seg
are enabled. Each output line (2A through 4G) di
number segment except in Trig or Gate modes whe
are disabled by BL. '

4.2.8 Power Supply

Three power supply voliages, + 15V, — 15V, an
are generated on the power supply circuit boai
schematic 0103-00-1113).
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4.2.8.1 +5VY Suppiy

inthe + 5V supply, ac from the transformer T1 {located
ontherear panel), is rectified by CR2 andfiltered by C8,
€10, and C11 to provide unregulaied dc for regulator
VR2, This three-terminal regulator normally operates
with a 1.25V difference hetween its input and output
terminals. C12 provides additional flltering at the output
of the regulator.

4.2.8.2 =15V Power Supplies
The + 15V Power Supplies provide pewer to the analog

sections of the instrument. R2, which is in series
the output of the + 15V regulator, causes current lin
to take place at a lower value than the internal lin
provided by the regulator. As the current throug
reaches its limiting vaiue, the voliage drop acros
reaches G.4V. Any further current through R2 cause
reguiator to lower the output voltage untitthe curren
back to the limiting value.

The — 15V supply operates similarly to the + 15Vst
however the polarities are reversed.
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5.1 FACTORY REPAIR

Wavetek maintaing a factory repair department for those
customers not possessing the necessary personnel or
test equipment to maintain the instrument. K an instru-
ment is returned to the factory for calibration or repair,
a detailed description of the specific probiem shouid be
attached to minimize turnaround iime.

5.2 REGQUIRED TEST EQUIPMENT

Voltmeter. . ... .. ... ... Millivelt dc measurement
{G.1% accuracy), true rms
Oscilloscope, Dual Channel. . 2100 MHz bandwidth

Counter. .. ... .. ..... 20 MHz {0.01% accuracy)
50Q Feedthru. .. ... ... ... £05% accuracy, 2W
Distortion Analyzer .. ... .. ... .. To 200 kHz
RGE8U Coax Cabie . . .3 it length BNC male contacts
Spectrum Analyzer. ... .. ... ..., To 60 MHz
Pulce Generator. . .. 40 Hz, 5 to 15 ms pulse width,

TTL levet
53 CALIBRATION

NOTE

Before removing the cover, disconnect the
instrument from the ac power scurce. Refer fo
Section 2 for cover removal, except leave top
cover on and remove only botiom cover for
calibration. invert the instrument so generator
board adjustments are on fop and place the
bottom cover on top of the unit to maintain the
operaling temperture during calibration.

After referring to the following preliminary data, perform
catibration, as necessary, per table 5-1. If performing
partial calibration, check previous settings and adjust-
ments for applicability. Figure 5-1 shows waveform
generatar board calibration peoints.

SECTION \
CALIBRA1

NOTE

The completion of these calibration pro-
cedures returns the instrument to correct
calibration. Al limits and tolerances givenin
these procedures are calibration guldes and
should not be interpreled as instrument
specifications. instrument specifications are
given in Section 1 of this manual.

All measurements made at the FUNC OUT
nector must be terminated into a 50 (x£0
load.

WARNING

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

Siartthe calibration by removing the bottom ¢
connecting the unit to an ac source, and s¢
these front panet switches as follows:

Frequency

Amplitude ..o
D.C. Offset. ... ... ... ... ... ...,
SwpSet. . ... ...

Allow the unit towarm up at least 30 minutes fo
catibration. Keepthe instrument covers onto
tainheat. Lift bottom cover only tomake adjusty
or measurements.



Table 5-1. Calibration Procedure
Test
Step Check Testor Point Controt Sefting Adjust Resuit Remarks’
1 Power Supply dc J10 Pin 2 | Paragraph 5.3 Black (- lead ground
» | Regulators volmstar | g pin 5 | SteP 2 ~15V + 350 mV | Red (+) lead dc volts
3 J10 Pin 6 + 5V & 250 mv
4 J10 Pin7 + 15V = 350 mV
Triangle Amglifier J10 Pin 3 . H103 oV = 100 mv Rough adjustment only
g | Balance AB6 OV = 20 mvV
7 Function Qut Scope Fung Out 10Vp-p sine wave | Terminate with 50Q
{50 {Approximately Scope Setlings: 2Vidiv.
2 cycles) 0.2 msidiv.
8 Step Func Functions match
hutton to right display (correct
amplitude and
frequency)
g Cutput Amplifier Func: — (dc) R187 NV + 10mv Display shows 00.0 kiz
Balance Scope setting: 10 mv/div.
{or maximum scope sen-
sitivity if more than
10 mv)

10 Trigger Baseline Func: v R103 Ovde + 50 mV Scope setting: ¢.1Vidiv.
Frequency kriobs: Verity baseline OVDC
fully cw + 100 mV over full range
Freq Range: of Coarse Frequency
110.0 kMz knob (Frequency Fine
Mode: Trig knob fll cw}

11 VCG Zero oc VCG In MODE: Cont R11 oV = 0.5 mv Use coax cable with no

Voltmeter BNC Func: Ty termination.
: Freguency knobs:
fully cew
12 110011 Frequency | Scope Func Out R13 First transition Use coax cable with 50Q
(509} occurs at center termination,
vertical grid line, Scope settings: 2vidiv,
for 50 Hz. 2msidiv,
Trigger siope: — (Neg}
Horizontal position; Trace
begins at extreme left
vertical grid line
13- 1100:1 Symmetry R38 Second transition Repeat steps 12 and 13
: ccours at ex- if necessary.
tfreme right ver- Adternate method.
tical grid {within magnify X10 and alter-
2% (1 minor divi- | nate trigger siope
sion) between + and -, set
R38 for <2 divisions
assymetry.
14 Low Log Linitog: Log R38 Cne cycle is 10 Scope setting: 2ms/div.

division

2Vidiv.
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Table 5-1. Calibration Precedure {Continued)
Test
Step Check Tester Foint Controt Setting Adjust Result Remarks
15 High Symmetry Scope Func Out | Linftog: Lin R20 <0.1% (V2 minor Scope setting: 2vid
{5062y Frequency knobs: div.) symmetry 10 u
fully cw X140 Magnification. |
Freq Range: nate trigger siopes
11.00 kHz acdiusting R20 for
minimum assymetn
18 Coarse Fre- Verify <0.5% asym- Scope setting: 20 u
guency: SkHz only metry (Verily 214 wMagnification: Off
minor divisions)
17 Sine Distortion Distortion Frequency knobs: Ri21, Minimum distor- Adijust R86 slightly
Analyzer fully cw R132, tion {typically 0.2 necessary.,
Func: " R137, 10 0.3%)
R8g
18 Full Scale Counter Func: 'L R 11.15 kHz on Display reads sam:
Freguency display counter x 0.01 kH
19 Display Switch between 11 kHz Freq Set for best frequet
Range: Range: balance between fr
11 kHz and 11.058 to ranges. C44 (001
110 kHz Freq 11.25 kHz. nominal value) trim
Ranges 110 kHz Freqg 11 .00 ¥HZ range.
Range:
1105 to
112.5 kiHz.
20 High Log Freq Range: 31 11.15 kHz
11.00 kHz
Lin/Leog: Leg
21 11:1 Frequancy Freqg Range: Verify 10+ 2kHz
110 kHz only . on display
LinfLog Lin
Frequency Coarse
knob: fully cow
22 High Frequency Frequency knobs: C40 1.115 = 005 MHz {C41 may be trimme
Calibration fully cw on display obtain equal adjustn
Freq Range: above and below
1.1 MHz 1.110 MHz
23 Frequency Coarse Note display
knob: fully cow reading
24 Freq Range: C38 Set for 10 times C38 may be trimm
11 Midz reading noted in obtain egual adjust
Freguency Coarse previous step above and below ¢
knob: fully cow frequency
25 Frequency knobs: R&0 1115 £ .05 MHz
fully cw
26 Amplitude True rms Func: "y R184 3.55 +0.015 Vac
Voltmeter Freq Range: (3.535 to
11.00 kHz 3.565 Vac}
Frequency Coarse : :
fully cow




Table 5-1. Calibration Procedure (Continuad)
Test
Step Check Tester Point Control Setting Adjust Result Remarks
27 Amplitude True rms Func Out | Func: “v R126 2.90 £0.015 Vac
Voltmeter | (50Q) {2.885 1o
2.915 Vac)
28 Freguency knobs: R151
fully cw
Freq Range:
1.1 kHz
29 do Freq Range: R142 +5.025 Turn frequency coarse
Voltimeter 110 mHz +0.025 Vdc. knob fully cew o holg
Func: "L {+5.00 io each peak while
5.06 Vde), adjusting
30 A147 - 5.025
+0.025 Vdce.
{~5.001c
— 5.05 Vdc).

31 | Waveform Quality | Scope Fraguency knobs: A146 Minimum abera- Scope settings: 2V/div.
and Freguency fully cw tions <4 % 0.1 usidiv.
Response Freq Range: (320 mV} {Observe peak-io-peak

1.100 MHz aberations at 0.5 Vidiv by
Amplitude: 8Vpp adjusting vertical
position)

32 Amplitude: fully RiseiFall <22 ns Scope settings: X10

ow Magnification
33 Func: N\ Verify Amplitude Scope settings: Magnific-
Frequency knobs:; only between 8.6 ation Qff
fully cw and 10V
Freq Range:
11.00 MHz

34 Spectrum Freq Range: Harmonics less Rotate coarse frequency

Analyzer 1.100 MHz than — 40 dBc controls through s
from 1.1 10 range and return fully cw
G MHz

35 Freg Range: Harmonics less Rotate the Coarse fre-

11 MHz than - 28 dBc quency control through
from 11 to its range and return to
1 MHz full cw.

38 D.C. Offset Scope or Function: = {dc) Minimum The cealipration proce-
de voli- B.C. Oifset: fully + 5Vde dure is compiete; start
meter cW functional checkoul.

37 D.C. Offset: cow - BVdc or more

(not in detent) negative

5-4
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Table 5-1. Calibration Procedure (Continued)
Test
Slep Check Tester Paint Control Setting Adjust Result Remarks
38 -~ 20 dB Output Scope Func Cut | D.C. Oifset: Ot Verify Approximately Scope settings: 2V
{508 Func: . only 10 Vp-p square 20
Freguency knobs: wave
fully cw
Freg Range:
11.00 kHz
39 Fung Cut Approximately Scope settings: 0.2
{20 dB) 1Vp-p square
wave. Note value.
40 Func Qut | Amplitude: fully Verify Vpp less
{5082) Coew than value noted
in step 39
41 Sync Out Sync Qut | Amplitude: fully Normai TTL level Remove 50Q termi
oW square wave Scope setting: 2V/c
42 - Trigger and Gate Mode: Trig Display shows
Trig {numbers
blarked). Scope
shows approxi-
mately Ovdc.
43 Func Qut | Func: ™y Verify triggered Connect tkiHz TTL
(506 sine wave signal from externz
_ source to CHZ and
44 Mode: Gate Display shows {TTL) BNC.
Gate Scope settings: 0.2
VerHy gated sine Trigget on CH2,
wave Moniter CH1
45 Manual Trigger Sine wave when Disconnect externz
Trigger button naj source, scope
pressed CH2 and Trig In (17
Trigger on CH1
46 VCG In Mode: Comt Display shows Connect + 5VDC «
Freq Range: 110 + B kHz in BNC.
110.0 kHz
Frequency knobs:
47 fully cow Verily one cycle Remove voltage fr
Func: 7L >5 divisions In BNC.
Scope setting: 2ms
48 Linear Sweep Scope Func Out | Frequency knobs: CH2: >+ 5Vdc Scope —
{50Q), fully cw CH1: 2Vidiv; Func
Swp Out | Freg Range: CH2: 2vidiv; Swyr
110.0 kHz Time Base: 1ms/dix
Func: "\, Trigger: — slope, €
Vert Mode: Alterna
49 Mode: Swp Set. Dispiay: Set.
Frequency knobs: Scope:
fully cow. CH1 frequency
and CH2 voltage
varies in‘the Swp -
Set control.




Tabie 5-1. Calibration Procedure (Continued)
Test
Step Check Tester Poing Controt Setting Adjust Result Remarks
50 Linear Sweep Scope Func Out | Mode: Swp Vertly Display: Swp 0.01s
(509) Swp Set: cw only Scope: CH2-0 10
Swp Out 25V, 10 ms ramp.
CH1 Linear swept
sine wave.
51 Log Sweep Linfteg: Log Display: Log.
Scope: CHA
Logarithm swept
sine wave,
52 Sweep Time .15 Swp Time: .1 sec Display: 0.1 sec. Scope:
Scope: CHZ2 G fo Time base: 10 ms/div.
25V, 100 ms Vert Mode: Chop
ramp. Sweep Mode: Norm Trig.
53 Sweep Time 1s Scope Swp Time: 1 sec Display: 1s. Scope:
and Scope: Slow Time base: 1ms/div.
Counter sweep. Trigger: CH1.
Counter: Connect counter to
1s periocd Swp Out,
54 Sweep Time 10s Sweep Time: Display: 10s.
10s Scope: Slow
sweep,
Counter: 10s
period.
55 Triggered Sweep Scope Swp Time; 0.01s Display: 0.01s. Disconnect counter;
Linftog: Lin. Trig Swp Connect pulse generator
Freq Range: Scope: Sweep to CH2 and Trig In.
1.100 kHz, staris coincident Scope:
Mode: Trig Sweep with rising edge of CH1 and CH2: 2vidiv.
Frequency trigger signal: Time base: Smaidiv.
Coarse: cw waveform returng Trigger: CH2; + Slope.
Fine: cw ic baseline at end Pulse Generator;
of sweep. TTL level.
5ms pulse at 40 Hz
(25 ms) rate.
56 Scope: Sweep Puise Generator:

5-6
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to start frequency.

15 ms pulse at 40 Hz
rate.
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Table 5-1.

Calibration Procedure (Continued)

Test
Step Check Tester Point Controi Setting Adjust Resuit Remarks
BY Stab Scope Mode: Cont Verity Quickiy turn Fre- Disconnect Trig In sh
Stab: Off only quency Fine knob Scope settings:
Frequency Fine: as indicated and CH1: 2Vidiv.
initially centered verify the Time base: 0.2 ms
Freguency Coarse: following: Teig: CH1, + Slope
500H:z 1} Rotate the Fine X10 Magnification:
Func: "L control cw 1o Adjust horizontal ¢
Siab: On move transition tion for sguare wa
from center {0 transiticn at cente
3om to the left.
2) Transition NOTE
travels approxi-
mately 2 cm Stabiiizer autormatica
iowarg center disengages when it
of scope display | reaches ils efeciricai
3) Transition jumps | fimits.
back to 3om left
of center grid
line
4) Stab now Off
58 Use Frequency Same as step 57 Repeat as in step 57
Fine knob to in Opposite except turn Frequenc
raturn sguare direction Fire knob cow to mo
wave transition transition from cente
io center 3 cm right
vertical grid line
Stab: On
50 L.ow Frequency Frequency knobs: Dispiay reads Scope settings: B0
Fanges fully cw batween X10 Magnification: €
1.105 kHz and Set horizontal variakb
1,125 kHz 1 cyele on screen
60 Freq Range: Display reads Scope setting: 0.5 i
110.0 Hz between 110.5 Hz
and 112.5 #z.
Scope screen
shows 1 cycle,
61 Freq Range: Dispiay reads Scope setting: Sms/
11.00 Hz between 11.05 Hz Trigger mode: Norm
and 11.25 Hz.
Scope screen
shows 1 cycle,
62 Freq Range: Disptay reads Scope seiting: 50m
1.100 Hz between 1.105 Hz
and 1.125 Hz, |
Scope screen
shows 1 cycle.
63 Freq Range: Display reads Scope setting:
110.0 mHz between 0.5s/div.
$10.5 mHz and
112.5 Hz.

Scope screen

shows 1 cycle.
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Figure 5-1. Calibration Poinis
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