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WARRANTY

Wavetek warrants that all products of its own manufacture conform to Wavetek specific-
ations and are free from defects in material and workmanship when used under normai
operating conditions and within the service conditions for which they were furnished.

The obligation of Wavetek hereunder shail expire one (1) year after delivery and is limited
to repairing, or at its option, replacing without charge, any such product which in
Wavetek’'s sole opinion proves to be defective within the scope of this Warranty. In the
event Wavetek is not able to repair or replace defective products or components within a
reasonable time after receipt thereof, Buyer shall be credited tfor their value at the
original purchase price.

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

This is Wavetek's sole warranty with respect to the products delivered hereunder. No
statement, representation, agreement or understanding, oral or written, made by an
agent, distributor, representative or employee of Wavetek, which is not contained in this
warranty, wiil be binding upon Wavetek, unless made in writing and executed by an
authorized Wavetek empioyee. Wavetek makes no other warranty of any kind whatso-
ever, expressed or implied, and ail implied warrantles of merchantability and
fitness for a particular use which exceed the aforestatéd obligation are hereby
disclaimed by Wavetek and excluded from this agreement. Under no cir-
cumstances shall Wavetek be liable to Buyer, in contract or in tort, for any special,
indirect, incidental or consequentiat damages, expenses, losses or delays however
caused.
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SAFETY

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

While the very low power of the rf energy generated in this instrument makes it ordinarily
nonhazardous, extremely close and prolonged proximity of an eye and an rf output con-
nector could cause injury.

BEFORE PLUGGING IN the instrument, comply with installation instructions.

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

The instrument power receptacie is connected 1o the instrument safety earth terminal
with a green/yellow wire. Do not alter this connection. (Reference: @ or /b stamped
inside the rear panel near the safety earth terminal.}

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

CAUTION notes call attention to possible equipment damage in subsequent operations.
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1.f MODEL 275

The Wavetek 275 Programmable Arbitrary/Function
Generator produces sine, triangie and square
waveforms as well as user-defined arbitrary
waveshapes. Any of the waveforms can be generated
in the continuous, triggered, gated or burst modes.
External width and dc¢ functions are aiso provided.

Data entry is from the front panel or GPIB (IEEE
488-1978). Numeric input is entered in free format:
fixed, floating, or exponential notation. Parameters
may be entered in any arder. Internally, all entries are
interactively checked for errors and displayed on the
front panel, or they may be accessed through the
GPIB.

Arbitrary waveform amplitude resclution is 12 bits.
Horizontal resolution is 2048 points (standard),
expandable 1o 8192 points (optional). Arbitrary
waveform clock period is programmable within the
range of 267 ns to 267 s per point with 0.2%
accuracy. Non-arbitrary waveform frequency range is
0.01 Hz to 12 MHz.

Cutput level is specified from 10 mV te 10 Vp-pinto a
508 termination and 20 mV tc 20 Vp-p into an open cir-
cuit with 3 digits of resoclution. Offset can be pro-
grammed to vary the waveform base line up to = 10V,
or in the dc function, to vary the dc cutput.

All inputs and outputs are protected against short cir-
cuits and excessive voltages between +15V. The
function output is further protected against voltage
inputs up to 140 Vac or =+ 200 Vdc. Activation of the
protection circuits will cause a front panel error
message and may cause a GPIB service request.

Up to 75 sets of complete front panel settings can be
stored in memory. The memory has a non-
rechargeable lithium battery back up for a minimum
of 6 months (typically 1 to 2 years). A "low battery”
warning will be indicated on the display when the bat-
tery voltage drops to 80% of its normal voltage.

SECTION
GENERAL DESCRIPTION

WARNING

This equipment uses a BR-1/2A, 3V
lithium battery, that contains less than
0.3 grams of lithium. To prevent the
release of a potentially harmful
substance, DO NOT RECHARGE,
SHORT CIRCUIT, DISASSEMBLE, OR
APPLY HEAT TO THE BATTERY. In
addition, observe correct polarity when
replacing.

1.2 ACCESSOQORIES

Rack mounts for a single instrument, rack mounts for
two series 270 instruments side-by-side and instru-
ment slides are available accessories. Refer to
paragraph 1.3.13 for details.

1.3 SPECIFICATIONS

1.3.1  Main Generator Waveforms (Functions)

Programmable sine ,~ , triangle +v* |, sguare [ ,
square complement, dc, external width, arbitrary and
filtered arbitrary.

Sine Distortion (THD at 5 Vp-p):
<0.5% 10 mHz to 9%.9 kHz.

No harmonics above

- 40 dBe¢ 100 kHz to 999 kHz
—30dBc 1 MHz to 12 MHz,

Time Symmetry:
+1% 8ns.

Square Transition Time:
<15 ns.

Square Overshoot:
< 4% at full amplitude.

Triangle Linearity: 39% to 100 kHz.
1.3.2 Operationalt Modes (For All Functions

Including ARB)

Continuous:
QOutput continucus at programmed frequency or clock
rate.

1-1
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Triggered:

Output quiescent until triggered by external signal,
internal trigger, GPIB trigger or manual trigger, then
generates one cycle at programmed frequency or
clock rate. :

Gated:

Similar to triggered mode, except that output is con-
tinuous for the duration of the gate signai. The last
cycle started is completed.

Burst:

Similar to triggered mode, except that the number of
cycles produced is programmable.

Count Range: 1 to 1,048,200.

Burst Rate: 12 MHz maximum.

1.3.3 Operational Modes (ARB Only)

Triggered ARB with Ramp-to-Start:

One cycle of ARB waveform is initiated on the trigger
input. External RTS signal (at ARB RTS/HOLD IN}
causes ARB output to slowly ramp to data value at
start address of the ARB waveform. If RTS signal is
not received before stop address is reached, RTS is
inittated at stop address.

Triggered ARB with Reset:

Same as Triggered ARB with Ramp-to-Start except the
Reset signal (or stop address) causes immediate
reset to start acddress.

Triggered ARB with Hold and Triggered Ramp-to-
Start:

One cycle of the ARB wavefarm is initiated on trigger
input. Leading edge of Hold signai causes ARB to
hold. Second leading edge (Reset signal) causes
immediate reset to start. If stop address is reached
before Hold signal then stop address causes hold.

Triggered ARB with Hold and Triggered Reset:
One cycle of ARB waveform is initiated on trigger
input. Leading edge of Hold signal causes ARB to
hold. Second 'eading edge (Reset signal) causes
immediate reset to start. If stop address is reached
before Hold signal, then stop address causes hold.
Single Step:

Same as Continuous mode except when Arbitrary
function is selected ARB clock rate is replaced by trig-
ger input so that ARB clock can be supplied externally
or with function generator.

Examine:

When Arbitrary function is selected the output will be
voltage (data value) present at address specified on
address program. This allows ARB waveform to be
examined one point at a time by specifying address of
desired point.

1-2

Triggered ARB with Hold on Breakpoint:

ARB waveform is initiated upon trigger input and held
at programmed breakpoints. Start and stop addresses
are ignored in this mode.

1.3.4 Frequency

Range:

10 mHz to 12 MHz for sine, triangle, square, square
complement, >15 MHz for external width. ARB fre-
quency range dependent upon clock rate and block
size. Clock rate 267 ns to 267 s,

Block Size:
2 points to 2048 points {option to 8192 points).

Resolution:

3 digits.

Accuracy:

+ 2% for non-ARB modes, *+0.2% for ARB modes.

Repeatability (24 hr):
+ 1% for non-ARB modes, 0.01% for ARB modes.

Jitter:
=0.1% of period £100 ps

Control:
Frequency may be controlled by programmed value
ar external VCG input,

Value:
Frequency vaiue is keyboard or GPIB programmable
with automatic range selection.

VCG {Voltage Controlled Generator):

AC or dc input controls frequency. 0.01 to 12V into
10k for up to 1200:1 frequency change in each ot 9
frequency ranges (range must be programmed). Slew
rate is limited to 1V/ps.

1.3.5 Amplitude

Range:
0.01 to 10 Vp-p into 502 (0.02 to 20 Vp-p into open cir-
cuit) from main output. Absolute peak amplitude plus
offset may not exceed 5V intc 50 (10V into open
circuit).

Resolution:

3 digits or 10 mV when absolute peak amplitude plus
offset >0.5V; 3 digits or 1 mV when absolute peak
amplitude ptus offset <0.5V.

Accuracy:

+ 2% of programmed value and:

+5 mV for 0.1 to 1V (peak amplitude + offset
< 0.5V},

+20 mV for 1.01 to 10V,

+ 50 mV for all other.
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Repeatability (24 hr):
1% =10 mV.

Flatness (at 5 Vp-p):
0.1 dB to 100 kHz, 1.5 dB to 12 MHz.

1.3.6 Oifset

Range:

DC or offset programmabie from —5V to +5V into
508 (-10V to + 10V Into open circuit). Absolute peak
amplitude plius offset may not exceed 5V into 502 (10V
into open circuit).

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.

Accuracy:
+ 40 mV in dc function.

Repeatability (24 hr):
+20 mv.

1.3.7 Outputs

Function Quiput: Source of primary waveforms. Pro-
grams control provides:

Qutput gn, 500 source impedance;

Qutput oft, high Z (> 500kD);

Qutput off, low Z (terminated in appreximately 504).

Protection:
Quiput protected to 140 Vac or 200 Vde without inter-
nal damage.

Main Sync Qutput:

Sync signal is at programmed frequency and TTL
level.

Level:

=0.4V to =2.4V into 508,

=0.8V 1o =4.8V into open circuit.

Source impedance:

504.

Timing:

Concurrent with function output in square; lags sine
and triangle by 90°.

QverfUndershoot:
<10% into 5012.

Protection:

Cutput protected from short circuit to any voltage
between =15 Vdc.

Arb Syne Qutput:

5 Vp-p into 600§, programmable phase control. RCL
4000 initiates positive ARB sync; RCL 4001 initiates
negative ARB sync.

Source Impedance:
60040.

Protection:
Cutput protecteg from short circuit to any voltage
between =15V,

1.3.8 Inputs

External Trigger:

Trigger of input circuit is programmable fora + or —
signal slope and required threshold level.

Level: —10to + 10V,

Resclution: 20 mV.

Accuracy: +500 mV.

Input Impedance: 10 k.

Maximum Trigger Rate: 12 MHz (15 MHz for External
Width function).

Minimum Trigger Width: 20 ns.

Minimum Amplitude: 500 mVp-p to 1 MHz, 1 Vpp to
15 MHz,

Protection: Input protecied to & 50V.

VCG in:

Voltage control of generator frequency. See Frequency.
Range: 0.01 to 12V,

Impedance: 10kfl.

Protection: Input protected 10 £ 50V,

ARB RTS/HOLD Input:

Trig input and RTS/Hold tnput are logically internally
common. Having two inputs provides processing for
independently generated trigger and RTS/hold signal.
{(NOTE: Inputs are buffered prior to being logically
“"OR'"ed together.)

Protection: Input protected from short circuit to any
voltage between +15V.

1.3.9 Internal Trigger

Non-ARB Functions

Range: 3.75 mHz to 3.75 MHz.
Resoluticn: 4 digits.

Accuracy: 0.2%.

ARB Functions

Range: 10 mHz to 3.75 MHz.
Resolution: 3 digits.
Accuracy: 2%.

1.3.10 ARB Characteristics

Horlzontal Resolution:
2048 points standard; 8192 points optional.

Vertical Resolution:
12 bits (-2048 to + 2047).
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Auto-Line:
Allows a straight line to be drawn between the last two
data points specified.

Programmable Filter on ARB Waveform:
Neon-Filtered Arb waveform: Settling time 1.5 ps.
Filtered Arb waveform: Setlling time 1 ms.

Programmable Ramp-to-Start Rate:
Fast: approximately 5 ms/bit;

Slow: approximately 20 ms/bit.
Programmable 3 digit ARB Clock:

Period ranges from 267 s to 267 ns with 0.2%
accuracy.

1.3.11 GPIB Programming

I[EEE 488-1978 compatitie. Nonisclated. Double
buffered.

Address: 0-30, keyboard or internal switch selectable.
Internal switch can lock out keyboard selection.
Power-up address is internat setting.

Subsets: SH1, AH1, 76, TEQ, L4, SR1, RL1, PPG, DCA,

Co, E2.

interface Timing:

Frequency 16 ms
Amplitude 13ms
Offset 14 ms
Mode 6 ms
Function 5ms
INT/EXT 5ms
Execute 20ms to 4 sec
Store 11 ms
Qutput 10ms
Slope 5ms
Burst Count 10ms
Rate 35ms
Recall 185ms
Reset 185 ms
Start 20ms
Stop 20ms
GET Mode S5msto 4 sec
ADHS 10 ms
DATA 15ms
AUTO LINE 20ms 1o 2 sec

1-4

1.3.12 General

Stored Settings:
Non-volatile memory for 75 stored settings.

Environmental:

Temperature Range: 25°C +10°C for specified
operation; operates 0°C to 50°C; —50°C to +75°C
for storage.

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

Relative Humidity: 95% at 20°C at sea level {(non-
condensing).

Warm-up Time: 20 minutes for specified operation.

Dimensions:

21.7 cm (8.54 in) wide (haif-rack); 13.3 ¢m (5.25 in)
high; 39.4 cm (15.5 in) deep.

Weight:

5.9 kg (13 Ik} net, 7.2 kg (16 b) shipping.

Power:

90 to 105, 108 to 126, 198 to 231, or 216 to 252 voils
rms; 48 to 66 Hz, 1 phase; <40 waltts.

1.3.13 Options

002: Rear Panel Connectors
Front panel BNC connectors relocated to rear panel.

004: Extended Block Size
Extends arbitrary waveform memory block size to
8192 points.

1.3.14 Accessories

Style 12: Single Rack Adapter Kit
Allows right or left mounting in a standard 19 inch
rack. 5 1/4 inches high.

Style 13: Dual Rack Adapter Kit
Allows any 270 series instrument ta be mounted side-
by-side in a standard 19 inch rack. 5 1/4 inches high.

Rack Slides
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2.1 MECHANICAL INSTALLATION

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

The generator can be used as a bench instrument or
rack mounted. The 275 can be converted to rack
mounts in the field by using the following kits.

SECTION
INSTALLATION AND INTERFACE

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

Rack Mount | Part '[ Reference
Kit Number . Drawing
Single 1101-00-1043 | 0102-00-1043
instrument

(left or right

mounting)

Dual 1101-00-1041 | 0102-00-1041
Instruments

Rack Slides 1101-00-1042 | 0102-00-1042

NOTE

The rack slides can only be used with dual
rack mounted instruments.

Whether used on a bench or in a rack, ensure that
there is no impedance to air flow at any surface of the
instrument. Before rack mounting, it may be desirable
to perform the initial checkout (paragraph 3.1) 1o
verify operation of all functicns.

2.2 ELECTRICAL INSTALLATION

2.21 Power Connection

NOTE
Unless otherwise specified at the time of
purchase, this instrument was shipped
from the factory with the power trans-
former connected for operation on a
120 Vac line supply and with a %2 amp
fuse.

Figure 2-1. Voltage Selector and Fuse

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

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

Card Position Input Vac Fuse
100 90 to 105 V2 amp
120 108 10 126 2 amg
220 198 to 231 a amp
240 216 to 252 4 amp

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

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

2-1
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2.22 Signal Connections Tabie 2-1. GPIB Data In/Out

NOTE Pin Signal
Use RG58U 500 or equivalent 50Q coaxiat
cables equipped with BNC connectors to ! DIO?
distribite signals. 2 DIO2
3 D103
Instrument BNC connectors are; g ggr)‘l
TRIG IN. Acceptable trigger level and slope are pro- 6 DAV
grammable; — 10 kit impedance. 7 NRFD
MAIN SYNC QUT, 0V to > 2.4V into50R impedance; 8 NDAC
>4.8Y open circuit. g IFC
FUNC OUT. Up to 10 Vp-p into 502 impedance; up to 10 SRQ
20 Vp-p into > 50 k2 impedance. }; E‘IN ]
assis
VCG iN. 0.01 to 12V; 10 k@2 impedance, Ground
ARB SYNC OUT. OV to 10V pulse into 6000 13 DIOS
impedance. 14 DIOé&
ARB RTS/HOLD IN. TTL input, 1 k@ impedance. 15 DIO7
Used in Arb function only. RTS/HOLD and TRIG IN are 16 DIO8
internally OR'd in RTS modes. 1; REN
Signal ground may be floated up to + 42 volts with 19
respect to chassis ground. Be aware that all signal 20
grounds are common and must all be floated 29 Signal Gnd
together. 50
. 23
2.2.3 GPIB Connections 24

The GPIB IfO rear panel pin connections and signal
names are given in table 2-1. The panel connector is
an Amphenol 57-10240 or equivalent and connects to

a GPIB bus cable connector (available from Wavetek = e QRN “
in 1 and 2 meter lengths). - : ey SWIT
" AONNNA

2.2.4 GPIB Address

For instruments on the General Purpose Interface Bus
(GPIB), ensure that the ingtrument GPIB address is
correct. The GPIB address can be changed by the
internal switch {for access, remove the bottom cover,
see figure 2-2) or the front panel GPIB ADRS key {e.q.,
ADRS 4 EXEC). The switch sections are iabeled from
1 through 5 and their OFF position noted (OFF =
Binary "'0"" in table 2-2). To verify the address, press
ADR on the front panel. The device number (decimal)
will be displayed. Upon power-up, the address is
always that of the internal switch.

Figure 2.2 GPIB Address Selector Switch

2-2
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Table 2-2. GPIB Address Codes

. Switch Hexa-
ASCH . Pasition decimal
Device | Listen Talk ; 1 2 3 4 5 |Listen Talk
0 {space) @ OCO0O0O0| 20 40
1 ! A 110000 21 41
2 v B |[0100C0| 22 42
3 # C |11000, 23 43
4 $ D |00C100; 24 44
5 Yo E |10100 25 45
6 & F |01100 26 486
7 : G 11100 27 47
8 ( H [00010. 28 48
9 ) I 110010 28 49
10 * J |01 010 24 4A
1A + K (11010 2B 4B
12 , L |o01t10] 2 4C
13 -— M | 10110 2D 4D
14 . N 011101 2E 4E
15 / C | 11110 2F 4F
16 0 P 10CGO00CG1T| 30 50
17 1 Q 10001 31 51
18 2 R '01001| 38 52
19 3 S |11001 33 53
20 4 T |00101| 34 54
21 5 u | 10101t 3 55
22 6 vV |0t1101] 36 56
23 7 w (11101} 37 57
24 8 X 'ooo11] 38 58
25 9 Y 10011 39 59
26 : Z |0101 1] 3A 5A
27 ; [ t101 1] 38 58
28 < vV 00111 3 5C
29 = ] 10111 3D 5D
30 > A lO01T 11 1] 3 5E

NOTE

Address 31 is not alfowed,
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2.2.5 |Initial Checkout and Operation Verification

Make the equipment setup as shown in figure 2-3 and
perform the steps in table 2-3 to verify Wavetek 275
operation. If further explanations are required, refer to
figure 3-1 and table 3-1,

Table 2-3.

Figure 2.3. Test Setup

MODEL 275

500
TERMIN-

—9

ATION

OSCILLOSCOPE

CHt ] CH2

FUNC OUT O

MAIN SYNC CUTO

Initial Checkout

Step Test Tester & Setup

Program

Desired Results

1 Wake-up State

Power: ON

Display: All segments, decimal
points and commas light up for
1 second.

2 Wake-up Status

Press STAT key.

Display {changes actomatically):
FREQ 1 KHz

AMPLITUDE &V

OFFSET OV

MODE CONTINUOUS (0)

FUNGC SINE (0}

BURST COUNT 2

CLK 1 ps (488 HZ) {122 Hz with
option 004, extended block size.
START ADRS 0000

STOP ADRS 2047 {8191 with
option 004, extended block size.
CGUTPUT OFF (0)

EXTERNAL TRIGGER (0}

TRIG RATE 200 HZ

TRIG SLOPE POS (0)

TRIG LEVEL 1.5V

3 Status Search

STAT

Status display seguence stops.

|

Status progresses forward.

I

Status progresses backward.

STAT

Status display automatic
sequence continues.

7 Beeper Test.

Fress FREQ key a few times,

Beeper sounds every time key is
pressed.

Press !, then FREQ key a few
times.

Beeper is silent.

J

Beeper enabled

10 Command Recall.

Press each of the 6 keys in the
MAIN generator section 4 times
then CMD RCL.

Strings of characters shown on
display. Characters are the onet
shown on lower left of each key

1R

Press -- then —.

Moves characters right then left
4 at a time.
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Table 2-3.

Initial Checkout

Tester & Setup

-

Program

Desired Results

ADRS 1 EXEC then 30 EXEC.

Display: GPIB ADRS 1 then
GFIB ADRS 30.

Connect Wavetek 275
and gscilloscope as
shown in figure 2-3.
Scope setting: CH1
2Vidiv; herizantal

0.2 ms/div, CH2 2V/div,
trigger an CH2.

Press: RCL 2000 EXEC.

Display: (0) BEGIN QA PROC.
Scope: CH1, 5 Vp-p 1 kHz sine
wave, CH2, 25 Vpp 1 kHz
square wave

Press: CURSCR t once.

Display: (1) FREQUENCY.
Scope: CH1, 5 Ypp sine wave
continuously sweeping from

1 kHz to 10 kHz. CH2, 2.5 Vpp
square wave synchronous with
CH1.

Press: CURSCH 1 once.

Display: (2) AMPLITUDE. Scope:
CH1, 1 kHz triangle wave, ampli-
tude continuously increases
from 1V to 10 Vpp. CH2,

2.5 Vp-p square wave syn-
chronous with CH1.

Press: CURSOR 1 once.

Display: {3) OFFSET. Scope:
CH1, 1 ¥p-p square wave. DC
offset continucusly increases
from —4V io +4V. CHZ,

2.5 Vp-p square wave syn-
chronous with CH1.

Step Test

12 GPIB Address and
Status.

13 Quality Assurance
Procedure.

14 Frequency: Exercises
Each Frequency Bit
and the Sine Wave
Function.

15 Amplitude: Exercises
Each Ampiitude Bit
and the Triangle Wave
Function.

16 Offset: Exercises Each
bC Offset Bit and
Square Function.

17 Trigger Circuit.

18 Gate Circuit.

19 Burst Circuit.

20

Trigger Scope on CH1.

Press: CURSOR i once.

Display: {4) TRIGGER. Scope:
CH?1, 800 Hz 5 Vp-p square
wave. CH2, 2.5 Vpp 100 us
pulse, delayed 50 us relative to
positive edge of CH1 waveform.

Press: CURSOR 1 once.

Display: (5) GATE. Scope: CH1,
500 Hz 5 Vp-p square wave.
CH2, 2.5 Vpp pulse burst, six
100 us pulses.

Press: CURSOR I once,

Display: {8) BURST. Scope: CH1,
5 Vp-p pulse, fixed repetition
rate of 2 ms, variable width

1.6 ms to 250 us. CH2, pulse
train of 100 ps wide pulses, 25
Vp-p. Number of pulses per train
steps from 9 to 2.

Press: CURSOR I once.

Dispiay. {7) END QA PRQC.
Scope: CH1, 5 Vp-p puise,

250 ps wide, repetition rate

2 ms. CH2, burst of two 100 us
pulses, burst repetition rate
2ms.
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3.1 INTRODUCTION TO OPERATION

The Wavetek 275 may be operated either locally, from
the front panel keyboard, or remotely, via the GPIB
(General Purpose Interface Bus). This manual
presents local operation first, then additional informa-
tion required for remote operation, Users who plan to

SECTION
OPERATION

3.3 POWER-UP

When ac power is applied to the instrument, the
microprocessor perferms internal checks and initi-
alizes the internal circuitry. During the first second,
the microprocessor performs a display test by lighting
all disptay segments. The display then indicates

control the instrument remotely should read both
sections,

BUSY. PLEASE WAIT

3.2 FRONT PANEL CONTROLS AND
CONNECTORS

The front panel containg the power switch, keyboard,
display and {unless option 002, rear panel connectors,
has been specified) the BNC signal connection jacks.
Figure 3-1 shows the location of all front panel con-
trols and connectors. Table 3-1, which is keyed to the
numeric identifiers in Figure 3-1, briefly lists the pus-
pose of each centrol or connector for quick reference.
Further information on the controls is contained in
section 3.5, LOCAL OPERATION.

during the remainder of the initialization. When the
initialization is complete,

WAVETEK MODEL 275

is displayed. During power-up, all parameters are set
to default values.

Table 3-1. Controls and Connectors

Key
Ref Control or
No. Connector Description
1 CURSOR — and — position the cursor to any numerical digit {indicated by the flashing
digit on the display). t and | increment or decrement codes, storage
addresses or the flashing digit (features carry action) of a parameter value.
— and — are alsc used t0 move a displayed program string (CMD RCL) to the
left or right in increments of 4 characters. Because t and | employ an
automatic execute, the instrument output is instantly changed with cursor
action.
2 DISPLAY Twenty character readout (both manually and remotely accessible), Advises
operator of parameters and vaiues, errors, warnings and GPIB activity. Also
displays programming strings.

3-1
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Figure 3-1. Controls and Connectors

3-2
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Table 3-1. Controls and Connectors (Continued)

Key

Ret Control or

No. Connector Deascription

3 MODE (B) Displays main generator and Arb generator modes and enables change.
There are eleven modes.

MODE CODE
Continuous 0
Trigger 1
Gate 2
Burst 3
Triggered Arb with Ramp-to-Start 4
Triggered Arb with Hold and Triggered Ramp-

to-Start 5
Triggered Arb with Reset 6
Triggered Arb with Hold and Triggered Reset 7
Single Step 8
Examine 9
Triggered Arb with Hold on Breakpoint 10

4 FREQ/CLK Displays main generator frequency and Arb clock time. Main generator fre-
quency is 10 mHz to 12 MHz with 3 digit resolution. Arb generator range
dependent upon clock rate and block size. Clock rate 267 ns 1o 267 s. Block
size 2 points to 2048 points {opticn to 8192 points).

5 AMPL{A) Displays output amplitude programming and enables change. Amplitude
maximum is 10.0 Vp-p into 5090.

6 OFST(D) Displays dc offset programming and enables change. DC offsat used with
amplitude adjusts the output waveform offset bias. Maximum ofiset is £ 5V
into 509.

7 BRST{R) Displays burst count and enables change. Burst count can be from 1 to
1,048,200. This is the number of wavetorm cycles in the burst each time it is
triggered.

8 FUNC (C) Displays function {(waveform) programming and enabies change. Function
may be one of eight output waveforms.

FUNCTION CODE
Sine 0
Triangle 1
Square 2
Sguare Comptement 3
DC 4
External Width 5
Arbitrary 6
Filtered Arbitrary 7
9 NUMERICAL Used with other keys to enter data or retrieve information. Free format data
KEYBOARD entry allows fixed point, floating point and scientific (exponential) notation.
Microprocessor wiil round off as required.

3-3
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Table 3-1. Controls and Connectors (Continued)

Key
Ref
No.

Control or
Connector

Description

10

11

12

13

14

15

16

17

18

19

20

ARB RTS/HOLD
IN

ARB SYNC QUT

FUNC OUT

MAIN SYNC OUT

RST {2)

ARB MNTR

STAT

SRQ

o

EXEC (1)

CLR

TTL input provides processing for independently generated trigger and
generated trigger and Ramp-to-Start signals. Used in Arb function only to trig-
ger Arb waveform, initiate hold, ramp-to-start or reset. Trig input and
RTSthold input are internally ORed in RTS modes, and both may be used to in-
itiate any of the events for the Arb waveform.

Provides a OV to 10V puise (open circuit), OV to bV puise (600Q). Pulse width is
five Arb clock cycles with leading edge of pulse occurring at currently pro-
grammed address followed by an execute. Pulse polarity is selectable. RCL
4000 EXEC selects positive pulse. RCL 4001 EXEC selects negative pulse.

The main output of selected waveforms. Function output is off at power-up
and reset. Qutput control key 22 sets FUNC OUT at on or off with 500
impedance.

The sync signal has the same frequency as FUNC out signal when a non-
arbitrary function is selected and is 0V to >2.4V (TTL level) inte a 502 load
(> 4.8V open circuit).

Returns the instrument waveform parameters to their power-on condition.
Stored settings are not affected.

Displays the current Arb generator address, data, and output voltage. Pro-
vides a real time monitor of slowly changing Arb waveforms. This feature
does not interfere with the Arb waveform output.

Gives the current waveform generatos status by displaying each parameter
and value momentarily. Pressing the key a second time holds the display.

To use the SRQ key, the instrument must be in the local mode and the SRQ
mode bit 128 must be selected. Under these conditions pressing the SRQ key
asserts the SRQ line of the GPIB.

Turns audible tone on or off. [f there is no tone when key is pressed, pressing
restores the tone,

Causes all the entered instructions to be error checked and transferred to
wavetorm circuits. No parameter entries will change the output until execute
(EXEC key, CURSOR {, CURSOR |, GPIB |, GPIB GET, GPIB Z or RESET} is
received. This permits a compiete test setup to cccur at one time with no in-
between parameter change aberrations. Execute is not required to cause
data to be entered into Arb memory.

Corrects front panel and scratch-pad numerical entries. (An asterisk on the
display indicates that the value displayed has not been executed and resides
in scratch-pad memory only.)
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Tabie 3-1. Controls and Connectors {Continued)

Key

Ref Control or

No. Connector Description

21 EXP (E) Designates the next numerical and +/— entries pertaining to the power of
the X10 multiplier.

22 QUT ON {P) Displays output and load status and enables change. Output status program-
ming codes are:

QUTPUT CODE
Qutput Off (0) (> 100k) 0
Qutput On (1) {50Q) 1
Qutput Off, Lo Z (2) (=50%) 2

23 RCL (Y) Displays the status of setting recall (none recalled, recall setting
No. . or No._______ last recalled) and enables the change of
address of settings to be recalled. Stored settings can be recalled to scratch-
pad memory only and do not affect the instrument output operation if recall is
alpha terminated but not executed. Recall settings and selections are:
SETTINGS RCL
Recall last power off condition 0
Recall user-stored settings 1-75
Internal calibration procedure 1000-1031
Internal QA test/demo procedure 2000-2007
Keyboard lockout off 3000
Keyboard lockout on 3001
Arb Sync output positive 4000
Arb Sync output negative 4001
Slow Ramp-to-Start 5000
Fast Ramp-to-Start 5001
Clear break points 6000

24 STOR (M) Displays address of last storage location used and enables storage location
address change. The settings stored are those currently in scratch-pad
memory; the instrument output operation is not disturbed by storage action.
A minus { —) address entry erases the stored settings at that address from
memory. There are 75 non-volatile stored settings.

25 DATA (L} Displays the Arb memory data value for the currently displayed address.
Ranges from — 204810 + 2047. Value — 2048 corresponds to the negative peak
amplitude. Value + 2047 corresponds to the positive peak amplitude. Entry
of valid data causes the address to be incremented by cne. An execute is not
required to cause data to be entered into memory.

26 AUTOQ LINE (XK) Automatically causes a straight line to be written into Arb memory between
the last two data points. Auto line will over-write any previously stored data
between the two data points.

27 STRT STOP Displays the start-stop memory locations for the desired block of Arb
memory. If a START is > STOP the specified biock will wrap around the end
cf Arb memory.

3-5
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Table 3-1. Controls and Connectors (Continued)

Key
Rel
No.

Control or
Connector

Description

28

29

30

31

32

33

34

35

36

37

3-6

(ARB) ADRS (K)

EXT (G}

RATE (T)

LVL (XL)

SLP (Q)

MAN TRIG
(J) (H)

LCL

CMD RCL

(GPIB) ADRS

TRIG IN

Displays the Arb memory address point. Ranges from 0000 to 2047 for stan-
dard units. Range expanded to 8191 with memory option. When program-
ming an Arb address lor the purpose of entering data an execute is not
required. If address is being specified for the purpose of moving ARB syric
location, an execute is required.

Displays the trigger source and enables change. There are two trigger
sources,

SQURCE CODE

External (BNC, Man, GPIB) 0
Internal 1

Displays the internal trigger rate and enables change. RATE range is 10 mHz
to 3.75 MHz with 2% accuracy for Arb functions, 3.75 mHz to 3.75 MHz with
0.2% accuracy for nen-Arb functions.

Displays programmed trigger level and enables change. Trigger ievel is the
voltage at which the trigger circuit is sensitive to the TRIG IN BNC input
signals. Trigger level may be set in the + 10 Vdc range with 20 mV resoiution.

Displays selects slope and enables change. Selects generator triggering on
the rising or falling edge of the TRIG IN BNC signal.

TRIGGER CODE

Positive slope Q
Negative slope 1

Triggers output when inany of the mades requiring trigger. The two ASCIl codes
{(dandH)are for gating; J gates onand H gates off, EXT key 28 must be G (External
Source).

Takes the instrument out of remote control without affecting the rest of the
bus with the following exception: A GPIB LLO command will override the key
logic and inhibit its operation.

Displays the last 40 parameters, values and actions (al! in ASCII code} sent to
the instrument from the keyboard and the GPiB. The display shows only 20
characters at a time, and the CURSOR — and — must be used to see the
entire 40 character string,

Displays the GPIB decimal address and enables change, with the following
exception: The GPiB address cannot be changed by front panel contral if the
internal disable switch has been set.

A sufficient external signal level transition triggers or gates the generator
when generator mode requires a trigger or gate signal. The required level is
determined by key 31 and the required transition by key 32.
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Table 3-1. Controls and Connectors (Continued)

Key

Ret Control or

No. Connector Description

38 VCG IN The VCG input accepts ac or dc voltages used to externally control the fre-
quency of the main generator. A positive voltage applied to the VCG N con-
nector will increase the generator frequency; a negative voltage will
decrease the frequency. 0.01V to 12V gives approximately 1200:1 frequency
change. Input impedance is 10 kil

39 POWER ON/OFF Turns generator on or off,

3.4 LOCAL OPERATION

Local operation is accomplished from the front panel
keyboard. The front pane! keys fall into three general
categories:

1. Action keys, which cause an immediate action
when pressed.

2. Parameter keys, which display the current value
of a parameter {Such as frequency), but do not
cause any actlion until 2 new value is entered.

3. Numeric keys, which are used for entry of

numeric data. These keys are @ through @ ,
, B and .

Many of the keys are labelled with an alphabetic
character in addition to the name of the key function.
These alphabetic characters are for reference in
remotely controlling the instrument, and for reading
back previous commands from the display with the

key. Four of the keys have alphabetic
characters associated with the key, but the letters are

not marked on the keys. These keys are: |** ],
Fi o] STAT . .
, and . Appendix B, Programming Com-

mand Summary, lists the ASCII character associated
with each key, and aiso lists ASCIH commands for
which there is no equivalent keyboard key. Remote
operation will be covered in section 3.5 of the manual.

3.4.1 Action Keys

The keys that cause an immediate action when
pressed and do not require entry of a numerical

parameter value are the CURSOR keys, RESET, ARB
MONITOR, STATUS, SRQ, Tone, EXECUTE, CLEAR,
LOCAL and COMMAND RECALL.

3.41.1 Tone Key
An audible tone indicates that a key is pressed. Press-

ing will inhibit or enable the key tone. If there is
no tone when keys are pressed, pressing
restores the tone.

3.4.1.2 Status Key

Pressing (the status key) will cause the display
to sequentially indicate the current instrument

parameters. At power on or reset, the following
parameters will be displayed:

FREQ 1 KHZ

AMPLITUDE 5V

OFFSET OV

MODE CONTINUOUS(0)

3-7
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FUNC SINE(O)

BURST COUNT 2

CLK 1 __:_r-S {488 HZ)

(122 Hz with option 004, extended block size.}

START ADRS 0000

STOP ADRS 2047

(8191 with option 004, extended block size.)

QUTPUT OFF(0)

EXTERNAL TRIGGER(O)

TRIG RATE 200 HZ

TRIG SLOPE POS(0)

TRIG LEVEL 1.5V

By pressing , the display will stop on the existing

readout, and the status display may be incremented

forward or backwards with the or CURSOR

-8

V]

keys. Holding down the or key will cause

the display to continuously increment or decrement.
NOTE: the key displays only the actual operating

parameters of the instrument, not parameters that
may be tempeorarily stored in scratch-pad memory
and not yet executed.

3.41.3 Cursor Keys

The cursor keys’ . , and are used

to modify a parameter value and cause immediate

execution of the new vatue. The and keys

are used to increment or decrement a parameter
value. Holding the key down continucusiy causes the
value io continuously increment or decrement.

The and keys are used to select which digit

of a multiple digit parameter will ke incremented or
decremented. The selected digit will flash alternately
bright and dim on the display. Some parameters, such
as the arbitrary waveform START and STOP addresses,
can only be incremented or decremented

in steps of 1, and the and keys will have no

effect when this parameter is selected. Also, these
keys will have no effect on a parameter that contains
orimarily single-digit values, such as mode or function.

3.4.1.4 Reset Key

The (Reset) key returns the instrument
waveform parameters to their power-on default
values. This key does not affect stored settings,

arbitrary waveform memory, or COMMAND RECALL
memary.

3.4.1.5 Execute Key
The (Execute} key transfers ali data from the
scraich-pad memory 1o the waveform circuit memory.

(A leading asterisk (*) on the display indicates that the
parameter value has not been executed.)
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STORED o

POWER-UP
CONFIGURATION

RECALL (ALPHA SETTINGS W [
TERMINATED) L
A
WAVEFORM
4 STATUS w CIRCUIT |« D
MEMORY
CLEAR EXECUTE
KEYBOARD ALPHA
DISPLAY
oR - v MEMORY - TERMINATED .
— l STORE
(ALPHA
SCRATCH TERMINATED)
ALPHA
.
QUERIES PAD |/
MEMORY —

Figure 3-2. Memory Structure

Example: Press E] D E] E] . A dash

at the end of the string of characters means that the
string of characters has not been terminated (nor
executied). The display will show

AMPLITUDE 9.99

Press . again. The display will be

CAMPLITUDE 9.99V

Press . The display will change to

AMPLITUDE 9.99V

3.4.1.6 Clear Entry Key
The {Clear) key erases a parameter value which

has been entered but not executed. The key

removes the numeric digits entered after the last
parameter key. (Clearable entries are always prefixed
by an asterisk or suffixed by a dash.) The display
reverts to that caused by the previous accepted value
of the parameter being programmed.

3.4.1.7 Local Key
The (Local)-key removes the instrument from the
bus command and places it under front panel control.

This key can be locked out from the GPIB controller
with the LLO command if so desired.

3.41.8 SRQ Key
The key asserts the SRQ line of the GPIB if the
kev has been enabled by the GPIB controtler. Further

information will be found in the REMOTE OPERATION
section of the manual {section 3.5}.

3.4.1.9 Command Recall Key
Pressing the {Command Recali) key displays the

last 20 commands from the keyboard or GPIB in the
form of ASCIl characters. Keyboard commands not

3-8
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associated with an ASCII character (such as the cur-
sor keys) are not shown. The display shows alf com-
mands associated with an ASCII character, even if the
command is erronecus or has been superseded by a
later command.

carce e 6 (0 O ([ B @
HEBLEHYE

@ CLK ! .
slo[c[oalnle)

Press . The display will show:

BOC1A2D3F1001COF1E3!

The letters B, C, A, D, F, E and | are the ASCI| codes
for maode, function, amplitude, coffset, frequency,
exponent, and execute respectively. Note that the
display contains two commands for function and fre-
quency, but that only the last command for each
parameter is the actual instrument setting. The ASCI
codes for most parameters are shown on the keys.
Two exceptions in the above example are frequency
and exponent,

Now press @ @ . The disptay

will indicate

FREQ ERRCR

Press . The last 5 characters on the display will

be “F1E9I", even though the frequency command
was outside the frequency range of the instrument.

Using the cursor and keys shifts the

dispiay 4 characters to the left or right to allow the
eventual display of up 1o 40 characters.

NOTE
if the key is pressed immediately
after turning on the instrument, the display

will be blank because no characiers have
been programmed.

3.4.1.10 Arb Monitor Key
The key allows monitoring of the address, data

value and actual output voitage of a slowly changing
arbitrary waveform. The Arb address is indicated by
the letiter X", the Arb data value by the letter "'Y"",
and the output voltage by the letter "'V''. A typical
display might show, for example:

X0019 Y+ 1900 V + 1.002

3.4.2 Parameter Keys

The parameter keys allow display of a current
parameter vaiue, modification of the current value
with the cursor keys, or entry ¢f a new value using the
numeric keys. The parameter keys are functionally
grouped as centrols for main waveform, trigger,
stored settings, output, GPIB and arbitrary waveform
data entry.

3.4.2.1 Main Waveform Controls

The MAIN block of controls contains the parameter
keys for frequency and clock period, amplitude, off-
set, mode, function and burst count.

3.4.2.1.1 Frequency/Clock Key

The key selects frequency in cycles per second
if a non-arhitrary waveform has been selected with
the key. If an arbitrary waveform has been
selected, the key selects clock period in
seconds per arbitrary waveform address location.

3.4.2.1.2 Amplitude Key

The key selects output waveform amplitude in

volis peak-to-peak into a 502 load. For an arbitrary
waveform, this value represents the peak-to-peak
amplitude using the full data range (—2048 to
+2047) of the arbitrary waveform memory. The
waveform will be symmetrical about the selected off-
set voltage. (For an arbitrary waveform, a data value
of zero corresponds to an output equal to the selected
offset voltage )} Amplitude range {with no offset) is
10 mV to 10V peak-to-peak intc a 50 load. Open-
circuit amplitude witl be approximately twice as high.
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3.4.2.1.3 Offset Key
The key selects output waveform offset in volis.

Otfset is the voltage (into a 50Q load) midway between
the waveform amplitude peaks. For example, 1o
obtain a square wave having voltage levels of OV and
+5V, program an amplitude voltage of 5V and an off-
set voliage of 2.5V, For an arbitrary waveform, the off-
set voltage is the output voltage for a data value of
zero. To avoid output clipping, offset voitage plus
peak amplitude (p-p amplitude/2) must not exceed 5V.
To avoid loss of amplitude resolution, amplitudes less
than 100 mV require an offset voltage of less than
500 mV.

3.42.1.4 Burst Key

The key selects the number of waveform cycles
that are generated when the generator is triggered in
the BURST mode. The burst count can be set from 1
to 1,048,200 cycles,

3.4.2.1.5 Function Key

The key selects the type of waveform at the

FUNC QUT connector.

FUNC .
@ selects a sine wave.
[D selects a triangle wave.

@ selects a square wave of the same polarity

as the MAIN SYNC OUT signal.

[D selects a square wave of opposite polarity

of the MAIN SYNC OUT signal.

@ selects the DC function. The FUNC OUT

voitage is a DC fevei at the programmed OFFSET
voltage. The AMPLITUDE and MODE settings have no
effect on the output.

(5] selects tne EXTERNAL WIDTH tunction.

The FUNGC OUT voltage is controlied by the
AMPLITUDE, OFFSET and TRIGGER contrels, For
example, selecting amplitude 5V and offset OV resulls
in a FUNC OUT voltage of- 2.5V when the generator is

not triggered and + 2.5V when triggered. Selecting
amplitude 5V and offset 2.5V will result in an output
voltage of OV not triggered and 5V when triggered.
The internal or external trigger gates the voltage to
the high state for the duration of the trigger signal.
With one exception, the output will be gated by the
selected trigger source regardless of the MODE pro-
grammed. The exception is the BURST (3) maode. in
the BURST mode, a trigger puise of any duration wili
cause the output to be gated to the high state for the
duration of the burst count, which is determined by
generator frequency and number of burst cycles
programmed.

ADJUSTABLE
ngﬁiﬁ TRIGGER LEVEL
|I
\ | | |
i
N
b I |’
PULSE | ! :
\II | !
M7
FUNG k '
ouT ro ' :

Figure 3-3. External Width

@ selects the arbitrary waveform. This

waveform must have been previously stored by the
user in the arbitrary waveform memory.

selects the arbitrary waveform filtered by

an R-C low-pass filter having a time constant of 250
microseconds. :

3.4.21.6 Mode Key
The key determines the conditions under which
the selected function will be presant at the FUNC OUT

connector. Modes 4 through 10 are applicable only to
the arbitrary waveform functions.

E] selects a continuous waveform,
E] selects a triggered waveform. One cycle of

the selected function will be generated each time the
generator is internally or externally triggered.
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[Z] selects a gated waveform. The selected

function will be present at the FUNC QOUT connector
for the duration of the internal or external trigger
signal. The last cycle started is completed.

E] selects a the BURST mode. When the gen-

erator is internally or externally triggered, it will pro-
duce the number of waveform cycles previously pro-

grammed with the kevy.

E] selects the Triggered Arb with Ramp-to-

Start mode. When the generator is externally or
manually triggered, one cycle of the arbitrary
wavetorm is produced. At the end of the waveform
block, the generator output voltage is gradually
returned to the waveform starting voltage at the
selected (FAST or SLOW) RTS rate, The Ramp-to-Start
operation may be initiated before the end of the
waveform block by externally or manually triggering
the generator. During the Ramp-to-Start operation,
the display reads.

HTS IN PROGRESS

At the conclusion of the Ramp-to-Start operation,

RTS COMPLETED

is displayed. Internal trigger cannot be used in this
mode. The front panel lockout is turned on during the
RTS operation.

E] selects Triggered Arb with Hold and Trig-

gered Ramp-to-Start. Manually or externally triggering
the generator produces one cycle of the arbitrary
waveform. At the end ol the arbitrary waveform block,
the output voltage holds constant at the final value. A
second trigger pulse initiates the Ramp-to-Start opera-
tion. A trigger pulse received before the end of the
waveform block places the waveiorm on “*hold"’; the
next trigger pulse initiates Ramp-to-Start, Internal trig-
ger can no! be used in this mode. The front panel
lockeut is turned on during the RTS operation.

312

@ selects Triggered Arb with Reset. Inter-

nally, externally or manually triggering the generator
produces one cycle of the arbitrary waveform. At the
end of the waveform block, the output returns to the
waveform starting value. For an arbitrary waveform,
this mode is almost identical to the TRIGGERED (1)
mode, with the exception that in mode 6 a second trig-
ger pulse can cause reset before the end of the
waveform. :

selects Triggered Arb with Hold and Trig-

gered Reset. Internally, externally ar manually trigger-
ing the generator produces one cycle of the arbitrary
waveform. At the end of the waveform block, the out-
put voltage remains unchanged until another trigger

- pulse is received. When this occurs, the output

voltage is reset to the waveform starting value. The
waveform can be placed on ""hold”’ before it reaches
the end of the waveform block by a second trigger
pulse. The next trigger pulse resets the waveform
back to the starting value.

selects the Single Step mode. The arbitrary

waveform is advanced one address with each inter-
nal, external or manua! trigger pulse. The waveform
may be reset to address 0000 by momentarily switch-
ing to the EXAMINE (3) mode and then back to the
Single Step (8) mode, or by selecting and executing
any address.

@ is the Examine mode. This mode permits

any point on the arbitrary waveform to be monitored
as a dc level at the FUNC QUT connector, and also
aliows the data value and voltage at the selected
address to be displayed using the key. To

monitor any peint on the arbitrary wavetorm, select
and execute the desired address.

Example: To examine the waveform at address 19,

press [D @ The voltage at that peint

on the arbitrary waveform may now be observed at

the FUNC OUT connector. | desired, press the
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key. A typical display might show

X0019 Y+ 1900 V + 1.002

Of course, the data (Y) value will depend on the value
previously programmed for that point on the
waveform. The voltage (V) value witl depend on both
the programmed data value and the programmed
amplitude setting.

Note that this mode requires an EXECUTE command
after the address value, and that this command will
change the ARB SYNC setting. After using the
EXAMINE mode, the ARB SYNC must be reset to 0000
{or other desired address) by selecting and executing
the address of the desired sync point.

[Z] @ selects the Triggered Arb with Hold

on Breakpoint mode. In this mode, the programmed
START and STOP addresses are ignored. Once the
generator is internally, externally or manually trig-
gered, it will continuously scan the entire range of
arbitrary waveform memory, stopping only at the next
programmed breakpoint. Breakpoints are individually

set or cieared by using the and keys. To set
or ¢lear an individual breakpoint, press the key
and enter the breakpoint address. Then press the
key. The display will contain the address and the
breakpoint status as either “BKPT CLR(Q)" or “BKPT
SET (1)". To clear the breakpoint, press @ : to set
the hreakpoint press @ . Then terminate the entry

by pressing either the 2] or (2 key. (An EXECUTE

command is not required for setting or clearing an
individual breakpoint.)

To clear alf breakpoints, press @ @ E]
E] " The display wiil read

BUSY, PLEASE WAIT

for several seconds, then

CLEAR BREAK POINT

(An EXECUTE command is required for clearing afl
breakpoints.)

All breakpoints may be cleared by using the RCL 6000
command while the Wavetek 275 is set to any mode
or function. However, clearing or setting individual
breakpoints requires that the instrument be set to

mode 10. In any other mode, the key enters
arbitrary waveform data, not breakpoint status.
Because the Wavetek 275 ignores START ang STOP
addresses in mode 10 and scans the entire arbitrary
waveform memory block, utilizing less than the full
waveform block will require the user to reset the
instrument to the programmed START address by
momentarily switching to the EXAMINE (9) mode. This
may be done either manually, using the front panel
controls, or by remote computer control. If desired, a
new START address may be programmed while the
instrument is temporarily in the EXAMINE {9) mode.

The front panel displays for the various modes are:

MODE CONTINUOUS (0}

MODE TRIGGERED(1)

MODE GATED(2)

MODE BURST(3)

MODE TRIG RTS(4)
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MODE TRIG HLD RTS5(5)

MODE TRIG RSTi6)

MODE TRIG HLD RST(7)

MODE SINGLE STEP(8}

MODE EXAMINE(9)

MODE HOLD ON BKPT{10)

In the front panel MODE displays, the abbreviation
RTS stands for Ramp-To-Start, white RSTmeans ReSeT.
Ramp-to-Start is a gradual return of the waveform out-
put voltage 1o the starting value, while HESET isavery
rapid return.

3.4.22 Trigger Controls

The TRIG block of controls contains the parameter
keys for internalfexternal trigger selection, internai
trigger rate, external trigger slope, external trigger
level (thresheld), and manual trigger. The trigger keys
affect the instrument output only in the TRIGGERED,
GATED and BURST modes, or if the EXTERNAL
WIDTH function has been selected.

3.4.2.21 Internal/External Key
The Internal/External trigger select key has onty two

parameter codes associated with it. @
selects external trigger: @ selects internal

trigger.

3-14

3.4.2.2.2 Rate Key
The key selects the internal trigger rate in cycles

per second {Hz). it has no effect when external trigger
is selected.

3.4.2.2.3 Level Koy
The key selects the threshold levei (in volts) for

the external trigger signal apptied to the TRIG IN con-
nector. It has no effect when internai trigger is
selected.

3.4.2.24 Slope Key
The key seiects the external trigger slope. A

parameter code of 0 selects positive trigger slope; a
code of 1 selects negative trigger slope. Positive trig-
ger slope causes the instrument to be triggered {in the
triggered modes) as the external TRIG IN signal
crosses the trigger threshold level in a positive-going
direction, or to remain gated ON (in the gated modes)
as long as the TRIG IN signal is more positive than the
programmed threshold level. Negative trigger slope
causes the instrument to be triggered as the TRIG IN
signal crosses the trigger threshold level in a
negative-going direction, or to remain gated ON as
long as the TRIG IN signal is more negative than the

programmed threshold leve!l. The key has no
effect when internal trigger is selected.

34.2.25 Manual Key

The key manually triggers or gates the instru-

ment when the key is pressed if external trigger has
been selected.

3.4.2.3 Arblirary Waveform Controls

The ARB controi block contains the keys for arbitrary
wavefarm address and data, START and STOP
addresses, and the AUTO LINE feature.

3.4.2.31 Address Key
The key is used to enter the arbitrary waveform

address for the purpose of eniering the arbitrary
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waveform data, reading arbitrary waveform data, set-
ting the breakpoints or setting the ARB SYNC

address. In most maodes, pressing the key

causes the display to show both the address (X value)
and data (Y value) stored at that address. {(in mode 10
the display shows address and breakpoint status.) The
address value is displayed at full brightness; the data
value (or breakpoint status) at reduced brightness.
This indicates that any new value will be entered as an
address value, not a data value (or breakpoint status).
Address entries do not need an EXECUTE command,
except for the purpose of setting the ARB SYNG
address.

3.4.2.3.2 Data Key

The key is used to enter the arbitrary waveform
data value (or breakpoint status) after the address has
been selected. Pressing the key causes the
display to show both the address and data value (or
breakpoint status), but the data value (or breakpoint
status) is at full brightness to indicate that any new
value will be entered as a data value {or breakpoint

status), not an address value. Data or breakpoint
entries do nat require an EXECUTE command.

3.4.2.3.3 Auto-Line Key
The key causes a straight line to be written into

arbitrary waveform memory between the last two data
points entered.

3.4.2.3.4 Stari/Stop Key
The key causes alternate displays of the START

and STOP addresses and enables entry of new values.
These addresses define the end-points of the portion
of arbitrary waveform memory that is to be "'played
back' {except in mode 10, where they are ignored).
Entry of START and STOP addresses requires an
EXECUTE command.

3.4.2.4 Stored Setting Controls
The SETTING block of controls contains two keys;

STCOH v
and . These keys are used to store instru-

ment settings in non-volatile memory, and to recall
user-stored and factory-programmed settings.

3.4.2.41 Store Key

The key causes the display to show the location

of the settings most recently stored or deleted, and
enables entry of a storage location for the current
instrument settings. The settings stored are those in
scratch-pad memary {(whether they have been exec-
uted or nat). Locations available for user-stored set-
tings are 1 through 75. Entering a negative value (-1
through — 75) deletes the settings at the specified
storage location. An EXECUTE command is not
required for storing a setting. The Wavetek 275
automatically stores the current instrument settings in
location O when power is iurned off.

3.4.24.2 Recall Key
The key causes the display to show the location

of the maost recently recalled settings (if any), or the
message resulting from previous recall of a tactory-
stored setting. Attempting to recall a message from a
non-existent {ocation will result in dispiay of the error
message

RECALL SETTING ERROR

A display of
CANNOT RECALL

indicates that the settings in that location have been
deleted. An EXEGUTE cemmand is not required to
recall settings 1o scratch-pad memory, but js required
to transfer the settings from scratchpad memory o
waveform memory. Recall settings and selections are:

SETTINGS RCL
Recall fast power off condition 0
Recall user-stored settings 1-75
Internal calibration procedure 1000-1031
Internal QA test/demo procedure 2000-2007
Keyboard lockout off 3000
Keyboard lockout on 3001
Arb Sync output positive 4000
Arb Sync output negative 4001
Slow Ramp-1o-Start 5000
Fast Ramp-to-Start 5001
Clear break points 6000
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3.4.2.4.3 OQutput Control
The OUT block of controls contains only one key,

jabeiled . Entering a code of 0 turns the output off

and leaves the output connector in a high-impedance
state. A code of 1 turns the output on. A code of 2
turns the output off, but leaves the output connector
terminated in approximately 50,

3.4.2.4.4 GPIB Controls
The only parameter key in the GPIB block of controls

is the key. (The and keys were

previously defined as action keys; that is, keys that do
not require a numerical parameter entry.) Pressing

the key causes the GPIB address of the instru-

ment to be displayed. (The GPIB address should not
be confused with the arbitrary waveform address.) At
power-up, the GPIB address is always that of the inter-
nal switches. A new value of GPIB address may be
entered from the keyboard if the internal disable
switch has not been set. An EXECUTE command is

not required. Pressing the key causes the

key to display the characters “XA" , but this code
cannot be used to remotely change the GPIB address.

3.4.3 Numeric Keys

The numeric keys @ through @ . .
Band are used to enter new parameter

values. Data entry is free format {i.e., fixed point,
floating point, or expenential (scientitic) notation).

Fixed Point Decimal point remains at far right.

Floating Point You program the decimal point. It
floats to the left in its designated
position as you enter maore

numerals.

A value, then followed by

the exponent of a times ten muiti-
plier. When the value (mantissa) is
limited to one digit before the
decimal point, exponential notation
is called scientific notation.

Exponential
Netation

Table 3-2 gives some examples of the many ways the
value 100 can be programmed.

Table 3-2, Examples of Value Programming

Lacal Remote
(Keyboard) (ASCII) Standard Notation

100 100 100

0100 0100 100 (feading zeroes are
ignored)

1 EXP 2 1E2 1 X 102

.01 EXP 4 O1E4 01 x 104

.01 EXP 304 01E304 | .01 X 10%(last two
exponent digits only are
used)

1000 EXP =1 | 1000E-1 | 1000 X 10—

1 x 102 {two minus
signs cancel)

1EXP £2x 1E-2-

1 X 102 (decimai points
in exponent are
ignored)

1 EXP .2 1E.2

The digits entered before the key is pressed are
the mantissa; the digits entered after |e= | {only two

are aflowed) are the exponent. The result is the man-
tissa times 10 to the exponent power. For example,

@ [3 @ @ @ is equal t0 9.99 X
102 = 999.

Cnly one decimal peint and one are allowed per
number; additional ones are ignored. The sign toggle
character may appear any number of times. [t
causes the sign of the mantissa (if has not been

pressed) or the exponent {if has been pressed) to
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be reversed {if negative, then positive, and vice versa)
each time it appears. If an undesired value is entered

prior to execution (the key), the key can be

used to erase it

3.4.3.1 Parameter Termination and Execution

Because the number input format is so general, the
microprocessor must be told when the last numeric
character has been entered so it can evaluate the
number. Numeric entry can be terminated by pressing
any parameter key and some other command keys. In
general, any key associated with an alphabetic

character {except and ) will terminate an

entry.

When a numeric parameter entry is terminated, the
new value is rounded off and tested to see if itis a
legal value for the parameter being changed. If it is
legal, the new value is entered into the instrument’s
scratch-pad memory. (See figure 3-2, Memory Struc-
ture.) Parameters are not transferred from scratch-
pad memory to waveform circuit memory until the

key {(or the cursor or keys} are

pressed. An asterisk (*) in the display indicates that
the parameter has been terminated but not yet
executed, and may be erased before execution by

using the key. A few parameters that do not dir-

ectly affect waveform circuit memory (such as GPIB

and SETTING ) require only termination and

not execution. These exceptions will be discussed
separately.

3.43.2 Errors

Attempting to enter a value outside the legal limits of
the parameter being programmed will result in an
immediate error message when numeric entry is ter-
minated. The instrument will disregard the new value
and retain the previously programmed value in
scratch-pad memory.

Example: Press E] E] .The display will

indicate

AMPLITUDE ERROR

An error message is also displayed if a non-existent or
deleted stored seiting is recalled.

Interparameter inconsistencies (such as amplitude
and offset that are individuaily within limits but add up
to a peak output of greater than 5V peak into 50%2) are

not tested until the , or keys are

pressed. The resulting error is displayed, and
transfers of values are made to waveform circuits
regardiess of the error indicated.

Example: Press @ . The

display will indicate

QUTPUT CLIPPING

3.4.4 Parameter Entry

Most parameters (commands that require a numeric
entry) are entered first into scratch-pad memary, then
transferred to waveform circuit memory when the

key is pressed. (See figure 3-2, Memory Struc-

ture.) This allows the instrument user to change all
output waveform parameters simultaneously. A few

parameters (such as GPIB and ﬂ) do not
require an command.

There are three basic methods of entering
parameters:

1. Select the desired parameter, enter the desired
numerical value or code, and execute the com-
mand. This causes an immediate parameter
change.

Example: E] @ @

causes an immediate amplitude change to 10 mV.

2. Select the desired parameter, enter the desired
numerical value or code, select the next
parameter, enter the desired numericai value or

317
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code for this parameter, etc. After all parameter
values have been entered, press to change

ali parameters simultaneousiy.

e () (0 6 @ E 0 &
ourt H
DOEEE @ e

continuous 5 kHz square wave with peak-to-peak
amplitude of 1V and turns on the generator out-
put. Note that in this particular example, the func-
tion was selected before the frequency, and the

key was pressed again to terminate the
function entry before the key was pressed.

This is necessary only it the instrument had
previously been set to an arbitrary waveform
function. The waveform memory contains two
separate locattons for non-arbitrary waveform fre-
quency and arbitrary waveform clock period. The

key selects frequency if a non-arbitrary func-

tion has been selected, or selects ciock period for
an arbitrary waveform, This restriction does not
apply to remote operation, as separate ASCH con-
trol characters are provided for frequency and
clock.

Select the desired parameter, then increment or
decrement the present value with the or

cursor controls. (This is particularly useful

for the MODE or FUNCTION parameters if you
haven't yet learned their numerical codes, as the
display will indicate both the parameter name and
numerical code.

Helpful Hint: When changing the MODE or FUNC-
TION, the error message

MODE/FUNC CONFLICT

will be displayed if an arbitrary waveform mode
and non-arbitrary waveform function are
selected. This condition may be avaided if the
MODE is left set at CONTINUQUS (0) while the
FUNCTION is being changed.

3-18

For parameters that will accept more than one
digit of numerical value, first select the digit to be
incremented or decremented with the and

cursor controls. The dispiay will indicate the

digit selected by alternately flashing this digit

bright and dim. The and cursor keys

have no effect on parameters which accept
primarily a single digit, such as MODE or FUNC-
TION

Note that use of the or cursor controls

will cause an automatic EXECUTE and therefore
an immediate change in the waveform parameter.
I this is undesirable, the generator output may be
temporarily turned off during parameter changes.

aut out
eess() (O 3 o ) @)
To continuously increment or decrement a

parameter value, hold down the or

cursor key.

The cursor controls will have no effect if the
displayed parameter value is followed by a cursor
in the form of a horizontal underline.

Example:

FREQ 1__

This indicates that entry of the value has already
been started using the numeric keys, and that the
instrument is expecting anocther numeric key,

another parameter key, or the or key.

To display the value of a parameter without changing
it, press the parameter key but do not press any

numeric keys or the or cursor keys. If the

first character of the display is an asterisk, it indicates
that the parameter has been entered only into
scratch-pad memory, and not yet into waveform
memory. An undesired entry in scratch-pad memory
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can be cleared with the key.
Exampie: Press E] . The display will

show

AMPLITUDE 5V

. Press E] . The display will now show
"TAMPLITUDE 1V

3.4.5 Arbitrary Waveform Controls

Arbitrary waveforms are stored as data values in a
random-access memory (RAM). The RAM address
corresponds to the waveform position on the X-axis of
a graph or oscilloscope; the RAM data at this address
corresponds to the Y-axis value. There are basicaily
two methods of entering waveform data intc the ARB
RAM:

1. Waveforms composed of straight line segments
may be entered using the AUTO LINE key.

2. More complex waveforms may be entered one
data point at a time.

34.51 Waveform Entry with AUTO LINE Key

The first step in entering a waveform with the AUTO
LINE key is to draw or graph the desired waveform,
and determine the X and Y coordinates of the ends of
each straight line segment. In this example, we will
enter the letter "W for display on an oscilloscope.
We will arbitrarily choose to use the full standard
horizantal range of 2048 points (addresses 0000 to
2047) and the full vertical range of 40896 points {data
values of — 2048 to + 2047). A drawing of the desired
waveform, including the line segment end-points, is
ghown in figure 3-4.

{0, ~2048)

Horizontal Scate = 10 Oscilloscope Divisions = 2048 Address Points
Vertical Scale = + 212 Oscllloscope Divisions = Data Values — 2048 tg + 2047,

{512, 2047} - 11536, 2047)

\ [

\‘ {1024, ‘1 000) /
Uy Ny

VAR,
VARV,

(11, —2048) \ (1537, ~2048)
T (768, — 2048) (1280, — 2048) {2047, —2048)

Figure 3-4. Sample Graph of Arbitrary Waveform

Keystrokes and resulting displays for entry of this
waveform are shown below:

KEYSTROKES

.....................................

RESULTING DISPLAY

ADDRESS 0.

DATA —2048

ADDRESS 511

DATA - 2048__

LINE 0000 TO 0511
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Glzlolololc .
@lojojola

TATA *

ALTT

@

K :

W I

DATA —2048_.
LINE 1536 TO 15537

LINE 1537 TO 2047

X{0000) Y{— 2048)

ARB SYNC POSITIVE

The tast two steps of the above sequence were not
part of waveform entry, but were used to set the ARB
SYNC at address 0 and o select positive ARB SYNC.

To set the start and stop addresses of the arbitrary
waveform, press the key once or twice until the

display contains the words STRT ADRS. Then press
@. The display will indicate

START ADRS 0__

Now press @ @@

The display will show

STOP ADRS 2047

To display the waveform on an oscilloscope, tet’s first
arbitrarily choose an output level of 5V peak-io-peak
and a waveform frequency of 100 Hz. The arbitrary
waveform generator clock period for a 100 Hz
waveform containing 2048 steps is calculated in the
following manner:

100 cycles per second is equal to 0.01 seconds per
cycle. 0.01 seconds per cycle divided by 2048 steps
per cycle equals 4.88 microseconds per step.

To obtain the continuous arbitrary waveform at the

desired amplitude and frequency, press the following

] c A CLK
ouT
Fy EXEC

The waveform may now be observed by connecting
the oscilloscope to the FUNC OUT connector and
externally triggering the scope from ARB SYNC OUT.

3.4.5.2 Point-by-Point Waveform Entry

Waveforms not made up of straight line segments
may be entered into arbitrary waveform memory cne
data pcint at a time. Extremely complex waveforms
are most easily entered by remote computer control.
In the following exampie, we will enter a simple 20
step staircase waveform from the keyboard. We will
arbitrarily choose to place the waveform in ARB RAM
addresses 0000 to 0019, use data values of 0000 to
1900 in increments of 100, and display the waveform
at a 100 Hz rate (1 mS per division on an oscilloscope
screen 10 divisions wide.)

In this example, we will choose to set the ARB RAM
start and stop addresses before entering the wave-
torm data inte memory.

Press the key. If the display contains the words

STOP ADRS, push the key again, and the display

will indicate the current setting for the start address. i

3-21


https://www.manualsplus.com/

the current value displayed is not

START ADRS 0000

press the@ and keys. Press the key

again. If the display does not show

STOP ADRS 0019

press the keys @ eec] . The display will now
show @

STOP ADRS 0019

To enter the waveform into memory, press the follow-
ing keys:

(=]
(3
(=]

4

- o T oo =
il I F a
=) -1 = =1 ]
= i - ® &

[=]
n
»

o o [
2 ®
) z ]
™ B

&)
™
o
©

o
B
»

[=]
»

T
B

DATA

FEEREAHEELRREERE
PEHEEOEREREEHREREE
OEEFERERARNDEEEE

Blalelala
)= =) (=)= (=)

@
n
S

)
(=5

sjojalojo
1PEEE
Glojololo

Press again. The display will indicate an address

(X value) of 0020 and the data (Y valug) previously
stored at this address. Note that terminating the data

entry with the key automatically incremented

the address, making it unnecessary to specify an
address {other than the starting address) during point-
by-point entry of waveform data. However, the last
data entry has left the address set at 0020, which is
outside the 0000 to 0019 range of the start and stop

addresses that we previously entered. If the instru-

ment were left in this condition, the next operation of

the key or the or cursor keys would

cause the ARB SYNC to be set to address 0020, which
is outside our specified waveform biock, and the ARB
SYNC puise wouid never occur! To prevent this, we
will set the ARB SYNC to address 0000 by pressing

@ ﬁ . We will also select positive ARB
s s (7] (1) (@) (&) (2) 9.

The instrument will verify this setting by displaying

ARB SYNC POSITIVE

To set the waveform block frequency to 100 Hz,
caiculate the required clock period in the following
manner:

100 cycles per second is equal to 0.0 seconds per
cycte. 0.01 seconds per cycle divided by 20 steps per
cycle is equal to 500 us per step.

To enter a 500 ps clock period press @ @
OIS0

Note that the waveform ampiitude shown on the
oscilloscope is less than the Wavetek 275 displays

when the key is pressed. This is because the
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Wavetek 275 display shows the peak-to-peak
ampiitude for the full 4096 point range of the ARB
RAM, but cur demonstration waveiform range is only
1900 points. For this waveform, the Wavetek 275
amplitude should be set to (4096/1900) X the desired
waveform amplitude. To get an actual amplitude of
1Vp-p for our demenstration waveform, set the instru-
ment amplitude to 2.16V.

3.4.5.3 Multiple Arbitrary Waveforms

The number of arbitrary waveforms that may be
stored in arbitrary waveform memory is limited only
by the complexity (number of data points) of each
waveform and the number of total waveform storage
locations (2048 standard, 8192 optional). Each
waveform may be ‘'played back” separately by enter-
ing and executing the ARB SYNC, START and STOP
addresses of the portion of the arbitrary waveform
memory that contains the desired wavetorm. These
addresses (and other waveform parameters} may
then be stored in a separate stored setting memory,
making it possible to recall a different arbitrary
waveform with a maximum of four keystrokes. The
START and STOP addresses are entered with the

key: the ARB SYNC address is entered with the

key.
NOTE

Failure to set the ARB SYNC address
within the range of the START and STGP
addresses will result in the ARB SYNC
pulse never occurring.

3.45.4 Checking and Monitoring Arbitrary
Wavetorm

There are four methads which ¢an be used to check
or monitor the arbitrary waveform. These are:

1. Use the and numeric keys to enter and ter-

minate an address, then read the address and data
values from the display. This method works in any
mode except mode 10, where the disptay will ingi-
cate breakpoint status instead of data value. The
generator may be set for a non-arbitrary waveform,
or an arbitrary waveform that is running (is being
clocked.)

Example: For our 20 step staircase demonstration

waveform, press E] . The

display wiil show

X(0018) Y(1800)

Press {1 ] E] . The dispiay will show

X{0019) Y{(1900)

2. Select the ARBITRARY {6) function and EXAMINE
(®) mode. Select and execufe the desired

address, then press the key and read the

address, data value and actual voltage at this
point on the waveform on the display. The
waveform voltage may also be monitored at the
FUNC CUT connector with a dc voltmeter or
oscilloscope terminated in 508

Example: For our 20 step staircase demenstration

waveion, o0ss (5 (5] 9 (&) B
EXES ARE . . . .
[I] . The display will indicate

X0018 Y + 1800 V + 0.949

Press ‘ The display will show

X0019 Y+ 1900 V + 1.002

3. Select the ARBITRARY (6) function and SINGLE
STEP (8) mode. Select and terminate any address
to return to the starting address. Select and
execute either external trigger, or internai trigger

and trigger rate. Press the key and read the

address, data value and actual voltage at each
peint on the waveform. Voltage may also be
monitored at the FUNC QUT connector with a dc
voltmeter or oscilloscope terminated in 504, If
external trigger has been seiected, the manual
trigger key must be pressed each time it is
desired to advance the waveform to the next step.
(Or the instrument may be triggered from an
external signal at the TRIG iN connector.) When
the waveform reaches the previously programmed
STOP address, the next internal or external trigger
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pulse will return the waveform to the START
address.

Examples: For our 20 step staircase demonstra-
tion waveform:

e sloElolsiole
@ . Repeatedly pressing the

key will cause the display to advance

from

X0000 Y + 0000 V + 0.000

X0019 Y+ 1900 V + 1.002

e (O B0 B0 E
B) (@ 6 (@ ) e

automatically advance at one second per
step from

X0000 Y + 0000 V + 0.000

X0019 Y + 1900 V + 1.002

The display may be returned to the starting

address at any time by pressing [E]
&=
K MNTRE .

4. Select and execute ARBITRARY (6) function, any
desired mode, and a slow clock speed (such as

one second.) Press the key and cbserve the
arbitrary waveform address, data value and

actual output voltage on the display. {in the trig-
gered and gated modes it wili be necessary to
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trigger the generator.) Note that during Ramp-to-
Start (RTS) operations, the displayed address wil
remain at the programmed stop address while the
amplitude data and wveltage both return to the
value programmed for the start address.

NOTE

After checking or monitoring the arbitrary
waveform, don't forget to reset the ARB
SYNC to the desired location by selecting
and executing the desired address.

3.4.6 Stored Settings

User instrument settings may be stored in up to 75
internal memory locations, and later accessed either
randomly or sequentially. In addition, the internal
memary also contains an internal QA Test/Demonstra-
tion procedure and instrument settings used during
the intermnal stored calibration procedure. Current
instrument settings are automatically stored in loca-
tion zero for retention when power is turned off. Seven
memory locations contain commands that the user
recatls to control front panel lockout, arbitrary
waveform sync polarity, arbitrary waveform Ramp-to-
Start rate, and to clear all arbitrary waveform break-
points.

3.4.6.1 Storage of Setting

To store an instrument setting, enter the desired
parameters into scratch-pad memory. [t is not
necessary to transfer the parameters to waveform

memory by pressing the || key. Press the

key, enter the number of the desired storage location

{1 to 75), and press the key again.

Example: To store settings in memory location 75,

press @ . The display will indicate

No. 756 LAST STORED

3.4.6.2 Deletion of Stored Setting

To delete a stored setiing, press the key, the

key, and the number of the storage location to

be deleted. Then press the key again.
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Example: To delete stored setting 75, press

[I] @ . The display will indicate

No. 75 LAST DELETED

3.4.86.3 Recall of Stored Setting

To recall a stored setting, press the key and the
number of the setting to be recalled. Press the
key again to transfer the setting to scratch-pad
memory, or press the key to transfer the setting

to waveform memory.
Examples:
To recall stored setting 3 to scratch-pad memory,

woos () (2) () -

To recall stored setting 3 to waveform memory, press

ACL exec | .
¥ 1

In either case, the display will indicate

No. 3 LAST RECALLED

Attempting to recall a deleted setting will result in a
display of

CANNOT RECALL

3.4.6.4 Modification ot Stored Setting

To modify a stored setting, recall the setting to
scratch-pad memory, enter new value(s) for the
parameter(s) to be changed, then store the setting
back in the previous location.

Example: To change the amplitude parameter in

stored setting #3 to 5Y, press @ @
o]

3.4.6.5 Recall of Consecutive Stored Settings

To recall consecutive stored settings, recall and
execute the first stored setting. Then use the cursor

key 1o recall the next higher-numbered stored

setting, or the key to recall the next lower-
numbered stored setting. Using the cursor keys

causes an automatic EXECUTE, and also causes
deleted settings to be skipped.

Example:
KEYSTROKES

RL EXEG
r |

No. 10 LAST RECALLED
No. 11 LAST RECALLED

No. 12 LAST RECALLED

DISPLAY AFTER KEYSTROKES

3.46.6 Recall of Last Power Off Condition
To recall the last power-olf condition of the instru-

ment, press @ . Note that this command

must be used immediately after power-on, before any
other command is executed. Memory #0 is constantly
updated with instrument statug at each press of the

el key, and wili no longer contain the previous
y d

power-off parameters after any other command is
executed.

3.4.6.7 Stored Performance Verification

An internally stored program exercises the instrument
circuits to enable a quick verification of operation. An
oscilloscope must be used to observe this procedure.
Connect as shown in figure 3-5 and set up the scope
as follows:

1. Trigger on sync output {CHZ).
2. Set time/Div to 0.2 mS.

3. Set CH1 to 5ViDiv.

4. Set CH2 to 2V/Div.

Press @ @ @ @ to start the
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Recommended Cscilloscope Settings:

1. Trigger on sync output (CH2).

2. 2 ms, Time/Div. [ OSCILLOSCOPE

3. CH1 : 5ViDiv
CH2 : 2ViDiv
500
MODEL 275 TERMIN-
ATION

CH1 | CH2

—°
O
FUNC oUT O—
MAIN SYNC CUTO

Figure 3-5. Test Connections for Stored
Performance Veritication

Quality Assurance procedure. The display will
indicate

(0) BEGIN QA PROC

The oscilloscope displays a function output sine wave
and a sync output square wave.

Press to select these steps:

1. A rapid stepping of frequencies.
2. A rapid stepping of amplitude.

3. A square wave that steps from a negative to
pasitive offset and repeats.

For the remaining steps trigger the scope on the CH1
FUNC QUT signal.

4. A trigger circuit test.
5. A gate circuit test.
6. A burst ¢ircuit test.

3.4.6.8 Calibration Procedure

The calibration procedure is called by pressing |$°L I

@ @ @ @ . The front panel display

will read "'(0) CAL 275 VX.Y)" where X.Y identifies the

software version. Each press of steps to the

next calibration prompt. Press and observe
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the display:

(1) + 15V SUPP. R39

This display tells the technician to adjust the + 15V
power supply with potentiometer R39. By pressing

, all calibration prompts can be displayed and
required internal control setups will be made
automatically. Test points and test equipment setup
are included in section 5 of the manual.

3.4.6.9 Front Panel Lockout
Ta lock out the front panel controls that directly affect

the output waveform, press E’ @ @
El . The display will indicate

LOCKOUT ON

With the lockout on, pressing the , , .

or keys will result in a front panel dispiay of

PANEL LOCKOUT ON

Pressing other keys that normally affect the output
waveform wili result in placing the new parameter into
only scratch-pad memory. The display will show an
asterisk {*} in front of the parameter value.

To turn off the front panel lockout, press @
@ @ @ . The display will show

PANEL LOCKOUT OFF

NOTE

This command is not the same as the focal
lockout (LLO) command that can be pro-
gramimed remotely.

3.4.6.10 Arbitrary Waveform Sync Polarity

To select positive arb sync potarity, press @
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@ @ @ . The display will Indicate

ARB SYNC POSITIVE

To seiect negative arb sync polarity, press [D
@ ED The display will show

ARB SYNC NEGATIVE

Note that this command requires the key to be
pressed.

3.4.6.11 Ramp-to-Start Rate

To select slow ramp-to-start rate, press E]
@ @ @ . The display wili show

RTS RATE SLOW

For fast ramp-to-start rate, press @ @
E] . The display will indicate

RTS RATE FAST

This command requires the key to be pressed.

Fast RTS rate requires about 20 seconds to ramp the
arbitrary waveform over the full arbitrary waveform
data range of —2048 to +2047. Slow RTS rate
requires about a minute and 20 seconds. RTS time
depends only on the selected rate and the difference
between the arbitrary waveform data values at the
START and STOP addresses. 1t is independent of
AMPLITUDE and CLOCK settings.

3.4.6.12 Breakpoint Clear
To clear all arbitrary waveform breakpoints, press

@ @ @ @ . The display will

“
=y
Q
=

CLEAR BREAK POINT

This command also requires the key to be
pressed.

3.4.7 VCG Operation

The frequency of the main (non-arbitrary) waveform
generator may be controlled by an ac or dc signal
applied to the VCG IN BNC connector. A positive con-
trol voltage will increase the generator frequency; a
negative voltage will decrease frequency. Frequency
may be changed by the VCG control voltage only
within a freguency range. Table 3-3, Internally
Selected Frequency Ranges, shows the frequency
ranges and corresponding VCG ranges. Figure 36,
VCG (FM) Nomograph, illustrates the VCG voitage
required to change the programmed frequency to the
desired output frequency. {Freguencies in this figure
are shown as significant digits, without the range
multiplier.} Frequency range must be selecteg before
applying the VCG signai.

For example, Table 3-3 shows that if the frequency is
programmed to 500 Hz, the Wavetek 275 selects the
102 range. As shown in the example of Figure 3-8, a
programmed frequency of 500 Hz and a + 5V VCG
input will produce an actual output frequency of 1
kHz.

Ancther example is a 1200:1 frequency sweep from 1
kHz to 1.2 MHz using 0.01 to 12.0 volt VCG signal.

Table 3-3. Internally Selected Frequency Ranges
Range Programmed
Name Frequency Range VCG Range

106 1.00 MHz-12.0 MHz | 10.0 kHz-12.0 MHz

103 100 kHz-999 kHz 1.00 kHz-1.20 Mhz
104 10.0 kHz-99.9 kHz | 100 Hz-120 kHz
103 1.00 kHz-9.99 kHz | 10.0 Hz-12.0 kHz
102 100 Hz-999 Hz 1.00 Hz-1.20 kHz
101 10.0 Hz-99.9 Hz 100 mHz-120 Hz
109 1.00 Hz-8.99 Hz 10 mHz-12.0 Hz

101 100 mHz-999 mHz 1.00 mHz-1.20 Hz

10.0 mHz-99.8 mHz | 100 pHz-120 mHz
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Table 3-3 shows that the frequency range is 105. To
get in that range, program any value within the 10°

range. Next, program @ . The display

will show

FREQ 0 HZ (VCG)

{This will leave the generator set to the desired range,
but remove the internally generated frequency control
voltage.) A 0.01 volt VCG voltage will cause the output
frequency to be 1 kHz, and a 0.01V to 12V VCG input
will cause a 1 kHz to 1.2 MHz frequency sweep.

The VCG input has ne effect on an arbitrary waveform.

PROGRAMMED
FREQUENCY VCG INPUT
e (VOLTS) ACTUAL
OuTPUT
" - 124 FREQUENCY
10 = - 10 — 0—
9 -8 — 1 _:} '
8 — -6 - 2
7 — -4 = K
5 -2 4
E)(AMPLE~\E‘3 0 - 5
4~ + 2 — 6 —
3 - — 7

2+ + 6 — 8 -
{1‘. +8—] 9
a- +10 — 10

*Unspecified Operation + 12—~ 11 -
12

Figure 3-6. VCG (FM) Nomograph

3.5 REMOTE OPERATION

The Wavetek 275 may be remotely controited via the
General Purpase Interface Bus (GPiB). To remotely
control the instrument:

1. Connect the instrument to the GPIB system with
the standard GPIB connector. (See section 2.2.3
of the manual.)

2. Set the instrument GPIB address to a unigue
device identification number {between 0 and 30)
either with the internal switches or with the front
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panel GPIB ADRS key, (See section 2.2.4 of the
manual.)

3. Remotely program the desired instrument GET,
SRQ and Talk responses by sending the XG, XQ
and XT codes along with the proper numerical value
for each parameter. (The exact method of sending
the characters will depend on the type of controller
being used.)

4. Send the desired ASCI! control codes over the
GPIB to the instrument.

3.5.1 ASCIil Control Codes

The remote controt ASC!I characters for the Wavetek
275 are listed in Appendix B, Programming Command
Summary. Please note that:

1. Not all front panel keys have a directly equivalent
remaote control command. These keys are:

ARB MNTR
The cursor keys 1, 1, —, —
CLR

75

STAT

SRQ

GPIB ADRS
CMD RCL
LcL

2. Not all remote control commands have a directly
equivalent front panel key. These commands are;

Percent Freguency {XF)

GET mode (XG)

SRQ Mode (XY

Talk Mode (XT)

Recall Next Lesser Numbered Program (XU)
Terminator {XV)

Recall Next Greater Numbered Program (XW)

3. In most cases, the front panel keys that have an

equivalent remote control command are marked
with the corresponding ASCHl control codes. The
exceptions are:

EXP

FREQ CLK
STRT STOP
AUTO LINE

4. Some of the remate contrel commands consist of

two letters, and start with the letter *X"'. This letter
“X' is merely a prefix that is used in order to
allow the number of remote control codes to
exceed the number of letters in the alphabet,
These two-letter codes must be sent without any


https://www.manualsplus.com/

space, punctuation or other character between
the letters.

5. A few front panel keys perform two functions, but
have separate remote control codes for the two
functions. These keys are:

FREQ CLK
MAN trigger
STRT STOP

3.5.2 Setting Instrument GET, SRQ and Talk
Modes

3.5.2.1 Setting the Talk Mode

The Talk mode determines what the instrument will
say when it is addressed as a taiker on the GPIB. The
talk mode is remotely programmed with the XT com-
mand. Valid parameter vaiues are XTO through XT11.
Only one talk response may be programmed at any
one time.

XT0 Programming error list (only errors from GFiB
input). XT0 is the power-up talk mode. A typical
arror string is E 1F 2AD 3Y. Some error string
characteristics are:

a. All error strings begin with E.

b Most recent error is at the end of string.
c. Errors are separated by blanks.
d

Class 1 errors; A 1 followed by program-
ming character that caused the error.

e. Class 2 errors: A 2 followed by the two
conflicting program characters.

f.  Class 3 errors: A 3 followed by M (store)
or Y {recall).

g. Error strings can be up to 80 characters
including E and blanks.

h. After transfer, the instrument clears the
error string.

XT1 Poll Byte Response. The byte that would be
sent if a serial poll were to be perfarmed. The
controller, upon reading this byte, clears the
poll byte and resets the SRQ line if asserted.

XT2 The most recenily selected parameter and its
value. Example: FREQ 1E3. (The "‘most recently
selected parameter'” is the parameter at the
end of the command string.) If no parameter is
selected; e.g., power-on state, reset, or exec-
ute command, then the instrument returns NO
PARAMETER SELECTED. Note that the NO
PARAMETER SELECTED message will be

returned if the last command in the string is an
EXECUTE command (1).

XT3 The entire instrument setup after last execute.
Example: F1EA1DOCOPOQOXL1 5.

XT4 The instrument setup when execute is received,
same format as XT3.

XT5 Instrument ldentification: WAVETEK MODEL
275 VIX.Y). X.Y identifies the software version
nurmber.

XT6 The time since the instrument was powered on.
Exampie: TIME: 1.3, Unit of measure is hours
with 0.1 hour (6 minute) resolution.

XT7 The accumulated operating time. Exampte:
TOTAL TIME: 306.2. NOTE: Toggling switch 7
(figure 2-2) clears the instrument operating-
time clock. With SW7 on, the clock runs during
power on, With SW7 off, the clock clears to
Zero.

XT8 The number of stored settings installed. For the
standard Wavetek 275: STORED SETTINGS 75.

XT9 Readback of ARB generator status: Returns the
instantaneous value of the ARB output in the
form X D.DDED Y D.DSED vV D.DDED".

XT10 Returns the data at the current address then
increments the address. Used to load a
waveform from a Wavetek 275 to a controller.
Returns ‘' —9899" when front panet lockout is
activated.

XT11 Returns the data value at the beginning of the
Ramp-to-Start (RTS) operation.

XT12 For factory use ontly.

3.5.2.2 Setting the SRQ Mode

The SRQ mode determines the conditions under
which the instrument will send a service request
message (SRQ) to the controller. Unlike the Talk
mode, which allows only one response at a time to be
programmed, the SRQ mode may be programmed for
any desired combination of conditions.

XQ foltowed by a value (0 through 255) selects the
conditions under which the Wavetek 275 asserts the
SRQ line and rsv ({request for service) bit. The
equivalent binary value is a "‘mask’’ for the serial poll
response byte {shown in table 3-4). The binary mask
selects certain conditions that will be recognized as
conditions that assert the SRQ line and rsv bit. All
other conditions are ignored (masked).

Table 3-4 shows the serial poll response byte. Each of
the 8 bits represents a condition that, if selected by
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the SRQ mode, will assert the GPIB's SRQ line and the
serial poll byte's rsv bit. Each bit may be selected
individually or in various combinations. The rsv bit (bit
decimal value 64) wili have no effect if selected.

For example, XQ1 dictates that the SRQ line and the
serial poll byte’s rsv bit are asserted when there is a
program error, such as a freguency beyond the instru-
ment’s limits. The serial poll response byte will be
0100 0001,

In another example, XQ131 dictates that the SRQ line
and the rsv bit are asserted when a program error has
occurred, the output protection is enabled, or the SRQ
key is pressed. The serial poli response byte will be
1100 0011,

To select the SRGQ mode:

1. Determine the conditions under which you want
the instrument to sent an SRQ message to the
controller.

2. Look up (in table 3-4) the decimal value of the
serial poll response bit that corresponds to each
desired condition.

3. Add the decimal values of the selected bits.

Program the instrument with the XQ code and this
decimal value.

3.5.2.3 Setting the GET Mode

XG followed by its code selects what actions occur
when a Group Execute Trigger (GET) command is sent
o the Wavetek 275. This code may be 0, 1 or —1.

Programmed
Code Instrument Response

0 Upon receipt of the GET, the pro-
grammed waveform values are
tfransferred to the waveform
generator circuits, and then the
microprocessor sends a trigger
pulse if the mode is not continuous.
This is the same sequence of events
that would occur if an execute, then
a ftrigger action {IJH) were pro-
grammed, except that no error
checking is done. GET mode 0 is the
power-up condition.

1 Upon receipt of GET, the stored set-
ting next in sequence after the iast
stored setting accessed is recalled,
if it exists. Then the actions described
for code 0 are perfarmed. This is the

Table 3-4. Serial Poll Response Byte

Bit Bit
Binary Decimal
Position Value Bit Name Bit Description
~1000 C000 128 (MSB) SRQ Key Indicates that front panel SRQ key has been press-
ed.
0100 000C 64 rsv Request for Service.

0010 0000 32 RTS Complete

0001 0000 16 Execute Complete

Q000 1000 8 Low Battery

0000 0100 4 Fuse Blown

0000 0010 2 Output Protection

0000 D001 1 (LSB) Program Errar

Indicates that Ramp-to-Start operation has been
completed.

Indicates that execute command has been com-
pleted.

Indicates a low battery level for memory back-up
battery.

Indicates output connector fuse has blown.
Indicates cutput protection is tripped.

Indicates a program error.
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Programmed
Code Instrument Response

occur if a next setting, an execute
and a trigger action (XWIJH) were
programmed, except that no error
checking is done.

-1 Upon receipt of GET, the stored set-
ting previous in sequence before the
last stored setting accessed is
recalled if it exists. Then the actions
described for coge 0 are performed.
This is the same sequence of events
that would occur if a previous set-
ting, an execute and a trigger action
(XUIJH) were programmed, excepl
that no error checking is done.

3.5.3 Setting the End of String (Terminator)
Character.

XV foliowed by its argument designates a new Eng Of
String (EOS) or terminator character. The argument is
the decima! value of the ASCll| character that is to be
the new terminator {the EOS character recognized by
the Wavetek 275}. Any ASCH character except NUL is
accepted.

The terminator character has two uses. During out-
put, it is appended to the end of every response fo a
talk request on the GPIB, During input, it signals the
end of a group of programming characters. Since it is
always recognized, even in a quoted string, it can be
used to ensure that the instrument is in a known state,
so that following programming characters will be
interpreted correctly.

At power-on time, the EOS character is the line feed
controf character, ASCl character LF (decimal vaiue
10). When the Wavetek 275 issues a talk message,
the EOQS character is the last byte sent. In addition,
the End Or [dentify (EOQI) line is pulsed low (END
message) during the EOS character transmission. If
the GPIB controller does not look for the END
message (EOI line low), and it does not recognize the
Line Feed (LF) as a string terminator, a new EOS
character will be needed. For example, to change the
EQS character from an LF to a Carriage Return (CR),
program XV13. (Numerical values of ASCl! characters
are listed in Appendix A))

3.5.4 Remote Control of Instrument Display
The single quote character {°) is used to program a

same sequence of events that would

string of characters to be displayed on the front panel
display. Program a single quote, the characters to be
displayed, foltowed by either another single quote or
by the terminator character. When the second quote
or the terminator is programmed, the first 20
characters programmed after the first guote are
displayed on the front panel. If fewer than 20
characters are programmed, then blanks are added to
fill the display.

3.5.5 Differences Betwaen Controllers

GPIB ccniral commands are not part of the stan-
dardized BASIC computer language, and will vary
from one make of controller to the next. For example,
the Wavetek 600Q Instrumentation Computer uses a
WRITE statement to send information to the instru-
ment, while ancther make uses an OUTPUT com-
mand. Obviously, you will have te consult your con-
troller manual for the proper controlier commands.
The GPIB commands and sample programs in this
manual were written using a Wavetek 6000 Instru-
mentation Computer, with the Wavetek 275 GPIB
address set to 09.

3.5.6 Sending Instrument Commands

To send GPIB commands 1o the Wavetek 275 it is not
necessary to individually control the GPIB lines or
send bus management commands such as “atten-
tion'" or “uniisten”. The controller handles this chore
automatically. For example, to set the instrument out-
put amplitude to 5V, the command is WRITE
@709:"A51"". This command sends the ASCI
characters A5 via interface 7 to instrument 09.
Alphabetic characters must be sent enclosed in
guotation marks or as an alphanumeric variable.
Numeric characters may also be sent as a numeric
value or a numeric variable. For example, if the
numeric variable X contains the value 5 and
alphanumeric variable Y$ contains the ASCI
characters A5l, then the following commands are all
equivalent:

WRITE @709 AbI"
WRITE @709:"A".5,'1"
WRITE @709:"'A" X'l
WRITE @709:Y%

3.5.7 Reading Instrument Responses

Except for asserting the SRQ line, the instrument will
not transmit data on the bus until it is commanded to
do so by the controller. The two ways that the con-
troller requests information are with a taik command
or a serial poll. (The Wavetek 275 does not use the
parallel poll)
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3.5.7.1 Talk Command

The controller we are using in these examples uses a
READ statement to command the instrument to talk.
The instrument response is read into an alphanumeric
variable, then the variable is displayed on the con-
troller screen. What the instrument will say when it is
addressed to talk depends on the talk message (XT)
code previously programmed. The commands used
are:

READ @709:READBACKS

WRITE @0:READBACKS

3.5.7.2 Serial Poll

A serial poll is usually performed after one of the
instruments on the bus asserts the SRQ {ine. It is done
to determine which instrument originated the SRQ,
and what the the problem (or condition) is. The serial
poll response byte is read into a numeric variable. The
numeric value of the variahle may be printed or
displayed, or the bits in the variable can be individually
checked and a predetermined action taken. The con-
ditions that will cause the SRQ line to be asserted
depend on the previously programmed value of the
SRQ (XQ) code.

Example 1:

STATUS @ 709:DEVICE__STATUS
WRITE @0."DEVICE STATUS = "";DEVICE__STATUS

Example 2:

STATUS @ 709:5TATUS__BYTE

IF BIT(Q,STATUS_BYTE) THEN WRITE @0:"PRO-
GRAM ERROR"

IF BIT{1,STATUS__BYTE} THEN WRITE @0:"'QUT-
PUT PROTECTICN"”

IF BIT(2,STATUS__BYTE) THEN WRITE @0:"FUSE
BLOWN™

IF BIT(3,STATUS_BYTE} THEN WRITE @0:."LOW
BATTERY"

IF BIT{(4,STATUS_BYTE) THEN WRITE @O0:"
EXECUTE COMPLETED"

IF BIT(5STATUS__BYTE} THEN WRITE @0:" RAMP-
TO-START COMPLETED”

IF BIT(7 STATUS__BYTE) THEN WRITE @0:"'FRONT
PANEL SRQG KEY PRESSED"

Note that in the above example that we did not check
the condition of bit 6 in the serial poll response byte.
This is the ‘‘request for service’ bit, and will
automatically be 1 if any of the other bits are 1.
However, in a large system with many instruments on
the bus, it may be desirable to first check bit 8 to
determine which instrument(s} are requesting service,
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then check the remaining bits tc determine what
services the instrument is raquesting.

3.5.8 SRAQ Interrupts

The method of handling SRQ interrupts is highly
dependent on the type of controller. For the controller
used for the sample demonstration programs in this
manual, SRQ interrupts are handled by interrogating
the GPIB registers and storing the value in a numeric
variable. Bit 10 in this numeric variable, which corre-
sponds to the status of the SRQ line, is then checked
to see if the bit value is 1. {f so, a serial poil is then per-
formed to determine which instrument(s) requested
setrvice.

The following example is from the sample demonstra-
tion pragrams in this manual:

Example:

170 GO SUB CHECK _FOR__SRQ

L
260 CHECK_FOR__SRQ:ASK @ 7:GPIB_REGISTERS

LA ]
270 IF BIT(10,GPIB_REGISTERS) THEN GO- SuB
SERIAL__POLL.

Statement 170 sends the program to the subroutine
labelled CHECK__FOR__SRQ.

Statement 260 copies the contents of the GPIB
registers into nurmeric variable GPIB__REGISTERS.

Statement 270 checks bit 10 in the numeric variable
GPIB_REGISTERS, and if it is equai to 1 sends the
program 1o the subroutine labelled SERIAL__POLL.

Once again, the reader is reminded that the sample
programs and statements in this manual were written
using one particular make of controller, and that it will
be necessary for the user to check the programming
manual for his controller.

3.5.9 Sample Demonstration Programs

Because each test system is unique and controller
programming commands are not standardized, it is
impossible to provide actual application programs in
this manual. The following sample demonstration pro-
grams were written for a Wavetek 6000 Instrumenta-
tion Computer controliing a single instrument (the
Wavetek 275), and demonstrate instrument control,
readback from instrument, SRQ interrupts and the
serial poll, and lcading ¢t computer-generated
arbitrary waveforms. The programs also demaonstrate
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some of the Wavetek extensicns of the BASIC com- Wavetek 275 GPIB address is set to 9. The programs
puter language: Program labels, DO loops, and are presented as tables containing both the actual
unlimited length variable names. In all programs, the program statements and explanaiory comments.

Table 3-5 contains a simple program to send control commands to the Wavetek 275 and read back the instrument
response. |t does not monitor the SRQ line nor perform a serial poll.

Table 3.5, Sample Demonstration Program 275-1

Program Statements
100 | PROGRAM 275-1

110 DIM CONTROL$*80

120 DIM READBACKS*80

130 CLEAR
140 DO

150 WRITE @0:""ENTER ASCH
CONTROL CODES.”

160 INPUT CONTROLS

170 WRITE @ 709:CONTROL$

180 READ @709:READBACKS

190 WRITE @ 0:READBACKS

200 LOOP

210 END

Explanation
Comment statement containing program identification.

Set length of alphanumeric control variable for maximum expected
number of control characters.

Set length of alphanumeric readback variable for maximum expected
number of readback characters.

Clear contreiler screen,

Start of endless loop. (No UNTIL or WHILE condition is specified.)
Prompt user for control codes.

Stop program while user types instrument control codes intg con-
troller, then pltace control codes into alphanumeric variable
CONTROLS.

Send control codes in alphanumeric variable CONTROLS via interface
7 (GPIB) to instrument with GPIB address 9 {Wavetek 275).

Command instrument on interface 7 address 9 to talk. Place received
data in alphanumeric variable READBACKS.

Display contents of alphanumeric variable READBACKS$ on controller
scregn.

End of loop. Return to DO statement to prompt user for next instru-
ment control codes.

End of program.
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Table 3-6 contains a slightly more elaborate program to send control commands to the Wavetek 275 and read
back the instrument response. It does not monitor the SRQ line, but does perform a serial poll and display the

results as a numerical value.

Table 3-6. Sample Demonstration Program 275-2

Program Statements

Explanation

100 | PROGRAM 275-2

110 DIM CONTROLSE*80
120 DIM READBACKS$*80

130 CLEAR
140 DO

150 WRITE @0:"ENTER ASCII
CONTROL CODES."

160 INPUT CONTROL$

170 WRITE @ 709:CONTROL$

180 READ @ 709:READBACKS
190 WRITE @0:READBACKS

200 STATUS

@709:DEVICE__STATUS

210 WRITE @0:"'DEVICE
STATUS =",
DEVICE_STATUS

220 LOOP

230 END

Comment statement containing program identification.

Set length of alphanumeric control variable for maximum expected
number of control characters.

Set length of alphanumeric readback variable for maximum expected
number of readback characters.

Clear controller screen.

Start of endless loop. (No UNTIL or WHILE condition is specified.)
Prompt user for control codes.

Stop program while user types instrument control codes into con-
troller, then place control codes into alphanumeric variable

CONTROLS.

Send control codes in alphanumeric variable CONTROLS via interface
7 (GPIB) to instrument with GPIB address 9 (Wavetek 275).

Command instrument on interface 7 address 9 to talk. Place received
data in alphanumeric variable READBACKS.,

Disptay contents of alphanumeric variable READBACKS on controller
screen.

Read the status byte of device 09 (Wavetek 275) on port 7 (GPIB).
Place resuits in numeric variable DEVICE__STATUS.

Display value of numeric variable DEVICE__STATUS on controller
screen.
End of loop. Return to DO statement to prompt user for next instru-

ment control codes.

End of program.
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Table 3-7 contains a program to send control commands to the Wavetek 275, read back the instrument response,
monitor the SRQ ling, perform a serial poll and display the resuits as a message on the controller screen. Because
the program stops at the INPUT statement, it does not monitor for a delayed SRQ, such as “"RAMP-TO-START

COMPLETED"".

Table 3-7. Sample Demonstration Program 275-3

Program Statements

Explanation

100 | PROGRAM 275-3

110 DIM CONTROLS$*80

120 DIM READBACK$*80

130 CLEAR
140 DO

150 WRITE @0:"ENTER ASCI!
CONTROL CODES.™

160 INPUT CONTROL$

170 WRITE @ 709:CONTROLS

180 READ @ 709:READBACKS

190 WRITE @ 0:READBACKS

200 ASK @ 7:GPIB__REGISTERS

210 IF BIT(10,GPIB__REGISTERS)
THEN GO SUB SERIAL__POLL

220 LOOP

230 SERIAL__POLL: STATUS
@ T09:STATUS_BYTE

Comment statement containing program identification.

Set length of alphanumeric control variable for maximum expected
number of control characters.

Set tength of alphanumeric readback variable for maximum expected
number of readback characters.

Clear controller screen.

Start of endless loop (no UNTIL or WHILE condition is specified).
Prompt user for control codes.

Stop program while user types instrument control codes into con-
troller, then place control codes into alphanumeric variable

CONTROLS.

Send control codes in alphanumeric variable CONTROLS via interface
7 {GPIB} to instrument with GPIB address 9 {(Wavetek 275).

Command instrument on interface 7 address 9 to talk. Place received
data in alphanumeric variable READBACKS.

Display cantents of alphanumeric variable READBACKS on controller
screen.

Ratrieve the contents of both the bus register and status register from
the /O card of GPIB port 7. Place the results in numeric variable GPIB
__REGISTERS.

Check the value of bit 10 {SRQ line) in numeric variable GFIB__
REGISTERS. (f the bit value is 1 then perform the subroutine labeled
SERIAL_POLL.

End of loop. Return to DO statement 1o prompt user for next instru-
ment control codes.

Program label indicating start of serial poll subroutine. Perform serial

poll of instrument on interface 7 {GPIB) address 9. Place results in
numeric variable STATUS_BYTE.
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Table 3-7.

Sample Demonstration Program 275-3 (Continued)

Program Statements

Explanation

240 |F BIT(0,STATUS_BYTE)
THEN WRITE @0C:"'PROGRAM
ERROR™

250 |F BIT{1,STATUS_BYTE)
THEN WRITE @0:.""QUTPUT
PROTECTION

260 IF BIT(2,STATUS_BYTE)
THEN WRITE @0:''FUSE
BLOWN"

270 IF BIT{3,STATUS__BYTE)
THEN WRITE @0:"'LOW
BATTERY”

280 IF BIT(4,STATUS__BYTE)"
THEN WRITE @0:"'"EXECUTE
COMPLETED”

290 {F BIT{5,STATUS_BYTE)
THEN WRITE @O0:""RAMP-TO-
START COMPLETED”'

300 iF BIT{7,.STATUS_BYTE)
THEN WRITE @O:"'FRONT
PANEL SRQ KEY PRESSED™

310 RETURN

320 END

If bit G of numeric variable STATUS__BYTE is equal to 1 then display
"PROGRAM ERROR'" message on controller screen.

If bit 1 of numeric variable STATUS__BYTE is equal to 1 then display
“OUTUT PROTECTION" message on controller screen.

If bit 2 of numeric variable STATUS_BYTEis equai to 1 then display
“FUSE BLOWN" message on controller screen.

If bit 3 of numeric variable STATUS_BYTE is equal to 1 then display
"LOW BATTERY' message on controller screen.

If bit 4 of numeric variable STATUS_BYTE is equal to 1 then dispiay
“EXECUTE COMPLETED" message on controller screen.

If bit 5 of numeric variable STATUS__BYTE is equal to 1 then display
“RAMP-TQ-START COMPLETED" message on controller screen.

If bit 7 of humeric variable STATUS_BYTE is equal to 1 then display
"FRONT PANEL SRQ KEY PRESSED" message on controller screen.

End of serial poll subroutine.

End of program.

Tabie 3-8 contains a program to send control commands to the Wavetek 275, read back the instrument response,
monitor the SRAQ line, perform a serial poli and dispiay the results as a message on the controlier screen. This pro-
gram continuously monitors for a delayed SRQ, such as *'RAMP-TO-START COMPLETED"".

Table 3-8. Sample Demonstration Program 275-4

Program Statemenis

Explanation

100 | PROGRAM 275-4

110 DIM CONTROL$*80

120 DIM READBACKS$*80

130 CLEAR

3-36

Comment statement containing program identification.

Set length of alphanumeric control variable for maximum expected
number of control characters.

Set length of alphanumeric readback variable for maximum expected
number of readback characters,

Clear controlier screen.
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Table 3-8. Sampie Demonstration Program 275-4 (Continued)

Program Statements

Explanation

140 WRITE @0:"ENTER ASCli
CONTROL CODES.”

150 INPUT CONTROLS

180 WRITE @ 709:CONTROL$

170 GO SUB CHECK__FOR_SRQ

180 READ @ 709:READBACKS

190 WRITE @0:READBACKS

200 WRITE @0

210 WRITE @0:''PRESS 'STOP’
AND ‘RUN’ KEYS TO ENTER
NEW COMMAND."

220 WRITE @0

230 DO

240 GO SUB CHECK__FOR__SRQ

250 LOOP
260 CHECK__FOR__SRQ: AGK
@7:GPIB__REGISTERS

270 IF BIT(10,GPIB__REGISTERS)
THEN GO SUB SERIAL__POLL
280 RETURN

290 SERIAL__POLL:STATUS
@ 709:5TATUS_BYTE

Prompt user for control codes.

Stop program while user types instrument control codes into con-
troller, then place control codes into alphanumeric variable
CONTROLS.

Send control codes in alphanumeric variable CONTROLS via interface
7 (GPIB) to instrument with GPIB address 9 (Wavetek 275)

Perform subroutine 1abelled CHECK __FOR_SRQ to check for an
interrupt.

Command instrument on interface 7 address 9 to talk. Place received
data in alphanumeric variable READBACKS.

Display contents of alphanumeric variable READBACKS$ on controller
screen.

Display blank line on controller screen.

Display message to prompt operator to stop then restart program to
enter new command.

Display blank line on controlier screen.

Start of endless loop {(no UNTIL or WHILE condition is specified} to
check for SRQ interrupt.

Perform subroutine labelied CHECK __FOR__SRQ to check for an
interrupt.

End of loop to continuously check for SRQ interrupt,

Label for subroutine to check SRQ line. Retrieve the contents of both
the bus register and status register from the /O card of GPIB port 7.
Place the results in numeric variable GPIB__REGISTERS.

Check the value ¢f bit 10 {SRQ line) in numeric variable
GPIB__REGISTERS. if the bit value is 1 then perform the subroutine
labelled SERIAL_POLL.

End of subroutine to check for SRQ interrupt.

Program label indicating start of serial poli subroutine. Perform sertal

pall of instrument on interface 7 (GPIB) address 9. Place results in
numeric variable STATUS__BYTE.
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Table 3-8. Sample Demonstration Program 275-4 {Continued)

Program Statements

Explanation

300 IF BIT(0,STATUS_BYTE)
THEN WRITE @0:."'PROGRAM
ERROR"

310 IF BIT(1,STATUS_BYTE}
THEN WRITE @0:"OUTPUT
PROTECTION"

320 IF BiT(2,STATUS_BYTE)
THEN WRITE @0:"FUSE
BLOWN™

330 IF BIT(3,STATUS__BYTE)
THEN WRITE @0:"LOW
BATTERY"

340 IF BIT(4,STATUS_BYTE)
WRITE @0:"EXECUTE
COMPLETED™

350 IF BIT(5,STATUS_BYTE)
WRITE @0:""RAMP-TO-
START COMPLETED"

360 IF BIT(7 STATUS__BYTE)
THEN WRITE @0:"'FRONT
PANEL SRQ KEY PRESSED"

370 RETURN

380 END

If bit O of numeric variable STATUS__BYTE is equal to 1 then display
“PROGRAM ERROR" message on controller screen.

If bit 1 of numeric variable STATUS_BYTE is equal to 1 then display
“"QUTPUT FROTECTION" message on controller screen.

If bit 2 of numeric variable STATUS__BYTE is equal to 1 then display
“FUSE BLOWN'" message on controller screen.

i bit 3 of numeric variable STATUS__BYTE is equal to 1 then display
“LOW BATTERY’" message on controller screen.

If bit 4 of numeric variable STATUS___BYTE is equal to 1 then display
“EXECUTE COMPLETED" message on controller screen.

If bit 5 of numeric variable STATUS__BYTE is equal to 1 then display
“"RAMP-TO-START COMPLETED" message on controller screen.

If bit 7 of numeric variable STATUS __BYTE is equal to 1 then display
“FRONT PANEL SRQ KEY PRESSED' message on controlier screen.

End of serial poll subroutine.

End of program.

Table 3-8 contains a program that remotely loads the stairstep demonstration waveform that was entered manu-
ally in the previous section of the manual. Note that when we previously manually loaded the waveform we atlowed
the Wavetek 275 to automatically increment the arbitrary waveform address, but that in this program, for the pur-
pose of demonstration, we chose 1o specify each address.

Table 3-9. Sample Demonstration Program “STAIRS”

Program Statements

Explanaticn

100 | PROGRAM "'STAIRS"
110 CLEAR

120 WRITE @0: 'LOADING"
WAVEFORM"

3-38

Comment line containing program identification.
Clear controller screen.

Display "LOADING WAVEFORM™' on controlier screen.
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Table 3-9.

Sample Demonstration Program “*STAIRS”’ {Continued)

Program Statements

Explanation

130 WRITE @ 709:"'3500E-6
A2.16DOBOCEXBOXH19P1
YA000KOI'LOADING
WAVEFORM'™ ~

140 FOR X=0TO 19
150 LET Y =100*X

160 WRITE @709:'K"” X,"'L".Y

170 NEXT X

180 WRITE @709 'KOM1I
‘WAVEFORM LOADED'

190 CLEAR

200 BEEP 2000,100

210 WRITE @0:""WAVEFORM
LOADED."

220 STOP

230 END

Send the following commands to device 09 (Wavetek 275) on inter-
face 7 (GPIB) so that the waveform may be observed as it is loaded:

Set clock period to 500 pS.

Set amplitude to 2.16V p-p.

Set offset to OV.

Set mode to 0 {continuous).

Sec function to 6 (arbitrary).

Set start address to 0.

Set stop address to 19,

Set output to 1 (on).

Recall stored setting 4000 to set positive arb sync polarity.

Set Arb sync address te O.

Execute all previous commands.

Display “LOADING WAVEFORM" on instrument front pane

display.

Start of loop; increment arbitrary waveform address from 0 to 19 by 1.
Calculate Arb data at each address.

Send address command, address value, data command and data
value via interface 7 (GPIB} to instrument with GPIB address 09

(Wavetek 275.)

End of loop.

Reset Arb Sync to address 0 and store all instrument settings in loca-
tion 1. Display “"WAVEFORM LOADED" on instrument front panel
display.

Clear controiler screen.

Generate audible beep from coniroller.

Display “WAVEFORM LOADED" on controlier screen.

Siop running program.

End of program.
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Table 3-10 contains a program that remotely loads the "W demonstration waveformn that was entered manually

in the previous section of the manual.

Table 3.10.Sample Demonstration Program “W”

Program Statements

Explanation

100 | PROGRAM “'W"
110 CLEAR

120 WRITE @0:"LOADING
WAVEFORM™

130 WRITE @ 709:"'BOCE6AS
S54.88E-6P1Y4000XB20
XH2047K20I'LOADING
WAVEFORM®

140 WRITE @709:"'K20L-2048"

150 WRITE @709:"'K511
L-2048XK"

160 WRITE
@709 'K512L2047XK"

170 WRITE @709:"'K768
L-2048XK™

180 WRITE @709:
"K1024L.1000XK"

190 WRITE @709:"'K1280
L-2048XK"

200 WRITE @709:
@709:""K1536L2047XK”

210 WRITE @709:""K1537
L-2048XK"

3-40

Comment line containing program identification.
Clear controller screen.

Cisplay '‘LOADING WAVEFORM™ on controller screen.

Send the following commands to device 09 (Wavetek 275} on inter-
face 7 (GPIB) so that the waveform may be observed as it is lcaded:
Set mode to 0 {continuous).

Sec function to 6 {(arbitrary).

Set amplitude o 5V p-p.

Set clock period to 4.88 »S.

Set output to 1 (on).

Recall stored setting 4000 to set positive arb sync polarity.

Set start address to 20.

Set stop address to 2047.

Set arb sync address to 20.

Execute all previous commands.

Dispiay “‘LOADING WAVEFORM' on instrument front panel
display.

Set Arb address to 20, Arb data to — 2048,

Set address 1o 511, data to — 2048, draw straight line between last
two data points (20 and 511).

Address 512, data 2047, auto-line.

Address 768, data — 2048, auto-line.

Address 1024, data 1000, auto-line.

Address 1280, data — 2048, aulc-line.

Address 1536, data 2047, auto-line.

Address 1537, data — 2048, auto-line.
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Table 3-10.

Sample Demonstration Program “W” (Continued)

Program Statements

Explanation

220 WRITE @ 709:"'K2047
L-2048XK"

230 WRITE @ 709:"'K20M2i
‘"WAVEFORM LOADED" "

240 CLEAR

250 BEEP 2000,100

260 WRITE @0:"WAVEFORM
LOADED.”

270 STCP

280 END

Address 2047, data — 2048, auto-line.

Reset Arb Sync to address 20 and store all instrument settings in loca-
tion 2. Display “"WAVEFORM LOADED" on instrument front panel

display.
Clear controller screen.
Generate audible beep from controiler.

Display “WAVEFORM LCADED" on controller screen.

Stop running program.

End of program.

Table 3-11 contains a program that remotely loads a damped sine waveform. The program contains the minimum
number of statements required for loading the waveform, but does not set the instrument to display the waveform

as it is being loaded.

Table 3-11.

Sample Demonstration Program “DSIN1”

Program Statements

Explanation

100 PROGRAM "'DSINT™

110 OPTION ANGLE DEGREES

120 WRITE @709:"K",0

130 FCR | =C TO 2047

140 LET L =2048*EXP(-1/512))*
SIN{2*1)

150 WRITE @709:"'L".L

160 NEXT |
170 STOP

180 END

Comment statement containing program identification.

Sets controller for trigonometric functions expressed in degrees
{(instead of radians).

Set arbitrary waveform address to zero.

Start of loop that increments arbitrary waveform address from 0 to
2047 by 1. Note that this address is not sent to the instrument; the
instrument is allowed to increment this address automatically.
Calculate damped sine data {amplitude) value from address value.
Send data command and data value via interface 7 (GPIB) 1o instru-
ment address 9 (Wavetek 275.)

End of loop.

Stop running program.

End of program.
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Table 3-12 contains a more elaborate program that remotely loads the same damped sine waveform. This pro-
gram sets up the instrument to display the wavelorm as it is being loaded, stores the instrument settings,
calculates the data values, loads the waveform, displays the waveform loading status on both the controller
screen and the instrument display, and displays the time reguired to load the waveform. (Actual loading time was

:56.)

Table 3-12. Sample Demonstration Program “DSIN2”

Program Statements

Explanation

100 PROGRAM “'DSIN2”
110 CLEAR

120 WRITE @0:"'LOADING
WAVEFORM”

130 LET T1 =TIME

140 OPTION ANGLE DEGREES

150 WRITE @ 708:
“KOLOKZ2047LOXK
54.883E-6A5D0B0OCEP 1 Y4000!

‘tOADING WAVEFORM' ™

1680 WRITE @709:
“XBOXH2047KO0I"

170 FOR | =0 TO 2047

180 LET L = 2048*EXP{ — 1/512))
*SIN(2*1)

190 WRITE @709:"L"" L

3-42

Cornment statement ¢ontaining program identification.
Clear the controller screen.

Display "“"LOADING WAVEFORM" on controiler screen.

Read controller timer and place resulting starting time in numeric
variable T1.

Sets controller for trigonometric functions expressed in degrees
(instead of radians).

Sends the following commands via interface 7 (GPiB) to instrument
address @ (Wavetek 275).
Clear arbitrary waveform memory by drawing straight line at data
value 0 between addresses O and 2047.
Set clock pericd to 4.883 pS.
Set amplitude to SV p-p.
Set oifset to OV.
Set set mode to O (continuous).
Set function to 6 (continuous).
Set instrument output to ON (1).
Recall setting 4000 to set Arb Sync positive.
Execute all previous commands.
Display "LOADING WAVEFORM" con instrument front panel
display.

Set START address 1o zero.

Set STOP address to 2047,

Set arbitrary waveform address to zero.
Execute all previous commands.

Start of loop that increments arbitrary waveform address from 0 to
2047 by 1. Note that this address is not sent to the instrument; the
inatrument is allowed to increment this address automatically.
Calculate damped sine data {amplitude) value from address value.

Send data command and data value via interface 7 (GPIB) to instru-
ment address 9 (Wavetek 275))


https://www.manualsplus.com/

Tabile 3-12.

Sample Demonstration Program “DSIN2” (Continued)

Program Statements

Explanation

200 NEXT |

210 WRITE @709."'KOMSI
‘WAVEFORM LOADED"

220 LET T2=TIME

230 LET T=T2-TH

240 LET M = INT(T/60)
250 LET S=T-80*M
260 BEEP 2000,1C0
270 CLEAR

280 WRITE @0:"WAVEFORM
LOADED.”

290 WRITE @0 USING 300:
“LOADING TIME " M,":".S

300 FORMAT:C F2,CFz2
310 STOP

320 END

End of loop.
Send the following commands via interface 7 {GPIB) to instrument
(GPIB) to instrument address 9 {(Wavetek 275}

Set Arb Sync address to zero.

Store instrument settings in location 5.

Execute all previous commands.

Read controller timer and place resuiting ending time in numeric
variable T2. :

Subtract starting time from ending time and place resulting elapsed
time {total seconds) in numeric variable T.

Calculate elapsed minutes.

Calculate elapsed seconds.

Generate audible beep from controller.

Clear controller screen.

Display "WAVEFORM LOADED."” on controlier screen.

Display elapsed time in minutes and seconds using the format in line
300.

Format statement for elapsed time display in line 290.

Stop running program.

End of program.

3.6 THE GENERAL PURPOSE INTERFACE BUS SR1 Compiete service service request (software select).

This section of the manual is provided for readers who
wish further background information on the GPIB.

The GPIB intertace in the Wavetek 275 is an imple- DT1

RL1  Remoteflocal and local lockout.

FPO No parallel poll capability.

DC1 Compiete device clear/selective device clear,
Complete device trigger capability.

mentation of the IEEE 488-1978 standard as a
computer-io-peripheral and a peripherai-to-peripherai
interface. This implementation includes all electrical,
mechanical, timing and protocol considerations. |t
supports the following interface functions:

SH1 Complete source handshake.
AH1 Complete acceptor handshake.
T6 Basic Talker.

TEO No extender talker.

L4 Basic listener.

E2 Tri-state drivers.

The talk capability aliows a device to send data (such
as error message readings) out over the bus. The
listen capability allows a device to receive data (such
as device programming information) from the bus.

3.6.1 GPIB Structure

The General Purpose Interface Bus consists of 16
negative-true signal lines as shown in figure 3-7.
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These 186 fines include 8 bi-directicnal data iines, 3
handshake lines and 5 control lines. All devices on the
bus interface to these lines with passive pull-up and
active pull-down. Thus, any device may "‘assert’’ a
tine by pulling it down to the logic low, or 'true’’ state.
If no device is asserting the line, it is pulled up to the
logic high, or “‘false’ state. (Only the controller is
allowed tc assert certain lines.)

As shown in figure 3-7, devices connected to the bus
may be a LISTENER ({only), TALKER ({only),
LISTENER/TALKER or CONTROLLER. More than one
cantroller may be connected to the bus, but only one
controller may be hard-wired as SYSTEM CON-
TROLLER, and only one controller at a time may
assume the role ot ACTIVE CONTROLLER.

CONTROLLER

TRANSMITS AND RECEIVES
DATA AND MANAGES THE BUS

MODEL 6000

E>-0aT4 BUS

TALKER/MLISTENER ST ahTT O

TRANSMITS QR
RECEIVES DATA

CONTROL

LISTENER T T T e

OHLY RECEIVES DATA ==

GEMNERAL
+— INTERFACE
] MANAGEMENT

e

TALKER s R

ONLY TRANSMITS DATA —

DIOY ...
DiOB

DAY
NAFD
HDAC

. IFC
I — Y
e e — SRO
REN
EDI

Figure 3-7. GPIB Structure

3.6.2 GPIB Lines

The mnemonics used to identify the GPIB lines are:
DIC1-DIC8 Data InfQut Lines
ATN Attention
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REN
DAV
NRFD
NDAC
EQI
SRQ
|IFC

Remote Enable
Data Avaitable

MNot Ready For Data
Not Data Accepted
End Or |dentify
Service Request
Interface Clear

The functions of the GPIB lines are:
DIO1-DIOB These eight lines {Data InfQut) are

ATN

REN

DAYV,
NRFD,
NDAC

used to send commands from the
controller and to transfer data back
and forth between instruments and
the controller.

The Attention line is operated only by
the active controlter. It specifies
whether the information on lines
BIO1-DIO8 is data (ATN false) or a
command (ATN true}. Whenever ATN
is set true, no activity is allowed on
the bus except for controller-
ariginated messages.

The Hemote Enable line controls
whether devices on the GPIB are in
local or remote modes. In the local
mode, devices respond to fron! panel
commands and do not respond to
GPIB originated commands, In
remote mode, the situation is reversed;
GPIE ocriginated commands are
obeyed, while front panel commands
are ignored. The Wavetek 275 enters
the remote state when it receives its
listen address and REN is enabled.
The Wavetek 275 then stays in the
remote mode until the REN line is put
in the local state, a Go To Local (GTL)
command is received or the LCL front
panel key is pressed.

These are the ‘'handshake’ lines
(Data Valid, Not Ready For Data and
Not Data Accepted) which regulate
the transmission of infarmation over
the lines DIO1-D0O8. For each com-
mand or data byte transferred, a com-
plete handshake cycle occurs. This
handshake is designed to hold up the
bus until the slowest device has
accepted the information. A descrip-
tion of the handshake cycle is given in
the next paragraph, after the defini-
tion of the GPIB lines.
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ECI When ATN is false, EOI (End Or lden-
tify) indicates that the data on lines
DIQ1-DIO8 is the last byte of a data
message. When the Wavetek 275
receives a data byte with EOI true, it
automatically supplies a terminator
character following the data byte.
When the Wavetek 275 transmits the
last byte of a message (which is
always a terminator character) it also
sets EOI true.

SRQ The Service Request line is used by
the Wavetek 275 and other devices
on the bus to signal the controlier that
they request attention. Since the SRQ
line is common to all devices, addi-
tional tests must be made to deter-
mine 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 con-
nected to the bus to a known initial
state.

3.6.3 Handshake Sequence

The three handshake lines, Data Valid (DAV), Not
Ready for Data (NRFD) and Not Data Accepted
(NDAC) are used in a typical data exchange as
follows:

Al devices currently designated as active listeners
would indicate (via the NRFD line) when they are
ready for data. A device not ready would pull this line
low (ground), while a device that is ready would let the
line float high. Since a low overrides a passive high,
this line will stay low until all active listeners are ready
for data, When the talker senses this, it places the
next data byte on the data lines and then pulls DAV
low. This tells the tisteners that the 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 NDAC go high will the talker sense that all
listeners have read the data. It can then remove DAV
{let it go high} and start the entire seguence over
again for the next byte of data.

3.6.4 GPIB Commands

Commands are sent over lines DIO1-DIO8 with ATN
true they are divided into five classes:

1. Listen Addresses

2. Talk Addresses
Secondary Addresses
4. Universal Commands

DCL  Device Clear

SPE Serial Poll Enable
SPD  Serial Poli Disable
LLO Local Lockout

5. Addressed Commands

GTL Go To Local
SDC  Selective Device Clear
GET  Group Execute Trigger

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

3.6.4.1 Listen Addresses

Listen addresses are used to command a device to
read any data bytes transmitted over lines DIO1-
Di08, There are 31 different avaliable addresses (hex-
adecimal codes 20 through 3E, ASCIl codes SP
through >). A 32nd address, calied unlisten (hex-
adecimal 3F, ASCII ?) is used to command all devices
to not read dala bytes. The Wavetek 275 listen
address is selected by internal switches (figure 2-2) or
by front panel keyboard; e.g., ADRS 1 EXEC for
address number one. Either method of selection
specifies the lower 5 bits of the address (ref: table
2-2). Pressing the front panel ADRS key displays the
GPIB address as a decimal device number. At power-
on, the address is always that set by internal
switches. Another internal switch (figure 2-2) can lock
out address selection by front panel keyboard if
desired. Each time ADRS is pressed, XA will appear in
the CMD RCL string. The address can not be repro-
grammed from the GPIB.

3.6.4.2 Talk Addresses

Talk addresses are used t¢ command a device to
transmit data over lines DIO1-DIO8. There are 31 dif-
ferent available addresses (hexadecimal codes 40
through 5E, ASCll codes @ through A). A 32nd
address, called untalk (hexadecimat 5F, ASCII _) is
used 1o command ali devices to cease talking. The
lower 5 bits of ihe Wavetek 275 talk address are
selected by the same switches used to select the
listen address. Thus, if the Wavetek 275 listen
address is hexadecimal 21 (ASCil 1), the talk address
is hexadsecimal 41 (ASCII A). Pressing the front panel
ADRS key displays the GPIB address as a decimal
device number.

NOTE: As shown in section 3.5 of the manual, use this
decimal device number for programming both talk
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and listen commands. Separate talk and listen
addresses are not used in program commands.

3.6.4.3 Secondary Addresses

Secondary address are used following a talk or listen
address to provide the ability to address more than
the 31 devices provided for by simpie talk or listen
addresses. Secondary addresses are ignored by the
Wavetek 275.

3.6.4.4 Universal Commands

Universal commands are used to command & device
to perform designated actions. Universal commands
are recagnized at all times. Universal commands per-
formed by the Wavetek 275 are:

1. Device Clear (DCL) — Resets the Wavetek 275 to
the initial power-on settings. DCL affects all
devices on the bus,

2. Serial Poll Enable {SPE) — Causes the instrument
to engage in a seriai poll by responding with the
serial poll status byte when addressed as a talker.
Data line DIO7 will be on, if service is being
requested on the SRQ line. When the status byte
is read, it is reset to an ASCII blank, and the SRQ
line is released {of course, it may stil! be held
down by other devices). The status byie is also
available by reading the Wavetek 275 talk
message number 1. When this message is read,
the status byte is reset and the SRQ released as
for the serial poli.

3. Serial Poll Disable (SPD) — Discontinues serial
poil. Returns instrument to normal tatk modes,

4, Local Lockout (LLO) — Causes the Wavetek 275
to enter a state where the front panel LCL key is
inoperative. In this state, the keyboard is disabied
and the instrument will only accept parameter
changes through the GPIB. To enable keyboard
control, the GPIB controller must place the REN
line in the local state.

3.6.45 Addressed Commands

Addressed commands are used to command a device
to perform designated actions. Addressed commands
are recognized only when the instrument is addressed
as a listener. Addressed commands performed by the
Wavetek 275 are:
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1. Go To Local (GTL) — commands the Wavetek 275
to go to the local mode.

2. Selective Device Clear (SDC) — Resets the

Wavetek 275 to initial power-on conditions. SDC
affects only the selected unit,

3. Group Execute Trigger {GET) — Causes the
actions specified by the GET mode (XG) code. If
the Wavetek 275 microprocessor is idle (i.e., not
processing a previously sent programming
string), a GET command will be completed within
2.5 ms of receipt. Otherwise, it will not be done
until current programming is processed.

3.6.5 Using the GPIB

This GPIB section of this manual has deliberately
been placed after the REMOTE OPERATION section,
because in actual practice the GPIB is much easier 10
use than its description would indicate. Some points
to remember when programming a GPIB controller:

1. Itis not necessary to use separate listen or talk
addresses, or to worry about the ASCIl of hexa-
decimal equivalent of the address. Simply pro-
gram the decimal device number, which is same
number previously programmed into the Wavetek
275 with the internal address switches or the front
panel GPIB ADRS key.

2. When using the standard WRITE command, it is
not necessary to program the state of the ATN
line, etc. The controlter performs these ‘*hand-
shake” functions automatically. (Some con-
trollers have an alternate command, such as
COMMAND @, that will allow the advanced pro-
grammer access to individual commands such as
“attention” and “unlisten’’))

3. The GPIB mnemonics (DCL, GET, etc.) are not
necessarily the actual commands used by the
controiler. For example, on the controlter used to
write the sample programs in this manual, the
command with the GPIB mnemonic GET trans-
lates to an actual controller command of TRG @.

4. Controller GPIB commands are not part of the
standardized BASIC computer language, and the
commands will vary from one make of controller
to the next. Refer to the GPIB programming
manuai for your make of cantroller.
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41 GENERAL DESCRIPTION

The Wavetek 275 Arbitrary/Function Generator con-
sists of four major sections (figure 4-1): the micro-
processor controt section located on the micro-
processor/power supply board, the operator interface
located on the display board, the function generator
section located on the function generator board, and
the frequency synthesizer, arbitrary waveform
generator, burst counter and data registers tocated on
the auxiliary board. Each of these major blocks is
described briefly in this general description and then
in more detail in following paragraphs.

4.11 Microprocessor Control

The microprocessor (figure 4-2) is the clearinghouse
for all control gperations. Through its software pro-

SECTION
CIRCUIT DESCRIPTION

gram in Read OCnly Memory (ROM)}, the micro-
processor accepts commands from the front panel
keyboard or the |EEE-488 General Purpose interface
Bus (GPIB), then sends operating parameters to the
function generator circuits and auxiliary circuits,
stores these parameters in Random Access Memory
(RAM), and controis the front panel display.

The microprocessar section contains the analog inter-
tace circuitry which decodes and holds status infor-
mation for the function generator board. A sample-
and-hold circuit provides four analog voltages to con-
trol the function generator. Power supplies in this sec-
tion power all the circuits of the instrument.

4.1.2 Operator Interface
The operator interface located on the display board

MICROPROCESSOR <

AUXILIARY DIGITAL CONTROL

CONTROL
MICROPROCESSOR

DIGITAL CONTROL

ROM <
RAM

FUNCTION GENERATOR

GPI8 INTERFACE
ANALOG INTERFACE

SAMPLE AND HOLD
BATTERY TEST/RESET

FUNCTION GENERAT
ANALOG CONTROL

POWER SUPPLIES

FRONT PANEL CONTROL

OPERATOR
INTERFACE

DISPLAY

CISPLAY DRIVERS
KEYBOARD
KEYBOARD DECODER

FUNCTICN
GENERATOR

VCG AND TRIGGER LEVEL
FREQUENCY
COMPENSATION
GENERATOR LOQP
FREQ RANGE SWITCHES
CAP MULTIPLIER
FUNCTION SELECT
SYNC DRIVER

XY AMPLIFIER
PREAMPLIFIER

OUTPUT AMPLIFIER
OUTPUT PROTECTICN
TRIGGER CIRCUIT

\/

ANALOG
INTERFACE

>

AUXILIARY BOARD

DATA REGISTERS

BURST COUNTER

FREQUENCY SYNTHESIZER

ARBITRARY WAVEFORM
GENERATOR

Figure 4-1.

Major Blocks
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(figure 4-2), includes the front panel keyboard, the
fluorescent display, decoders and drivers. The micro-
Processcr recognizes entries from the keyboard and
performs the appropriate instruction. Display drivers
transfer display information from the microprocessor
to the 20 character, vacuum-fluorescent alpha-
numeric display.

4.1.3 Function Generator

The basic generator loop, figure 4-2, contains a
hysterisis switch which creates a triangle waveform
by alternately switching egual positive and negative
constant currents into a capacitor, The switching
points are getermined by comparing the triangle peak
voltages against two reference levels. A complement
of the switching waveform controls the trigger timing
in the mode logic, drives the square shaper, and is
buffered to provide the instrument’s synchronization
output (SYNC OQUT). Decade values of capacitors
determine the basic ranges for frequencies from 100
Hertz up. Beiow 100 Hertz, a capacitance multiplier
scales down the triangle current to provide the four
lowest decades of frequency in the instrument.

Within any selected frequency range, a Voltage Con-
trolled Generator (VCG) circuit varies the triangle cur-
rent proportionally to the freguency control voltage
(FRQ) from the microprocessar section. This circuit
also controis high frequency compensation by progor-
ticnately decreasing the reference levels to compen-
sate for time delays.

The function select circuit chooses a buffered triangle
wave, a square wave derived from the hysterisis
switch, or a sine wave derived by a sine converter
from the triangle wave. (The arbitrary waveform, when
selected, is applied directly to the input of the X-Y
multtiplier, and the function select circuit turns off the
square, sine and triangle waveforms) An XY
multiplier circuit takes the current output from the
function switch and, with its associated preamplifier,
varies the waveform amplitude in proportion to the
amplitude control voltage (AMP) from the
MiCroprocessor.

The output amplifier provides the final gain and output
drive capabilities for the waveform, and sums offset
from the amplifier into the signal as required. When
the output signal peaks are programmed to be less
than 1.0 voit, output voltage is attenuated by the
decade output attenuator.

{f excessive voltage is sensed on the output, the out-
put protection circuit opens all the attenuator relays
to protect the instrument. A voltage high enough 1o
arc across the relays will blow a fast-acting fuse to
further protect the instrument from major damage.
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A trigger input circuit aliows the generator to be trig-
gered or gated externally. An internal control voltage
(TRL} controlled by the microprocessor determines
the tevel at which an external signal {(at TRIG IN) trig-
gers or gates the generator. The external trigger
signal can also be gated directly into the square
shaper to provide an external width function. Circuitry
for internal trigger control is contained on the auxiliary
board.

4.1.4 Auxiliary Board

The auxiliary board contains the frequency syn-
thesizer, arbitrary waveform generator, and burst
counter circuits.

The frequency synthesizer generates the frequencies
used to clock the arbitrary waveform generator when
an arbitrary wavefarm function is selected, or o inter-
nally trigger the instrument when internal trigger and
a non-arbitrary function are selected.

The arbitrary waveform generator creates a user-
defined waveform from data stored in an internal
RAM.,

The burst counter enables the generator cutput for a
predetermined number of output cycles when the
burst mode is selected and the circuit is triggered.

The auxiliary board also contains data registers 1o
latch data from the bufiered data bus to control other
circuits on the board.

4.2 MICROPROCESSOR CONTROL CIRCUIT
DESCRIPTION

The microprocessor control section and its
associated circuits (figure 4-3) are located on the
Microprocessor/Power Supply circuit board accessi-
ble beneath the bottom cover of the instrument,
Pescriptions in this section include the micro-
processor/memaory circuits, GPIB interface, battery
test and reset circuitry, analog interface, sample and -
hold circuitry and instrument software.

The follewing descriptions refer to figure 4-3 and the
microprocessor/power supply schematics in the back
of this manual.

4.2.1 MicroprocessoriMemory

The microprocessor/memory section includes the
microprocessor itself, an address latch to demultiplex
the lower order address bits, an address decoder to
select appropriate memaory focations or addressable
registers, read only memory (ROM), random access
memory (RAM), a data latch to hold data for transfer
to analog and display registers, the beeper circuit,
and the GPIB address switch and register.
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4.21.1 Microprocessor

The 6803 microprocessor, U3, is in its expanded-
muitiplexed mode {mode 2}, as determined by mode
control programming diodes, CR1 and CR2. This
mode allows the microprocessor to address external
memory by using port 3 (P30-P37) as the multiplexed
low-order address/data bus, pert 4 (P40-P47) as the
high-order address bus, with pins 39 and 38 as the
address strobe and readiwrite line (R/W) respectively.
Ports 1 {(P10-P17) and 2 (P20-P24} are always 1O
ports.

A clock-generating circuit within the microprocessor
uses an external 4 MHz crystal, Y1, between the XTAL
1 and XTAL 2 pins to develop its internal phase clocks
and the 1 MHz system enable clock (k). Figure 4-4
shows the approximate timing for major signals and
busses in the microprocessor/memaory system. Actual
system timing varies somewhat from instrument to
instrument, so signal spacing may be different within
the 1 us period of the system clock.

The microprocesser responds to three interrupt
inputs: master reset (RESET), which initializes the
microprocessor; the external interrupt request line
(IRQ),which the GPIB interface uses to signa! the pro-
cessar: and the non-maskable interrupt (NMF), which
is not used in the instrument, but is available on the
test connector.

4.2.1.2 Address Latch

An octal latch, U4, demultiplexes the addressidata
bus from the microprocessor 1o hold the low-order
addresses (ADRO-ADR7)} during the part of the E clock
cycle that data occurs on the multiplexed bus. Lateh-
ing occurs on the negative transition of the AS signal
(U3, pin 39). See timing diagram, figure 4-4.

4.2.1.3 Data Latch

Octal latch, U25, demultiplexes data from the
address/data bus much the same way as the address
latch {(U4), except that the falling edge of the E clock,
rather than AS, is used to iatch the data.
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4.2.1.4 Address Decoder

A field programmable gate array, U13, decodes the
upper 14 bits of the 16 address lines to select one of
eight possible addressable devices or circuits. These
are the keyboard decoder (KYBD), display drivers
(DISP), IEEE-488 interface (GPIB), RAM location 1
(RAM1), RAM location 2 (RAM2), ROM location 1
{ROM1), ROM location 2 (ROM2), and the analog inter-
face registers (ANALOG). In addition, a ninth output
decodes the reset and interrupt vector addresses into
ROM2 for nermal operation, but allows a test input to
direct these vectors into external memory. A memory
map, table 4-1, shows the position in memory for each
of the above blocks.

42.1.5 ROM

Two read-only-memories, U89 (ROM1) and U10
(ROM2), contain the program for the microprocessor.
Their respective locations in memory are adjacent as
shown in the memory map, table 4-1. ROM1 and
ROM2Z from the address decoder enable the appro-
priate IC on the rising edge of E clock. A brief descrip-
tion of microprocessor operation will be covered in
the software section.

4216 RAM

The microprocessor uses two random access
memories, U11 and U12, as a scraich pad memory
and as memory for stored settings. The RAM1 or
RAMZ2 line from the address decoder enables the
selectec RAM on the rising edge of the E clock. Dur-
ing a write cycle, the write pulse circuit ANDs the
readwrite line from the processor (R/W) with the E
clock to generate a write pulse (WRP) after all address
lines have become stable. A lithium battery (BT1)
maintaing a sufficient voltage level to prevent the loss
of information stored in both RAMs when external
power is removed. Schottky diode CRS5 conducts
when the + 5V supptly falls below the battery’s voitage
{(approximately 3V). Diode CR4 prevents the battery
from discharging through the rest of the circuit. The
battery voltage is also supplied to the auxiliary board
1o prevent the loss of arbitrary wavetorms stored in
RAM during power-off.

4.21.7 Beeper

The microprocessor generates a 62.5 kHz signal con-
tinuously at port 22 {P22) after start-up procedure is
complete. To generate an audible beep, the processor
sends a positive pulse from port 17 (P17) to the reset
line of a 12-bit ripple counter, U2. The counter reset
condition enables the 62.5 kHz signal from port 22 to
the clock input of the counter. The fifth stage output of

46

Table 4-1. Memory Map
Address
Addressable Devices {Hexadecimal}
Internal Register $0000 — $001F
Analog $0020 — $003F
DISP, GPIB -
(See Note 1) $0040 — $005F
KYBD & Nat Used
(See Note 2) $0060 — $007F
Internal RAM $0080 — $009F
22 Not Used $0100 — $9FFF 2
ROM 1 $AG00 — $BFFF
ROM 2 $C000 — $DFFF
RAM 1 $EQQ0 — $E7FF
RAM 2 $EB800 — $EFFF
~ Not Used $FO00 — $FFEF 7
Vector (ROM 2) SFFE -
(See Note 3) $FFFO —SFFFF
Notes

1. DISP 340 — $43, GPIB $58 — $5F
2. KYBD $60 — $6F, Not Used 370~ $7F
3. Alternate addresses for last 16 locations in ROM 2.

the counter drives a transistor switch which in turn
drives the beeper at approximately 2 kHz. When the
eleventh and twelfth states of the counter both go
positive, U1-3 inhibits the 62.5 kHz signal from the
processor and stops the beeper. This gives a beep
about 50 ms iong.
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4.2.1.8 GPIB Address

An 8 section DIP switch {SW1), selects the GPIB
address for the instrument. Since |IEEE-488 specifica-
tions allow only 31 possible addresses for GPIB instru-
ments {(binary 0-30}, only the first five switches §1-85
(GAQ-GA4), are used to seiect the actual address. 56
(FFADEN) enables or disables the front pane! address
entry capability. A momentary closure of S7 resets the
elapsed operating time counter in the micro-
processor. 58 is not used.

An inverting tri-state buffer, U5, gates the address
switch information onto the multiplexed address/data
bus when enabled by the address switch enable line
{ASE) from the IEEE-488 interface device.

422 GPIB Interface

The GPRIB Interface section of the microprocessor
board interfaces with the instrumeni’'s micro-
processor and handles all the handshake protocol and
data transfer over the |EEE-488 General Purpose
Interface Bus (GPIB).

Most of the IEEE-488 instrument bus protocol func-
tions are handled by the General Purpose Interface
Adapter (GPIA), a single IC, U6. Data and control por-
tions of the bus require high current driving capabilily
and specific line termination which the Bus Drivers,
U7 and U8, provide. These two sections of the bus
have different requirements depending on whether
the instrument is acting as a tatker or a listener: the
data transceiver, U74 or U78, always acis as a trans-
mitter during talk modes and a receiver during listen
modes, but the control transceiver requires that some
lines transmit while others receive in both of these
modes, These dilferent requirements are met in the
“A’ trangceivers by using different parts for each
function {the 75160A for data and the 75161A for con-
trol) or in the “B™ transceivers by using an extra con-
trol line (pin 11 on the 3447.) The instrument is able to
use either type of bus transceiver scheme.

The IEEE-488 Interface IC, UG, does all the handshak-
ing requirements of the 1978 IEEE-488 standard.
When the controller on the bus sends either the instru-
ment's talk or listen address or a serial poll, U8
signals the instrument’'s MICIOpTOCESSOr by asserting
the interrupt request line, IRQ (a low on U8, pin 40).
The processor can then interrogate any of the eight
registers internal to U8, Data from the 1EE-488 bus
(listen mode) is accessed by reading from the data
registers in U6; data output {talk mode} is written to
the same register. The address strobe enable line
(ASE) from the interface IC, UB, controls the select
line to U5 that enables the GPIB address switch, SW1.

The microprocessor can read this switch by a read of
the address register in U6, which causes Ug to set
ASE low during the E-clock {(data) portion of the
microprecessor clock cycle. This address is not
necessarily the address used by the interface I1C {U8);
that address is stered in U6 by writing inte the internal
address register. The actual address of the instru-
ment ¢an be changed by front panel control, but will
return o the address specified by the GPIB address
switch during a microprocessor reset cycle {(power-
up).

During the microprocessor reset cycle {power up),
MR to U8 pin 19 (RESET) inhibits all the outputs to the
bus drivers and the drivers themselves to prevent
false information from being transmitted over the bus.
In addition, to prevent a faise service request
message state (SRQ asserted), port 20 from the
microprocessor scans the SRQ line at UG, pin 23 10
keep a program monitor of the status of the SRQ fltag
out of UG. A false state could aotherwise cccur if a very
fast controller addressed the instrument in quick sug-
cession before the instrument’s microprocessor had
time to reset SRQ.

For a complete definition of the GPIB lines, refer to
paragraph 3.6 in the OPERATION section of the
manua.

4.2.3 Battery Test and Reset

One-half of dual operaticnal amplifier U27 acts as a
voltage comparator o detect low voltage on the bat-
tery, BT1. When the microprocessor goes through its
power up procedure and every six minutes thereafter,
the processeor strobes port 15 (P15} to a low state o
simulate the batiery’'s normal load when power is shut
off, then checks the output of the comparator at port
14 (Pt4). If the battery voltage drops below + 2.4V,
the comparator goes high and the processor sets an
internal flag. At power up, this flag causes an
immediate display warning for low baitery; after
power up, a reset command, storing a stored setting
or recalling a stored selling causes the warning
display cr an SRQ, depending on whether the com-
mand originates from the keyboard or the GPIB bus.
The second half of U27, acling as a comparalor,
serves as a microprocessor reset circuit. During
power up, diode CR18 is reverse biased, aliowing the
positive input to U27 (pin 5) to rise to the voltage
determined by R58 and R&0 {(approximately + 4.7V).
With CR18 forward biased, the negative input to the
comparator {U27, pin 6) rises more slowly, at the time
constant determined by R57 and C72 (about 100 ms.)
Since it takes about two time constanis for the
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negative input to charge as high as the positive input,
about 200 ms elapse before transistor Q2 is turned off
and the RESET line to the microprocesser is allowed
to rise. When power to the instrument is shut off and
the + 5V line begins to drop, diode CR18 is reverse
biased and the negative input to the comparator falls
at the same rate as the + 5V line. Diode CR19 is for-
ward biased, so the voltage at the positive input falis
more slowly. When the + 5V line falls slightly below
+4.75V, the comparator turns on Q2 and keeps the
microprocessor reset as the power continues to fall.

4.2.4 Analog interface

The analeg interface ceonsists of an anatog decoder
that decodes addresses in the analeg section of
memory, analog registers that hold digital information
for the functicn generator board, and auxiliary buffers
that route data to the auxiliary board.

4.2.41 Analog Decoder

When the microprocessor selects the analog section
of memory (ANALOG goes low), a 2 to 4 line decoder
(U14A) decodes the 32 bytes of memory from ADR3
and ADR4 into four, 8-byte blocks (ANAD-ANAZ).
ANAQ selects the digital-to-analog converter, U15.
ANAT is decoded further from ADRO and ADR1 R1 by
U14B 1o select the analog registers (ARD-AR3). ANA2
and ANAZ select registers on the auxiliary board.

4.24.2 Analog Registers

The analog registers hold the analog contro! logic for
the function generator board, ANLO-ANL27, and the
four sample-and-hold select lines. lLatched data
(DATAQ-DATAT) is strobed into registers U21 through
U24 by the falling edge of the analog register control
lines, ARO through AR3 respectively. ANLO through
ANL27 appear at the analog connector, J6,

4,243 Auxiliary Buffers

The tri-state auxiliary buffers, U28 and U29, prevent
the latched data lines from injecting noise through the
auxiliary connector (J4} to the auxiliary board by
inhibiting the buffers except when the auxiliary board
registers are being addressed. One-half of U28 (input
pins 2,4,6,8) is continuously enabled, but the signals
at its inputs do not change until the microprocessor
selects the auxiliary registers. At this time, the buf-
fered port 12 (P12} enabies the buffered data
(BDATAQ-BDATAY) and butfered address (BADRO-
BADR2) lines.

425 Sample and Hold
The sampie-and-hold section consists of the DAC
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(digital-to-analcg converter), U15, the —10.24V
reference for the DAC, and four sample-and-hoid cir-
cuits that demultiplex the DAC output to provide four
separate analog control voltages for the function
generator board.

4.2.5.1 DAC

The 10-bit digital-to-analog ceonverter, U15, contains
its own internal registers for latching data and inter-
faces directly to the latched data bus (DATAD-DATA7T).
When the microprocessor transfers data into the DAC
with ADRO high (approximately every millisecond}, the
negative transition of ANAQ latches the most signifi-
cant 8 bits from the data lines into the DAC's internal
register. A second transition of ANAQ with ADRO low
latches the least significant bits. The current output of
the DAC (U15 pin 12) is converted to a voltage output
by operational ampiifier U18A at pin 1 using a feed-
back internal 1o the DAC at {15 pin 14.

4252 —10.24V Reference

Since the DAC circuit provides an inverted program-
mable portion of the reference voltage, the reference
must be negative to get a positive output. This
adjustable negative voltage is generated by opera-
tional amplifier U168 in an inverting configuration
with a gain of less than —1 and using the highly
regulated + 15V power supply as its input. R16
adjusts the voltage for precisety —10.24V corre-
sponding to a 10 mV step for each binary step of the
DAC.

4.2.5.3 Sample and Hold

The microprocessor sequences the DAC through four
discrete voltages at about 1 ms each (4 ms for a com-
plete cycle). The four sample-and-hald circuits latch
each of these analog voltages in turn to provide the
four separate analog control voltages to the function
generator board, SHO through SH3, appearing at J6.
In the following paragraph, component designations
refer to the first sample and hold section that
generates SHO (corresponding to frequency control,
FRQ, on the function generator board). The other sam-
ple 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 from U24 pin 12 turns on
the analog switch U17A and the DAC output charges
the holding capacitor C28. Since the analog switch,
U17A, transmits a small charge from its logic input
(pin 1) to the analog output (pin 3), an inverter, U18F,
generates an opposing signal and the capacitor, C27,
injects the opposite charge to cancel the effect.
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Because these charges do not exactly coincide in
time, the result is a high-frequency bipolar spike that
must be eliminated. A two-stage filter consisting of
R18, €29, R19 and C30 accomplishes this. The
holding capacitor C28 continues to charge until the
next seguence is due. The control signal from U24
pin 12 turns anzlog switch U17A off before loading
the following circuit's DAC information at U17D. The
analog switch's high output impedance in the “'off”
state and the high input impedance of the buifer at
LJ19B maintain the voltage on the cutput of the circuit
with negligible discharge until the next cycle selects
this sample-and-hold circuit again.

4.2.6 Power Supply

Four power supply voltages, + 15V, — 15V, +5V and
+ 45V (figure 4-8) are generated on the micro-
processoripower supply circuit board. The pass
elements for each of the supplies are three-terminal
regutators (VR1, VR2, VR3 and VR4) which normally
operate with a 1.25V difference between their output
and reference terminals. The +5V and + 45V sup-
plies use very little additional circuitry. In these
simpler supplies, the reference voltages are provided
by a resistor divider.

4.2.6.1 +5V Supply

In the +5V supply (Microprocessor/Power Supply
Schernatic, sheet 3), ac from the transformer, T1
(iocated on the rear panel), is rectified by CR13 and
filtered by C56 and C57 te provide unregulated dc for
the regulator. VR3. Resistive divider R49 and R50 sets
the voltage at the reference input, pin 3, to provide an
output of +5V +5% at E2, while C58 and C59 pro-
vide additional filtering at the output of the regulator.
RE3 loads the supply to guarantee operation of the
regulator if the + 5V test jumper is removed. CR14
prevents C5% from discharging back through the
reguiator when power to the instrument is turned off,

4.2.6.2 + 45V Supply

The + 45V supply operates much the same as the
+ 8V supply except that the unregulated dc at VR4
pin 1 and the regulated output voltage (at pin 2) are
much higher. The divider, R52 and R51, sets the out-
put slightly below + 45V so the 5% tolerance of the
regulator cannot give an output greater than +45V.

4.2.6.3 =15V Supplies

The + and — 15V supplies that power the analog sec-
tions of the instrument require greater accuracy and

J1

45ACT
+ 45V
45AC2 VR4
—-—p MICROPROCESSOR
~~—— CONTROL POWER
—
-~ 5ACT
FROM +5V
TRANSFORMER 5AC2 o
J3, ANALOG POWER
15401 AND
+15V J5, AUXILIARY POWER
15AC2 VAL
> —15v
15CT VR2 >
Figure 4-5. Power Supply
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stability than the basic regulator provides, so some
additiona! circuitry is necessary. {n the + 15V supply,
the operational amplifier, one-half of U26, compares a
portion of the output voltage with a stable zener
reference diode, CR10. The op-amp’s inverted output
drives the reference input of the regulator to compen-
sate for any error in the output. Since the op-amp out-
put cannot operate within 1.25V of its positive supply
voltage, a divider, consisting of R35 and K38, allows
the ouiput to operate near ground potential. R33,
which is in series with the output of the regulator,
causes current regulation to take place at a lower
value than the internai limiting that the regutator pro-
vides. As the current through R33 reaches its limiting
value, the voltage drop across R33 reaches 1.25V, the
normal voltage difference between the regulator out-
put and reference pins. Any further current through
R33 now creates a greater than 1.25V drop that the
regulator senses at VR1 pin 3 as an overvoltage and
responds by decreasing its output voltage until the
current falls back to the limiting value. Diode CRS, in
series with the op-amp output (U286 pin 1) prevents the
op-amp from sourcing any extra current through R35
that would change the output current limit. A small
current through R34 keeps the op-amp in its operating
range up to the current limit. C89 and C70 speed up
the external regulation to match the internal reguiator.
R39 allows the output to be adjusted to precisely
+ 15V,

The — 15V supply operates similariy to the + 15V sup-
ply, but the polarities are reversed and the op-amp
tracks the + 15V supply rather than using another
zener as a reference. R47 adjusts the — 15V supply.

4.2.7 Microprocessor Software

Although a detailed description of software is beyond
the scope of this manual, some discussion of the
microprocesser operation is helpful in understanding
now the instrument functions.

Figure 4-8 shows the three main program loops for
microprocessor aperation: a fast background loop, a
stow background locp, and the parser-procedure loop.
The background loops only check registers for inter-
rupt flags set by external or timer interrupts. The
parser selects and calls procedures when the pro-
gram enters if, and returns control 1o the fast
background lcop when a procedure is finished.

4.2.7.1 Fast Background

The fast background loop inspects the three internal
registers (GPIB, keyboard and timer) for interrupt
flags {non-zero states) and then returns to its begin-
ning. If no interrupt flags are set, the entire loop takes
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only about 50 to 60 us. If a flag is set, the loop time
increases by the length aof the interrupt procedure. If
either of the first two register flags (GPIB or keyboard)
are set, the background program calls the parser.
When the parser completes an operation, it returns
the program to the beginning of the fast background
loop. If the timer register flag is set, the program
enters the slow background loop.

4.2.7.2 Slow Background

The timer flag in the fast background loop iooks for an
overflow in the 216 pit {which occurs about every
66 ms) of the timer counter (part of the microproces-
sor |C). The slow background loop then examines a
series of other registers: GPIB address change, out-
put protection flag, elapsed time (with its associated
battery test timer), a status display timer, and an aux-
iliary board status flag.

Address Change, The GPIB address change actually
compares two sets of two registers: it compares the
stored keyboard-entry address, (if enabled) with the
register in the GPIB interface and if they are different,
enters the new value in the interface; it also compares
the previously stored value of the internal address
switch with the current setting of the switch, and i
they are different, enters the new switch setting in the
switch storage location, the GPIB interface, and the
front pane! register. In addition, if the keyboard entry
is disabled, it inhibits the first comparison. The elapsed
time counter is reset at this time if the reset section of
the switch, SW1 (ETR) changes.

Output Protection Flag. The output protection flag
initiates a short routine, when set, that displays the
frant panel output protection error message, sets SRQ
in the GPIB interface, initiates an extended warning
beep by repeating 32 beep activations spaced by a
timer, and opens up al! the output relays on the func-
tion generator board.

Elapsed Time Flag. The elapsed time flag is set at 6
minute intervals by the timer. It updates the elapsed
time counter {adds 0.1 hr) and initiates the battery test
timer. The battery test routine loads the battery for
about 120 ms then checks the battery test circuit for
low battery voltage. If the battery is low, the routine
sets a flag that causes a store, recall, or reget com-
mand to display a low battery warning, give a double
beep and set SRQ.

Status Display Timer, The status display timer works
only when the instrument is set to dispiay status. At
intervals of about 1.17s, the timer flag is set and the
next background pass causes the equivalent of a cur-
gor command to the instrument, advancing the status
display.
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Figure 4-6.

Program Loops

Auxiliary Board Status. In the Wavetek 275, the aux-
iliary board status line is used to read back serial data
or monitor one o} the three status lines. The daia
source is selected by U25 on the auxiliary board in
response to commands from the microprocessor via
the buffered data bus.

4.2.7.3 Parser/Procedure

The parser handles all programming chores except
short housgekeeping routines. When the parser is
called, it examines a series of registers and decides

which routines are required, then calls the required
procedure which, when complete, returns contrel to
ihe parser. When ihe parser has scanned ali the con-
dition registers, it returns control to the fast
background. Even if their functions appear simple, the
parser and the procedures with their interpretive func-
tions make up the bulk of the program.

4.2.7.4 Interrupts

There are only two ways the processor program can
be interrupted: through {RQ {generated by the GFIB
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interface) or through an internal timer {used for all
other interrupt requirements).

GPIB Interrupts. GPIB interrupts are initiated by the
GPIB responding to GPIB bus commands. When the
interrupt oceurs, a byte is read from the GPIB inter-
face and stored in a register. The program then
returns 1o its pre-interrupt position. It is the fast
background program that actually inspects the
register and passes control to the parser, which in
turn decides what routines are called to process the
information.

Timer Interrupts. Certain subroutines are run during
fnitial power-up and periodically during the time the
instrument is on. These subroutines are initiated when
the number in the clock register (within the micro-
processor) matches the preset number in any of the
interrupt registers {within the microprocessor). Upon
completion of the subroutine, the preset number cor-
responding to the elapsed time required between suc-
cessive interrupts for the function is again added to
that interrupt register. The clock timer continues to
increment its own register, and when the number in
this register again matches the interrupt register, the
subroutine is initiated. These interrupt registers work
independently of each other and may set another
register (as in the keyboard interrupt) or they may
initiate an entire subroutine.

4.3 OPERATOR INTERFACE CIRCUIT
DESCRIPTION

The operator interface section is located con the
display circuit board, which is mounted behind the
front panel. Included are the display circuits (con-
sisting of the segment drivers, digit drivers, the fila-
ment driver, and the display), and the keyhoard cir-
cuits (consisting of the keyboard deceder and the
keyboard).

Refer to the display schematic in the back of this
manual for circuits described in the following
paragraphs.

4.3.1 Display

The display circuit consists of vacuum fluorescent
display, V1, filament driver, U8, segment drivers, U1
and U2, and digit drivers, U3 and U4, The display is
strobed on, one digit at a time, by the microprocessor.

The microprocessor controls the display multiplexing.
A1 ms timer interrupt initiates a display scan routine
that advances one digit at a time on the display and
enters the appropriate decoded drive information.
After the twentieth digit (20 ms), the microprocessor
resets an internal counter, and the digit scan repeats.

Figure 4-7 shows the digit timing sequence for the
display. The interrupt timer in the processor sets
BLANK (Port 21) low. Inverted by USE, this signal
disables all display drivers (which blanks the display)
and advances the shift register in the digit drivers, U3
and U4. After about 200 g5, BLANK returns to its high
state and the appropriate digit is enablted (GRID1-
GRID20}). When the processor's scan counter
reaches 20, it sets the digit scan position line.

During the time BLANK is low, the praocessor recalis
the digit information already decoded for the 16 seg-
ment display and stores this data in latches within
segment drivers U1 and U2. The display segment tim-
ing is shown in figure 4-8. About 120 us after the fali-
ing edge of the BLANK, the processor loads the two-
byle segment data into the segment driver registers.
DISP from the address decoder strobes the butiered
data (DATAO-DATAY) into U1 (lower order byta) or U2
{upper order byte) determined by ADRO and ADR1.
The rising edge of BLANK then enables the output
lines (ANOA-ANOQ and ANCDP) to drive the segment
anodes of the display.
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DETAIL A
Display Segment Timing

In the vacuum fliorescent display, all segment lines
are common and individual grids enable each digit.
Display filament power is provided by the driver cir-
cuit which is an IC timer, U8, configured as a 50 kHz
oscillator with a 40% duty cycle. Since the output at
U8 pin 3 swings from 0 to + 15V, the average dc level
is about +6V. This allows the grid lines to pull 6V
negative with respect to the filament, which also
serves as the cathode. Capacitor C14 acts as an ac
ground to maintain a constant dc level across the
entire length of the filament,

4.3.2 Keyboard

The keyboard section of the operator interface con-
sists of the keyboard itself, {a 45 switch array
mounted just behind the front panel overlay), and the
keyboard decoder, U6 and U7, mounied on the
display board.

The keyboard is an X-Y matrix of switches. Scanning
pulses are applied to the columns of the matrix by U7,
and key closures are detected at the matrix rows by
Us.

Every 20 ms, the processor scans the keyboard
decoder as a series oi memory locations, A 4-10-10
line decoder, U7, decodes the four low-order latched
address bits (ADRG-ADR3) to the 9-line side of the 9 by
5 switch array. It the operator presses a key on the
front panel, the closed contact aliows the appropriate
decoded address line from the inverting output of the
4-10-10 line decoder (U7) to pull down 1 of 5 puli-up
resistoers in R3. During the data valid part of the
E-clock cycle of the processor, KYBD from the
address decoder enables the tri-state buffer, U6, and

the processor reads a low at 1 of 5 bits on the
address/data bus. The processor can then cali the
appropriate routine for the key pressed. If the
keyboard scan finds no key pressed, the processor
returns to its normal routines.

4.4 FUNCTION GENERATOR CIRCUIT
DESCRIPTION

The function generator circuit board is accessible
beneath the top cover of the instrument beiow the
awing-up auxiliary board. This section includes the
VCG and trigger level circuits, the basic generator
lcop, frequency range switches, capacitance mubti-
plier, frequency compensation circuits, sync output
driver, trigger circuit with mode logic, function select
circuit including the sine converter and square logic,
X-Y multiptier, preamplifier, offset amplifier, output
amplifier and output protection circuits.

Refer 1o the function generator schematic in the back
of this manual for circuits described in the following
paragraphs.

4.4.1 VCG and Trigger Level

The VCG circuit converis a G to + 10V contici voitage
from either the microprocessor board ar the external
VCG input to positive and negative currents that con-
trol the frequency of the generator loop. The input
stage acts as a summing amplifier. The control
voltage from the processor board, FRQ (normally
between +1 and + 10V), develops a current through
R4 and R5 into the summing node, pin 2 of U2A. R4
and R5, with C1, also act as a filter for the FRQ ling to
reduce the microprocessor switching noise. The first
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stage has a gain of approximately — 0.4, so its output
at U2A pin 1 ranges typically 0.4V to — 4.0V, When
the external VCG input is used, FRQ is normally set to
OV by programming FREQ O, EXEC from the front
panel, and the voltage from the external VCG input
across R6 now determines the first stage output. CR1
and CR2 prevent excessive voltage at VCG IN from
damaging the VCG amplifier. For frequencies
between 10 MHz and 12 MHz, an overrange control,
OVR, adds a fixed 0.2 mA through R1 and R2 to
increase the maximum voltage out of the first stage
{(or current out of the entire VCG circuit). The 10 kHz to
99.9 kHz range contrgl, FR5, increases the current
from FRQ by paralleting R3 across the series com-
bination of R4 and R5. This increase compensates for
the larger relative capacitance on this range due to
the minimum triangle node capacitance (C43 and
C44) added to the smallest fixed range capacitor
{C50}. A gain adjustiment {R8) in the first stage is used
to control the top-of-range frequency. R11 controls
the first stage offset to zero the low end of the exter-
nal VCG input.

With the VCG jumper in its normal operating position
(E9 to E10), the first stage output becomes the VCV
(Voltage Control Voitage) output to the variable cur-
rent sources and the high-frequency compensation
circuit. The E10 to E11 connection, which allows the
auxiliary board toc modity the frequency control
voltage, is not used in the Wavetek 275. A simplified
schematic of the VCG amplifier is shown in figure 4-9.

The current sources operate on the following prin-
ciples:

1. The collector current of a transistor depends on
its base current and its current gain, and is rela-
tively independent of collector load resistance.

2. The base drive of a transistor can be adjusted to
provide a known reference current in a known
resistance in its collector circuit.

3. This same base drive, applied to a second
matched transistor, will cause the second tran-
sistor to have the same collector current as the
first transistor.

The negative current source is shown in the figure
4-10 simplified schematic diagram. The Voltage Con-
trol Voltage (VCV) is inverted by cperational amplifier
U2C, and drives transistor U3A to whatever value col-
lector current is required to cause the U3A collector
voltage to be equal to VCV. (At this point, both inputs
of operational amplifier U2C are at the same voltage,
and equitibrium is established.) Since the upper end of
collector resistar R22D is held at ground potential (as
will be expiained later) and the voltage at the lower
end is equal to VCV, the current through the resistor
(—1ef) is proportional to VCV. The same base drive is
applied to U3B to generate the negative current
source (~ 1), and is also applied to transistors U3C
and Q1 to generate the Trigger Holding Current (THC).

The positive current source {shown in simplified
schematic figure 4-11) operates in a similar manner,
and tracks the negative current source, Operational
amplifier U2D drives transistor U3E to whatever value
cotlector current is required to maintain a '*virtual
ground” at the junction of R22C and R22D. Since
these two resistors are in series, their currents are
equal {+tef = —lef). The USE base drive is then
applied to matched transistor U3D to generate the
positive current source (+ |} for the generator loop.

The current source circuit also generates a Trigger
Holding Current (THC) which is used to clamp the
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Figure 4-9.

VOLTAGE CONTROL VOLTAGE
{VCV) TO CURRENT SOQURCE
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Simplified Schematic Diagram, VCG Amplifier
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Figure 4.12. Simplified Schematic Diagram, THC Circult

triangle node at ground potential during the *“off”
state in the gated and triggered modes. The circuit is
shown in simplified schematic diagram figure 4-12.

The same transistor base drive that creates the
negative current source {—1) is also applied to tran-
sistors U3C and Q1, driving each transistor to a col-
lector current equal to —1. The two collectors are
connected in parallel to provide a current equal to
twice the -1 current source. This —21 current is
supplied by CR14 in the trigger circuit while the
generator is gated “on'’,

When the generator is gated “'off”’, a negative voltage
is applied to the CR14 anode. This transition always
occurs at the negative peak of the triangle waveform,
and the - 2| current is momentarily supptied by CR7.
As the triangle node rises toward ground potential, a
greater proportion of the —2( current flows through
CR8. Equilibrium is reached when the trigger hoiding
current is equal to the paositive current (+1) being
supplied to the generator ioop, and the triangle node
voltage cannot rise any further. Since the matched
dicdes CR7 and CR8 have equal currents through
them and the anode of CR7 is grounded, the voltage
drops across the two diodes will also be equai and the
triangle node will be held at ground potential. This
stops the waveform smocthly at the leading edge and
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ensures that at least one complete cycle will be
generated every time the generator is triggered.

R23 adjusts the positive current source to precisely
match the negative current and therefore maintain
waveform symmatry. R12, which adjusts the low end
frequency, sets the offset of the positive current
amplifier, U2D, to match the offset of the negative
current amplifier, U2C. R15 adds or subtracts current
through the reference string 1o balance symmetry at
low currents. The 8.2V zener diodes, CR4 and CRS8,
allow U3 pins 14 and 1 to approach the positive and
negative supply rails respectively. Diodes CR3 and
CRS prevent latch-up.

The trigger level amplifier consists of an operational
amplitier (U2B) in an inverting configuration that
translates the trigger level control voltage from the
microprocessor board (TRL, 0 to + 10V) to the leve!
used at the trigger comparater {TLO, + 10 tc — 10V).

4.4.2 Generator Loop

The Generator Loop, shown in simplified schematic
figure 4-13, produces simultaneous square and
triangular waveforms. The triangular waveform is
generated by alternately charging and discharging a
timing capacitor from adjustable constant-current
sources. The value of the selected timing capacitor
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Figure 4-13. Simplified Schematic Diagram, Generator L.oop

determines the frequency range of the loop. Within
any range, frequency is determined by the magnitude
of the +) and —1 currents from the VCG circuit.
Charging the capacitor from a current source gives a
linear voltage change with respect to time, instead of
the exponential curve that would result if a resistor
were used.

The comparator monitors the amplitude of the triangle
wave, and when it reaches the comparator threshold,
the comparator changes states. The state of the com-
parator output determines the polarity of the com-
parator threshoid and the direction of the capaciior
charge/discharge current. The comparator output is
also used to generate the square wave output.

Magnitude of the comparator threshold is determined
by the value of the +COMP and — COMP currents
from the high frequency compensation circuit. The
positive or negative current selected by current
switch CR25-CR28 flows through R75, and the voltage
drop across R75 becomes the comparator threshold

voltage. The high frequency compensation circuit
reduces the +COMP and — COMP currents on the
three highest frequency ranges to reduce the com-
parator threshold voltage to compensate for switching
delays.

Operation of the diode current switch is illustrated in
simplified schematic diagram figure 4-14. In this
simplitied schematic, voltage drops across the
forward-hiased diodes are assumed to be 0.6 volts,
and the voltages shown are not intended 1o represent
exact circuit voltages. Although this diagram shows
the CRi7-CR20 curreni switch, the same principies of
operation also apply to the CR25-CR28 circuit.

The current switch has three inputs and one output.
The inputs are the positive and negative currents (buf-
fered by Q4 and Q5) and the control voltage; the out-
put is the switched current. The magnitude of the con-
trol voltage must be greater than the voltage at the
output that is caused by the switched current flowing
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Figure 4-14. Simplified Schematic Diagram, Current Switch

through the external load. In this example, voltage at
the triangle node (TRN) will not exceed +1V before
the comparator changes states and causes the
voitage to move in the opposite direction.

With the control input at + 2V, CR18 and CR19 are
reverse biased. Current flows from the +1| source
through CR17 into the timing capacitor, and from the
control line through CR20 into the negative current
source. With the control line input at — 2V, CR17 and
CR20 are reverse biased. Current flow is from the +1
source through CR18 into the centrol tine, and from
the timing capacitor through CR19 to the —| source.

The CR25-CR28 current switch operates in a similar
manner. Voltage at the output of this switch is fimited
to =1V by the 3 mA maximum value of the current
and the 3320 resistance of R75.

For the remainder of the circuit description of the
Generator Loop, refer to the complete schematic
diagram.

The comparator is made up of current source Q10,
differential pair Q9 and Q11, and a second differential
pair, Q8 and Q12. As the rising ramp of the triangle
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wave al the base of Q11 reaches the positive refer-
ence level (+1V) at the base of Q9, Q11 of the dif-
ferential pair turns on as Q9 turns off. CR29 and CR30
increase the transistor switching speed by limiting the
signal swing at the collectors ¢f Q9 and Q11 1o about
0.7V. As Q9 and Q11 switch, they also cause the
second differential pair, Q8 and Q12, to switch.
Resistors R72 and R84 increase the switching speed
of Q8 and Q12 respectively by providing a small cur-
rent which keeps them from turning entirely off. As Q8
switches 1o its relatively “'off”” state, current through
R73 decreases and the collector of Q8 falls to its low
state, about — 1.6V, determined by the current drain
through R71. The coliector of Q8 drives the switch
butfer; the square buffer is driven by Q12 in the
opposite side of the comparator. These two stages
have different values of collector and emitter resistors
to match the output requirements of the associated
buffers,

The switch buffer (Q6-Q7) is a push-pull emitter
follower biased on by the voltage drops across CR22
and CR23. The output is a +2 2V square wave that
drives the two current switches in the generatar loop.
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The square buffer {Q13-Q14) is similar 1o the switch
bufier circuit, except that resistor values are tailored
for a 0 to + 5V output. This signal, SQB, is used to
drive the sync driver and trigger circuits. The SQB
signal is attenuated by R100 and R101 to provide the
SQS signat used by the square logic and the auxiliary
board. A highly differentiated portion of the SGB tran-
sient is coupted through C35, C36 and C27 to the
triangle node to counteract switching transients
which are coupied through the current switch diode
bridge.

The alternating linear ramp (triangie wave) at the
triangle node is butfered by the triangle buifer, a high
speed FET input voltage follower. This circuit consists
of Q15, acting as a source follower, and Q186, acting
as an emitter follower. The voltage difference
between the input and output of the circuit is centroll-
ed by maintaining the current through Q15 so that the
gate-source voltage is equal and opposite to the base-
emitter drop of Q16 and the two voltages cance! each
other. The current through Q15 is initially set by
adjusting R99, the NODE DC adjustment, after which
the de amplifier in the frequency compensation circuit
maintains this adjustment through the constant cur-
rent source, Q17, to compensate for temperature
changes in Q15.

4.4.3 Frequency Range Switches

The selected range capacitor determines the fre-
quency range from 100 Hz to 12 MHz. Each range
normally covers 10% to 99.9% of full scale.
Capacitance for the highest frequency range consists
of all the stray capacitance on the triangle node
added to C43 (the 1 MHz adjustment capacitor) and
C44, which brings the totai to 100 pF. The next range
switches in an additional 900 pF, made up of C46, C47
and the 100 kHz adjustiment C45. The next three
ranges switch in successive matched capacitors of
0.01xF (C50), 0.14F {C52) and 1.0pF (C54).

Each range capacitor is switched in by a logic level
signal from the microprocessor board. For exampie,
when FRé (Frequency Range from 0.1 MHz to 1 MHz)
goes low, it turns on Q18, which sources about 30 mA
through R124 and diodes CR36 and CR37. When
CR37 is forward biased with this amount of current, its
impedance to ground is less than 21, and the range
capacitor made up of C45, C46 and C47 is effectively
connected to ground. When this range is not selected,
FR6 is high, turning off Q18 and allowing R125 1o pull
the anode of CR36 t¢ —15V. The voltage divider,
R121 and R122, pulls the anode of CR37 1o —7.5V
through the 10 MQ resistor R123. Reverse-biased
CR37 now provides an essentially infinite impedance,
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Figure 4-15. Simplified Schematic Diagram, Capacitance Multiplier
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effectively disconnecting the range capacitor. The
other range switches operate in exactly the same
way.

4.4.4 Capacitance Multiplier

The capacitance multiplier extends the low end fre-
guency range by drawing off (through R118) most of
the charging current to and from the largest range
capacitor, C54. The circuit is shown in simplified form
in figure 4-15. The USB output waveform is a triangle
wave superimposed on a square wave. The square
wave component determines the polarity of the
voltage across R118, and therefore the direction of
current flow through this resistor. The triangle compo-
nent maintains the magnitude of the R118 voltage and
current constant to maintain linearity of the triangle
node waveform.

The sguare wave component is generated by differen-
tialing the triangle wave. The triangle wave is
amplified by USA, then differentiated by C40 and U9B.
UGB also sums the triangle wave at its non-inverting
input with the square wave. The resulting output is
applied to the triangle node through R118.

The capacitance multiplier is switched in at frequen-
cies below 100 Hz by a logic low on the CPM control
line. The proportion of capacitor charging current is
determined by the range resistors. FR2 selects R111
(plus the 99.9 Hz adjust, R112) and decreases the
capacitor charging current to 10% of its normal
value. Each successive decade of added resistance
decreases the capacitor current to 10% of its
previous range. R105 adjusts the overall calibration of
the capacitance multiplier by adjusting the gain of the
first amplifier, and R117 adjusts the capacitance
multiplier symmetry by adjusting the offset of the
second amplifier,

4.4.5 Frequency Compensation

The Frequency Compensation circuit contains the
high frequency compensation, which reduces the
Generator Loop comparator threshold on the three
highest frequency ranges to compensate for com-
parator switching delays, and the dc amptifier circuit,
which dynamically conirols the d¢ offset in the
triangle buffer.

The high frequency compensation circuit is shown in
simplified schematic diagram figure 4-16. This circuit
generates the two adjustable constant currents
(+ COMP and — COMP) that alternately flow through
R75 in the comparator circuit in the Generator Loop to
develop the comparator threshoid voltages. On the
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lower frequency ranges, these currents each have a
fixed value of 3 mA. On the three highest ranges, the
currents are reduced in proportion to both the range
selected and the programmed frequency within the
range,

On the lower frequency ranges, the range switches
are all open, and voltage divider R53, R50, R52
develops a voltage of + 7.5V at the junction of R53
and REQ. This voltage is applied te the non-inverting
input of operaticnal amplifier U7B, which drives the
source of Q2 (and the inverting input of U7B) to the
same voltage. The resuiting + 7.5V at the junction of
R56 and R54 causes a current of 3.75 mA in R56 and
0.75 mA in R54. The difterence of these two currents
is the 3 mA +COMP current.

U7A and Q3 track the positive current source to
generate a negative current {— COMP) of equal
magnitude. U7A monitors the voltage at the midpoint
of R54 and RS57, which are connected in ‘series
between the source of Q2 and the source of Q3. As
U7A acts to keep its two inputs at equal voltages (and
the midpeint of the resistors at ground potential) it
drives the Q3 source 1o a voltage equal in magnitude
and opposite in polarity to the voltage at the Q2
source. The Q3 source voltage determines the cur-
rents in R57 and the series combination of RS9 and
RE0. The difference of these two currents is the 3 mA
— GOMP current, .

QOperationat ampiifier U7C converts the negative
Voltage Control Voitage (VCV) to a voltage that is
positive in proportion {within any frequency range) to
the programmed frequency. Although the range of
this voltage is OV to + 8V, it will normally be above
+ 0.6V except at the bottormn end of the lowest fre-
quency range. On the top three frequency ranges, one
of the solid-state range switches is closed by a logic
low on its contral line, connecting this voltage through
one of the range resistors (R42, R43 or R47) to the
R53, R50, R52 voltage divider. This raises the voltage
at the junction of RS3 and R50, causing the absolute
values of the Q2 and Q3 source voltages to increase
and the source currents to decrease. The result is a
decrease in the + COMP and — COMP currents pro-
portional to both frequency range and programmed
freguency within the range.

R44 causes a small voltage change in the output cur-
rents proportional to VCV to compensate for a small
non-linearity in frequency tracking. R60 balances the
triangle waveform, white R45 and R46 allow adjust-
ment of frequency on the top two frequency ranges.
Zener diodes CR15 and CR16 (not shown on the
simplified schematic) act as level shifters to allow the
operational amplifier outputs to operate near ground
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Figure 4-16. Simplified Schematic Diagram, High Frequency Compensation

potential while the gates of Q2 and Q3 operate closer
to the supply voltages.

The d¢ ampiifier keeps the output of the triangle bufier
at the same dc level as the input by varying the cur-
rent through the constant current source, Q17, and
therefore through the input FET, Q15. It does this by
-comparing highly filtered signals at the operational
ampiifier inputs, U7D pins 12 and 13, and varying the
current through R104 tc compensate for errors.
Below 100 Hz, DCA switches out filter capacitors C17
and C58; this altows U7D pin 14 direct control of the
current through R104, thus giving greater accuracy,

4.4.6 Sync Driver

The Sync Driver is a double emitter follower that buf-
fers the generator loop’s sguare output, SQB, to pro-
vide a synchronizing signal for the instrurent.

Transistors Q26 and Q27 are biased on by the voltage
drop across CR52 and CR53. R171 and R175 provide
about 4 mA through the dicdes, and resistors R173,
R181 and R183 balance the current so the transistors
aiso have about 4 mA through them. The small emitter
resistors also prevent thermal runaway. Coliector
resistors protect the transistors from overvoltage at
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the output connector, and capacitors C70 and C71
prevent large signhal swings at high frequencies that
would reduce the gain of the transistors and add noise
to the circuit,

4.4.7 Trigger Circuit

The trigger circuit allows the instrument user to trig-
ger or gate the generator from an external signal of
widely varying characteristics with a fixed and stable
delay between the trigger source and the resultant
generator output.

Trigger comparator U4 compares the level of the trig-
ger input with the reference level {TLO) programmed
in the generator. The comparator output goes to a
logic low at U4 pin 9 if the trigger input becomes
greater than the reference level and positive trigger
slope { + TR) has been selected, or it goes 1o a logic
low at U4 pin 11 if the trigger input becomes less than
the reterence level and negative trigger slope (~ TR)
has been programmed. A logic low transition at either
comparator output will cause a logic high at the pin 8
output of NAND gate USC,; this positive-going transi-
tion clocks the remainder of the trigger togic.

In the Wavetek 275 the output of the trigger com-
parator at USC is always routed through the auxiliary
board, and the TRIG JUMPER is connected from £13
1o E14. This jumper must never be connected from
E12 to E13, as this will place the output of NAND gate
USC on the function generator board in parallel with
the output of UBB on the auxiliary board.

Refer to Figure 4-17, Simplified Schematic Diagrarmn,

Trigger Circuit Mode Logic, for the following discus-
sion. The trigger circuit is enabled by a logic high on
the MCQ line. Selection of triggered or gated mode is
performed by logic line MC1; the line is low for trig-
gered mode cr high for gated mode.

In the triggered mode, only one cycle of generator
output is enabled for each trigger pulse applied. A
legic tow on mode control line MC1 disables NAND
gate USD. The high level on the output of UsD
disables the direct SET input of flip-flop UBB and
enables NAND gate U5B. A positive logic transition at
trigger jumper terminal E13 clocks flip-flop UGB to the
“set”’ condition, causing the Q output to go low. This
low is applied to the direct CLEAR input of UBA, giving
a logic low at the UBA Q output. The low at UBA-Q
causes a high at the output of NAND gate US5A,
reverse biasing diode CR8 and allowing the generator
loop to oscillate. The first positive transition of SQB,
90° later on the triangle waveform, is inverted by
NAND gate USB and applied to the CLEAR input of
U6B to clear the Q output high, thereby removing the
low from the CLEAR input of UBA. The next negative
transition of SQB is inverted by U5B, and clocks UBA
to the “'set” condition. The high at USA-Q causes the
output of gate U5A to go low, forward biasing diode
CR8 and stopping the triangie osciflation on its rising
edge.

In the gated mode, the generator output is continu-
ously enabled for the entire duration of the applied
trigger signal. A logic high on mode control line MG
enables NAND gate USD, causing the U5D output to
be low whenever the E13 trigger level is high. Opera-
tion in the gated mode is the same as in the triggered
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Figure 4-17. Simplified Trigger Circuit Mode Logic Schematic Diagram
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mode except that during the time that the E13 trigger
level is high, the resulting low at the USD output witl:

1. Hold flip-flop U8B in the *'set” condition via the
direct SET input.

2. Disable NAND gate USB, preventing the SQB
signal from clearing U6B and clocking USA until
atter the trigger signal is removed.

Resistors R29, R303, R34, R31 and R32 divide the
reference (TLO) and input (TRIG IN) voltages by a fac-
tor of 4 to bring them within range of the U4 com-
parator. Diodes CR9, CR10 and CR11 protect the U4
comparator from excessive voltage at the trigger
input. Resistors R33 and A35 provide a small amount
of hysterisis at the U4 comparator input o prevent
false triggering on noise.

4.4.8 Function Select

The function select circuit connects the gine, triangle
or square {(all disconnected in dc or the arbitrary
waveform functions) to the current input of the X-Y
multiplier.

The sine wave input is created from the triangle buffer
output, TRB, by the sine converter which uses the
logarithmic response characteristics of semiconduc-
tors diodes to approximaie a sine wave current out-
put. The SIN DIST A adjustment, R142, adjusts the
converter input for diode forward voltage variation.
The six diodes in U11 give a three stage sine approx-
imation using very closely matched characteristics of
the diodes. Two adjustments, SIN DIST B and SIN
DIST C (R154 and R157), batance between stages for
positive and negative peaks respectively. The current
output is switched through FET switch U12A when
SIN is selected.

The triangle level control (R148), provides an
adjustabte current to FET switch, U12C controtled by
TR!. Both the triangle and sine FET switches provide
increased isolation by shorting the FET switch input
(with Q25 and Q22 respectively) when the switch is
off.

The square jogic selects which rectangular waveform
is fed 1o the square shaper. A logic high on the SGR
contret line selects the uninverted SQS sguare wave,
while a high on the SQR line selects the SQS signal
after it has been inverted by U13C. A iogic high on the
external width control line (EXW) selects the output of
the trigger circuit, TRGI.

The pulse input, PLSI, and associated control lines
PLS and PLS are not used in the Wavetek 275.

The square shaper converts the TTL level signai at
U13A pin 3 to =1 mA. I1 shifts the TTL signal and uses

it to switch current sources through a diode switch
(CR48 through CR51) and into the FET switch U12D
{controlled by RCT). The current sources for upper
and lower levels of square waves are independently
adjustable by R164 and R168 respectively.

4.4.9 X-Y Multiplier and Oftset

4.4.9.1 X-Y Multipller

The X-Y multiplier is a precision voltage-controtied
amplifier that drives the preampiifier with a signal
level directly proportional to the amplitude control
voltage (AMP) from the microprocessor board.

As shown in the figure 4-18 block diagram, the X-Y
multiplier consists of five major circuit groups:
Logarithmic signal compressor, variable gain signal
amplifier, logarithmic dc reference, variable gain
reference amplifier, and dc amplifiers. The input
signal (XYl or EXT IN}is logarithmically compressed in
U18A, then amplified by variable gain signal amplifier
U19A. Because the control voltage vs. gain
characteristic of the variable gain amplifier is not
linear, the remainder of the circuit is required to con-
vert the input amplitude control voltage (AMPF) to a
modified gain control voltage.

U18B generates a dc reference voltage proportional
to the logarithm of the difference of two currents. This
reference voltage is amplified by variable gain
reference amplifier U198 and fixed gain dc amplifiers
Ut7A and U170, then compared to the amplitude
control voltage (AMP) by U17B. U17B provides the
modified gain control voltage to both variable gain
amplifiers, and adjusts the gain of the reference
amplifier upwards or downwards as reguired until the
amplified reference voltage is equal to the input
amplitude control voltage {AMP). The same modified
gain control veltage that controls the gain of the
variable gain reference amplifier is also applied to the
variable gain signal amplifier.

The logarithmic signal compressor (U18A) consists of
a differential transistor pair connected as diodes. One
side of the differential pair is connected to ground, the
other side to the XY} signal input and also, via R300, to
the external input, EXT IN. Each side of the differential
pair is biased to about 3 mA (the optimum diode cur-
rent for logarithmic compression} by the current
source transistor within the IC. The input signal cur-
rent (£1 mA) on the XYI line causes a small ac
voltage across the dicde that varies approximately as
the logarithm of the total current. This voltage also
drives one base of the output differential pair (U19 pin
2), while the other base is approximately at ground
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Figure 4-18. X.Y Multiplier Block Diagram

potential, adjusted by the muitiplier distortion adjust-
ment, R255. The current source transistor in the out-
put stage {(H19 pin 3} is driven by the modified gain
control voltage. Maximum output from the stage
occurs with a maximum total bias current of 8 mA,
less bias current produces less output.

The logarithmic dc reterence (U18B) is configured
much the same as the logarithmic signal compressor
described above. Total bias current through the dif-
ferential pair is fixed at 6 mA, but is unevenly split,
with 4 mA through one side and 2 mA through the
gther side (limited by R242 and R243). This cor-
respends to the current ratio in the signal compressor
during peaks of the signal, when the instantaneous
peak signal current of 1 mA adds to the 3 mA dc cur-
rent in one half of the differential pair and subtracts
from the 3 mA dc current in the other haif, The de
reference vollage is taken from U138 base and collec-
tor terminals 8 and 9.

A simplified schematic diagram of the variable gain
reference amplifier and associated dc amplifiers is
shown in figure 4-19. The input amplitude control
voltage {AMP) drives U17B (pin 5), which in turn drives
the base {pin 11) of the current source transistor in
L19B. The base of one side of the differential pair
{U19 pin 8) is connected to ground through a resistor;
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the base of the other side of the pair (U198 pin 8) is con-
nected to the log dc reference voltage. These base
voltages will maintain the currents in the differential
pair in the ratio 1:2 regardiess of total current flow
determined by the current source transistor. The col-
lectors of the differential pair are connected to the
inverting inputs of operational amplifiers U170 and
U17A (pins 13 and 2). These inverting inputs are *‘vir-
tual grounds’; because the non-inverting inputs of
these amplifiers are grounded, each amplifier will pro-
vide whatever output level is required to keep its two
inpuis at the same voltage level. The value of resistors
R256 through R258 were chosen so that with € mA
through the current source transistor in U128

1. 2 mA flows through R256 from U17D pin 17 to
U19B pin 7.

2. 2 mA flows through R257 from U170 pin 14 to
U19B pin 8,

3. An additional 2 mA flows from U17A pin 1 through
R258 to U19B pin 8.

4. The voltage at the output of U17A (pin 1} is 10
Vdc, which exactly equals the 10 Vdc external
AMP input, maintaining the inputs of U17B (pins 5
and 6) at equal voltages,
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Figure 4.19. Variable Gain Reference Amplifier

With input amplitude control voltage (AMP) less than
10V, all voltages and currents in the circuit are pro-
portionately less.

The output of the circuit is the modified gain control
voltage at the output of U178 (pin 7). This voltage is
used to control the variable gain signal amplifier.

Fixed bias for both sections of U18 is provided by
R248, CR52 and CR60. CR61 performs a level shifting
function, allowing the base terminals of U19 (pins 3
and 11) to operate near the negative supply voltage
while the output of U17 {pin 7) operates closer to
ground potential.

The X-Y muitiplier circuit contains four calibration
adjustments: R241, R242, R251 and R255. Adjust-
ment procedure for these controls is given in the
CALIBRATION section of the manual.

4.4.9.2 Offset Circuit

The offset circuit is a fevel translator that converts the
0 to + 10V input from the microprocessor board {OST)

intoa +5to —5 Vdc signal that sums into the output
amplifier. Any offset caused by the operational
amplifier at U17C pin 8 is corrected by the offset zero
adjustment, R237. The output of the amplifier is then
adjusted for dc offset by the offset adjust, R208,

4.4.10 Preamplifier

The preamplifier takes the differential current output
of the X-Y multiplier from U19 pins t and 14 and con-
verts it to a single-ended voltage output at the ancde
of CR54. The voltage at the inputs of the differential
stage (U15 pins 3 and 18) must be maintained at
about + 0.7 volts to bias the input transistors whose
emitters are at ground. The emitter of the transistor at
U15 pin 8 provides the current to maintain this
voftage. The current can be as high as 6 mA or as low
as 0.06 mA, depending on the current required by the
output stage of the X-Y multiplier. Added to this cur-
rent is the bias current for the preamplifier itself,
about 1 mA each through the feedback resistor
strings consisting of the 7508, 0.1% resistors R189
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and R1982, and R194 and R198. The full-scale current
output of the X-Y multiplier is =1 mA in each leg of
the output differential stage, and this current is
translated into a +0.75 Vac signal at U15-8 and a
+ 1.5 Vac signal of the opposite phase at the CR54
anode. PNP transistors Q28 and Q29 act as constant
current sources for the input stage collectors (U15-2
and U15-1 respectively) and they also act as an ag
bootstrap through coupling capacitors C76 and C79.
The emitter follower stages, U15-8 and U15-11,
isolate the collectors of the input stages to provide a
low impedance output.

4.4.11 OQutput Amplifier

The output amplifier is an inverting and summing
amplifier with a gain of about — 8.67 far the ac signal
from the preamplifier. The amptifier operates dif-
terently for high-frequency signals than for low-
frequency signals; high-frequency signals couple into
the symmetric emitter followers Q30 and Q31 through
capacitors C90 and C81 respectively. The emitter
followers then drive the symmetrical inverter stage
consisting of Q32 and Q33. Diodes CR55 and CR56,
with the 102 resistor, R219, provide a bias current
through the output stage of Q34, Q35, Q36 and Q37 to
increase output speed by keeping the transistors
always on. The 10 emitter resistors, A227, R228,
R231 and R232, balance the current through the
parallel output stage transistors to improve their
power handling capability. The output signal {(+ and
— 10V, maximum) is fed back through resistors R223
and R217 in series to the input. The trim capacitors,
C97 {output amplifier peaking) and C122 {output
amplifier roll-off), adjust the amplifier high speed
characteristics by rolling off or peaking the feedback
signal respectively.

The low-frequency {and dc} path in the output
amplifier is through the transistor array, U16, con-
nected as an operational amplifier. The positive out-
put of the differential input stage (U16-3) is inverted at
U16-8. This signai decreases the current through tran-
sistor Q32 and the signal at its collector falis until the
fed back signal balances the input, either ac (through
R207) or offset (through R208 and R209). The PNP
transistors in U186 balance the current through the dif-
ferential input pair and provide a high impedance load
for the first stage output. Capacitor C86 decreases
the speed of the low-frequency section at high
frequencies.

4.4.12 Output Protection and Attenuator

There are three output amplifier protection
safeguards to protect this circuit against major
damage under the severest accidental misuse,
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including accidental connection of line power to the
FUNC QUT connector. These safeguards are:

1. An overvoltage sensing circuit that detects
voliages that exceed the =15V limits at the
FUNC QUT connector. When an overload is
detected, the circuit opens all relays in the output
attenuator circuits and disconnects the amplifier
from FUNC OUT.

2. Anin-line fuse to protect the amplitier in case the
voltage is great enough to arc across the relay
contacts. Sheuld the fuse blow, a sensing circuit
alerts the microprocessor.

3. Two voltage-limiting, high current diodes (CR57
and CR58) at the amplifier output that prevent an
externally applied veltage from pulling the
amplifier output line beyond the range of the
=+ 15V supplies.

4.4.12.1 Overvoltage Sense Circuit

The overvoltage sense circuit compares the voltage
at FUNC OUT {through isclating 1 M resistors R298
and R299) with the + 15V power supplies at U20pin 4
and U20 pin 6 respectively. If the voltage at FUNC
QOUT goes higher than + 15V or lower than — 15V, the
appropriate comparator output (U20 pin 2 or U20 pin 1
respectively} goes negative. Since the outputs are
wire-ORed, when either output becomes negative it
drives the comparator cutput at U20 pin 14 positive.
This turns off Q38 and opens all relays to disconnect
the amptifier from the output. The positive level at U20
pin 14 alsec signals the micropracessor (via the OAP
line} that the output pratection circuit has been
aclivated. The microprocessor immediately signals
the operator through the front panel display, the
beeper and the GPIB. Removal of the external over-
voltage immediately returns the output to its previous
state and normatl operation is resumed. The response
af the relays is usually fast enough to prevent any
damage whatsoever to the output amplifier with over-
voltages up to 200 Vdc or 140 Vac.

4.4.12.2 Fuse Protection

Voltages greater than +200V may cause the relay
contacts to arc and conduct. If such a condition
occurs, a tast-acting fuse, F1, will generally blow soon
enough to prevent, ar at least minimize, damage to
the instrument. A fuse sense circuit detects when the
fuse is blown by pulling the ocutput side of the fuse
toward + 15V through 1 M resistor, R288. Hf the fuse
is open during power-up or reset {K1 off}, the sense
point rises higher than the amplifier output woutd nor-
mally let it go and the comparator output at U20-13
goes high if that voltage rises above +13.6V. The
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Figure 4-20. Output Attenuator Relay States
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microprocessor samples the logic levels at the fuse-
blown indicator line {FUB) and signals the operator
through the front panel display and the GFPIB bus.

4.4.12.3 Qutput Attenuator

All three output relays (K1, K2 and K3) are
independently driven by Q39, Q40 and Q41 and con-
trolled by logic lines QAQ and OCA2 from the micro-
processor. OAQ determines whether or not the output
amplifier is connected, while QA2 switches the
attenuator in or cut. K2 and K3 both operate from the
OAZ line, and operate opposite of each other (when
one is on, the gther is always off).

There are five possible combinations of operating
states for the three relays. They are:

1. Overvoltage circuit tripped (Q38 turned off).
2. QUTPUT OFF (0) made.

3. OUTPUT ON (1) mede, na attenuation. Quiput
voltages (amplitude + offset) programmed for
greater than 1.00V.

4. OUTPUT ON (1) mode, 20 dB attenuation. Qutput
voltages (amplitude -+ offset) programmed for
1.00V or less.

. OUTPUT OFF, LO Z (2) mode. Qutput terminated
in approximately 50 ochms.

Relay states for these five conditions are shown in
simplified schematic diagram Figure 4-20. In this
figure, R289-R292 and R295 are shown as a single
504 resistor; R293, R2%84, R286 and R297 are shown
as a single 55.612 resistor.

4.5 AUXILIARY BOARD CIRCUIT DESCRIPTION

The auxiliary hoard contains four major functional cir-
cuit groups. These are:

1. The arbitrary waveform generator, which
generates a user-defined waveform from data
stored in an internal RAM.

2. The burst counter, which enables the generator
output for a predetermined number of output
cycies when the burst mode is selected and the
circuit is triggered.

3. The frequency synihesizer, which generates fre-
quencies used to clock the arbitrary waveform
generator when an arbitrary wavefarm function is
selected, or to internally trigger the instrument
when internal trigger and a non-arbitrary function
are selected.

4. The data registers, which store data from the 8-bit
data bus to drive 79 of the internal data and con-
trof lines.
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4.5.1 Data Registers

The data register circuit consists of address decoders
U18 and U19, and data registers U3-U5, U14-U17,
U31-U32 and U34. The address decoders are enabled,
one at a time, by a logic low on either the ANA2 or
ANAS3 line (J16 pins 12 and 13.) The selected decoder
provides a logic low on one of its eight output lines;
the output line selected is determined by the binary
value of the three input address lines. For example, an
address of 000" selects output 0, while an address
of 1117 selects output 7. Four of the 16 cutputs are
used directly as controi or clock lines; two of the out-
puts are not used, and the remaining ten cutputs are
used to latch data into the data registers.

The ten data registers are octal type 'D" flip-flops
that latch data from the buffered data bus (J16 pins 1
through 8) onto the register output pins, where it is
continucusly available to the remainder of the circuits
on the board. Each register is clocked by the micro-
processor and address decoder at a time when the
data on the buffered data bus is valid for that parti-
cular register. Clocking occurs on the rising edge of
the clock pulse, at the end of the momentary low on
the clock line.

4.5.2 Burst Counter

The burst counter enables the function generator or
arbitrary waveform generator for a predetermined
number of cycles when the burst mode is selected
and the circuit is internally or externally triggered. The
four circuit groups within the burst counter are the
trigger select logic, the burst clock select gates, the
burst logic and the preset counter. Figure 4-21 shows
a simplified functional block diagram of the burst
counter circuit.

The trigger select logic determines whether the burst
logic will be triggered externally from the ocutput of the
trigger comparator on the function generator board
via the TRGO line, or internally from either the output
of the frequency synthesizer (via the SYNTH line) or
the square wave output of the function generator (via
the SQS line). The selected trigger source (TRGOB) is
also supplied to the arbitrary waveform generator for
use in seme of the non-burst modes.

The burst clock select gates allow the burst counter to
count either the SQS sguare wave output of the func-
tion generater or the STOP signal from the arbitrary
waveform generator. This STOP signal occurs at the
end of every arbitrary waveform cycle.

The preset counter counts the number of waveform
cycles that occur during the burst. When the predeter-
mined number of cycles have been counted, the


https://www.manualsplus.com/

TRGOB  SELEGTED TRIGGER
—» TO ARBITRARY
WAVEFORM GENERATOR
FROM FUNGTION GENERATOR __TRGO oot
SELLLIN e BcA  BURST COUNTER OUTPUT
TRIGGER CIRCUITS yi  |SELECTEDTRIGGER|  M8.UM2 L " & TO FUNCTION GENERATOR
FROM FREQUENGY  SYNTH | TRIGGER » TRIGGER CIRCUITS AND
SYNTHESIZER ———> SELEGT ARBITRARY WAVEFORM
LoGI6 . = y GENERATOR
&)
SQs 9 g
— )
Q Q
o] 19
FROM FUNCTION i i
GENERATOR BOARD ~ | 2 Z ©
2 3 =
SQ8 Uz & Q4 L
' T
FROM ARBITRARY STOP | o e aares u7-u11, U13
WAVEFORM GENERATOR PRESET
COUNTER
B0-B19
PARALLEL
LOAD DATA

Figure 4-21. Simplified Functional Block Diagram, Burst Counter Circuit

counter circuit signals the burst logic via a logic low
on the "‘end-of-count’ line.

The burst togic, when triggered in the burst mode,
gates the selected burst clock source through to the
counter circuit and latches the burst counter output
line (BCA) high for the duration of the count. If burst
mode is not selected, the burst logic gates the
selected trigger input (TRGOB) directly through to the
output line (BCA). The BCA line is routed to the
arbitrary waveform generator, and also to the
remainder of the trigger logic on the function genera-
tor board via the TRGI line {J15 pin 7.}

The trigger select logic uses an 8-input multiplexer,
U1, to select one of three trigger sources. U1 selects
the input that corresponds to the binary value on its
three address lines. Only four of the eight inputs are
used, and the most significant bit address line (pin 9)
is permanently grounded. An address ot 000"
selects the function generator SQS waveform at pin 4.
A value of "'001" selects the frequency synthesizer
output at pin 3. A value of “'010" or **011"" selects the
external trigger signal TRGQO at either pin 2 or pin 1,
which are wired in parallel. The output from pin 5 is
applied to the burst logic.

The burst cliock select gates {U2A through U2D)

select either the SQS output of the function generator
or the STOP pulses from the arbitrary wavelorm

generator for application to the burst logic and
counter clock. A logic high on the BURST CLK SEL
line enables NAND gate U2B, andg is inverted by U2D
to disable U2A. A logic low on the control line disabtes
UZB and enables U2A. U2C combines the output of
the selected gate with the constant fogic high from the
disabled gate, and re-inverts the selected signal to the
original polarity. R1 and C4 filier undesired switching
spikes from the STOP line to prevent false clocking.

The preset counter is composed of presettable 4-bit
binary counters U7 through U11, and terminal ccunt
detector NAND gate U13. When the preset counter
receives clock pulses from the burst logic, it preloads
data from the data registers then counts pulses from
the burst clock select gates, counting upwards from
the preloaded value. When the final count value is
reached, the circuit commands the burst logic to
return the BCA output line tow.

Although U7 through U11 are capable of counting to
1,048,575 (220 1), the maximum count is limited to
1,048,200 by terminal count detector U13. The binary
equivalent of 1,048,2001s 23 + 27 + 29 + ... +279,
and only those counter output lines are monitored by
U13. (Note that some of the counter outputs are not
used.) The binary number that will be loaded from the
data registers into the preset counter is this maximum
count minus the desired count plus one. (The burst

4-29


https://www.manualsplus.com/

logic will aiways allow one exira cycle after the preset
counter reaches maximum count.)

At maximum count, ali of the U13 inputs are high, and
the output is low. This logic low is applied to the
counter LOAD inputs, and also to the burst logic. The
aflowable combinations of burst counter trigger and
clock are as follows:

1. Fora non-arbitrary waveform with internal trigger,
the burst counter is triggered by the synthesizer
and counts the function generator output (SQS).

2. For an arbitrary waveform with internal trigger,
the burst counter is triggered by the function
generator (SQ8) output and ceounts arbitrary
waveform cycles via the STOP line. {In the
arbitrary waveform modes the synthesizer is used
to clock the arbitrary waveform generator and is
not avaitable for internal triggering.)

3. For a non-arbitrary waveform with external trig-
ger, the burst counter is triggered by the trigger
comparator output line {TRGO) and counts the
SQS function generator output.

4. For an arbitrary waveform with external trigger,
the burst counter is triggered by the TRGO line
and counts arbitrary waveform generator STOP
pulses.

The microprocessor will not select illogical combpina-
tions of trigger and ciock, such as SQS trigger and
SQS clock, or SYNTH trigger ang STOP pulse clock.

The burst logic consists of NAND gates UBA through
UeD, and type *'D* flip-flops U12A and U12B. This cir-
cuit is activated by a trigger pulse (TRGORB) from the
trigger select logic, and provides a logic high on the
Burst Counter Active (BCA) line. In the burst mode, the
BCA line is held high for the duration of the burst.
When the burst mode is not selected, the BCA output
pulse is a copy of the input pulse at TRGOB. The BCA
output is applied to both the function generator (via
the TRGH line at J16 pin 7) and the arbitrary waveform
generator.

In the burst mode, the BURST line is at a logic high,
and the BURST line is at a logic low. The logic low on
the BURST line disables NAND gate UsD and enables
NAND gate UBB via the constant high at the U6D out-
put. The logic low on the BURST line is also applied to
the data input of flip-flop U12A.

Initially, the counter is in the maximum-count condi-
tion, and the cutput of the terminal count detecior is at
a logic low. This logic low is applied to the LOAD
inputs of counter stages U7 through U11 to enable
loading of the preset data at the next clock pulse. The
same logic low disables NAND gate UBA to prevent
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the selected clock signal (SQS or STOP) from clocking
the counter, and enables NAND gate UBC (via the
logic high on the UBA output) to allow the load pulse
from U12A 1o clock the preset data into the counter
stages.

A positive logic transition at the TRGOB trigger input
clocks the U12A Q output low. The negative-going
transition at the U12A Q output is inverted by USC and
applied to the counter clock inputs to load the preset
data. As soon as the counter is loaded with preset
data, it is no longer at the maximum count condition
and the U13 output goes high, disabling the counter
LOAD inputs and enabling NAND gate USA. However,
at this point, the SQS square wave input cannot yet
reach the counter clock inputs because NAND gate
U6C is disabled by a logic low from U12A.

After a time delay determined by R4 and C12, the
iogic low at the U12A Q cutput is applied to the U128
SET input to set the U128 Q autput low. This low is
inverted by UGB and provides a logic high on the BCA
output line. The fogic low at the U128 Q output is also
applied back to the direct SET input of U12A to set the
U12A Q output high. The logic high from the U12A Q
output enables NAND gate UBC to pass the selected
clock pulses (SQS or STOP) to the counter.

When the counter reaches maximum count, the out-
put of the terminal count detector Ui3 goes low,
disabling NAND gate U6A and preventing clock
pulses from reaching the counter. U13 aisc supplies a
logic low to the data input of flip-flop U12B. The next
positive transition of the selected clock will clock the
U128 Q output high, causing UGB to return the BCA
output line to a togic low state.

When the burst mode is not selected, the BURST line
is at a logic low state and the BURST line is at a logic
high. The logic low on the BURST line holds the
CLEAR input of flip-flop U12B lew, maintaining a logic
high from the U12B G output to enable NAND gate
U6B. The iogic high on the BURST line enables NAND
gate U6D. Any trigger signal applied to the TRGOB
line will be gated through U6D and U6B to the BCA
output.

Resistors R2 and R3, marked ‘“TRIM" on the
schematic, are external pull-up resistors to increase
speed and reduce power consumption of the preset
counter. These resistors are not required for type
74LS counters, but space has been provided for them
on the board for future use with type 74HC devices.
These resistors, when used, have a typical value of
10kg3.
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4.5.3 Frequency Synthesizer

The frequency synthesizer generates the 3.75 mHz to
3.75 MHz signal used 1o ciock the arbitrary waveform
generator in the arbitrary waveform modes or to inter-
naily trigger the function generator circuit in the non-
arbitrary modes. The frequency synthesizer contains
two major circuit groups; the Phase Locked Loop
(PLL) composed of U35, U37 and U38, and program-
mable binary divider U386. (Operation of the U34 data
register was previously discussed in section 4.5.1)
The PLL circuit operates over the frequency range of
7.5 MHz to 15 MHz in 1 kHz increments. The 7.5 MHz
to 15 MHz signal is then divided by the selected ratio
(between 22and 231 in U36 to yield the desired output
frequency within the range of 3.75 mHz to 3.75 MHz.
(Note that the circuit is actually capable of operating
down to 3.5 mHz, but that the micreprocessor will not
accept entries for frequencies below 3.75 mHz.)

The following circuit groups are part of the PLL circuit:
The PLL IC, loop filter, level translator and voltage-
controlled oscillator (VCO). Operation of the entire
loop will be discussed after these individual circuits
are described.

Figure 4-22 is a simplitied functional block diagram of
the synthesizer circuit which shows the internal fung-
tions of the U35 PLL IC. U35 contains the reference
oscillator, reference divider (= R), variable divider (= N),
phase detector and internal registers and latches. The
reference oscillator uses an external crystal (Y1) to
generate a 6,144 MHz reference frequency. The refer-
ence divider is hard-wired (at pins 1, 2 and 18) for a
division ratio of 6144, The 6.144 MHz reference fre-
quency is divided by 6144, and the resuiting 1 kHz
reference is applied to one input of the internal phase
detector. The variable divider { = N} is programmed by
serial data at the pin 11 data input. This data is clocked

U35
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_J | I U3s
— | - 6144 1 KRz ! =
[:l * U3TA U37B
[ | LOOP FILTER  LEVEL THANSLATOR '
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T
DATA -—J—+ I °
CLOCK | REGISTER |
ENABLE ——f—» REGISTER |
| T T T N |
[ N = 7500 TO 15000 T kHz WHEN LOCKED |
L J
) 7.5 MHz TO 15 MHz
" 7.5 MHz TO 5 MHz
DIVISION RATIO (5 LINES) » » SYNTH 3.75 mHz TO 3.75 MHz
DIVIDER EN >

BINARY DIVIDER

Figure 4-22. Simplified Functional Block Diagram, Synthesizer Circuit
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into a 18-bit internal shift register by low-to-high tran-
sitions on the pin 10 ¢lock line. The first two bits con-
trol internal switches, one of which controls the ARB
MEM EN iine. The remaining 14 bits are a binary
representation of the — N division ratio, and are loaded
most significant bit first. When the serial load is com-
plete, a logic high on the pin 12 enable line latches the
data in the shift register into the programmable + N
counter. The IC is capable of 2 =N range of 3 10
16,838, but the range used in the Wavetek 275 is from
7500 to 15,000, The output of the <+ N counter is
applied to the other input of the internal phase detec-
for, and is also at 1 kHz when the loop is locked.

The internal phase detector is a digital tri-state
device. It produces negative-going pulses when the
variable frequency is greater than the reference fre-
quency or is leading it in phase. Positive-going pulses
are produced when the variable frequency is less than
the reference frequency or is lagging in phase. The
output is in a high-impedance state when the two
signals are of equal frequency and phase.

Loop filter U37A converts the positive-going and
negative-going pulses from the U35 phase detector to
a steady dc frequency control voltage. The time con-
stant of the filter is determined by C34 and the series
value of R18 and R21. The time constant of the loop is
therefore approximately 23.3 milliseconds. The damp-
ing of the loop is determined by R21. C33 is & high fre-
guency bypass used to reduce noise in the filter.
Voltage divider R19/R20 sets the voltage on U37A
input pins 2 and 3 1o 2.5 Vdc. The output of the joop
filter U37A varies from approximately +8.0 Vdc to
— 4.0 Vde.

Level translator U37B inverts the polarity of the U37A
loop filtter output and translates the voitage to the level
required by the U38 voltage-controlled oscillator
(VCO). The voltage at U378 input pins 5 and 6 is set to
2.1 Vdc by R23 and R24. Under normal operation the
output at U37B pin 7 varies between +1.2 Vdc and
+ 3.2 Vdc.

U38 is a TTL voltage-controlled oscillator (VCO). The
output frequency is established by the vaiue of C38 in
combination with the voltage-sensitive inputs used for
frequencgy conirol and frequency range. Output fre-
guency increases with an increase in frequency con-
trol voltage and decreases with an increase in range
controt voltage. The output of the level translator
(U37B) is applied to the frequency control input {pin
13) and a fixed voltage of approximately 1.7 Vdc from
voltage divider R46/R47 is applied to the range control
input {pin 2). R46 is a test-select part with a nominal
value of 5ki.
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The VCO provides two outputs; pin 6 provides the
input to the variable divider {+ Nj circuit in the U35
PLL IC, while pin 8 drives programmable divider U36.
The VCQ can be turned off by a legic high on the VCO
OFF line (pin 8). R48 is a temperature compensation
resistor provided on the board to permit a type
7415628 IC to be substituted for the type 74L5624.

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

1. The VCO output is divided by the selected ratio {(N)
in the variable ( = N) divider. The divider output is
applied to one input of the phase detector.

2. The phase detector compares the frequency and
phase of the variable divider output to a fixed 1
kHz reference frequency from the reference { + R)
divider,

3, The phase detector, loop filter and level translator
generate a dc VCC control voltage that changes
as required to drive the VCO frequency to exactly
N times the 1 kHz reference. When this cccurs,
the outputs of the reference (= R) and variable
{+ N) dividers are at the same frequency and in
phase, and the loop is locked.

4. The loop will remain locked at this freguency untit
the variable division ratio N is changed.

In the Wavetek 275, the vaiue of N is between 7560
and 15,000, giving a VCO output frequency range of
7.5 MHz to 15 MHz. The VCO output freguency is
applied to programmable binary divider U36,

U36 is a programmable binary divider capable of
dividing by a selected ratio within the range 22to 231,
The desired 2" ratio is selected by applying the binary
value of “n” to the "E'' through "A’" input control
lines. “'A" is the least significant bit, while “'E" is the
most significant bit. For example, for a division ratic of
22, input lines "E’ through "'A’" would be programmed
with the binary value "“00010". A binary input of
“11111"" would select a ratio of 231, Programming a
value less than 2 would inhibit the cutput and is never
done.

A low on the DIVIDER EN line initializes the divider by
clearing all of the internal flip-flops. The momentary
low on thig line is criginated by the state machine cir-
cuit in the triggered arbitrary waveform modes to pro-
vide a stable and predictable timing relationship
between the trigger pulse and resulting output
waveform.

4.5.4 Arbitrary Waveform Generator

The arbitrary waveform generator creates the user-
defined waveform from data stored in the internal
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memory. In this discussion, the following circuit

groups are considered to be part of the arbitrary

waveform generator:

1. The PHASE ACCUMULATOR, which generates
the address for the ARB RAM circuit.

2. The ARB RAM circult, which stores digital data
representing the point-by-point amplitude value of
the arbitrary waveform.

3. The ARB CUT circuit, which converts the digital
amplitude data to an analog waveform.

4. The STATE MACHINE, which controls the actions
of the arhitrary waveform generator,

5. Other miscellaneous circuits, such as the
microprocessor readback data selector and the
ARB SYNC OUT amplifier.

A simplified functional block diagram of the arbitrary
waveformn generator is shown in figure 4-23.
Waveform data from the microprocessor (via the data
registers) is loaded into ARB RAM, and the desired
RAM starting address is foaded into the counters in
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the PHASE ACCUMULATOR circuit. The counter,
sequenced by the selected clock source, counts
upwards from the starting address to increment the
RAM address. At each RAM address, the previously
stored data at that location is read out to the ARB QUT
circuit. (The RAM also stores some control signals.)
The RAM data is converied {o an analog waveform by
the ARB QUT circuit, The STATE MACHINE controls
the actions of the arbitrary waveform generator,
primarily the counter LOAD and COUNT ENABLE
lines. Miscellaneous circuits select data to be read
back to the microprocessor via the auxiliary board
status flag line (J6 pin 20) and provide ARB SYNC CQUT
signal for the front panel connector.

4.5.4.1 Phase Accumulator

The phase accumulator circuit contains a clock selec-
tor circuit and a presettable binary counter. The
counter is loaded with the desired ARB RAM starting
address, then is segquenced by the selected clock
source to increment the address. Both the clock
selector circuit and the preseitable counter are quite
similar to the trigger selector and presettable counter
in the burst counter circuit.

The clock select logic uses an 8-input multiplexer,
U28, to select one of three clock sources. U286 selects
the input that correspends to the binary value on its
three address lines. Only four of the eight inputs are
used, and the most significant bit address line {pin 9)
is permanently grounded. A binary address value of
000" selects the synthesizer output at pin 4. A value
of 001" selects the TRGOB output of the burst
counter trigger select logic. A value of “010" or
011" selects the R3 output of address decoder U18
at either pin 2 or pin 1, which are wired in paraliei. The
output from pin 5 is applied to the phase accumulator
counter, the state machine counter and the state
machine trigger circuit.

The R3 output of the address dececder is selected for
clocking prelead data into the counter, either for use
as a starting point in the count cycle or for loading the
ARE RAM address through the counter to the RAM for
loading RAM data. The TRGOB output of the burst
counter trigger select logic is selected for ciocking
the counter in the "'single step’ mode. The SYNTH
output is selected for most other arbitrary waveform
modes.

Preset data is lpaded into the counter circuit {U27
through U30) on the positive edge of the clock pulse
when the LOAD line (pin 9) is low. The counter is
incremented by a positive-going transition on the
clock line when the ENABLE inputs {pins 7 and 10} of
the first counter stage (U27) are high. Both these
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inputs are originated by the STATE MACHINE circuit.
The pin 10 ENABLE input of the remaining counter
stages are connected to the CARBRY output (pin 15) of
the preceeding counter stage. The pin 7 ENABLE
input of U28 through U30 are all connected to the
carry output of the first counter stage.

4.5.4.2 ARB RAM Circuit

The ARB RAM circuit contains the Random Access
Memories (U42 and U43), which store data values
representing the point-by-point amplitude of the
arbitrary waveform, and the parallei-to-serial shift
registers (U40, U41, U44 and U45) which read the
address and data values back to the microprocessor
in serial form.

The RAMs can be either the standard 2048 word com-
ponents {type 6116) or optional 8192 word com-
ponents (type 6264). The 6264 is a 28 pin part; the
6116 has 24 pins. The circuit board contains a 28 pin
socket, and the schematic shows the socket pin
numbers. When the 24 pin part is used, itis inserted in
the sacket so that pin 1 of the RBAM mates with pin 3 of
the socket and pin 24 of the RAM mates with socket
pin 26. Figure 4-24 shows the ARB RAM Pin Connec-
tions,

Note that when the smaller part is inseried in the
larger socket in the manner just described, most of
the pin functions line up properly. The exceptions are:

1. RAM address RA11 {pin 23 an the socket) is con-
nected to the WRITE ENABLE line of the chip (pin
21.) The ES/EE/ETY jumper on the circuit board
allows this socket pin to be connected to either
the RA11 RAM address line ar the R15 control line
from the address decoder. The ES to E6 connec-
tion of the jumper selects R15; the EB to £7 con-
nection selects the RA11 address line. THIS
JUMPER MUST BE MOVED IF THE OPTIONAL
LARGER RAM I3 INSTALLED!

2. The second chip select line {CS2) on the socket
{pin 28) is connected to the pin 24 supply voliage
terminal (V) of the chip. This doasn't matter in
this circuit, because this pin is connected to V.,
on the circuit board.

3. Pin 28 on the socket (V...} is not connected. How-
ever, as previously mentioned, the chip receives
V. from the CS2 socket pin (pin 26). Note that the
smaller chip reguires only one CHIP SELECT
input.

4. Pin 27 on the socket (WRITE ENABLE) is not con-
nected. As previously mentioned, this control line
(R15) is supplied to the smaller chip via the E5 10
E6 jumper.
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Figure 4-24. ARB RAM Pin Connisctions

5. RAM address line RA12 at socket pin 2 is not con-
nected. The smaller RAM does not use address
lines RA11 and RA12.

The remainder of the RAM ¢ircuit description will refer
to the socket pin numbers marked on the schematic.
Refer to figure 4-24, ARB RAM Pin Connections, as re-
quired for the pin numbers of the smaller standard
2048 word RAM.

Each RAM has one input for power, three control
inputs, 11 or 13 address inputs {(depending on RAM
size), and eight data ports. Corresponding inputs of
the two RAMs are wired in parallel, while the data
ports remain separate.

V¢ POWer is applied to pins 28 and 26. The power is
applied through a separate line from the
microprocessor board, and has battery back-up for
retaining the memaory contents when the instrument is
turned off.

The ARB MEM EN tine controls the CHIP SELECT
input of the two RAMs. This line is pulled low by the
open-drain switch in the PLL IC (U35) to enable the
RAM. When the instrument is turned off, the line is

pulled high through R33 by the battery back-up
voitage on the V. line.

The RAM EN line from the data registers is connected
to the RAM QUTPUT ENABLE inputs. A logic low on
this line allows the RAM to place data on the data |/O
lines. A logic high disables the RAM output to prevent
conflicting data when the RAM is being written to, or
when the microprocessor is directly controlling these
lines {via the data registers) during ramp-to-start
operations. Whenever the RAM outputs are enabled,
data registers U31 and U32 are disabled {their outputs
are in a high-impedance state) by a logic high on the
LATCH EN line.

The RAM WRITE ENABLE is controlled by the R15 line
from the address decoder (U18 and U19). A momen-
tary logic tow on this tine causes the data applied to
the 1/C ports to be written into the RAM at the jocation
selected by the address lines.

The RAM address lines select a location for storage or
retrieval of digital data. The location carresponds 10
the binary vaiue of the logic levels on the address
lines. RAQ is the least significant bit, while RA12 or
RA10 (depending on RAM size) is the most significant
bit. During arbitrary waveform generation, the
address is incremented by the counter in the phase
accumulator circuit at a rate determined by the
selected clock source. During the data loading opera-
tion, each address is plaged on the microprocessor
data bus, latched into data registers U14 and U15,
then clocked into the counter from the paralle! load
inputs by a clock pulse on the R3 line from address
decoder U18. During this loading operation, the phase
accumulator counter does not count.

The RAM data ports are bi-directional. The RAM
places data on the lines when the RAM EN line is low.
To read data into the RAM, the RAM output is disabled
by a high on the RAM EN line, data registers U31 and
U32 are enabled by a logic low on the LATCH EN line,
and data from the registers is written into the selected
RAM location by a momentary low on the R15 (WRITE
ENABLE) ine. U42 contains waveform data bits RDO
through RD7, while U43 stores waveform data bits
RDS through RD11 and the control bits STOP, STOP,
ARB SYNC and TBPC. RAM data bits RDO through
RD11 are a binary representation of arbitrary
waveform ampiitude. RD0 is the Least Significant Bit
(LSB); RD11 is the Most Significant Bit (MSB). These
data lines control the Digital-to-Analog Converter
(DAC) in the ARB OUT section. The §TOF and STOP
bits are low and high respectively at the last five
addresses in the selected waveform block. The Trig-
ger Break Point Control (TBPC) is high at addresses
where a breakpoint has been programmed. The ARB
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SYNC bit, which drives the front pane! ARB SYNC
CUT connector via the ARB SYNC CUT amglifier, is
programmed by the operator at the last address
executed. The STCOP, STOP and TBPC bits control the
state machine circuit,

Shift registers U40, U41, U44 and U45 read the RAM
address and data values back to the microprocessor
in serial form. The registers are loaded with address
and data information by a logic tow on the PARALLEL
LOAD input (pin 1), which is controlied by the R8 line
from the address decoder. Each positive-going transi-
tion of the CLOCK input (pin 2, connected to the RY
line} shifts one bit of data out of the Q7 output (pin 9)
intc the serial data input of the next register (pin 10).
The output of the last register (U45) is connected to
one of the inputs of the microprocessor readback
data selector {LJ25).

4.5.4.3 ARB OUT Circuit

The ARB OUT circuit generates an arbitrary waveform
voltage having an amplitude proportional to the binary
value of the data on the RAM data lines RDO through
RD11. The three circuit groups within the ARB QUT
circuit are the Digital-to-Analog Converter (DAC) U486,
current-to-vottage converter U398, and the slew rate
switches (U47}.

Digital-to-Analog Converter {DAC) U46 produces an
output current that is proportional to both the analog
reference input current and the binary value of the
digital input. The reference input current is applied to
pin 14, which is held at “'virtual ground" by the inter-
nal reference amplifier. The reference current is

equal to the reference voltage {+ 15V in this ¢ircuit)
divided by the reference resistance {the series value
of R34 and R35). The digital input is applied on data
lines RDC through RD11. RDO is the least significant
bit; RD11 is the most significant bit. Gutput current
flows from pin 18 to the negative supply.

Maximum full-scale output current (with all the digital
inputs turned “‘on"’) is:

lts = 4 X (V,o/R o) X (4095/4096)

The non-inverting input of the reference amplifier
{pin 15) is grounded through resistor R356. R36 is
matched in value to R35 to minimize temperature
drift,

Trimmer R34 allows a slight adjustment of the
reference current to calibrate the positive peak of the
arbitrary waveform.

Figure 4-25 shows a simplified schematic diagram of
the current-to-voltage converter, U398 is an inverting
amplifier with its inverting input at *'virtual ground'’,
The non-inverting input {pin 5} is grounded through a
resistor, and the operational amplifier will produce
whatever output voltage is required to maintain its
inverting input {(pin 6} at the same voltage. The DAC
output current (shown as iy in this figure) flows from
the virtual ground through the DAC {¢ the negative
supply. This current is proportional to the binary value
of the DAC digital input. A fixed current (I, in this
figure) flows from the + 15V supply through R37 and
R38 to the virtual ground. The third current to or from
this point (shown as l4) Is the current through feed-
back resistor R39.

+ 16V
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( DAG ™18  —
“45/ 5 VIRTUAL GROUND
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— 15V é
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Figure 4-25. Simplified Schematic Diagram, Current.to-Voitage Converter
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To keep its inverting input at "'virtual ground”’, U39B
must adjust its output voltage 1o a value that will make
the sum of the currents flowing toward the virtual
ground equal to the sum of the currents leaving the
point. At low values of DAC current |, is greater than
l4, the current through R39 flows away from the virtual
ground, and the amplifier output is negative. At high
values of DAC current |, is greater than I, R39 cur-
rent flows toward virtual ground, and amplifier cutput
is positive. When |, is equal to |,, |5 is zero and the
amplifier output voltage is zerc.

Trimmer R37 aliows a slight adjustment of the I cur-
rent to calibrate the negative peak of the arbitrary
wavefarm.

U47A through U47B are FET switches that control the
amount of filtering {and therefore the slew rate) of the
arbitrary waveform. A logic low on the FSLEW control
line turns on U47A and U47B, placing 100 pF
capacitor C55 on the output line, A logic low on the
SSLEW line turns on U47D and U47C, selecting a
larger value capacitor {C586, 0.1 uF) to give more filter-
ing and slower slew. When an arbitrary waveform
function is not selected, all the switches are turned
off.

4.5.4.4 State Machine Circuit

The state machine circuit controls the actions of the
arbitrary waveform generator in the various arbitrary
waveform modes, primarily by controlling the phase
accumulator LOAD and COUNT ENABLE lines, The
two rmajor circuit groups within the state machine cir-
cuit are the state machine sequence contral circuit
and the state machine trigger circuit.

4.5.4.4.1 State Machine Trigger Circuit

The state machine trigger circuit generates the two
signals that may be selected to enable the state
machine sequencer. These signals are LATCHED
TRIGGER and RTS {Ramp-to-Start). LATCHED TRIG-
GER is initiated by either the selected trigger source
(TRGOB) of the RTS/HOLD input, and is high for one
interval between phase accumulator clock pulses. A
logic high on the KTS line is caused by & high on either
the LATCHED TRIGGER line or the STOP bit in the
ARB RAM. Note that these are logically OR functions,
even though they are implemented with NAND gates.

The RTS/HOLD INPUT circuit protects NAND gate
U20A from excessive voltages that may to applied to
the RTS/HCLD input. Diodes CR1 and CR2 prevent
the gate input from being pulled more than cne diode
drop above + 5V or below ground. R8 holds this point

at a logic low {one diode drop betow ground) in the
absence of an externally applied signal. R7 limits the
diode and gate currents that may be caused by the
external voltage. R7 is bypassed by a small value
capacitor {C17) to improve irequency response at
waveform egges.

U20A through U20C perform a logical OR operation to
combine the trigger selector output (TRGOB) with the
RTS/HOLD input. Each signal is applied through a
NAND gate used as an inverter (U20A and U20B) and
a small value coupling capacitor (C47 and C58) to the
input of NAND gate U20C (aisc used as an inverter.)
The input of U20C is held at a dc level of +2.5V by
voitage divider R44 and R45. This voltage is a TTL
logic high, just above the threshold point. A low-to-
high logic transition on either the TRGOB line or the
RTS/HOLD input causes a brief negative-going pulse
at the U20C input. U20C inverts this pulse to drive the
clock input of the trigger latch circuit,

NAND gate U20D performs a logical OR function to
combine the LATCHED TRIGGER condition with the
STOP condition to generate the RTS signal. To per-
form the logical OR operation with the NAND gate, the
two gate input signals are applied as inverted com-
plements LATCHED TRIGGER (from the trigger fatch)
and STOP (from the ARB RAM). These complementary
signals are iow when true, and a low on either input
line will produce a logic high on the NAND gate RTS
output line.

Flip-flops U21A and U21B hold the LATCHED TRIG-
GER line high for the interval between the next two
clock pulses foliowing the trigger pulse. This trigger
latch circuit is enabied by a high on the TRIG INHIBIT
line. The next trigger pulse at the U21A clock input
fatches the high from the TRIG INBIBIT line through to
the U21A Q output, where it is applied to the U218
data input. The next clock pulse from the phase accu-
mutator clock selector latches the high at the U21B
data input through to the U21B Q output, where it is
applied to the state counter circuit. The logic low at
the U21B complementary Q output is applied back to
the U21A direct RESET input, which resets the U21AQ
output low and holds it low, overriding the UZ21A data
and clock inputs. The U21A Q output going low
applies a logic low on the U21B data input. The next
U21B clock pulse latches the legic low at the U21B
data input through to the U21B Q output, and the
LATCHED TRIGGER line returns low. At the same
time, the U21B Q output goes high, releasing the
RESET input of U21A and allowing the next trigger
pulse to clock U21A. Note that U21A will not change
state when it is clocked if the TRIG INHIBIT is low.
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The complementary Q output of U21B also is used as
one of the inputs to U2CD to generate the RTS signal.
The complementary Q output of U21A drives the
divider enable gate circuit to reset (clear) the binary
divider in the synthesizer circuit.

The U21A Q output is capacitively coupled to one
input of NAND gate U330. This input (pin 12} is held
just above the TTL logic high threshold by voltage
divider R12/R13. The high-to-low transition of the
U21A Q output causes a momentary logic low at this
point, which causes a positive pulse at the U33D out-
put if the SYNTH SYNC EN input is high. This positive
puise is gated through U33B if the SYNTH EN line is
high, and inverted to cause a negative-going puise on
the DIVIDER EN line. This momentary low clears all
the internal flip-flops in the synthesizer binary divider
(U36), providing a stable delay between the trigger
pulse and the leading edge of the synthesizer output
waveform. The synthesizer divider is continuously
enabled by a logic low on the SYNTH EN tine in the
continuous arbitrary waveform modes and in non-
arbitrary modes that use the synthesizer output as an
internal trigger. A logic high on the SYNTH EN line
and a logic low on the SYNTH SYNC EN line disable
the diviger to reduce noise in the continuous or exter-
nally triggered non-arbitrary modes.

4.5.4.4.2 State Machine Sequence Control Circuit

The state machine sequence control circuit containg
Read Only Memory (ROM) U24, which contains the
stored control commands; state counter U23, which
controls the least two significant ROM address lines;
multiplexer U22, which selects the ENABLE source
for the state counter; and the branch enable gates,
433A and U33C, which connect the burst counter out-
put (BCA) to one of the state counter preload inputs in
the gated and burst modes.

ROM U24 is controlied by five address lines. The
three most significant bits of the address are controli-
ed by mode select lines My through M,. The jeast two
significant bits are controlled by the least significant
bits of the state counter {U23). The address fines
select a storage location within the ROM. At each
storage location are eight data bits which are placed
on the ROM output lines. These lines are:

Pin 1, the ENABLE line t¢ the phase accumulator
counter,

Pin 2, ihe LOAD line to the phase accumulator
counter.

Pin 3, the TRIG INHIBIT line 1o the state machine
trigger circuit.

4-38

Pin 4, the LOAD control to the state machine
counter,

Pins 5 through 7, which control the state machine
multiplexer, U22.

Pin 9, the HOLD readback line to the
microprocessor via U2s.

State counter U23 is a 4-bit binary presettable
counter. The least significant preset input is controlied
by the branch enable gates. All other preset inputs are
grounded. The counter is clocked by the output of the
phase accumulator clock selector U26, and enabled
by the output of multiplexer U22. The counter LOAD
line is controlled by one of the U24 ROM outputs.
When the ling is low, the counter is prevented from
counting, and will latch the preset data through 1o the
outputs on the leading edge of the next clock pulse.
The least two significant output bits control the two
least significant bits of ROM U24; the other two
counter outputs are not used. The counter may be
cleared by a low on the STATE CLEAR line.

Multiplixer U22 selects one of 8 inputs to apply to the
state counter ENABLE line. The input selected is
determined by the binary value of the bits ¢n the three
control lines. Pin 9 is the most significant bit; pin 11 is
the least significant bit. Two of the eight inputs are not
identified by name on the schematic diagram, yet we
witl be referring to them frequently in the following
text and state diagrams. These are the Q output of
U21B (pin 9), which we will call LATCHED TRIGGER,
and the output {pin 11) of NAND gate U20D, which we
will refer to ag RTS. Table 4-2 lists the binary value of
the contro! line bits, the name of the input! selected,
and the conditions which will enable the state counter
to count.

Operation of the state counter is explained by the
state diagram in figures 4-26 through 4-33, In each
diagram, the circle represents the circuit states that
may occur in the selected mode of operation. Each
state is numbered starting at zero, and the number of
permissible states for each mode will be between one
and four, depending on the mode selected. The state
numbers on any state diagram are not related to the
state numbers on a diagram for a different mode. For
example, state zero in the continuous mode is not the
same as state zero in the triggered mode.

The paths between states are represented by arrows,
and the arrow is labelled with the event that causes
the transition. It should be remembered that except
for STATE CLEAR, each transition requires a clock
pulse in addition to the specitied event.

For each state, the figure also shows the binary value
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Table 4-2. Selectable State Counter
Enable Inputs

Binary Value Conditions Under
of U22 Which State
Control U22 input Counter U23 Is
inputs Selected Enabled to Count

0 RTS When triggered or
when at end of
arbitrary waveform.

1 STOP When at end of
arbitrary waveform.

2 TBPC When at programmed
waveform breakpoint.

3 + 5V Always.

4 Latched When triggered.

Trigger

5 Ground Never.

6 Ground Never.

7 Ground Never.

of the ROM input, the binary value of the ROM output,
and the action that each ROM output bit will cause.
The three most significant bits of the ROM input are
supplied by the mode contral lines; the iast two bits
from the state counter. The ROM output bits are fac-
tory programmed at each address location to cause
the desired control actions in that state. An X’ in the
binary ROM output number indicates a "*don’'t care”
condition; in that state the bit will have no effect and it
doesn't matter whetheritisa ‘"1 or a *0". All binary
numbers are listed most significant bit {MSB) first.

The state diagrams are arranged in ascending order

of ROM address, The first state diagram will be
discussed in great detail; explanation of the remaining
state diagrams will be more concise.

In the Continuous {0} or Single-Step (8) modes, a
000" on the mode control lines and 00" from the
state counter gives a RCM input address of “'00000"".
The information programmed in the ROM at this loca-
tion is a binary “X0011011".

The first bit of the ROM output data is the HOLD read-
back line to the microprocessor. The value of this bit
is not significant in the continuous or single-step
modes, as the microprocesser locks at the HOLD line
only in the RTS modes.

The next three bits select the logic line that enables
the state machine counter. 001" selects the STOP
bit from the ARB RAM.

The fifth bit controis the state counter LOAD line. A
“1'" on this line prevents the counter from loading.

Bit 6 is the TRIG INHIBIT line. A logic *'0" inhibits the
trigger circuit in modes and states where the trigger
circuit is not required. This prevents an externally
applied signal from accidentally resetting the binary
divider in the synthesizer circuit via the DIVIDER EN
fine.

The seventh bit places a '"1"” on the phase accu-
mulator counter LOAD line to prevent the next clock
pulse from loading the counter.

The last bit of the ROM output places a “1’’ on the
phase accumulater counter ENABLE line, 1o enable
the counter to increment when clocked.

Thus, in state 0 of the continuous and single step
modes, clock pulses from the phase accumulator
clock selector {U26) increment the phase accumu-
lator counter, but the state counter is inhibited from
counting by the logic ‘0" from the STOP output of the
ARB RAM. '

The phase accumulator counter increments the ARB
RAM address to create the programmed waveform. At
the end of the arbitrary waveform, the STOP bit (which
is programmed into the ARB RAM by the front panel
START/STOP key or the equivalent remote control
command) is high, enabling the state counter. The
next clock pulse advances the state counter to state
1, which resulis in a ROM input address of “'00001".
The ROM data at this location is ' XXXX000X'".

The first ROM output bit (HOLD line) is still irrelevant
for the same reason as in state 0. The next three bits,
which select the source of the state counter ENABLE
signat are not significant because bit 5 a 0",
instructs the state counter to LOAD, which will inhibit
counting. The trigger is still inhibited by a 0" on the
TRIG INHIBIT line, for the same reason as in the last
state. Bit 7 places a "'0” on the phase accumulator
LCAD line. The last bit, which controls the phase
accumulator ENABLE line, has no effect, as the low
on the LCAD line automatically inhibits counting.

The preload data present at the input of the state
counter is "'0000". As previously mentioned, the three
most significant bits are hard-wired to ground. The
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remaining bit is high only in the burst or gated modes
when the burst counter output line {(BCA) is high. The
next clock pulse will load this data (‘‘0000"") into the
state counter and will also load preset data S0-S12 into
the phase accumulator counter. The state counter
has now returned to state 0.

In the gated and burst modes, the BRANCH EN iine is
high, enabiing the branch enable gates. If the output
line of the burst counter circuit {(BCA) is high, a logic
'0001"" will be loaded into the state counter, returning
the circuit to state 1. If the BCA line is low, the counter
preload data is *'0000"', and the state machine returns

NEXT CLOGCK PULSE

OCCURRENCE

ORRORNO

OF STOP
NOT USED NOT USED
I ROM Input 00000 00001
ROM Gutput X0011011 XHAXXO0OX
HOLD Readback X = "Don't Care" X = Don't Care”
State Counter 001 = STCP XXX = Don't Care™
Enable Source
State Counter LOAD 1 = Don't Load 0 = Load
TRIG INHIBIT G = Inhibit 0 = Inhibit
Phase Acc. LOAD 1 = Don't Load 0 = Load
Phase Acc. COUNT 1 = Count X = "Don't Care”

Figure 4-26. State Diagram for CONTINUOUS (0) and SINGLE STEP (8) Modes.

In state O of the Triggered (1), Gated (2) and Burst (3)
modes the trigger circuil is enabled and the phase
accumulator counter LOAD line is low. The state
counter is disabled until it receives a logic high from
the LATCHED TRIGGER line. When this line goes
high, the state counter is enabled and the next clock
pulse will advance the counter {o state 1. This clock
puise will also load the starting address of the
arbitrary waveform into the phase accumulator
counter,

In state 1 the trigger circuit is inhibited and the phase
accumuiator is enabled. The phase accumulator
counter increments the ARB RAM address untii the
STOP bit from the ARB BAM goes high. When this
oceurs, the state counter is enabled and advances to
state 2 at the next clock pulse.

In state 2, the LOAD inputs of both the phase accu-
mulator counter and the state counter are enabled,
and the next clock pulse will reload the state counter.

4-40

1o state 0. The same clock pulse that clocks the state
counter out of state 2 will also reload the phase accu-
mulator counter with the starting address of the
arhitrary waveform. H the state machine returns to
state 1, the programmed arbitrary waveform is
repeated. If the state counter returns to state 0, it
waits for another trigger pulse.

In the Triggered Arb with Hold on Break Point (10)
mode, the state machine prevents the phase accu-
mulator from counting until the state counter is
enabled by a logic high on the LATCHED TRIGGER
line. As soon as the state counter is enabled, the next
clock pulse advances it to state 1 and the phase accu-
mulator counter is allowed to increment the ARB RAM
address. The occurrence of a logic high on the Trigger
Break Point Control {TBPC) line from the ARB RAM
altows the state counter to be clocked to state 2,
which again inhibits the phase accumulator counter
and enables the state counter LOAD line. The next
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QCCURRENCE
OF TRIGGER

NEXT CLOCK PULSE

OCGCURRENCE
OF STOP

NOT USED

ROM Input 00100 00101 00110

ROM Qutput X100110X X0011011 XXXXK010X

HOLD Readback X = "Don't Care" X = Don't Care” X = "Don't Care"
State Counter 100 = LATCHED 001 = STOP XXX = "Don’t Care”
Enable Source TRIGGER

State Counter LOAD 1 = Don't Load 1 = Don't Load 0 = Load

TRIG INHIBIT 1 = No Inhibit 0 = Inhibit 1 = No Inhibit
Phase Acc. [OAD 0 = Load 1 = Don't Load 0 = Load

Phase Acc. COUNT X = "Don't Care™ 1 = Count X = ""Don't Care”

Figure 4-27. State Diagram for TRIGGERED (1), GATED (2) and BURST (3) Modes.

clock pulse reigads the state counter with zeros,
which returns it to state 0 to await another trigger
pulse.

NOTE

The start and stop addresses are not used
by the sequence conirof circuit in this
mode. Each time the Wavetek 275 is trig-
gered the output waveform wilf run untif a
break point occurs. The ARB memory
sequences through its full memory range
and then "“wraps around” to the beginning
to continue. Branching from one break
point to another can be accomplisfied by
changing from mode 10 (Triggered Arb with
Hold on Break Point) to mode 9 (Examineg)
and immediately back to mode 10. [his
forces the ARB to the current start
address, and it will continue from that point
on the next trigger. If desired, a new start
address can be programmed while the
instrument is temporarily set to mode 9.

In the Triggered Arb with Ramp-to-Start (4) mode, the
state machine waits in state O untii the state counter

is enabled by a high on the LATCHED TRIGGER line.
The nexi clock pulse then loads the phase accu-
mulator counter and advances the state counter to
state 1. In state 1, the phase accumulator counter is
allowed to increment until the state counter is enabled
by a high on the RTS line. The RTS signal is a logical
OR combination of the external signal at the RTS/
HOLD front pane! connector OR the TRGOB output of
the U1 trigger selector in the burst counter circuit
{latched by U21) OR the STOP signal from the ARB
RAM. Whichever signal cccurs first will enable the
state counter to be clocked 1o state 2, removing the
enable to the phase accumulator counter. In state 2
the state counter and the phase accumuiator counter
are both inhibited from either counting or loading, and
the microprocessor is alerted by a logic "1’ on the
HOLD line. The microprocessor then takes direct con-
troi of RAM data lines RDO through RD11 to ramp the
arbitrary waveform back to the starting amplitude. At
the end of the ramp-to-start operation, the micro-
processor clears the state counter to state 0 via the
STATE CLEAR line.

The Triggered Arb with Hold and Triggered Ramp-to-
Start (5) mode is similar to the Triggered Arb with
Ramp-to-Start (4) mode, with the addition of a
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NEXT CLOCK PULSE

OCCURRENCE QCCURRENCE
OF TRIGGER OF BREAK PQINT

NOT USED

NOTE: ARB memory sequences through full memory range, stopping only at programmed break points, then "wraps
around” to the beginning o continue.

AOM Input 01000 01001 . 01010
ROM Output X1001110 X0101011 XXXX0010
HOLD Readback X = "Don't Care"” X = Don't Care” X = "Don't Care”
State Counter 100 = LATCHED 010 = TBPC XXX = "“Don't Care"
Enable Source TRIGGER
State Counter LOAD 1 = Don't Load 1 = Don't Load 0 = Load

[ TRIG INHIBIT 1 = No Inhibit 0 = Inhibit 0 = Inhibit
Phase Acc. LOAD 1 = Don't Load 1t = Don't Load 1 =Don't Load
Phase Acc. COUNT 0 = Don't Count 1 = Count 0 =Don't Count

Figure 4-28. State Diagram for TRIGGERED ARB WITH HOLD ON BREAK POINT {10) Mode.

QCCURRENCE OF STATE CLEAR FROM PROCESSOR

—_———— e — . ———1

OGCURRENGE \JOCCURHENCE
OF TRIGGER OF RTS

NOT USED
ROM Input | 01100 01101 01110
ROM Qutput 0100110X% aaaotiin 11111010
HOLD Readback 0 = Not On Hold 0 = Not On Held i = On Hold
State Counter 100 = LATCHED 000 = RTS 11t = Ground
Enable Source TRIGGER {Don't Ground)
State Counter LOAD 1 = Don’t Load t = Don't Load = Don't Load
TRIG INHISIT 1 = No Inhibit 1 = No Inhibit 0 = Inhibit
Phase Acc. LOAD 0 = Load 1 = Don’t Load =Don’t Load
Phase Acc. COUNT X = "Don't Care” t = Count 0 =Don't Count

Figure 4-29. State Diagram for TRIGGERED ARB WITH RAMP-TO-START (4) Mode.

4-42


https://www.manualsplus.com/

OCGURRENCE OF STATE CLEAR FROM PROCESSOR

OCCURRENCE OCCURRENCE OCCURRENCE

OF TRIGGER OF RTS GF TRIGGER
ROM Input 10000 10001 10010 10011
ROM Qutput g100110X 00001111 01001110 11111010
HOLD Readbaclk 0 = Not On Hold 0 = Not On Hold 0 = Not On Hold 1 = On Hold
State Counter 100 = LATCHED 000 = RTS 100 = LATCHED 111 = Ground
Enable Source TRIGGER TRIGGER {Don't

Count)

State Counter LOAD 1 = Don't Load 1 = Don't Load 1 = Don’t Load 1 = Don't Load
TRIG INHIBIT 1 = No Inhibit i = No Inhibit 1 = No Inhibit 0 = Inhibit
Phase Acc. LOAD 0 = Load 1 = Don't Load 1 = Don't Load 1 = Don't Load
Phase Acc. COUNT X = "Don’t Care” 1 = Count 0 = Don't Count 0 = Don't Count

Figure 4-30. State Diagram for TRIGGERED ARB WITH HOLD AND TRIGGERED
RAMP-TO-START (5) Mode.

"“holding'’ state that requires an additional trigger
pulse to initiate the ramp-to-start operation. In state 2
the phase accumulator counter is inhibited from
gither counting or loading, and the LATCHED TRIG-
GER line is selected for enabling the state counter.
When the LATCHED TRIGGER line goes high, the next
clock pulse advances the stale counter 1o state 3, and
the microprocessor is signalled to begin the ramp-to-
start operation via a **1'" on the HOLD readback line.

In state O of the Triggered Arb with Reset (6} mode,
the state machine holds the phase accumulator
counter LOAD ling low, and the state counter is
disabled by a low on the LATCHED TRIGGER line. As
soon as the LATCHED TRIGGER line goes high, the
next clock pulse will load the starting address of the
arbitrary waveform into the phase accumulator
counter and advance the state counter to state 1. In
state 1, the state counter is disabled by a low on the
RTS line, but the phase accumulator counter is
enabled, and increments the ARB RAM address. A
logic high on the RTS line (caused by an RTS/HOLD
input from the front panel connector, a trigger pulse,
or a high on the STOP bit from the ARB RAM) again
enables the state counter, and it advances to state 2
on the next clock pulse. In state 2 the phase accu-
mulator counter is inhibited and the state counter

LOAD line is enabled, and the next clock pulse
reloads the state counter with zeros to return it to
state Q.

The Triggered Arb and Hold with Triggered Reset (7)
mode is similar to the Triggered Arb with Hold and
Triggered Ramp-io-Start (5) mode, except that in the
last state {state 3), the LOAD line to the state counter
is low, and the next clock pulse will reload the
counter.

In state 0, the phase accumulator LCOAD line is fow,
which inhibits counting. The state counter waits for a
high on the LATCHED TRIGGER line, then advances
to state 1 on the next clock pulse. (This clock pulse
also reloads the phase accumulator counter.) In state
1 the phase accumulator counter is enabled, and the
state counter waits for a STOP or LATCHED TRIGGER
signal via the RTS line. A high on the RTS line allows
the state counter to be clocked to state 2. In state 2,
the phase accumulator counter is inhibited and the
state counter waits for a high on the LATCHED TRIG-
GER line. A trigger pulse enables the state counter to
advance to state 3 on the next clock pulse. In state 3
the LOAD line to the state counter is held low, and the
next clock puise reloads the counter, returning the
state machine to state 0.
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NEXT CLOCK PULSE

QCCURRENCE
OF TRIGGER

OGCURRENCE
OF RTS

NQT USED

ROM Input 10100 10101 10110
AOM Output X100110% X0001111 XXXXO110
HOLD Readback X = "Don’t Care" X = "Don't Care” X = "Don't Care"
State Counter 100 = LATCHED 000 = RTS XXX = "Don't Care"
Enable Source TRIGGER
State Counter LOAD 1 = Don't Load 1 = Don’t Load 0 = Load
TRIG INHIBIT 1 = No inhibit 1 = No Inhibit 1 = No Inhibit
Phase Acc. LOAD 0 = Load 1 = Don’t Load 1 = Don't Load
Phase Acc. COUNT X = "Daon't Care" 1 = Count 0 = Don't Count
Figure 4-31. State Diagram for TRIGGERED ARB WITH RESET (6) Mode.
NEXT CLOCK PULSE
OCCURRENGE OGGURRENCE OCCURRENGE
OF TRIGGER OF ATS OF TRIGGER
ROM Input 11000 11001 11010 11011
— ——
ROM Output X100110X X0001111 X100111¢ KIXA0010
HOLD Readback X = “Don’t Care” X = "Don’t Care” X = "Don't Care” X = "Don't Care”
State Counter 100 = LATCHED 000 = RTS 100 = LATCHED XXX = "Don't
Enable Source " TRIGGER TRIGGER Care"'
State Counter LOAD 1 = Don't Load 1 = Don't Load 1 — Don't Lead 0 = Load
TRIG INHIBIT 1 = No Inhibit 1 = No {nhibit 1 = Na Inhibit 0 = Inhibit
Phase Acc. LOAD 0 = Load 1 = Dan't Load 1 = Don't Load 1 = Don't Load
Phase Acc. COUNT X = "Don’t Care" 1 = Count 0 = Don’'t Count 0 = Don't Count

Figure 4-32. State Diagram for TRIGGERED ARB WITH TRIGGERED RESET (7} Mode.
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© O O O

NOT USED

NQOT USED NOT USED

ROM input 11100

ROM Qutput KAXXDO0X

HOLD Headback X = "Don't Care”
State Counter XXX = "Don't Care”
Enable Source

State Counter LOAD | O = Load

TRIG INHIBIT 0 = Inhibit

Phase Acc. LOAD 0 = Load

Phase Acc. COUNT X = "Don't Care"”

Figure 4-33. State Diagram for EXAMINE (9) Mode.

The Examine (9) mode uses only one state, state C. In
this mode, logic lows on the LOAD inputs inhibit both
the state counter and phase accumulator counter,
and the selected ARB RAM address is clocked
through the phase accumulator counter to the ARB
RAM. The microprocesscr then reads back the ARB
RAM address and data in serial form through the
rmicroprocessor readback data selector, U25,

4,5.4.5 Other Arhitrary Waveform Generator
Circuits

The remaining circuits within the arbitrary waveform
generator are the ARB SYNC QUT circuit and the
microprocessor readback data selector.

4,5.4.5.1 Microprocessor Readback Data Selector

The microprocessor readback data selector, U25, is
an 8-input muitiplexer that selects one of four data
inputs for application to the gP INFO line. The input
selected is determined by the binary value on control
lines DS2-DS0. Table 4-3 lists the contreol inputs for

each data source, and also gives an explanation of
the source.

4,5.4.5.2 ARB SYNC OUT Circuit

The ARB SYNC CUT circuit amplifies the ARB SYNC
bit from the ARB RAM for application to the front
panel ARB SYNC OUT connector. The circuit is & non-
inverting operational amplifier (U39A) and emitter-
follower {(Q1). Circuit gain is set to 2 by resistors R30
and R28. Resistor R32 sets the output impedance at
the connector to 60012

Before suspecting this circuit of malfunction, verify
that an ARB SYNC pulse has been programmed
somewhere between the arbitrary wavelorm START
and STOP points. 1t the ARB SYNC pulse is
inadvertently programmed after the STOP point, the
ARB SYNC CGUT pulse wili never occur.

4.5.5 Power Distribution

The +158Y, — 15V and + 5V dc power for most of the
circuits enters the board at the J17 AUXILIARY
POWER CONNECTOR. Each line is filtered by ferrite
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Table 4-3. Microprocessor Readback Data
Selector Control Inputs

DS2-DS0
Binary
Value

Selected
Data
Source

Explanation

000

HOLD

From state machine
ROM; in ramp-to-start
modes logic high signals
microprocessor to begin
ramp-to-start cperation,
Not significant in other
modes.

001

DATA
SERIAL
ouT

Serial readback of ARB
RAM data and address
fram shift registers in
ARB RAM circuit.

010

N{/C

No connection.

011

BCA

Lagic high in BURST
mode indicates that burst
counter is active. In non-
burst modes, the signal is
a copy of the TRGOB out-
put of the trigger select
logic (U1).

100

JUMP

Connected to ES of the
jumper terminals in the
ARB RAM circuit; informs
the microprocessor
whether the standard or
optional larger RAM is in-
stalled.

101

N/C

No connection,

110

N/C

No connection.

111

N/C

No conhnection.

bead inductors FB1-FB3 and capacitors C1-C3. Addi-
tional filtering is provided by small value bypass
capacitors at various locations on the board.

The +5V power for the ARB RAM is supplied by a
separate line from pin =+ 19 of the J16 DIGITAL INTER-
FACE CONNECTOR. This line is automatically switched
over to the backup battery on the microprocessor
board when the instrument is turned off.
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5.1 FACTORY REPAIR

Wavetek maintains a Customer Service department. If
an instrument is returned to Wavetek for repair or
calibration, a detailed description of the specific prob-
lemn should be attached to minimize turn around time.

SECTION
CALIBRATION

5.2 CALIBRATION

Table 5-1 lists the eguipment required 1o perform the
calibration procedures in table 5-2.

The setup for each calibration step and a displayed
operator cue are contained within the firmware.

Table 5-1. Calibration Test EQuipment

Instrument

Suggested Model

Comment

Digital Voltmeter Fluke 8050A

DC accuracy: 80.01%
AC accuracy (true rms): 0.2%

Distortion Analyzer

Frequency Counter

Frequency range: 5 Hz to 100 kHz
Distortion measurement: 0.1 to 100%

Frequency range: 0.5 Hz 1o 13 MHz
Frequency accuracy: =1 ppm

Oscilloscope
Main frame
Plug-in
Vertical Amplifier

Tektronix 7904

Tektronix 7A26

Dual Time Base Tektronix 7B53A

Bandwidth: dc to 500 MHz

Bandwidth: dc to 200 MHz
Sengitivity: 5 mV to 5Vidiv
Input impedance: 1 MQ
Timel/div. 5nsto5s

Sampler Tektronix 7514 Bandwidth: dc to 1 GHz
Terminations Tektronix 011-0129-00 500 £ 0.1%, 2W
Tektronix 011-0049-01 500 £ 2.0%, 2W
Attenuator Tektronix 011-0059-02 10X, 500, 2W
Coax Cable Tektronix 012-0057-01 501, 3 ft tength

Amplitude and Oftset calibration requires a 50 + 0.05% termination. If a precision termination is not available, a
correction factor {K) can be derived, which can be used to calculate a normalized calibration value.

K is derived as follows:

_ R+ 50

2R
To calculate a normalized calibration value, divide the value from Desired Results by K.Or, multiply the measure-
ment by K, which should equa! the vaiue from Desired Results.

K , where R is the value of the terminator used.
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Calibration steps and cues can be accessed by press-
ing RCL 1001 EXEC, RCL 1002 EXEC, etc. for each
step of the calibration procedure in table 5-2. Calibra-
tion points are shown in figures 5-1 through 5-3.

Periodic calibration is needed because of component
aging, which depends on instrument on-time and envi-
ronment. Use six months as an initial calibration
periad. If possible keep records of the parameter
values and modify the time between calibration if the
records indicate.

Before beginning the calibration procedure, verify the
correct placement of the foilowing jumpers located on
the function generator beard {ref: figure 5-2):

E9 to E10
E13 10 E14

VCG Jumper
Trig In Jumper

To gain access to the Microprocessor/Power Supply
board {steps 1 tc 3), remove the bottom cover (2
screws).

To gain access to the Function Generator (steps 4 to
28) and Arbitrary Wavetorm Generator boards {steps
29 and 30), remove the top cover (2 screws), next
remove the two screws on the right of the Arbitrary
Waveform Generator board, and lift the Arbitrary
Waveform Generator board up to access Function
Generator board adjustments (the Arbitrary Wave-
form Generator board pivots on the left side).

NOTE

1. EXEC (Execute), required to implement parameter
value change, has been omitted from the calibra-
tion procedure.

2. Each step (RCL 1001, 1002 efc) also can be incre-
mented and executed by using the cursor control
(ref: paragraph 3.4.1.3).

3. When using the Function Output BNC, it must be
terminated with a 50Q termination,

Table 5-2. Calibration Procedure

NQTE: Open column indicates previous entry remains applicable

Step Check Tester Cal Point

Program |Adjust| Desired Results

Remarks

NOTE: Steps 1 through 3 are power supply adiustments (see ftigure 5-1).

1 |+ 15V SUPP, R385 |DVM {dc mode)

43-1, TP2 (GND) JRCL 1001| R39 [+15 + .002 Vdc

2 | —15Y SUPP, R47

J3-5, TPZ {(GND) |RCL 1002| R47 {—15 x 002 Vdc

3 | —10.24V HEF, R16

TP1, TP2 (GND} |RCL 1003] R18 |—10.24 x .002

Vdc

NOTE: Steps 4 through 28 are function generator adjustrents (see figure 5-2)

4 |NODE BAL, R99 DVM (dc mode) J23-9, TP1 {GND)|RCL 1004| R98 [0 + 1.0 Vdc P

5 |TRI BALANCE, R60D J23-7, TP1 (GND)RCL 10051 R&0 [0 = .002 Vdc

g8 VCG ZERO, R11 VCG IN BNC ACL 1006| R11 |0 + 001 Vde
{Front Panei)

=d

FUNC QUT
{terminate with
500

1 SYMM, R23

RCL 1007 F23 |50% Duiy Cycie

+0.5ps

8 1LO SYMM, Ri5

RCL 1008] R15 {50% Duty Cycle

+0.5pus

9 L0 FREQ, Ri2 Frequency Counter

RCL 1009| RtZ |10 £ .1 Hz

10 | HI FREQ, R8

RCL 1010 R8 |9%9 +1.0Hz

Steps 9 and 10 interact; repeat
if necessary.
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Table 5-2. Calibration Procedure (Continued)

Step Check Tester Cal Point Program |Adjust| Desired Resuits Remarks
11 | 1 MHz, C43 Frequency Counter] FUNC QUT RCL 1011 C43 |1 = .001 MHz After making the initial adjust-
{terminate with ments in steps 11 and 12, record
12 | 9.99 MHz, R45 500) RCL 1012| R45 {999 + 01 MHz |the frequency in each step. Place
the arbitrary waveform generator
board in the operating position.
Record the new frequency for
each step. Note the difference in
frequency. Lift up the arbitrary
waveform generator board.
Increase the frequency by the fre-
quency difference. Repeat steps
11 and 12 if necessary.
13§ 100 kHz, C45 RCL 10131 C45 [100 £ .1 kHz
14 1999 kHz, R48 RCL 1014| R46 [999 + 1 kHz Steps 13 and 14 interact; repeat if
necessary.
15 | 10 Hz §YM, R117 jOscilloscope RCL 1015 R117 | Symmetry
50% + 1%
16 | 0.999 Hz, R105 Frequency Counter RCL 1018| R105].999 + .001 Hz
17 1 99.9 Hz, Ri112 RCL 1017| R112]999 + .1 Hz
18 | SINE DiST Distortion Analyzer RCL1018| R142| «.3% Adjust for minimum distortion.
R154
R157
R255
19 | MULT BAL, R241 |Oscilloscope RCL 1019] R241| =.070 Vpp Adjust for minimum amplitude
variation. Steps 18 and 1% inter-
act; repeat if necessary.
20 | OFFSET 0, R237 | DVM {dc mode) FUNC QUT RCL 1020| R237 |0 + .005 Vdc
{terminate with
21| OFFSET +5, R208 1% 500 load) | RCL 1021 R208(5 + .005 Vdc
22 | HI AMPL, R242 DVM {ac mode} RCL 1022| R242]3.536 + .07 Vac
23| LO AMPL, R251 RCL 1023 R251].357 + .002 Vac
24 1 TRI AMPL, R148 RCL 1024 R148[2.887 + 003 Vac
25 | QR LOWER, A168| DVM (dc mode) RCL 1025 R168| -5 = .005 Vde
26 | SQR UPPER, Ri64 ACL 1026{ R164 (5 + 005 vde
27 | ATTEN ADJ, R295 RCL 1G627| R295].500 = 001 Vdc
28 | WAVEFORM Oscilloscope with { FUNC OUT RCL 1628| C87 1Aberralions
g7, Cigz, Rg6 Sampler Plug in {terminate with 1221 =323% £ 40 my
X10, 500 R96 | RisefFall
attenuatar) <145 ns
NOTE: Steps 29 and 30 are arbitrary waveform generator adjustments (See figure 5-3).
29| ARB — PEAK OVM (de mode) FUNC QUT RCL 1029 R37 | —5.000 vdc
Adjustment {terminate with + .005 Vdc
500}
30] ARB + PEAK RCL 1030| R34 | +5.000 Vdc
Adjustment + 005 Vdc

53
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SECTION
TROUBLESHOOTING

6.1 FACTORY REPAIR Table 6-1. Symptoms

Wavetek maintaing a factory repair department for Table 6-2
those customers not possessing the necessary per- Symptom Step
sonnel or test equipment to maintain the instrument. if
an instrument is returned to the factory for calibration Display does not light 1.1-1.3
or repair, a detailed description of the specific prob- Display is not “WAVETEK 275" at
iam should be attached to minimize turnaround time. POWeEr up 2
o OU START "BATTERY LOW™ displayed 3
2.2 BEF R; Yh AR 5 o ’ Keyboard has no effect 4
ince no troubleshooting guide can possibly cover a .
the potential problems, the aim of this guide is to give Cannot recall stored settings 5
a methodalogy which, if applied consistantly, will lead Won't work on GFIB 6
to the problem area. Therefore, it is necessary to Keyboard will not work with unit
familiarize yourself with the instrument by reviewing on GPIB 7
the functional description and the detailed circuit N UL OF | { outout at FUNC
description in conjunction with the schematic. Suc- OOCL’JUTD{U ?r |tnc<r3];rec output a 8
cessful troubleshoating depends upon understanding oulput o
the circuit operation within each functional block as No output or incorrect frequency 8.1
well as the block relationships, High frequency incorrect, sine distor-
tion excessive at low frequencies,
6.3 TROUBLESHOOTING ar no output 8.2
Table 6-1 gives an index of common symptoms. For Sine distortion excessive, no output,
each symptiom a troubleshooting step is referenced or no sync output 8.3
that will aid in the solution of the problem. Individual No output or frequency incorrect
compenent troubleshooting is given in paragraph 6.4 below 100 Hz 8.4
recommended test equipment is given in paragraph E , ne di , litud
5.2 and circuit schematics are in the back of this xcessive sine distortion, amplitude
manual. errors, or no output 85
In all problems: Offset errors or no output 8.6
1. Double check tfor proper parameter settings. Output offset or no output 8.7
2. Verify power supplies are in specification. No triangle out 2
3. Calibrate or rule out calibration as a problem. No square out 10
4. Inspect components, wiring and circuit boards for Trigger or gated mode error 11
heat damage. No burst or incorrect burst count 12
5. Recalibrate as necessary after circuit repair, Internal trigger does not function or
Find the instrument symptom in table 6-1 and proceed Is inaccurate 13
as directed to the proper troubleshooting step. After No arbitrary function output 14
;re‘l:ifyi_ng thle refe;’encgq stttepdist?]kay,_proceed to the Monitor key inoperative 15
cliowing step unless directed otherwise.
iy 593 P e o S No ARB SYNC output 16
able 6-3 provides voltages and waveforms for cir-
P g RTS/HOLD input inoperative 17

cuits on the Function Generator Board. These
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meagurements were made with the default instrument
parameters automatically selected at power-on or

- after pressing the RESET key, except that the output

is turned on (QUT 1).

Tables 6-4 through 6-8 are truth tables ot the logic
states for the lines controlling frequency ranges, out-
put relays, waveform functions, trigger modes and
trigger slope.

6.4 TROUBLESHOOTING INDIVIDUAL
COMPONENTS

6.4.1

1. Aftransistor is defective if more than one volt is
measlred across its base-emitter junction in the
forward direction.

Transistor

2. Atransistor when used as a switch may have a
few volts reverse bias voltage across base emit-
ter junction,

3. if the coliector and emitter voltages are the
same, but the base emitter voltage is less than
500mV forward valtage (or reversed bias), the
transitor is defective.

4. Atransistor, when used as a linear amplifier, is
defective if its base current is larger than 10%
of its emitter current (calcuiate currents from
voltage across the base and emitter series
resistors).

5 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 collector current);
otherwise, one of the transistors is defective.

6.4.2 Diode

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

6.4.3 Operational Amplifier

1. The "+ and " —" inputs of an operational
amplifier will generally have less than 15 mV
voltage difference when operating under normal
conditions except when used as a comparator.

2. When the output of the amplifier is connected to
the " — " input {voltage follower connection), the
output should be the same voltage as the "+
input voltage; otherwise, the operational
amplifier is defective.

3. It the output voltage stays at maximum positive,
the "+ input voltage should be more positive
than "“—"" input voltage, or vice versa: other-
wise, the operational amplifier is defective.

6.4.4 FET Transistor

1. Nogate current should be drawn by the gate of a
FET transistor. If so, the transistor is defective.

2. Tne gate-o-source voltage for @ junction FET
{(JFET) is always reverse biased under a normal
operating condition; e.g., the source voitage is
more positive than the gate voltage for a
N-Channel JFET such as 2N5485, and the
source voltage is more negative than gate
voltage for a P-Channel JFET such as 2N5462.
Otherwise, the FET is defective,

6.4.5 Capacitor

1. 8horted capacitors have zero volts across their
terminals.

2. QOpened capacitor can be located (but not
always) by using a good capacitor connected in
parallel with the capacitor under test and
observing the resufting effect.

6.4.6 Digital TTL IC’s (e.g. 7400 Series)

1. The device is operating correctly if the output
high state is > + 2 4V and low state is < +0.5V.

2. The Input must show the same two levels as in
step 1. If the levels are between + 0.8V and
+ 2.0V, the connection to the driving circuit out-
put is open.

Table 6-2. Troubleshooting

Circuit Schematic
Description {No./Sheeat/
Step Symptom Check Paragraph Major Components Location) Remarks
1.1 Display does not AC Power — —
Light a. Power Source — —
b. Power Cord - —
c. Power Fuse —_ Rear panel
d. Pawer Selection — Rear parel
e. Power Switch — Inside rear panel

6-2
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Tabie 6-2. Troubleshooting (Continued)

Circuit Schematic
Description (No./Sheet/
Step Symptom Check Paragraph Major Components Lecation} Remarks
1.2 DG Pawer
a. + 45V supply 4282 VR4, CR15-16, C60,63 1094/3/A4-7
b. + 5V supply 4.26.1 VH3, CR13-14, C56,59 1094/3/B4-7
c. + 15V supply 4263 YR1-2, CR7-12, U286, 1094/3/D3-7
C4850,53,65
1.3 Display
a. Supply Voltages 431 Ji1 05211/C7
b. Filament Driver Us, CR3-4, C14-15 092141403
c. Segment and Digit U1-5, CR1-2 08211/C4-7
Drivers
d. Fluorescent Display V1 0921/1/C1-2
2 Does not display Microprocesser section
"WAVETEK 2757 a. Reset Circuit 423 U3,27, CR1-2, 1819 1084/15C7, 21A3 If akay return
at power-up b. E-clock 4211 U3, 6,13, 25 1084/1/06 to step 1
¢. Address Strobe (AS) 4211 U3, 4 1094/1/D8
d. Address/Data Bus (AD) 4211 J3,4-89-12 1094111C6
2. Address Bus (ADR) 4.21.2 13-4,6,9-15.28 1094/1/C6
f. Microprocessor 4,27 Ug-10 —
Software
3 “BATTERY LOW" Battery Backup 423
displayed a. Battery below 2.4V BT1, CR4, 5 108441/43 If okay return
b. Battery Test Circuit u27, CRe6 109412{A3 1o step 2
4 Keyboard has no Keyboard
effect a. o key 4.3.2 Keyboard Front panel If akay return
b, LCL key 4,32 Keyboard Front panel to step 2
¢. Keyhoard 432 Keyboard 082111/84
d. Keyboard decoder 432 U7 0921/11A3-6
5 Cannaot recali Stored Settings 423
stored setlings a. Battery backup BT, U2 1094/1/A3-4 If akay return
b. Reset uz7, CR18, 18 1094{2/A3 to step 2
6 Won't work on GPIB
GPIB a. Address switch 4218 SW1, Us 1084/1/C5 If okay return
b. Remote indicator 422 U6-3 1094/11C3 to step 2
¢. Command recall 422 Le-8 10941423
7 Keyboard will not Local Lockput
work with unit on a. Verify remate indicator LCL key Front panel If okay return to
GPIB (R} not displayed step 6
b. Verify local lockout GTL command GPIB
not set
8 No or incorrect Test Connector: See RESET instru-
output at FUNC Remarks ment, with output
CUT (output on) on. If bad refer to:
a, J23 pin 11 VCGTST = 1101/3/B1 step 8.1
0.0+0.1 Vde
b. J23 pin 9 DCCOMP = 1101/3/B1 step 8.2
0.0£50 Vde
¢.J23 pin 7 TRITST = 11017381 step 8.3
0.0+0.1 Vdc
d. J23 pin 13 AMPLDC = 110143/B1 step 8.5
50x0.2 Vde
e.J23 pin 1 PATEST = 110113/B1 step 8.6
0.0-+0.1 Vdc It okay go to step

8.7
6-3
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Table 6-2. Troubleshooting (Continued)

Circuit Schematic
Description {No./Sheet/
Step Symptom Check Paragraph Major Components Location) Remarks
81 No output or incor- | VGG
rect frequency a. 5HO {FRQ input} 4253 1519, C28 10494{2/1C2
b. VCG Amp & Compensa- | 4.41 U1-2, CR1-2 1101/1/C4
tion
¢. Curent Saurces 4.41 J2-3, Qt, CR4-6 1101/1/C4
82 High frequency Frequency Compensation
incorrect, sine a. DC Amplifier 445 u7-8, C17,58 1101/2/C6
distortion excessive b. High Frequency Comp 445 1, U7-8, Q2-3, CR15-16 | 11012/C8
at low frequencies
ar no output,
a3 Sine distortion Main Generator
excessive, no out- a. Current Switch 442 Q4-5 CR17-20 1101/21D4
put, or no syne i, Switch Buffer 4.4.2 Q6-7. CR21-23 1101/2/C4
output ¢. Comparator 4.4.2 Q8-12, CR24-31 1101/2/C3
d. Square Buffer 4.4.2 Q13-14, CR32-34 1101/24C2
e. Triangle Buffer 4,42 Q1517 CRE6 110142fC1
f. Frequency Range 4.4.3 Q18-21, CR35-43, 1101/2/82-4
Switches C43-47, 50, 52, 54
q. Sync Driver 446 Q26-27] CR52-53 110143/C3-03
8.4 Mg autput, or fre- Capacitance Multiplier 4.4.4 ug-11, C40 2AB-T
guency incorrect
below 100 Hz
85 Excessive sine Amplitude Control
distortion and a, SH1 (AMP) 4.25.3 U1518, C32 1094/2/C2
amplitude errors, . Sine Converter 448 Ui1-12, Q22-23, R145 110143/CA-6
or not output o XY Multiplier 4.4.9 719, CR58-62 1101/4/A5-8
8.6 Offset Errors or no Preamplifier 4.410 5, Q28-23, CR54 1101/4/C5-7
QuUiput
8.7 Output offset or no | Cutput
output a. SHzZ {OST) 4253 Ut5-18,20, C36 1034/2iC2
b. Oifset 4,49 U7 1101/4/85
¢. Output Amplifier 4.4 11 U16, Q30-37, CRE5-58 1101441C1-5
d. Fuse and Fuse Sense 44122 u20, F1 1101/4{B1-2
e. Overvoltage Sense 44121 U20, CRE3-65 1101/4/B4
i. Quiput Attenuatar 44123 Gas-41, K1-3 110144/81-2
g No triangle out Triangie Level 448 U12, Q24-25 1101/3/BS-€ If okay return to
step 8.3
10 MNo square out Sguare
a. Sguare Logic 448 LH3-14 1101/3/B5-6 it okay return to
b. Square Shaper 4438 12, CR45-51 110113/A3-4 step 8.3d
1 Trigger or gated Trigger Circuit
made error a. SH3 (TRL) 4253 115-18,20, C40 1084/2/82-3 If okay return to
b. Trigger Level Amplifier 4.4 uz 1101/1/B6 step 8.1¢
¢. Trigger Comparalor 447 U4, CR9-11 11011485
d. Mode Logic 447 Us-6, CR7-8,12-14 116111/B4

64
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Table 6-2. Troubleshooting (Continued)

Circuit Schematic
Description {No.JSheeti
Step Symptom Check Paragraph Major Components Location) Remarks
12 Na burst ar Burst Counter
incorrect burst a. Auxiliary Buffers 4243 U28-39 1094/2/B6-7
count B, Auxiliary Connectors cables connectors
¢. TRIG IN Jumpers 447 E13-E14 1101/11A4
d. Program Decode 4.51 u18, 19 1078/2/C7
e. Program Registers 4.51 U3-us 10791185
f. Burst Mode Logic 452 U1z, Us 1079/1/B2
g. Preset Counter 452 Uz-ui 107971144
h. Burset Clock Select 452 u2 107941106
i. Burst Trigger Select 452 U1 107914C7
13 Internal Trigger Internal Synthesizer
does not function a. VCO {synthesizer) 453 uas 107943/C3
or is inaccurate Output
b. PLL Chip 453 U35 10679/3/05
c. Loap Filter 453 U37A 1070/31D4
d. Level Translator 453 J3rs 1079/3/03
e. Binary Divider 453 36 107H3CE
f. SYNTH Data Latch 451 U34 1079/3/05
Trigger Select Logic
a. TRIG Select Switch 452 3 1079/1IC7
b. Logic Register 451 us 1079/1/A5
c. Logic Register 451 u1é 107912105
14 No Arbitrary Internal Synthesizer 453 U34-U38 1079/3/C4 Check internal
Function Qutput trigger operation.
Sequence Controt Logic 4544 Uzi-uz2s 1079/2/R4
Mode Control Register 451 U6 107H2C5
& Accumulator 456.41 L26-030 1078{2/D2
ARB RAM 4547 42, 143 1078/3B87
ARB DAC 4543 U486, U39 1073383
ARB Function Selector 45473 47 10797382
Swilch :
15 Monitor Key #PROC Data Selectar 45451 uz25, Uty 107912183
Inoperative Data Serial Registers 45.4.2 U40, Ud1, Udd, U45 107913187
Data Strobes 451 u1a, uio 107942/C7
16 No ARB SYNC ARB Address Programming -— — — ARB address
Output must be pro-
grammed
between the start
and stop
arldresses
ARB SYNC OUT Buffer 45452 U38A, Gt 1079/31D2
ARB RAM 45472 43 1079/3IAT
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Table 6-2.

Troubleshooting (Continued)

Circuit Schematic
Description {No./Sheat/
Step Symptom Check Paragraph Major Components: Location) Remarks
17 RTS/HOLLD input Mode Frogramming — — — Must be in an
tnoperative RTS mode for the
RTS/HOLD input
to function,
RTS nput Buffer 45441 U204 C 1079/2/B6
External Inplt Seqguence 45441 U21A, B 1079/2/B5
Latch
State Machine 45442 u22-24 1079/2/A4

Table 6-3. Function Generator Board Voltages (Reset Condition)

Circuit

Control Voltages

Circuit Voltages

VCG and trigger OVR = TTL high (J8-19) TLO = +1.8V {(U2-7)
level FR5 = TTL high (J2-10) THC = +1.2V (U3-9)

FRQ = 1.00V (J9-1) VCV = —0.4V (E10)

TRL = +4.25V (J9-4) VCGTST = 0.00 Vdc (J23-11)
Freguency FR7 = TTL high (J9-12) DC COMP = 0+5V (U7-14)
compensation FR6 = TTL high {J9-11)

FB5 = TTL high (J9-10)

DCA = TTL low (J9-18)

Generator
loop

Tri Buffer
Cut

Switch Buffer
Cut

Hysteresis
Out

508

TRITST = 0.00 (423-7)

+ 1.0V
/\/ {Q16-emitter)
j ! - 1.0V

+ 2.0V

{CR25-cathode)

— 2.0V

+ 1.0V
{Q9-base)

- 1.0V

+ 50V

(Ra3)

0.0

OC COMP = 0+ 5V (J23-9)
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Table 6-3. Function Generator Board Voltages (Reset Condition) (Continued)

Circuit Control Voltages Circuit Voltages
Frequency E = TTL high (J9-B)
range _@ = TTL low {J9-8}
FRS = TTL high (JS-10}
FR6 = TTL high (J9-11)
Capacitance FRO = TTL high (U10-9) .
multiplier FR1 = TTL high (U10-8) : 10V
FR2 = TTL low (U1G-1) TRB /\/
CPM = TTL high (U10-16) ' -1V
Trigger circuit +TR = TTL high (J9-22) TLO = +1.5V (R29)
—TR = TTL low {J9-21) THGC = +1.2v (CR14-cathode)
MCO = TTL low (J9-16) 1 +5.0V
MC1 = TTL low (J9-17) SQB = | | oy U54
Function select SQR = TTL iow (U14-1)
SQR = TTL iow (U14-10)
PLS = TTL low (U14-2) : T 10V
PLS = TTL low (U14-5) ;
EXW = TTL low (U13-12) TRB | (R139/140)
SIN = TTL low (R141) ! 1.0V

TRI = TTL high (R149)
RCT = TTL high (R170)

X-Y mulliplier OST = +5.00V (R235)
and offset Amp out = 0.0 Vdc (U17-8)
AMP = +5.00V (R266)
AMPLDC = +5.00V (J23-13)
Preamplifier f ' +0.75
Preamp OUIW CRS4-anode)
d -075
PATEST = 0.0 Vdc {(J23-1)
Output Off amp out = 0.0 Vdc {R207)
ampiifier }
/ +0.75
Preamp out W {R209}
: -075
PATEST = 0.0 Vdc (J£3-1}
4
: + 5.0V
Out amp out /\/\ (R231/232)
~50V

6-7
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Table 6-3. Function Generator Board Voltages (Reset Condition) {Continued)
Circuit Control Voltages Circuit Voltages
Output FUB = TTL low {J9-34) )
protection OAP = TTL low (J9-33) Fuse sense ¢ *30v
QAQ = TTL low (J9-13) input /i\/\ {F1)
OA2 = TIL low (J8-15) -5.0¢

Table 6-4. Frequency Truth Table

Mo |EERIZEEEIRIZIE

Range

10.0-99.9mHz| 1
100 ~-999 mHz | @
1.60~-9.99 Hz 1
100-98.9 Hz 1
100 —-999 Hz 1
1.00—-9989 kHz | 1
10.0-99.9 kHz | 1
100 — 999 kHz 1
1.00—-9.99 MHz | 1
10.0—-12.0 MHz | 1

I U L S P o S Sy
C 00 OO OO 2 4 o
_, e ek ek ek O = OO0
T Y e T T T S Sy

o -, D = = 4

- b ) et 1

Oo_lu‘—l—l—l-—t—l—t

e T SN S G A 1 A S ey
(=R o R o o i e o R

Table 6-5. Output Relay Truth Table

23z

Condition 000

Ampl + |Olst] > 1.00V, Qutput On 101
Ampl + |Ofst| = 1.00V, Output On 110
Qutput Off, Hi Z {~539 k) 001
Qutput Off, Lo Z {(~55.611) 010
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Table 6-6. Function Truth Table

Function IZ 28 8 E'. I"’ i

Sine 01100000 "y
Triangle 10100000 "y
Square 11010000 L
Sqgr Comp t1001000 J
DC 11100000 —
Ext Width 11000001

Table 6-7. Mode Truth Table

8 &
Mode s =
Cont 0 0
Trig 1 0
Gate 1 1 {Includes Burst Mode}
Table 6-8. Trigger Truth Table
o e«
. - =
Trigger + I
+ (Rising) 1 o+
—(Falling) 0 11
_ Man Trig 1 1
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7.1 DBAWINGS

The following assembly drawings, parts lists and
schematics are in the arrangement shown below.

7.2 ADDENDA

Under Wavetek’s product improvement program, the
latest electronic designs and circuits are incorporated
into each Wavetek instrument as quickly as develop-
ment and testing permit. Because of the time needed
to compose and print instruction manuals, it is not
always possible to include the most recent changes in
the initial printing. Whenever this occurs, addendum
pages are prepared to summarize the changes made

DRAWING

Instrument Schematic
Instrument Parts List

Chassis Assembly
Chassis Parts Lists

Front Panel Assembly
Front Panel Parts List

Display Schematic
Display Assembly
Display Parts List

Function Generator Schematic
Function Generator Assembly
Function Generator Parts List

Microprocessor/Power Supply Schematic
Microprocessor/Power Supply Assembly
Microprocessor/Power Supply Parts List

Prom Package

Arb Gen Board Schematic
Arb Gen Board Assembly
Arb Gen Board Parts List

SECTION
PARTS AND SCHEMATICS

and are inserted immediately inside the rear cover. If
no such pages exist, the manual is correct as printeg.

7.3 ORDERING PARTS

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

NOTE

An assembly drawing number is not
necessarily the assembly part number.
However, the assembly parts fist number is
the assembly part number.

DRAWING NUMBER

0004-00-0203
1000-00-0203

0102-00-0922
1101-00-0922

0102-00-1003
1101-00-1103

0103-00-0921
1100-00-0921
1100-00-0921

0103-00-1101
1100-00-1104
1100-00-1101

0103-00-1094
1100-00-1094
1100-00-1094
1109-00-0024

0103-00-1079

1100-00-1079
1100-00-1079

71
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7-2

DRAWING

Rear Panel Assembly
Rear Pane} Parts List

Rack Adapter Assembly
Rack Adapter Parts List

Dual Rack Mount Assembly and Parts List
Rack Slide Assembly and Parts List
Option 002 Schematic and Parts List

Option 004 Arb Extended Memory

DRAWING NUMBER

0102-00-0924
1101-00-1170

0102-00-1043
1101-00-1043

0102-00-1041
0102-00-1042
0103-00-1010

1000-00-0208
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1

I REV [ ELN [ Y IDI\TEI APP
THIE DOCUMENT COMTAINS PROPRIETARY INFOR-
MATICN AND DESIGN RIGHTS BELONGING TO
WAVETEK AND MAY NOT BE AEPRODUCED FOR ANY
REASCON EXCEPT CALIBAATION, OFERATION, AND
MAINTEMANCE WITHOUT WRITTEN AUTHOAMIATION.
REFERFNCE DESIGNATORS f PART DESCRIPTICN DRIS-MFGR-PART—ND MFGR WAVETE# MO. GTY/RT REFERENCE DESIGNATORS PRRT DESCRIPTION ORIGHFGR-PART-NO MFQR WAVETEK MO. aTY/PT REFERENNE DESIGNATORS PART DESCRIFTION ORI G-MFGR—PART-ND MFGR WAVETEK NO. TY/PT
cHi4 UR2 CR2? CRII
RPA® R270 AZF1 R2YZ RES, MF. 1/BW, 1%, 1. %44 | RNSSD-1%4iF TRW 4701-03-1981 4 ARZLE RES, MF, 1/BW, 1%, $1.1 AMSSD-31R1F TRU 4701-03-%119 1 CR2% 4R2& L{R27 CRIS
CRI <733 GR33 CRIN
Ria3 RE1Z RZ14 R2S3 RES. MF. 1 /8, 1% 2K RH3ID-20GLF TRYW 47G1-03-2001 7 R170 R1%4 RES. MF. 178W, 1%, 8. 76K | RNISD-5761F TR 4701-03-374t F CH44 CR&3 CR44 CRAT
RT& RTE R7E ; CRS CRZ2 CRSA CRSY
! R72 RFQT RES. MF. 1780, 1%, 6. 19Kk | ANSED-4191F TRW A70t-Ca-&191 2 CRS& CRS9 CRaZ CR&Z
Ria% #4129 R133 R137 i RES. MF, 1784, 1%, 20K RISSD-2002F TRH 4701-03-2002 & CR&4 CRAS GRS
Rirés B43 ! RS0 RES. WF. 1/78W, 1%, &61 RN33D-5810F TR 4701-03-6810 1
CRZ4 £A31 DLODE 5082-2611 HP 4807-02-2811 2
RIP1 RI2S RES, MF, 1/84, 1%, 21. 5 RNSSD-Z1R5F TR 4701-03-215% 2 R243 RES, MF, 1/8MW, 12, &. 61K | ANSID—bB11F TR 4701-03-6811 1
CR7 £RE DIODE. H/PR. FO-777 144-301-93 WYTR  |3898-00-0004 1
R10C A101 R2ZO3 RES, MF, 1/8W, 1%, 221 RN3I3D-2210F TRM 4701-03-2210 3 Ri4& R151 R&1 R&4 RES, MF, 1/8W. 1%. 6. 98K | RNS3D-49B1F TRW 4701-03-4981 4 G1¥: 2 48O07-02—0777
R126 R130 R134 R138 RES, MF, 1/BW, 1% 2, R1% | RNISD-2214F TRY 4701-03-221 % E R199 RZ24 RES. MF. 1 /84, 1%, 755 ANSD-TS00F TRW 4701-D3-7300 2 433 GR4 3% TRANS SN2ZITA NSC a501-02-2191 3
RIBO
R121 R122 R287 RIL RES, MF. 1 /B4, 1%, 7. 3K ANSSD—7S01F TRW 4701-03-7%01 4 a7a TRANS INTIETA MoT 4901-02-346%1 1
RP4 RES. FF, 1/8W, 1%, 23. 7W | ANSSD—2372F TRM 4701-03-2972 1
RA71 R272 RIAT4 RA7I RES: 4. 1 /BW. 1%, 78. 7K | ANSSD-7E72F TRU 4701-03-7872 L] 432 @hs 437 TRANS INZFOSA NBEL 4901-02-9031 E
Ra4 RES, MF, L /BW, 1% 243K RNS3D-2433F TRY 4701-03-24372 1
R111 RES, MF. 1 /B4, 1%, 825 RN SD-8250F TRE 4701-03-F230 1 Ll 611 013 Gls G630 TRANS FINC LR ] FAIR  |4901-03-%630 7
R172 R174 RES. MF, 1784, 1%, 24% RN53D-2490F TRH 8701-03-2450 2 oo an
/37 RES. MF, 1/84. 1%, 8. 234 | RN3SD-G2%1F TR 4701-03-B231 1
RL&Q R152 R170 R19% RES: MF, 1789, 1%, 2. 49% | RANSSD-2491F TRW 4701-D3-245 | 13 aag TRANS 2MZaTEA CARTR ha901-03-4381 f
R2ms AI00 RICE RIT : RILT REB: MF, 1/8W, 1%, 909 RNSSD—20%0F TAW 4701-03-9090 1
R34 K34 R71 REJ RS a1 TRANS 2NI903 =T 4901-03-9030 1
A124 R128 R132 R134 RER. MF. 1/6MW, 1%, 0.9 RNSSD—FORFF TR 4701-03-F0%% ES
R15Z R137 RZ13 R30 RES, MF, 1/6W, 1%, 24. 9% | RNSSD-2492F TRH 4701-03-2472 4 Ru23 Q17 939 Q40 G441 TRANE INTTOE FAalR  {4901-03-9040 %
RZA9 RIS2 RES. MF: 1/BW, 1%, 27. 4K | ANSSD-2742F TR 3701-03-2742 2 R RI95 RES. MF, LU, 1%, 100 RN7OD-~1000F TRW 4701 -33-1000 2 013 G197 G20 G2 623 TRANS MIT0L FAIR  [3901-03-50&0 &
azsg
Ri61 R2I3 R2LF REB, MF. 1/6M. tX, 27. 4 RN3AD-27R4F TRU 4701-0%4-2749 3 R22 RES HMODULE 4118R=-Q01-103 BOURN [4770-00-0019 1
@27 TRANS 2N4122 NEC A701-04-1220 1
Ri71 Ri73 R282 RI64 RES. FF, 1/BW, 1X. 3. 014 | RN33D-3011F TAW 3701-03-3011 3
o2 @ TRANS INS4LT HOT 4901 -09-4420 2
RZS RED, MF, 1/8W, 1X: 30. 1K | RN33D-301aF AW 4701-03-3012 1 )
TITLE ASSEMBLY HO, REV TITLE ASSEMBLY HO. AEV TITLE ASSEMBLY NO. REV
WAVETEK PCA. FUNCTION GEN BD 1100-00-1101 WAVETEK RZA, FUNCTION GEN BD 1100-00-1101 WavETEK PCA FUNCTION GEN BD 1 100-00-1101
PARTS LIST PaGE: 7 PARTS LIST PAGE: § PARTS LIST PACE: 11
REFEREMCE DESIGMATORS PART ODESCRIPTION ORIG-MFGR-PART-NC PFGR WAVETERK NG, ary/PT REFERENCE DESTGHATORS FART DESCRIPTTON ORIG-MFER-PART-NQ MFGR WAVETEK NO. GTY/PT REFEREMCE DESIGMATORS FAAT DESCRIFTIGN GR [ 6-HF@R-FART-NO MEGR WAVETER NOD. arysPT
RES. MF. MIXED SET 4787-00-0043 YT |4789-00-0043 1
Rat RES, MF, 1/70M. 1%, 301K ANS3D-3013F TR 4701-03-3013 1 At a1 G5 TRANS 2H3483 HOT 4901 -05-483%0 3
A113 REB. MF, 1/6W, 1%, 10K
R¥3 R7Y RET RES. MF, 1/8N, 1%, 232 RN33D-3330F TRH 4701-03-3320 3 PART OF 47B9-00—0043 A1z G14 022 2% Az TRANS INTFTL NSC 4001-05—7710 a
GTY(L) az7 Ga31 a7 Qg
RZ04 RES, MF. 1/8W, 1%, 3. 328 | AHNS5D-3321F TRU 4701-03-3321 1
R114 RES. MF. §78H, 1%, 100K R14S THERMISTER 1H-301-K MCI 5300-00-001 t 1
R152 R158 RES, MF, 1/60. 1%, 33, 2% | RNS3D-3322F TR a701-03-3322 2 PART OF 4799-00-0043 h
aryoi} ur 1c TLOS3ACH TI 7 D00-0O0~-8300 1
R&A R4 RTY RES, MF. 1/6W, 1%, 33. 2 RMA3D-33RIF TR 4701-03-3329 3
RI15 RES, MF, 1740, 1%, 1M Uit ux ur Ic TLOBACN TI 7 000-00—B400 a
R? REZ, MF, 1/BW, 1%, 3. 57% | RN33D-3371F TRW 4701-63-3371 1 PART OF 47D7-06-0043 -
GTYiLy uz0 14 MLH33P MaT ~03-3500 1
RB& RES. MF. 1/8W, 1%, 392 AN SD-3720F TRY a701-03-3920 1 7008 s
R123 R127 R431 R1D3 RES, MF. 1744, 1%, 160 CClo0sF AB 4797-00-0034 & ua e HNEZ27 5I& COO—HF-IF00 1
RIOY RES, MF, 1/BW, 1%, 42.2 RMSSD—AZRIF TR 4701-03-422% 1 RAB A9 7000-03-320
it c CA-301% FAIR [7000-30-1900 1
R2OT RES. MF. 1/61. 1%, 464 RN 30 84 40F TRH 370 1-03-4440 1 CR11 CR1% CR1& CRS4 DIDDE INTREA FAIR  4B0i-01-0781 -
Chel UiE UL e 3054 [} —30— 2
R120 R141 R14% R240 RES, WF, 1/B4, 1%, 4. &8K | AN33D-4441F TR 4701-03-444 1 & . cA ca 7 000-30—3400
CR&G DIUDE, ZENER &. 2V 1NB235 waT 4801-01-0823 1 uis 1c CAZOBZ FAIR ~30-8300
77 RES. MF, § /8, 1%, 499 RNZ ST 4990F TR 3701-03-4990 1 ! 3 t 700030 !
CRA CR& CR&& DIGDE 1IN3E STEM  [4801-01-0959 3 u ; ic 309 — SO0
Rtas R19 R2Z1 R21s RES. MF. 1 /DM, 1%, 4. 79K | RNISD-4991F TRW 4701 =03 4771 23 1s V3 CA—3DFHAE RCA 7 000—30~%: 2
R235 R236 RISE Ra&0 CR21 CR34 DEODE LNATADA MOY AEAT-01-4T40 E U1l e U1 ue 1C. QUAD SPST CMUS DOZ1IC SILX |a000-02-1100 5
R27 R277 RI?9 R28 ANSL OB SHTTCH
RPE1 2283 R2% R4 RS CR3& CR37 CR38 CRA9 DIDDE 1N3RE2 FAIR  |4B01-01-3282 10
A6 AL /33 RLI RISE CRID CRI1 CR4AY CR43 Ul Us IC. GUAD 2-INPUT MaND | 74F00 FAIR |g000-74-0002 2
R&L CRS7 CRSA eATE
R10s RES, MF, 1/8W, 1X. 4%. 94 | RNSID-AS52F TRW 470 1-03-4492 1 CR17 CR18 CR19 CR20 DIOLE FD777 FAIR  |4B07-02-0777 10 uid IC, 4-2-3-2 INPUT &ND | TsF&s FalR  |8000-73-6402 1
CR29 CR30 CR48 CRa% OR-INVERT GATE
R17 RET4 RI&H DAY RES: MF. 1/8W. 1%, 499K RNS30-4993F TRW a701-03-4993 E CHSO CREZY
Raz us 1C, QUAL D-TYPE FAETS FAIR  |a000-74-7402 ]
4 CRY CRID SEI1D £R13 Tinne iNtieE FRIN At —Ou-ohss - 1 1P DP
FITLe ASIEMELY NO. REY TITLE ASSEMELY NO. REV T ASSEMBLY NG REW
WAVETEK PCA FUNCTION GEN RD 1100-00—1 101 WAVETEK PCA, FUNCTLON GEN BD L100-B0~1101 VWAVETEK FCA FUNCTION GEM BO 1100-00-1101
PACE B PARTS LIST PAGE. 10 PARTS LIST PAGE: 12
REMOVE ALL BURRS Date
AND EREAK SHARP EOGES WE"'EK
LAR QGO » CALIIDAMIA
MATERIAL
TITLE
e mner PARTS LIST
TOLERANCE UNLESS F(:A, FUNCTION GEN BD
FrisH SPECIFIED
LMK s DD ANGLES £1°
WAVEYEK PROCESS X+ D30
00 NOT SCALE DWG WODEL MR TG N [(MEw
NOTE UNLESS OTHERWISE SFECIFIED SniE 275 1 100_m_1 101
L
e 23338 sweer P or 2

AIAMOF CRAFHICE, ACCURRESS
WEDRTEN MO A 3494

2

1
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1

[REV I ECH ; BY lDiTE‘ AFP
THIS DOCUMENT CONTAINS PROPRIETARY INFOR-
MATION AND DESIGN FRIGHTS BELDWGING TO
WAVETEK AMD MAY NOT BE REFRODUCED FGR ANY
REASON EXCEFT CALIBRATION, OPERATION, ANG
MAIMTENANCE WITHOUT WRITTEN AUTHORIZATIGN.
' I . S —_— e
REFERENCE DESIGNATORS : PART DESCRIPTICH OR IG~HF ZR—F AR T~NO) HMFER WAVETEK W, GTY/PT REFERENCE DESIGMATORS fART DEBCRIPTICH OR I G=MF GR—FART—N{ MFGR gl WAVETEK NO. aTy¥/PT REFERFNCE DES[SNATORS ! PART DESCRIPTIGH ORI&-MFER-PART-ND MFGR WAVETEK WO, aTy/PT
: R e e s T anir T — — b ————— ——— 3 - ar—-
NGNE | ASSY DRWE FUNCTION 0101-00—1101 WYTE  |[Q101-00-1101 1 AP SET. POLYC 180-301 WYTH 311 509-BD-0C08 1
{ GENERATOR HMIXED MATCHED SET : R237 R242 R4S POT, TRIM. 2K FLARIR BECK |4 400—Q2-0201 3
1 H 1
MONE . SLHEMATLE, FUNZTION 0103-00-1101 WYTK  |0103-00-1101 1 2] CAP. POLYC, . O1MF, 100V ! ! R10% 7255 Ris FLIT, TRIM, 20X 7 1ARZOR BECK  |4400-02-0301 3
SENERATOR PART OF 1309-80-CO0E |
aTviLy : i F154 R157 R&C FGT. TRIM, 500 @ 1AR SO0 BECK  |4400-03-0104 3
F1 PLa, OUTPUT FUSE BO 1200-00- %77 WY TH 1 FOO=QG=0F7F 1 i R
€52 £AR, POLYC. . 1M€, 100V | ! ; Rlsd Riad POT, TRIM 5K FLARDIK BECK  |4400-0%-0203 ]
MOHE ASSY, ASISTOR MNTG 270-100% HYTK |1 204-00-1009 1 FART OF 1%09-80-coon | [
ANGLE alvil: i '; A1A2 RES, €, 1/2W. 3%. 43 RCZ0CF—430 STKPL |470C-25-0430 1
Cuz quT £47 Cus CE | CAP.CER, S5FF, 1KY LD-050 CRL 1300-00-3011 7 L] CAP, PDLYE, 1HF, 100V ! f A18] R1B3 R&S R&7 REA CRES, C,1/20. 3% 4.7 RC2OGF-4RT STKPL |470C-25—047% 7
<O Cil PART OF 1509-B0-0008 l [ R73 R74 |
aTvil}
€414 £113 C1s €20 § CAP, CER, 10FF. LRV DD-1g0 tRL 1 306-61-0011 7 AL7o R177 R178 R179 ! RES. €. 1/2W, 5%, £20 RCIORFA21 STKPL |4 700-23-5200 &
Cae 074 NONE FUMCTION GENERATLR 1700-00- 0720 WeTH |1 706-00-0%20 1 Rif0 R1B4
<4 ¢S CAF, CER., 100PF, 1KY DD-101 CRL 1900-01-0111 2 Jio CONN HEADER f OF~&0-1101 MOLEX |3100-02-0088 1 RIB9 R19Z R194 AL7D RES, MF, 1/8W, . 1%, 750 RMASE—TS008 MEPCO (4701-02-7300 4
€33 C4B 081 €37 C5% CAP, CER. . DO1MF, LKV DD-102 CRL 1 200-01-0211 a J14 CONN: HOUSING, 14 PIN 2100-02-0134 WYTK  |2100-02-013& 1 Ri0F AL1? R12D RLIAT RES, MF, 1/80W, 1%, 169 RM55D—1GOOF TRU 24701-03-1000 20
30 T71 CB? WITH POLARTZING TABS A18% #1846 R1BY RIl1
R215 [220 R222 Ris4
cqz CAR, CER, MM, , OL0F, 30V | CACO2ISULD3T1034 CORKG |1 300-01-0310 1 a7 CONN, HOUSTNG. 34 PIN 2100-02-0138 WYTK  [2100-02-0138 1 R247 R230 A3561 Rés
HITH POLARIZING TAEE R&% R3O RBS REY
€1 Cif Cif C103 C1d4 CAR, CER: MON, - 1MF, 50% | CACOIZSUI0ATOSCA CORNE |1500-01-0403 a2
€105 {104 C107 C108 NONE TERM 2000B1 USECO |2100-03-0009 12 F103 Ri4 RL7 R1E R1Ft RES: MF. 1/8W, 1%, 1K RNSS5D—1001F TR 4701-053~ 1001 14
€11 £110 €11t €112 R1%7 %20 Ri01 R=202
€113 €114 €117 C118 Try TPZ TP2 T4 BUSS BAR STANDOFF 2110—-001 ARTWR [2100-05-0024 4 RZT& RIYY RAT RBI RS
€119 €12 €120 €124
C124 €125 €13 Ci4 Cin Jas HEADER. 14 PIN.,2X7 Ch—D1 4ASF 100-230-0%0 CA 210G=-08=-0053 1 R1oy Ai04 R107 RlOE RES, MF, 1/8W, 1%, 10% ANSID- 1 00RF TRY 4701=03-1002 @t
€17 €18 ci9 (2 ¢23 Ri1& H147 R188B R1%3
C¥q Cv3 LRe CME 027 NONE SPACER. HINGED Lr3g1 LYNTR |[2800-03-000% 4 R204 AZ234 R264 AZLN
€3 €30 €31 C32 ¢34 . PSOH, . 2D RA01 R302 RIS A40 RIZ
€37 {35 C37 C41 Ca9 &-32 THO RT3 R57 H& RY3
TITLE ASSEMELY MNO. REY . EV TITLE ASSEMBLY NQ. REV
WaveTEK PCA FUNCTION GEN BD 1100-00-1101 § WAVETEK PCAL FUNCTION GEN D £100-00-1101 ? WAVETEK PCA.FUNCTION GEN BD 1100-00-1101
PARTS LIST A 1 PARTS LIST pae. 3 PARTS LIST pace: 3 |
REFERENCE DESIGNATORS PART DESCRIPTION OR IQ—HFGR—FART=NG MF CR HAVETEK NO. GTY/PT REFERENCE DESIGNATORS PART DESCRIPTION R EG-MFGR-PART~NA MF&R WAVETEK NO. aT¥/PT REFERENCE DESIGMATORS FART DESCRIPTION DR IG-MFGR-FART-NG MF &R WAVETEK NO. GTY/PT
56 557 CEG C59 CaD
CHl A2 A CoH4 C&Y NONE SPACER 2323 SHITH [2B00-05-0010 2 R285 R2ZB7 R3ID RIY RES, MF, 3/8W. 1%, 100K RN550-1003F TRU 4701-03-1003 4
C&7 CAB CF C7 €72  P50H, . 230 HEX
4¥3 V4 €75 Cre C77 &-32 THRU A10 Pls R2F0 RI73 RES, MF, 1/6H, 1%, 1P RN5S5D-1004F TRU 4 701-03—-1004 10
C7B C77 CB3 CB4 C83 #3274 RIRL RZAE RITD
cam CBY CY (90 C9t MONE SPAGER, SHAGE £T10-F/16-2C LNTRH |2BOO-04-0017 I A79% R3
C72 173 (%% £9& €78 . 542H, . 230 DIA
77 . 130BIA THRU, . DEZMTL R110 R173 RP17 K224 RES, MF. 1784, 1%. 10 RHS3D—-10ROF TAW A701-02-1009 )
S737 R2PH RIS RIIC
£os CAR, CER, 150FF, 1KY DP-131 LRL 1500-01-5111 1 NG HEAT SINK 207 WAKE  |2B00-11-006G1 2 B231 A23Z R233 RIS
K30 RRE R97
ce2 CAP, CER. 1. 3PF. LKY 10TCC-V1S SPAAG |1 TO0-01-3307 t NONE TRAMSIPAD 10180 METRS |2800-11-00G4 2z
R245 R244 R248 REL © RES, MF, 1/8U. 1%, 1. 1K RNSD-1 LO1F TR 4701-03-1101 4
€109 CAP. CER. 22FF. LKV DD-2320 CRL 1500—02-2011 t NI JUNFER 481-2971-01-09-10 CaAMB  [3000-D0=0034 4
Ri1R RR4% B2 RES, MF. 178, 1%, 1. 21K | RMNS3D-1211F TRH 4791-03-1211 <]
ca CAP. LER, Z2OPF . 1Ry -2 tRL 1%00-02-2111 1 Fi0 €1t EIR £13 EL4 PINS, JUMPER 480-3703-01-03 CAME  |3000-00-0033 &
E7 RAI97 RES, MF, 4 /B4, 1%, 12,4 RN2SD- L 2R4F TRU 3703-03-124% 1
47 CAP, CER. 33FF, LKV DD-330 CRL 1500-03-3011 1
NOWE D1gI-CLIF HC-20 CHPCP |30 G=00~ 0053 . H16% R1&47 RES, MF, 1/8W. 1% 154 RN3IID-1302F TRW 4701-03-1302 2
caa CAR, HICH, 3SPF, 300V DH15-2460 ARCD |1 300-15-8000 1
NONE PIEI-GUIDE ME=10-1 /2 CMPCP  [3000-00-0094 E R153 Ri%6 RIOQ R20OT RES, MF. 1/BW, 1%, 120 R/NIOD- 1 300F TRW 4 701 =03~ 1 5040 &
c47 AP, MICA, BROPF, 3004 nr13-821F ARCD  |L3002-18-2101 1 RTLO W93
K1 K2 K3 RELAY. REED. FORM-A RAIDES-1081 ETROL. |4 300-00-DOOF 3
40 CAP. MYLR: 2HF , 200% ZHMPUZASH AMRAD i BO0-32-0%04 1 RuTE RIP RES, MF, 1/BW, 1%, 15K RNSBD-1802F TRH 4 701031302 2
RZ08 RID FDT, TRIM, 100 F1AR100 BECH  [4&00-01-0103 H
c17z ca3 WARL. 3. 5-13PF, 2509 7S-TRIKD-02 3. 3/15FF | TRIWG |1 300-%1-3000 2 R1 ®Z RES. MF. 1 7BW. $%. 1394 RNS5EB-1503F TRW 4701-03-1303 2
LEEST] FOT, TRIM, 1K FLARLK BECK  |4600-01-0209 2
£4% 097 VAR, 7-35PF, 330V FE-TRIKD-0Z ?/33 PF TRIKD |1300-93- 3000 2 R&2 RES. MF, 1/8W, 1%, 15. BA | RNISD-]382F TRH 4701-03-1382 1
RYF POT, TRIN. 10K FLAR1OK BECK  [4500-01-021% 1
£100 Ci02 €133 CAP. TANT, 22MF, 15¢ 19402255901 SHAL SPRAG |1 300-73-pal1 <] R238 RES. MF. 1760, 1% L. 82K | RN3SD-1421F TRUW 4701031621 1
F1l K117 R12 R15 R23{ FOT, TRIM, 100K FLAR1OOHK BECK  [4500-01-0402 5
RL? RIs4 RES. MF, 1/8W, 1%, 1. 7BK | RN3ISD—17G1F TR 3701-05-1781 2
R=73 BDT, TRIM. 20 FIARZO BECK  |a500-02-0000 1
R1Z% AEE, MF. 1/BW, 1%, 187 RNSAG-1BROF TRH 4701-03-1820 1
R11Z 142 ®1tE AS: POt TRIN, 300 QLARDION DECK  lz&0D-03-0101 L
TITLE ABIEMBLY NO. PEY TITL TITLE ASSEMEBLY WO, REW
WaAVETEK PCA.FUNCTICN GEN BD 1100-00-1101 WaveETEK PEA-FUNCTION GEN 80 1100 501101 b WAVETEK PCA FUNCTION GEM BD {1oomo0-1101
PARIS LIST PAGE: 2 PARTS LIST PaEE: 4 PARTS LIST FaAGH: &
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THIS DOCUMENT COMTAINE PAOPRIETARY INFOR-
MATION AND ODESIGM RIGHTS BELONGING TO
WAVETEK &ND MAY NOT BE REPRODUCED FOR ANY
REASON EXCEFT CALIBRATION OPERATION, AND
MAINTENANCE WITHOUT WRITTEN AUTHORIZATION.

[HFVI

BN

| BY iDﬂTEI APFP

F REFEfZfr E DESTGHATORS FART DESCRIPTICN DR 14-MFGR-PART—NO HF &R HANETER ND. GTY/PT REFERINCE DESIGHATORS PART DESCRIFTIGH OR L&-tF 3R -PART-NO i MEGR WAVETEK NO. aTvV/PY
i [
- —f R } . -
NLNE ASSY DANG. AHE GEN QLD1-00-107% WYTK  |0101-08-107%9 1 !
BDARD ! EZ F& ET FINE. JUMPER A30-3704-01-03 CAMB  |3G00-D0-0G3% 3
NEINE SCHEMATIC, ARB GEM 0103-00-1079 WUTK  |0103-00-1079 1 Fy1 Fh2 Faz HBALUM CORE 27300002 FARIT [3100-00-000% 3
BDARD
RN FOT. TRIM, 1K TLAR LK BECK [4400-61-0208 1
NEE ASEY, ALY BOARD 2751102 WYTH |1 208-00-1142 1
SHIELD A FOT, TRIM, 20 S1ARZH BECK  |4400-02-0201 1
€13 €4 C38 47 €51 AP, CER. 100PF, 1KY nB-1014 CRL 1500-01-0111 7 Ri% Ryé R29 RES ME. 1 /8W. 1%, 100 ANIAD-1000F TR 4701-05~1000 El
55 €SB
. F11 K14 Ri& RI? R20 RES, MF. 1 /84, 1%, 10K RHSSD-1002F TRW  4701-03-1002 7
€10 €11 £13 €18 €14 . CAP, CER.MON. . 1HE, 50V | CACGDISU10470504 CORNG [1300-01-040F 43 R4T k7 :
C1a ©1% Cog Q1 CcI2 :
cxa C¥S L6 CE7 C20 RAS Rib RES. MF. L /BM. 1%, 15K RAS30~1502F TRW  [4701-03-130% H
CHP CHE £3T £35 C40
C41 €42 €43 Ca4 C43 ; R12 Ri3 R44 R4S RES, MF, 1/EW. 1%, 3K RNS3D-20Q1F TR 2701-03-2001 4
ca5 C28 €47 C5 C50 |
Cva L4 C%e 059 G4 : R17 Ri8 Ra2 RES. MF. { /84, 13 20K RNS5D-2003F TR 4701-03-2002 3
el L1 Cé3 C¥ C8 CF :
RA3 RES. MF. 1 /84, 1%, 2. 21K | RNSSD-2211F TR 4701032211 1
€1y CAP, CER. 1308F, 1KY po-1%1 CRL 1500-01-3111% 1
R40 R4% RES: itF. 1 7BH, 1%, 2. 49K | RNSSD-24%1F TR 3701-03-2491 2
€1 CAR, CER, 22PF, LKW Db-220 CRL 1900-02-2011 t
k27 RES, MF. 1 /8t 1%, 24. 7% | RNSSD-2473F TRU 4701-03-2492 1
L] CeR, CER, R2UPF, 1KY Do-221 ZRL 1300-02-2111 1
Ra% RES, MF. 1/BM. 12, 2. 74K | RNSSD-2T41F TRW 2701-C3-2741 1
cEa CAP. CER. 33FF. 1KV DO-330 CRL 1300-03-3011 1
R21 R25 RES, MF, 1/8W, 1%, 3. 32 | RNISD-3321F TR 4701-03-3321 2
£33 CAP, MICA, 100PF 500V DM15—101.Jd ARCD |1 300-11-0100 1
iL] RES MF, 178H, 1%, 2932 RHSSO-39E0F TRU 4701-03-3%20 1
c3a CAR MICA, 15PF, 500V - DH15—150J4 aret  |1306-11-%000 H
R1 REB, MF, { /8, 1%, 499 AN3S0-4995F TRH 4701-03-4950 t
€29 £u0 CAP, MECA, 3O2F, Jo0w oH1 5=-300.J aRco  |1300-13-0000 H
RZ24 258 R3O0 R41 RAZ RER, MF. 1/8H, 1%, 4. %94 | RN5S0—4791F TRU 4701034991 [
TITLE ASSEMELY NO. REY TITLE AESEMEBLY NI REV
WAVETEK PCAARE GEN BOARD 1100-00-1867% WAVETEK P4, ARB GEN BOARD 1100-00-107%
PARTS LIST FAGE. & PARTS LIST PaGE: 3
REFERENCE DESIGNATORS PART DESCRIFTICM DRIG-MFER-FART-ND MFGR WAVETER WO. FTVPT REFEREMNCE DESIGNATORS PART DESCRIFTION DR TG-MFGR-F AR T =ND MFOR WAVETEK. HO. GTY/PT REFERENCE DESIGNATORS PART DESCRIPTICN ORIG-MFaR-FART=NO MFER WAVETEX MO. aTY/PT
HEFS SATE
c1 c2c3 CAR, ELECT. 100MF, 25¢ CRE SER1ES 100723 CAPAR |[1300-31~-0102 3
RADIAL LEAD, SP .20 RE RES.(IF, 1/7BW. 1%, 4%. 9K | RN33D—4992F TR 4701-03-4992 H Uiz I, DUAL D-TvPE 74F74 FAIR |B000-74-730% H
FLIP-FLOP
(%) CAR, MYLAR. IME. 100V PMT2R1. DK 100 T 1 800-41-0324 1 RAZ R4B RES. MF, 178U, 1%, 04 RNS 5T—6040F TRH 4701-03-46040 2
usl Ic 74574 T1 HO00-?4-T410 1
HONE ARE GEN BOARD 1700-00-107% WYTH |1 700-00-107% 1 ELE] RES, MF, { /8W, 1% &, B1K | RM33D-5811F TR 4701-03-4811 1
- - . u2o U3 Ic 74L8132 TL gO07—41-3210 2
JiF COMMEC TBR, HEADER 1-640454-0 AR 2100-02-0133 1 R31 RZE RES MF. 1 /81, L%, 7. 5K RN33D-TRO1F TRW 4701-03-7501 2
{10 FIN: [I3%e] IC. 13- INPUT POSITIVE i TAS133 T1 B o0 F-45-3301 1
R7 RES MF, L/4W. 1%, 1. 21K | RH&OD-1211F TR 4701-13-1311 1 N !
J1s CONM, HOUSING, 14 PIN 2100-02-013& WYTH [2100-02-0138 1 e 9ATE |
HITH POLARIZING THRS R1C R5 Ra RES MODULE. 10K 4310R-101-103 BOUAN (47 70-00-0008 k| vl Uiw iC. 1 OF B DECODERS | 7AHC138 HaT go07—41-3840 2
DEMULTIPLEXER
s COMN, HOUB NG, 20 PIN 2100—02-0137 WYTH  |2100-02-0137 1 CR1 CH2 DLODE LhA148 FAIR |4BOT7-0Z-66&4 2
WITH POLARLZING TABE Ul Uz uas UBe e F4L5131 Ti BOG7-41-3110 4
_ ; a1 TRANS 2904 FalR  [|4901-03-9040 1
HONE SKT, 1€, 1&P IN DILB-tek-108 BURND |2 108-02-0028 1 H Uig W11 U? ys ue ic 74LE181 siG poo?—41-5110 ES
- aur. 1o . - i WIS RIBEON CABLE L002-00-DU1EB WYTH  |aD02-00-0018 1 H
HUME SKT, 1T, ZHPIN DILE-29P-108 BURMD {2100-03-0053 H (3 INGH) U U7 U8 U327 UI0 1¢, FROGRAMMABLE FEHCLSL naT BO07—41-6140 s
- COUNTER
NOINT FEN, MaLE &11B2-2 aMe 2100-05-0020 2 W13 RIBEON CABLE A002-00-001F HYTH  |aOUR-0o-QOLT i
{7 INCH} g e s OOT-41-4340 4
MONE BUSS BAR STANDOFF 2110~001 ARTWR 12100-03-0024 5 ne T a4 ues 16. SHIFT REGISTER Tanc1Es rer moaT=4t
V=5 VR ic CADEZE RCA 7 oD0—00-8200 E = T CO7-A42-9210 1
¥1 CRYETAL, &. 144 MHZ HP-1 HYTR  [2300-00—0014 1 L e aLsame ! ®
use Ic, 12 BIT DAC AM&EG1Z AMD 7 200-40-1 206 1 U414 ULS Wis U17 u3 te 74GETS Ha't JO07 437430 10
MONE VIE MOUNT TH-2%4C FANDT [2300-00-000% 1 UHt UN2 US4 UL we
_ Ltz IC. QUAD SPST CHOS pe2iicd SILY [BOOO-0R-1100 1
MONE T¥-HRAP TY-523M 1] 2800-00-000& E ANALOG SWITCH U3z I 745424 TI BOD7-44-2410 1
NUHE MMTG CLIP, CABLE TIE SNF-F WRESA |2B00-00-0031 1 Az uss 14 HHE116LF—4 ; HTACH |000C—&1-1400 2 uss 16, SERTAL INFUT PLL MC14%155 HMAT B100-00-0007 1
_ : FREG S¥YNTH,
MONZ HImPER 461-2871-01-03-10 CAME  |2DO0-0O0-0034 H Uz UL , IC, GUAD 2—IMPUT NANT ¢ 74FO0 P FAIR  [@000-74-0002 2 t
: : f ! uz4q i 1L, PR MHED B400-00-0246 WYTK  [B&00-00-0248 1
- . — I I A | REF: 300741 8801 J
TITLE AZSEMELY MO REY
ANVETERK i TITLE ! ASSEMBLY M. TITLE ASSEMELY NO. REW
L | PoA. ARk GEN BOARD 1100-0C-107% WaveETEK PCA. BRE GEN BOARD : 1100-00-1079 WAVETEK PCA, 4RE GEN BOARD 1100-00~107%
PARTS LIST IL PASE: 7 FaSE: 4 PARTS LIST PaGE: =

REMOVE ALL BURRS  |CRAWW BTt
MATERTAL FROIENCR
TITLE
mLtASE AFFADVY
PARTS LIST
TOLERAMCE UNLESS FCA, ARB GEN BOARD
FiNISH OTHERWISE SPECIFIED
WAVETE K PROCESS XKK 010 ANGLES 11’
P
00 NOT SCALE QWG MODEL NG DWEG 8O ALY
NfOTE LMLESS NTHERWISE SPECIFIED — 275 1 10 1079
—-—
v 23334 SHEET of |

I S4a P GAARH ICE/ALC 0 FRFRS

£ H. b SHD
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THIS DOCUMENT CONTAINS PRCPRIETARY [INFOR-
MATION AND DESIGN AIGHTS HELONGING TO
WAVETEK AND MAY MNOT @E REFAODUCED FOR ANY
REASON EXCEPT CALIBRATION, UPERATION, AMD
MAINTENANCE WITHOUT WAITTEN AUTHORIZATION

STAMPS IN THIS
AREA ,NEAR SIDE

.
(REF 'W
NO. I12)

H
c ©
¢ o
BRI pRE

POWER RECEFTAZLE PIN MARKING

POWER RECERTACLE W1A7

WITH COVER

J ay [0ATE rAPP

L | »

WIRE LEST .
LESTINATION p
BG | COAOR | LENGTH FROM 1 10 - G (APFROX)
16 | 8w (4 PI-1_ [ T3-11 COWER StTen S
18 | BU {4 Pl [ T11-12 EQWER SWITCH —
18 GRi 5 1/2 P1-3 11-6 FOR WIRING
18 GRY 5 1/4 P1-4 | T1-§
18 | W[5 172 P15 | T1-7 L gy
F1-E
Fl-7
£3-8
18 RED 5172 Pi-q T1-9 o
18| RD 514 PI-10 | Ti-10 J
INSTALL
7| BK I3 | T1-1 BETWEEN @_/
22 ORN J18-4 | T1-2 GND LUG
22 | WHT/BLK JIsE T3 ANDT1-Y
22 GRY J18-0 | T1-&
22 KHT/GRY J18-F | T1-5
72| BRNYEL ASE1 | TLGSHIELD) (REF ITEM NO. 11 A NG AT
72 BUS J18-B Jls—g 12 TERMIMALS MNOTE WIRE{ w1}
77 BRN J18-R | SW1- ROUTING THRU
22 RED J18-5 1 SW1-1 CABLE CLAMP - L
22 | aw J18-t | SWi-4 e "B
22wt J18-P | SH1-3 !
72 | GRNAYEL J18-T[ AG-E1 BLK f : tr_BWY asvac (7,
orN 23] E I
I(usv)esov, LA, 58 | ole BLy 45 VAL &
(230V) 250V, 1/2A,58 WHT/BLK 3—iff 9 RED 5 vAC 5
F
{ é} RED I svac |,
Hl 8 GRN 15 VAL 2
I
PN 1 — PIN 3 I
(RED) o (WaT) ! & GRN I 15 vAaC 5
_____ e vt b smo s
i _
PN 2 PINA4 -
(BAN) Vi |l
V1
i |
WIRES TO CORCOM
_/ <" A5 PER WIRE LIST
INSTALL ITEM NO. 5,
INSULATOR, AS | i
INDICATED BY DASHED 4
LINE AND COVER WITH I — [
127 SHREINK SLEEVING T
POWER SWITCH
o swi
DETAIL A - -
POWER SWITCH WIRING REMOVE ALL URRS Torewn TATE
AND GREAK SHARF EDGES [ HER MAC K 11-5-81
AND INSULATOR ASSY D oA CHER! WAVETEK ...cccosromm
AB4 0
S ASSEMBLY,
i ATAERWSE SO LD REAR PANEL
WAVETER PAOCESS ARALOD ANGLES T (Aam)
NDTE: UMLESS QTHERWISE SFECIFIED DU NOT SCALE DWEG MODEL MO DWC NO REW
SCALE ZT0ESCINES [OI02-00-0%24] B
Bt AR (LTt U FRESS ?ﬁ 23338 SHEFT 2 o 2
a 7 6 5 4 3 2 1
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WAVETEK AND MAY NOT BE REPRODUCED FOR ANY
REASCM EXCEFT CALIERATION, GFERATION, AND
MAINTENAMCE WITHDUT WRITTEN AUTHORIZATION,

NO.8-32 xt Ve’
PAar HEAD SCREVY
{(TYP 2 FPLCS)

BE APPLIED TO
PANEL ,AS SHOWN,

NEAR SIDE,
LDSE BLACK INK

f THESE STAMPS TO

NO.&-32x 2 -
RaN HEAD SCREW
(Tyre 2 PLCS)

NO. &-32x V8" SOCKET

HEAD CAFP SCREW, WiTH
SPLIT LOCK WASKHER,
ITEM NO IE AND NO &
METAL LOCK NUT(CAD

PLATE)

JES DiA X 3T751L6
PORP - RIVET
{TYP 2 PLCS)

2, THIS SHEET IS INTENDED TO SHOW MECHANICAL
ASSEMBLY ONLY - REFERENCE SHEET 2 OF 2

FOR WIRING.

1. FOR MOBELS 270, 271, 278 3Ef PARIS LIST NO:  1101-00-0492Y4
FOR MDDEL 273 SZC PARTS LIST W3: 1101-00-113%
FOR MRDEL 275, SIL ®AATS LIST Wd:  1101-0C-1170

NTTE hLlESS OTHEAWIEE SFELICIEL

18

FUSE 172 AMB, 250V

@ NOTE
CORIENTATION

OPTION LABEL
INSTALL oN
FARSIDE OF
PAMNEY

OF TERMNINALS

STEM P S, SR T
LOTE VWASHIER Aans
HEX MNUT

ON FARSIDE
OF RPANEL,

NOTE
ORIENTATION

NO, &-F2xFG" PAN HEAD
SCREW WITH FLAT WASHER,
SPLIT LOCK WASLER .AND
HEX NUT (TYP 2 PLCS)

NO.2— 56 x 1/8" ROUND HEAD
SCREW WiTH SPLIT LOCK
WaSHER (TYFP 2 £LCS)

MNO.& FIBER WASHER,

NO. B FLAT WASHER , SPLIT
LOCK WASHER AND HEX
NUT (TyP 4 PLCS)

MO8 FLAT WVAasSHER,
FTEM NO I3 FLAT WASHER,
SPLIT LOCK WASHER AnD
HEN NUT

REMOVE ALL BURARS D an

AND BREAK SHARP EDGES | SCHERMAS K [Ba0d) \ A A\ /ETEK
BAN DFHED & CALIFOMNIA

RaTE

0-5eTI0 LA 4F S AC T PACES
BFORDIH nd £ 1¥Es 7 6

8 |

MATERIAL FRGIERLR
bogily 3 EafTiTLe
Rty ASSEMBLY,
TOLEAANCE UNLESS
i OTHERWISE SPECIFIFS REAR FANEL
WAVETEK PAOCESS IXwifae ANGLES D {Aas)

DO NOT SCALE (e JMO0EL an

2 P Ay

e

ZTG SERIES (20500 0924 B

EEEFEN SHEET f oF 5
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THIS DOCUMENT CONTAINS #ROPRIETARY IMFOR-
MATION AND DESIGN FRIGHTS BELONGING TO
WAVETEK AND MAY MOT BE REFAOCUCED FOR ANY
REASON EXCEPT CALIBRATION, OPERATION, AND
MAINTENANCE WITHOUT WRITTEN AUTHORIZATION,

REFERENCE DESIGMNATORS PART DESCRIPTIGN ORIS—MFGR—PART-NQ MFGR | WAVETEW KO, GTY/RT
] ]
WOHE ADSY ORWG REAR PANEL | 0102-00-0923 WYTK %o 103-06-0924 1
1 TRANSFIRMER A70=-004% WYTK 'il 204000045 1
§
! 2 SPACER E480 WTK i1 400-0G0-0433 2
3 END BELL 1 57-560-EB WTH  |1400-GO-3324 i
4 SHIELD, Puit 1400-00-4210 WYTH  |1406-00-5210 1
5 INSULATOR. PR SWITCH | 1400-DO-8370 WYTK  |1406-00-B370 1 —
REF: 1500950001
& I.D. LABEL 1300009050 HYTH 1400302090 1
? BRACHET, SWITCH Mi1g 1400-01-3243 WeTK  [1400-01-3263 1
18 LABEL, GATIDN 140C-01-4950 WTK  |1460-01-4940 1
& REAA PANEL 1400—0t-5877 WTK  |1400-01-8B7% 1
FROM 1400-01-3662
5 | CONNECTOR. HOUSTNG 1-640431-0 anp 2100-02-0118 1
13 Al
10 RECESTACLE &Vt CORCH  |210C-03-00%4 1 c
11 TEAM, LOCK LUS 1414-8 SMITH [2100-04-0010 1
1z SOLDER LUG 1485-6 SMITH |2100-04-0023 1
17 FUSE, 1734, 250V 313, %00 LITFU |2400-03-0010 1
13 CLAHP, CABLE 833 SHITH [2800-00-~00Z2 1
TITLE ASSEMELY N REY
WavETEK AS5Y, REAR PANEL 1101-00-2170
PARTS LIST FAGE: 1
REFERENCE DES IGNATORS PART DESCRIPTION ORIG-MF@R-FART-NG HFGR WAVETER MO. aTY/PT
14 FLUE BUTTON 2443/DP-500 BLACK HEYCO |3B08-33-00032 &
15 YARIETOR vEaTAR GE 4799-00-0048 1
18 SWITCH ASSY PB 5103-00-0020 WTH  [5102-00-0009 1
B
-
1
TITLE ASSEMBLY NC. REV 7
WAVETEK ASSY. REAR PANEL 1161-00-1170
PARTS LIST PAGE: D
e - | L
MEMOVE ALL BURAS DAL Catl
A
WWVAVETEK .o cuvoms| A
MATERIAL PROJENGR
TETLE
[RELEASE APFROY
PARTS LIST
TOLERANCE UNLESS ASSYI HEAH PANEL
TTEn OTHERWISE SPECIFIED
LEXE L 010 ANGLES ' 17
WaAVETEK PROMIESS xx QX0
DO NOT SCALE WG |MaoeL A DWG N [REv
NOTE UNWLESS OTHERWISE <FciFrED SCALE 275 1 101-00—1 170
Sin 23338 sheer 1 or 1

=

ECH i BY I_DATE[ Llad

BIEHOR GRISHICS (ATCLPAELS
ROOADER mi) A L

2

1
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S

J

BiSae QRAPHIG

SEQEDER WD

NO. 8-32 x Ve “pan
HEAD SCREW
(TvPe a2 ores)

RACK ADAPTER KIT INSTALLATION —swesvesmy

REMOVE NO. 10-32X1/4" PAN HEAD SCREWS
FROM ZIDE PLATES {4 PLCS.

INSTALL RACK ADAPTER BRACKETS {2)
{REF) P/N 1400-01-%533, WITH NO. 10-32x1/2"
PAK HEAD SCREWS {N PLCS).

TNSTALL APPROPRIATE RACK ADAPT EARS
REF P/N'S A400-01-5522, 1400-01-5542,
1400-03-5512, WITH NO. 8-32X3/8* PAN

HEAD SCREWS {4 PLLS),

KREMOVE NO.10-32 % g

PAN HEAD SCREWS
(TvE 4 FPLCS)

NO. 10-32 x /2 man
HEAD SCREW
(TYP 4 PLCS)

B/ FZOO-O-S5533 (0 2)

B/N 1400-01-8522 (2}

REV ECH BY DATE ﬁn’
A ] #aanz sc [owarfh
&

CENTER )

BN 1300-01-5592

AN 1400-01-55 12

RIGHT

/N 1200015532

AND BREAx Sany £ FS;J“ERMACK 9?;;2
AND BREAK SHARP EDGES 5 M
TeRT WETEK ..o -curoms
R8¢, /K/i‘ TITLE
% ASSEMBLY,
TOLERANCE UNLESS RACK ADAPTER KIT
FINISH ar SPECIFIED
WAVETEK PROCESS ::X ;—g;g ANGLES :1
NOTE: UNLESS DTHERWISE SPECIFIED T e —Ters — —
sCALF ET0SERIES [ICE-GO-I0O4A3 | A
MNOWVE oo
g:c\cu’nss ] o 23338 — I v
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IREV | ECN ] BY [UA'I[-—{ APP

THIS DOCUMENT CONTAINS PROPRIETARY INFOR. | - . _ K - . -
REFERENCE DESIGHATORS l FART DESCRIFTION ! OR1G-MFGR=-FART-ND MF QR WAVETEK NE. QTY»’PT_!

MATIQN AND DESIGN AIGHTS BELONGING TO
WAVETEK AND MAY NOT BE REFRCDUMCED FOR ANY —_
REASON EXCEPT CALIBRATION, OPERATIGN, AND o — — —_——

MAIMTENANCE WITHOUT WRITTEN AUTHORIZATION. MONE ASSY DRWG. DUAL RACKS | 0102-00-1041 WTR |0 102-00-1041 !
ADAPTER
NONE JGINER, REAR PANEL 1400-01-5493 WTK  |140001-5493 | 1
(REF)CaBLE WOKE SCREW, PAM, CAD 1
L PAM, &~32 X 3/4 PAN cHREL [zsoo-gE-s112 | &
INTERFACE ? CROSS RECESS,
&-32 x 374

Boafi

NONE WASHER, SPFLIT LOCHK: WLEALW CMRCL  (2800-42-&000 4
&
? NONE EXTRUSIDN. TR/ HP-A0%31—0 BUKEY [2000-0Q0-0099 2
EUTTOM
- MNEONE HANDLE. DAL RACK MP40115-2 BUKEY [3000-00-013Q 2
PMOUNT
NONE EXTRUSION, FRONT MP-40952-01 BUKEY  [3000-00-0101 2

7 ? SIBE

. ¥
4 & &7 LA
A TITLE
AVETEK | 17 el 570 puac Sy wo wev
H mH“rS uS"r RACH ADAFTER WIT
L PAGE: 1
o -
-

T

-
[ ]

MNOTE: REMOVE ONLY
THE PalRk OF
STREWS WHICH
Wit 8E£ THE
INBOARD SIDE
OE UNIT AS T
A RACK MOUNTED

W )
VIEW "B’
= REAR PANEL —
ASSEFMBLY

FRONT FANEL
ASTEMBLY

SCQUEACE OF CHANGES FCR DUAL RACK-MOUNTING

1, REMOVE TOP AND SO0TTQM COVERS (RLT ITEMS #1)

2. REMOVE POWER ROD ASSEMELY (REF I1TEM #2} THRU FRONT PANECL ASSEMBLY,

3, REMOVE EOTH TOP AXD BOTTCM FRONT HORIZONTAL TRIM PIECES C(REF ITERS #3)
T0 BE REPLACER BY NEW TRIM ¢REF ITEMS #1273,

4, DISCONMECT PLUGS, *P12" (AND "P13" [F APPLICABLE) FROM CABLE INTERFACE
BO., ALSO DISCONNECT "P7* FROK MICROPROC/POWER SUPPLY BOARD,

5. REMCYE FRONT PANEL ASSEMBLY.

6. PBEMOVE FRONT YERTICAL [REM PIECES (REF TTEMG #B) AND REFLALE WITH
APPROPRIATE REPLACEMENTS C(REF ITEM #°S 13 AND 147,

7. REMOVE FEET AMD BATL ASSEMBLY (REF ITEMS #7) FROM BOTTOM COVER, AND
REASSEMBLE BY REWERSING STEPS 1 THROUGH 6. .

4, REMOVC APFROPRIATE ¢ IHBOARE ONLY) RERR PAREL MOUNTTMG SCROWS (RET TIEMS 48). VIEW C

9, INSTALL KEW VERTICAL BRACKET (REF ITEK #4) TO REAR PANCLS OF UNITS U = a——

1HRDARD MOUNTING HOLYS,
VIEW “C* [S SHOWN WETK ONIT UPSIDE DOWR. h

YIEWS ARE SHOWM TG ILLUSTRATE MECHANICAL BUiLD P OF UNIT PERIAINING
TO PTEMS WHICH MUST BE REMOVED ASD REPLAZED BY NEW ITEMS TO MAKE A

TUAL RACK HOBNT SEF UP, Aty are A Soane £0Ges | CHE
AN BREAK ShaRP EDGES [(CHE R ALACA |4.2642)
Fid srgeifrice
RitEasy _A’Fﬂ.?t\h’.l
N DAL RACK MOUNT
TOLERAMNCE UM LESS
= OFHERWISE SPECIFIED
T L bracEsh HNK @10 ANGLES 11 270 SERIES
A¥ D0
| O NOT SCALE DwG  (M0ce 6o pas R
e uLeks piHEAMSE SECIICD At EVORERIES (O/0E-00-,027
nONE Tt 9333 s 2wz

WoReIE GRAFK: O ACCURRESS
AEQROTA NG A3E3e

7 [ 6 5 4 4 | 3 2 | 1
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PN 1AOD-00-TOET(£)

8-32 x %*

NCG. B FLAT WASHER

NG. B SPLIT
LOCK WASHER

Ao 8 NuT

BN BA00-0F000F (2) -

e 140000 7073 (2)

PAN HEAD PHILLIPS®

ro-32 xk”
TRUSS HEAD

PHILLIPS

TyP BOTH SIDES

LREVJ ECH

| BY |DﬁTEl APE

SLIDE SPACER(E)
BN FI00-0Of- 5503

. .. . . _
REFERENSE DESIGNATORS PART DESCRIFTION OR1G-FFGR-PART—ND ! MFGR | WAVETEK NO. QEVPT
; r_
NEGNE AGEY DRWG. RACK 0102~00-1042 WuTH  |pi02-00-1042 1
SLIDES
aoNE | EAR. RACK SLIDE 1400-09-7073 Wetk  [1400-00-7073 | 2
WOKE EAR. RACK SLIDE 1400-00-7053 WWTK  [1400-00-7083 | =
PEHE SFACER. SLIDE i 1500-01-5503 WWTR  [1400-01-%802 | 2
NONZ 5L IDES 110aD-20-1 NL z400-07-0002 | 2
REF. 2400-35-0002
NOE NUT. HEX. CaB I 832 MEX NUT CMRCL [zBO0-14-8100 | @
b e-3@
NEteT SCREW, TRUSS HO. 10-32 % 2/8 CMRCL [2800-20-0106 | &
CROSS RECESS, 14-32X
/8
NOME UASHER. FLAT. #8 %8 Fu CMRCL [2800-ze-go0g | @
o SCREW, FaM., CAD I, §-32 X 3/8 PN CHMRCL |pEGo-38-B106 | B
CRO$S RECESS,
B-32 X 36
NONE LDCKWAEHER. %8 SFLIT | #8SALH LMRLL [2800-42-B000 | 8
RING BIN 340
TITLE ASTEMBLY 8J, REV
WaveTeK WODEL 270 SERIES 1101-0a-1042 A
mms UST RACK SLIDE WIT
: PAGE: 1
[OR awn OATE

FEMOVE ALL BURKS

AND EREAK SHARP EDGES

MATERIAL

AL, ENGR

CHERMACK - MVETEK o i - canieannn

Feat - FTITLE
ASE_APFROY
e ASSEMELY,
&
Tth ERANCEUNLESS
FINISH OTHERWISE SPECIFIED EA CK SL/DE
WAVETEN PROCESS AXE DR ANGLES -3
Ax_ v
D NEOT SCOLE DWG MODEL MO [T AEL
SCALt 270 SERIES {0102-00 1240
MOTE UNLESS OTHERWISE SPECIFIFD
bt 23338 et f or 7
- i
e M _
P T e - 5 - : 1 :
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E REW I £CM [ BY [Ual’él APP
THIS DOCUMENT CONTAINS PROFRIETARY [MFOR-
MATION AND DESIGN FIGHTS BELONGING TO
WAVETEK AND MAY NOT BE REPADTUCED FOR ANY
REASON EXCEPT CALIBRATION, QPERATION, AND
MAINTENANCE WITHCLUT WRPITTEN AUTHORIZATION,
REFERENCE DESIGNATORS FART DESCRIFTION URIC-MEGH-PART-ND MFGR WRAVETEK MO, GTY/PT
HONE ASSY DRWS. RACK Q10E—00-1043 WWTK 0102-GC—1043 i
ADAPTER KIT,SINGLE
NUNE EAR. RACK ADAPT 1406~-01-3313 WYTR  |140001-3312 1
MONE EAR, RAGK ADAPT 1400—01-3322 WwTh |1 400-01-3923 2
MONE ANMCLE BRACHET. RACHh 1400-01-3333 WYTH, 1 40C-01-9330 -4
ADART, SINGLE
NONE EAR. RACK ADAPT 1400-01-5542 WYTH |t 400-01-3742 1
HONE SCREW. PaM. CAD I. 10-32 ¥ 378 AAN CHRCL |2R0G-38-0110 a
CROSS RECESE.
10-32 % 3/8
MONE SCREW. PAMN. CaD I. B-32 ¥ 3/8 PAN CHRCEL  [2500-38-B106 4
CROSS RECESS.
§-232 X 3r8
MONE LOCHWASHER. SPLIT. #10 REC CHRCL  [2B00~42-0000 4
PLATED. W10
NGNE LOCKWASHER, #8 SPLIT #BSRLM CHACL |[2B00—42-R000 4
RING BIN S40
4
TITLE ASSEMBLY NO. AEW T
WAVETEK HODEL 370 SERIES [ 1101 ~00-1043 Py
PARTS LIST RACK ADAPTER KIT !
| I PAGE: 1
REMOVE ALL BURRS RAmN DATE \ A 5:
AND BREAK SHARP EDGES v E l EI ( SAN DIFCO = CALIFORANEL
MATERIAL PROJENGR
nTee
[FetEase mmraoe PAHTS LIST
BRI MODEL 270 SERIES
FIreige OTHERWISE SFECIFIED BACK ADAPTER KIT
WAVETEK PROCESS KX LD AMGLES :1
(KX D30
OO NOT SCALE DWG  [Hone no O e
SEALE 275 1101001043
MOTE. UNLESS OTHEAWISE SHFCIFIED
Bia: 23338 sneer ] o

A SHOF GRAFHIGT, ACLU FRESS,
FEORORR HD. & 3834
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|REU’I

kN I BY [onlal PR

REMOVE ALL BURAS
AND BREAK SHARP EDGES

DATE

TR
(CHERMACK [47628d

MATERLAL

PR{ ENCA

L225 /3

TOLERANCE UNLESS

FIMNISH
WAVETEK PROCESS

OTHERWISE SFECIFIED
2K 00 AMNGLES - F
iKMW

TITLE

DAl

RACK MOUNT,

270 SERIES

00 NOT SCALE OWG MLICEL ND. DG ND [AEY
MOITE. UNLESS OTHERWISE SPECIFIED SCALE 2TOSERIES |/ =201}
NOMNE s 23338 SHEET f of =
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THIS DOCUMENT COMTAINS FROPRIETARY NFOR-

‘:EE';EEN:" éilé#lzimi%nﬁcﬁiﬁéﬁggg? :EE . REFERRaCE DESIoNATORS _!_Pﬁ; m—— DR 15-MFER—PART-ND WFGR WAVETER NO. GTYIPT
MAINTERANCE WITHOUT WRITTEN AUTHORIZATION. ; P, i
HONE PLEV DRWG, REAR PAMNEL | 0LO1-00-1044 CWWTR |3101-00-1043 1
RNC BAARD
NOE SCHEMATIC, REAS PANEL | 0103-00-1010 WWTH  |3103-00-1010 1
ENC BOARD
AR PANFL B,UC o1 CAP. CER, MOM, . LIRS, 50V | CASO3ZT5U104I050A CORNG |1 300-01-0405 1
//VTEEFACE BOAQD I 10 RLAR PANEL BMC BD . 1700-00-1010 WYTH |t 700-00-1010 1
¥ CEMMEC TOR, Mk ADER 1022021 AMP 2 100-02-0131 1
14 PINY
£t e & CONNEC TOR . HE ADER 102202-7 AMP 2100-0%-0133 1
o— ? FUNC  OUT e pme
| - TERM, LOCK LUG 1414-8 SMITH (3100-D4-0010 1
Al e -
(,0 I WAVETEK PE;‘:EBN: BOARD 00601640 i
? . o 2o | PARTS LIST REAR FAMEL pace: 1
AN O— o) SYNC oUT -
: | i
o— s
[]\ 5
¢ SEf
3| L of2 S TRIG N
—& ] 2 :') TABLE
\.f_._,l MODEL CONNECTOR LABEL
£ J2s ] Ji N/A
< L) VG N 125 K/A
? 271 S N/A
J25 N/ A
273 J2Y MARKER OUT
J25 HORZ/GCY (U
l ) 275 J24 ARB RTS/HOLD IN
J25 ARB SYNC QUT
Agﬁ‘bﬁ 278 J24 REF TN
J35 REF OUT
PI3LIIS X ]@ sae
'
& 5 [ SEE TABLE /
£ |
/ ! £6 /@ JEés (
.4/50
!
cr
£7

LEAR  PANEL
CHASSIS GROUND

[ | =

Torasm DATE
HEMOVE &LL BURFS
AND BREAK SHARF EDGES |~ A AGUIND 6% MVE'I‘EK o orec » <ALt
MATEREAL FROJ ENCR
HEFRTE
RELEALE
%«w" - OPTION 002
TOLEAAMCE 3
Fintan OTHERAISE SPECIF IE8 REAL PANEL BANC'S
WAYEIEK PROCESS :ix :g;: AMGLES 1
. DO-NCPT SCALE OWG ManEy Wit OWG fd. REw
NOTE UNLESS OTHERWISE SFECIFIED o IR RPN 5
Dena 23338 sees  J  of /
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THIS GODCUMENT COMTAING PROPRIETARY INFOR-
MATION AMD DESIGN RIGHTE HELONGING TO
WAVETEK AND MAY NOT BE REPRODUCED FOR ANY
AEASON EXCEFT CALIBRATION, DPERATION, AND
MAINTENANEE WITHOUT WRITTEN AUTHORIZATION.
REFFRENCE DESIGNAIORS PART DEECAIFTILN DRIG-MFER-FART=ND g ] WAVETEK NO. aTYiPT
MOME INSTALLATION DRAWING | DOO2—0D0—020D WTh |00 2-00—0208 1
MODEL 2735—G04 OPTION
ARE EXTENDED MEWDAY
NGHE TC. 644 STATIC RAM HMEQS4LP-12 HTACH |B000-52-4400 2
TIFLE ASSEMBLY NGO, AEY
MVETEK HMODEL 275-004 ORTICN 1000-00-0208
PARTS LIST ARE EXVENDED MEMORY
PAGE: 1
REMOVE ALL BURRS | CLEE DATE M
AND BREAK SHARPF EBGES
TITLE
Crere e PARTS LIST
TOLERAMCE UMLESS MODEL 275004 OPTION
FIEH OTMERWISE SPECIFIED ARB EXTENDED MEMORY
WAVETEK PROCESS XK 0W AMGLES -1
AX__r 0%
OO NOT SCALE DWG MODEL NO D MO Ew
NOTE LALESS OTMERWISE SPECIF'ED TrhLe 275 1100:00-0208
ey 23338 seer §  or 1
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THIS DOCUMENT CONTAINS PROPRIETARY INFDR-
MaTION AND DESIGN  AIGHTS EBELONGING T
WAVETEK AND WAY WOT BE REPRODULCED FOR ANY
AEASON EXCEPT CALIBRATION, QFERATION, AND
MAINTENANCE WITHOUT WRITTEN SLTHORIZATION.
——— [ - ) L ] .
AZ
45 TEST CONNECTOR FRONT PANEL ASSY D
- | 2 JE [~ nmvnero s s i0e0e e is YRS IRNQAARNAN ]
PAAIIQ’;:fi“SY 1] ot gxY ® ¥ =g o o J71P7 I
[ = Qg L L L T T L R I TR Wa 3 — S
5| pi03 3 238342 8 oNgYazE / . - d
2| om0 wige< § wzqmw:\‘a3%3@3%35§§2\%3312121\’3} 2 N =) 2
5| o 3 Y T #EY . I
G| Dav 4 L dgv ¢
SHE 7| &FD 5 T Iz Y 5
2| oae 46 : s 2 43 |
AC S oc/p Y 7 : 7
[ o rof 54 - S FROC/POWER  SUPRLY  BOARD : T eep 1 DISPLAY BOARD
I RECP ”2 : T __Foer s 2| #1000 -00- Oo2f
. 1 73| EHOE L
!5%0 A Jzé%v A? faliel:1 ;: —2 ’g
220-242 op 42| o7 /3 I E ADg “
Hea 2B @ (e 008 ™ i A0F %
. Xt | A7 eEN P [ ADS “
A | |8 Bao % [ ADY P
3] w |2l oo 7 I 17
iy x| GrD A T ADR 3 ”
Uy | & e 5 [ AR 2 o
| 82| 6D 20 [ ADRf &
23| Gap Lt _ADRO
24| GuD fé‘ L eND f;
-, o S c
- 2 2
| wadﬁ\/A_C i ‘IP”‘, S % :I : gg:f 25
)] 45 WAZ | b 2 T 1 OATH, % l
¥ s vl T e 27 E] P
E 28 [ DATA 2
2 sVAC 1+ |7 " DAva 7 28
END 0 b it
; P 30 | pATA D -
8 : : : é 3 [ SO 3
: = % T 3
IS 5 vac T o T iy 23 Ad
Y 5 VAC o -~ A el CABLE
I 1 — )
: 43 | 6 INTERFEACE _
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THIS BUCUMENT CONTAINS PROPRIETARY INFOR-
MATIGN AND DESIGN RIGHTS BELONGING TO
WAVETEK AND MAY NOT BE REPRODLCED FOR ANY
REASON EXCEPT CALIBRATION, UPERATION, AND
MAINTENANCE WITHOUT WRITTEN AUTHORIZATION.
REFERENCE DESISNATORE PART DEGCRIPTIGN ORIG-MFCR-PART-NO MFGR WAVETEX NO. aTtyY/PT
NONE BLHEMATIC, INSTRIKIENT 0004-00-C203 HYTH 0004—00—0203 1
MNRE FINAL CAL PROCEDURE 0006000200 WYTH 0O0&-Go—a0a )
NOHZ SPECIFICATIONS OO -00—0203 WYTK aQ07-00-0203 1
NUNE PCA. DIGPLAY 270-0521 WYTK 116000-9%31 1
HONE FCA, CABLE INTEAFACE 270-100& WV TH 1100001004 1
MOHE #CA. ARD GEN BOARD 2751079 WYTR 11046—00-107% £
HOKE PCA, MICRO-FROC 7 ATI-10T4 WITK 1100—00-10%a 1
POMER SUFPLY
NOMNE PLA FUNCTION GEN BD 273-1101 HYTK 1100—00—3101 1
NONE ASSY, CHABSIS Z70-0922 HWYTH 1101000722 1
NOMED AZEY, FRONT PANEL 275=-1103 WY TH 1331 -00-1103 1
NORE ASEY. REAR PANFL 273110 WYTH 1i0t—Q0-1170 1
NOME PROH PACKAGE 273-DD23 WV TH 1 109—00-0024 1
NOE CHASSIS CABLE KIT 273- 1097 WVYTK 1207 -00-109% H
NONE IMEERT 101-&F HYTK 3300000013 1
NOHE CARTON 101 —&m WY TR 3300-01-0010 1
NONT FUR CORD A00 1 -B0-000S WY TK L0001 =-80-0003 1
TITLE ASSEMBLY NO. REV 1
MVETEK SENERAIDOR MODEL 275 1000-00-0203 A
PARTS LIST race: 1
REMOVE ALL BURRS (A & aTe
AMD BAEAK SHARP EDGES \A A\ /E "'EK
NAN CIEQD + CALIFTAMNIA
MATERIAL [FROLENGH
TITLE
IHEI.EASE APFROW
PARTS LIST
— TOTERANET LSS GENERATOR MODEL 275
XXX - D10 ANGLES 11
WAVETEM PROCESS o +paa
D} NDT SCALE DWG  |MoeeL no ThG N [AEv
NOTE UNLESS OTHERWISE SPECIFIED SCaLE 275 1000‘00‘0203 A
imewi 23338 sweer 1 oF 1
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THIS COCUMENT COMTAINS PACPRIETARY INFOA-
MATION AMD  DESIGN RIGHTS BELONGING TG
WAVETEK AND MaY NOT BE RAEFROOUCED FOR ANY
REASCHN EXCEPT CALIBRATION, OPERATION. AND
MAINTENAMCE WITHOUT WRITTEMN AUTHORIZATION.

MOTE: UNLESS OTHERWISE SPECIFIED

[ FEY 1 ECH [ 8y lDATEl APP

REFERFNCE DES1GNATDRS | FART DESCRIPTION ORIG-MFER—FART-ND MFGR | WAVETEK NO. ATVIPT
NOHE AZSY DRWE, DTSPLAY 0101-00-0921 WYTK  |6101-00-0%21 1
NE:NE SCHEMATIC. DISFLAY 0103-00-0921 WTK  |0103-00 0921 1
N ASSY. KEYBOARD , 178,270-0937 HTK isoso0-0939 | 1
€1 £15 €11 €13 18 CAP. CER, MM, . LMF, 50V | CAGDIZ5U104T0504 cORMG |1300-01-0a03 | 13
€17 GF €3 C4 €9 Ca €7
cs
I E CAF, 910FF, 100V, 1% CH13-211F ARCO  [1500-19-1101 1
¢4 C15 C9 CAR, ELECT. 100MF, 2%V | CRE SERIES 100423 caPap [1500-31-0102 | o

RADIAL LEAD. 5P .20
NOME DISPLAY BOARD 1760-00-0921 WYTK  [1700-00-0921 1
NONE SHT, IC. 22 PIN DILE-22P-108 BURND [2100-03-0033 | 2
NonE SOCKET. 18 PiN BIEL-18P-108 BURMD [2100-03-0080 | 2
vi DISPLAY. FLOUR. Fo206AR ITRON [2400-03-000% | 1
NONE STANDOFF, SHAGE 1331B-1/2-13 USECD (2BC0-02-0003 | 4

S500 W, .J50 HEX

&-32, . 062 MAT 'L
M1 R RES, MF. 1/8M, 1%, IK KNS30-1001F TRM [4701-03-1001 | 2
Rs RES. MF. 1 /8. 1%, 10 RN33D~10ROF TRH  [4701-03-100% | 1
R4 RES, MF, | /80, 1%, 63. 4K | ANSSD-6342F TRW  |a701-03-4382 | 1
RY RES. MF, 1784, 1%, 95. 3% | ANZ30-9322F TRW  [4701-02-9832 | 1

WAVETEK POA, DISFLAY 1100-00-0921 e
PARTS LIST FRQE 1

HEFERENCE DESIGNATORS PART DESCRIPTION ORIG-MFBR—F ART-NO WFOR | WAVETEK wNO. aTvsPT
Rx RES MODULE. 10K 4310R-101-103 BOURN [4770-00~0008 | 1
Ch1 CHE CR3 CRS nIObE 1N4148 FAIR  |4BO7-02-b886 | 4
wt AGSY, RIBAON CABLE IINI-34-0T4. 3 AP |aDO2-00-000% | 1
um Ic NETIBY Blg  [7ooco-0%-m3300 | 1
ux ug 1¢. DISPLAY ORIVER UCNAB1DA BPRAG (g000-48-1000 | 2
UL up IC. GISPLAY DRIVER UCHABL A SPRAG |B000-4B-i%00 | 2
us Ic 7AL504 T1 goco-74-0410 | 1
ur o 7415145 s16  |poor—s1-amie | 3
us e FALSZa0 TI moo7-a2-3010 | :
WAVETEK | piamsear {300-05-0%21 i
PARTS LIST PAGSE: 2

REMOVE ALL GURRS | Gate
MATERIAL PAO) ENGR
TITLE
mL’.ASE AFFROY
PARTS LIST
TOLERAMCE UNLESS
FINitH OTHERWISE SPECIFIED PCA, DISPLAY
XA% Q0 ANGLES 51
WAVETEK PROCESS o o
00 NOT SCALE W MODEL NO OWG MO REV
T 275 1100000921 | A
SHEEY ] or ]
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WAVETEK ANDG MAY NOT EE REPROOUCED FOR ANY
HEASON EXCEPT CALIBRATION, DFERATION, AMDO
MAINTENANCE WITHOUT WRITTEN ALTHORIZATION.

PAZE: 1
REMOVE ALL AUARE ToRavm DATE
A BRE
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APPENDIX A
AMERICAN STANDARD CODE FOR INFORMATION INTERCHANGE (ASCII)

b?
bé 1] MSG' 00 M 01 0 1 1 1 1
5 o % 1 |M88 715 |MSG (71, IMSG [0, (MSG [ o [MSG [ 1) |MSG [ 1. |MsG
Ts
Mlbﬂbzlm cokann
1 2
* ‘} ‘ ‘;‘T 0 3 4 5 ] 7
] olofelol o [nuL DLE Sp 0 | @ p | A b o
ofelol1] 1 Json|aTL [oet | Lo |t 1 A Q a q
olo[1]o] 2 [sTx bC2 2 B R b - ' M
ofol1[1] 3 JETx DC3 ¥ 3 C s c | 8 1s 187
] L w o] o S
oltjolol 4 [eQT |SDC [DCAfDCL | & o 4 & D O T 5;‘2 d g t e
3 - - =y —]
olt|eft] & [ena| prc?|Nak]| PPU | % @ 5 i E @ |u L fe O | g |
o|1[1jo] s [ack SYN & o 6 o F o | v o { > | v >
—_ = prest — o T
o[t 1] 7 IeeC ETB o 7 ~ | a o | W o g- | a | w o
L —
1Jolo[0] 8 | BS | GET {CAN| SPE | ¢ ST [ ¥ 1w | ¥ x g h Z [x [z
ifolo| e furdwer[em[seo | | 2 e |2 [T [ 2TV [ o1 5 v |
1lofi]ol 10 | LF SUB . 9 : 2T 271 2 a1 ST: T e
1lalafa] 11 |t £SC + < ; 5|k Sl g k z | Z
1 [1{ofo] 12 TFF FsS T2 e[ =T C [ =1 &
1 [1]o]1] 13 fcr GS = M ] m [ =2 ] =
1]1]1]o] 14 |50 RS . > Y | N A n ~ ¥
131|111 15 ] Us / | 2 JUNL | © 1] UNT | o DEL
\ /]
N vV
ADDRESSED UNIVERSAL 4/ LISTEN TALK
COMMAND GCOMMAND ADDRESS ADDRESS
GROUP GROUP GROUP GROUP
(ACG) (UCG) (LAG) (TAG)
\V4 \v4
PRIMARY COMMAND GROUP (PCG) SECONDARY
COMMAND
GROUP
{(SCG)

'MSG = INTERFACE MESSAGE

b1 = DID1 ... b7 = DIOT

SREQUIRES SECONDARY COMMAND
‘DENSE SUBSET (COLUMN 2 THROUGH 5)

DG4
DC1
NAK

CAN

S0OH
ECT
ENQ
BS
HT

o miaun

FL I 1 T

DCL
LLO
PPU
SPD
SPE

GTL
FPC

GET
TCT

Device clear

Local lockout

Parallel poll unconfigure
Serial poll disable

Serial poll enable

Go to local

Selected device clear
Parallel poll configure
Group execute trigger
Take control

Universal Cornmand Group

Addressed Command Group
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APPENDIX B

PROGRAMMING COMMAND SUMMARY
(Excluding GPIB Command Groups Given in Appendix A).

Control and Data Madel 275 ASClI
Names Key Character (GPIB)

Change Sign +1- -
Decimal Point . .
g,1,2,...9 01,2 ...9 0,1,2,...9
Amplitude AMPL A
Maode MCODE B
Function FUNC C
Offset OFST D
Exponent EXP E
Frequency FREQ CLK F
External/lnternal Trigger EXT G
Manual Trigger Released {Gate Off) MAN (Released) H
Execute EXEC I
Manual Trigger Pushed MAN (Pressed) J
Arb Address ADB ADRS K
Arb Data ARB DATA L
Store Setting STOR M
Qutput On/Off ON P
Trigger Slope SLP Q
Burst BRST R
Arb Clock Period FREQ CLK S
internal Trigger Rate RATE T
Recail Setting RCL Y
Reset RST Z
Start Address STRT STCP xB
Percent Freguency XF
Get Mode XG
Stop Address STRT STOP XH
Auto-line AUTO LINE XK
Trigger Level LVL XL
SRQ Mode XQ
Talk Made - XT
Recall Next Lesser Numbered Program - XU
Terminator - XV
Recall Next Greater Number Program XW
Arb Monitor ARB MNTR
Cursor L1, - — -
Clear Entry CLR
Beep On/Off o -
Status Display STAT
Service Request SRQ
GPIB Address GPIB ADRS
Command Recall CMD RCL
Return to Local LCL

8-1
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APPENDIX B (Cont)

Funetion {C) Code

Sine

Triangle

Sqguare

Square Complement
DC

External Width
Arbitrary

Filtered Arbitrary

~SHN AW = O

Main Generator Mode (B) Code

Continuous

Triggered

Gated

Burst

Triggered Arb with Ramp-to-Start

Triggers Arb and Hold with Triggered Ramp-to-
Start

Triggered Arb with Reset

Triggered Arb and Hold with Triggered Reset
Single Step

Examine

Triggered Arb with Hold on Break Point

o Why = O

[ B o e s BN B )]

1

QOutput OnjO#f (P) Code

0 Cutput Off, HI Z
1 Qutput On
2 Output Off, LO Z

Trigger Slope (Q) Code

0 Positive Edge
1 Negative Edge

GET Mode (XG) Codes

NQOTE: This parameter selects which kind of action
the 275 will take when it receives a GET command.

0 Execute and Trigger Upon Receipt of GET
Command (No Error Checking).

1 Fetch Next Stored Setting, Execute and Trigger
Upon Receipt of GET Command {No Error
Checking).

— 1 Fetch Previgus Stored Setting, Execute and
Trigger Upon Receipt of GET Command (No
Error Checking).

SRQ (XQ) Code

NOTE: This parameter selects the conditions under
which the SRQ line is asserted. Value can be 0
through 255, The equivalent binary value masks or un-
masks the serial poll response byte bits as shown in
table B-1. Example: Binary! = Selected, Binary 0 =
Not Selected.

XQ1 is the SRQ power-up mede. (The rsy bit is always
asserted selected or not.)

Table B-1
Serial Poll Response Byte
Bit 128 64 K P4 16 8 4 2 1
Weight (MSB) {LSB)
Bit Meaning SRQ rav Ramp to | Execute Low Fuse Qutput Program
Key Start Com-
pleted Battery | Blown Protection Error
{Front Com-
pleted
Panel)
Example* 1 0 0 0 0 0 0 1

*Sefect Program Error and SRQ key (XQ129)

B-2
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APPENDIX B (Cont)

Talk Message (XT) Code

NOTE: This parameter selects the kind of message
the 275 wilf send when it is addresssd as a talker on
the GPIB.

0

Programming Error list {(only errors from GPIB
input). 0 is the power-up talk mode. A typical
error string is E 1F 2AD 3Y. Some error string
characterics are:

a. Al error strings begin with E.

b Most recent error is at the end of string.
c. Errors are separated by blanks.
d

Class 1 Errors: A 1 followed by program-
ming character that caused the error.

e. Class 2 Error: A 2 followed by the two con-
flicting program characters.

f. Class 3 Error: A 3 followed by M (Store) or
Y (Recall).

g. Error strings can be up to 80 characters
including £ and blanks.

h. After transfer, the instrument clears the
error string.

Poll Byte Response: The byte that would be sent
if a serial poll were performed. The controller,
upon reading this byte, clears the poli byte and
resets the SRQ line if asserted.

The most recently selected parameter and iis
value. Example: FREQ 1E3. (The ‘most recently
selected parameter” is the parameter at the end
of the command string.) If no parameter is
selected; e.g., power-on stale, reset, or execute
command then the instrument returns: NO
PARAMETER SELECTED. Note that the NO
PARAMETER SELECTED message will be return-
ed if the last command in the string is an EX-
ECUTE command (I).

10

11

12

The entire instrument setup afier last execute.
Example: F1EA1DOCOPOQOXL1.5.

The instrument setup when executed is re-
ceived; same format as XT3.

Instrument Identification: WAVETEK MODEL 275
VIX.Y). XY identifies the software version
number.

The time since the instrument was powered on.
Example Time: 1.3. Unit of measure is hours
with 0.1 hour resolution {6 minutes).

The accumulated operating time. Example:
TOTAL TIME: 306.2.

NOTE:

Toggling switch 7 (figure 2-2} clears the
instrument-operating-time clock. With SW7
oh, the clock runs during power on. With
SW7 off, the clock clears to zero.

The number of stored settings installed. For the
275: STORED SETTINGS 75.

Readback of ARB generator status: Returns the
instantaheous value of the ARB output in the
form “X D.DDED Y D.ODED V D.DDED".

Returns the data at the current address then
increments the address. Used 1o load a wave-
form from a Wavetek 275 to a controller. Returns
* —999g" when front panel lockout is activated.

Returns the data value at the beginning of the
Ramp-to-Start (RTS) operation.

For factory use only.

B-3
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Key Pressed

APPENDIX C
DISPLAYS
Display - ACTUAL (Explanation)

ADRS
ADRS
AMPL

ARB MNTR
f {beep)
BRST

CLR

CMD RCL

CURSOR ~—, —

CURSOR
CURSOR !

DATA
EXEC

EXP
EXT
FREQICLK

FUNC (MAIN)
LCL

LvL

ADDRESS VALUE (X)
GPIB ADRS (Decimal address)

AMPLITUDE (Valiue) (mV or V)

R
Value (X)(Y) (Volts) L

T —
{Audible beep) Q
BURST COUNT {Value) code.

Under remote operation, certain
characters may appear in the
extreme right side of the display.
Those characters are;

— Remote
— Addressed to Listen
Addressed to Talk

— HRequest for service
because of selected SRQ

{Clears any unexecuted numerical entry of the last
parameter entered)

(A string of letters and numbers up to 40 characters long
displayed 20 characters at a time and shifted by the
Cursor «—, —)

{if a value is being displayed, the selected digit blinks. If
there is no value being displayed, there is no effect. If it
was a command recall, — shifts the display four
characters to the left. If it was a command recall, —
shifts the display four characters to the right.

(If the display is a value, code or storage location
number, it increments.}

{If the display is a value, code or a storage location
number, it decrements.)

DATA Value (Y)
EXECUTE (if no type 2 errors)

(If previous display was a value ¢r a code, it is suffixed
with an E.)

EXTERNAL TRIGGER (0) or INTERNAL TRIGGER (1)

FREQ {Vaiue) (mHz, Hz, kiHz or MHz), CLK (Vaiue) ns, us,
ms, sec)

FUNC (Function) (Code)
LOCAL

TRIG LEVEL (Value) (mV or V)

CA
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APPENDIX C (Continued)

DISPLAYS
Key Pressed Display - ACTUAL (Explanation)
MAN TRIG (When pressed: No disptay if in continous mode,

TRIGGER if in any triggered or burst mode, GATE if in
gated mode. When released no effect in any triggered or
burst mode; GATE OFF if in a gated mode.)

MCDE MODE {Mode) (Code)

ON OUTPUT (OFF; ON (1); or OFF, LC Z(2)}
CFST OFFSET (+ or —) {Value) {mV, V)

RATE TRIG RATE (Value) (mHz,Hz, KHz, or MHz)
RCL No. {(Valug) LAST RECALLED

RST RESET or UNIT REMOTE (if in remote)
SLP TRIG SLOPE (POS (0) or NEG (1))

STOR No. (Value) LAST STORED

STAT (Display changes automatically)

FREQ {Value} (mHz, Hz, kHz or MHz)
AMP (Value) (mV or V)

OFFSET (Value} (mV or V)

MODE (Mode) (Code}

FUNC (Function) {Code)

BURST {value)

CLOCK (Value) (nsec, psec, msec, or sec)
START ADDRESS {Value)

STOP ADDRESS (Valueg)

QUTPUT (OFF (0); ON (1); or OFF, LO Z{2)}
EXTERNAL (0}, INTERNAL (1)

TRIG RATE (mHz, Hz, KHz, or MHz)

TRIG SLOPE (POS or NEG) (Code)

TRIG LEVEL {+ or —) {Value) (mV or V)

{Number key) {Number carresponding to the selected key.)

G2
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Code

Functions

Function

b e T4 L TR - e B

Sine

Triangle

Square

Square Complement
DC

External Width
Arbitrary

Filtered Arbitrary

Recall Setting Menu

Recall (RCL)

Setting

RCLO

RCL 1-75

RKCL 1000-1031

RCL 2000-2007

RCL 3000
RCL 3001
RCL 4000
RCL 4001
RCL 5000
RCL 50C1
RCL 6000

RCL Last Power
Off Condition

RCL Standard
Stored Settings

internal Calibration
Procedure

internal QA Testf
Demaonstration Pro-
cedure

Panel Lockout Off
Panel Lockout On
Arb Sync Positive
Arb Sync Negative
Ramp-to-Start Slow
Ramp-to-Start Fast
Clear All Breakpoints

APPENDIX D MODE, WAVEFORM AND TIMING REFERENCE SHEET

Operational Modes

(Function/ARB)
Code | Mode
0 i Continuous
1 Triggered
2 Gated
3 Burst
4 Triggered Arb with Ramp-to-
Start
5 Triggered Arb with Hold and
Triggered Ramp-to-Start
6 Triggered Arb with Reset
7 | Triggered Arb with Hold and
: Triggered Reset
8 | Single Step
9 | Examine
10 Triggered Arb with Hold on
Breakpoint
ARB Mcnitor

data of Arb generator for display on
front panet. Alsc available from GPIB.

Mode 0 Continuous

SYNC Ut
aTL

WAVEFORM |

SELECTED |t
|
|

SIME

SOQUARE

SAUARE

YA
TRIANGLE :/:\/\/\

TRIGGER SLOFE, POSITIVE (Q0}

Mode 1 Triggered

Mode 4 Trig Arb Ramp-to-Start

b
AHBOUTPUT_/_/\
———— ==

TRIGGER

RTS

1

Mode 7 Trig Arb Hold and Reset

ARB OUT __/\//:_
T T T T T = = = —

TAIGGER _I_I

TRIGGER _j_-l

Ars

Mode 2 Gated

TRIGGER SLOPE, NEGATIVE Q1)
|

\/
q\"_—:;'/—m“
LEVEL [XLi

LAST CYCLE
STARTED IS
COMPLETED

Mode 5 Trig Arb Hold and RTS

;

ARB OUT

RATS

!
I
|
i
!
1

TFHGGER_I_1

Made 3 Burst

TAIGGER SLOPE, POSITIVE (00)
_ _\.l ______ TRIGGER
_]r\ LEVEL {XL)
TRIG N I
I
LIS (I O O
iy !

SELECTED
WAVEFORM

[
|
|
1
|
|
|
SINE —rNNN N T/
\
TRIANGLE _T/\/\./\/\/_
|
A
SOUARE '

3
1
i
SOUARE COMP l_] LJ I_I l_J

NOTE WUMBER OF CYLUFS IS PROGRAMMED (1 THROUGH 1.048.200)

Mode & Trig Arb With Reset

|
|
TRIGGER m |
F

Maods 10 Trig Arb Hold On Breakpoint

N

|
|
!
1
|

—

D-1
2184
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APPENDIX E

Glossary of Mnemonics

Microprocessor/Power Supply Board

ADO
1o
AD7

ADRO
to
ADR15

BADRO
1o
BADRZ2

BATY
BDATAD
fo
BDATAT
D101

i {s}

D108
DAC
DATAO
1o
DATAY

DAV

Bidirectional, multiplexed, 8 bit address/
data bus from/to microprocessor

16 bit address bus from microprocessor-
lower 8 bits are latched from ADQ to AD7

4 line address deceding for analog con
trol lines to function generator and syn-
thesizer board

Decode line for analog section of memory
28 analog iogic signals to function gener-

ator board

4 line address decoding to analog regis-
ters for funclion generator board control
lines

Address strobe from microprocessor
IEEE-488 "attention’’

3 buffered address lines to synthesizer
board

Battery voliage

8 bit, buffered, latched data bus to syn-

thesizer board

8 bit, IEEE-488 data bus

IEEE-488 ‘‘data accepted”

8 bit, latched data bus for control lines to
the display, sample and hold, and analog
interface

IEEE-488 “'data valid”

1S

o

m

EOCH

FPADEN

SHO

SH3

Decode line for display section of memory
Enable tine from microprocessor
IEEE-488 “'end or identify"”

Front panel GPIB address entry switch
GPIB address switches corresponding to
20 through 24 respectively. (1 through 16)

adding to 31 maximum

Decode line to select the IEEE-488 inter-
face (general purpose interface bus)

IEEE-488 "'interface clear”
Decode line to select keyboard
Master reget o initialize microprocessor

Non-maskable interrupt line to micro-
processor

8 line /O port 1 toffrom microprocessor

5 line G port 2 toffrom microprocessor

Address decode lines for random access
memery IC's 1 and 2

IEEE-488 “'remote enable”

IEEE-488 *‘ready for data”

Address decode lines for
memory IC's 1 and 2

read-only

Read/write line from microprocessor

4 sample-and-hold analog signals to func-
tion generator board

E-1
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SRQ

TEST

WRP

APPENDIX E (Cont)

IEEE-488 ‘'service reguest”

Control line to allow operation with exter-
nal iest pregram-—not normally used

Write pulse to RAM

Display Board (Excluding Mnemaonics Common to
Microprocessor/Power Supply Board)

ANOA
to
ANOO
&
ANODP

BLANK

DSP

GRID 1
to
GRID 20

Vacuum florescent display anodes cor-
responding to 14 segments, comma, and
and decimal point, respectively

Blanking controi for display and scan
clock

Display synchronizing pulse for shift
reqgister scan

Cisplay grids controlling each digit

Function Generator Board

AMP

AMPLDC

CPM

DCA

DCCOMP

EXW
FRo
to
FR7

FRG

E-2

Anaiog control
(SH1)

voltage for amplitude

XY mutiplier feedback of amplitude con-
trol dc test line
Capacitance multiplier select line
(ANL15)

DC amplifier select line (ANL13)

DC compensation and low frequency
linearity correction for triangle buffer test
line

Externai width select line (ANL18)
Frequency range select lines to range
capacitors, capacitance multiplier, and

frequency compensation (ANLO to ANL7?)

Analog control voltage for frequency
(SHO)

FUB

MCO
&
MCH
OAQ
&
0A2

OAP

QsT
OVR

PATEST

‘ e
s
w

-
=
w

PLSI

RCT

w
z

SQB
SQR
SQR

8Qs

TRGI

TRGO

._.!
D

TRITST

Signal to microprocessor that ocutput fuse
is blown {PORT11}

2 made control lines (ANL11 and ANL12)

2 output attenuater control lines {ANLS
and ANL10)

signal to microprocessor that the output
amplifier protection circuit is operating
{PORT 1Q}

Analog control voltage for offset (S8H2)
Frequency overrange select line (ANL14)
Preamplifier output test line

Pulse input select line (ANL25)

Pulse complement select line (ANL24)
Puise input from auxiliary board

Rectangular waveform select line—

square or pulse (ANL23)

Sine wave select line (ANL21})
Qutput from square buffer

Sguare wave select line (ANL20)
Square complement select line (ANL19)
Square buffer to square logic signal
Trigger holding current

Triangle buffer output

Trigger input from arb gen board
Trigger output to arb gen board
Triangle wave select line (ANL22)

Triangle buffer output test line
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TRL

TRN

VCal

VCGO

VCGTST

VGV

XYt

+1

— 1

+TR

—TR

APPENDIX E (Cont)

Analog control voltage for trigger level
(SH3)

Triangle generation current node
Not used in Wavetek 275
Not used in Wavetek 275

Voltage control generation circuit test
line

Voltage controt generation circuit voltage
ouput

X-Y multiplier input

Tracking current {1) source frem VCG
Tracking current (1) sink to VCG

Rising edge trigger select line (ANL 17}

Falling edge trigger select line (ANL 16)

Arbitrary Waveform Generator Board

ARB MEM

EN
ARB
SYNC
80-B19

BCA

BRANCH
EN

BURST

BURST

CHIP SELECT line to ARB RAMs U42
and U43. Logic low enables RAMSs.

Data tine from ARB RAM circuit. Line is
at logic high at last executed ARB RAM
address,

Preset data lines for burst counter.

Output from burst counter circuit. Line is
at logic high while burst counter is
active (counting).

Control line to state machine sequence
controf circuit. Line is at logic high in
gated and burst modes.

Burst counter control line; logic high
enables burst counter.

Logic complement of BURST lineg; is at
logic low in burst mode.

BURST
CLK SEL

CLK

Do-b7

DATA
SERIAL
ouT

DIVIDER
EN

DS0-DS2

EXT CLK
EN

FSLEW

HOLD

Control line to select burst counter clock
source; logic high selects SQS output of
function generator board, while logic
low selects STOP signal from ARB RAM
circuit.

Qutput of phase accumulator clock
selector U26.

Buffered data bus from microprocessor
board via 416 DIGITAL INTERFACE
CONNECTOR.

Data line from ARB RAM circuit shift
registers to microprocessor readback
data selector circuit.

Control line to U36 programmable divider.
Logic high enables divider; logic low
initializes divider by clearing all internal
flip-flops.

Data select lines to U25 microprocessor
readback data selector.

One of two control {ines to phase accu-
mulator clock selector U26, When the ¢
ACC CLK EN line is low: a logic low on
the EXT CLK EN line selects the SYNTH
signal as the phase accumulator clock
source, while a logic high selects the
TRGOB signal.

One of two slew rate control lines to
ARB QUT circuit, Logic low on this line
selects fast arbitrary waveform slew
rate.

Control line from state machine RCM to
microprocessor readback data selector
U25. The logic level on this line is signifi-
cant only in the RTS modes; a logic high
signals the microprocessor to begin the
Ramp-to-Start operation.
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INT/EXT

JUMP

LATCH
EN

MO-M2

RO-R8

R10-R13

R15

RAO-RA12

RAM EN

RAM PW

RDO-RD11

S0-8312

E-4

APPENDIX E (Cont)

One of the control inputs to the U1 trig-
ger select logic. A logic high on this line
selects the TRGO output of the trigger
comparator on the function generator
board, while a logic low on this line
allows the SYNTH TRIG SEL line to
select either the synthesizer or function
generator as the trigger sourge.

Data line from ARB RAM jumper ter-
minal E6 to microprocessor readback
daia selector U25. From the data on this
line, the microprocessor can determine
the position of the ARB RAM jumper,
and therefore the size of the ARB RAMs
installed.

Active low enable line to data registers
U31 and U32,

Mode control lines to state machine
ROM.

Data register strobe lines. Low-to-high
transition latches data at input of regis-
ter through 1o register output.

Data register strobe lines. Low-to-high
transition latches data at input of regis-
ter through 1o register output.

Data register strobe line. Low-to-high
transition latches data at input of regis-
ter through to register output.

ARB RAM address lines from phase
accumulator counter.

ARB RAM controi line from data regis-
ters; logic low on line enables ARB RAM
output.

FPower for ARB RAMs U42 and U43.
Power is automatically supplied from
backup battery on microprocessor
board when instrument is turmned off.

Data lines from ARB RAM circuit,

Lines from data registers to phase accu-
mulator counter preset inputs.

SQS

|

0
=
el

%
O
o

STOP

SYNTH

SYNTH

SYNTH
SYNC EN

SYNTH
TRIG SEL

TBPC

Logic level square wave output of func-
tion generator board; used as input to
burst counter and one of the inputs to
the trigger select logic.

One of two slew rate control lines to
ARB OUT circuit. Logic low on this line
selects slow arbitrary waveform slew
rate.

Control line from data latch to U23 state
counter. A logic low on this line clears
the state counter.

Logic line from ARB RAM circuit; is at
logic high at programmed stop address.

Complement of STOP line; is at logic low
at programmed stop address.

Qutput of U386 in frequency synthesizer;
can be selected as trigger source for
burst counter or clock source for phase
accumulator.

Controt line to NAND gate U33B in state
machine circuit. A logic low on this line
forces the DIVIDER EN line to an uncon-
ditional logic high. A logic high on the
SYNTH EN line allows the state machine
trigger circuit to pulse the DIVIDER EN
line low if the SYNTH SYNC EN line is
also at a logic high.

Contol line to NAND gate U33D in state
machine circuit. A logic high on this line
allows the state machine trigger circuit
to pulse the DIVIDER EN line low if the
SYNTH EN line is also at a logic high,

One of the control inputs to the trigger
select logic. If internal trigger is
selected, logic low on this line selects
SQS output of function generator board
while logic high selects SYNTH output of
frequency synthesizer.

Trigger Break Point Control. Data line
from ARB RAM circuit; is at logic high at
programmed breakpoints.
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VCO OFF

APPENDIX E (Cont)

Trigger output from function generator
board to U1t trigger select logic.

Buffered trigger output from U1 trigger
select logic.

Logic line from state machine seguence
control circuit ROM U24 to UZ21A in
state machine trigger circuit. A logic low
on this line inhibits the state machine
trigger circuit.

Contrel line to VCO in synthesizer cir-
cuit. Logic high turns VCO off.

ACC
CLK EN

#P INFO

One of two control lines to phase accu-
mulator clock selector U26. A {ogic high
on this line selects the R3 input from
address decoder U18. A logic low
enables the EXT CLK EN line to select
either the SYNTH or TRGOB signal as
the phase accumulator clock source.

Data tine from U25 microprocessor
readback data selector to microproces-
sor board via Ji16 digital interface
connector.
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APPENDIX F
WAVEFORM MEASUREMENTS

Frequency Jitter Measurement

Frequency jitter is defined as the cycle to cycle varia-
tion in period. Using a scope (with time base multi-
plier) display a square wave such that one cycle
covers more than half the display (see figure F-1}.
Trigger the scope internally on the leading edge of
signal. Using the time base multiplier expand the
leading edge of the cycle after trigger by a factor of
100. Jitter is the peak to peak horizontal excursion of
the displayed edge {see figure F-2). % jitter is given
by:
% Jitter = {Jitter/Period) X 100

T

PEFITE BRI e
Frorrfrrrf + LSS LENLENLEN B LA

-

Figure F-1.
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Eldda i

Figure F-2.

This test method is accurate for jitter caused by ran-
dom or non-coherent noise socurces. Coherent (thar-
monically related} cycle-to-cycie jitter requires unique
verification.

Amplitude Measurements

There are several factors to be considered when mak-
ing amplitude measurements. The type of DVM, the
frequency range over which the meter is accurate,
and the acecuracy of the 5011 load used for termination
are the most important.

1. There are three basic types of DVM's; Averaging,
true rms, and averaging scaled. The readings
obtained can vary by more than 10% depending
on DVM type and the waveform. The correct
readings (related to voits peak to peak) are given
beiow for each type of meter and each waveform.,

Average Reading:

- Function Reading
Sine Vp-piw
Triangle Vp-pi4
Square Vp-pi2
True RMS:
Function Reading
Sine Vp-pi2 /2
Triangle Vp-pi2./3
Square Vp-pi2

Averaging Scaled: This type of meter measures
internally itke an average reading meter, but the
displayed reading is scaled (multiplied by a cons-
tant) to read like a true rms meter. This scaling
technigue only works on sine waveforms; how-
ever, it gives less cbvious resuits for other wave-
forms. The correct readings are given below:

Function Reading
Sine Vp-pl2~/2
Triangle (Vp-p x 1.1107)/4
Square (Vp-p x 1.1107)/2
or
Triangle (Vp-pld) x 11107
Square (Vp-pi2) x 1.1107

2. Most ac volt meters have a relalively limited
range of frequencies over which the meter is
most accurate. For most meters this range is

F-1
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about 500 Hz-5 kHz. In order to make accurate
measurements the basic accuracy of the meter in
its specified frequency cperating range should be
less than 0.2%.

3. The 500 load used to terminate the signal being
measured can also introduce significant errors
into the amplitude accuracy measurement. In
general the measurement will be in error by 1/2%
for every 1% error in the load. Standard loads
available from Tektronix are *2% accuracy.
Therefore up to 1% error in amplitude measure-
ment can resuit when using these loads. It is
recommended to use a 0.1% accurate termina-
tion or to compensate the readings obtained
based on the actual load value. The method jor
doing this is given below.

a. Let R be the value of the termination.

b. Let K be the correction fagtor applied to the
D\_/M reading:

Then: {correct reading} = {DVM reading) x K

where K = B+50
2R

Using this method the load tolerance can be
+5%.

Symmetry Measurements

1. Symmetry defined as a percentage is the ratio of
positive half cycle time to the period (See figure
F-3):

. P |

Figure F-3.

Where: % symimetry — (WP x 100

2. Symmetry error is, therefore, the difference from
50% symmetry:

% Symmetry Error = [(VeP—W)P] X 100

3. When using a scope and alternately triggering on
+ and — slope of signal the symmetry error

F-2

measured is twice the actual error. Therefore,
when using this method the measured errer must
be givided by 2. Also, this method is only accurate
at frequencies where the rise and fall time is not a
signiticant part of the period. The period should be
about 1000 times greater than the rise/fall time.
This is about 10 us or 100 kHz.

4. To measure symmetry at 12 MHz a different tech-
nigue must be used. Connect signal (terminated
into 504) to a sampler set at 10 ns/div. Upper and
lower levels should be exactly centered about
horizontal centerline on scope display (see figure
F-4). Rising edges of first and second cycle should
be exactly equidistant from vertical center line.
The distance of the falling edge from the vertical
center line at the point falling edge crosses
horizontal center line is the symmetry error.

E: /
1
-r':,‘.! S AR :::‘-'5':::: HH-HHHHHHH %‘{H
,' i /
/ i /

i L
rrry LA

Figure F-4.

Waveform Quality Measurement

Waveform quality measurements should always be
made using a sampling oscilloscope with precision
501} termination and cabling. Standard RG58 coax
cable is not good enough for waveform quality mea-
surements. Percent aberration is the ratio of absolute
peak-to-peak variation from the 0% (negative level) or
10G% {positive level) point o the square waveform to
the absolute peak-to-peak amplitude of the square
wave. See figures F-5, F-6 and formula shown below.
In order 1o get an accurate dispiay the top {(or bottom)
of the waveform should be expanded both vertically
and horizontally te fill the scope display. The pictures
below were made on a 5 Vp-p square waveform at
3 MHz and the scope horizontal and vertical were set
to 20 nsf/div and 100 mV/div respectively. Also, best
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results are obtained when using the fow noise
{averaging) setting on the sampling scope.

% ABERRATION = |[PK—PK VAR

|PK — PK SQWA

SQWA = SQUARE WAVE AMPLITUDE

Lpededlod-d 1 1
LI A B O

PK-PK
+H+ VAR H
‘ |
Figure F-5.
I !
1
it PK-PKC ! -+
VAR T
Figure F-6,

Width Measurement

Width is measured from the 50% point of the leading
edge of the pulse to the 50% point of the trailing edge
(see figure F-7). The pulse at the function out must be
lcaded into 501

50% WIDTH — % 50%

FUNC
OUTPUT

Figure F-T.

Width Duty Cycle Definition

Defined as a percentage, width duty cycle is the ratio
of width to the minimum period that does not cause
pulse dropout:

% DUTY CYCLE = (WIDTH/MIN PERIOD) x 100

For example, if width were set to 100 ns and the
minimum period that couid be programmed before
pulse dropout occurred was 163 ns then the duty cy-
¢le would be:

% DUTY CYCLE
% DUTY CYCLE

{100E-9/163E-9) x 100
61.3%

(I

Width Jitter Measurement

Width jitter is defined as the pulse to pulse variation in
pulse width. Using a scope (with time base muitiplier)
display one pulse on scope display so the pulse
covers at least half of display (see figure F-8). Scope
must be triggered internally on leading edge of pulse
(not sync cut). Using the time base multiplier expand
the trailing edge of pulse by a factor of 100. Jitter is
measured as the peak to peak horizontal excursion of
the trailing edge (see figure F-9). % Jitter is:

Y% Jitter = (Jitter/Width) x 100


https://www.manualsplus.com/

it

Tt

bbbt
-

-4
L

PR

-t

P

[

TN
T

-+
-
ES
EY

r

Figure F-8.

b

Tt

b
TIHT

14yl
LELELALI

A |

T+

PR

T

E
-*

ANy

LI L

P

LU

1414
LILELILS

W]

Figure F-8,

F-4


https://www.manualsplus.com/

