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WARRANTY

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

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

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

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

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

Exclusion of Other Warranties

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

Protect yourself. Follow these precautions:

Don't touch the outputs of the instrument or any exposed test wising carrying the output
signals. This instrument can generate hazardous voltages and currents.

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

Don't disconnect the green and yellow safety-earth-ground wire that connects the ground
lug of the power receptacle to the chassis ground terminal {marked with Uor,_)

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

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

Don't repair the instrument uniess you are a gualified electronics techinician and know
how to work with hazardous voltages.

Pay attentionito the WARNING statements. They point out situations that can cause injury
or death.

Pay attention to the CAUTION statements. They point out situations that can cause equip-
ment damage.

WARNING

This instrument normally contains a lithium battery. Where lithtum is prohibited,
such as aboard U.S. Navy ships, verify that the lithium battery has been removed.

Do not recharge, short circuit, disassemble, or apply heat tothe lithium battery.

Vioiating this rule couid release potentially harmful lithium. Observe polarity
when you replace the battery.

i
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1.1 MODEL 23

The Wavetek 23 Funciion Generaior generates d signai
from 0.01 Hz to 12 MHz insynthesized, continuous, trig-
gered and gated modes with output levels of 10 mV to
20voits peak-to-peak. The synthesized mode has 4 digits
of frequency resolutionwith 0.005 % (50 ppmj} accuracy.
In addition, the synthesizer circuitextends ECLand TTL
output frequencies o 32 MHz.

The Model 23 conventionally generates sing, triangle,
and square waveforms from 12 MHz down to 1 kHz.
Below 1 kHz the waveforms are digitally synthesized to
extend the frequency range down i0 0.01 Hzwhile at the
same fime maintaining high speed locking in the fre-
quency synthesized mode. The waveform synthesizer
also provides the additional features of up and down
ramps, and triggered or gated haverwaves. A dc offset
voltage is available up to = 10V peak.

Instrument set-up parameters are programmable and

are displayed on a 16 character by 2 line LCD display.

The Model 23's microprocessor makes possibie the
interactive display, remote programming, frequency and
amplitude units conversion, and internal test procedure.
The ability to power up in the same set-up as when last
powered down is provided by a stored memory setting
maintained with a tong-life lithium battery.

The Model 23 alsa has the capability of being externally
moduiated using amplitude (AM}, frequency (FM), or
suppressed carrier (SCM)modulation. Carrier suppres-
sionis at least 40 dB, and may be improved to typically
70 dB (to 1 MHz2) by using the Control kneb to adjust the
SCM NULL value.

GPIB (Option 001) numeric input is entered in free format
{tixed, floating, or exponential notation). The parameters
may be entered inany order and interactive error checks
occur after the execute command. RS-232-C (Option
002) data format is 8-bit, no parity one siop bit.

Manual control parameters are key selected viathe front
panel. Numeric values are incremeanted or decremented
with the prominent contro! knob with immediate error
checking and execution.

Instrument setup is continuously battery backed-up in
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SECTION
GENERAL DESCRIPTION

MEMmory 107 retuin 1o 8Xact selup afler powsr-uown.
Memaory is maintained with a non-rechargeable lithium
battery for 6 months minimum (typically several vears).
Alow battery warning will be displayed at power-upif the
battery voltage drops to 70% of its nominal voltage.

WARNING

This equipment uses a BR-2/34, 3V lithium
battery, that contains less than 0.5 grams
of{ithium. To prevent the release of a poten-
tialiy harmful substance, DQ NOT
RECHARGE, SHORT CIRCUIT, DISASSEM-
BLE, OR APPLY HEAT TO THEBATTERY.In
addition, observe correct polarity when
replacing.

1.2 SPECIFICATIONS

“1.2.1 Waveforms

Programmable sine, triangle, square, and dc are
available from 1 kHz t0 12 MHz. Below 1 kHz, up ramps
and down ramps, and triggered or gated haversine or
havertriangle waves. Above 12 MHz, only TTL and ECL
clock waveforms are available.

1.2.2 Operational Modes

Continuous

Function, TTL, and ECL ocutpuis are all active. Outputis
continuous at programmed frequency, 3 digit resolution
and =+ 1% of programmed frequency.

Trigger

As in Continuous Mode except that output quiescent until
triggered by external signal, interface (option Q01} trig-
ger, or manual trigger, then generates one cycle at pro-
grammed frequency.

Gate

Same as Triggered Mode except cutput is continuous
for the duration of the gate signal. The last cycle started
iz completed.
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Clock

Function output is 0Vdc. TTL and ECL cutputs are active
io 32 MHz. Frequency is synthesized to 0.005%
acouracy.

Continuous Synthesized
Same as Continuous Mode except 4 digit frequency
resoution and 0.005% {50 ppm) accuracy.

1.2.3 Output Fregquency

Hange

10mHz to 12 MHz in 3 decade ranges continuously pro-
grammable at Fune Qut. 10mHz to 32 MHz continuously
programmable at TTL Qut and ECL Out if in the clock
mode. 100 uHz is lowest attainable frequency (See Fre-

quency Zero, paragraph 1.2.5).

Resolution

4digits insynthesized modes. 3digitsin all other modes.
Additional 4 digit for frequencies above 10 MHz.
Between 16 and 32 MHz the frequency steps are in two
least significant digits (LSD).

Accuracy
50 ppm in synthesized and clock modes. + 1% of fre-
quency setting + 1% of decade range in all other modes.

Spurious Signals

Typically 70 dB below fundamental (excluging funda-
mental + 200 Hz)to 1 MHz and 40 dB below fundamental
to 12 MHz (in synthesizer mode onily).

integrated Signal To Phase Noise

Typically 40dB below the signal 1o 1 MHz measured over
+ 15 kHz bandwidth excluding carrier £ 10Hz {in syn-
thesizer mode only).

Synthesized Mode Lock Time
Less than 300 ms for within 0.01% of new programmed
frequency.

Repeatability {24 hr.}
0.0003% in synthesized mode. + 1% inali other mades.

Jitter
Less than or equal to 0.1% of period, =100
picoseconds,

1.24 Frequency Control

Controlled by programmed value or by externai VCG
input,

1-2
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Value

Frequency value is manually or bus programimable with
automatic range selection.

VCG (Voltage Controlied Generater)

Anac or dc input voltage contro's the frequancy. This
input is disabled in the synthesized mode. 0.0 to +12
volts into 10kQ for up te 1200:1 frequency changes ineach
of 9 frequency ranges (ranges must be programmed).
Slew rate is fimited to 0.1 Wus.

1.2.5. Frequency Zero

In the non-synthesized modes, the front panel controls
or the bus cormmands will set the frequancy to the bottom
of the current range for 1000:1 VGG change (1200:1 on
top range only}. The ranges are as follows:

Lowest Obtainable VCG
or Zero Frequency

Specified Ranget
(Programmable Fortion)

12.00 MHz to 1.00 MHz 10 kHz
999 kHz to 100 kHz 1 kHz
89.9 kHz to 10.0 kHz 100 Hz
9.99 kHz to 1.00 kHz 10 Hz
899 Hz to 100 Hz 1 Hz
99.9 Hz to 10.0 Hz 100 mHz
999 Hz to 1.0 Hz 10 mHz
999 mHz t¢ 100 mHz 1 mHz
99.9 mHz to 10.0 mHz 100 uHz

*Wavelform specifications are applicable.

1.2.6 Output Signals

Amplitude

Range: 0.011010.2Vppinto selected impedance (0.02
to 20.4Vp-pinto 250kQat Fune Qut. Impedance is user
oroptionselectable tobe 50, 75, or 600Q* . Absolute peak
amplitude plus offset may not exceed 5.1 volts into
selectedimpedance (10.2 into 250 kQ). Selected value
may also be displayed in Vp, Vrms or in dBrm.
Resolution: 3 digits ar 10 mV when absolute peak
amplitude plus offset >0.5Y; 3 digits or 1 mV when
absolute peak amplitude plus offset £0.5V; 3 digits or
0.1 mV when absolute peak amplitude plus offset
£0.05V. When in dBm units, actual resolution is the
same. The closest decimal value to the dBm value asked
for {in 0.1 dBm increments) will be given.

Accuracy: + 1% of selected value plus one of the follow-
ing; For 0.01 10 0.099 Vp-p (peak amplitude pius cifset
<0.05V)range. add =1 mV. For 0.1 10 0999 Vp-p {peak



ampiitude plus offset <0.5V) range, add =10 mVY, For
1.0010 10.2 Vp-p range add + 100 mV,

Repeatability (24 hr.): +19% of setting, +10 mV.
Flatness (50)*: With reference to 1 kHzat 5Vp-p; 0.2 dB
to 100 kHz, 1.5 dB to 12 MHz.

DC Offset

Range: DC or offset programmable from — 5.1V o
+ 5.1V into selecied impedance {— 102V io +10.2V
250kQ). Absolute peak amplitude plus offset may not
exceed 5.1V into selected impedance {10.2V into
250kR).

Resolution: 3 digits or 10 mV when absolute peak
amplitude plus offset 0.5V, 3 digits or 1 mV when
absolute peak amplitude plus offset <0.5V, 3 digits or
0.1 mV when absoluie peak amplitude plus offset <0.05V.
Accuracy: de function; =1 mV for <50 mV:; £ 6 mV for
=50 mV to <0.50V; =60 mY for =0.50V. :
Repeatability: = 1% of setting £20 mV.

1.2.7 Output Characteristics

Func Out
Source of primary wavelorms. Peak output current is

100 mA maximum with a standard source impedance
of 50Q. Cutputisprotected againstashort circuit toany
voltage between £ 10Vdc. Includes internal fused pro-
tection in the output conductor against accidental
application of up to 250 Vac or 350 Vdc. Source

impedance is selectable ag 50, 75 or 800Q.

TTL Out

Qutput conductor is fuse protecied against accidenial
outpui short circuits. Source impedance is 508,

ECL Qut

Source impedance is 50@ into — 2. Cutput is protected
against short circuitsinto +1 to —5.2 Vde.

1.2.8 External Inputs

VCG In (10KQ)

For external voitage contsol of generator frequency. (See
Freguency Controfy. Except inthe synthesizer mode, the
VCG voltage, as well as programming, selecis the
generator frequency. Frequency may be programred
or ac-modutated (FM and sweep)by external Oto + 12V
signal. VCG input can change generator frequency
12001 over each range, upper and lower frequencies
limited 1o maxirmum and minimum of selected range fwith
20% overrange on upper limit).

Signal bandwidth: 100 kHz maximum.
Slew rate: 0.1 V/ips maximum.
input impedance: 10k,
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Trig In {TTL)

For external TTL compatibte input signals to trigger or
gate the generator on in triggered and gated modes.
Positive or negative edge triggering or high or low level
gating is programmable.

Signal puise width: 50 nanoseconds minimum.
Repetition raie: 5 MHz maximum.

AM In (6009)
Input for exiernat ac signal {0 provide amplitude moduia-
tion (AM) or suppressed carrier modulation (SCM)
envelope. The function generater waveform instan-
taneous amplitude is a function of modulating signal.
Peak amplitude plus offset at Func Qut is still limited to
+10.2V open circuit{ £ 5.1V into selected impedance).

‘Amplitude Zerc selection causes the carrisr dc

amplitude to be zero volts to provide SCM via the AM In
(6008 connector. Carrier suppression is initially at least
40 dB ({including carrier, modulaior and both squared
terms) and may be further improved 1o typically 70 dB
carrier null at low frequenciesusing SCWM NULL and Con-
trol knob.

Seale factor: 1 VIV (0.5 Vp ampiitude) [ &., £ 5V AM
input will amplitude modulate a 5V carrier 100% {from
10V to OV)]. Selectable to 0.1 VA or 0.01 VA by pro-
grammed amplitude.

Input impedance: 6009

1.2.9 Waveform Charactoristics
Func Out

Sine Distortion (THD at 10 Vp-p): Less than0 5% from
0.01 to 9.99 kHz; less than 1.0% from 10.0 kHz 1o
99.9 kHz.

No harmonics above: — 40dB¢ from 100 kHz to 999 kHz;
— 27 dBc from 1 MHz to 12 MHz {502)*.

Time Symmetry: £1°% of setling, £8 ns. =0.1%
<1 kHz.

Square Transition Time: <25 ns (50Q)*.

Square Peak-to-Peak Aberrations: Less than 5% at full
amplitude (50Q)*.

Triangle Linearity: 99% up to 100 kHz.

TTL Out

TTL gompatible pulse with 50% duty cycle at pro-
grammed frequency. Level is €0.4 to 2.0V into 50Q,
«0.4 to 24.0V into Z50kQ. Timing i3 concurrent with
sguare tunction output and lags sine and triangte by 90°
inallmodes and up to 12 MHz. Above 12 MHz (in clock
maode}, the Function Quiputis quiescent and TTL output
is at programmed frequency up to 32 MHz. TTL
waveform has <10% peak aberrations into 50Q.
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ECL Out

Same characleristics as the TTL qutput, except that
{evels are ECL compatible when loaded by 50Q into — 2V,
Waveform has <5% peak aberrations into 50Q.

1.2.10 LCD Display

2 lines of up to 16 alphanumeric characters. Viewing
angie is adjustabie.

1.2.11
Stability

Amplitude, frequency {non-synthesized) and dc offset:
After 30 minutes warm-up; *£0.1% of range for 10
minutes and +0.5% of range for 24 hours.
Frequency(Synthesized): = 1 ppm/°Cbetween0°Cand
+ 50°C. Crystalis 6. 144mHz with $.005 % accuracy and
aging rate of 20 ppmiyear.

General

Environmental

Temperature: Specifications apply at 23°C £5°C,
Operates0°C1o + 50°C. — 20°Cto + 75°Cfor storage.
Vibration: 5 to 55 Hz with maximum of 2g at 55 Hz.
Shock: 30g, 11 ms half sine.

Altitude: Sea level to 10,000 t. for operation, Sea level
to 40,000 ft. for storage.

Relative Humidity: 5% aiupto 80°C forstorage, 45%
atupto 50°C and 75% at up to 25°C at sea level (non-
condensing) for operation.

Dimensions
211 mm{8.3 in.}wide, 85 mm {3.4 in.}high, 305 mm {12
in.} deep.

Weight
4.0 kg (8.8 Ib) net. 5.0 kg (11 ib) shipping,
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Power
9010110, 10510 125,18010 220, 21010 250V selectable,
48 t0 66 Hz, less than 50 VA,

Options

001: GPIB Programming* *
IEEE 488-1978 compatible, Non-isciated, Double
buffered.
Address: 0-30 internal switch selectable.

Subsets: SH1,AH1,T6, TEQ, L4, SR1,RL1,PPO,DC1,
Co, E1.

002: RS-232C Serial Port:**
Rear panel mounted DB-25 conector.
Connector: DB-25 {female} with DCE or DTE con-
figuration.
Mode: Full Duplex (bi-directionaly with CTS/DTR
or XON/XOFF handshaking.
Data Format: 8 bits, no parity, one stop bit.
Data Rate: 14 step selectable (50, 75, 110, 134.5
150, 200, 300, 600, 1200, 1800, 2400, 4800, 9600,
19200).

003: 7522 Function Output Impedance
004: 6002 Function Output Impedance

* Applicable when source and load impedances are
502 respectively. Higher source impedances
{Options 003 and 004} will have derated high fre-
guency characteristics. High frequency characteris-
fics are alsoc subject to variations due to output
cable lengths.

** “Factory installed" options only.

All specifications apply for programmed amplitude of
13 Vp-p into 50Q.



2.1 UNPACKING INSPECTION

After carefully unpacking the instrument, visually inspect
allexternal parts for possible damage to connectors, sur-
face areas, etc. |f damage isdiscovered, {ile aclaimwith
the carrier who transported the unit. The shipping con-
tainer and packing material should be saved in case
reshipment is required.

2.2 ELECTRICAL INSTALLATION
2.2.1 Power Connection

WARNING

To preclude injury or death due to shock, the
third wire earth ground must be continuous
to the facility power outiel. Before con-
necting to the fagility power cutlet, examine
extension cords, autotransiormers, etc.,
hetween the instrument and the facility
power outlet for a continuous earth ground
path. The earth ground path can be identi-
fied at the plug on the instrument power
cord; of three terminals, the earth ground
terminal is the nonmatching shape, usually
cylindrical.

CAUTION

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

Line Voltage

Refer to table 2-1 to determine the proper selection of
the line voltage connectar. Unless otherwise specified
atthe 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 1/2 amp
fuse. If the unit is shipped for 115 Vac cperation, there
will be no markings or tags on the unit. If the unit is
shipped for 220 Vac operation, there will be a 220 Vac
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SECTION
INITIAL PREPARATION

tag on the rear panel of the unit and a ¥ amp fuse
installed.

2,22 Veriiying the Line Voltage

To verify the line voltage {or change the fuse}, the
operator must first remove the top and bottom covers.
Remave the top and botiom covers using the following
steps and figure 2-1.

CAUTION

All calibration pots are located inside the
bottom cover cn the girguit board. Be
careful not to change the setting of any
potentiometers, as this may require a
recelibration of the instrument.

1. Remove two {2) screws holding top and bottom
covers to rear pansl.

2. Slidebothcovers(together asaunit)tothe rearand
remove from the chasgsis assembly.

Figure 2-1. Top and Bottom Cover Removal

After the covers have beenremoved, the line voltage can

be checked by viewing the voltage label through the in-
spection hole as shown in figure 2-2.

2-1
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VOLTAGE RATING
INSPECTION SLOTS

-

Figure 2-2, Line Voltage Inspection Hole

2.23 Fuse and Voltage Selection

If the line valiage is not correct according to tabie 2-1 ,
perform the following steps and refer to figure 2-3 for
step 1, and figure 2-4 for steps 2 thru 4 to change the
line voltage and fuse.

1. Remaovetwo screws holding guard plate to the rear
pangl,

ROTATI NG/}P

SCREWS

Figure 2-3. Guard Plate Removal

2. Remove the voltage selector cornneciors from the
ac primary board. Rotate the connector or connec-
tors until the corract voltage selector indicator is on
top.

3. Reinstall the voltage selector connectors.

Remove the fuse and install new fuse as cafled out
in table 2-1.

2-2

VOLTAGE SELECTOR
) CONNECTORS

AG PRIMARY —
BOARD |

VOLTAGE
SELECTOR
INDICATORS

Figure 2-4. Fuse and Voltage Selection

Table 2-1. Veltage/Fuse Selection

Connector Voltage
Position Range Fuse
115 LO 80 {c 110 Vag 1{2 amp Slo-Blo
115V Hi 105 to 125 Vac 112 amp Slo-Blo
220V LO 180 to 220 Vac 144 amp Slo-Blg
220V HI 210 to 250 Vac 1/4 amp Slo-Blo

WARNING

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

Reassembly -

Refer to figure 2-5 for steps 1 thru 3 and figure 2-6 for
steps 4 thru 6.

1. Aiign the guard piate and check the routing of all
wires to prevent pinching wires between the
transformer and guard plate,

2. Verifty that the power rod extends through the front
panel siot, the circuit board seats correctly in the
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power supply panel slot, and the wires are routed
correctly.

3. Align the guard plate with the rear panet and then
secure with two screws.

FRONT PANEL
POWER ROD SLOT

TRANSFORMER

POWER ROD

POWER SUPPLY
PAMEL SLOT

AC PRIMARY
PLATE BOARD

Figure 2-5. Rear Chassis Assembly

4, Turn the instrument upside down, position the
bottom cover over the guard shield, and then slide
the bottom cover forward approximately two (2)
inches while engaging the top cover shield slides
{see figure 2-6, detail A) and the cutside slide rails
{see figure 2-6, detail B).

Figure 2-8. Top and Bottom Cover Installation

2.2.4 Signal Connections

Use RG5H8U 50Q coaxial cables equipped with BNCcon-
nectors todistribute signals when connecting this instru-
ment 1o associated equipment.

5 Turnthetnstrument right side up. Install the top cover
uging the same procedure as in step 4.

8. Alignthe rear of both the top and bottom cover with
each other sothat the coverinterlocks are properly

mated. Once mated, hold the covers firmly together

and slide the chassis assembly into top and bottorm
covers.

CAUTION

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

Secure covers 1o unit using two screws as shown
in figure 2-1.

NOTE

Signat ground may be floated up to +42V
with respect to chassisground. Be aware that
all signal grounds are commaon and must ail
be Hoaled together.

2-3
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2.2.5 GPIB Interface Connecticns ADDRESS BT

The GPIB {Option 001) 1O rear panel pin connections
and signal names are given tn table 2-2. The panel con-
nectar is an Amphenol 57-10240 or equivalent and con-
nects to a GPIB bus cable connector (available from
Wavetek in 1 and 2 meter lengths).

NOTE

The terms "GFIB" and “IEEE-488 7 are used
interchangably in this manual,

Table 2-2. GPIB Data InfQut

Pin Signal
Figure 2-7. GPIB Address Bit Switch
1 DiO* . Table 2-3. GPIB Address Codes
2 DIO2
3 2103 Switch Hexa-
4 DI04 True When Low ASCIl Position decimal
5 EQ .
g 3}% Device | Listen | Talk | 1 2 3 4 5 | Listen | Talk
8 NDAG True When High
g9 IEC 0 lfspace) @ |0OQ00O0O0| 20 40
1 ! A 100080 21 41
1 R
] SRQ True When Low 5 § B 01000 5o 49
11 ATN
12 Chassis 3 # C 11000 23 43
Ground 4 % ()] 001900 24 44
14 | DIO§ 1 6 F 01100 26 46
15 | DIO7 L True When Low 7 G 11000 27 4
16 DIo8 8 { H ; 00010 28 48
17 REN J g ) b 10010 24 4G
18 10 * J 01010 2A AA
19 3 11 + K 111010, 2B 4B
20 12 L 100110 2C 4C
. 13 — M 10110 2D 40
21 Signal Gnd . :
- 9 14 . N 101110] 26 4
213 15 / O (111100l 2F 4F
24 16 0 P 00001 3D 50
17 1 Q@ 100071 31 51
18 2 R i01001, 32 52
2.2.6 GPIB Address 19 3 S ‘11001 33 o3
For OPT 001 instruments on the General Purpose Inler- 20 4 T 100101 | 34 54
face Bus (GPIB}, ensure that the instrument GPIB 21 5 U 10101, 35 55
address is correct. The GPIB address can be changed 22 8 v (01101] 38 56
by the internal switch {figure 2-7} or the front panel 23 7 w 11101 37 o7
STATUS key{rotate knobwhen GPB ADRS isdisplayed). 24 8 X 00011 38 58
(See figure 2-1 for cover removal, 2-6 for installation.) 25 9 Y 10011 39 59
_ , , 26 : Z 1010111 3A S5A
The switch sections are labeled from 1 through 5 and a7 [ f11D11: 3B 5B
their OPEN position noted {OPEN = Binary “0" in table 28 < Vi 00111F 3¢ 5C
2-3). To verity the address. press STATUS on the front 59 - 1 10111 30 5D
panel. The device number {decimal) will be displayed. 0 00> o111 1 aE 5E
Upon power-up, the address is always that of the inter- T B
nal switch. NGTE Address 31 is not aflowed.

2-4



2.2.7 The RS-232 Connector

The RS-232-C 1f0 rear panel pin connections and signal
names are given in table 2-4. The panel connecteris a
DB-25 fermale connector (see figure 2-8) and will caon-
nect 1o a standard RS-232<C cable(interface type E). The
data format is an &bii, no parity, one stop bit.

Table 2-4. RS-232 Data InfCut

Direction (DCE | Direciion {(DTE
Pin Name Configuration) | Configuration)
2 TXD' : IN ouT
3 RXD* ouT IN
4 RTS? NJC ouT
5 cT8t out IN
3] DSR® : ouT IN
7 SIG GRD — —
g RLSD® ouT IN
20 | DIR N ouT
|

(Remaining Pins Not Connected)

Transmit Daia

“Receive Data

‘Request to Send

“Clear to Send

Data Set Ready

5Receive Line Signal Detect

The baudrate is gelectable fromthose listed in tahle 2-5
using dip switch W1 {figure 2-9}

R%-232-C CONNECTOR

(JI.JUULJLJLI/LIIJ!_ILJU )
e , w
¥
*
J
$1Flﬂﬂﬂﬂﬂﬂl—!l_ll_lﬂ J

Figure 2-8. R3-232-C Connector Pinouts

ManualsPlus.com

2.2.8 Connecting the R5-232-C Interface

Before connecting the Model 23 R3-232C interface, the
corract configuration (DCE or DTEymustbe selected and
the internal ribhon cable connected to either the DCE
or DTE location{figure 2-8)onthe RS-232-C option board.

To determine which configuration is correct obtain the
manual for the systam controller/computer. This device
must have a DB-25 R8-232-C connector.

1. Determine if the controllerisa DCE device oraDTE
device |fthisis notexplicitly spelled out you will need
tolook at the pin out for its connector. If pin 2 is the
data output, the device is a DTE (most computers).
If pin 3 is the data cutpul. the device is a DCE (most
modems). Configure the Model 23 as the opposiie
type of device by connecting the internal option
cable to the appropriate header {figure 2-3}. {See
figure 2-1 for cover removal, 2-6 for installation.)

2. Inmost cases a straight through cable can be used
to connect the Model 23 with the other device. The
Model 23 only requires the connection of ping 2, 3,
5.7, and 20 but the other device may require more,
Examples of typical cable assemblies are shown in
figure 2-10. However, there are many interpretations
of the R5-232-C standard and either of the fallowing
procedures (A or B) should be used to ensure that
the control and handshake signals are properly
connected.

a. |l the Model 23 is configured as a DCE then,

(1) Pin 7 is always siraight through.

{2} Pins 2 and 3 are connected straight through
if DCE/DTE configuration is correct.

{3} Pin 5 of the Model 23 will need to be con-
nected to an input of the oiher device that
will enable and disable the character
transmission from that device. If the other
device does not support this, XONXOFF
handshaking will need tobe used andpin 5
can be left disconnected.

{4} Pin20of the Model 23 should be connected
to an output pin on the other device that
indicates when it is ready to accept data.
if the other device does not have such a pin
butis always ready, it can send XQFFsand
XONs toindicate readiness. Whenusingthis
method, or if the other device is always
ready to accept data, this pin can be con-
nected o an always positive pinonthe other
device or to pin & or 8 on the Model 23,

{5) Pins 6 and 8 are always positive when the
power is On. They can be connected to any
pins on the other device that must be hald
positive.

2-5



ManualsPlus.com

b. If the Modet 23 is configured as a DTE then; Table 2-5. R$&-232-C Baud Rate Codes
(1} Pin7isalways connected straight through. - —
(2) Pins 2and 3 are connected straight through SWi-

it DCE/DTE configuration is correct.
(3) Pin 20 of the Mode! 23 will need to be con- Baud Rate | 4 3 2 1
nected to an input of the ather device that -
will enable and disable the character *8,600 i 0 0 0
transmission from that device. If the gther 4,800 1 0 0 1
device does not support this. XON/XOFF 2.400 g 1 1 1
handshaking will need to be used and this 1.800 1 0 1 0
can be left disconnected. 1,200 1 0 1 1
(4} Pin4is always positive when the power is 600 0 1 1 0
On and can be connected to any pin on the 300 1 ! g !
other device that must be held positive. fgg ? 1 ? [1]
{5} PinsBand8areproperly terminated inputs ' 134.5 0 1 0 0
but have no function. 110 1 1 1 1
(6} Pin5tells the Model 23 that the connected 75 0 0 o1
device iz ready 1o receive data. If the other 50 0 o« 1 0
device is always ready, pins 4 and 5 of the P L i
Model 23 may be connecied together. 0=Closed = On
T = Opean = Off
NOTE *This is the factory set position.
Any ping not mentionsd in the previous list are
nat connecited in the Model 23 and therefore NOTE
canbe connected to anything if the connec- t. SW1-5 should always be OPEN.

tions are already present in the cable. , L
2 Faciory connector configuration is DCE.

3. The handshaking method is front panal saleciable
as CTS/DTR (Clear to Send/Data Terminal Ready) 5. Configure the controllericomputer for the same baud
(hardware} or XON/XOFF (Data Transfer On/Data rate asinstepd, 1 stopbit, 8 databits, and noparity.
Transfer Qff.

4. Setthebaudrate an the Model 23 to the highest rate 2.3 INITIAL CHECKOUT PROCEDURE
that is available on both the Model 23 and the con-
troller/computer. This is dene by setting the dip
switches {figure 2-9) according to table 2-5.

The checkout procedure in table 2-8 is 10 be used only
as a receiving inspection or post-repair checkout. The
procedurs verifies functional operaiion of this instrurnent
but does not verify the calibration. The frequencies
shown are typical values and should be used only as a
guide. Required tools and test equipment are given in
table 2-6.

The checkout procedure must be used starting with the
first step and continuing through to the last step. Do not
move or change any control or switch unless specifically
instructed to do so by the procedure. If a step instructs
you to press a switch until the annunciator points feft or
right, or to a specific display name, do so by pressing
once, observing the display, and if required, pressing it
againuntil the proper indication is oblained. Remember.
each step in the procedure is dependent an the
preceeding step for the correct position of all controls
and swilches. (Refer to section 31or descriptions of the
controls )

BAUD RATE
DIF SWITCH

OTE HEADER

DCE HEADER

Figure 2-9. Baud Rate Dip Switch and
DTE/DCE Connections

2-8
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APPLE Il WITH SUPER SERIAL CARD

IBM-PC IN COMMUNICATIONS MODE
MODEL 23 MODEL 23
IBM-PC {DCE) APPLE |l {DCE)
2 o [ 2 » 2
3 | 3 3 = 3
4 4 4 4
5 |- 5 5 = 5
6 |- B 6 | 6
7 7 7 7
8 | 8 8 | 8
20 »{ 20 20 =l 20
DB-25 DB-25 DB-25 DB-25
FEMALE MALE MALE MALE
MODEL 8000 APPLE MACINTOSH
MODEL 23 MODEL 23
8000 (DCE)  MACINTOSH {DTE}
1
2 -t 7 2 2
3 | 3 3 K
4 4 4 4
S ™ 5 5 5

7 7 7 T 7
8 [ B g = ]
o |
20 ] 20 20
MALE MALE  MALE VALE

Figure 2-10. Typical Examples of Serial Cables
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Prior to starting the checkout procedure, connect an Table 2-7. Test Equipment Setup
oscilloscope and frequency counter to the Model 23 as
shownintigure 2-11. Set the test equipment controls as
indicated in table 2-7.

Step Equipment Position/Operation

1 QOscilloscope Power Switch: ON

Vert Input: CH1 or 2

Table 2-6. Test Equipment and Tools Verl Position: Center Trace
Vert Coupling: DC

Vert Sensitivity: .5 VIDIV

Instrument Comments Horiz Position: Center Trace
Horiz Sweep: .2 ms/DIV
) . Trig Level: ( +) Positive
Qscilloscope Bandwidth: 100 MHz Trig Polarity: (+) Positive
Freq Counter Frequency. > 50 MHz Trig Mode: Auto
Sensitivity: >30 my Trig Coupling: AG
50Q Feedthrough Accuracy: 0.5% Trig Source: Internal
Power: oW X10 Mag: Qut (Cff)
i Other Cantrols: As required
BNC Tee 1 Male, 2 Female -
connectors 2 Freg. Counter | Mode: Frequency
BNC Coax Cable RG58U, 3 ft. length (2 ea) Trigger Level: As required
OSCILLOSCOPE
Faeauer
. Ji=s CH1
O — c
S=cs=sooe CH2
o 0 0 e 0 9 ¢
509
509 COAX ,nlL, 502 COAX E]
N S )
TEE

Figure 2-11. Equipment Checkout Interconnection

FREQUENCY
MODEL 23 COUNTER
C =30 R
0 a0 9 ¢ 0O
TTL| FECL
\ : 500
|

Figure 2-12. Check Frequency Output Setup

2-8
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Table 2-8. Checkout Procedure

Step ControliSwitch Position/Operation Observation

1 Power On {Posiiion vertical thumb- Display will indicate settings that were

wheel for best display.) stared in memary.

2 Reset Press Gnce Display indicates:

FREQ 10.00 KHZ -
CONT SINE
3 Conirol knob Rotate CCW until the display
reads 893 Hz.
4 Mode-Func Press once or twice to have
annunciator arrow (<) point 1o
the “Mode™ section of the
display.
5 -4 switch Fress one or more times until
SYNTH appears in the
“Maode’ section of the
display.

B Amplitude Press one time Digplay annunciator () will point to the
“Amplitude'’ section of the display.

7 Control knob Rotate CCW until display Verify that the oscilloscope displays approxi-

reads 1.00 Vop. mately 2 cvcles of a sine wave with an
amplitude of 1 Vp-p.

8 Mode-Func Press two fimes Display annunciator {4} will poirt to the
“Waveform™ section of the display.

g P switch Fress one time Verity that the display reads ""SQUARE", the
pscilloscope displays a square wave, and the
frequency counter reads below 1 kHz,

10 » switch Press one time Verify that the display reads “TRIANGLE",
the oscilloscope displays a triangle wave,
and the frequency counter reads below
1 kHz,

11 # swilch Press one time Verify that the display reads '"RMP UP", the

oscilloscope displays a positive-going ramp
waveform, and the frequency counter reads
helow 1 kHz.

29
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Table 2-8. Checkout Procedure {Continued)

Step ControliSwitch Position/Operation Observation

i2 > switch Press one time Verify that the display reads “RMP DN, the
oscilloscope displays a negative-going ramp
waveform, and the frequency counter reads
balow 1 kHz.

13 » switch Press one lime Verify that the display reads “DC” the
oscilloscope displays a 0.0 Vdc bassaline, and
the frequency counter reads all zeroes.

14 Offset Press cne time

15 Contral knob Rotate CW until display reads Verify that the oscilloscope baseling is

1.00v, approximately + 1V,

18 Rotate CCW until display Verify that the oscilloscope baseline is

reads — 1.00V. approximately — 1V,

17 Zero Press one time Display and oscilloscope show zero volts
offset.

18 Mode-Func Press one time Display annunciator { -} will point 1o the
“Waveform™ section of the display.

18 » switch Press one time Verify that SINE appears in the “‘Wavelarm"
section of the display.

20 Mode-Func Press one time Verity that tha annunciator (-4} points to the
"“Mode"’ section of the display and the word
SYNTH appears.

21 P switch Press three times Verify that the annunciator { -} poinis to the
"Mode™ section of the display and the word
GATED appears.

22 Trigger Press and hold. Verify that the oscilloscope displays a sine
waveform only during the time that the Trig-
ger switch 15 pressed and held in.

23 - switch Press cne time Yerify that the annunciator () points {o the

“Mode" section of the display and the word
TRIG appears.

Set vscilloscope TRIG MODE io NORM and increase the intensity as required.

2-10
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Table 2-8. Checkout Procedure {Continued}

Step ' ControliSwitch

Position/Operation

Observation

o4 | Trigger

Press as required

Oscilloscope will display a single cycle of
sine wave each time the Trigger switch is
pressed.

Disconnect oscilloscope cable from Fune Qut connector. Cannect frequency counter to the TTL Qui connector as

shown i ligure 2-12.

25 -1 swiich Press three times Verify that the annunciator () points to the
"Mode" section of the display and the ward
CLOCK appears.

26 FreqiPer Press one time

27 Canirol knob Rotate CW until the display Verify that the frequency ¢counter reads

reags 32 MHz.

approximaiely 32 MHz,

Disconnect the frequency counter cable from the TTL Out con

nector and connect to the ECL Out connecior.

28

Verify that the frequency counter reads
approximately 32 MHz.

211
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21 20 19 18 17 16 15 14 13 12 11 10 9 &

Figure 3-1. Controls, Connectors, and Indicators



3.1 INTRCDUCTION

This seciion describes the operation of the Model 23,
The first part deseribes the controls and conneciors; the

[
IRt R HRraR LM Lo L T o' L R TRl WAl I i

tions, modes and remote options.

ramanin pari dagorihas how to uge tha various fun

3.2 CONTROLS AND CONNECTORS

The front panel controls and connectors are shown in
figure 3-1 and keyed {bold numbers} to the following
descriptions.

1 Display (See figure 3-2). This display will read out
simultaneously up to three generator display func-
tions depending on which switches have been
pressed. Anannunciator arrow appears to the right
of the selected display function to indicate the func-
tion under immediate control. Moving the
annunciator arrow allows other display functions
to be selected and controlled.

ANNUNCIATOR FREQUENCY

FREG\ 16,0 kHz
COHT \ STHE

X
\ \
MODE WAVEFQRM

FREQUENCY, MODE, ANG WAVEFORM DISPLAY
{MOCE SELECTED)

AMPLITUDE AND QFFSET VOLTAGE DISPLAY
{AMPLITUDE VOLTAGE SELECTED)

Figure 3-2. Display Indications
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SECTION
OPERATION

Viewing Contrel. This control allows the user to
adjust the viewing angle of the LCD to optimize
display legibility,

FreqiPer Switch. This switch will cause the display
10 show the generator output either in frequency
orintime period. If frequency display is selected,
then pressing the FreqiPer switch a second time
will cause the disptay to show the output as a time
period. Generator output frequencylperiod can
only be changed if the annunciator arrow is point-
ing to the frequency or time period.

ModeFune Switch. Prassing this swilch causes
the annunciator arrow to select either the
generator mede or the output waveform. If the
generator mode was displayed first (annunciator

_ pointing 1o the left), pressing the switch a second
" time will seleci the output waveiorm. The opposite

is also true if the putput waveform was displayed
first {annunciator pointing to the right). The
generator mode or output wavetform can only be
changed while it is selected.

Amplitude Switch. When the amplitude switch is
pressed, it selects the amplitude function of the
display. Pressing the amplitude switch one, two,
of three more times allows the amplitude to be
displayed in Vpp, Vp, Vrms, or in dBm. The
generator output amplitude can be changed only
while the annunciator arrow is pointing to the
display amplitude function.

Offset Switch. This switch selects the offset
voltage function and displays it on the LCD display.
The ofiset voltage can be ¢hanged only while the
annunciator arrow is pointing to the display offset
function. When the zero switch is pressed (after
OFST is selected) the offset is zeroed out (G.00VY,

Control Knob Aliows the user to manually change
any of the values or conditions of the selected
display function, The frequency, period, amplitude,
made, function, offset voltage, and trigger slope
can ail be ¢changed by ratating the control knob.

341



10

11

12

Power Switch. This switch turns the instrument
Onor Off. At power-up the instrument initializes to
the conditions existing when the instrument was
last powered-down.

Func Out Connector. This BNC connectaor is
themainoutput for sine, square, triangle, upramps.
down ramps, and dc wavetorm. The output fre-
quency range of this connector is 10 mHz tg 12
MHz {downto 100 uHz inexternal VCG control). The
maximum voltage output amplitude is 10Vp-pinto
a 50% load (20 Vp-p into open circuit). Standard
source impedance is 50Q with 75Q and 600Q as
options. This connector is not functional above
12 MHz and is internally luse protecied against
accidental application to high voltage.

Siatus Switch. Allows one switch operation
to check frequency, period, mode. function,
amplitude, offset, trigger slope, battery condition,
interface option if installed and its version. Each
time the status switch ispressed a different display
is presented until all have been monitored.

ECL Out Connectar. This ouiput (0.1 mHz to

32 MKz} is an ECL square wave at the frequency
of the generator. Noother waveforms are available
fromthis connector. The display annunciator arrow
must indicate CLOCK maode for frequencies above
12MHz. This output is protected against short cir-
cuits into + 1 to — 5.2 volts,

Right Arrow Switch (> ).

» Switch Steps
Through:

Display Annunciator

Pointing To:
Any mode Each mode
Any waveform Each waveform

Each decade range

Each decivolt range

Any frequency
Any amptitude

Any offset Each decivolt range

Any frequency in Each decade range of

VLG operation frequency and each
decade range of VCG

rate

Any SCM null Each decade range of

AM rate

NOTE

With Oplion 001 or 002 installed, refer 1o
paragraph 3.4.3.

13

14

15

16

17

18
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TTl. Qut Connector. The cutput {0.1 mHz to 32
MHz} from this connectoris a TTL square wave at
the frequency of the generator. No other
waveforms are available from thisconnector. The
display annunciator arrow must indicate CLOCK
mode for frequencies above 12 MHz. The ouiput
is internally fuse protected against external short
CIrCUits.

Left Arrow Switch (1), This switch performs the
same operations as the right arrow swiich except
that the display changes are performed in the
reverse order.

Zero Switch. The zero switch performs the foliow-
ing functions:

* Iffrequency or period are selected, sets the in-
strument for VCG operation by setting the zerg-
FM freguency, the input sensitivity for the VCG
input cannector, and extending the bottom fre-
quency by 2 decades.

s Zeroes the de offsetvoltage if offset is selected.

» {f amplitude is selected. Suppressed Carrier
Modulation (SCM)operation andsets the output
amplitude to zero.

AMin({600Q) Connector. This connector inputs an
ac signal for amplitude modulation (AM) or for
Suppressed Carrier Modulation (SCM). For AM
operation, a +5V input will modulate a carrier
100% (amplitude 5 Vp-p and ext AM 10 Vp-p). The
AM scale factor depends on the output attenuator
range. For SCM operation, the zero switch will set
the carrier de amplitude to zero volis.

Slape Switch, This switch alternates the selection
of the positive-going ¢r the negative-geing portion
of the trigger input waveiorm for generator trigger-
ing or gating.

Trig In (TTL) Connector. This connector accepts
aprogrammable or negative TTL level input () to
trigger or gate the generator output as shown in
figure 3-3. Whentriggered, the generator produces
one complete cycle 1or each trigger input. When
gated, the generator produces continuous cycles
until the gate signal (1,}is removed. The last cycle
started is always compleled (i3). The negative-
going edge of the TTL input wili end galed
operation.



TRIGGER MODE GATED MODE
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TRIG IN an -------- L _] _________ |
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L ! 1
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1
'
RAMPUP OV}~ o -_?4/‘474;
1
1
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f
i |
™ i
HAYER TRIANGLES w-{}x-: —————————— LA~ -
1
L :
] 1
1 1 1 1
HAVERSINE .)‘\“_.*J(\J[VL

Figure 3-3. Output Waveforms
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21 Reset Switch. This switch resets all of the
generator operating conditions to a preselected set
of values as follows:

Freguancy 10.0 kHz
Mode Continuous
Wavetform Sine
Amplitude 500 Vpp
Offset 0.0V
Slope Paositive

3.3 OPERATION

Perform the initial checkout procedure in Section 2 for
a feel of the instrument. infermation concerning in-
dividual controls and connectors may be found in
paragraph 3.2. Quiput waveforms are shown in figure
33

During the following set-up, the test equipment controls
may have to be adjusied.

19 Trigger Switch. (Sse figure 3-3) In the triggered
mode, pressing this switch manually initiates a
single cycle of waveform each time it is pressed.
tnthe gated mode, the trigger switch gatesthe out-
put on until the switch is released. The last
wavetorm cycle started while the switch is being
pressed wili be completed. i Option 001 or 002 is
installed, see paragraph 3.4.2.

20 VCG In (10KQ) Connector {See figure 3-4). This
connectorinpuis an external voltage to control the
generator frequency for sweep ar FM operation.
QOperation is limited 1o the front panel selected or
preprogrammed frequency range. Input control
voltages are limited to positive voltages between
Oand +10Vdc{ + 12Vdcontoprangelorail vp-
p maximurm voltage ¢centered at + 53Vdc (12 Vpp
centeredai6vdce for thetop range). Positive-going
voltage levels increase the frequency. while
negative-goinginputs decrease the frequency. Fre-
quency excursions of 1000:1 {1200:1 on the top
range) are possible in each of the frequency
ranges. If the zero switch is pressed, the nine
standard frequency ranges are down-shifted by 2
decades allowing a VCG bottom control range of
100 uHz. tnput impedance is 10k® and maximum
slew rate is 0 1Viys.

SWEEP OPERATHON

|
_/\MMWM:H“
FUNG
ouT 11

|
YOG IN I--q—lNCREASING FREQUENCY + 10V
DG VOLTAGE) |
b oy
| l
Fil OPERATION
FUNG
QuT
VG M
142 VOLTAGE)

Figure 3-4. Sweep and FM Relationships




3.3.1  Signal Termination

Proper signal termination, or loading, of the generator
connectors is necessary for its specified operation.
Figure 3-5 shows proper termination of the Func Qut con-
nactor with standard 50Q output impedance. Placing the
50Q terminator, or S0Q resistance, in paraliel with a
higher impedance, matches the receiving instrument
input impedance to the coax charactieristic and
generator output impedance, thereby minimizing signal
reflection or power loss on the line due to impedance
mismatch. Termination of the ECL output connector
must be 50 ohms into a — 2 volis.

RECEIVING
MODEL 23 INSTRUMENT
EFFECTIVE
INPUT CIRCUIT
ECL OUTPUT
RGEE OF
'MPEEB'“”CE EQUIVALENT R
v £~
\ P ECL
OUTPUT R2
AMPLIFIER
et <7 oy
REGEIVING
MODEL 23 INSTRUMENT
RG58 OR
QUTPYT EQUIVALENT EFFECTIVE
IMPEDANCE 500 GIRCUIT
509 LOAD RESISTANCE
(SIGMAL
QUTPUT ;C;SQD]
AMPLIFIER {7 —

Figure 3-5. Signal Termination

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

Connectors Impedance
Func Qut .50, 75, or 600Q {Internal jumper

selectable or purchased option)
ECL Out L o 506
TTL Cut. .. . _ ... 50w
AM 1n (B00SQ). o . B00Q
Trigln{TvfLy ... .. o . One TTL Load
VCG in {10KSQ) o . S 10kQ

3-4
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3.3.2 Continuvous Operation

The Model 23 generator will supply a continuous
waveform at a fixed frequency as set by lhe operaior,
remotely programmed, or by the VCG input connector.
This wavelform can be sine, triangle, or square wave
{up/down ramps also avaitable below 1 kHz). A dc offset
is also available for use with these waveforms. To
demonstrate continuous operation. connect the Model
23 as shown.

OSCILLOSCOPE

MODEL 23
C =230 CH1
Q
=== -
O o ¢ O o ¢ [

FUNG IEGQ

Setthe Model 23 controls and the oscilloscope controts
as follows:

Maodel 23

Power: On
Reset: Press once

Oscilloscope

Vert Input: 2 ViDiv

Vert Caupling: DC

Moriz Sweep: 1 ms/DIY,
Trig Mode: AUTO

Trig Coupling: AG

Trig Source: NORM

The oscilloscope will display a 10kHz, 5 Vp-p continuous
sine waveform as shown inthe following illustration. The
frequency can be siepped down (using the left arrow
swilch) o 10 mHz or up (using the right arrow switch)
to 10MHz. The frequency can be continucusly adjusted
between 10 mHz and 12 MHz using the Control knob.




3.3.3 Triggered Operation

The Model 23 produces a single complete waveform
cycleeachtime itistriggered. The Model 23 canbe trig-
gered by using the Trigger switch on the front panet, by
an external trigger signal input at the Trig In (TTL} con-
nector, or by aninterface bus command. f a positive trig-
ger slope is selected, the generator is triggered when
the swilch is pressed. If a negative slope is selected, the
generator is triggered when the switch is released. All
waveforms may have adc offsetasin continuous mede.

Todemonstrate external trigger operation, connect the
instruments as follows.
OSCILLOSCOPE

TRIGGER SOURCE MODEL 23
== ©) | 500 [SH1
=
P [+ ? o o 9 ¢ ¢
TRIGL ~ FUNC 502
| S
TEE

Set the Model 23 controls and the test equipment con-
trols as follows:
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3.3.4 Gated Operation

A gated generator produces a continuous output
waveformfor the durationof the gate trigger signal. The
Model 23 can be gated by manual control using the front
panel Trigger switch or by means of an external gate trig-
ger at the Trig In {TTL) connactor.

To demaonstrate external gated operation, connect the
instruments as shown.

OSCILLOSCOPE

TRIGGER SOURCE

C—18=31 ) | 500 M1
w
] o] i) [T o I & ] @

TRIG FUNG E]
r']ll 500
TEE -

Set the Model 22 controls and the test equipment con-
trots as follows:

Model 23 Oscilloscope
Power: On Vert Input CH1: 1 VDIV
Reset: Press once Vert Input CHZ: 2 VIDIV
Mode: GATED Vert Coupling: DC

Trig Slope: NEG

Horiz Sweep: .2 meiDIV
Trig Mode: AUTO

Model 23 Oscilloscope
Power. On Vert Input CH1: 1 VDIV
Reset: Press once Vert Input CH2: 2 VIOV
Mode: TRIG Vert Coupling: DC
Trig Slope: NEG Horiz Sweep: .2 ms/DIV

Trig Mode: AUTO
Trig Coupling: AC
Trig Source: CH1

Trigger Source

Frequency: 1 kHz

Waveform:; Square

Amplitude: 0 to + 2 5V (TTL Levels)

The oscilioscope will display a single cycle of a 10 kHz,
5Vp-p sine wave each time the trigger waveform goes
negative as shown,

—n—t"

Trig Coupling: AC
Trig Source: CHY
Trigger Source
Frequency: 1 kHz

Waveform: Sguare
Amplitude: 0 o + 25V {TTL Levels)

The oscilloscope will display approximately six complele
cyclesof a 10kHz, 5Vp-p sine wave each time the gate
trigger waveform goes negative as shown.

——
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3.3.5 Synthesized Operation

The Madsl 23 synthesized mode provides the same
waveforms and frequency ranges as does the con-
tinuous mode. In the synthesized mode the frequency
resolution is increased to 4 digits and the accuracy is
increased to 0.005 % (50 ppm). The synthesized mode
will supply a continuous waveform at a fixed frequency
as set by the operator, or pregrammed by the GPIB. This
waveform can be sing, triangle, or square wave (up/down
ramps also available below 1 kHz). A dc offset is also
avaitable for use with these waveforms. To demonstrate
synthesized operation, connect the Mode! 23 with the
indicated test instruments as shown.

{SCILLOSCOPE

MODEL 23
Cae30 o1
1]

9 0O 0 C o ¢

FUNC | 500

Setthe Model 23 controls and the test oscilloscope con-
trols as follows:

Model 23 Oscilloscope
Power: On Vert Input: 2 VIDIV
Reset: Press once Vert Coupling: DC
Mode: SYNTH Hariz Sweep: .2 ms/DIV.

Trig Mede: AUTO
Trig Coupling: AC
Trig Source: NORM

The osciltoscope will dispiay a 10kHz, 5 Vpp continupus
sing wavelorm as shown inthe following illustration. The
frequency can be stepped down {using the left arrow
switch) to t0 mHz aor up (using the right arrow switch)
to 10 MHz. The frequency can be continuously adjusted
between 10 mHz and 12 MHz using the Control knob.

TN
Y
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3.3.6 Clock Mode Operation

In clock mode the function out signal is absent, but the
two system sguare outputs are present as before bui in
an extended frequency range. The TTL Qut connector
{TTL level square wave) and the ECL Qut connecior {ECL
level square wave) are both available in this mode over
a range of 10 mHz to 32 MHz.

To demonstrate the clock mode of operation, connect
the Model 23 and the oscilloscope as shown.

OSCILLOSCOPE

MODEL 23
650 GH1
4]
[ T T} $ o ]
TrL] tecL
: 500
]

Setthe Model 23 controls and the oscilloscope controls
as follows:

Model 23 Oscilloscope
Power: On Vert Input: 1 VIDIV
Reset: Press once vert Coupling: DG
Maode: CLOCK Horiz Sweep: 50 usiDIV.

Trig Mode: AUTO
Trig Coupling: AC
Trig Source: NORM

The oscilloscope will display a TTL output square wave
(10 kHz at approximately 2 Vp-p as shown below. The
output frequency can be varied in steps (using the left
or right arrow switches) or continuously (using the Con-
trol knob).




Remove the coaxial cable from the Model 23 TTL Qul
conneclor and reconnect to the ECL Out connector. Sel
the oscilloscope verticalinput 0 0.1 VDIV, Readjust the
vertical centering il necessary. The oscilloscope will
display an ECL output sguare wave (10 kHz at approxi-
mately 0.2 Vp-p) as shown in the following illustration.
The ECL Cut square wave will not be at ECL levels dur-
ing this demonstration unless the outputis fed intoa — 2
volt load as in ECL circuits. The waveform shape is
representative of the normal ECL loaded output. The out-
put frequency can be varied in steps {using the left or
right arrow switches) or continuously {using the Control
knob).

3.3.7 Voltage Controlled Generator (VCG) Qperation

VCG is an external electronic means of contralling the
frequency of the generator. Applying dc vollage levels
of upto0to + 10V ( + 12V onthe toprange) or ac signals
of up to 10 Vp-p (12 Vp-p on the top rarnge) at the VCG
in BNG allows the generator to be swept {up or down in
frequency) or freguency modulated.

NOTE

EFxcessive VOG nput volfage may cause
nontinear operation when the generator
attempts fo exceed the range fimnis.

3.3.741

In continuous, triggered or gated modes and with fre-
quency selected, the zero switch will set the frequency
tothe bottorn of the current range for 1000:1 VCG change
{1200:1 on top range only). The ranges are as follows:

‘Zero' Frequency
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Lowesl Obtainable VCG
or “Zera’’ Frequency

Specified Range*
{Programmable Partion)

12.00 MHz to 1.00 MHz 10 kHz
999 kHz to 100 kHz 1 kHz
99 9 kHz to 10.0 kHz 100 Hz
9.99 kHz {0 1.00 kHz 10 Hz

999 Hz {0 100 Hz 1 Hz

999 Hzto 100 Hz 100 mHz
895 Hz to 1.00 Hz 10 mHz
888 mHz to 100 mHz i mhkz

*See range limitations of each waveform given
in section 1.

Frequency Zero is selected by pressing the FreqgiPer and
Zero keys. The generator freguency sets the *Zero’ fre-
quency which is showrt on the top ling of the front panel
dispiay. The second line shows the frequency change
per applied volt at the VCG Ln connector. For example,
if the generator frequency is 5.00 kHz, the specified
rangeis 9.99 kHz to 1 kHz (row 4 in the charf}, the *Zero’
frequency is 10 Hz and frequency will vary at a rate of
1 kHz pervolt at the YOG tn connector. Onceinthe “Zero’
frequency mode, the generator frequency range, and
rate of change can still be modified by pressing one of
the tront panel arrows or turning the knob.

NOTE

Because range changing is autornatic when
using the arrows or knob, you may inadver-
tently change the range inwhich you wish {o
VOGE.

3.3.7.2 VCG Nomograph

The VCG nomograph in figure 3-6 gives an example of
how the input voltage affects the output frequency!
range. Applying de (ar dc and ac)at the VCGin connec-
tor canproduce a 1:1000 sweep in any of the frequency
ranges (1:1200 o the top range}according to the follow-
ing formula:

Freq Out = Freq  qammea T Freq,:,arge}X"’CG“"V]HOV

The Vepe 1S always positive (2 10 mV). must be less
than 12 volis and is the sum of the following formula:

Sum = Freqml,og,ammedJ!Freq[,angH,X 10V + VCG In
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Figure 3-6. VCG Input/Output Relationships

3.3.7.3 Sweep

To demonstrate sweep VCG operation, connect the
instruments as shown.

OSCILLOSCOPE

WAVEFORM
SOURCE MODEL 23
1= =1 () | spe tcHA
i
? o 0 0 o 3 §
v

GG FUNC
500
L__F
TEE

Setthe Model 23 and test instrument contrals as follows:

NOTE

Because 10001 sweep is hol being
demonstrated. the ‘zero' frequency setting

s not used.
Modal 23 Oscilloscope
Power: On Vert Input CH1: 2 VIDIV

Reset: Press once
Frequency: 1.0 kHz

Vert input CH2: 2 ViDIV
Vert Coupling: BC
Horiz Sweep: .5 ms/DIV
Trig Mode: AUTQ
Trig Coupling: AC
Trig Source: CH1
Waveform Source

Waveform: Pasitive Ramp
Amplitude: O to + 5Vdc
Frequency: 400 Hz

3-8
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Adjust the waveform source frequency control as
necessary to stabitize the Maodel 23 waveform. Note that
in the faliowing illustration the frequency of the Mode|
23 wavelorm increases from lefi to right. The zero
amplitude of the ramp signal is the minimum frequency
of the Model 23 arg that the maximurn amplitude of the
ramp signal is the maximum freguency of the Model 23.

3.3.74 FM
To demonstrate frequency modulation VCG operation,
get the Model 23 and test instrument controls as follows:
Madel 23

Power: On
Reset: Press once
Frequency: 1.0 kHz

Oscilloscope

Vert tnput CH1: 2 VIDIV
Vert Input CH2: 2 ViDIV
Vert Coupling: DC
Horiz Sweep: .5 ms/DIv
Trig Mode: AUTO
Trig Coupling: AC
Trig Source: CH1

Waveform Source

Wavefarm: Sine Wave

Amplitude: 10 Vp-p {centered al 45 Ydc)
Frequency: 625 Hz

Adjust the waveform source frequency control as
necessary 1o stabilize the Model 23 waveiorm. Note that
in the following illustration the frequency cf the Model
23 waveformincreases when the sine wave is positive-
going and decreases when the sine wave is negative-
going. If the Model 23 frequency is set toward the middle
of any freguency range, a symmetrical increase above

and decrease below the center (display) frequency can
be obtained.
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3.3.8 AM/SCM Operation

The Model 23 can provide both conventional Amplitude
Modulation (AM) and Suppressed Carrier Modulation
(SCM) via the AM In (BOCOR) connectoar. An input of
10 Vp-p will provide 100% modulation onto a 5 Vp-p
carrier signal. Pressing the Zero switch while in the
amplitude display mode will cause the carrier de
amplitude to be zero volts and provide SCM operation
via the same AM In (800%) connector. The carrier null
can be improved by changing the SCM NULL value
shown on the Model 23 display. The Control knob wiil
change the value from 0 to & maximum of £ 500.

Todemonstrate AM operation, connecl the instrurments
as shown.

OSCILLOSGOPE

WAVEFORM
SOURCE MOQDEL 23
CCOEE)O) | s00 [CHY
")
o Q 7 LI - I §
AM FUNC
_é 509
TEE
Maodel 23 Oscilloscope
Power: On Vert Input CH1: 5 VDIV

Reset: Press once Vert input CH2: 5 VIDIV

Horiz Sweep: .5 us/DIV
Trig Mode: AUTO
Trig Coupling: AC
Trig Source: CH1

Waveform Source

Fregquency: 1 KHz

Waveform: Sine

Amplitude: 10 Vpp

Frequency: 100 KHz
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The osciloscope will dispiay a 100 kHz continuous
waveform carrier 100% modulated at 1 kHz as showm
beiow. Increasing the amplitude of the waveform source
will cause overmodulation, while decreasing the
amplitude will cause undermaoduiation.

2\ /A /a\ I a

To demonstrate suppressed carrier modulation, press
the Amplitude switch followed by the Zero switch. The
oscilloscope will display a suppressed carrier modula-
tion pattern as shown in the following illustration.
Adjusting the Controlknob will maximize the carrier null.

/AVAVAVAVA
N

XXX X XXX

3.4 THE GENERAL PURPQSE INTERFACEBUS (GPIB)

Paragraphs 3 4 through 3.5 provide background infor-
mation on the General Purpose Interface Bus (GPIB). For
specific Model 23 programming information, refer to
paragraph 3.6 through 3.8.2

The GPIB interface is an implementation of IEEE
specification 488-1978. It supports the following inter-
face functions which are described in detail in the
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specification. Relevant aspects of these functions are
discussed in following paragraphs.

SH1 Complete source handshake.

AHA Complete acceptor handshake.

T8 Basic talker.

TEQ No extended talker.

L4 Basic listenar,

SR1 Complete service request (sofiware
select).

RL1 Remoteflocal and local lockout.

PPO No parallel poll capability.

DCH Complete device clear/selective device
clear.

DT1 Complete device trigger capability.

Ei Tri-state drivers,

Instruments on the bus may have “talk’” and “listen"
capabilities. The talk capability allows a device 1o send
data{such asearrormessage readingsjout over the bus.
The listen capability allows a device to receive data (such
as device programming information) from the bus.

The GPIB consists of 16 negative true signal lines as
showninfigure 3-7. hese 18 lines inciude 8 bidirectiona

CONTROLLER

THAMS M TS AMD PECE|YES
Da™4 AND WMANAGES THE BUS

()~ D4ama S

TALKEF/LISTENER

TRANSWITS OR
REGEIVEZ DATA

DATA BYTE
TA&NSFER
CONTROL

LISTEMNER

QMUY RECEIVES DAL

GENERAL
INTERFACE
MAMBGEMENT

TALKER

OMNIY TAANSHITS CaTa

Figure 3-7. GPIB Structure
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data lines, 3 handshake lines and 5 contral lines. Al
devices onthe bus interface io these lines with passive
pull up and active pull down, Thus, any device may
“assert” a line by pulling it down to the logic low, or
“true’ state. If nodevice is asserting the line, itis pulled
uptothe logic high, or “'false' state. (Only the controller
ts allowed to assert certain lines )

As showninfigure 3-7, devices connected tothe bus may
be a LISTENER {only), TALKER (only), LISTENER/
TALKER or CONTROLLER. More thanone eontroller may
be connected to the bus, but only one controller may be
hard wired as SYSTEM CONTROLLER, and only one con-
troller at a time may assume the role of ACTIVE
CONTROLLER.

3.4.1 Bus Line Definitions
The 16 negative-true GPIB signal lines are:

DIO1-

DIOs Data InfOui Lines
ATN Attention

REN Remote Enable

DAY Data Available

NRFD Not Ready For Data
NDAC Nat Data Accepted
EQI End Or identify
5SRO Service Request
iFC Interface Clear

The tunctions of the GPIB signal lines are:
DIC1-DIO8  These eight tines {Data In/Out) are used
to send commands from the controller
and to transfer data back and forth
Cetween instruments andg the controller.

ATN The Attentionline is cperated only by the
active controller. It specifies whether the
information an lines DIO1-DI0OS is data
(ATN false) or a command (ATN true).
Whenever ATN is set true, no activity is
allowed on the bus except for controller
originated messages.

REN The Remote Enabie iine controls whether
devices on the GFIB are in local or
remote moedes. In the local mode,
devices respond to front panel
commands. in remote mode. lhe situa-
tion is reversed; GPIB originated com-
mands are obeyed, while front panel
commands are ignored. The Model 23
enters the remote statewhenit receives
its listen address and REN is enabled.



The Model 23 then stays in the remote
mode until the REN line is putinthe local
state, a Go To Local {(GTL) command is
received or the LOCAL front panel soft
key is pressed.

DAV. NRFD. These are the 'handshake” lines (Data

NDAC valid. Not Ready For Data and Not Data
Accepted) which regulate the transmis-
sion of information over the lines DIOT-
DIC8. For each command or data byte
transferred, a complete handshake cycle
occurs. This handshake is designed o
hold up the bus until the slowest device
has accepted the information.

el When ATN is fatse, EOI (End Or Identify)
indicates that the data on lines DIO1-
DIO8 is the last byte of a data message.
When the Model 23 receives a data byte
with EQitrue, it automatically supplies a
terminator character following the data
byte. When the Model 23 transmits the
last byte of a message (which is always
a terminator character) it also sets EO!
true.

SRO The Service Reqguest line is used by the
wadel 23 and other devices on the bus
to signal the controller that they request
attention. Since the SBQline is commaon
io all devices, additional tests must be
made to determine which devices are
signaling. The controller performs a
Serial Poll to accomplish this.

IFC The Interface Clear line is asserted by the
system controller to reset the interface
logic in all devices connected to the bus
to a known initial state.

3.4.2 Handshake Sequence

The three handshake lines. Data Valid (DAY), Not Ready
for Data (NRFD) and Not Data Accepted (NDAC) are
usedinatypical data exchange as described inthe next
paragraph.

All devices currentiy designated as active listeners would
indicate (via the NRFDline)whenthey areready fordaia.
A device not ready would pulf thisline low {ground), while
a device that is ready would let the line float high. Since
alow overrides a passive high, this line will stay low uril
all active listeners are ready for data. When the talker
senses this, it places the next data byle on the data ines
and then puils DAV low. This tells the listeners that the
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information on the data lines is valid and that they may
read it. Each listener (at its own speed) then takes the
data and lets the NDAC line go high. Again, only when
all listeners have let NDAG go high will the talker sense
that all listeners have read the data. lt can then remove
DAY (let it go high) and start the entire sequence over
again for the next byte of data.

3.4.3%3 Commands

Comemands are sent over lings D01-DIO8 with ATN true.
They are divided into five classes:

Listen Addresses
Talk Addresses
Secondary Addresses

2o

Universal Commands
DCL  Device Clear

SPE  Serial Poll Enable
SPD Serial Poll Disable
LLO Local Lockout

5. Addressed Commands
GTL Go To Local
aDC  Selective Device Clear
GET  Group Execute Trigger

These commands and command groups are shownwith
their binary codes in Appendix A.

3.4.3.1 Listen Address

Listen addresses are used to command a device to read
any data bytes transmitted over lines DIO1-DICS. There
are 31 different available addresses (hexadecimal codes
20 through 3E. ASCI codes SP through 1. Uniisten
{address 32", hexadecimal *'3F"”, ASCI **?"} is used
ic command all devices to not read data bytes. The
Wavetek Mode! 23 listen addressis selectedby internal
switches(figure 2-7)or by front panet keyboard. To tem-
porarily change the GPIB address, press the front panel
status key until GPIBADRS appears inthe display. Then
rurn the knob until the current address is displayed. At
power on, the address always matches the interna!
switchas.

3.4.3.2 Talk Address

Talk addresses are used to command a device 10
transmit data over lines DIO1-DIO8. There are 3
different available addresses (hexadecimal codes 40
through 5E, ASCl codes @ throught}. A32nd address,
called untalk {hexadecimal 5F, ASCIl *'__"} is used io
command all devices to cease talking. The lower 5 bits
of the Model 23 tafk address are selected by the same
switches used fo select the listen address. Thus, it the
Model 23 listen address is hexadecimal 21 {(ASCIH 1),
the tatk address is hexadecimal 41 {ASCIl "'A").
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3.4.3.2 Secondary Address

Secondary addresses are usedfolfowing atalk or ligten
address to provide the ability to address mare than the
31 devices provided for by simple talk or listen
addresses. Secondary addresses are ignared by the
Maodel 23.

3.4.3.4 Universal Commands

Universal commands are used to command a device to
perform designated actions. Universal commands are
recognized at all times. Universal commands performed
by the Model 23 are:

1. Device Clear {DCL) — Resets the Model 23 to the
default settings, DCL affects all devices on the bus.

2. Serial Poll Enable (SPE} — Causes the instrument
loengage ina serial poll by responding with the serigl
poll status byte when addressed as a tatker. Data
line DIO7 will be on, if service is being requestedon
the SRC line. When the status byteisread, it is reset
ioallzergs, and the SRQline is released {of course,
it may still be held down by ather devices). The status
byte is also available by reading the Model 23 talk
message number 1. When this message is read, the
status byteis reset and the SRQ released as for the
serial poll.

3 SeriaiPoFIDisable{SPD}—Discominuesserialpolf.
Returns instrument to normat talk modes.

4. LccalLoakoul(LLO}—CausesiheModel23toemer
a state where the front panel LOCAL soft key is
inoperative. in this state the instrument will only
accept parameter changes through the GPIB. To
enable parameter changes, the GPIB controller can
send the GTL (Go To Local) command.

3.4.3.5 Addressed Commands

Addressed commands are used io command a device
to perform designated actions. Addressed commands
are recognized only when the instrument is addressed
as a fistener. Addressed commands perfarmed by the
Model 23 are:

1. Go To Local {GTLY — Commands the Modei 23 to
go to the local made.

2. Selective Device Clear {SDC) — Resets the Mode!
23 to its default conditions. SDC affects only the
selected unit.

3. GroupExecute Trigger (GET) — Upon receipt of the
GET, the programmed settings are error checked.
it no error is detected, the control information is
transferred to the waveform generator circuit,
fohiowedby a trigger pulse from the miGroprocessor.

312
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3.5 DATA TRANSFER

The Model 23 is programmed by first sending the listen
address {with ATN on), followed by the programming data
{in ASCI. with ATN off}. The instrument microprocessor
accepts the data as fast as possible, until either 124
characters are received or there is a pause during the
transfer of data. At the time, the entire string of received
characlers is scanned by the microprocessor, which
carries outthe scanand accepts the next 124 character
string. Whenever the microprocessor is finished
scanning a string, the display will show the last
parameter of the string and the current status of the GPIB
interface. if the EQOI line is asserted while sending a
character to the Model 23, the currently programmed
terminatar character will be put into the input string
following the characier with the EQI.

In additian {0 accepting programming characters. the
Model 23 will transmit status information over the bus.

3.6 MODEL 23 GPIB PROGRAMMING

This section describes the remote operation of the Model
<3. Forinstrument description and local operation. refer
to paragraphs 3.1 through 3.3.8. For general GPIR pro-
gramming information, refer to paragraph 3.4 through
35

Paragraphs 3.6.1 through 366 provide background
infarmation and should be read before attempting fopro-
gramthe Moclet 23 Table 3-2isa programming reference
guide giving detailed descriptions of each programming
character and infarmation for writing actual statements
to the Model 23.

3.6.1 General Programming Information

When the instrument is in remote. the GPIB interface
Input has priority over any front panel control, and the
knob is completely ignored. Therefore, it the GPIB inter-
face is continuously supplied with data, the keyboard will
appear to be inoperative to the user.

Line 1 of the LCD display always shows the state of the
GPIB interface after scanning the last string (see
paragraph 3.5). In the upper right corner, severai
characters may appear:

R = Remote

L = Addressed to lisien

T = Addressed to talk

Q = Reguest of service because of selected SRQ

mode

Line 2 is the parameter and special message readout.
Anasterisk to the leit of the parameter indicates thatan
execute has not been sent.
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GPIE BUS
GPIB DISPLAY
@ INTERFACE MEMORY
ALPHAITERMINATED
AND NO ERROR 1 FPOWER UP
DETEGTED CONF.
X0
FATRLY
XTO
I
POWER DN

ALPHA QUERES

INTERFACE
PARAMETER
- SAD MODE (X0}

— TERMINATOR [X¥)
- TALKMODE (XT)

SCRATCHPAD
MEMORY
—FREQ iF}
—AMPL{A)

™ —oFsTiD
—MODE (B}
—FUNC (C)

-TRIG SLOPE (0}

EXECUTE { GET
AND WO ERROR 2

DETECTED
ngH’E(_'“.:LCI)I'FIFM o RESET — DEFAULT
MEMORY CONFIGURATION

Figure 3-8. GPIB Memory Structure and Data Flow

The front panet display is exiernatly programmed by
sending any ASCII character between single quotes
(‘test string) or double quotes {"*test string’'}.

3.6.2 Basic Command Structure

The Model 23 is programmed by sending ASCl! coded
characters to the instrument (see table 3-2 and Appen-
dix A). Figure 3-8 gives an overview of the internal
memory structure and data flow.

3.6.3 Characters

There are 5 types of characters that can be sent aver
the GPLB bus. These are:

Alphabetic characters. A through Z (except E). These
select action or parameter commands. Both upper
and lower case characters are accepied.

Numeric characters (Suffix}. These are Dthrough 8. E
{exponent), — (negative}and the decimal point. They
control the selected parameter.

Special characters. The instrument will order any set
cf characterswithinsingle ordoukble quotes, such as
‘string’ or Ustring’ {0 the display.

Nonprogramming characters. These are characters
net in one of the previous described classes. They
have no effect on programming and may be inter-
spersed freely after any programming character other
than X.

Terminator, Designates the end of a character string.
Initially, this is line feed {LF).

3.6.4 Action and Parameter Commands

The alphabetic characiers are used to select either
actions or parameters, Four characters select action
commands. These cause animmediate actionwhen sent
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and do not require entry of a numeric suffix. The remain.
ing alphabetic characters are parameter commands and
require one or two leiters plus a numeric suffix to con-
trol some aspect of the instruments operation.

3.6.5 Action Commands

Action commands which cause an immediate action
when sent and do not require entry of a numeric suffix
are:

"I {Manual trigger asserted)
“'H' (Manual trigger unasseried)
“I" {(Execute)

“Z2" {(Resel)

Toprogram an action, simply sendthe proper alphabetic
character to the GPIB interface. For exampla, to reset
the Model 23, simply send the letter *'Z"' The action will
then take place, but only if the instrument is in the enable
state when the character is read by the microprocessor.
See paragraph 3.4.1 REN (Remote Enable} for further
information.

3.6.6 Programming Parameters

Parameter commands reguire one or two letters plus a
numeric suffix ta control some aspect of the instruments
operation.

There are only two exponent digits allowed. Only one
decimal peint and one E (exponent} are allowed per
number, all others are ignored. Any nurnber of non-
programming characters may be interspersed with the
numeric suffix as they have no effect.

Toexamine the current value of a parameter, simply pro-
gram the proper alphabetic character (F = frequency
etc.}) If the parameter is legal, the current value will be
displayed on the instrument front panel along with an
asterisi {*} until the parameter is executed.

To chang'e a parameter valug, first program the
alphabetic character which selects the desired
parameter. Next, program the new value using numeric
characters{0through 9, E, — . ). Dala entry canbe fixed
point, floating point, exponential noiation or scientific
notation. Any seéquence of characters which gives the
new value is acceptable. For example, all of the follow-
ing sequences cause frequency 100 Hz to be
programmed.

Programming
String for

Frequency 100 Hz Hemarks

F 100 Blank spaces are ignored
FO100 Leading zeros are ighored
F1E2 1*102 = 100

F.O1E4 01%104 = 100
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String Remarks
F.O1E304 01*104 = 100 Last two exponant
digits are only used
F1000E-1 1000*10—1 = 100
F1E-2- Two minus signs cancel
F1E.2 Decimal point in exponent is

ignored

Since ihe number input format is so general, the instru-
ment must be told when the last numeric character has
beenentered soil canevaluate the number. Thisis done
by programming either an alphabetic character, a
special character, or aterminator character. when this
is done, the new value is rounded off (see table 3-1) and
tested to see if it is a legal value for the setting being
changed. If it is legal, the new value will then be entered
inte the instruments scratchpad memory.

It an execute (1) has not been sent and the new vaiue is
different from the parameter in the scratchpad memory,
an asterisk (*) is shown on the display {see paragraph
3.6.1). After an | {execute) or a GET command is sent,
all the parameters in the scratchpad are checked for
interparameter conflicts and if no error occurs the
scraichpad contents are transferred to the waveform
memory (see table 3-1). An execute (1) may be sent as
the last character in the parameter string if the new
parameter is to be executed immediately.

Itis also possible to send multiple commands in the same
string. For example, to change frequency, amplitude and
offset simuttaneously, send the parameter string:
"F1E4AZD11". In this example, the new frequency is
10 kHz, ampiitude is 2 Vp-p and offset is 1V, Because
an execute was sent at the end of this siring, the
parameter changes are executed immediately.

3.6.7 Programming Reference Guide

‘Table 3-2 can be used as a programming reference guide

when writing actual statements to the Maode] 23, it
describes each programming character and which
numeric characters are tobe used to program parameter
values. Before attempting to use this guide, read
paragraphs 3 6.1 through 3.8.6.

When programming the Modet 23, keep in mind that at
initial power up, the following remote settings have been
defaulled.

Function ASCIH Character  Default Setting
GPIB ADRS | — Bit Switch
SAQ Mode X0 1
Talk Mode | XT
Terminator ' XV 10
Select i

!
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Table 3-1. Parameter Round Offs

Round Off Values Execute Round Off Values
(Scrafichpad Input) {Scratchpad to Waveform Memory)
| Parameter Range* Round Off Mode Range Round Off
Freguency 0.01 Hz to 4 Digits Synth 0.01 Hz to No Round Off
<10 MHz 12 MHz
10 MHz to 5 Digits Clock 0.01 Hz to No Round Off
<16 MHz 32 MHz
16 MHz to 5 Digits (Up 1o All Others 0.01 Hz to 3 Digits
32 MHz Next Even LSD) <10 MHz
10 MHz to 4 Digits
12 MHz
Amplitude** 10 mVpp to 3 Digits or
<10 Vpp Nearest
8.1 mvp-p
10 Vp-p to 4 Digits or
10.2 Vp-p Nearest
10 mVp-p
Offset** —-51Vio 3 Digiis or
+ 5.1V Neares! 0.1 mV
Ampl Vp-p + 10 mVp-p to 3 Digits or
2 (Absolute <0.1 Vp-p Nearest
Oftfset) 0.1 mvpp
0.1 Vppto 3 Digits ar
<1 Vpp Nearest
1 myp-p
1vppio Nearest
10.4 Vp-p 10 mVp-p
Remaining To Closest None
Parameters Integer

*Values not shown are invalid.
**Tarminated inip 50Q.
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Function

Table 3-2.

ManualsPlus.com

Programming Reference Guide

ASCI
Character(s)

Description

Amplitude

Amplitude
Zero (SCM}

Execute

Exponent

Frequency

Frequency
Zero {FM}

Function

A

AQ

FO

An A followed by a number value programs the peak to peak amplitude inio
the correct impedance ai the Func Out connector. Valid ampiitude values are
10E-2 to 10.2. For rounding off, refer to table 3-1.

Zeros or nulls both the output amplitude and offset. Also allows for
suppressed carrier modulation. Any future offset programming while in SCM
is ignored.

Anaction command that causes all parameters inthe scratchpad to be checked
forinterparameter conflicts. If noerror is found. the rounded scraichpad con-
tents are transferred to the waveformmemory. Anexecute(l) may be sent as
the last character inthe parameter string if the new parameterisiobe executed
immediateiy.

Designates the numerals immediately preceding “E" to be raised by the *10
power of the following numeral and + eniries. For example. F3E-1 = Fre-
guency 3* 10~ L= Frequency 0.3 Hz.

AnF followed by a number value programs the generator frequency in hertz,
f-or rounding off. refer {otable 3-1. An“E™ designates exponent. Vald frequency
values are:

Clock Mode
Contfing/Gate/Synth Mode
Trig Hav/Gate Hav Mode
Sine/Square/Triangle Func
Ramp Up/Ramp Dn Func

10E-2 10 32E6
F0E-2 . 12E6
10E-2 10 999
1OE-2 to 12E6
tOE-2 to 999 9)

Sets the cutput frequency to the lower end of the selected frequency range {see
paragrapb 3.3.7.1}. This range is determined by programming a frequancy
within the limits of that range before programming FG.

The character C followed by a single digit code between Dand 5 selects func-
tion at the Func Out connector.

FUNCTION CODE
Sine wave Co
Square wave C1
Triangie wave c2
Ramp Up Cc3
Ramp Dn C4
bC G5
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Table 3-2. Programming Reference Guide (Continued)

ASCH
Function Character(s}) Description
Mode B The character ‘B’ followed by a single digit code beiween Q and 4 selects the
operating mode of the instrument ..
MODE CODE
Continuous BU
Triggered B1
Gated B2
Triggered Haver (F<1E3 not B3
valid for Ramp Up or Ramp Dn)
Gated Haver (F<1E3 not valid for B4
Ramp Up or Ramp Dn)
Clock (10 mHz to 32 MHz only B5
valid for sync out signals)
Synihesized (same as continuous B6
' but with increased frequency
i accuracy
Number 0-9, =, The numeric characters (Othrough 9 E, — jareusedtoprogramnew parameter

Character valugs. Data entry is free format. i.e ., fixed point, floating point and exponen- .
iial notation, or scientific notation, '

‘ Fixed Point; Decimal remains at far right.

Floating Point; You program the decimal point. 1t floats to the left inits
designated position as vou enter more numerals.

Exponential Notation; A value, then E followed by the exponent of a times ten
multiplier. When the value (mantissa) is limited to one digit, exponential
natation is called scientific notation.

Ofiset D The Character D foliowed by a number value programs the offset voliage into
the correct impedance atthe Func Out connector, Valid offset values are — 5.1
to +5.1. For rounding off, refer to table 3-1.

Reset Z Anaction command that sets the waveform and scratchpad memories to the
defined default values. Refer to paragraph 3.2 number 21 for the initial
values.

Trigger Inremote operation, friggered and gated modes of the generator are initiated
by an external signal at the Trig In connecter, or the J and H commands via

. the GFIB.

I

!
Man. Trig. J See following Triggering/Gating Chart.
Pressed
Man. Trig. 1 H See following Triggering/Gating Chart.
Released
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Table 3-2. Programming Reference Guide {Continued)

ASCI
Function ! Character(s) Description
Trigger Q Thecharacter 'Q' selects generator triggering or gating onthe rising or falling
Slope edge of the Trig In(TTL}signal or GPIB *J' {positive slope)or 'H' {negative slope)
¢ command. See TRIGGERING/GATING CHART below,
TRIGGERING/GATING CHART
' Positive Slope Negative Slope
{Rising Edge} Q0 ! {(Falling Edge} Q1
‘ J| Trig: Single Cycle Trig: Reset
Gate: Freeruns Gate: Off
H] Trig: Reset Trig: Single Cycle

|' Gate; Off Gale; Freeruns

5SRO Mode X0 XQ followed by a value {'0" to 255 '} selects the conditions under which the
Model 23 asserts the SRQine on the GPI8 bus and sets the rsvbit in the serial
poli response byte. The equivalent binary value isa “'mask’” for the serial poll
response byte. All undefined bits will have no effect if selected.

BIT VALUE DESCRIPTION
0000 1000 Battery backup level low
0000 000 Class 1 or 2 program error
0000 0010 Execute Completed
: Serial Poll Response Bit
128 (ed| a2 | 18 | 8 | 4 | o |9
Undef'd | rsv | Undef'd | Undef'd | Batt Low | UndeFd | Exec Compl'd | Program Error
Each bit value represents a condition that, if selected by the SRQ mode,
will represent the GPIB's SRQ line and the SERIAL POLL byte's rsv hit,
; Each bit may be selected individually or in various combinations.
Examples:
XQ1 asserts the SRQ line and rsv bit when there is aprogram error such
as “offset’” beyond the Model 23 limits.
XQ9initiates a service request if either a program error has occurred or
the battery voltage is detected low after receiving a reset cammand (Z)
or device clear command.

Talk Mode XT To read a message from the Model 23, send the talk address (with ATN
on) over the bus. The instrument will then send the message currentty
selected by the Talk Mode {XT} setting. The last character of the Madel
23's message will be the currently programmed terminator character with
the ECt line asserted.

XT followed by a code (0 through 5) selects the kind of message the 23
wiil send when it is addressed as a talker on the GPIB.
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Tabie 3-2. Programming Reference Guide (Continued)

[
ASCII
Function i Character{s) Description
Code Massage
XTO Programming error fist. Atypical error string isE 1F 2AD. Some error string
characteristics are:
A All error strings begin with E
B. Most recent error is at the end of the string
C Errors are separated by space
D. Class 1 error: A1 followed by the programming character that caused
. | the error {example 1F)
E. Class 2 errors: A 2 followed by the two conflicting parameters
F. Error strings can be up to 80 characters in length
H. After transfer, the instrument clears the error string.
xT1 Poli Byte response: The byte (see paragraph 3.4.3.4) that is sentif a
serialpoliwas performed. The controlier, by reading thisbyte, causes
the instrument toclear the poll byte and reset the SRQ lina if agserted.
XT2 The most recently seiccted parameter and its value, Example: Freg
1.23E3. It no parameter is selected, the instrument returns NO
PARAMETER SELECTED.
XT3 The entire instrument setup after last execute, Example: F10E3 A5
Do COo QO
o XT4 The entire instrument sefup when execute is received; same format
i as XT3, .
XT5 instrument identification; Wavetek Model 23V(X.Y). X Y identifies the
software version number.
Terminator Xy At power on time, the terminator or End of String (EOS) character (see Q!
Select description, paragraph 3.4 1)is the ASClI line feed LF. lf the GPIB controlier
does not look for the end message (EQI line tow). and it does not recognize
the line feed (LF) as a string terminacr, a new EQS character will be needed.
The EOS terminator may be changed to any ASCI character {except NUL) by
sending XV followed by the decimal value {argumert) corresponding 1o the new
terminator.
Example:
XV13 changes EOS character to carriage return {CR).
XV0  asaspeciatcasemeansthat the instrument willacceptand send 'CR
or 'Lg’ and send 'CR" and 'LF’ as a terminator.

3-19



3.7 MODEL 23 GPIE CONTROLS

GPIB instrument address, tecal control and command
recall are controlied at the Model 23.

3.7.1 GPIB Address

At power on, the bit switch {figure 2-7) selects the GPIB
ADRS (address) value This valug may be changed from
the front panel. To do this, first press the status button
until GPIB ADRS appears, thenrotate the knob until the

desired address is displayed. At power off the address .

returns to the bit switch setting.

3.7.2 GTL (Trigger) Key

If the unit is in remote mode, the Trigger key is actually
the GTL {Go To Local key, Pressing this key brings the
Model 23 into local control providing the controller has
not locked out the key (see paragraph 3.6.1}).

3.7.3 CMD RCL Key (-»)

For units with any remote option. the <t and » keys are
also the CMD RCL {Command Recall} keys. Pressing
either one of these keyswhilein remote displays the last
16 ASCIl characters received by the GPIB interface The
previously received characters can be scrolled on the
display by spinning the control kngb. A pointer on the
display indicales the position of the viewing window
redative to the last received character. Any nonpriniable
ASClicharacter exceptCr and L are displayed as dots.
This feature canbe used as a debugging tool for remote
instrument programming.

3.8 ERRORS

When anillegal value is programmed or interdependent
parameter errors are detected, an error signai is indi-
cated onthe GPIB. The service request line is asserted
if the service mode (XQ) has been selected (see SRQ
description, paragraph 3 4.1). The contraller can then
serial poll its instruments {o locate the source of the
service request. it then inguires as to the nature of the
reguest. The method of reporting errors onthe GPIB is
given in table 3-2 (SR Mode).

3.81 Class 1 Errors

Class 1 errors are caused by programming values out-
side the legal limits of the selected parameter. For
example, programming an amplitude of 500 volts will
causeaparameter error whenthe next alpha character
is programmed. At this time, the Model 23 disregards
the new value and retains the previously programmed
vaiue in scratchpad memory.

Example:

Afterreceiving a frequency value, a round off {see table
3-1}is made followed by the limit test 10E-3 to 32E6. Any
value outside these boundaries causes a class 1 error.
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Table 3-3. Class 1 Error Guidelines

Must {After Rounding) Be

This Parameter Within:

Amplitude 10*10~ 3 and 10.2 (Or
"0 for SCM)

QOffset —51ang +51

Frequency 1010~ 3 and 32.000* 106
(Or 0" for FM)

Mode 0and 6

Function 0and5

Trigger Slope Dand 1

SRQ Mode 0 and 255

Talk Message Qand5

Terminator Oand 127

3.8.2 Class 2 Errors

Class 2errors are interparameter inconsistencies such
as 2*ABS{OFST) + peak topeak amplitude greater than
10.4¥, Figure 3-8 shows the possible types of class 2
errors. Tesis are made everytime anexecute () or GET
is given. I no class 2 error is detected. all scratchpad
values are {ransferred to the waveform memary (see
table 3-1).

Note that when an Execute {lyor GET is performed, and
the programmed frequency value stitdoesn't satisfy the
frequency mode/func relation, anerror 2 is detected and
none of the scratchpad values are executed.

T e T AN
\\.
MODE 2BC FUNCTION | % OFFSET
B c \ \\ o]
Y
\\ ‘\
28F CF ZACS, ¢ 28D
Y
N
FREQUENCY | _ ______ ] AMPLITLIDE
F 24F A

Figure 3-9. Ciass 2 Errors

2AB A= 0(S5CM) and Mede = Clack
2AC A =0(SMC}and Function = DC
2AD  Amplp-p + 2* ABS (OFST) > 10 .4V

2AF  AD and FO selected (SCM and FM
simultaneously)



2BC Mode Function
Trig Hav (B3) Ramp Up {C3)
Gate Hav {B4) Ramp Dn (C4) ~
Trig Hav {B3) Ramp Dn (C4)
Gate Hav (B4Y Ramp Up (C3)
Clock (B5) DC(Ch)
2BF Mode Frequency
Cont (BO) F >12.00 MHz
Trig {B1} F > 12.00 MHz
Gate (B2) F > 12.00 MHz
Trig Hav (B3} F > 999 Hz
Gate Hav (B4) F > 999 Hz
Synth (BB) F>12.00 MHz
Clock (B5) FO (FM)
Synth (B6) FO {(FM}
2CF  Function Frequency
Sine {CO} F > 12.00{0) MHz and not
Clock Mode
Square (C1) F > 12.00{0) MHz and not
Clock Mode
Triangle (C2) F > 12.00(0) MHz and not
Clock Mode
Ramp Up (C3) F 21 kHz and not Clock
Maode
Ramp On{C4) F = 1kHz and not Clock
Maode
DC (C5) FO (FM}

3.9 GENERAL RS-232-C INFORMATION

EIA standard RS-232-C specities the electrical
characteristics and pin out of a serial communication
standard for connecting ''data terminal equipment”
(DTE}to "data communication equipment’ {DCE). Data
terminal eguipment is usually devices such as terminals,
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computers, or printers that are the final destination for
data. Data communication equipment, on the other
hand, is usually a modem or other device thai converts
the data to another form and passes it through. Because
RS-232-C signallines defined as inputs on a DCE device
are outputsona DTE device and vise versa, connection
to another DCE or of 2a DTE {0 ancther DTE will require
a special cable with many of the signals interchanged.
These cables are often called “'modem eliminators”

because they are used to eliminate a pair of modems
hetween two computers. The Maodel 22 can be con-
figured as either a DCE or DTE device, so inmost cases
it can be connectad with a straight through cable to gilher

a compuier or to a modem,

The baud rate is the bit rate during the transmission of
a word in bits per second. Different devices use many
baud rates but the baudrates of the two devicesthat are
connected must be the same. The Model 23 can be set
to 13 ditferent baud rates ranging from 50 to 9,600 as
shown in table 2-5.

Data signals over the R3-232-C use a voltage of + 3 to
+ 25V 1o represent a zero {also called a space) and a
voltage of — 3to — 25V to represent a one (also called
amark). Handshake and cantrol linas use + 3to + 26V
toindicate atrue conditionand — 3to — 25V lnindicate
a false condition.

When no data is being transmitted, the idle state of the
data lines will be the mark siate. To transmit a byte, the
transmitling dewvice firgt sends a start bitwhich iz a space
for one bit time (1/baud rate} to synchronize the receiver.
MNext, the data bits are sent L3B first (the Model 23 uses
8 data bits), then at least one bit time of the mark state
({stop bits) before initiating the transmission of the next
byte. Some devices use an optional parity bit betweean
the data bits and the stop bits. The Madel 23 does not
support this and it should be suppressed on the con-
nected device (see figure 3-10).

OPFTIONAL
START BT PARITY
DATA BITS STOP BITS NEXT TRANSMISSION

SPAGE -t - |-<——>-]
m L
4]
IDLE 4 =

MARK

Figure 3-10. Transmission Example
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The R8-232-C standard is not very specific about many
of the handshaking signals and it is therefare usually
necessary ta refer tothe manuals for both of the devices
being connected to determing the exact pin out, signal
detimtion, and signal direction for the devices (see
paragraph 2.2.7, 2.2.8, and table 2-4) for the Mode| 23
pin outs)y.

Handshaking is used so that each device can tell the
other device whenitis ready ornot ready to receive data.
The Model 23 supports two different types of hang-
shaking, CTS/DTR (hardware handshaking) and
XONIXOFF (software handshaking), {see table 3-5). With
hardware handshaking, the DCE device pulls the CTS
line positive or negative o indicate whether it is ready
or not ready respectively and the DTE device pulls the
DTR line positive or negative to indicate whether it is
ready or not ready respectively. With XONXQFF hand-
shaking either device sends and XOFF {$13} over the
appropriate data line when it is no longer ready to receive
data, then sends an XON ($11) when it is again ready.

When the Modet 23's DTR (DCE configuration) or CTS
{DTE configuration) line is pulied negative, it will send
& maximum of one character before it stops transmitting
andwaits for the handshake line to return positive. When
the Model 23 receives an XOFF character it will send
amaximum of 3 characters before it stops transmitting
and waits to receive an XON character.

When the Model 23's internal buffer fills, it will do one
of two things depending on the handshaking mode set
from the HAND soft key. I the handshaking mode is
CTS/DTR, the Model 23 will set the CTS line negative if
it in the DCE configuration or set the DTR line negative
it it is in the DTE configuration. When the Model 23 is
againready to receive data it will set the appropriate line
back positive. If the handshaking mmde is set to
XON/XOFF, the Model 23 will send an XOFF character
over thadataline. Whenitisagainready to receive data
it will send an XON. After the Model 23 either sets the
handshake line negative or sends the XOFF, the con-
nected device must stop sending data within 10
characters or data will be fost,

The SRQ mode (XYn) has no effect over the AS-232-C
interface, however the serial poll byte can be read using
talk mode {(XT1).

When the instrument is inthe remote mode (sending the
ASCIl character ‘' causes the instrument to go to
remate), the SERIAL interface input has priority over any
front panei caniral, and the Control knob is completeiy
ignored. Therefore, as tong as the SERIAL interface is
continuously supplied with data, the keyboard will appear
to be inoperative 1o the user.

Line 1 of the LCD always shows the state of the SERIAL
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interface after scanning the last string. Inthe upper right
corner, a character will appear.

‘R = Remote {if the unit is in remote)

Line 2 is the parameter and special message readout.
Anasterisk {0 the left of the parameter indicates that an
execute has not been sent.

The front panel display is externally pragrammed by
sending any ASCHi character between single or double
guotes, such as 'test string’ or ‘"test string™".

The Moded 23 is programmed by sending ASCl coded
characters tothe instrument (see table 3-8 and Appendix
A).

3.9.1 Basic Command Structure
Figure 3-11 gives an overview of the internal memory

RS-232-C
INTERFACE

struciure and data flow,
DIZPLAY
REMORY

A PHATERMNATED

AND NG ERROR 1 ?g‘-"i;:R ur
IETECIED SO
De [ o
Ao

ATn

POWWER QY

4LFHA OUERES

INTERFACE
PFAHABMETER
- SAQ MODE (X

- TERMINATOR ()
- TALKMODE (KT

SCRATCHPAD

MEMORY

- FREQ 15

- AMPL (AL

- DFST 50

- MCDE 181
FUMNGIC)

— TRIG SLOPE 10y

EXECUTE f GET
AMD MO ERROA 2
DETECTED

WEAWEFORM
CIRCUIT

l MERMORY

DEFAULT |
RESET CONFIGURATION

Figure 3-11. RS-232-C Memory Structure and
Data Flow




3.9.2 Characters

There are 6 types of characters that can be sent over
the SERIAL bus. These are:

Aiphabetic characters. ‘A’ through 'Z’ {except 'E').
These select action or parameter commands. Both
upper and lower case characters are accepted.

Numeric characters (Suffix). These are 0" through '9",

‘E fexponent), ' — ' (negative), '+ " {postitive), and
the decimal point. They control the selected
parameter.

Special characters. The instrument will display any set
of characters within singte or doubte gquotes, such
as ‘string” or “string’".

Interface control characters. These are the characters

T g DO (XON), and "DC3' (XOFF).

Nenprogramming characters. These are characters
notin one of the previous describedclasses. They
have no effect on programming and may be
interspersed freely atter any programming
character other than "X’

Terminator. Designates the end of a character string.
Initially, the instrument will accepta 'CR' ora 'LF
and send a 'CR + LF™ as a terrminator.

3.9.3 RS-232-C Terminators

Upon “‘power-on’’, the Maodel 23 accepts either a
carriage return(CRyoratine feed(LF}asanend of string
(EOS) terminator and sendsbothaCR and LF asthe EOS
terminator, If the connected device does not recognize
either one. the terminator will need to be changed. The
terminator can be changed to any interface control
charactersor ASCH character other than DC1 {(XON)and
DC3(XOFF), or NULL by sending "XV' followed bny the
decimal ASCH code for the characier. Aterminator code
of ‘0" isaspecial case and represents the default condi-
tion of sending a CR and LF and accepting either CR or
LF as previcusly mentioned.

3.9.4 Action and Parameter Commands

The alphabetic characters are used to select either

actions or parameiers. Nine characiers select action
commands. These cause animmediate actionwhen sent

and do not regquire entry of a numeric suffix. The remain-
ing alphabetic characters are parameter commands and
require one or two letters plus a numeric suffix to con-
trol some aspect of the instruments operation.
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3.9.5 Action Commands

Action commands which cause an immediate action
when sent and do not require entry of a numeric suffix
are;

'J' {Manual trigger pressed)

‘H' (Manuazl trigger released)

1" {Execute)

‘7" {Reset)
Toprogram anaction, simply send the proper alphabetic
character tothe SERIAL interface. For example, ta reset
the Model 23, simpty send the letter 'Z". The action will
then take place, butonlyif the ingtrument i in the remote
state whenthe character is received by the instrument.

3.9.6 Programming Parameters

Parameter commangs require one ¢r fwo letters plus a
numeric suffix to control some aspect of the instruments
operation.

There are only two exponent digits allowed. Only one
decimal point and one ‘E’ {exponent) are allowed per
nurmber, all others are ignored. Any number of non-
programming characters may be irterspersed with the
rnumeric suffix as they have no effect except for the

" interface control characters.

To examine the current value of aparameter, simply pro-
gram the proper alphabetic character{'F' = frequency
etc.} If the parameter ig legal, the current value will be
displayed on the instrument front panel along with an
asterisk () until the parameter is executed.

To change a parameter value. first program the
alphabetic character which selects the desired
parameter. Next, pragram the newwvalue usingnumeric
characters{0' through 8", 'E’,*+",'=",and "."). Data
entry can be fixed point, floating point, exponential
notation or scientific nctation. Any seguence of
characters which gives the new value is acceptable. For
example, all of the following seguences cause sample
fraquency 100 Hz to be programmed.

Programming String

for Frequency 100Hz Remarks

F 100 Blank spaces are ignored

FO100 Leading zeros are ignored

F1E2 1%10¢ = 100

F.O1E4 01*10% = 160

F 01E304 01%10* = 100 Last two
exponent digits are only
used

F1000E-1 100010~ = 100

F1E-2- ¢ Two minus signs cancel

F1E.2 - Decimal peint in expanent
is ignored
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Since the number input format is so general, the instru-
ment must be told when the last numeric character has
beenentered s¢ it can evaluate the number. Thisis done
by programming either an alphabetic character, a
specialcharacter, oraterminator character. Whenthis
is done, the new value is rounded off (see table 3-4) and
tested 10 see if it is a Jegal value for the setting being
changed. Ititislegal, the new value will thenbe entered
into the instruments scratchpad memaory.

Some paramelers require that they be followed by an
execute (I}. If an execute {l) has not been sent and the
new valueis different from the parameter in the scratch-
padrmemory, anasterisk ("} is shownonthedisplay After
an '’ {execute) command is sent, all the parameters in
the scratchpad are checked for confliets and if no error
occurs the scratchpad contents are transferred to the
waveform memory {see table 3-4). An execute (1) may
be sent as the last characier in the parameter string if
the new parameter is (0 be executed immediately.

3.9.7 Programming Reference Guide

Table 3-6 can be used as a pregramming reference
guide when wriling actual statements 10 the Model 23.
it describes each programming character and which
numeric characters are o be used to prograrn pararmeter
values. Before altempting {o use this guide, read
paragraphs 3.9 through 3.5.6.

Table 3-5 describes the spectiic interface control
commands, while table 3-6 can be used when writing
serial siatements 1o the Modei 23.

When programming the Model 23, keep in mind that at
initial power up, the following functions are at their
default settings.

ASCI
Function Character Default Setting
BAUD RATE -— Bit Switch
Talk Mode XT 0

Terminator Select XV 0

3.10 RS-232-C CONTROLS

The R5-232-C controls listed in paragraphs 3.10.1 thru
3.10.4 are referenced 1o figure 3-12, RS-232-C Controls
and Switches.

3.10.1 Baud Rate Switch (1}

Changing the position of each individual switch section
(and therefore the overall combinationinthe Baud Rate
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Figure 3-12. RS$-232-C Controls and Switches

switch produces a different Baud Rate for the serial port.
The Baud Rate set by thig switchisthe unitdefault value.
See table 2-5 for the baud rate codes.

3.10.2 (Status) Key {2}

Pressing the status button until HAND appears on the
display allows the user to examine the handshake mode.
Rotating the knob changes the handshake mode
between CTS/DTR {(hardware handshake) and
XONIXOFF (software handshake).

3.10.3 CMD RCL Key («») (3}

Forunits with any remote option, the  and » keysare
also the CMD RCL (Command Recall) keys, Pressing
gither one of these keys while in remote dispiays the last
16 ASCI characters received by the RS-232-Cinterface.
The previously received characters can be scrolled on
the display by spinning the controi knob. Apointeronthe
display indicales the position of the viewing window
relative to the last received character. Any nonprintable
ASCi character except Cpand L are displayedas dots.
This feature can be used as a debugging tool for remote
instrument programming.

3.10.4 @GTL (Trigger} Key (4}

If the unit is i remote mode, the Trigger key is actually
1he GTL {Go To Local) key. Pressing this key brings the
Model 23 into local control providing the controller has
not locked out the key (see paragraph 3.8}
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Table 3-4. Parameter Round Offs

Round Off Values Execute Round Off Values
{Scratchpad Input} {Scratchpad to Waveform Memory)
Parameter Range* Round Oft Mode Range Round Off
Fraquency 0.01 Hz to 4 Digits Synth 0.01 Hz to No Round Off
<10 MHz 12 MHz
10 MBEz 10 5 Digits Clock 0.01 Hz to No Round Off
<16 MRz 32 MHz
16 MHz to 5 Digits {Up to All Others 0.01 Hz to 3 Digits
32 MHz Next Even LSD) <10 MHz
10 MHz to 4 Digits
12 MHz
Amplitude** 10 mvpplo © 3 Digitsor
<10 Vpp . Nearast
01 mVpp
10Vppto | 4 Digits or :
10.2 Vpp | Nearest ; :
10 mvp-p ! :
Offset** —51V 1o 3 Digits or .
+5.1V Nearest G.1 m¥ i
Ampl Vpp + 10 myp-p to 3 Digits or
2 {Absoclute <0.1 Vp-p Nearest
Qifset) . 0.1 mvpp
|
| 0.1 Vppto 3 Digits or
i <1 Vp-p Nearest
i 1 mVp-p
1 Vp-p to Nearest
: 10.4 Vp-p ;10 mvp-p
:[
Remaining To Closest . None
Parameters Integer

*Values not shown are invalid.
**Tarminated into 50Q.
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Table 3-5. RS-232-C interface Control Commands

Character { ASCI Function

! $2t | Causesthe Model 2310 gointo remote mode. In remota mode the instrument selup
canonly be changed from the RS-232-Cinterface and not from the front panel. The
front panel keys will still be active and can be used to guery the instrument setup
conditions. The insirument can be returned back 1o local mode by sending a '’
over the interface or pressing the Trigger key {unlessitis lockedoutby **', see helow).

% 324 Causes the Model 23 to return to local mode. inlocal mode the instrument setup
can be changad only from the front panel and will ignore any commands from the
interface {except '!").

* 524 Causes the Mode! 23 to disable the GOTO LOCAL {Trigger key). After this, the only
way the instrument can return to local mode is with 2 '$’ character from the interface.

? B3F Causes the Model 23 to send the talk message as set by the talk mode {XTr) ta the
connected device.

DC3  (XOFF) $13 Causes the Model 23 to stop transmitting data to the connectad device {see hand-
shaking abaove).

DC1 (XON) £11 Cancels the XOFF condition allowing the Model 23 to continue transmitting.

Table 3-6. Programming Reference Guide

ASCH
Function Character Description

Amplitude A An A followed by a number value programs the peak to peak amplitude into the
correctimpedance at the Func Out connector. Valid ampiitude values are 10E-2
to 10.2. For rounding off, refer to table 3-4.

Amplitude AD Zeros or nulis both the output amplitude and offset. Also allows suppressed

Zero (SCM) carrier modulation. Any future offset programming while in SCM is ignored.

Execute ' Anaction command that causes all parameters inthe scratchpad to be checked

;. for interparameter conilicis. If ne error is found, the rounded scratchpad con-

tents are transferred 1o the wavetorm memaory. An execuie (|} may be sent as
the last characterin the parameter string if the new parameter is to be executed
immediately,

Exponent E Desighates the numerals immediately preceding “'E' tobe raised by the * 10 power

of the following numeral and = eniries. For exampie, r3E-1 = Freguency 3*
o1 = Frequency 0.3 Hz.

3-28



ManualsPlus.com

Table 3-6. Programming Reference Guide (Continued)

; ASCII
Function Character Description
Freguency F AnF followed by a number value programs the generator frequency inhertz. For
rounding off, refertotable 3-4. An “E" designates exponent. Valid frequency values
are:
Clock Mode 10E-2 1o 32E6
ContfTrigiGate/Synth Mode 10E2  12E86
Trig Hav/Gate Hav Mode 10E-2 to 993
SinefSquare/Triangle Func 10E-2 10 12E8
Ramp UpfRamp Dn Func 10E-2 to 999( 8}
Frequency FO Sets the output frequency to the lower end of the selected frequency range {see
Zero (FM) paragraph 3.3.7.1},. This range is determined by programming a frequency within
the limits of that range before programming FO.
Function C The character C followed by a single digit code between 0 and 5 selects function
at the Func Out connector.
FUNCTION CODE
Sine wave CO
Sauare wave C1
Triangle wave Cz
Ramp Up ' C3
Ramp Dn C4
DC C5
Mode B The character ‘B’ foilowed by a singie digit code between 0 and 4 selecis the
operating mode of the instrument.
MODE CODE
Continuous BO
Triggered B1
Gated B2
Triggered Haver {(F<1E3 not B3
valid for Ramp Up or Ramp Dn)
Gated Haver (F<1E3 not valid for B4
Ramp Up or Ramp Dn)
Clock (10 mHz to 32 MHz only B5
valid for sync out signals)
Synthesized (same as continuous Be
bui with increased frequency
accuracy
Number R 0 ° N | The nurmeric characters {0 through 9. E} are used to program new parameter
Character | values. Data entry is free format, i.e., fixed point. floating point and exponential

notation. or scientific notation.

| Fixed Point: Decimat remains at far right.
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Table 3-6. Programming Heference Guide {Continued)

ASCII
Function Character Description

Floating Point: You program the decimal point. It ficats to the left in its designated
position as you enter mare numerals.

Exponential Notation: A value, then E followed by the exponent of a times ten
muttiplier. When the value (mantissa) is limited to one digit, exponential
notation is called scientific notation.

Oftset D The Character D followed by a number value programs the offset voltage into
the correct impedance at the Func Cul connector, Valid ofiset values are — 5.1
to +5.1. For rounding off, refer {o table 3-4.

Reset Z An action command that sets the waveform and scratchpad memories {0 the
defined default values. Refer to paragraph 3.2 number 21 for the initial
values.

Trigger In remote operation, triggered and gated modes of the generator are initiated
by an external signal at the Trig In connecter, or the J and H commands via the

| GPiB.

Man. Trig. I J See following Triggering/Gating Chart.

Pressed

Man. Trig. H See following Triggering/Gating Chart.

Released

Trigger Q The character 'Q’ selects generator triggering or gating on the rising or falting

Sloge edge of the Trig In (TTL) signat or RS-232-C 'J' (positive slope) or "H’ {negalive
slope) command. See TRIGGERING/GATING CHART below,

TRIGGERINGIGATING CHART
Positive Slope Negative Slape
{Rising Edge) Q0 {Falling Edge) 1
J | Trig: Single Cycle Trig: Reset
Gate: Freeruns P Gate: Off
H| Trig: Reset : Trig. Single Cycle
Gate: Off ¢ Gate: Freeruns

Talk Mode XT To read a message from the Model 23, send the talk address (with ATN an} over
the bus. The instrument will then send the message currently selected by the Tatk
Mode (XT) setting. The last characier of the Madel 23's message will be the cur-
rently programmed terminator character with the EOI tine asserted.

S
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Table 3-6. Programming Reference Guide (Continued)

ASCII _
Function Character Description
Code Message
. 1 XTOProgramming error list. Atypical error stringis E 1F 2AD. Some error string
i characteristics are;
A All error strings hegin with E
B. Most recent error is at the end of the siring
C. Errors are separated by space
D. Class 1 error: A 1 followed by the programming character that caused
the error {example 1F)
E. Class 2 errors: A 2 followed by the two conflicting parameters
F. Error stiings can be up to 80 characters in length
H. After transter, the instrument clears the error string.
X1 Poll Byte response: Provides interface and instrument status informa-
tion according 1o the set bits. After reading. the poll byte is set to 0.
; Poll Byte
. 128!64‘32‘16}3!4!2!1
i Carrier 1 Framing Ovrun Batt Undef'd Exec Program Error
i Lost Error Error Low compited
XT2  Themostrecently selected parameterand its value. Example: Freq
: 1.23€3. If no parameter is selected, the instrument returns NO
: PARAMETER SELECTED.
. XT3  The entire instrument setup after last execute. Example: F10E3
i A5 DO BO €O QO.
i XT4  Theenfire instrument setup when execute is received: same format as XT3.
AT5  Instrumentidentification: Wavetek Model 23 V(Y. X Y identifies the soft-
ware version number,
Terminator i XV Designates the end of a character string Initially the instrument will accept

Select

aCporlgandsend'CR and 'LF asaterminator (XV0) The terminator characier
may be changed to any ASCI| character except 'DC1 (XON), 'DC3' {(XOFF), and
ary of the interface control characters 1, =", '§ and 7" by sending XV followed
by the decimal value {argument} corresponding to the new terminator.,

i Example:

XV13 changes EOS character lo carriage return {CR).

XVO  as a special case means that the instrument will accept and send 'C
or 'LF' and send ‘CR™ and 'LF" as a terminator.
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3.11 ERRORS

When anillegal value isprogrammed or interdependant
parameter errors are detected, the Model 23 sets the
programming error bit in the poli byte indicating an er-
ror condition. The cantroller can then pell the Mode! 23
and request further information {such as the pro-
gramming error Itst) by sending ‘XT07 and reading the
error string.

3.11.1 Class 1 Errors

Class 1 errors are caused by programming values out-
side the legal limits of the selected parameter. For
example, programming an ampiitude of 500 volts will
cause aparameter error whenthe next alpha character
is programmed. At this time, the Model 23 disregards
the new value and relains the previously programmed
value in scratchpad memory.

Table 3-7. Class 1 Error Guidelines

Must {After Rounding) Be
This Parameter Within:

Amplitude 10*10 ™ 3 and 10.2 {Or
"0 for SCM)
Oftset —51and +5.1
Freguency 10*10~ 3 and 32.000* 106
{Or 0" for FM)
Mode 0and 8
Function Oand5
Trigger Slope 0and1
SRQ Mode 0 and 255
Talk Message Oand5
Terminator Qand 127
*r 2AB -\\\\
MODE ZBGC FUNCTION | % OFFSET
| o C \\ \\ o}
2BF 3CF 2ACT, ‘\‘ 24D
*
FREQUENGY | ,: AMPUITUDE
F 2AF A

Figure 3-13. Class 2 Errors
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3.11.2 Ciass 2 Errors

Class 2 errors are parameter conflicts or inconsisien-
cies such as 2*ABS{QFST) + peak to peak amplitude
greater than10.4V, Figure 3-13 shows the possible types
of class 2errors. Tests are made every time an execute

(I or GET is given. If no class 2 error is detected, all
scratchpad values are transferred to the waveform
memory (see table 3-4).

Note that whenan Execute (1) or GET is performed, and
the programmed frequency value siill doesn't satisty the
frequency made/func relaiion, an error 2is detected and
nong of the scratchpad values are executed.

2AB A =0(58CM}and Mode = Clock
2AC A =0(SMC) and Function = DC

3-30

Triangle (C2)

2AD Amplpp + 2 * ABS(OFST) > 10,4V

2AF  AD and FO selecied (SCM and FM
simuttaneously}

2BC  Mode Function
Trig Hav (B3} Ramp Up (C3)
Gale Hav (B4) Ramp Dn (C4)
Trig Hav (B3) Ramp On (C4)
Gate Hav (B4} Ramp Up (C3)
Clock (B5) DC (C5)

2BF Mode Frequency
Cont {BO) F>12.00 MHz
Trig {B1) F>12.00 MHz
Gate (B2) F>12.00 MHz
Trig Hav (B3) F>999 Hz
Gate Hav (B4}  F >899 Hz
Synth (BB} F >12.00 MHz
Clock (B5} FO (FIWY)
Synth (B6}) FO (FM)

2CF  Function Frequency
Sine {CO} F > 12.00(0y MHz and not

Clock Mode

Square {C1) F > 12.00{0) MHz and not

Clock Mode
F > 12.00(0) MHz and not
Clock Mode

Ramp Up{C3; F 21 KHz and not Clock
Mode

Ramp Dn{C4}) F 2 1 KHz and not Clock
Mode

DC (C5) FO (FM)



4.1 MODEL 23 GENERAL DESCRIPTION

Figure 4-1 shows a simplified block diagramof the entire
Model 23 Synthesized Function Generator. The
microprocessor section, which receives instructions
fram the cperator interface {keyboard and control knob)
or remote interface (options 001 or 002), controls alt
operations of the instrument. These instructions direct
the microprocessor te send control signals to the
appropriate waveform generation circuits {frequency
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SECTION
CIRCUIT DESCRIPTION

synthesizer, function generator and waveform synihe-

sizer) ana the outpui block. Instrument paramsiers aie
continuously maintained in microprocessor memory
through the use of a battery located in the battery test
portion of the microprocessor circuitry, allowing the
instrument to power-up under the same parameters that
existed when the instrument was last powered-down.
The microprocessor converts frequency and amplitude
parameterstathe proper units and sends allinstrument
set-up parameters to the front panel display.

KEYBOARD, [ OPERATOR /‘—:>
DISPLAY INTERFAGE
MICROPROCESSOR
GONTROL
CPTIONS REMOTE
001,002 | INTERFACE
DIGITAL
CONTROL
A -: ECL QUT
! > FRequency | ! SYNC OUT
i SYNTHESIZER [ DRIVERS
i ! L 5
i |
! '.
veain( O : | TTLOUT
I FUNC !
I - GENERATOR |
Trg In [ © : . FUNG OUT
I T l ouTPUT |— "4
; 1 > BLOCK
) |
ain (O i »
! 1
| 3 |
: :> WAVEFORM |
, SYNTHESIZER 1
I
1 1
i WAVEFORM GENERATION CIRGUITS ¥
__________________ J

Figure 4-1. Model 23 Complete Block Diagram
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1
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' 1 Z. u1sU18
1
| | KEYBOARD! I ] )
| KNOR T iN1-7
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MEMORY /‘"—*—\l—"‘_—h ™ &?}&
UB.UT ADRO-ADA13 v vy
(RAM, ROM} <“—;| [ ADD-AD?
-~ y _
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- E/
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L2 U338, U238 LADD-EAD?
vscusn K ——
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Figure 42 Microprocessor Control
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The remote interface located on the communication
board (opticns D01 or 002) interfaces with the instru-
ment's microprocessor and handles all the handshake
protocol and data transfer over the remote bus. The
microprocessor insures thatthe remote interface over-
rides any front panel keyboard commands.

Withinthe frequency range of 1 kHz 1012 MHz, the func-
tion generator section produces sine, triangle and square
waveforms in continuous, triggered, gated or synthe-
sized modes. The VCG In connector provides for an
external voltage input 1o cantrol the function genarator
frequency in Ssweep or FM operatien. The
microprocessor disables this cennector in frequency
synthesized mode.

in triggered mode, each time the trigger logic circuit
fwithin the function generator} is ¢locked. a single
waveform cycle is produced by the function generator.
{n gated mode, the function generator produces a con-
tinuous output waveform as long as the trigger is
anabled, completing the last cycle begun. The trigger
togic circuit is clocked from the front panel Trigger
swilch. an external signal at the Trig tn (TTL) connecior
or a remote interface command.

When the synthesizer modeis selected, avery accurate
and stable square wave frequency reference from the
frequency synthesizer{located onthe microprocesscr/

synthesizer board) is used to maintain the function

generator freauency within very tight tolerances.

Frorm 10mHz ta 1 kHz, the function generalor loap clocks
the digital wavetorm synthesizes, providing sine. triangle,
and square waveforms, up or downramps. and triggered
of gated haverwaves. The function generator drives a
+~1/=100 circuii, the output of which clocks the
waveform synthesizer producing 1 cyclefor gvery 1000
or 100,000 cycles from the clock input.

The output block selects the appropriate waveform to
be output, allows for Amplitude Modulation (AM) and
Suppressed Carrier Modulation (SCM} by utilizing the AM
Inconnector. lhen pravides the final gain and output off-
set requirements for the selected waveform beiore
reaching the Func Qut connector, which is cperational
o 12 MHz.

ECL and TTL level sguare waves from the ECL Out and
TTL Out connectors are available from 10 mHz {o
32 MHz The frequency synthesizer selectsone of three
signals to drive the ECL and TTL outputs. These signals
originate from the waveform synthesizer for frequencies
between 10 mHz and tess than 1 kHz, the function
generator from 1 kHz 1012 MHz, and the frequency syn-
thesizer from greater than 12 MHz to 32 MHz (CLOCK
mode only).
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42 DIGITAL CONTROL DETAILED CIRCUIT
DESCRIPTION

4,21 Microprocessor Control

The following descriptions refer to the figures specifred
and the microprocessorisynthesizer schematics in the
back of this manual. Figure 4-2 shows a block diagram
cf the microprocessar control circuitry. The heart of thisg
section and clearinghouse for ail control operations 1§
the 6303 microprocessor (U3). B accepts commands
from the front panel keyboard through the front panel
interface {15, U18), or the remoteinterface {opiion 0
or 002 through the communicationboard. The software
program located in external Read Onily Memory (ROM,
U&) provides information needed to do the various
routines. The ROM is addressed by port 3(AD0-AD7)and
port 4 (ADRB-ADR15). As operating parameters are
updated, they are stored in Random Access Memory
{(RAM U7 and sent 10 the iront panel display. The data
latch (U1 1) reads these updatedparametersand stores
them for use by the analog interface(U12 U13, U14)and
sample and held circuit {U32}. The output of the anailog
interface controls the waveform generation circuits at
the analog board and the frequency synthesizer. The
knob interrupt circuit {U17. U18) reads data fromthe front
panel knob {IN1-0. IN1-2) and the microprocessor (U 3)
tainterpret the direction and speed of knob rotation. The
analog/panel decoder enables the analoginterface. front
panelinterface andkngob interrupt circuits. Additionally,
microprocessor port 1 {see P10-P17, schematic
0103-00-1454, sheet 1 of 2) conirols the frequency
synthesizer, digital to analog converter, and knob
interrupt circuits, while port 2 {(P20-P24) controls ihe
battery test and knob interrupt circuits,

Figure 4-3 shows the approximate timing for major
signals and busses inthe microprocessor system. Actual
systern tuning vartes somewhat from instrument to
instrument. so signal spacing may be different within the
period of the system clock.

The multiplexed low-crder address/data bus ADO-ADT,
provides both address and data information. The address
is valid during the low part of the E clock cycle while the
Address Strobe (AS) is high. The falling edge of AS
latches the address. Data is placed on the same lines
during the second half cycle while the E clock is high and
remains valid until 20 ns after the falling edge of the E
clock.,

The microprecessor responds to two interrupt inputs.
Master reset (RESET) initiatizes the microprocesser.
while the external interrupt request line {IRQ) from the
knob interrupt or communicationboard signals the pro-
cessor of an interrupt condition.

4.3
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ADDRESS VALID

AD0-ADT

ADDRESS
VALID

DATA VALID

bl

ADDRESS
YALID

Figure 4-3. Multiplexed Bus Timing

Sleep: if no setling changes are given 10 the processor
Tromthe front paneior the communication board the pro-
cessor enters sleep mode. BDuring sleep, the ports and
busses are in a quiescent state. This results in a lower
pawer consumplion and a lower noise level,

Pin Conditions During Sleep

Power Supplies  Remain Active

Clock Input Remains Active
Reset Remains Active
81BY Remains Active
IRQ Remains Active
NI Remaing Active
F clock Remains Active
AS Remains Active
G Ports Retain condition before sleep
AB-A1B Output 1
ADO-AD7Y if £ low; Output "1
It E high, High impedance
RIW Quiput 1"

The processor exits steep mode it an internal or exter-
nal interrupt is received. External interrupts come from
the front panel or communication board. Internal inter-
rupts occur = every 30ms. The sample and hold settings
are refreshed at each internal interrupt.

4-4

4.2.2 Microprocessor Clock

The microprocessaor recaives its ¢lock signal from the
frequency synthesizer U22 (0103-00-1454 Sheet 2 of 2},
The 6.144 MHz) signal at U22 pin 15 is divided by 2 at
U4 fsheet 1) and applied to the microprocessor, U3 pin
3. Signal routing is via coax cables.

4.2.3 Front Panel Interface

The front pane! interface inputs user programming
information from the front panel. The microprocessaor
enables the interface via the analog/panel decoder at
£ 30ms intervals. The panel data is then placed ¢on the
data bus. When the inlerface is not enabled, the panel
datalines are tri-stated. If aknobinterrupt isgenerated,
U165 of the front panel interface isenabled and reads the
data lines to determine the direction and speed of knob
rotation.

4.2.4 Address Latch

The address latch, US. retaing the lower order address
bits (ADO through AD 7} from the microprocessor. These
bits are latched by AS (U3 pin 39) while the E clock is
high and remain vatid unti! 20 ns after the talling edge
of the E clock.



4.2.5 ROM

The ROM {read-only-meamory), UG, contains the program
for the microprocessor. CE irom the address decoder
enables the IC on the rising edge of E clock. Read and
write cyclesare accomplished by gating the £ clock with
R to produce RO {Read Enable) and WE (Write Enable).

4.2.6 RAM

The microprocessoruses U7 as a scratch pad memory,
The RAM address lines {AJ through A10) select a loca-
tion for storage of retrieval of digital data. The location
corresponds to the binary value of the logic levels on ihe
address lines. The RAM line from the address decoder
enables the RAM on the rising edge of the E clock. Dur-
ing a write cycle, the write pulse circuit NANDs the
read/write line from the processor (RAW) with the E clock
to generate a write pulse {7 pin 21) after all address
lines have become stable. A lithium battery {(BT1) main-
tains a sufficient voltage ievel 1o prevent the loss of
information stored in RAM when exiernal power is
removed.

The RAM data porisare bi-directional. The RAM places
data on the lines when the OUTPUT ENABLE (OE) port
is pulled low by the KD} line. To read data into the RAM,
the RAM output is disabled by a high on the RO line,

4.2.7 Data Latch

The data latch {L111) demultiplexes and holds informa-
tion from the multiplexed bus for transfer (o the analog
interface and sample and hold circuits. This data is
transferred on the negative transition of the E clock.

4.2.8 Analog Intedace

The analog interface consists of three octal type "0
flip-flops (U112, U13 ang U14) that are used as data
registers tolatch digitalinformation from the data latch
bus {LADO through LADY) for use by the waveform
generator board and frequency synthesizer. Each
registeris clocked on the rising edge of the clock puise
from the analog/panel decoder {CLK 1, CLK 2 and CLK
3)when the data on the data latch bus is valid for that
particufar register.

4.2.9 Knob Interrupt

Fins 1 and 2 of J12 transfer data (CPRE1 and CPREZ).
whichwheninterpreted, describe frant pangl knob rota-
tion. This data criginates from the CPRE iConductive
Plastic Rotary Encoder) shown in figure 4-4. When the
front panel knob is turned, the two concentric rings re-
main stationary while both pick-off points at the top of
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the diagram spin together as a unit on the bearing
{center). Mounied on each ring are 50 coniact points
which are displaced by 25% between rings. Figure 4-5
shows the 25% dispiacerment of the contact points on
the two rings as if the rings were cut and laid flat. As the
knob is spun and the contact points on each ring reach
the appropriate pick-off peint, the attached CPRE line
15 shorted through 30KQ to ground, producing pulse
trains which are transferred through CPRE 1 and CPRE2

Figure 4-4. Conductive Plastic Rotary Encoder

30K

FIGK-OFF /L&u__-____cpnm
POINTS . f“w"w CRPE2

7

CONTACT
POINTS
¥

0kQ

Figure 4-5. Contact Point Relationship




to the knob interrupt circuit. Because of the 25% con-
tact pointdisplacement betweenrings, points on the two
pulse trains are displaced by 90° and the lead or lag of

the displacement indicates directian of rotation as
described in the following paragraph.

The microprocessor prepares toread a transition of one
of the CPRE lines {CPRE1 or CPREZ} by setting RKIRQ
high and placing the compliment of CPRE 1 at KW1 (P20
onthe microprocessor), and CPRE2 at KW2 (P22 onthe
micreprocessor). For this example, suppose CPRET is
high {making KW1 low) and CPREZ is low {making KwW?2
high). Since the inpuis of both exclusive-or gates {LI18}
are complimentary, their outputs are high. The micro-
processor also sets KM {P17 on the microprocessarito
be the opposite of its last state, and for sake of this
discussion, KM is high. With KM high, U17 pin S is low.
and pin 8 will be high. preventing CPRE1 from having any
effectonthe circuit. Because U17pins 9, 10and 11 are
all high, pin 8 is low. U19 pin 11 is high, knob interrupt
(P12 onthe microprocessor)is tow and IRGis high. This
condition will remain in effect until CPRE2 makes a
transition. which in this example would be low 1o high.
When this occurs, U18 pin 6 will go low and U17 pin 8
will toggle high, puttingalow at U17pin 12, ahigh at knob
interrupt, and a low at RQ. interrupting the micro-
processor. Because the interrupt could have come from
gither the CPRE or the communication board, the micro-
processor must interrogaie the knob interrupt dine to
locate the interrupt source. Finding knab interrupt high,
it then reads the conditions of CPRE1 and CPREZ, loading
the compliment of CPRET in KW1 and the compliment
of CPREZin KWZ. l{alsoinverts KM, and calculates the
direction of knoh direction. Inthis example, KM was high.
KW 2 was high, and CPRE 1 went high when the knob was
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turned. From table 4-1 we find that the knoh was rotated
counterciockwise. Having completed the knob interroga-
tion, the microprocessor pulls RKIRG low tor /2 a clock
cycle, forcing U17 pin 12 and TRQ high. With U17 pins
3. 4and$ allhigh, pin6 goes low. CPRE2 is now disabled
and KM goes low, leaving only a logic level change at
CPRE1 to alfect the circuil. Table 4-1 shows the 8
possible conditions that determine direction of knob
rotation.

Since eachring produces 50 pulses per rotation, and an
interrupt is generated at éach pulse edge, two hundred
interrupts are generated per knob rotation, or one
interrupt approximately every 700us if the knob is spun
at 7 revolutions per second.

4.2.10 AnalogiPanel Decoder

The analog/panel decoder {U 10} determines which inter-
face {analog interface, front panel interface, or krob
interrupt circuit) witl latch data into its registers at any
giventime. The decoder isenabledbya 1" on ADR12.
a 0" on lfO and the high portion of the £ clock cycle.
The binary value of ADRQ, ADR1 and ADRZ selects the
appropriate interface. For example. an address of “000"
selects output YO {CLKY enabling U12}, while address
111" selects output 'Y 77 (RKIRQ enabling 1 7). CLK
1. CLKZ2 and CLK3 are clock lines tor the analog inter-
face (U12, U13 and U14), BEN1 and BENZ are enable
tings for the front panel interface buffers (U15and U16)
and RKIRQ is an active low control line for the knob
interrupt circuitry.

4.2.11 Address Decoder

The address decoder, U8/U9, decodes the upper 3 bitg
{ADR13, ADR14 and ADR15) of the 16 address lines to

Table 4-1. Direction of Knob Rotation

Belora Interrupt

I Direction of

During Interrupt Knob Rotation

KM KW1 Kwa2

CPRET CPRE2 :
Low Low — Low Cw
Low Low — High CCwW
Low High — Low CCw
Low High — High CwW
High — Low Low — CCW
High — Low High — cw
High —_— High Low — Cw
High — High High —_— CCwW

46
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Table 4-2. Address Decoder Memory Locations

ADR13 ADR14 ADR15 Select Function
1 1 Oor1 CE Selecis EPROM inthe range of CO00to FFFF
i 0 1 EN Enables data transfer to PLL chipin the fre-
quency synthesizer
1 0 0 8 Selects DAC IC 1132
) 1 1 RAM Selects RAMIC U7
0 1 0 COMM Selects communication interface board
0 0 1 DISP Enables the Display
0 0 0 1O Enables the analog/PLL Interface

select one of eight possibie addressabie devices or cir-

cuits. These are the ROM (CE), the frequency synthe-
izer (EN), the sample and hold (CS), the RAM {RAM), the
communication board {COMM), the disptay (DISP) and
the analogfpanel decoder (I70). Table 4-2 shows the

address for each of tha these blocks.

4.212 Sample and Hold

Asample-and-hold section provides four analog voltages
(VAMP, VOFST, VFREQ and VNULL) that control the
function generator. This section consists of the DAC
{digital-to-analog converter) {(U32), the —10.24V
reference for the DAC (U33A), and four sample-and-hold
circuits (U35} that demultiplex the DAC output to provide
four separate analog control voltages for the waveform
generator board.

4.2.12.1 Digitai-to-Analog Converter (DAC)

The 10-bit digital-to-analeg converter, U32, whichinter-
facesdirecily tothe latched data bus (LADO-LADY), can-
tains its own internal data latching registers. When the
microprocessor transters data into the DAC with CS low
and ADRO high, the negative trangiticn of WR and XFER
latches the most significant 8 bits from the data lines into
the DAC's internal register. A second transition of WR
and XFER with both €S and ADRO low latches the least
significant bits. The current ouiput of the DAC{U32 pin
12} is converted to a voltage output by operational
amplifier U33B at pin 1 using feedback internal 1o the
DAC at U3Z pin 14.

4.2,12.2 DAC Voltage Reference

Since ihe DAC circuit provides an inverted pregram-
mable portian of the reference voltage, the reélerence
must be negative to get a pasitive output. This negative
voltage is generated by operational amplifier U33Awith
a gain of — (3.681. It uses the reguiated + 15V power
supply as its input. The retference voltage provides
approximately a 10 mV step for each binary step of the
DAC.

4.2.12.2 Sample and Hold

The microprocessor sequences the DAC through four
discrete voltages at about 1 mg each {4 ms for a com-
plete cycle), The four sample-and-holdcircuits latcheach
of these analog voltages in turn to provide the four
separate analog contral voltages to the function
generator board appearing at J6. In the foliowing
paragraph, componentdesignations refer tothe sample
and hold circuit that generates VAMP which conirels the
amplitude on the waveform generator board. The other
sample and hold circuits act similarly.

Within a few microseconds after the appropriate voltage
appears at the output of the DAC circuit, the sample-and-
hold control line (AMP) from the microprocessor U3 pin
16 goes low and turns on the analog switch U34A. The
DAC autput charges the holding capacitor C79untit the
control signal from the microprocessor U3 piniGturns
analog switch U34A off in order to load U34B with its
infarmation. The analog switch's high output impedance
inihe “off'" state and the high input impedance of the
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butfer at U35A maintain the voliage on the output of the
circuit with negligible discharge until the next cycle
selects this sampie-and-hold circuit again. R61 and C80
constitute a high frequency filter.

The control lines for the tour DAC circuiis are: AMP (P13
on microprocessor), which controls amplituge; OFST
{P14 on microprocesser) which controls offset; FRQ{P15
on microprocessor) which controls frequency; and XY
(P14 onmicroprocessonwhich controls the VNULL input
to the XY multiplier. When one of these control lines goes
low the appropriate analog circuitis driven by the DAC.

DAC Programming

Signal Function Source

ADRO  Controls byte Address Laich
seguencing

cs DAC Chip Select Address Decoder

WR Write to Latch Inveried E Clock

XFER  Used with "Write to Inverted E Clock
Latch"” to transfer data
to Dac Register

4.2.13 Reset

Curing initial power up, the clock generator is unstabie
for several cycles causing the internal state and 110 ports
to be random. To prevent writing erronecus data inio
from RAM during this time, U7 is gisabled. At power on,
MR (pin 6 on the microprocessoryis low for a minimum
of 20 ms as C2 charges. With MR low, the switches in
US(pins 1,2, 10and 11} are open, and R18 forces RAM
high, disabling U7 When C2 has charged toa predater-
mined levet, MR goes high, the switches in U9 close, and
U8 pin 12 is allowed to control RARM!.

Pressing the RESET bution directs the software to
reinitialize all operatingparameters to a predetermined
setting. The reset circuit (U2) is not used during this
aperation.

4.2.14 Standby

To prevent excessive battery drainas the instrument is
powered down, U3 pin 7 (STBY) goes low to disable the
microprocessor. However, in order for the micro-
processor to stabilize during power up, STBY must go
high at least 20ms before MR goes high. At power up,
the + 5V supply pulls U1A gin 3toabout 2.7V, while pin
2isheld at about 2.5V by the reference circuit in U2 pin
1. This causes U1A pin 1 to go high, enabling the
microprocessar at STBY. When the instrument is
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powered down, the voltage at U1A pin 3 drops below the
reference voliage at pin 2, causing the cutput at U1Apin
1 1o go low, shutting down the microprocessor.

4.2.15 Battery Backup/Test:

To maintain the last instrument set-up after power is
removed, the supply voltage for themicroprocessor{U3
pin 213, RAM (U7 pin 24) and RAM select switch (U9 pin
14) are backed up by a non-rechargeable 3V lithium
battery (ET1)which hoids BBV (Battery Backup Voltage)
to about 2 8Y. During the time that the instrument is
operating, power is provided by the instrument’'s + 5V
supply. About 200mV is dropped across CR2, leaving
about 4.8V for BBY. CR3 is reversed biased, blocking cur-
rent belween the supply voltage and BT1.

When instrument line power is removed. the + 5V supply
falls below the 3V battery voltage which, through diode
CR3. begins to supply the voltage necessary for data
retention. Diode CR2 is reversed biased and prevents
the battery from discharging through the rest of the
circuit.

The battery test, performed during either a power up or
status check, insures that the battery is sufficiently
charged. During thistest. the microprocessor loads the
battery by puiling BLOAD {P23 on the microprocessor)
low which draws between 70 and 100 pA of current from
the battery Ii the battery voltage drops below 2.16V, the
microprocessor will cause the display toread “BATTERY
LOW!.

4.3 OPERATOR INTERFACE

The operalor interface consists of the front panel
keyboard, knob assembly, display and display angle
adjustment.

4.3.1 Keyboard

When a front panzl key is pressed, the closed contact
shorts that control line {which is input to the front panel
interface) to ground. Whenthe microprocesser causes
the front panel interface 1o be strobed by the analog/
paneldecoder, the logicievel of the microprocessor con-
irol lines (ADO through AD7}instruct the microprocessor
to call the appropriate routine for the key pressed.

4.3.2 Knob

Effectively, the knob consists of two rotary switches with
nc starting or ending points. See paragraph 4.2 9fora
description of the knob and how it interfaces with the
knob interrupt circuit.



4,3.3 Display

The DISPLAY connector J10, links the 16 character X
2 fine display with the microprocessor. When DISP is
brought low by the address decoder, the display is
enabled through DE with each positive transition of the
E clock. Being anintelligent device, the display is able
to receive and decode programming instructions (ADRO
low) and data (ADRO high) from the 8 bil data bus (AD0
through AD7).

4.3.4 Display Angie Adjustment

The dispiay angle adjustment is a vernier that allows the
user to adjust the viewing angle of the LCD to optimize
display legibility. The vernier end terminals are con-
nected through resistors on the microprocessotfsyn-
thesizer boardto the + 5V and — 15V supplies. The wiper
{DD), which has a voltage swing of + 2Vio - 2.5Viscon-
necied 1o the display by way of the microprocessor!
synthesizer board.

4.4 REMOTE INTERFACE (OPTION 001 OR 002)

The remote interface cption allows the Madel 23 {o be
controlled from an external source such as a computer
or controller. Two interfaces are available, |EEE-488
{GPiB} and R&-232-C.

441 |EEE-488 Interface (Option 001)

The |IEEE-488 interface is located on the communication
board mounted on the microprocessorisynthesizer
board. Most of the IEEE-488 instrument bus protocol
functions are handled by the General Purpose Interface
Adapter (GPIA), a single IC, U2. Data and control por-
tions of the bus require high current driving capability
and specific line termination which the Bus Drivers, U3
and U4, provide. These twa sections of the bus have dif-
ferent requiremenis depending on whether the instru-
ment is acting as a talker or a listener: the data
transceiver, U3, always acis asa transmitter during talk
modes and a receiver during listen modes, but the con-
trol transceiver requires that some lines transmit while
others receive in both of these modes. These different
requirements are met by using different parts for each
function {the 75180A fordata and the Y5181A far control).

The IEEE-488 Interface IC, U2, meets all the handshak-
ing ieguirements of the 1578 IEEE-488 standard. Whan
there is a pending interrupt. IRQ (U2 pin 40) is asserted
low. This alerts the microprocessor of aninterrupt con-
dition, causing it to inferrogate the eight registers inter-
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nal to U2. Data from the |IEEE-488 bus (listert mode) is
accessed by reading from the data registersin U2: data
output {talk mode) is written to the same register location,

4.41.1t GPIB Address

A5 section DIP switch (SW1), selects the GPIB address
for the instrument. Qnly binary 0-30 are valid settings.
The address strobe enable line (ASE} from the interface
IC, U2, controls the select line to U1 that enables the
address switch. SW1. The microprocessor canreadthis
switch by reading the address register in U2, which
causes U2 to set ASE low during the E-clock {data) por-
tion of the microprocessor clock cycle. This address is
not necessarily the address used by the interface 1C (U2},
that address is stared in U2 by writing into the internal
address register. The actuat address of the instrument
can be changed by front panel control, but will returnto
the address specified by the address swilch during a
microprocessor reset cycle (power-up).

4.4.2 RS-232-C interface {Option 002)

The RS-232-C interface is located on the communica-
tion board mounted on the microprocessorisynthesizer
board. Most of the instrument bus protocol functions are
handied by the Asynchronous Communications inter-
tace Adapter (ACIA). a single IC, U1.CS0and CS1 {chip
setect)are boih heldhigh so thatwhen COMM pulls G52
low, U1isenabledtoeitherreadorwrite onthe databus
{ADQO through ADT). The RXD input line is used to enter
the serialdata. The RTS handshake line is asserted if the
micropracessor's iniernal data buffer is full. This
prevents further data transmissions untilthe datainthe
bufferis processed. The TXD output is used to transmit
the serial data when the CT3 line is low.

When RIW (Read/Write) is low, the ACIA receives data
from microprocessoer, but when high sends data {o
microprocessor. The Register Select {RS) line selects
the transmit/receive registers in ACIA when high, and
ihe controlistaius registers when low. The E Signal from
microprocessor enables the bus input and output data
butferswithin the ACIA. Logic gates, U3 and U4, provide
signal conditioning between the bus and the ACIA. The
transmit {TXCLK) and receive (RXCLK) clock inputs are
connected together and originate from the Z output of
bit rate generator U2 Transmitis enabled on the negative
transition and receive is enabled on the positive transi-
tion. A crystal escillator circuit censisting of Y1, R1, CH
andC2drives U2, Because of the differenceinbaudrate
of various eguipment, the baud rate at the Z output is
selectable through bit switch SW1 as shown in section 2.
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4.5 FUNCYION GENERATOR GENERAL located in the frequency range switches circuit, produc-
DESCRIPTION ing a triangular waveform. The generator frequency is
determined by the magnitude of the | Source and | Sink

croduces simultaneous trizngle and square waveforms currents and the value of the selected timing capacitor

from 1 kHz to 12 MHz. Figure 4-6 shows the generator which they charge and discharge. The triangle buffer

loop (bold arrows) and associated circuitry that will pe  drives the comparator which compares each triangle
discussed here. peak against a relerence voltage called the comparator

threshold level, determined by the + COMP and
The VCG circuit (ref: schematic 0103-00-1455 sheet 1) — COMP currents from the high frequency compensa-
produces two adjustable constant currents, | Source and tion circuit. When the triangle reaches this levetl. the com-
| Sink, determined by the frequency conirol voitage parator swilches output states, producing the square
(VFREQ} from the sample and hold section of the waveform. The high freguency compensation circuit
microprocessorfsynthesizer board. These currentsare  proportionately decreases the comparator threshold
alternaiely selected by the current switch to linearly level to compensate for time delays inherent in the loop
charge or discharge one of four sets of range capacitors at high freguencies. The state of the comparator output

The function generator is a continuous laop which

MICROPROCESSOR/SYNTHESIZER BOARD

OVRNG, FSYNTH _KIL MCO.
VFREQ ') MC1 TRIGEN,
SYNTH o TRIGSLOPE
FR4 FR5,FRG LE
1.1 <—
vioop | LOCKLOOP
1
Ve IN T 1 sOURCE e
o—y veo *| cummenT 4:> i aad TRIANGLE TR . ouTRUT !
- — SWITCH i SWITGHES BUFFER ll_ BLOGK i
1 e
h 1 A i
FRTI
TRN ¥
| HIGH
*| FrecquencY
w» come
COMP 1
Cag —— * - COMP
RUN Y
SWITCH
BuFFER K COMPARATORK |
Y TRIGGER
LOGIC
SQUARE
TRICOMP BUFFER SPE0R i
TRIG IN
o

Figure 4-6. Function Generator Loop




determines the polarity of the switch buffer and therefare
the poiarity of the current switch and direction of
charge/discharge current through the selected range
capacitor. A second comparator ouiput drives the
square buffer which controls the trigger timing in the
mode logic. drives the square selectar, and is directed
o the frequency synthesizer {microprocessorisynihe-
sizer boardyfar possible use as the driverforthe TTLand
ECL outputs. Comparator outpuis to the switch butfer
and sguare buffer are 180 ° out of phase.

The trigger logic circuit provides the instrument with trig-
ger and gate capabilities. This circult is digitally con-
trolled by logic signals MCO, MC1 and Trig Slope from
the microprocessor/synthesizer board. The Trig incon-
nector provides external {rigger and gate capabilities.

Whenthe instrument is in synthesized mode, the 1:1 lock
loop circuil compares square waves fromthe frequency
synthesizer and square selector (in the output block cir-
cuitry) to produce an instantaneous voitage at VLOOP
which corrects the loop frequency.

4.6 WAVEFORM GENERATOR DETAILED
DESCRIPTION

461 VCG

The VGG amplifier (U23) converis control voltages from
the VCG In connector (external control), VFREQ {front
panelknob) and VLOOP (synthesized mode)into positive
and negative currenis that conirol the current source
and sink circuits {L25) ta set the desired frequency within
the selected frequency range. OVRNG provides anexira
0.2mA to push the top range from 10MHz 1o 12MHz.

The input stage acts as a summing amplitier. The con-
trol voltage from the microprocessar/synthesizer board,
VFREQ develops acurrent through B83 and R84 into the
summing node, pin6 of U23. R83and R84, withCE8, also
act as a filter for the VFREQ line 1o reduce the sample
andhold switching noise. Any input voltage at the exter-
nal VCG In connector contributes to the first stage out-
put. CR29 and CR30 prevent excessive voltage at vCG
IN from damaging the YCG amplilier. For frequencies
between t10MHz and 12MHz an overrange control,
CVRNG, adds a fixed 0.2mAthrough R82to increase the
maximum voltage out of the first stage (or current gut
of the entire VCG circuit). Again adjustment (R861in the
first stage is usedto control the top-ci-range frequency.
R96 conirols the first stage offset to zero the low end
of the exiernal VCG input. The output of the VCG
amplitier, U23 pin 7, drives the variable current source
and sink as well as the high-frequency compensation
circuit.
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The currentsources opérate on the following principles:

1. Thecoilector current of a transistor depends onits
base current and current gain. 11 is relatively
independent of collector load resistance.

2. The basedrive of a transistor canbe adjusted to pro-
vide a known reference current through a known

collector resistance.

3. Thissame basedrive, applied io a second matched
transistor. will cause the second transistor to have
the same collector current as the first transistor.

The valtageat U23pin 7, whichis negative inproportion
tothe sumoi all frequency inputs, isreduced by voliage
divider B81 and R75, then applied to U23 pin 2. The dif-
terence betweenthe voltage at U23pin 1 and the — 15V
supply, minus the voltage from U245 pin 1 topin 2, divided
by the 1K& emitter resistor U27 pins 1to 16determings
the amount of current flowing through current sink
transisior U25 pin 3. When this collector current is cor-
rect, the voltage at resistor U27 pin 15. and therefore
U23 pin 3is equal to the woltage at 23 pin 2, maintain-
ing the input voltages of U23 pins 2 and 3 equal at
equilibrium. The currentin U25 pin 3isduplicatedinping
6. 9 and the collector of Q21 U25 pin 6 provides | sink
to the generator locp.

The current source operates in a similar manner, and
tracks the current sink. Operational amplifier U23 pin
8 drives transistor U25 pin 15 to whatever value collec-
tor current is required o maintain a “virtual ground” at
the junctionof R27 pins 2 and 4. Since these two resistors
are in series, their currents are egual { Source,gf =
| Sinkygf). The U25 pin 14 base drive is also applied to
matched transistor U25 pins 10, 11 and 12 to generate
the positive current source (1 Source) for the generator
loop.

The currenisink circuit also generates a current which
13 usedtoclampthe triangle node {TRN} at ground poten-
tial during the "off" state in the triggered and gated
modes. The same transistor base drive that creates the
negative current source (| Sink) is also applied to
transistors U25pin 8 and Q1, driving each transistor to
acollector current equal to 1 Sink. The twocolleciorsare
connectedinparalleltoprovide acurrent equal to twice
the | Sink current source. This — 21 current is supplied
through CR26 by the trigger circuit while the generator
is gated “on’ {RUN is highy.

When the generator is gated "off ', a negative voltage
is applied to the CR26 anode. This transition always
occurs at the negative peak of the triangle waveform,
andthe — 2l current is momentarily supplied by U22 pin
3. As the triangle node rises toward ground potential, a
greater proportion of the — 2l current flows through U22
pin 1. Equilibrium is reached when the trigger holding
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currentis equal to the positive current (1 Source) being
supplied to the generator loop, and the triangle node
voltage cannot rise any further. Since the matched
diodes {UZ22) have equal currents through themand U22
pin 4 is grounded, the voltage drops across the two
diodes will also be equal and the triangle node will be
held at ground potential. This stops the waveform as the
rising edge of the triangle reaches 0V and ensures that
at least one compiete cycle wiil be generatedevery time
the generator is triggered.

R88 adjusts the current source to precisely match the
current sink and therefore maintain waveformsymmetry.
R70, which adjusts the low end frequency, sets the off-
set of the positive current ampiifier. U23 pin 10, to match
the offset of the negative current amplifier, U23 pin 3.
R73 adds or subtracts current through the reference
string to batance symmetry at low currenis. The 8.2V
zener diodes, CR24 and CR25, allow U25 pins 14 and
1 to approach the positive and negative supply rails
respectively. Diodes CR23 and CR44 prevent latch-up
in case the VCG circuit is overdriven by the sum of its
inputs,

4.6.2 Current Switch

The current switch (ref: schematic 0103-00-1455 sheet
2ywhich consists of the dicde switches (CR10. 11,12
13). current source buffer {Q5) and current sink bufier
{Q4)1has three inputs and one output. The inputs are the
positive and negalive currents (bufiered by Q4 and Q5)
and the control voltage from the switch buifer. The out-
put is the awitched current that alternately ailows the
charging (| Source), and discharging {l Sink) of the
selected frequency range capacitor (see Freguency
Range Switches) to produce a triangle waveform.

The current switch sources current bufferad by Q5 {|
Source), or sinks current butfered by Q4 (I Sink} at the
switch output (junction of CR12 and CR13). The instan-
taneous polarity of the Switch Buffer cutput controliine
{junction of R33 and R34) determines the direction of
current flow,

With the control line positive ( + 2V CR11 and CR12 are
reverse biased and | Source current through CR13
{inearly charges the selacted timing capacitor. At the
same time, current flows from the control line through
CR10into the current sink. With the control line negative
(—2V). CR10 and CR13 are reverse biased. The timing
capacitor linearly discharges through CR12 to the cur-
rent sink and current is sourced through CR11 into the
control Hne.

4.6.3 Frequency Range Switches
The frequency range swilches (ref: schematic

0103-00-1455 sheet 2} congist of the three basic range
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capacitors and their controls. Each range capacitor or
set of capacitors normally covers 10% to 100% of full
scale of its related decade frequency range. As the fre-
quency is changed, a logic level signal from the analog
interface (MicroprocessorfSynthesizer Board) auto-
matically steps the ranges up of down. For example,
when FRE goes low, it turns on Q1 which sources about
30 mA through R11 and diodes CR5 and CR8. With CR8
forward biased. lhe diode’s impedance to ground is less
than 2Q and the range capacitor set (C26, C29 and C38)
is effectively connected to ground. When this range is
not selected. FRE is high, Q1 is turned off and RS pulls
the anode of CRS to — 15V, The voltage divider, R4 and
R8, brings the ancde of CA8 to — 7 5V through the 10
MQ resistor RS, reverse-biasing CR8. This provides a
very highimpedance, discorinecting the range capacitor.
Freguency range control lines (FR4 and FRS) operate
in the same way connecting selecied capacitors C27
{1 wF) and C28 (0.01 uF) to the TRN fine.

Capacitance for the highest frequency range consists
of all the stray capacitance at the triangle node added
to C25 and C37 (the t MHz bottom of range adjustment
capacior).

4.6.4 Triangle Buffer

The triangie bufier (ref” schematic 0103-00-1455 sheeat
2}consisting of G6, Q7, Q9 and associated components,
is a high speed, high impedance input FET voltage
follower with a low impedance emitter follower output
andunity gain. ltbuffersihe current switch and selected
frequency range capacitor fromlow input impedance cir-
Cuits in the output block and the comparator. The
difterence between the input 2nd output voltagesis con-
trolled by baseline (TRIG BL) adjustment B26. This trim
pot setsihecurrent through Q7. and therefore Q6. such
that the gate-source voltage of Q6 plus the drop across
CRY is equal and opposite 1o the base-emitter drop of
(29, causing the two voltages to cancel each other.

4.6.5 Comparataor

The comparator (ref: schematic 0103-06-1116 sheet 2)
which is made up of current source Q8 and differential
pairs Q12/Q13 and Q14/Q15, detects the peak of the
triangle and produces two square wave outputs. One
sguare wave output from the comparator (Q15 collec-
tor}drives the switch buffer, while a second square wave
of ocpposite phase (Q14 collector) drives the square
buffer. Quiput transistors Q14 and Q15 have different
values of collector and emitter resistors 1o match the
input requirements of the buifer that each drives. The
comparator’s threshold voltage is developed by the
positive [ + COMP) or regative { — COMP) current from
the high frequency compensation circuit. The
appropriate current is selected by switch U22, and the



voltage drop across R48 created by this current
becomaes the comparator threshold vollage.

As the triangle voltage at the base of Q13 reaches the
positive thresheold voltage { + 1V) setby U22 pin 2, Q13
turns on as Q12 turns off. When Q12 and Q13 switch,
they also cause the second differential pair, Q14 and
Q15 to switch. As Q15 switches “off”’, current through
R38decreases and the collector of Q15 goes low (about
— 1.8Y asdetermined by R35}). The switch butfer, driven
by this negative voltage, switches the threshold voltage
at the base of Q12 from + 1V io — 1V and causes the
triangle to switch from a rising to a falling slope. As the
triangle voltage at the base of Q13 reaches the negative
threshold, both differential pairs switch states, turning
on 12 and forcing the collector of Q15 high as it a2lso
turns on. Thus the triangle is switched toits rising slope
andthe threshold voltage is reset to + 1V. Inthismanner,
triangle and square waveforms are continuously
generated in a loop.

CRS5T7 and CR58 increase the transistor switching speed
of @14 and Q15 by limiting the signal swing at their bases
1o about 0.7V. Resistors R33 and R41 inciease the
switching speed of Q14 and Q15 by providing a small cur-
rent which keeps them from turning entirely off, and
diodes CR18 and CR19 are switched on and off to further
guarantee that 04 and Q15 do not switch off.

Diode array (U22 at pins 5, 6, 8), operates in a similar
manner to the current switch. The switch buifer output
{U22 pin 6) state determines the polarity of the com-
parator threshold at pin 2. The comparator threshold
voltage at pin 2 ig Himited 1o 1Y by the voltage drop
across the 3328 resistor (R48) since the + COMP and
— COMP currents supply no mare than 3 maA. The high
frequency compensation circuit reduces the + COMP
and — COMP currents on the highest frequency range
which lowers the comparator threshold voltage at the
base of Q12 to compensate for switching delays (see
High Freguency Compensation).

466 Switch Buffer

The switch buffer {ref. schematic 0103-00-1455 sheet
2y shifts the level of the comparator's square wave 1o
provide a voltage excursion( £ 2.2V} capable of driving
the two current switches inthe generator loop. The ¢ir-
cuit consists of a push-pull emitter follower (Q10, Q11)
biased on by the voltage drops across CR16 and CR17
and controlied by the cemparator output at the collec-
tor of Q15. The +2.2V square wave output simul-

taneously controls the current switch in the generator

loop and the polarity of the comparatar threshaold voltage.
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4.6.7 High Frequency Compensation

The High Frequency Compensation {ref: schematic
0103-00-1455 sheet 1) circuit decreases both triangle
peak levels on the highest frequency range to compen-
sate for comparator switching delays. This is
accomplished by adjusting two constant currents
{ + COMPand — COMP)inproportioniothe programmed
frequency. These currents deveiop the generator loop
comparater threshold voitage by alternately flowing
through R48 in the comparator circuit.

From the lowest frequency through 899kHz, U26pin 10
is open, leaving B66 disconnected. RE7 holds U23 pins
12 and 13 and the emitter of Q20 at 0.0V. This puts 15V
across series resistors A62 and RG5 and — 6.8V at the
base of Q18. 7.5V is now across B62 and 18 has a
collectar current of 3mA. The same current that flows
through RB5 also flows through RE0. Stnce about 1.4Y
is dropped across CR72 and CR73, there will be about
+6.8Vatthebase of O19. The emitterof Q191is + 7.5V
which causes about 3.0mA to flow from the collector of
Q18 through 22 and R48 to ground during halt of the
cyclesetting up a + 1V threshold voltage at the base of
Q12. On the opposite half of the cycle, the base of (12
swilches to — 1Y because the same amount of current
{3.0mA)} flows from ground through R48 and U22 to the
collector of Q18

In the 1MHz to 12MHz frequency range, U26 pin 10 is
connected to RG6. Atiopof the range, 0.2mAis sourced
from ground through R67 Lo pin 7 of U23 (in the VCG},
lowearing the voltage at U23 pin 12 1o about — 8.8V, This
decreases the voitage at the emitter of 820, as weli as
the currentthrough R62, R65, and R80 which forces the
bases of Q19 and Q18 closer to their respective power
supply voltages. The current through R48, the collectors
of Q19 and Q18, and the threshold voltage at the base
of A2 are all decreased. This new lower threshold
voltage causes the sguare wave to switch eartier than
normal, maintaining the triangle peaks at the same levels
as on lower ranges. If the generator is not at full scale,
avoltage inversely proportional 1o the frequency is set
at the base of Q12.

4.6.8 Square Buffer

The square buffer consisting of Q16 and Q17. and
associated circuits (ref; schematic 0103-00-1455 sheet
21 buffers the square wave from the function generator
loop Q14 collector} The output (SWSQR)drives the trig-
ger logic. low frequency waveform synthesizer. and
square selector. The square buffer is similar to the switch
bufier (ref: paragraph 4.6.6) except for oulput phasing
and outputlevel. Square buffer outputis TTL compatible.

A highly differentiated portion of HFSQ is coupled
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through C49tothe triangle node. This signal counteracts
switching transients which are coupled through the cur-
rent switch diode bridge.

4.6.9 Trigger Loglc

The trigger logic circuit {ref: schematic 0103-00-1455
sheet 3) allows the function generator loop to be irig-
gered or gated from an external TTL signal. When the
trigger circuit is enabled by a logic high on the MCG ling
and no trigger input has occurred, the generator is
praventad trom running by sinking away current (Ref.
paragraph 4.6.1) from the triangle node {TRN) that would
normally charge the timing capacitor. Setection of trig-
gered or gated mode is determined by logic line MC1,
which is low for triggered mode, high for gated made.
Triggering the generator releases TRN which allows the
loop to run until SWSQR completes one complete cycle
{triggered mode} or until the trigger signal is released
and the last cycle begunis compleied {gated mode). In
addition, the waveform synthesizer output at U2 pin 11
must aiso be high 10 stop the generator when the Fra-
guency is 1.1 kHz or lower. KILL inhibits the generator
when in DG function.

The fellowing paragraphs describe the relationship in
various conditions refative to the trigger legic.

Continuous Mode: in Continuous Mode, U18 pin 1
{MC0) is lowwhich holds U18 pin 3 iow and sets U10 pin
5high. It BCiunction is not selecied, KILL{U2pin 9 and
U3 pin My will be high and U2 pin 8 (U3 pin 1) will be low.
With U3 pin 1 lowandpin 4 high, U3 pin 6{RUN}is cleared
high allowing the generator {o free-run.

Trig Mode: Intrigger made, U9 pin 4 {(MC1}is held low,
forcing U9 pin 6 high and 18 pin 1 (MCQ) is hefd high,
making U10 pin 4 high. The sguare wave output, SWSQR
toggles high or low with each half cycie. For this portion
of the discussicn, SWSUR {U2 pin 5} is low, making U2
pin & high. TRIGEN (U8 pin 10) from the microprocessor
remains high except during a TRIG SLOPE change. With
U9 pin 10 high, U2 pin Bis low and L0 pin 1 goes high.
Thus, U10 pins 1 and 4 are neither set nor cleared.
There are 4 possible combinations of the TRIG SLOPE
control line {U11 pin 1) and Trig In connector (U117 pin
2)which control 11 pin 3. These will be explained later,
but for this discussion U11 pin 3is high. Since U11 pin
3, and U10pins 1 and 4 are ail high, pin 5 (Q} remains
high. With the generatorin a function other than DC, U2
pin 9 (KILL) is high and U3 pin 1 is low. For frequencies
greater than tkHz, LF{U2pin 1}is lowand U2 pin 3high,
With U3 pin1lowand pin4 high, U3pin6{RUN)remains
high and the generator loop continues ta runr,

When SWSQR toggles high, U2 pin 6 goes low, U2 pin
8 switches high and U10 pin 1 is driven low. This forces
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U110 pin 5 low and U2 pin 8 high. As before, U3 pin 6does
not change, and the generator loop continues to run.
However, U3 ping 1 and 4 are now neither set nor
cleared. This arms the clock input for a rising edge,
making the Qoutput opposite of the D input, which is held
high by the low on U2 pin 1.

Onthe next transition of SWSQR, U2 pin S goes from high
to low and U2 pin & goes |ow to high, clocking U3 pin 3
and making tJ3 pin 8 (RUN} go low. This disables the
generator loop as the positive slope of the triangle
reaches Qvolts. Onthis phase of SWSQR, U8 pin 8 goes
low and U10 pin 1 goes high, arming U10 pin 3 for aris-
ing edge clock.

Generator Triggering: The triggering path is from U11
pin 3{U10 pin 3) through U10pin 5, U2 pin 8 and U3 pin
6. The generator istriggered with a pulse at either of the
two trigger sources, These are the Trig In connector (U11
pin 2) from the front panel and the TRIG SLOPE contro!
line (Ut1 pin 1} from the microprocessor. The four
possible combinations of U11 pins 1 and 2 are shown
below, along with the result at pin 3. U11 pin1 is low for
Positive Trigger Slope and high for Negative Trigger
Slope.

Uttt Uit2 U113
L L L
L H H
H L H
H H L

The trigger source pulse must produce a positive going
transiticnat U1 1 pin 3{and therefore U10pin 3}. Toinsure
that U10pin 5 toggles high, a complete cycle of the trig-
ger source is desired. When U11 pin 3 makes a positive
transition, U10pin 5 goes highand U2 pin 8 toggles low,
switching RUN high and allowing the generator to cyele.
When the triangle reaches its positive peak, SWSOR
toggles high, making U2 pin & low, pin 8 high and U10
pin 1 low. This forces U10 pin 5 low and U3 pin 1 high.
On the next transition of SWSQR, U2 pin 6 goes high,
causing U3 pin & to return low, disabling the generator
as the positive slope of triangle reaches G volts. Only one
cycle of generator ouiput is enabled for each trigger
pulse applied.

Gated Mode: The trigger mode description should be
read and understood prior to reading this paragraph
because alllogic levels previousiy discussed apply here
except for U9 pin 4 (MC1). In gate mode, the generator
output is continuously enabled for the entire duration of
the applied trigger signal. MC1 is high and the levels at
U9pin 6 and U18pin 3 are inverted with respect to U11
pin 3. This becomes the alternate triggering path
between Uit pin 3and U10pin5 When Li11 pin 3goes
high, 10 pin 4 switches low which forces pin S high. U2




pin 8 goes low and U3 pin 8 (RUN) toggles high, allowing
the generator to oscillate. U10pin5and U3 pin 6 (RUN)
will remain high as long as U11 pin 3 is high.

Manual Trigger: Bus or front panet manual triggering
is accomplished by maintaining TRIG EN high while
toggling the TRIG SLOPE line to the opposite state, then
back fo the original state. This will always produce aclock
transition at U10 pin 3.

Slope Change: Whena slope change is to be made, the
TRIG EN line from the microprocessor goes low to pre-
vent ihe slope change from spuriously triggering the
generator in trigger mode. if the change is made with
the generator gquiescent, U9pin9is high, making U9pin
8 high and U10 pin 1 low. Because U10 pin 4 is always
high, a low at pin 1 maintains U10 pin 5 low, regardless
of what occurs ai pin 3 due to a change at U11 pins 1
and 2. Whenthe slope change hasbeen completed, TRIG
EN (U9 pin 10) returns high, allowing a trigger from U171

pin 3 to pull W10 pin 5 high.

Low Frequenocy: Whenthe Frequency rangeis 1.1 kHz
ar lower, the trigger logic works much the same as
previously described, except that U3 pin 2 must be
brought high to stopthe generator. This occurs ateither
the zero crogsing of the rising edge of the triangle {(Haver
Otf), or at the negative peak of the triangle {Haver On).
If Haver is Off, U20 pin & (Waveform Synthesizer) func-
tions as a zero crossing detector that controls the trigger
logic. if Haver is on, U5 {Waveform Synthesizer) acis as
a negative peak detector. U2 pin 11 goes low in either
condition until a detector is satisfied. With UZpin 11 high,
the next positive transition at U10 pin 11 forces Q (U10
pin 8) low. For the 5 lowest frequency ranges, LF (U2
pin 1} is high, making pin 3 high and causing U2 pin 3
to go low. As long as U2 pin 3 Is low, the generator will
run continuously ance triggered on. The generator can
therefore be stopped at the end of a 1000 point synthe-
sized waveform by controlling this line.

Haver Off: When Haver is Off, HAV (U19 pin 13) is low,
which disables USand maintaing U2 pin 13 high. The zero
crossing detector (U20 pin @ controls the trigger logic;
see Low Frequency above,

Haver On: When Haver is on, U19 pin 13 (HAV) is high
which disables the zero crossing detector (U20 pin 9).
Thus, with HAV high, U5 pin 6 delects the negative peak
and controis the trigger legic.

DC Function: DC function overrides any other signal
used to control the trigger logic circuit. When DC s
selected, the microprocessor forces U2 pin 9 (KILL) fow.
This causes U3 pin 8 (RUN}to aiso go low, disabling the
generator loop as the positive slope of the triangte
reaches 0 volis.
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4.7 FREQUENCY SYNTHESIZER

The frequency synthesizer {ref; schematic 0103-00-1454
sheet 2}is shown infigure 4-7 and includes the internal
functions of the PLL IC, U22. These functions include
the reference oscillator, reference divider (=6144),
variable divider { = N}, phase detector and internal
registers and latches. Whenin synthesizer mode. the fre-
guency synthesizer generates the signal used tointer-
nally clock the function generator loop. The Phased

Locked Loop (PLL)within the frequency synthesizer ibold
arrows)consists of the PLLIC U22 Low Pass Filter (LPF)

U23A, 2 pale filler U23B, 32-64 MHz YCO (Q5 through
Q10 divider U25 and U286, and selector U24. The PLL
circuit operates over the frequency range of 1MHz 1o
16MHz in 1kHz steps and 18MHz to 32MHz in 2kMz
steps.

The PLL cirguit as a whole operates in the following
manner:

1. The phase detector compares the frequency and
phase of the variable { — N) divider putputto a tixed
1 kHz reference frequency from the reference
{ — 8144} divider.

2. The phase detecior, loop filter and 2 pole liiter
generate a dc VCO contral voltage that changes as
required to drive the VCO frequency to exactly N
times the 1 kHz reference. When this occurs, ihe
outputs of the reference! - 6144)andvariable{ — N)
dividers are at the same freguency and phase, lock-
ing the loop.

3. The VCO output frequency at the emitter of Q10103

prescaledbyfive — 2 seriesiliptiops, U25and UZ6.

The programmable selector (U24) selects the

aporopriate signal 1o be input 1o the variable ( + N}

divider {U22 pin @) The divider output is applied (o

one input of the phase detector,

4. The loop will remain locked with the VCO at a given
frequency until the variable division ratic N is
changed

Thereference oscillator uses anextermal crystal (Y1) to
generate a 6.144 MHz reference fraeguency. The
reference divider is hard-wired (at pins 1, 2 and 18} for
a divisian ratio of 6144 The 6.144 MHz reference fre-
guency is divided by 6144, and the resulting 1 kHz
reference is appiied to ane input of the internal phase
detector. The variable divider { = N} is programmed by
serial data atthepin 11 DATA input. Thisdatais clocked
into a 16-bit internal shift register by low-1c-high transi-
tions on the pin 10 CLK line. The first twao bits control
internal switches which are usedto cantrod the prescaler
selector 24 The remaining 14 bits are a binary
representation of the = N divisionratio, and are loaded
most significant bit first. When the serial load is com-
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Figure 4-7. Frequency Synthesizer Circuit




plete, alogic highonthe pin 12 ENline latches the data
in the shift register info the programmable = N counter,
The output of the — N counter is applied to the second
input of the internal phase detector. andis alsoat 1 kHz
when the ioop is locked.

A high on the SYNTH line {ariginated by the micro-
processor and latched by data tatch U14) brings the
collector of Q11 low. disabling the synthesizer and
initializing the — 2 dividers by clearing alt of theinternal
flip-fiops. When frequency synthesizer mode is selected.
this line goes low and the flip-flops are enabled.

The internal phase detector is a digital tri-staie device.
It produces negative-going pulses whenthevariable fre-
quency is greater than the reference frequency or is
leading itin phase, and positive-going pulses when the
variable freqguency islessthanthe reference frequency
oristagging inphase. The cutputis in a high-impedance
state whenrthe two signals are of equal frequency and
phase.

Loop filter U23A converts the pesitive-going and
negative-going putses from the U22 phase detector to
a steady dc frequency control voltage. The filter time
constant i determined by C32 and R30, and damping
by R33. A high frequency bypass capacitor {C33) is used
to reduce noise inthefilier. The voliage divider consisting
of R31 and R32 sets the voltage at UZ23A input pins 2 and
310 1.25Vde.

Twao pole fiker U23B further reduces the noise on the
de voltage before applying it 1o the VCO.

Attheinputofthe VCOare 5voltage controlled varacior
diodes which determing lhe instantaneous frequency of
the tuned circuit (Q5/Q86, L1/L2). The cutput of this
oscillator, through R42, drives the bufter amplifier con-
sisting of Q7 through (1O

The output frequency is established by the valug of the
inductors and the capacitance of the varactor diodes
which vary with the voltage applied at R38. Output fré-
quency increases with an increase inthe freguancy con-
trel voltage.
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The VCO signal is divided by the selected prescalar ratio
thetween 2= and 29Yin U25 and U26 to yield the desired
output frequency. This allows a one octave of change
of 32to 64 MHz toproduce a 1MHz 1o 18MHz frequency
range.

The same signal which provides theloopinputtothe +~ N
divider at U22 pin @ is sent from U24 pin 5 to the
dividersselecior circuits U28 through U31. This signatis
divided by three — 10series counters, U28and U29. The
programmable selector (U30/U31) selects the
appropriate signai to be input to the 1:1 lock loop (ref:
paragraph 4.8) as FSYNTH.

The sync select, U27 selects one of four signals to drive
bath the TTLand ECL sync oulputs. The output is deter-
mined by the logic levels of SA and 5B from U14 of the
analog interface. For frequencies less than 1kHz, the
square selector on the waveform generator board
chooses the sguare wave from the waveform syn-
thesizer, which enters the microprocessarisynthesizer
board as FGSYNC. Between 1kHz and 12Mbz, the coax
cable FSYNTH provides the sync drive signal. From
12MHz to 16MHz, U27 selects pin 14, and from 16MHz
to 32MHz pin 13 1s selected. The ouipul. SYNC, goes
directly to the sync out drivers on the waveform
generator board.

48 1:1 LOCK LOOP

When the synihesized mode is selected, the 1:1 lock loop
provides a correction voltage (VLOOP) to the VCG which
maintains the function generator loop frequency within
ihe synthasized frequency specification. This is done by
manitoring the frequency stable input from the frequency
synthesizer (FSYNTH) and the funciion generator 1oop
frequency (HFSQ) then providing an instantaneous dc
voltage at VLOOP to ingrease or decrease the HFSQ fre-
guency until it matches the FSYNTH frequency.

As shown in figure 4-8 the 1:1 lock loop consists ot a
phase detector (LF29). charge purmp{U28}and switchable
low pass fiter (U32). The phase detector monitors the

w29 u2e ) uaz
R
13 -
FSYNTH 1.8¢ £10 SWITCHABLE
FROM ——wn PHASE 4 w|  CHARGE »|  LOWPASS
FREQ SYNTH}) Q42043 FILTER
W COLLECTORS
Y 2 o
]
HFSQ
FUMCTION -t VLOOFP
GENERATOR
Figure 4-8. 1:1 Leck Loop
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FSYNTH (RYand HFSQ {VYinputs, then provides ane of
three possible output combinations of §R and §v. These
outputs are eithar more positive (H) or more negative (L)
thanthe reference voltage of + 1.4V at the phase detec-
tor output (UJ29 pins 8 and 9). The conditions for each
possible combination of $R and ¢V are as follows:

CONDITION ¢R oV
Frequency Equal:

in phase 1 (H) 1{H)

¢ leads oV Neg. Pulse (L} 1 {H}

$R lags ¢y 1 (H) Neg. Pulse (L}
Frequency Unequal:

R >y 0L 1{H)

IR <y T{H) o)

Far the remainder af this discussion, refer to figure 4-9
andschematic 0103-00-1455 sheet8 The bases ot Q42
and Q43 aresetat + 5V and — 5V respectively, and con-
stant currents flow through the following points in the
charge pump circuit:

Point Current (mA)
R1380 388
Q43 collector 2.88
U28 pin 3 1.0
U28 pin 9 1.0

Depending an lhe combination of R and ¢V, the total
amount of current flowing through U28pins6and 12 can
be OmA. 1mA or 2mA. This current is tapped from the
3.88mA that originates from the + 15V supply through
R190. When frequency lock is established. $R and $V
are bothhigh. U28pin 5 sinks TmAfromthe + 15V supply
through CR41 and R189, which satisfies the TmArequire-
ment of U28 pin 3. U28 pin 12 sinks an additional 1mA
from B190 to satisfy the 1mA requirement of U28 pin 9.
Atotal of 2. 88rmA from R180 remains to flow through Q42,
with Q43 taking it all and leaving no current to be supplied
toor drawn from the selected low pass filler companents
at the gate of Q44, Thus, 1he voltage al the gate of Q44
is not charged up or down.
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When ¢R is low and $V is high. U28 pins 5 and 11 each
sink 1mA from CR41 and R189, satisfying the 1mA
requirements of U28 pins 3 and 9. No current flows
through UZ28pins 6and 12 because these transistors are
now off. This means that all the current supplied by R190
(3.88mA) flows through Q42. Because Q43 can only
accept 2.88mA. the excess{1mA}flows intothe selected
flow pass filter components at the gate of Q44, charg-
ing this point positive.

When $R is high and $V is low, no current flows through
28 pins 5 and i1 because these {ransistors are now
off. U28 pins 6 and 12 each sirk 1mA through R190.
satisfying the 1mA requirerments of U28 pins 3 and 9.
Because U28 draws a total of 2mA from R120, only
1.88mA is left to flow through Q42 The additicnal 1mA
needed to satisfy the 2 88mA requirement of Q43 is
drawn from the selected low pass filter componenis at
the gate of Q44 charging this point negative.

The low pass filter section contains three switchable
filters and ane fixed filter to dampen the charge pump
output signal and provide a dc voltage at VLOOP. Ineach
of the three switchable ranges (4, 5 and 6}, the respec-
tiva digital control line {FR4, FRS and FRG) goes low, con-
necting an RiC filter. In the highest range (7}, only the
fixed filter consisting of R194, C108 and C108{(and any
stray capacitanceinthe circuit) is connected. This filter
has negligibte effect onthe other three ranges. FET Q44
provides a highinput impedancetothe hilterand charge
pump circuits, while Q45in an emitter follower configura-
tion, provides a low impedance to the YCG at VLOOP.

4.9 WAVEFORM SYNTHESIZER

The waveform synthesizer produces the digitally syn-
thesized waveforms for the Func Qut at frequencies 1
kHz and below. It consists of sevencircuits: = 1/+100
counter, = 1000 upidown counter, data selector,
wavelorm EPROM, latch, and DAC, as shown in figure
4-10 and schematic 0103-00-1455 sheat 3.

Fom————— I
| FuncTion 1 SWSGRL}E g MFSQ 7 SELEOTOR |
| GENERATOR +100 + 1000 | '
L i UPDOWN I 4
+ COUNTER | LSB o
+ 1) DATA
weru1z YR, I SELECTOR

WAVEFORM
LATGH
E&81 » EPROM
U7 U4

SYNTH —— = 1
— o M6 Funcrion )
i SELECTOR |
Bt e o — =]

uzt

Figura 4-10. Waveform Synthesizer Block Diagram
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Table 4-3. Internal Reference Selaction

Generator Loop Medium Freguency
Frequency Range Frequency (HFSQ} +1/+100 Square Wave (MFSQ)
100 to 1.000 kHz 100 to 1.000 MHz =1 100 to 1.000 MHz
10.0t0 99.9 Hz 10.0 to 99.9 kHz +1 10.0 to 99.9 kHz
1.00 to 9.99 Hz 1.00 to 999 kHz +1 1.00 to 999 kHz
100 to 899 Hz 10.0 to 1999 kHz =100 100 to 1999 kHz
10.0 to 98.9 mHz 1.00 10 9.99 kHz =100 10.0to 89.9 Hz
The output frequency of the synthesizer is 111000 of the Table 4-4. EPROM Control Lines
rangs selected. Inaddition, inthe 2 lowest ranges, — 100
is low, further dividing this signal by 100. FS0 51 Function
The internal reference originates from the function
generator loop at SWSQR and clocks the 9-bit up/down 0 0 DC
counter. This signal must pass through the = 1/ + 100 0 0 Sine wave
divider (U16; ref. schematic 0103-00-1455 sheet 3) 0 1 Triangle
where the frequency is either divided by 1 or 100, 1 0 Ramp up
1 1 Ramp down

depending upon the selected frequency range, see table
4-3., '

The 9-bit upidown counter (U4, U6, and U13) counts from
0 to 493, then reverses and counts from 49910 0. The
courtter steering circuit (U5, U11, and U12)watches for
the top and bottom counts, then reverses the direction
of the counter. Whenthe counterincrements, U3 pin 12
is low and pin 8 is high. At the top count, U19 pin 10
teggles high, disabling the counter for one cycle. Also
at the top eount, U3 pin 12 goes high and on the next
clock pulse from MF3Q, U3 pin 8 {the counter up/down
control line) goes low, causing the counter to begin to
decrement, returning U19 pin 10toits original fow state.
At the bottom count, U139 pin 10 again goes high, dis-
abling the counter tor one cycle. U3 pin12 goes low, and
onthe next clock pulse from MFSQ, U3 pin 8 goes high,
causing the counter to begin to increment. U19 pin 10
again returns low.

The counter output drives the inputs of EPROM (U7)
which contains the data needed to produce the sing,
triangle, ramp up, and ramp down waveforms. The status
of lines FS0and FS1 determine the waveiorm by select-
ing which block of data as accessed; see table 4-4. For
sing and triangle waves, the EPROM produces one half
cycle, negative to positive peak, on the up count {Q to
499}, then uses the same data in reverse, positive to
negative peak, on the down count {499 o 0). The data
from the EPROM (U7, is fatched through U14 to DAC
Uz1.
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The DAC converis the data from the EPROM into a cur-
reint, SYNTH SIG, for the function selector.

The synthesizer can also produce ramp up and ramp
down wavelorms. These ramps are stored inthe EPROM
(U7), as are the sine and triangle waveforms. To produce
the ramps, the line FS0 gees high. The line FS1 selects
either the ramp up (FS1 low) or ramp down (FS1 highy).
Ingenerating the ramps, the upfdown counter functions
the same as it does for triangles and sine waves: count-

-ing 0 to 499 and 499 to 0, except that the least signifi-

cant bit to the EPROM is controlled by the data selector
(U11, U18). The U/D line {U3 pin 9} is the compiement
01 the {ine that causes the counter to count up or down.
When counting up, U/D is low, which holds the least
significant bit low. This allows only even addresses to
be accessed. When countingdown, Ui is high, the least
significant bit is heid high, and only odd addresses are
accessed,

Divider {U17}isthe = 100 counter and U16 selects either
=1 or =100 for the waveform synthesizer biock.

410 OQUTPUT BLOCK GENERAL GESCRIPTION

The cutput block, shown in figure 4-11, consists of the
square selector, square shaper, sine converter, function
selector, preamplifier, XY multiplier, output amplitier,
and attenuator. It selects, amplifies and provides offset
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Figure 4-11. Qutput Block

for the appropriate waveform before reaching the Furc
Out connector.

The function selector circuit choosés the triangle wave
(TR} from the function generator, the waveform
synthasizer output{SYNTH SIG, forfrequencies of 1 kHz
and below, not sguare function), or sine wave derived
from the triangle wave by a sine converter in the func-
tion selector circuit. The cutput of the function selector
is buffered by the preampiifier before entering the XY
multiphier. If square function is selected, the square
signal from the square selector Is modified by the square
shaper which drives the XY multiplier. For frequencies
of 1 kHz and below, the wavetorm synthesizer squarg
wave output at U4 pin 6 is selected by the square selec-
tor. The X-Y multiplier circuit takes the output from the
preamplifier or square shaper, thenvaries the waveform
amplitude in proporiion to amplitude control voltages
VAMP and VNULL from the sample and hold section of
the microprocessor board.

The output amplifier provides the final gain and output
drive capabilities for the waveform, and sums offset

signal {VOFST) inio the waveform as required. The
atienuator provides 20 dB and 40 dB of attenuation for
the output waveform before reaching the Func Out
connector.

411 OUTPUT BLOCK DETAILED DESCRIPTION

4114

The sine convearter, which is part of the function selec-
tor {ref: schematic 0103-00-1455, sheet 4), transforms
the triangle waveform into a sine wave by using the
logarithmic response characteristics of the six matched
diodes (CR66, CR67, CR68, CR6Y, CR70, CR71) to
approximate a sine wave currentoutput. The triangle out-
put {TRI}enters the converter at R116. SIN DIST A trim
pot (R113) adjusts the cenverter input for triangle
amplitude variation. Two other adjustments, SIN DIST
B and SiN DISTC(R100and R103), balance the positive
and negative peaks respectively. The SIN QFST trim pot
dc balances the sine output waveform. Current output
is switchad through U30 when SIN is low.

Sine Converter
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4.11.2 Function Selector

The controt lines LF, STN and TRI at the function selec-
tor circuit{ref: schematic 0103-00-1455, sheet 4) deter-
mine which waveform is connected to the preamplifier
input by the 4 section CMOS analog switch U30. Respec-
tively, these are the waveform synthesizer output signal
{8YNTH SIG}, sine convertor output and triangle (TR}
For square selection, refer to Square Shaper paragraph
4.11.6.

In this description of the analog switch, component
designations refer to the section that controlsthe triangle
signal. Except tor signal names and component
numbers, the 2 remaining sections are identical and need
ng further discussion. When the triangle signal (TRI} s
selected, TRi goes low, which connects pins 10 and 11
together by turning on a mosfet. Digital noise onthe con-
trol line (which could be coupled to the output through
the mosfet gate capacitance when the analog swiich is
open}is reducedby C84 and C88. Tri Level trimpot{R161)
adjusts the triangle waveform currant that enters the
analog switch.

When either the triangle or sine waveforms are not
selected, the FET switches {U30) are provided with
increased isolation by shorting the inputs to ground
through Q25 and Q27 respectively. For example, when
TRI is high {not selected), Q26 is turned off and the
collector of Q26 goes low, forward biasing Q25. This
effectively shorts the emitter and collector of Q25
together, sending the triangle signal at this point to
ground.

4.11.3 Preamplifier

The preamplifier {ref. schematic 0103-00-11+6 sheet 4)
consists of separate low frequency and high frequency
amplifiers. The low frequency path, which also
aslablishesdc stability, is provided by Q38, Q28 and Q30.
R150 sinks & total of 4mA through the emitters of differen-
tial amplifier Q38. The collector current in the left hand
transistor in Q36 is mirrored by the collectar current of
transistor 028, which added to the small base current
of Q30 provides collector current for the right hand
transistor. The bases of Q31 and Q32 are held at plus
and minus 8Y, which results in 31 being a current
source and Q32acurrent sink. R131 sources a constant
current of 5.5mA and R151 sinks a constant current of
3.3mA.

If the input current frorn the function selector at the june-
tion of R134 and R136 is zero, the current through the
differential amplifier {Q36) wili be balanced with 2mA.in
each side. The base of Q30 is at approximately + 5.5V
with 2.2mA sunk through R137. Inthis condition, the total
amount of current sourced by R13t {5.5mA) is split
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between R137 {2.2mA) and R151 (3.3mA). The amount
of emitier current available for Q31 is determined by the
current through R131 minus the current through R137.
Equilirium is reached whenthe collector current of Q31
plus the base current of Q33 equals the Q32 collector
current. At this time the cutput voltage at the junction
of R140and R134 can be set to exactly zerowith R147.

When the function selector output goes positive, current
Is sourced into the preamplifier at the junction of R134
and R136 (the current summing node), increasing the
right hand side Q36 basge voltage. This voltage increase
causes an imbalance in Q36, with the right hand side
amitter sinking more than 2maA, and the left hand side
emitter current sinking an egual amount less than 2mA
tomaintainthe current through R150 at 4mA. Reducing
current in the left hand side of Q36 lowers the voitage
drop across R128, increasing the voitage at the base of
Q29 and decreasing the current through its collector.
With anincreased need for coliector currant in the right
hand transistor of Q36 and, at the same time, a decrease
in Q29 collector current, the difference is supplied by
the base of Q30. The small change in Q30 base current
iranslaies to a larger emitter current change which
increases the voltage drop across R137 and lowers the
Q30 base voltage below +5.5V. The current through
R137is now greater than 2 2mAwhich limits the current
toQ31.R151, which is still sinking 3.3mA, nowsinks more
than Q31 is sourcing. The difference in current is taken
up by current through the emitter and base 0f Q33. This
current originates from R134 and lowers the voltage at
the junctionof R134 and R140, forcing the output voltage
negative. Equilibrium is reached when R134 sinks the
same current sourced by the function selector at the
summing node,

When currentis sunk by the function selector at the junc-
tion of R134 and R136, this whole process is reversed
praducing a pasitive output voltage. Thus it canbe seen
that the junction of R136/R 134 is a current summing junc-
tion and the preamplifier is aninverting amplifier acting
as a current to voltage converter.

The high frequency amplifier input signal is fed forward
by C69 and C70 to Q31 and Q32. Emitier follower Q33
provides a low impedance output for the amplifier before
antering the XY Multiplier input.

4.11.4 Square Selector

The squars selector {ref: schematic 0103-00-1455 sheet
3y determines which of two square wave scurces fiow
freguency square wave from the synthesizer U4 pin 6
and SWSQR from the square buffer). will ieed the three
sguare salecior outputs. The outputs are HFSQ which
drives the 1.1 lock loop, FGSYNC which canbe used by
the frequency synthesizer for possible selection to drive



the TTL Out and ECL Qut conneciors, and TTLSQR which
drives the square shaper.

Fer frequencies at or below 1kHz, contral line LFis TTL
logic high which makes U8 pin 10 low and U8 pin 5 high.
This causesthe low frequency sguare wave fromthe syn-
thesizer (U4 pin 6} to be inverted at U8 pin 11, pin 6 and
again at U15 pin 8 before going to the frequency syn-
thesizer as FGSYNC. A logic low at the LF control line
blocks the low frequency square wave from the syn-
thesizer {U4 pin 6) by making U8 pin 11 high. It also
causes the square wave from SWSQR to be inverted at
U8 pin 8, pin 6 and again at U15 pin & before going to
the frequency synthesizer as FGSYNC.

it the square wave function has been selected, SQR is
low, making US pin 2 high and inverting the signal from
FGSYNC before being sent to the Square Shaper as
TTLSQR. For all functions other than square wave, 5QR
is high, disabling TTLSQR (US pin 12).

it frequency synthesizer Mode has been selected,
SYNTH goes low, making U8 pin 1 high and inverting the
SWSQR signal atpin 3before enteringthe 1:1 Lock Loop
circuit as HFSQ.

4.11.5 Square Shaper

The square shaper (ref: schematic 0103-00-1455 sheet
S accepts a TTL square signal (TTLSQR) from the Square
Selector when square wave has been selected. The
TTLSQR signal is converted to a clean, fast square wave
by alternately sourcing and sinking current through
R154. The Square Shaper output signal drives the XY
multiplier.

TTLSQR is shifted to a bipolar square signal by R119,
R120, R121 and R124, then applied to the bridge circuit
formed by Q23, Q24, CR31 and CR32. When TTLEQR is
high, Q24 isturned off, forward blasing CR31 and allow-
ingcurrent from the + 15V supply to flow through R117,
Ri22 and CR31. This develops the upper level square
across R154. Atthe same time, Q23 I8 sourcing current
through R123 and R118to — 15V, reverse biasing CR32.
A low TTLSQR turns Q23 on and Q24 off. reversing the
situation and developing the lower level square across
R154,

When a function other than square is selected, SQR is
high. This allows the gate of Q37 to be pulled high by
R155, turning "on’ Q37 and conneciing the output of
the preamp to FUNC OUT. At the same time, the gate
of 48 is pulled low by R153, turning “off'"’ Q48 andg
preventing the sguare shaper output from reaching
FUNC OUT. When square function is selected, SOR goes
low, shorting analog switch U30 pins 2 and 3. This turns
Q37 “off”, disconnecting the preamp output from FUNC
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OUT. In addition, O34, Q3% and Q48 are turned "'on’’,
connecting the square shaper cutput to FUNC QUT,

4.11.6 X-Y Multiplier

The X-¥ muitiplier {ref. schematic 0103-00-1455 sheet
3)is a transconductance multiplier that drives the out-
put amplifier with differential currents at U31 pins 2and
14. These currents are derived from the function signal
at FUNC QUT, which enters U31 as the X input. The
magnitude of the current difference at the output is
directty propartional t¢ the FUNC OUT instantansous
value multiplied by the sum of the amplitude control
voltage (VAMP} from the microprocassor board andthe
instantansous value of the external amplitude moduia-
tion signal at AM In.

Refer to simplified schematic figure 4-12. All ¢ircled
numbers are U31 pin numbers. Whenthe instantaneous
values of VAMP and AM in are equal, the base voltages
of Q1 and Q2 are the same and 8mA flows through the
1.21kQ resistor B213. This current is evenly split through
diodes CRt and CR2, Q1 and Q2, Q3 and Q4. Because
the bases of Q3 and Q4, and the anode of CR3 are
commaon to each other, and each have 50082 resistors
which are also commonly connacted, the same amount
of current (4mA)must flow through each of the three legs.

If VAMP does not equal AM In, current flows through the
gain resistors R222 and R232 causing the currents in
(1 and Q2 bacome unagual. The directionof this current
flow, and therefore the change incurrent through Q1 and
02, depends on the polarity of the unequal inputs.

With O volts present at FUNC OUT, U31 pins 10and 11
areat — 0.7V, and R205has no current through it. Note
that the {otal resistance of R3and R218{2500 Q) is twice
that of R4 and R206 {1250 Q). Because these com-
ponents are across the same voltage points, twice the
current (8mA) flows through R4 and R206 asthrough R3
and R219. Also note that the bases of Q11, Q12 and the
anode of CR4 are all commaon to each other, each with
5008 resistors which are also commonly connected. The
voltage and therefora the current(8mA) are identical for
each of these thres legs. Currents entering the collec-
torsof Q11 and 12 are equal under all conditions, and
collector currents of Q2 and Q10 are also equal when
FuncOutisOV. This meansthatthe netemitier currenis
of both differential pairs (Q5/Q6 and Q7/08) are equal.
Because of the cross connection of collector currents,
the currenis entering the muitiplier at ping 2 and 14 are
equal whether or not pins 9 and 12 have equal base
voltages. When Func Outis not zero, R205 redistributes
the Q9 and Q10 emitter currents t¢ maintain equal
currents through Q11 and Q12 collectors. Only when
thera is an instantanecus difference between VAMP and
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Figure 4-12. XY Multiplier Simplified Schematic

AM In and at the same instant Fung Qut is non-Zero is
there a difference between the currents in pins 2 and
14. Thisdilference is detected differentiaily and amplified
by the power amplifier. In this manner, 4 quadrant
multiplication is achieved. Func Out carrier amplitude
is determined by the instantanecus difference of the de
value VAMP and AM In. Rermoval of VAMP with modula-
tion at AM In produces SCM.

4.11.7 Qutput Amplifier

The cutput amplifier (ref, schematic 0103-00-1455% sheet
5) provides the final gain and output drive capabilities
of the instrument. Differential currents from the XY
muitiplier are sensed by Q48 and detectedat the + and
— Inputs of 33, Depending on the status of these cur-
rents. U33 pins 11 and 6 reguiate the power supply cur-
rents through R244 and R256, and therefore the voltages
atthe bases of 051 and Q53. These transistors drive the
output complimentary emitter followers Q52 and 054,
The output voltage is fed back through R238 with the
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ratio ol voliage divider R236 and R238 (between the out-
put pointand ground) determining the voltage at the out-
put of U33 pin 10.

When pins 2and 14 of the XY multiplier 1C, U31 sink eguai
currents, the voltages at U33 pins 4 and 5 are equal,
preventing the cuiput of U33 at pin 10 from either sink-
ing or sourcing current. In this condition, the power
supply requirements of U33, sensed by the drops in R244
and R256 are static, causing Q51 to source and Q53 to
sink idling current through CR48 and CR51 . This idling
current is mirrored by Q52 and Q54 by holding the Vg
of both transistors equal to the diode drops. in this
manner, cross-gver distortion, which is normaily seen
as the output voitage passes through OV, is eliminated
in this complimentary emitter follower,

When the XY muitiplier IC U31 pin 2 sinks less current
than pin 14, the voltage across R235 decreases while
the voltage across R234 increases. This raises the the
emitter voltage of the right hand transistor of Q49 while



lowering the emitter voitage of the left hand transistor,
The right side of Q49 now sinks mare current and the
feft side of Q49 sinks less current, bringing the ** 4 " input
of U33 higher than the '* — " input. The output voliage
atU33 pin 10 beginsto rise, causing U33 to begin draw-
ing mare positive supply current through pin 11 than
negative supply current through pin 6. This difference
in supply current causes Q51 to source mare than Q53
sinks and the PA QUT voltage will rise pesitive untii the
current through the feedbackidivider resistors R238 and
R235 pravides the voltage needed at U333 pin 10 1o
stabilize the output. When this accurs, the supply cur-
rents of U33 equaiize and equitibrium is established.

Whenthe XY multiplier IC U31 pin 2 5inks more current
than pin 14, the opposite condition occurs, and the PA
OUT voltage goes negative until the currentthrough the
feaedback/divider resistors R238 and R236 provides the
voltage needed at U33 pin 10 to again stabilize the out-
put. Note that the cutput voliage swing of U33 is very
low resulting in a wide bandwidth without slew rate
limiting. Trim capasitor, G153, Is used to adjust the
amplifier high speed signal peaking.

Anoftset voltage input at VOFST isconverted to current
through R125 and R126. This current is proportional to
the voltage and polarity of VOFST, entering the summing
node at U33 pin 4 1o provide de control of the input cur-
rent, and therefore the output voltage offset.

411.8 Qutput Attenuator

The output atteruator (ref: schematic 0103-00-1455
sheet B) consists of two output relays, Kt and K2, that
are controlled by logic lines A0 and A1 from the analog
interface circuit on the microprocessor/synthesizer
board. Thase linas are driven by Q3 and Q2 respectively.

Thethree possibie combinations of operating states for
the relays are:

1. 50Qoutputimpedance matching: 55 inparallelwith
555 in parallel with 5000Q. K1 and K2 energized
(AD, AT low).

2. 20dBattenuation:55Q from Func Out connecior to
ground; 5558 in parallel with 500082 from PA QUT
to Fune Qut connector. K1 energized (AQ low), K2
dropped out (A1 high).

3. 40 dB attenuation: 55% in parallel with 5558 from
Func Gut connector to ground; 50002 from PAQUT
to Func Out connector. K1 and K2 dropped out {AQ,
A1 high).

Transient Suppression: Func Out connector transients

are suppressed during power on and power off by

applying — 40dB of attenuation between PA QUT and
the Func Cui connecior.
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During power on or power off, MR is low, turning Q1 {on
the microprocessor/synthesizer board) off. This opens
the current path through the relays and Q1 and Q2. Thus
K1 and K2 are dropped out {40dB attenuation) regardiess
of what AGand A1 are doing. Gnce power has stabilized
and MR goes high, Q1 and Q2 are enabled by ON. AD
and A1 can then be used to program the attenuator.

Ouiput Protection: There are two safeguards to protect
the attenuator and output amplifier circuits against major
damage due to accidental connection of external
valtages, including line power, to the Func Out connec-
tor. These safeguards are:

1. Diodes CR5Q and CR52 prevent the voitage at PA
OUT from exceeding £ 15V.

2. A ftastacting fuse (F3) is connected directly to the
Fune Out center conductor 1o guard against

accidental application of up to 250 Vac or 350 Vdc.
Diodes CR53 through CRS56 conduct current to

ground through the fuse whenever the instantane-
ous voltage at J23 exceeds £12.7V.

412 SYNC OUT DRIVERS

The sync out drivers seclion provides sync outputs at
TTLand ECL levels, ATTLto ECL corversioncircuittaps
the TTL signal to provide an ECL output. Both TTL and
ECL circuits are protecied by fast-blowing fuses at the
center conductars of the connectors,

The TTL and ECL ouiputs are driven by the SYNC signal
from the microprocessarisynthesizer board, This signal
is selected by the frequency synthesizer from three
sources, the waveform synthesizer. function generator
and frequency synthesizer. The SYNC signalis buffered
by U15 before reachingthe TTL QUT connector, Diodes
CR62 and CREB3 prevent an accidentally applied exter-
nal voitage from damaging U15 and the associated cir-
cuitry. If an excassive voltage is applied to the connec-
tor. the fast-blow fuse, F1. will open.

The ECL signal is derived from the TTL signal and con-
verted by the TTL 1o ECL circuit whichincluges (38, Q39,
Q40 and Q41 The veltage divider consisting of R170,
CR235, CR36 and R171 maintains the base of Q3% at a
predetermined level, and the collectar provides a
constant current to the emitters of differential amplifier
transistors Q28and Q41 Thebaseof Q41 issetto + 1.4V
by divider R178. CR38 and CR37  Diode CR39 15 forward
hiasedand maintainsthe Q40 basevoltage 0.7V more
positive than the switching signal at the collectorof Q41
This voitage change is nuilified across the base emitter
iunction of emitter follower and gutput drive transistor
Q40. making the voltage at the collector of Q41 equal
ta the callector of 040, As with the TTL c¢ircuit, diodes
CR59 and CRB0 prevent an accidentally applied external
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voltage framdamaging Q40 and the associated cirguitry.
It an excessive voltage is appliad to the connector, the
fast-blow fuse, FZ, wiil open.

413 POWER SUPPLY

Three power supply voltages, + 15V, — 15V, and + 5V
are generated on the power supply circuit board {ref:
schematic 0103-00-1113).

4131

The = 15V Power Supplies provide power to the analog
sectionsof the instrument. Voltage regulator VR1 main-
1ains the 15 volt supplies within £ 0.3V. The pass
elements, Q1 and Q2, provide greater output current
than is possibie with only the requlator. B2, which is in
series with the output of the + 15V regulator, causes
current limiting to take place at a lower value than the
internal limiting provided by the regulator. As the cur-
rent through R2 {located between the regulator output
and reference pins}reachesils limiting value, the voltage
drop across R2 reaches G.4V. Any further current
through R2 causes the regulator to bower the oultput
voltage until the current talls back to the limiting value.

=+ 15V Power Supplies

4-26
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The — 15V supply operates similarky to the + 15V supply,
however the polarities are raversed.

413.2 +5V Supply

Inthe + 5V supply, ac fromthe transformer, T1 (located
onthe rear panel), is rectified by CR2 and filtered by C9,
C10, and CH1 to provide unregulated dc for regulator
VR2, C12 provides additional filtering at the output of the
regulator.

4.13.3 Power Distribution

The microprocessorisynthesizer board primarily uses
+ 5V for most ¢f its circuits, however, £ 15V is also
needed for the frequency synthesizer. Power enters the
board at the J4 POWER CONNECTOR. Each line is
filtered by ferrite bead inductors FB2-FB4 and capaciiors
C21-C28. Additional filtering is provided by small value
bvpass capacitors at various locations on the board.

The waveform generator board needs + 15V for most
ofits circuits, however + 5V isused in the various digital
circuits, primarily in the waveform synthesizer and
square selector. Power enters the board at the J5
POWER CONNECTOR. Filtering is provided by smali
value bypass capacitors at various locations on the
board.



5.1 FACTORY REPAIR

Wavetek maintains atactory repair department tor those
customers not possessing the necessary parsonnel or
iest equipment to maintain the instrument. tf an instru-
ment is returned io the factory for calibration or repair,
a detailed description of the specific problem should be
attached t¢ minimize the turnaround time.

5.2 REQUIRED TEST EQUIPMENT

The test equipment required t¢ perform the calibration

procedures in table 5-2 are listed in table 5-1.
8.3 CALIBRATION

WARNING

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

Disconnect the instrument from the ac power source,
then slide both top and bottom covers partially oif (see
figure 2-1 paragraph 2.2.2). Remove only the top cover,
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SECTION
CALIBRATION

slide the bottom cover b on,a d rvert the instrument

e P -.n-n P n-—..n..-n 4— o

{oc maintainthe OpETdling iemperaiin t:uuln"ly calibration.

Reconnect the instrument to the ac power source and
allow it towarm up at least 30 minutes for fina! calibra-
tion. Slide the bottem cover toward the rear only when
making adjustments or measurements.

MNOTE

The completion of the calibration procedure
returns the instrument fo correci alignment,

t CALIBRATION LIMITS AND
TOLERANCES ARE NOT
INSTRUMENT SPECIFICATIONS

Instrument specifications are given in Sec-
tion 1 of this manual,

Figure 5-1 shows waveform generator calibration points.
Figure 5-2 shows microprocessorfsynthesizer board
calibration points.

Table 5-1. HRequired Test Equipment

Equipment Quantity Specifications
Qscilloscope 1 Dual channel, 2 20 MHz bandwidth, external trigger input.
Freguency Counter 1 &'z digit resolution and period measurement capability.
True RMS Digital
Voltmeter {DVM) 1 4% digit resolution,
Distertion Analyzer 1 To 200kHz
Spectrum Analyzer 1 To S0MHz
Signal Source 1 Capabie of 1 kHz, 10 Vpp sine wave.
X1 Probe 1
X110 Praobe 1
508 Termination 1 Feedthrough, 0.1% accuracy, 2W.
Coaxial Cables 3 BNC male connectors, RG-58U cable.
BNC Tee | 1 1 male to 2 female connection.

51
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Table 5-2.  Calibration Procedure
Step Chack Testaer Test Point Contro] Setting Ad|ust Result Remarks
1 FPower DM J15fin 2 Reset + 5V + 250mv Ground lead to
Supply CR14 cathode
o | Regulators J15 Fin 7 — 15V + 250mYy
3 J15 Pin14 + 18V + 250mV
4 Crystal Counter TTL Out Mode: Clock C29 10.000MHz Werify frequency
Fregquency Freguency; Micro- + 100Mz resolution from
10.000rHz proces- 10 MHz to
SOFEYMN- 32 MHz
thesizer
board

In the faliowing step, If necessary, preadiust RE6 so that the phase lock loop outout can be displayed on scope at .1 Vidiv with roughly OV de
offset. Adjus! R184 to null the signal, then adjust slightly so that alf phase correstion pulses just begin pufsing in the pogitive direction.

T
5 Fhase Lock 5cope P15 Fin4 tode: Synth R&s See above Use X10 probe
Loop ) Fraguency: H184 {Ground lead to
1.000kHz CR14 cathode}
f LF Wave- Func Out {Termin- Reset Freg- Werify all LF
form Check ated into 50Q or quency: 599Hz { waveform func-
Fagif Opt 003 Amplitude: i tions, then
installed or 600Q i 10.2Vpp return to sine.
Caot 004 ingtalled)
7 Carrigr NuH Press i R2os Minirnum AC Scopé settings;
" Amplitude " - R214 signal s0myrdiv.
Press "'Zerg™ 0.5msecidiv AC
I : ' coupled input
| ;
8 Modulation Press Rt147 |' Scope seltings:
Nult ' " Amplitude™ ¢ Smvidiv. DC
: Funstion: DC | ¢oupled input
: Sync to TkHz
10Vp-p sine
applied to Ext AM
in
S 1 U0 AM Nl DVM Function: Sing R231 Ovdc + 10mv Brisconnect Ext
i Prags AM In
“Amplitude"”
Press "'Zero" i
10 Maxirmnuam Press R247
Amplitude "Amplitude
Mulk
11 Worst Case " Amplitude: : Record valve and
Otfsst © Value belween | | polarity
i 1and 10).8Vp-p
12 Worst Case | producing R203 Double Above
Offset greatest offset recorded value
from OWdc

Adjustment

o2

{zame polarity}




Table 5-2. Calibration Procedure {Continued}
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Step Check Testar Test Point Control Setting Adjust Result Remarks
13 Amplitude ! Amplitude: R247 0Vde + 10mV
Null 1n.2¥pp
i
Repeat steps 8, 11, 12 and 13 until offsat values are alf within 10mY of OVde from 1 1o 10.2Vpp.,
14 SCM Scope Press "“Zero" Only if Edual amplituge | Scope settings:
Balance Nneces- alternate peaks 1/div. Srnzec/div.
sary. Synic to 50Hz
adjust 10V .
p-p singe
R147 applied 1o Ext AM
{wave- In
form tap}
Aeturn SCM
SCM NULL 1o 000 after
NULL R147 set.
with front
ket
{wave-
form
bottom)
15 Al Check Amptitude =100% Disconnect Ext
SVp-p modulatad Ak AR IN signat uril
vraveform amplitude and
seope set.
Scope setling:
2Vidiv,
16 WCG Zero DV {low DC § VOGN Funection: Res Uvdc = 0. 1mv ; Diseonnect
range, no foad) Square appiied signal
Amplitude: frorm Ext AM En
10.29pp and scope.
Frequendcy:
8.99kHz
Press "Zera'
17 1000:1 Scope Fung Qut {Termin- : RT0O Megative to Disconnect cable
Fraguency ated inta 50, or : positive transi- from VCG In
. | H .
TSQ if Opt 003 o tion at 5.5cm Scape setlings:
instatled .or BO06 if | 1omsec/Div.,
Cot 004 installed) ! Trig Mode Nor-
rmal, DC, Nagative
Slope
18 10001 RT3 <1 % Scope selting:
Syrnmetry i assyMmmetry KMagnify X10 On
|
Repeat steps 17 and 18 as needed.
19 Symmetry Press R33 <01 % Scope Settings:
. "Freguency™ assymmetry 20psecidiv.
| Frequency: Magnify X10 On
I 500 kHz ! for X100 if
possibie)
20 Sine Dist Distartion Function: Sine R100, Minimum distor- | Scope Setting:
analyzer : R105, tion {typicaily Magnify X10 Off
R106, 0.1 10 0.2%)
R113

5-3
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Table 5-2. Calibrationr Procedure {Continued)

T
Step Check Tester Test Point Control Setting Adjust Resuwit Remarks
21 Frequency Counter TTL Ouit Function; R&E 99.9kHz = 1kHz
Ranges {Terminated into Square
S0 Freguency:
33 IHz
Fraguency: G28 9.9%kHz
9.89kHz Trim) + 100Hz
Frequency; Car. 25 1MHz + 10kHz
1MHz {Trirn)
Frequency: C38, C26 | 899kHz £ 10kHz
93%kHz {Trim}
: Frequency: R&& 12.00MHz
; 12.00MHz ! 2 100kHz

Repeat TMHz, 889kHz and 12.00MHz adjustments as needed.

a2 Sine DM Func Gut Function: Sine R223 3.B0E Vrms
Amplitude L (True RMS) {Terrmninated into Frequency: + 10mY

! 50Q. or 752 if Opt 1.00kHz
003 instalted or

25 LF Amplitude ,6009 It Gpt 004 Frequency: R2
installed) 990Hz
24 | DC Output Function: DC R125 ¢ +5.1vdc
Oitset: + 51y {gain} | +10mv i
and —5.1V R251
alternately {offael)
25 Sine (Mfset Offzet: "Zerg” R247 IVdc = 10my

Function: Sine

26 I Frequency: R107

1.00kHz
27 Triangle Function: R166
Offset Triangle
28 Triangle K161 2.944\rms
Amplitude +10my
29 Square Funetion: R117 5. 100Vrms Dy 1 DC.
Amplitude! Sguare (Uppen +10my Rernove half errgr
Ciset H118 PVde + 10my i w!th R117, hait
{Lower) ©owith R118.

DYM to Wemna,
Remove hall error
with R117. half
with R118.

Repeat Siep 29 until both amplitude and offset errars are <10mVy,
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= H x o —
Table 5-2. Cailbration Procedure (Continued) 22 06 _pg. CK) A r’ \\' §O+
Lo —l - -
CiTL R1S2 R = ] 3 + \L\ 7 & =}
. . +* ce, -cg- b= = 9 a B/ - =]
Step Chack Tester Test Point Control Setling Adjust Result Remarks A=+ fing Y Rm- 4 S 82 ax f \.‘ —fo— Ow —o—
G2 s R - |8 o = R, RS FREGAANE SW o [ S
. Ve 4+ 20my " T M- @ :ﬁgﬂ] | —Rug- 2 3 = =
30 | Trigger Mode: Triggered R26 Ovdc + 20m = -G8~ —cim3- | —hw & _p- - 2 —W— o as
- Function: = M- -CHO-  -RB- _—ege— ' 8@ -RR1— S e —R— 3 Th
Baseling 5 CIM G- ~Hai- & “Hi- gl — _HCR:- CAF =
Triangle = - —U— —ai- | Ry B2E-m —m- g B
Freguency: —F201— -R145- ~yr 2 - B Eﬁ%f B --Rd— 5 =
9.99 kHz s 13- g ARSI -G ~HE3- | G- ey % —EFI;lﬁl?I_]’—‘ o o
—_ — i —RB— —(hl— o —Rl}- - = -—d -
; e M ik e \ Nt o . g MY e
31 RisefFall Scope Made: R232, Rise/Fall Time Lise 502 termina- ST 1B —Ci {, o ﬁ i L P E E
Time Continuous R258. | <22ns (50/75Q | tion regardiess of R8s~ :E&?}EJ_I —RiN R el I 2y e
Frequency, G153 | machines) : option. - S B B R — w ) w ) o/ HCRE-
L m g RE . R T NS ES W
1.UUMIH2_ Best respanse Scope 3altings: o — R & -RA- prwn = = LA _Em-{ i —RN- :E!l%:
Function: on 600G 0. 1pusiDiv. ; :E%T"m: © :E%EI}- “:ﬁfgéﬂ_- ! e %)EF) —CRIw+ —L— — 05— —t—
Sauare machines Set waveform for = - %5 L3 :| 2 MRS TREEmL LG A = = &
= -F20- (RS- * reCRAL B G- _ M wpp 5 s
(% and 100% =
lines on Scope ':ﬁ
Magnify X10 On
(71— —Ci—
) i = — =
42 | Aherrations . Peak-to-Peak Magnify Xi0 Off - - = e =
i aberrations % 2 I
<400mYy 25 i
28 |
33 Harmonics Spectrum Func Out {Use Function: Sing All harmonics at §RI00 — = T = -
Analyzer X10 attenuater least — 28dBe roemeo R ¥ P = 5. s e
for 0 and 752 from 1MHZ to B B8 SR = ¥ = m =
inas. Ali 12MHz — -R140- T -RIG- R —RIE=
| machines. Al . 2w Cha- &b | -Fib- Q6 JéO —i—
I| machings not g o - SR ey, i lr.:s -uP-’EB
terminated) ry TS CREE -y CA5 —[ag—
2l JE WG mA:ﬂ -
T A PR LM I RIG 5 Téem T =Gt —Ci—
Repeat steps 31. 32 and 33 as needed. R4 1.-— gr ) -EH%— g LE 2 _pp_ Lf S e - =
- Bles wig - = TSy b
EEE— =2 ) ) RE—
i} S RIE = & 'L
34 Post-Final See each step See each stap See each step See each | See =ach step Install both . CR%H—_:r- E f-g RIZ B r‘“E’"_ _pf[::g];_ =
checks i step COVers. then e:e: —HI& "-HISE‘: P\ w x = :%1: - §
| instrument aside -Ri —RAIR— | -R{15— gz = HCRIG- T
—R164— RI5F R113 -~ I~
Repeal sleps for 1 hour with -A1%- | -A116= P D = < g
1= __ N L™ MR- 2 -C13—
4.8 16. 17, power an to —Hﬁf— -R184- | -Fﬁﬁzg— o —R3— 7 L 17—
18, 22-28 stabilize. Rapidly -z AR RZe g A el = Cib- s
check indicated CHO . RIS T RIE I:I%RE%E: - ;%i— '_ =
steps_and toueh- i —H];L-—‘_H‘ﬂc EEC__’-D;; -r- = TN Ty pae— _E“
| up adjustments WCRE-  -FIB8— Zp ) r} WOR:-  E
' as needed. CHCHE- R N8O 2 —Ril= 7
- T ry g | v I i &
—RiE- “8B“- Mo RuIO— B - o
WORY- - - ge3 SOR SHAPER Py Rl 5
MR- Bgra o ).) L U
rip -2 B N 1200) e =
e l::ﬁj T i 2] | b,
™= 23 = Euaﬂmﬁ g A2 e-FE
SOl pags o TiTe - Tee
¥ . & s m h
RS 23NE0 T =
Figure 5-1. Waveform Generator Board

Calibration Points
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6.1 FACTORY REPAIR

Wavetek maintains a factory repair department for those
customers not possessing the necessary persennel or
test equipment to maintain the instrument. If aninstru-
ment is returned to the factory for calibration or repalr,
a detailed description of the specific problem should be
attached to minimize turnaround time.

6.2 BEFORE YOU START

Since no troubteshooting guide can possibly cover all
the potential problems, the aim of this guide is {o give
a methodology which, if applied consistently, will lead
to the problem area. Therafore, it is necessary to
famitiarize yourself with the instrument by reviewing the
functional description and the detailed circuit descrip-
tion{Section 4)in conjunction with the schematics (Sec-
tion 7). Successful troubleshooting depends upon
understanding the circuit operation within each func-
tional block as well as the block relationships.

WARNING

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

The intent of this section is to provide the informatign
required to return this instrument to praper operation.
Informationis divided into two parts. Part one (table 5-1)
contains a list of symptoms that should be useful indeter-
mining which circuit within the instrument is defective.
Part two consists of circuit guides which include settings
and measurements for troubleshoating an individual
block. Each circuit guide also references related
schematics, clreuit descriptions, and calibration pro-
cedures. Table 8-2 provides a list of these circuit guides.

Before beginning the troubleshocting process, verify the
instrument's controls are set correctly. For example, the
instrument cannot produce a 100kHz ramp up. For more
information about instrument operation, refer to section
3 of this manual.
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SECTION
TROUBLESHOOTING

Alsa, rule out calibration as a pessible problem. For
instance, if the 10 kHz triangie ampiitude is out of
specification while the sine and square amplitudes are
in specification, then the TRI LEVEL poi, R161, quite
possibly, needs adjustment.

Finally, inspect the instrument’s components, wiring,
and circuit boards for heat damage.

6.2.1 [solating a Problem

To successfully troubleshoot this instrument, the
symptom must tirst be identified, the faulty block
isolated, the block analyzed, and the defective compo-
nent tocated and replaced.

To identify the symptom, use all thé front panel controls
and connectors. Pay particular attentionto the frequency
range, as this identifies the signal flow {function
generator loop or waveform synthesizer).

Cnce the signal flow is established, table 6-1 canbe used
toisolate the circuit block. Start measuring the outpuis
of the circuit blocks until the defeciive block is located.

Once the black is isolated, refer to the appropriate cir-
cuit guide (table 6-2). Set the controls as instructed and
take the measurements given to check out the block.
Paragraph 6.3.45 gives component troubleshooting
information.

When the microprocessor and interface sysiem is
suspect, troubleshooting can be done by observing the
symptoms to decide which checks will be used io locate
a faulty digital circuit block. General technigues of
troubleshooting digital systems are then applied to these
blocks. One valuable technigue involves using an
oscilloscope to check for “stuck'” bits on each ling of
a constantly varying address or data bus. A stuck™ bit
may be congtantly high, low, or tri-state (the output floats
10 a threshold level of 2 to 2.5V}, it could also vary
betweenatri-state and a high or a low level withaut going
tothe third level. The cause ofa “stuck bit™ can be found
by isclating IC ping and connectors from the ling in ques-
tion Ifmorathanonelineis“stuck’, make alistof these
lines and check for a common IC.

6-1



Table 6-1.
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Fauit isolation

Symptom

Possible Cause or Refer to Paragraph

Display blank, power supplies normal.
Fuse blows, display blank.
Power supply out of specification.

Func Out (all functions) distorted or missing (TTL/
ECL outputs and display normal).

TTL Qut missing, ECL, Func Qut and dispiay
normal.

ECL Out distorted or missing, TTL, Func Qut and
display normai.

TTL and ECL outputs distorted or missing, Func Qut
and display normal.

All putputs (all functions) distorted or missing above
1 kHz, display normal.

All outputs distorted or missing at 1 kHz or lower
frequency, display normal.

Square output distorted or missing (remaining
waveforms and display normal),

Sine wave or triangle outputs distorted or missing
{remaining wavetorms and dispfay normal).

High frequency distortion or frequency problems at
Func Out. Display and remaining outputs normal.

Time symmetry cannot be adjusted within
specification.

Trigger, gate and trigger baseline problems.

Yoltage at VCG IN connector not changing
frequency properly.

DC offset not functioning correctly.

Disptay blank or shows unintelligible data (not
reading “WAVETEK MODEL 23" or "WAVETEK
MODEL 23 * BATTERY LOW! *)

Display reads “"WAVETEK MODEL 23 * BATTERY
LOW! *” or “WAVETEK MODEL 23'' tollowed by
data net related to the turn-off setup.

Memory retained but battery life much less than
specified.

Not frequency synthesizing properly.

Display view angle misadjusted. Paragraph 6.3.17
Paragraph 6.3.44.

Paragraph 6.3.44.

Paragraphs 6.3.38 t0 6.3.41.

Fuse F1

Paragraph 6.3.43,

Faragraphs 6.3.30 and 6.3.42

Paragraphs 6.3.8, 837, 6.3.12 and 6.3.20 t0 6.3.29,

Paragraphs 6.3.32

Paragraphs 6.3.36 and 6.3.37

Paragraph 6.3.34 and 6.3.35

Paragraph 6.3.28

Paragraphs 6.3.20 and 6.3.21

Paragraphs 6.3.22 and 6.3.29
Paragraph 6.3.20

Paragraphs 6.3.12 and 6.3.39
J15 pins 2, 7 or 14, Paragraphs 6.3.1, 8.3.2 and
6.3.17.

Battery Paragraph 6.3.15,

Paragraph 6.3.14,

Paragraphs 6.3.30 and 6.3.31




6.3 TROUBLESHOOTING GUIDES

Table 6-2. Circuit Block Guides

Circuit Guide Paragraph
Microprocessor 6.3.1
Clock 6.3.2
Front Panel Interface 5.3.3
Address Latch 6.3.4
ROM 6.35
RAM 6.3.6
Data Latch 6.3.7
Analog Interface 6.3.8
Knob Interrupt 6.3.9
Analog/Panel Decoder 6.3.10
Address Decoder 6.3.11
Sample and Held 6312
Rasst 6.3.13
Standby 6314
Battery Test 6.3.15
Keyboard 6.3.16
Digplay 6317
GPIB 6.3.18
AS-232 £.3.18
VCG 6.3.20
Current Source and Sink 6.3.21
Trigger Control Current Sink 6.3.22
Current Switch 6323
Frequency Range Switches 5.3.24
Triangle Buffer 6.3.25
Comparator, Switch and 6.3.26

Sguare Bufiers 6.3.27
High Freguency Compensation 6.3.28
Trigger Logic 6.3.29
Frequency Synthesizer 6.3.30
1:1 Lock Loop 5.3.21
Waveform Synthesizer 6332
Sine Converter 6.3.33
Function Selector 6.3.34
Preamplifier 6.3.35
Square Selector 6.3.36

ManualsPlus.com

Table 6-2. Circult Block Guides

{Continued)
Circuit Guide Paragraph
Square Shaper 6.3.37
XY Multiplier 6.3.38
Power Amplifier 6.3.39
Altenuaior 6.3.40
Cutpui Protection 6.3.41
TTL Driver 5.3.42
ECL Driver £5.3.43
Power Supply 6.3.44

6.3.1 Microprocessor

Relaied information in this manuai.
Schemadiic: 0103-00-1454 Sheet 1.
Circuit Description: Paragraph 4.2.1.

Allcomponents referenced inthis paragraph are located
on the microprocessor/synthesizer board unless other-
wige specified.

Refertotable -3 tofault isotate the microprocessor and
associated circulitry.

6.3.2 Clock

Related information in this manual.
Schematic: 013-00-1454 Sheet 1.
Cireuit Description: Paragraph 4.2.2.

Refer to tabie 6-4 to fault isolate the clock and associated
circuitry.

6.3.3 Front Panel Interface

Related information irt this manual.
Schematic: 0103-00-1454 Sheet 1.
Circuit Description: Paragraph 4.2.3

Check U15 pin 1 and U6 pin 1 (increase scope inten-
sity) for negative pulses =0, 5us wide occurring at 33ms
intervals. If readings are not normal, refer to the analog
panel decoder {paragraph 6.3.10),

Refer to table 6-5 to fault isolate the front panel inter-
face input lines and associated circuitry.

6-3
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Table 6-3. Microprocessor Fault solation

Tast Point Normai Reading Possible Cause of Wrong Reading
U3 pin 3 3.072MHz Clock (paragraph 6.3.2)
U3 pin 39 ?BBKHZ positive TTL pulse U3, U5 or associated circuitry
i3 pin 40 768kHz TTL square wave U3 or associated circuitry
U2 pin 21 2+ 4.5Y CR2 or power supply {paragraph 6.3.44).
U3 pin 6 TTL high. Reset circuitry (paragraph 6.3.13}.
U3 pin7 TTL high. Standby circuitry (paragraph 6.3.143,
U3 pins TTL High. Pulses low when Knob Interrupt (paragraph 6.3.9).

rotating knob.

U3 pins 22 through 37

THL high with groups of pulses
occurring for 21ims at inter-
vals of 16.5ms.

“Siuck™ bits at U3 or associated circuitry.

U8 (paragraph 6.3.5).

The remaining U3 pins are discussed in the appropriate troubleshooting paragraphs.

Table 6-4. Clock Signal Fault Isolation

Possible Cause of

Test Point Normal Reading Wrong Reading Remarks

U22 pin 15 6.144 MHz roughly ¥1, U22, U4, Ei0 to Remove ribbon cable from J& for access
triangular waveform E8 coax ta U22 pins.

. at TTL level.

U4 pin 11 E10 to E8 coax

U4 pin9 3072 MHz TTL U4, U3, E6to E4 Aeconnect ribbon cable after fauit is
signal. coax corrected.

U3 pin3 ES to E4 coax




Table 6-5.

Fault Isolation

Front Panel Interface Input

Observe a high to low transition when the Indicated key
is pressed. If any signal is bad, go to paragraph 6.3.16.

Pin Key Pin Key
Uisping |[RESET U16 pin2 | KNOB*
Uispind | TRIGGE Uibpin & | KNOE?
UiSping |SLOPE U186 pin 11 | AMPLITUDE
U15pin8 | ZEROQ U186 pin 13 | MODE/FUNC
Uispin 11 | < U16 pin 15| OFFSET
Uispin 13 | > U16 pin 17 | KNCB
U15 pin 15 | STATUS
U15 pin 17 | FREQ/PER

*May be high or low after rotation.

Check U3 pins 30 through 37 {ADO-7) for a *'stuck’ bit.
If nat normal, isolate and replace appropriate IC.

6.3.4 Address Latch

Related informatign in this manual.
Schematic: 0103-00-1454 Sheat 1.
Circuit Description: Paragraph 4.2.4.

All components referenced inthis paragraph arelocated
on the microprocessor/synthesizer board unless other-
wise specified.
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Refer to table -6 to fault isolate the address latch and
assoclated circuitry.

Table 6-6. Address Latch Fault Isolation

Normal l Possible Cause of
Test Point Reading Wrong Reading
U5 pin 11 788kHz positive | U3 (paragraph
TTL pulse 6.3.1), US (para-

graph 8.3.4) or
associated
circuitry

U5 pins 2 Varying Lines IC causing a

through 9 at TTL Levels “atuck'” bit,

and 12

through 18

6.3.5 ROM

Related information in this manual.
Schematic: 0103-00-1454 Sheet 1.
Circuit Description: Paragraph 4.2.5.

Allcomponents referencedinthis paragraph are located
onthe microprocessor/synthesizer board unless ather-
wise specified.

Refer to table 6-7 to fault isolaie the ROM and associated
circuitry.

Table 6-7. ROM Fault Isolation

Test Point Normal Reading Possible Cause of Wrong Reading
Ué pin 20 Positive pulse groups at If active but not normal, U3 (paragraph 6.3.1),
16ms intervais Ue/U7 (paragraph 6.3.6)
if not active, U&/U21 {paragraph 6.3.11).
Ug pin 22 Simiiar to 768kHz square E U3 (paragraph 6.3.1), US, U18 or U20
clock (frequency may appear
lower on counter) with a few
missing pulses

UG pins 2 through

13, 15 through 19,
21, and 23 through
28

Varying Lines at TTL levels

U3 (paragraph 6.3.1) or any IC connected to
suspect line

(Even if al! bits are functional U3, US or U7 may be at fault)
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Tabie €-8. RAM Fault isolation

Test Point Normal Reading

Possible Cause of Wrong Reading

U7 pin 18 Negalive putse groups at
16ms intervals

If active but not normal, U3 (paragraph 6.31)),
U6 {paragraph 6.3.5) or U7

If not active, US/US {paragraph 6.3.11}

U7 pin 24 & +4.5Yv.

CR2 or power supply (paragraph 6.3.44)

U7 pin 20 Similar to 768k square E
clock (frequency may appear
lower on a counter) with a
few missing pulses

U3 {paragraph 6.3.1}, UG (paragraph 6.3.5), U18
or 20

L7 pin 21 Nagative pulses

U3 (paragraph 6.3.1), U19, U20 or U7

U§ pins 2 through Varying Lines at TTL levels
13, 15 through 19,
21, and 23 through
26

U3 (paragraph 6.3.1) or any IC connected o
suspect line

{Even if all bits are functional U3, U6 or U7 may be at fauit}

6.3.6 RAM

Related information in this manual,
Schematic: 0103-00-1454 Sheet 1.
Circuit Deseription: Paragraph 4.2.6.

Allcomponents referenced in this paragraph are located
onthe microprocessoar/synthesizer board unless other-
wise specified.

Refer totable 6-8 to fault isolate the RAM and assocated
circuitry.

6.3.7 Data Lafch

Related information in this manual.
Schematic: 0103-00-1454 Sheet 1.
Circuit Description: Paragraph 4.2.7.

Allcomponents referencedinthis paragraph are tocated
onthe microprocessorisynthesizer board unless other-
wise specified.

Refer to table 6-2 to fault isolate the data laich and
associated circuitry.

Table 6-9. Data Latch Fault Isolation

Test Point Normal Reading Possibie Cause of Wrong Reading
Utt pin 11 768kHz square {E clock) U3 (paragraph 6.3 1),
Uil pins 3, 4,7, 8, Varying lines at TTL levels U11, U3 (paragraph 6.32.1) or any IC connected to
13, 14,17 and 18 suspect line causing a “stuck™ bit.

(Even if afl bits are funclional U3, U6 or U7 may be at fault)

|
U1t pins 2, 5,8, 9, ! Varying lines at TTL levels

12, 15, 16 and 19

U11, U12, U13, U1d or U3z
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Table 6-10. Xnob interrupt Fault Isolation

Test Polnt Normal Reading

Possible Cause of Wrong Reading

Display Responds to keysirokes

U3 (paragraph 6.3.1}, U6 {paragraph 6.3.5), U7
{paragraph 8.3.6).

UiBpins 2and 5

Activity while knob is rolated

Keyboard (paragraph 6.3.16)

W17 pin 1 (RKIRQ)

Activity while knob is rotaled

J10 (paragraph 6.3.10) if RKIRQ missing but KW1,
KW?2 and KM normal.

U3 ping 5and 15
respectively as knab is
rotated

Negative and positive pulses

Knob interrupt cireuit (417, U18, U18 and Q4

6.3.8 Analog Interface

Related information in this manual.
Schematic: 0103-00-1454 Sheet 1.
Circuit Description: Paragraph 4.2.8.

Verify paragraphs 6.3.10 and 8.3.1. Return here if
normat,

Allcomponents referenced in this paragraph are located
onthe microprocessor/synthesizer board unless other-
wise specified.

Check Uit pins2,5,6,9,12,15 16and 19 for varying
lines at TTL levels. If readings are not normal, problem
could be on the waveform generator board, or an |G such
as U11, U112, U13, U4 or U32 on the microprocessor
synthesizer board. The boards can be separated by
disconnecting J&.

6.3.¢ Knab Interrupt

Related information in this manual.
Schemaiic: 0103-00-1454 Sheet 1.
Circuit Description: Paragraph 4.2.9.

Allcomponents referencedinthis paragraph are located
onthe microprocessorisynthesizer board unless other-
wise specifiad.

Refer io table 6-10to faultisolate the knob interrupt and
associated circuitry.

6.3.10 Analog/Panel Decoder

Related information in this manual.
Schematic: 0103-00-1454 Sheet 1.
Circuit Description: Paragraph 4.2.10.

All compenents referenced in this paragraph are located
onthe microprocessorisynthesizer board unless other-
wise specified.

Refer to table 6-11 to fault isolate the analogipanet
decoder and assoctated circuitry.

Table 6-11. Analog/Panel Decoder Fault Isolation
Test Point Normal Reading Possible Cause of Wrong Reading
U10 pin 6 7¥B8kHz square wave U3 (paragraph 6.3.1), U10, U18.

U1D ping 1, 2 and 3
16ms intervais

Groups of negative pulses at

U3 {paragraph 6.3.1)

10 pin 4 Groups of positive pulses at

18ms intervals

U3 (paragraph 6.3.1)
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Table 6-11. Analog/Panel Decoder Fault Isalation {Continued)

Test Point Normal Reading Possible Cause of Wrong Reading
LU10pin5 Graups of negative pulses at U10 or U8 {paragraph 6.3.11)
16ms intervals
U10 pin 7 = (). 5us negative pulses {with U3 (paragraph 6.3.1), knob interrupt logic

{with increased scope
intensity) as knob rotated

{paragraph 6.3.9), or U10.

Ut0 pins 9 and 10

& 0.5uss pulses at 33ms
intervals (with increased
scope intensity)

U10, U15 or U16 {paragraph 8.3.3)

U100 pins 13, 14 and
15

= 0.5us negative pulses as
knob rotated

L10, U112, U13 or U14 {paragraph 6.3.8)

6.3.11 Address Decoder

Related information in this manual.
Schematic: 0103-00-1454 Sheet 1.
Circuit Description: Paragraph 4.2.11.

Alicomponents referenced inthis paragraph are located
on the microprocessor/synthesizerboard unless other-
wige specified.

Refer to table 6-12 to fault isolate the address decoder
and associated circuitry,

Table 6-12. Address Decoder Fault Isolation

Test Point

Normal Reading

Possible Cause of Wrong Reading

Uspins1, 2and 3

Negative pulses at 2 18ms
intervals

i pins 1, 2 and 3 are continuous (not pulsing),
pin 7 puises positive, and ping 9 and 12 pulse
negative, U8 is functional.

U6 pin 20

Paositive pulses

Us or U219

UZpin 2 and Ug
pin 12

Identical readings

Ug it MR/ low (see paragraph 6.3.13) and U9
pin1d has = + 4.5V,

If pins 1, 2 and 3 are continuous {not pulsing) and
pin 7, 9 and 12 are not active, replace U8,

Check paragraphs 6.3.1, 6.3.5 and 6.3.8.

U1% pin 1
Set scape for
normal triggering,
negative slope,
high intensity.

& (.5us negative pulses as
as knob rotated after press-
ing Frequency/Period butten

U8, U119, or U22

U8 pin2
Change scope
setting to positive
slope.

= 0.5us positive pulses as
knoh rotated after pressing
Freauency/Pericd button

Ug 19, or U22
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Table 65-12. Address Decoder Fault Isolation {Continued)

Test Point Normal Reading Possible Cause of Wrong Reading
U3 pin 11 Negative pulses at 33ms Ug or U33
intervals
U8 pin 13 TTL high. Pulses low after U8, See also paragraph 8.3.18 and 6.3.19.

interface option interrupts

MICTODIoCEssor.

Uspin14 TTL high. Pulses low when Ugorii1sg
knob rofated.

U8 pin 15 Negative pulses at 16ms Usor U10
intervals,
6.3.12 Sample and Hold Allcomponents referenced inthis paragraph are located
on the microprocessorfsynthesizer board unless other-
Related infermation in this manual. wise specified.
Schematic: 3103-00-1454 Sheet 2. Refer to table 6-13 to fault isclate the sampie/hold and
Circuit Description: Paragraph 4.2.12. associated circuitry.

Table 6-13 Sample and Hold Fault Isolation

Test Point Normal Reading Possible Cause of Wrong Reading
U32 pin 2 i 768kHz sguare wave U3 (paragraph 8.3.1).
U32 pin 3 Negative pulse groups at U3 (paragraph 6.3.1).

18ms intervals.

U3z pin 1 . Negative pulses at 33ms Address decoder (paragraph 6.3.11}.
intervals,
J15 pins 7 and 14 on + 15V power supplies. Power supply {paragraph 6.3.44).

the generator board

U32 pin 13 2 —10.2vdc. © U33A circuitry or U32
LJ32 pin 12 + Ovde U32, U33B circuitry or a LADD-7 "stuck™ bit.
U32 pin 14 Following a reset, 2 + 5Vdc U32, U33B circuitry or a LADO-7 “stuck” bit.

with negative pulses at 33ms
intervals. Pulses vary with
knob.

6-9



ManualsPlus.com

Table 6-13. Sample and Hold Fault Isclaticn {Continued)

Test Point i Normal Reading

I
Possible Cause of Wrong Reading

tJ34 pins 1, 8, 9 and Negafive pulses at 33ms
16 intervals.

U3, UG, U7 or U34

U35 pin 1 (VAMP) +1Vde to + 10Vdc as ampli-
tude varied from 1Vpp to
10Vp-p after pressing Reset,

Amplitude.

U334 or U35

—10vdc to +10Vdc ina
complex fashion as offset
varied from — 5.1V to + 5.1V
after setting amplitude to
minimum and pressing
Offset,

U35 pin 7 (YOFST)

Us4d or U35

+10Vde to +1Vdc as fre-
quency is varied from
2.99kHz o 1kHz after press-
ing RESET, Frequency.

L35 pin 8 (VFREQ)

L34 or U35

Ovdc to — 10Vdc as knob
rotated cow after pressing
Amplitude, Zero. Increases
to + 10Vdc as knob rotated
cw.

U35 pin 14 (VNULL)

L34 or L35

8.3.13 Microprocessor Section Reset
Retated information in this manual.

Schematic: 0103-00-1454 Sheet 1.
Circuit Description: Paragraph 4.2.13,

Allcornponents referencedin this paragraph are located
onthe microprocessor/synthesizer board unless other-
wise specified.

Fress Reset on the instrument front panel.

Connect channel 1 probe to + 5V supply at rear of RS
{near U2},
Connect channel 2 probe to front of R5.

Set controls as follows:

Vertical Mode: Chop

Trig Mede: P-P Autc during setup, Normal when tak-
ing readings

Trig Source: Channe! 1

Trig Slope: Positive

6-10

Trigger level: Positive, displaying one trace each time
the unit is powered On.
Horiz Sweep: 20ms/Div

Observe =130ms delay between channel 1 and channe!
2 positive transitions as unit is powered On. If reading
not narmal, U2, U3, U9 or interface option board could
ke bad.

6.3.14 Standby

Related information in this manual.
Schematic: 0103-00-1454 Sheet 1.
Circuit Description: Paragraph 4.2.14.

Verity paragraph 6.3.13 normal before proceeding.

All components refarenced in this paragraph are located
onthe microprocessor/synthesizer board unless other-
wise specified.

Connect channel 1 probe to left end of R3 (viewed from
front of instrument).
Cornectchannel 2 probe to right end of R3{viewed from
front of instrument).
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Table 6-14. Battery Test Fault Isolation

Test Point Normal Reading Possibie Cause of Wrong Reading
U3 pin 21, U7 pins >+ 2.2Vdce (typically 2.8Vdc) U1B circuitry, U3, U7 or U8 or battery holder.
18 and 24, U9 pin with power Off. (All voliages
14, and across the must be present for memory
battery retention).
U3 pin 11 Rattery voltage present with 111 B circuitry.
Power Off.
13 pin 11 Single momentarily low U1B circuitry.
pulse, then constant battery
voltage at Power On.
5U3 pin12 Low if batiery voltage >2.2V. W1B circuitry or U3.

Set controls as follows:

Vertical Mode: Chop

Trigger Source; Channet 1

Trig Mode: P-P Auto during setup, Normal when tak-
ing readings

Trig Slope: Negative

Trigger level: Positive, displaying one trace each time
the unit is powered Off,

Horiz Sweep: .5ms/Div

Herizontal Position: Sweep begins al center of screen

Observe both points TTL high during setup. As the unit
is powered Off and the levs! at channel 2 just starts 1o
decay (about 1.5ms after power Oft), channel 1 should
make a high-to-low transition. If reading not normal, U1,
U2 or U3 could be bad.

6.3.15 Battery Test

Related infarmation in this manual.
Schematic: 0103-00-1454 Sheet 1.
Circuit Description: Paragraph 4.2.15.

Continue with this paragraph only if the battery hasbeen
replaced and the problem persists. A display of
“WAVETEK MODEL 23 ** COLD START **" would be
proper on the first power up after replacing the battery.

Allcomponents referenced inthis paragraph are located
onthe microprocessorisynthesizer board unless other-
wise specified.

Refer to table 6-14 to fault isolate the battery test and
associated circuitry.

65.3.16 Keyboard

Related information in this manual.
Schematic: 0103-00-1701 Shest 1.
Circuit Description: Paragraph 4.3.1.

Perform paragraph 6.3.3 tests before proceeding.

Inspect connections between U15, U16 and J12.
Remove front panel and keyboard by removing screws
under bezel strip (Reset to Power keys) to inspect key
targets for cleanliness and lack of corrosion and con- '
ductive rubber keysirip for alignment over key targets.
Repair as needed.

~ Allcomponents referenced inthis paragraph arelocated
- onthe microprocessor/synthesizer board unless other-

wise specified.

6.3.17 Display

Related information in this manual.
Schematic: 0103-00-1701.
Circuit Description: Paragraph 4.3.3.

All components referenced inthis paragraph are located
on the microprocessorfsynthesizer board unless other-
wise specified.

inspeci connectors Wi and J10,

Refer to table 6-15 to fault isolate the display and
associated circuitry.
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Table 6-15. Display Fault Isolation

Test Point

Normal Reading

Possible Cause of Wrong Reading

J1G pirs 1 and 2

0V and + 5V respectively,

J10, power supply {paragraph 6.3.44) or display
{paragraph 6.3.17).

J10 pin 3

= + 2V when display view
angle adjust set fully up.
= — 1V when set fully down.

J10 or display {paragraph 6.3.17).

J10pins 4, 5 and
7 through 14.

Negalive pulse groups at
16ms Intervals.

“Bluck’ bits at U3 {paragraph 8.3.1) or associated
circuitry

J10 pin 8 Pulses low to high when any U185, U217 or display module.
key pressed.
If readout bad but all disptay inputs good, replace dispiay module.
6.3.18 GPIB

Related information in this manual.
Schematie: 0103-00-1678 Sheet 1.
Circuit Description: Paragraph 4.4.1.

Allcomponenis referenced inthis paragraph are located
on the option board unless otherwise specified.

Refer to tables 6-16 and 8-17 to fault isclate the GPIB
and associated circuitry.

Retfer to table 6-18 to fauit isolate 16 (microprocessor/
synthesizer board) and associated circuitry.

Tabie 6-16. GPIB Fault Isoiation

Test Point Normal Reading Possible Cause of Wrong Reading
Front Panel Proper local control If abnormal operation with J18 {(microprocessor/
(Rear panel synthesizer board) disconnected, U3 (micro-
Interface processorfsynthesizer board paragraph 8.3.1) or

disconngcied)

associated circuitry.

If normal operation with J16 (microprocessor/
synthesizer board) disconnected, check for a
“stuek™ bit at J18.

Display
{Rear panel
Interface
disconnected)

“"WAVETEK MODEL 23 OPT
001 JEEE-488"" momentarily
after cycling Power Off, then
on.

U2 or incorrect signal on a J16 {microprocessor/
synthesizer board} line. See table -18.

Display

Use Status and  buttons to
verify Address matches
ADDRESS SELECTOR (SW1)
setting

SW1, R1, U1 or Ug.
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Table 6-16. GPIB Fault Isolation {Continued)

Test Peint Normal Reading Possible Cause of Wrong Reading
U2 pins 16, 17, 18, High Uz, U3 or U4,
25
Uz pin 27 Low U2, U3 or U4,
U2 pins 23, 26 and Floating (tri-state) Uz, U3 or U4

29 through 36

NOTE

Connect GPIB cable to rear panel for the following {es1s.

Table 6-17. Controller Assisted GPIB Fault Isolation

Program From
Controller

Incerrect Reading

Possible Cause of Incorrect Reading

Send data to the
Model 23’s listen
address in a con-
tinuous loop.

Bus error

2 or U4,

Ihcorrect data transmission
{recall the command string).

U2 or U3, or W15 connections.

Request and display
data in a continuous
loop from the Model
23's talk address.

Bus arror

U2 or U4,

Incorrect data

Uz or Ui,

Table 6-18. J16 (Microprocessor/Syntheslzer Board) Signals

Test Point Normal Reading Possible Cause of Wrong Reading
J16 pin 1 Ground J16 connector
Ji6 pin 2 + 5V J16 connector
J16 pin 3 + 15Y J16 connector
J16 pin 4 —15Y J186 connector

J12 Ping 5, 9 - 15,
17— 20

Negative pulses al 16ms
rate

J16 connector

J12 Pin 6

768kHz square wave

J18 connecior
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Tabie 6-18. J16 (Microprocessor/Synthesizer Board) Signals (Continued)

Test Point

]

Narmal Reading

Possible Cause of Wrong Reading

J12PFins 7 and 8

High

J16 connector

J16 pin 16

Smali burst of narrow pulses
at Power On with scope Trig
Source set 1o Normal, Trig
Slope set to Negative and
Intensity increased.

Address Decoder (paragraph 6.3.11)

6.3.18 RS-232-C

Related information in this manual.
Schematic: 0103-00-1677 Sheat 1.
Circuit Description: Paragraph 4.4.2.

All companents referenced in this paragraph are located
on the option board unless otherwise specified.

Refer to table 8-19 to fault isolate the RS232C and
associated circuitry,

Table 6-19. RS-232-C Fault Isolation

Test Point Normal Reading Possible Cause of Wrong Reading
Front Pane! Froper local control if abnormal operation with J16 disconnected, U3
{Rear panel (microprocessorfsynthesizer board paragraph

interface 6.3.1) or associated circuiiry.

disconnected)

It normal operation with .16 (microprocessor/
synthesizer board) disconnected, check for a
“stuck’ bit at J16.

Display “WAVETEK MODEL 23 OPT Y1 or incorrect signal on a J16 line. See table
(Rear panel 002 A5-232-C"" momentarily 6-18.
Interface after cycling Power Off, then
disconnected) On.
Display if “WAVETEK MODEL 23 u1,
OPT 002 RS-232-C"
displayed at turn On, use the
S5TATUS and - buttons 1o
display "hand CTS/DTR"'.
U1 pins 3 and 4 153.6kHz TTL square with SW-1, U2 or U1

factory setting of 8600 baud
at SW-1 {SW1-4 open, 3
closed, 2 closed and 1
closed).

U1 ping 3 and 4

16X selected baud rate of
rate of sending device if gif-
ferent from 9600 baud {see
paragraph 2.2.7 of this
manual},

SW-1, U2 or U1
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Table 6-19. RS-232-C Fault Isolation {Continued)

{Rear panel interface agisconnected for the following readings)

Test Point E Normal Reading Possible Cause of Wrong Reading
U1 pin 2 High If any reading incorrect, U1, U3 or U4 could be
Ui pin5 Low bad.
Ul ping High
U1 pin 23 Low with SW1-5 open and
high with 3W1i-5 closed.”
U1 pin 24 High
U3 pins 3and 6 v+ 15V
U3 pin 8 ~ =15V
U3 pin 11 ~ 15V
U4 pin1 OV
U4 pin 4 ~ v
U4 pin 8 High
U4 pin 10 Low

* Return 8W1-5 1o open.

Verity correct:

Baud rate;
DCE/DTE configuration;
CTSIDTR or XON/XOFF.

Verify the option board is configured properiy, then con-
nect the R5-232-C cable to the rear panel. If problem
remains, Ut or W15 connections could be bad.

6.3.20 VCG

Related information in this manual.
Schematic: 0103-00-1455 Sheet 1,
Circuit Description: Paragraph 4.6.1.
Calibration Procedure: Table 5-1, Steps 5, 16, and 21.

Allcomponrents referenced in this paragraph are located
on the waveform generator board unless otherwise

Related digital contral lines.
SYNTH, TTL Low = VCG In connected,
TTL High = VCG In disconnected.

6.3.21 Current Source and Sink

Related information in this manual.
Schematic: G103-00-1455 Sheet 1.
Circuit Description: Paragraph 4.6.1.
Calibration Procedure: Table 5-1, Steps 17,18,and 19.

Allcomponents referenced inthis paragraph are located
on the waveform generator board unless otherwise
specified.

Press “Reset”’, then set the controls as indicated in
tables 6-21 and 8-22 and take the measurements.

Table 6-21. Current Source

specified. Frequency | U237 | J151 | U23-8 | U250
Press “"‘Raset’, thenset the controls asindicated intable
6-20, and take the measurements. 100khz | —oov | oov | ma57v | ~a148Y
99.9kHz —9.0V | OO0V | ~»+20V | v+100V
Table 6-20. VCG
J7-10 Table 6-22. Current Sink
{(J7 Pintis
Frequency Nearest to R184) U23-7 Frequency | R23-3 J15-1 U23-1 uz2s5-4
10.0kHz +1.0¥ - 0.9V 10.0kHz —04V i +0.00V | v—57V|v=148Y
99.9kHz +10.0V —9.0v 99.9kHz | —4.0V{ + 000V | ~—2.0V|~—~105V




6.3.22 Trigger Contral Current Sink

Helated information in this manuai.
Schematic: 0103-00-1455 Sheet 1,
Circuit Description: Paragraph 4.6.1.
Calibration Procedure: Tabie 5-1, Step 30.

All components referenced inthis paragraphare located
on the waveform generator board unless otherwise
specified.

Press “"Reset”, then setthe controls asindicated intable
6-23 and take the measurements.

Table 6-23. Current Sink and Trigger Contral

Frequency | U25-1/Q21 Base | U25-7/Q21 Emitter
10.0kHz v —14.0V - 14.8Y
99 SkHz ~—10.3V = 11.0Y

Press '"Reset”, then set the controls asindicatedin table
6-24 and take the measurements.

Press ‘Reset'’, change the frequency to 99.9kHz, then
gat the controls as indicated in table 8-25 and take the
measurements,
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6.3.23 Current Switch

Related information in this manual.
Schematic: 0103-00-1455 Sheet 2.
Circuit Description: Paragraph 4.6.2.

All components referencedinthis paragraph are located
on the waveform generator board unless otherwise
specified.

Press "'Reset’’, then take the measurements as shown
in figure -1,

6.3.24 Frequency Range Switches

Related information in this manual.
Schematic: 0103-00-1455 Sheet 1.
Circuit Description: Paragraph 4.6.3.
Calibration Procedure: Table 51, Step 21.

Allcomponents referenced in this paragraph are located
on the waveform generator board unless otherwise
specified.

Table 6-26 lists the logic levels for the nine frequency
ranges; a TTL low ("0 enables the range capacitor, and
aTTL high{''1""}disables the range capacitor. Tocheck
the logic levels, prass ‘Reset’” and sel the instrument
to the desired frequency.

Table 6-24. Trigger Control

Mode CR28 Anode (RUN) CR26 Anode CR26 Cathode u22-8 (TRN)
Cont TTL High +2.3V +1.7V + 1Y Triangle
Trig TTL Low -1V -0.7v 0.0v
Table 6-25. Trigger Conirol
Mode CR28 Anode (RUN) CR26 Anode CR26 Cathode U22-9 (TRN}
Cont TTL High + 2.0V + 1.3V +1V Triangle
Trig TTL Low - 1.1V —-0.75V .0V
—_—— 2V
CR10 _J
ANGDE
_————
— 1Y
09
EMITTER
————— - =Y

Figure 6-1. Current Switch Waveforms
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Table §-26. Frequency Control

Min Freq Max Freq ui-5 J7-1* J7-3* J7-4* | J7-b* | JT-6* J7-13* J7-20*
(HZ) {Hz) {LF} (FR7) | (OVRNG) | (FR4) | (FRE) | (FRS5) {LF} (100)
10.00MHz | 12.000MHz 0 0 0 1 1 1 1 1
1.000MHz | 9.899MHz 0 0 1 1 1 1 1 1
100.0kHz 999.8kHz 0 1 1 1 0 1 1 1
10.00kHz 99 .99kHz 0] 1 1 1 1 0 1 1
1.000kHz 9 99g9kHz 0 1 1 G 1 1 1 1
DC | Other DCISq | Other
Fung | Func's Func's | Fung's
100.0Hz 999 9Hz 0] 1 1 1 1 0 ; 1 1 0 1
10.00Hz 99.99Hz 0 1 1 1 1 1 0 1 0 1
1.000Hz 9.999Hz 0 1 1 1 1 0 1 1 0 0
100.0mHz | 998.9mHz 0 1 1 1 1 1 0] 1 0 0
10.00mHz | 99.99mHz 0 1 1 1 0 1 1 1 0 0

*J7 pin 1 is nearest 1o R184.

Table 6-27 gives measurement values for a single typical
range switch (FRB); these levels are typical of all three
switches.

Tahie 6-27. Fraquency Range
{(FR8 shown, typical)

Low High
Test Point (Enabled) (Disabled)
Base Q1 +4.2 Vde +51 Vde
Ernitter Q1 + 4.3 Vde + 4.3 Vde
Collector Q1 +5.0vdc — 15 Vdc
CRb anode +1.5vdce —15 Vdc
R4 {right side) — 7.5 Vvdc —7.5Vde
-+ 1Y
el |
GATE :
[ ¥ A ¥ A W
| ]
L S
o8 ;
EMITTER I
_______ ¥

Figure 6-2. Triangle Buffer (Cont Mode)

8.3.25 Triangle Buffer

Related information in this manuat.
Schematic: 0103-00-1455 Sheet 2.
Circuit Description: Paragraph 4.6.4.
Calibration Procedure: Table 5-1: Step 30.

All components referenced inthis paragraph are locaied
on the waveform generator board unless otherwise
specified,

Press *'Reset”, then take the measuremenis as shown
in figure 6-2,

Change Mode to Trigger, then take the measurementé
as shown in table 6-28.

Table 6-28. Triangle Buffer {Trigger Mode)

Test Point Desired Resuit
Q6 Gate 0.0v

Q5 Source +0.5v*

Q9 Base — Q.60W*
Q8 Emitter 0.0v*

*Varies with R26 setting.

6.3.26 Comparator, Switch and Square Buffers

Related information in this manuai.
Schematic: 0103-00-1455 Sheet 2.
Circuit Description: Paragraphs 4.6.5,4.6.6,and 4 6.8
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At
EMITTER!
a13
BASE

ug.2

CRi0
ANODE

Q12
BASE

Figure 6-3. Comparater, Switch and Square Buffer

Allcomponents referenced in this paragraph are located
on the waveform generator board unless otherwiss

Change frequency to 12MHz, then lake the measure-
ments as shown in table 8-30.

specified.
Press “‘Reset” then take the measurements as shown Table 8-30. High Frequency Compensation
in figure 8-3. {1MHz to 12MH2z)
Test Point Desired Result
6.3.27 High Frequency Compensation
Related information in this manual. uz23-12 ~—9.0Vde
Schematic; 0103-00-1455 Sheet 1. uz23-14 ~ —8.5Vde
Circuit Description: Paragraph £46.7. Q20 Collector o411 .5Vdc
Catibration Procedure: Table 5-1, Step 21, Q18 Base r—11.5Vde
All components referenced in this paragraph are located 019 Emitter ~+12.0Vdc
on the waveform generator board unless otherwise Q18 Emitter v =12.0vde

specified.

Press "Reset’’, then take the measurements as shown
in tabie 6-29.

Table 6-29. Low Frequency Check {<1MHz)

Test Point Desired Result
L2312 0.0Vde
uz2313 0.0Wde
23-14 +0.7Vde
Q20 Collector +6.9%dc
Q18 Base - 6.9%dc
Q19 Emitter + 7.5Vdc
Q18 Emitter — 7.5Vdc

*Varies with RE6 setting,

Related digital control logic.
Below 1MHz, FR7 remains high.
At 1MHz and above, FR7 goes fow.

6.3.28 Trigger Logic

Related information in this manual.
Schematic: 0103-00-1455 Sheet 3.
-Circuit Description; Paragraph 4.6.9.

Allcomponents referencedin this paragraph arg located
on the waveform generator board unless othenwise
specified,

Table 8-31 lists the control lines related to the trigger logic
circuit.
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Table 6-31. Trigger Logic Truth Tabie

U18-1 (MCO) | US-4(MC1) | U3-4 {KILL) UH1-5 (LF} U3-6 (RUN)
Cont TTL Low TTL High — —_ TTL High
Trig TTL High TTL Low — — TTL Low unless triggered
Gate TTL High TTL High — — TTL Low unlass triggered

TTL High from frigger
input to end of last cycle

Synth TTL Low TTL High — — TTL High

DC Function — - TTE Low — TTL Low

All but DC — —_ TTL High — TTL High unless in Trig or
Funetion Gate (see above)

10mHz to 999.9Hz — — — TTL high —

888 .9Hz to 32MHz — — — TIL Low —

6.3.29 Fragquency Synthesizer Allcomponents referencedinthis paragraph are locaied

onthe microprocessorfsynthesizer board unless other-

Related information in this manual, wise specified.
Schematic: 0103-00-1454 Sheet 2. Press “Reset”, then take the measurements as shown
Circuit Description: Paragraph 4.7, in table 6-32.

Table 6-32. Frequency Synthesizer Loop Fault I1solation

Test Peint Normal Reading Possible Cause of Wrong Reading
Func Out Proper operation in contin- Paragraphs 6.3.12 and 6.3.20 thru 8.3.27
uous mode.

For remaining checks in this table, set Mode to Clock.

ECL or TTL Out if signal is normal, go to Continue with this table.
paragraph §.3.30.

For the remaining tests in this table, disconnect J6 and, if insialied, remove option 001 or 002 board on
microprocessor/synthesizar board.

CAUTION
Prevent J6 pins from shorting to any point.

6-19
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Table 6-32. Frequency Synthesizer Loop Fault Isolation {(Continued)

Test Point

Mormal Reading

Possible Cause of Wrong Reading

U31 pin 6

TTL square at programmed
frequency (1kHz 1o 12MHz).
It good, proklem caused by
coax cable, U27 or input
lines SA, SB (paragraph
6.3.8) or FGSYNC.

Continue with this table.

U22 pins 10 and 11

Low duty cycle TTL posi-
tive pulse activity as knob
rotated. {Set scope intensity
high)

U22 or U3

U222 pin 12 Low duty cycie TTL posi- Go to paragraph 6.3.11.
tive pulse activity as knob
rotated. (Set scope intensity
high)
U26 pin 1 r~ 4+ 5.0vde SYNTH input line or Q11 and associated circuitry.
U23pin 7 ~ +3.5Vdc o ~ — 8.5Vde Continue with this table.
as VCO frequency at U268 pin
11 varies from 32MHz 1o
G64MHz. If good, go to table
6-33.
Jumper U23 pin 5 to ground for the following tests.
U23 pin 7 OVdc U23
U286 pin 11 TTL compatible, ramplike VCQ circuit of Q5-G10
wavetorm at ~ 40-45MHz.
U26pins 8 &9 TTL square at 1/2 the fre- If pins 1 and 13 are low, Q11 or S¥YNTH signal
quency of pin 11 {(paragraph 6.3.8)
If ping 1 and 13 are high, U26.
U25 pin 2 ~ 10MHz U226, U25 or U24
U256 pin 14 ~ 5MHz Uz250r 24
U25pin 13 ~ 2 5MHz uz25 or U24
U2s5 pin 12 ~ 1,25MHz U25 or U24
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Tabls 6-32. Frequency Synthesizer Loop Fault isolation {Continued)

Test Point Norma! Reading Possible Cause of Wrong Reading

uz22 pin 9 ~s1.26MHz with programmed U2z, uz24
frequency of 1MHZ to
1.899MHz, ~2.5MHz trem
2MHz to 3.989MHz, ~6MHz
from 4MHzZ to 7.999MHz and
~10MHz from 8MHz to
32MHz.

V22 pin 6 oV from 1MHz to some 22 or U23
switch point lower than
1.999MHz {(usually near
1.8MHz). + 5V from switch-
ing point to 1.999MHz

U23A pin 1 Near + 15Vdc when fre- uz3
guency below switch point in
prior step. Near —15Vdc
whan frequency above
switch point in prior step.

Remove jumper shorting U23 pin & to ground.

Press ‘'Reset’’, set fraguency 1o 10MHz and mode to Related information in this manual.

clock, then take the measurements as shown in table Schemaiic: 0103-00-1455 Sheet 6.

6-33. Circuit Description: Paragraph 4.8,

Reconnect J6 and replace option board, then go to Calibration Procedure: Table 5-1, Step 5.

paragraph 6.3.42 and verify sync outputs. Allcomponents referencedin this paragraph are located
on the waveform generator board unless otherwise

6.3.30 1:1 Lock Loop specified.

Do this paragraph only if paragraph 6.3.29 has already Press “Reset’’, set mode to synthesized, then take the

been attempted. measurements as shown in table 8-34,

Table 6-33. Frequency Synthesizer Divider Fault Isolation

Test Point Normal Reading Possible Cause of Wrong Reading
U30pin 9 ;. 10MHz 24, U28 or U29
|
U3 pini2 1MHz U24, U28 or U29
U30 pin 6 100kHz U24, U28 or U29
U30 pin 2 | 10kHz uzd4, U28 or U29
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Table 6-33. Frequency Synthesizer Divider Fauit Isolation {Continued)

Test Point Normal Reading Possible Cause of Wrong Reading
U300 pin 8 TTL Low Front panei {paragraph 6.3.3)
U30 pins 3, 5 and 11 TTL High Front panel (paragraph 6.3.3)
U31 pin 13 10MHz U30
U371 pins 9, 10 TTL Low U3o
and 12
U31 pins 2 through 8 10MHz U3t
and 11
U31 pin i TTL Low U31
U27 pin12 TOMHz Coax Cable
U27 pin 6 TTL Souare wave across Li27, 8A, SB or coax

entire pregrammed
frequency

U15 pin & (Waveform
generalor board)

TTL Square wave across
entire programmed
frequency

U27, SA, 8B or coax

Table 6-34. 1:1 Lock Loop Fault Isotation -

Test Point Normal Reading Possible Cause of Wrong Reading
U239 pin 1 TTL square at programmed Coax cable.
freguency, 1kHz to 12MHz.
U28pin 3 TTL square at function gen- Coax cabie or square seiector (paragraph 6.3.36).

generator frequency, 1kHz
fo 12MHz.

U29 pins 1 and 3

Frequencies equal

1:1 ipop normal. Go to figure 6-1 for another start-
ing point.

J15 pin 4

Not saturated at = 6Vdc at
any frequency.

1:1 loop normal. Go to figure 6-1 for another
starting point.

U26 pins 6 and 7

Voltages identical

U26 or associated circuitry. Verify SYNTH low
{paragraph 6.3.8).
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Table 6-34. 1:1 Lock Loop Fault Isolation (Continued)

Test Point

Normal Reading

Possibie Cause of Wrong Reading

U2g pins 8and 9

+1.4Vdc

U28 or U289 circuitry.

U29 pins 2 and 13

If HFSQ freguency lower
than FSYNTH: pin 13 low,
pin 2 high. If HFSQ fre-

quency higher than FSYNTH.

pin 13 high, pin 2 low.

u29

Q42 base 4 6.2Vde 28, Q42 or Q43 circuitry
()43 base ~— 6 2Vde U28, Q42 or Q43 circuitry
Across B190 ~8.1Vde U28, Q42 or (43 circuitry
Across R186 ~8.1Vdc U28, Q42 or Q43 circuitry
Across R185 ~8.1Vde 28, Q42 or Q43 circuitry
Bight end ot R187 ~—6.8Vde 28, Q42 or Q43 circuitry

Q42 collector

v 465V I U29 pin 18 low.

n — 6.5V if U29 pin 2 low,

U28, Q42 or Q43 circuitry

Q45 Emitter
(VLOOP)

Q42 collector voltage
+ 1V £ 1V,

Q44 or Q45 circuitry

Check the setting of R184 and the circuitry around U32
range switches and loop filter components connected
between the collecior of Q42 and the gate of Q44.

6.2.31 Waveform Synthesizer

All components referenced in this paragraph are located
on the waveform generator board unless otherwise

Related information in this manual.
Schematic: 0103-00-1455 Sheet 3.
Circuit Description: Paragraph 4.9.
Calibration Procedure; Table 5-1, Step 23.

Press ‘'Reset”, set frequency to 100Hz, then take the

specified. measurements as shown in tables 6-35 and 6-38.
Table 6-35. Function Select Control Line Fault Isolation
Normal Reading At Normai Reading At Feed-Through Between
Function U19 Pin 1 (FSO) Ends Of U10 And U11 (FS1)
DG TTL Low TTL Low
Sine TTL Low TTL Low
Square TTL Low TTL Low
Triangle TTL Low TTL High
Rmp Up TTL High TTL Low
Rmp Dn TTL High TTL High
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Table 6-36. Waveform Synthesizer Fault Isalation

Test Paint Normal Reading

Possible Cause of Wrong Reading

U30-8 (LF) Low.

Analog Interface {paragraph 6.3.8), JB, J7, func-
tion selector {(paragraph 6.3.34).

Us pin 2 {MF3Q) 100kHz Clock pufses

Square selector (paragraph 6.3.36).

U4 pin 3, U7 pins 7,
through 1, U7 pin 23

Data lines change

U4, U8, U13 or associated circuitry

U13 pin 1 Test point switching coin-
cident with positive and
negative friangle peaks at
Func Out on dual trace

scope. Sink to test point.

U3 or associated circuitry

U14 pins 3, 4, 7, 8,
13,14, 17 and 18

Data lines change

U7 or associated circuitry

U21 pins 5 through
12

Data lines change

U14 or associated circuitry

U21 pin 4 {DAC
output)

Correct waveform

Li21 or associated circuitry

6.3.32 Sine Converter

Related information in this manual.
Schematic: 0103-00-1455 Sheet 4.
Circuit Description: Paragraph 4.11.1.
Calibration Procedure: Table 5-1, Steps 20 and 26.

Note

Time symmetry and dc offset of triangle
affects the sine distortion; refer to the calibra-
tion procedure, steps 18, 19, 20, 26 and 30.

Allcomponents referenced in this paragraph are located
on the waveform generator board unless otherwise
specified.

Press ''Reset’’ then take the measurements as shown
in figure 6-4.

Below 1kHz, the sine converter has no affect on the sine
wave because it's created by the waveform synthesizer.
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6.3.33 Function Salector

Related information in this manual,
Schematic: 0103-00-1455 Sheet 4.
Circuit Description: Paragraph 4.11.2.
Calibration Procedure: Table 5-1, Steps 27 and 28.

Allcomponents referenced in this paragraph are located
on the waveform generator board unless otherwise
specified.

The function selector, which consists of three switches,
routes the various functions to the preamplifier. Only one
switch will be closaed at a time.

Table 6-37 describes all function control lines. ATTL low
("'0’") originating from the microprocessor section
enables the respective function selector switch or logic
gate. A TTL high ('*1"") disables the function selector
switch or logic gate.

6.3.34 Preamplifier

Related information fn this manual.
Schematic: 0103-00-1455 Sheet 4.
Circuft Description: Paragraph 4.11.3.
Calibration Procedure: Table 5-1, steps 8 and 14.
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_______ +1%
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EMITTER |
(TRI) :
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I —————— + 2V
e N NI\ [
{FUNC OUT) (
\..4/ \|I/ \../ ————————— 2
JTPIN 14 TTL LOW
{SIM)
Q27 BASE Ay
U30 FING 14 AMD 15
(SINE SWITCH) SHORTED
Figure 6-4. Sine Converter
Table 6-37. Function Control Lines
l U1-5 J7-13> @ c # uU3-4 U191 -
Freq Function {LF) (LF) {SIN) {SQR) (TRY) {KILL) (FS0) {FS1)
>1kHz DC 1] 1 1 1 1 0 0 0
Sine 0 1 0] 1 1 1 0 0
Sqguare 0 1 1 0 1 1 0 0
Triangle 0 1 1 1 0 1 0 1
Ramp Up — — — — — — — —
Ramp Dn — — — — — — _ _
£1kHz DC 0 1 1 1 1 0 0 0
Sine 1 0 1 1 1 1 1} 0
Square 1 1 1 0 1 1 0 0
Triangle 1 0 1 1 1 1 0 1
Ramp Up 1 0 1 1 1 1 1 0
Hamp Dn 1 0 1 1 1 1 1 1 1

* J7 pin 1 is nearest to R184.

@ Right end of R164 (viewed from front of instrurent}
¢ Right end of Rt44 (viewed from front of instrument}
# Right end of R167 (viewed from front of instrument)

** Fgad-through between ends of U1Q and U11.
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Table 8-39. Preamplifier Voltage
Checks in Sine Function

All components referenced in this paragraph are located
on the waveform generator board unless otherwise
specified.

DC Problems

Fress ""Reset”’, set function to DC, then take the
meagsurements as shown in table 6-38.

Test Point Desired Result

e 0.7Vdc
+ 0.5V gine wave
* 0.5V sine wave

Right end of R150
Ji15-6
Aight end of R141

Tabise 6-38. .Preampﬂiief Voltage Right end of R134 ~ OVde
Cheek in DC Function Q31 base + 6 OVde
Q32 base —8.0vde
Test Point Desired Result Across R137 ~ 0.5Vde
CR33 anode + 10.0Vde
. 29 emitter + 10.0Vde
Right end of R150 ~ —0.7Vdc
J15-6 r OVde
Right end of R141 ~ Ovde
Right end of R134 ~ OWde
Q31 base + &8.0Vde 6.3.35 Square Selector
Q32 base —6.0Vdc Related information in this manual,
Across R137 ~ (.5Vde Schematic: 0103-00-1455 Sheet 3.
CR33 anode + 10.0Vde Circuit Description; Paragraph 4.11.4.
Q29 emitter + 10.0Vde

L Alicomponents referencedin this paragraph are located
on the waveform generator board unless otherwise
specified.

Press “Reset", set frequency as specified, thentake the
measurements as shown in table 6-40.

Waveform Problems

Press "Reset”, set amplitude to maximum, then take the
measurements as shown in table 6-39,

Table 6-40. Square Selector

Ui-5 {LF
Programmed | Control | Square Right End Of LUs-3 U15 pin 8
Frequency Line) Source TTL Out R124 (TTLSCR) (HFSQy} {(FGSYNC)
21.00 kHz Low SWSCR TTL square TTL square TTL square TTL square
(Function wave in phase | wave at Func wave at func- wave at Func
Generator) | with Ug-2 Out frequency fion generator Out freguency
(SWSQR) when in square | when in synthe-
function sizer mods
<1.00 kHz High U4-8 TTL squars TTL square TTL square TTL square
(Waveform | wave in phase | wave at Func wave at func- wave at Func
Synthesizer) | with U4-8 Out frequency tion gernerator Out frequency
when in square | frequency
function when in syn-
i thesizer mode
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6.3.36 Square Shaper

Related information in this manual.
Schematic: 0103-00-1455 Sheet 4.
Circult Description: Paragraph 4.11.5.
Calibration Procedure: Table 5-1, Step 29.

All companents referenced inthis paragraph are located
on the waveform generator board unless otherwise
specified.

Press “'Reset’, set function io square, then take the
measurements as shown in figure 6-5.

Verify U1 pin 3 (SQR) low only when square function
selected.

L

RIGHT END HIGH
OF R124
(TTLSQR) N
| LOW
-_— 1.5
Qo4
BASE
e 1
]
——— s+ (5
Ux =12
{FUNC QUT) —— _ D5V

Figure 6-5. Square Shaper

6.3.37 XY Mulitiplier

Related information in this manual.
Schematic: 0103-00-1455 Shaat 5.
Circuit Description: Paragraph 4.11.6.
Calibration Procedure: Table 5-1, Steps 7, 12 and 22.

All components referenced in this paragraph are located
on the waveform generator board unless otherwise
specified.

Press "“Reset”, set amplitude to maximum, funclionto
DC, thentake the measurements ag shownintable 6-41.

Table 6-41. Preamplifier Voliage
Checks In Sine Function

Test Point Desired Result
Ua1-12 | oV
U3si-2 and 14 + 7.5V
Us1-4 + 1Y
U31-8 +1.2V

ManualsPlus.com

6.3.38 Output Amplifier

Related information in this manuat.
Schematic: 0103-00-1455 Sheet 5.
Circuit Description: Paragraph 4.11.7.
Galibration Procedure: Table 5-1, steps 8,10, 13, 24,

25 and 31.

All compbnents referenced inthis paragraph are located
on the waveform generaior board uniess otherwise

specified.

™o . L1 [

Press "Reset’, set function (o DG, then take ine
measurements as shown in table 6-42.

Table 6-42. Output Amplifier

Test Point Desired Results
Left end of R240 ~OVde

U31 pin 2 + 7.8Vdc
U31 pin 14 + 7.8vde
U233 pin 4 + 0.3Vde
U323 pin 5 + 0.3Vdc
U33pin6 —13Vdc
33 pin 10 ~(Vdc
33 pin 1 +13Vde

6.3.38 Qutput Attenuator

Related infarmation in this manual.
Schematic: 0103-00-1455 Sheet 6.
Circuit Description: Paragraph 4.11.8.

CAUTION

Terminate the Func Out with 502 |oad.

Allcomponenis referencedinthis paragraph are located
on the waveform generator board unless otherwise

specified.

Press “Reset’' then take the measuremenis as shown

in table 6-43. .

Table 6-43. Attenuator
Amplitude

Test Point Setting Desired Resuit
Ag* SVpp TTL Low
At SVpp TTL Low
Ag* 500mYp-p TTL Low
Ag** 500mVp-p TTL High
Ap* 50mvp-p TTL High
Aqrx 50mVp-p TTL High

* Right end of C174 (viewed trom front of instrument)
=* Right end of C173 (viewed from front of instrument)
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Table 6-44. TTL Driver
Frequency Setting SA* 5B** Sync Source
< 1kHz TTL Low TTL Low Waveform synthesizer (FGSYNC)
1kHz to 12MHz TTL High TTL High FSYNTH
12MHz to 18MHz TTL Low TTL High UZ27 pin 14 {microprocessorfsynthesizer board)
16MHz to 32MHz TTL High TTL Low U27 pin 13 {microprocessotfsynthesizer board)

* U14 pin 19 on microprocessor/synthesizer board.

** {14 pin 16 on miéroprocesson’synthesizer board.

6.3.40 Funaction Output Protection

Reiated information in this manual.
Schematic: 0103-00-1455 Sheet 6.
Circuit Description: Paragraph 4.11 8.

Allcomponenis referencedin thisparagraph are focated
on the waveform generator board unless otherwise
specified.

Press ‘"Resat’’ then check for 5¥p-p (10Vp-p unloaded)
sine wave al the Function Out BNC.

WARNING

POWER MUST BETURNED OFF BEFORE
CHEGKING FUSE AND DIODES.

If no signal is present, check fuse {F3) and damaged
diodes (CR53, CR54, CR55, GRS56).

6.3.41 TTL Driver

Related information in this manual.
Schematic: 0103-00-1455 Sheet 6.
Circuit Description: Paragraph 4.12.

Altcomponents referenced inthis paragraph are located
on the waveform generator board unless otherwise
specified.

Press “‘Reset’, set mode to clock, then take the
measuraments shown in table 6-44.

6.3.42 ECL Driver

Related information in this manual.
Schernatic: 0103-00-1455 Sheet 8.
Circuit Description; Paragraph 4.12.
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Press “"Reset’.
Reter {o paragraph 6.3.41 if TTL Cut signal not normal.

Allcomponents referenced inthis paragraph are located
on the waveform generator board uniess otherwise
specified.

Take the measurements as shown in table 6-45.

Table 6-45. ECL Driver

Test Point Desired Resuit

Q38 Base TTL level square wave

(3% Base +6.5Vdc

Q40 Base Square wave at levels of + 0.2V
and — 1.3V,

(41 Base + 1.4vdc

6.3.43 Power Supply

Related information in this manual.
Schematic: 0103-00-1113 Shest 1.
Circuit Description: Paragraphs 4.13, 4.13.1 and
4132,
Calibration Procedure: Table 5-1, steps 1 through 3.

To replace fuse, refer to paragraph 2.2.3.

All components referenced inthis paragraph are located
onthe power supply board unless otherwise specified.

Check voltages given in table 6-46 to determine a faulty
power supply.



ManualsPlus.com

Table 6-486. Power Supply

Maximum Maximum
Voltage Input Output
Supply Tolerance Test Point Ripple Test Point Ripple Test Point
+ 18V + 350mV VR1-14 3Vac VR1-3 0.02Vac VR1-14
— 15 + 350mV VR1-7 MNVac VR1-4 0.02Vac VR1-7
+ 5V L + 250my VYR2 top lead Vac VR2 bottom lead 0.02vVac VR2 top lead

If an input measures bad, remove power and connector
J3, then check for:

{a) Blown fuse.
{b) Shorted or open dicdes (CR1, CR2).

{c} Shortedoropen capacitors {C2,C3,C4,.C5,G10,
C11) at the input of the pass devices.

{d) Shortbetween the pass devices’ metal mounting
tab and chassis ground.

{2) Bad transformer.

If allinputs maasure good, remove power and connec-
tors J4 and J5, then check for:

{(a) Shorted capacitors at the regulator's outplit.

(B) Shart batween pass devices’ metal mounting tab
and chassis ground.

(c) Excessive loading by board circuits; to verify,
disconnect by removing either J4 or J5.

(dy Check +15Vand — 15V passdevices for normal
transistor operation.

(e) If all of the above conditions appear normal,
replace the voltage regulator; VR1 for + 5V and
VAZ for + 18V and — 15V,

6.4 TROUBLESHOOTINGINDIVIDUAL COMPONENTS

6.4.1 Transistor

1.

A transistor is defective if more than 1Vdc is
measured across iis base-emitter junciion in the
forward direction.

Atransistor, when used as a switch, may have afew
volts reverse bias voltage across the base-emitter
junction.

If the collector and emitter voltages are the same,
but the base-emitter voltage is less than 500 mV
forward voltage or reversed bias, the transistor i3
defective.

In a transistor differential pair {common emitter
stages), either their base voltages are the same in
normal operating condition, or the one with less

forward voltage across its base-emitier junction
should be off (no ¢oliector current); otherwise one
of the transistors is defective.

6.4.2 Diode

1. A diode {except a zener) is defective if there is
greater than 1vdc (typically 0.7Vdc) forward voltage
across it.

6.4.3 OQperational Amplifier

1. Generallythe " +''and ' — " inputs of an operational
amplifier willhave less than 15 mV voltage difference
when opearating under normal conditions.

2. Whenthe output of the amplifier is connected to the
“ —” input {voitage follower connection), the cutput
should be the same voltage as the "+ input
voltage; otherwise, the operation amplfier is
defective.

3. Ifthe output voltage stays at maximum positive, the
4 jnput voltage should be mare positive than
“— " inpui voltage, or vice versa; otherwise, the
operational amplifier is defective.

6.4.4 FET Transistor

1. Normeasurabie gate curreni should be drawn by the
gate ofan FET transistor. lf so, the transistor is defec-
tive. Gate-to-source voltage is always reverse biased
uncer a normal operating condition; &.¢., the source
voltage is more positive than the gate voltage for
2N5485 and the source voltage is more negative
than gate voltage for a 2N5462. Otherwise, the FET
is defective.

6.4.5 Capacitor
1. Shorted capacitors have OV across their terminals.

2. QOpen capacitors can often be located by using a
good capacitor connected in paraliet with the
capagcitar under test and observing the resulting
effect.

3. Leaky capacitors will often have a decreased
voltage across their {erminals.
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7.1 DRAWINGS
The foilowing assembly drawings {with paris lisis) and
schematics are in the arrangement shown below.

7.2 ERRATA

Under Wavetek's product improvement program, the
latest electronic designs and circuils are incorporaled
into each Wavetek instrument as quickly as develepment
and testing permit. Because of the time needed to com-
pose and print instruction manuals, it is not always
possible toinclude the most recent changesinthe initial
printing. Whenever this occurs, errata pages are

DRAWING

Instrument Schematic
Instrurmert Top Assembly/Parts List

Front Panel Schematic
Front Panel Assembly/Parts List
Keyboard Assembly/Parts List

Rear Panel Assermbly
Rear Panel Parts List

1

SECTION l
PARTS AND SCHEMATICS

prepared o summarize the changes made and are
ingerted inside the shipping carton with this manual. If
no such pages exist, the manual is correct as printed.

7.3 ORDERING PARTS

When ordering spare paris, please specify part number,
circuit reference, board, serial number of unit, and, if
applicable, the function performed.

The number eiched into a PC board is the board part
number. The assembly (PC board and componenis on
the board) part number i stamped on the board.

DRAWING NUMEBER

0004-00-0360
1000-00-0360

0103-00-1701
1201-00-1701
1208-00-1376

1101-00-1703
1101001703

MicroprocessorfSynthesizer Board Schematic
Microprocessor/Synthesizer Board Assembly
MicroprocessorfSynthesizer Board Parts List

Waveform Generator Board Schematic
Waveform Generator Board Assembly
Waveform Generator Board Paris List

Power Supply Schematic
Power Supply Assembly/Parts List
AC Primary Assembly/Paris List

GPIB Option Assembly/Parts List
GPIB Option Schematic
GPIB Option P.C A Assembly/Parts List

RS-232-C Option Assembly/Parts List
RS-232-C Option Schematic
RS-232-C Option P.C.A. Assembly/Parts List

0103-00-1454
1100-00-1454
1100-00-1454

0103-00-1455
1100-00-1455
1100-00-1455

0103-00-1113
1208-00-1118
1208-00-1119

1000-00-0426
0103-00-1678
1100-00-1678

1000-00-0427
0103-00-1677
1100-00-1677
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