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WARRANTY

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

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

Wavetek must be notitied in writing of the defect or nonconformity within the Warranty
period and the affected product returned to Wavetek's faclory or to an authorized service
center within (30) days after discovery of such defect or nonconformity.

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

Wavetek shall have no responsibility hereunder for any defect or damage caused by
improper siorage, improper installation, unauthorized modification, misuse, neglect,
inadequate maintenance, accident or for any product which has been repaired or aitered
by anyone other than Wavetek or its authorized representative and not in accordance with
instructions furnished by Wavetek.

Exclusion of Other Warranties

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

Protect voursell. Follow these precautions:

Don'tiouch the outputs of the instrument or any exposed test wiring carrying the output
signals. This instrument can generate hazardous veltages and currents.

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

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

Don't hold your eyes extremaly close to an rf output for a long time. The normally
nonhazardous low-power rf energy generated by the instrument couid possibly cause
aye injury.

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

Don’t repair the instrument unless you are a qualified electronics technician and know
how to work with hazardous voltages.

Pay attentionto the WARNING statements. They point out situations that cancauseinjury
or death. :

Pay attention io the CAUTION statements. They point out situations thai can cause eguip-
ment damage.

WARNING

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

Do notrecharge, short circuit, disassemble, or apply heat to the lithium battery.
Violating this rule could release potentially harmiful lithium. Observe polarity
when you replace the battery.
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1.1 MODEL 275

The Wavetek 275 Programmable Arbitrary/Function
Generator produces sine, triangie and sguare
waveforms as well as user-defined arbitrary
waveshapes. Any of the waveforms can be generated
in the continuous, triggered, gatad or burst modes.
External width and dc functions are also 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 order. 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 resolution is 12 bits.
Morizontai resolution is 2048 points ({standard),
gxpandable to 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.

Output level is specified from 10 mV to 10 Vp-p into a
508 termination and 20 mV to 20 Vp-p into an open cir-
cuit with 3 digits of resclution. Offset can be pro-
grammed to vary the waveform base line up to £ 10V,
or in the dc function, o vary the dc output,

All inputs and outputs are proteéted against shori cir-
cuits and excessive voitages 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 ifront panel error
message and may cause a GPIB service request,

Up to 75 sets of complete front pane!l settings can be '

stored In memory. The memory has a non-
rechargeable tithium battery back up for a minimum
of 8 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
fithium 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 ACCESSORIES

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

1.3 SPECIFICATIONS

1.3.1 Maln Generator Waveforms {Functions)

Programmabie sine " , triangle v* |, square J' ,
square complement, dec, external width, arbitrary and
filtered arbitrary.

Sine Distortion (THD at 5 Vp-p):
<0.5% 10 mHz t0 99.8 kHz.

No harmonics above

— 40 dBc 100 kHz t0 999 kHz

- 30 dBc 1 MHz to 12 MHz.

Time Symmetry:
+1% +8ns.

Square Transition Time:
<15 ns.

Square Qvershoot:
< 4% at full amplitude.

Triangle Linearity: 99% to 100 kHz.

1.3.2 Operational Modes (For Al Functions
Inciuding ARB)

Continuous:
Qutput continuous at programmed frequency or clock
rate.
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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 freguency or
clock rate.

Gated:

Similar to triggered mode, except that output Is con-
tinuous for the duration of the gate signal. 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 Oniy)

Triggered ARB with Ramp-to-Start:

One cycle of ARB waveform is initiated on the trigger
input. External RTS signal (at ARB RTS/HOLD 1IN)
causes ARB output to siowly ramp to daia value at
start address of the ARB waveform. 1f RTS signai is
not received before stop address is reached, RTS is
initiated at stop address.

Triggered ARB with Resel:

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

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

One cycie of the ARB waveform is initiated on trigger
input. Leading edge of Hold signal causes ARB to
hold. Second leading edge (Reset signal) causes
immediate reset to stari. 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 signai causes ARB fo
nold. Second ieading edge (Reset signal) causes
immediaie reset to start. If stop address is reached
hefore 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 setected the output will be
voltage (data value} present at address specified on
address program. This ailows ARB waveform to be
examined ong point at a time by specifying address of
desired point.
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Triggered ARB with Hold on Breakpoint:

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

1.3.4 Frequency

Range:

10 mHz to 12 MMz 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

Controk
Frequency may be controiled by programmed vaiue
or external VCG input.

Value:
Frequency value is keyboard or GPIB programmable
with automatic range seiection.

VCG (Voitage Controlied Generator):

Acor deinput controls frequency. 0 to+12Vinto 10k
for up to 1200:1 frequency change in each of 9 fre-
quency ranges (range must be programmed). Slew
rate is limited to 1V/us.

1.3.5 Amplitude

Range:
0.01 to 10 Vp-p into 504 (0.02 to 20 Vp-p into cpen cir-
cuit) from main output. Absolute peak amplitude plus
offset may not exceed 5V into 500 (10V into open
circult).

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 =C.BV,

Accuracy:

+ 2% of programmed value and:

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

+20 mV for 1.01 to 10V,

+ 50 mV for all other.



Repeatability (24 hr)
1% £10 mV.

Flatness (at § Vp-p)
0.1 dB 1o 100 kMz, 1.5 dB 1o 12 MHz.

1.3.6 Offset

Range:

DC or offset programmable from — 5V to +5V into
508 {10V to + 10V into open circuit). Absclute peak
amplitude pius offset may not exceed 5V into 500 (10V
into open circuit),

Resolution:

3 digits or 10 mV when absclute 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 Qutpuis

Funetion Quiputl: Source of primary waveforms. Pro-
grams control provides:

Output on, 500 source impedance;

Output off, high Z {> 500k);

Qutput off, low Z (terminated in approximately 500).
Protection:

Qutput protected to 140 Vac or 20€ Vdc without inter-
nal damage.

Main Sync Quiput;

Sync signal is at programmed frequency and TTL
level,

Level:

=0.4V to = 2.4V into 500,

0.8V 1o = 4.8V into open circuit.

Source Impedance:

5011,

Timing:

Conecurrent with function output in square; lags sine
and triangle by 9C°.

Over/Undershoot:
<10% into 504,

Protaction:
Output protected from short circuit to any voltlage
between =15 Vde.

Arb Syne Output:

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

Source Impedance:
6009.

Protection:
Quiput protected from short ¢ircuit 10 any voliage
between + 15V.

1.3.8 Inpuis

External Trigger:

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

Level: —10tc + 10V,

Resoiution: 20 mV.

Accuracy: +500 mV (for signals with less than 10 Vius
slew rate).

Input Impedance: 10 kil.

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

Minimum Trigger Width: 20 ns,

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

Protection: Input protected to + 50V,

YCG im:

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

impedance: 10kQ.

Protection: input protected to £ 50V,

ARB RTS/HOLD input:

Trig input and RTS/Hold Input are logically internally
common. Having two inputs provides processing for
independently generated trigger and RTS/hold signat.
(NOTE: Inputs are buffered prior to being iogicatly
“ORed together.)

Frotection: Input protected from short circuit to any
voltage hetween + 15V,

1.3.9 Internal Trigger

Non-ARB Functions

Range: 3.75 mHz tc 3.75 MHz.
Rasolution: 4 digits,

Accuracy: 0.2%.

ARB Funciions

Range: 10 mHz to 3.75 MHz.
Resotution: 3 digits.
Agccuracy. 2%.

1.2.160 ARS Characleristics

Horizontal Resolution:
2048 points standard; 8192 points optional,

Vertical Resolution:
12 bits (-2048 to +2047).

1-3



Auto-Line: _
Allows a straight line to be drawn between the last two
data points specified.

Programmable Filter on ARE Waveform:
Non-Filtered Arb waveform: Settling time 1.5 us.
Fitterad Arb waveform; Settling 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

|EEE 488-1978 compatible. Nonisolated. Double
buffered.

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

Subsets: SH1, AH1, T6, TED, L4, SR1, RL1, PPQ, DCH,
Co, E2.

Interface Timing:

Frequency 186 ms
Amplitude 13 ms
Offset 14ms
Mode 6ms
Function 5ms
INTIEXT 5ms
Execute 20msto 4 sec
Store 11 ms
Outout 10ms
Slope 5ms
Burst Count 10 ms
Rate 35 ms
Recal! 185 ms
Reset 185 ms
Start 20ms
Stop 20 ms
GET Mode 5msto 4 sec
ADRS 10ms
DATA 15ms
AUTO LINE 20 ms 0 2 sec
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1.3.12 General

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

Environmenial:

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 ievel
to 40,000 ft for storage.

Relative Hurnidity: 95% at 20°C at sea levet (non-
condensing).

Warm-up Time: 20 minutes for specified operation.
Dimensions:

21.7 cm (8.54 in} wide (half-rack); 13.3 cm (6.25 in)
high; 39.4 cm (15.5 in) deep.

Weaight:

5.9 kg (13 Ib) net, 7.2 kg (16 Ib) shipping.

Power:

90 to 105, 108 to 128, 198 t0 231, or 216 to 252 volis
rms; 48 1o 66 Hz, 1 phase; <40 watts,

1.3.13 Options

002: Rear Pane! Conneciors
Front panel BNC connectors relocated 1o rear panel.

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

1.3.14 Accessories

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

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

Rack Slides



2.1 MECHANICAL INSTALLATION

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

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

Rack Mount Part Reference
Kit Number Drawing
Single 1101-00-1043 | $102-00-1043
Insirument

(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 1o air flow at any surface of the
instrument. Before rack mounting, it may be desirable
to perform the initial checkout (paragragch 3.1) fo
verify operaticn of all functions.

2.2 ELECTRICAL INSTALLATION

2.2.1 Power Connection

NCTE
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 ' amp
fuse.

SECTION M
INSTALLATION AND INTERFACE

Convarsion to other input voltages reguires a change
in rear panel fuse hoider voltage card position and
fuse (figure 2-1Y according to the following procedure.

Figure 2.1. Voltage Selector and Fuse

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

2, Remove the small printed circuit board and
select operating voltage by orienting the printed
circuit board to position the desired voitage to
the top left side. Push the board firmly into its
module slot.

Card Position Input Vac Fuse
100 9010 105 3/4 amp
120 108 to 126 3/4 amp
220 198 to 231 3/8 amp
240 216 to 252 3/8 amp

3. Rotate the fuse-pull back into the normal posi-
tion and insert the correct fuse intc 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.
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2.2.2 Signal Connections Table 2-1. GPIB Data In/Out

NOTE Pin Signal
Use RGS8U 50 or equivalent 50Q coaxial
cables equipped with BNC conneciors to 1 DIO1
distribute signals. 2 Di02
3 DIO3
Instrument BNC connectors are: g E'OCIM
TRIG IN, Acceptable trigger level and slope are pro- 6 DAV
grammable; — 10 k{} impedance. 7 NRFD
MAIN SYNC QUT, OV to > 2.4V into50Q impedance; 8 NDAC
> 4.8V open circuit. 9 [FC
FUNC QUT. Up to 10 Vp-p into 500 impedance; up to 10 SRQ
20 Vp-p into > 50 ki impedance. 1; giN ‘
assis
VYCG IN. 0.01 to 12V; 10 k impedance. Ground
ARB SYNC OUT. OV to 10V puise intc 6000 13 105
impedance. 14 Di108
ARB RTS/HOLD IN. TTL input, 1 k@ impedance. 15 1 DIOY
Used in Arb function only. RTS/HOLD and TRIG IN are 16 Dios
internatly OR'd in RTS modes. }g REN
Signal ground may be floated up to +42 volis with 19
respect {o chassis ground. Be aware that all signal 20
grounds are common and must all be floated 54 Signal Gnd
together. o
. 23
2.2.3 GPIB Connections 04

The GPiB /O 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
in 1 and 2 meter lengths).

>

2.2.4 GPIB Address

Forinstruments on the General Purpose Interface Bus
(GPIB), ensure that the instrument 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.g.,
ADRS 4 EXEC). The switch sections are labeled from A _
1 through 5 and their OFF position noted (OFF = RS SELEGTIONS
Binary 0" in table 2-2). To verify the address, press
ADR on the front panel. The device number (decimal)
wiil be displayed. Upon power-up, the address is
always that of the internal switch.

Figure 2.2 GPIB Address Selector Switch
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Table 2-2. GPIB Address Codfs

Switch Hexa-
AECH Position decimal
Device | Listen Talk | 1 2 3 4 5 |Listen Talk
G {space) @ cCocoO0| 20 40
1 1 A 100CGO01 21 41
2 ' B 10600 22 42
3 # C 11000 23 43
4 % D 001100 24 44
5 % E 10100 25 45
6 & E 01100 26 46
7 ! G 11100 27 47
8 ( H 0C010| 28 48
9 } f t 0010 29 49
10 * J 01010 2A 45
11 + K 110190 2B 4B
12 , L occ11t0| 2C 4C
13 -— M 190110 2D A0
14 ® N 01110 2 4F
15 / O 11110 2F 4F
18 0 P 0D0GO01 30 50
17 1 Q 10001 31 51
18 2 R 010C01 32 52
19 3 s 11001 33 53
20 4 T 00101 34 54
21 5 U 10101 35 55
22 8 vV c1101 36 56
23 7 W 11101 37 57
24 8 X 00011 38 58
25 9 Y 10011 39 53
26 : Z 01011 3A 5A
27 ; [ 11011 38 5B
28 < \ 00111 3C 5C
29 = ] 10111 3D 5D
30 > A 01111 3E 5E

NOTE

Address 31 is not allowed,




2.2.5 Initial Checkout and QOperation 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 expianations are required, refer to
figure 3-1 and tabie 3-1.

Table 2-3.

Figure 2.3. Test Setup.

MODEL 275

TERMIN-

I—

FUNC OUT O—

OSCILLOSCOPE

500

ATION
CH2

MAIN SYNC OUTQ-

Initial Checkout

Step Test Tester & Setup

Program

Desired Resuits

1 Wake-up State

Power: ON

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

2 Wake-up Status

Press STAT key.

Display (changes automatically):
FREQ 1 KHz

AMPLITUDE 5V

QFFSET OV

MODE CONTINUOUS (0)

FUNGC SINE (0)

BURST COUNT 2

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

STOP ADRS 2047 (8181 with
option 0G4, extended block size.
CUTPUT OFF (G}

EXTERNAL TRIGGER {0)

TRIG RATE 200 HZ

TRIG SLOPE POS (C}

TRIG LEVEL 1.5V

3 Siatus Search

STAT

Status display sequence stops.

H

Status progresses forward.

|

Status progresses backward.

STAY

Status display automalic
sequence continues.

7 Besper Test,

Press FREQ key a few limes.

Beeper sounds every time key is
pressed.

Press ft, then FREQ key a few
times.

Heeper is sitent.

J

Beeper enabied

10 Command Recall.

Press each of the 8 keys in the
MAIN generator section 4 times
then CMD RCL.

Strings of characters shown on
digplay, Characiers are the ones
shown on lower |eft of each key

i1

Press — then «.

Moves characters right then left
4 at a time.

2-4




Table 2-3.

initial Checkout

Step

Test

Tester & Setup

Program

Desired Resulis

12

GPIB Address and
Status,

ADRS 1 EXEC then 30 EXEC.

Display: GPIB ADRS 1 then
GPIB ADRS 30,

13

Quality Assurance
Procedure.

14

Frequency: Exercises
Each Frequency Bit
and the Sine Wave
Function,

15

Amplitude:; Exercises
Each Amplitude Bit
and the Triangle Wave
Function,

18

Otfset: Exercises Each
DC Offset Bit and
Square Function.

Connect Wavetsk 275
and pscilioscope as
shown in figure 2-3.
Scope setting: CH1
2Vidiv; horizontal

(.2 msldiv, CH2 2Vidiv,
trigger on CH2.

Press: RCL 2000 EXEC.

Display: {0) BEGIN QA PROC.
Scope: CH1, 5 Vpp 1 kHz sine
wave. CH2, 2.5 Vpp 1 kHz
square wave

Press; CURSCR ¢t once.

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

1 kHz to 10 kHz, CH2, 25 Vpp
square wave synchronous with
CH1.

Press: CURSCR 1 once.

Display: (2} AMPLITUDE, Scope:
CH1, 1 kHz trlangle wave, ampl-
tude continuously increases
from 1V to 10 Vp-p. CH2,

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

Press: CURSOR | once.

Dispiay: {3) OFFSET. Scope:
CH1, 1 Vpp sguare wave, DC
oftset continuously increases
from —4Vio +4V. CH2,

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

Trigger Circuit.

18

Gate Circuit.

18

20

Burst Circuit,

Trigger Scope on CHA.

Press: CURSCR 1 once.

Display: (4} TRIGGER, Scope;
CH1, 500 Hz 8 Vp-p square
wave. CH2, 2.5 Vp-p 100 ps
pulse, delayed 50 us relative to
positive edge of CH1 waveform,

Press: CURSOR 1 once.

Display: (8) GATE. Scops: CH1,
BGG Hz 5 Vp-p square wave.
CH2, 2.5 Vo-p pulse burst, six
100 us pulses.

Press: CURSOR 1 once.

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

1.8 ms 10 250 us, CHZ, pulse
rain of 100 xs wide pulses, 2.5
Vp-p. Number of pulses per train
steps from Q1o 2,

Press: CURSOR 1 once.

Dispiay: () ENC QA PROC.
Scope: CH1, 5 Vp-p pulse,

250 us wide, repetition rate

2 ms, OH2, burst of two 100 us
pulses, burst repetition rate
2ms.







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 o
controt the instrument remotely should read both
sections.

3.2 FRONT PANEL CONTROLS AND
CONNECTORS

The front panet contains the power switch, keyboard,
display and (unless option 002, rear panei connectors,
has been specified) the BNC signal connection jacks.
Figure 3-1 shows the location of ali front panel con-
frols and connectors. Table 3-1, which is keyed 1o the
numeric identifiers in Figure 3-1, briefly lists the pur-
pose of each controi or connector for guick reference.
Further information on the conirols is contained in
section 3.5, LOCAL OPERATION,

SECTION N
OPERATION

3.3 POWER-UP

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

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

MODEL 275

ig dispiayed. During power-up, all parameters are set
to default values.

Table 3-1. Controis and Connectors

Key
Ret Control or
No. Connector Dascription
1 CURSOR — and — position the cursor to any numerical digit (indicated by the flashing
digit on the display}. 1 and | increment or decrement codes, storage
addresses or the flashing digit (features carry action} of a parameter value,
— and — are alsc used to move a displayed program string (CMD RCL} to the
left or right in increments of 4 characters. Because 1 and | employ an
automatic execute, the instrument output is instantly changed with cursor
action.
2 DISPLAY Twenty character readout (both manually and remactely accessible). Advises
operator of parameters and values, errors, warnings and GPIB activity. Also
displays programming strings.
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Figure 3-1. Controls and Connaciors



Table 3-1. Controls and Connectors (Continued)

Key

Ret Control or

No. Connector Description

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 Hamp-

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

4 FREQICLK 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 to 267 s. Block
size 2 points to 2048 points (option to 8182 points).

5 AMPL(A} Displays output amplitude programming and enables change. Amplitude

- maximum is 10.C Vp-p inte 504,

6 OFSTID) Displays dc offset programming and enables change. DC offset used with
amplitude adjusts the output waveform offset bias. Maximum offset is £ 5V
into 50Q.

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

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

FUNCTION CODE
Sine 0
Triangle 1
Sqguare 2
Square Complement 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 eniry aliows fixed point, floating point and scientific (exponential) notation.
Microprocessor will round off as required.
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Tabie 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 OUT

FUNC QUT

MAIN SYNC QUT

RSY ()

ARB MNTR

STAT

SRQ

EXEC (1)

CLR

TTL input provides processing for independently generated trigger and
generated trigger and Ramp-to-Start signais. Used in Arb function only to trig-
ger Arb waveform, initiate hold, ramp-to-start or reset. Trig input and
RTS/hold 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 putse {open circuit), OV to 5V puise (6001). Puise width is
five Arb clock cycles with leading edge of puise occurring at currently pro-
grammed address followed by an execute. Puise polarity is selectable. RCL
4000 EXEC selects positive pulse. RCL 4001 EXEC selects negative pulse.

The main output of selecied waveforms. Function output is off at power-up
and reset. Ouiput 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 OV to > 2.4V (TTL level) into a 50Q locad
{=>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 voitage. Pro-
vides a reat time monitor of slowly changing Arb waveforms. This feature
does not interfere with the Arb waveform outpud.

Gives the current waveform generator status by displaying each paramedter
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. if there is no tone when key is pressed, pressing
restores the tone.

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

Corrects front pane! 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.)




Table 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 muitiptier,

22 OUT ON (P Displays outpui and load status and enables change. Output status program-
ming codes are:

QUTPUT CODE
Output Off (0) (> 100k3) 0
Output On (1) (500 1
Quitput Off, Lo Z (2) (=500 2

23 RCL (V) Displays the status of setting recall (none recalled, recail setting
No.__ ., or No ___ last recalled) and enabies the change of
address of settings to be recailec. Stored settings can be recailed to scratch-
pad memaory 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 175
Internal calibration procedure 1000-1031
Internal QA test/demo procedure 2000-2007
Keyboeard lockout off 30G0
Keyboard lockout on 3001
Arb 8ync output positive 4000
Arb Sync output negative 4001
Slow Ramp-tc-Start 5000
Fast Ramp-to-Siart 5001
Clear break points 6000

24 STOR (M) Displays address of iast storage location used and enables storage location
address change. The seitings stored are those currently in scratch-pad
memory; the instrument output operation is not disturbed by storage action,
A minus {—) address eniry 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 1o the positive peak amplitude. Entry
of valid data causes the address to be incremented by one. An execute is not
required to cause data to be entered into memaory.

26 AUTO LINE (XK) Automatically causes a straight line to be written into Arb mamory between
the lasi two data poinis. Auto line will over-write any previously siored 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 block will wrap around the end
of Arb memory.
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Table 3-1. Conirols ang Connectors (Continued)

Key

Ref Control or

No. Connector Description

28 {ARB) ADRS (K} 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 for the purpose of entering data an execute is not
required. if address is being specified for the purpose of moving ARB sync
iccation, an execute is required.

29 EXT (G) Displays the trigger source and enables change. There are two trigger
sources.

SOURCE CODE
External (BNC, Man, GPIB) ' o
Internal 1

30 RATE (T) Displays the internal trigger rate and enabies 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 non-Arb functions.

N LVL (XL) Displays programmed trigger level and enables change. Trigger level 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 resolution.

3z SLP (Q) Displays seiects siope and enables change. Selects generator triggering on
the rising or faliing edge of the TRIG IN BNC signal.

TRIGGER CODE
Positive slope 0
Negative slope 1
33 MAN TRIG Triggers output when inany of the modes requiring trigger. The two ASCi codes
LB (H) (Jand H)are for gating; J gates enand H gates off. EXT key 29 must be 0 (External
Source).

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

35 CMD RCL Dispiays the last 40 parameters, vaiues and actions (all in ASCIl 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
antire 40 character string.

36 (GPIB) ADRS Displays the GPIB decimal address and enables change, with the foliowing
exception: The GPIB address cannot be changed by front panel controt if the
internal disabie switch has been set.

37 TRIG IN A sufficient external signal ievel transition triggers or gates the generator

36

when generator mode requires a trigger or gate signal. The required level is
determined by key 31 and the required transition by key 32.



Table 3-1. Controis and Connectors {(Continued)

Key

Ref Controt or

No, Connecior Description

38 VCG IN The VCG input accepts ac or dc voltages used to externally control the fre-
quency of the main generatcr. A positive veltage applied to the VCG IN con-
nector witl increase the generator frequency, a negative voltage wiil
decrease the frequency. G.01V 10 12V gives approximately 1200:1 frequency
change. Input impedance is 10 k2.

39 POWER ON/OFF Turns generator on or off,

3.4 LOCAL OPERATION

Locat operation is accomplished from the front panel
keyboard, The front panel 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 action until a new value is entered.

3. Numeric keys, which are used for entry of

numeric data. These keys are through! ] i
Ca). () anale).

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
remactely controliing the instrument, and for reading
back previous commands from the dispiay with the

key. Four of the keys have alphabstic

characters associated with the key, but the letters are
not marked on the keys. These keys are: ,

e s‘mr . .
, and . Appendix B, Programming Com-

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

341 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,
L.OCAL and COMMAND RECALL.

3.4.1.1 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 Silatus Key

Pressing _ {the status key} will cause the display

tc sequentially indicate the current instrument
parameters. At power on or reset, the following
parameters will be displayed:
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(122 Hz with option 004, extended block size.)

(8191 with option 004, extended block size.)

By pressing . the display wil! stop on the existing

readout, and the status display may be incremented

forward or backwards with the or CURSOR

3-8

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 temporarily stored in scratch-pad memory
and not yet executed.

3.4.1.3 Cursor Keys

The cursor keys ,, .and 'are used

to modify a parameter value and cause immediate

execution of the new value. The and keys

are used to increment or decrement g parameter
value, Holding the key down continuously causes the
vajue to continuously increment or decrement.

The and keys are used to select which digit

of & multiple digit parameter wiil be incremented or
decrementad. 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
primarity single-digit values, such as mode or function.

3.4.1.4 Resst Key

The |3 | (Reset) key returns the instrument
waveform parameters o their power-on defauit
values. This key does nci affect stored setiings,
arbitrary waveform memory, or COMMAND RECALL
memory.

3.4.1.5 Execuie Key
The (Execute) key transfers all data from the
scratch-pad memory to the waveform circuit memory.

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



POWER-UP

CONFIGURATION
STORED <
RECALL (ALPHA SETTINGS ~ !
TEAMINATED) L
£
CLEAR, w WAVEFORM
4 STATUS : CIRCUIT |
\ MEMORY
I .CLEAR EXECUTE
KEY?)%ARD - DISPLAY i ALPHA
GPlB 71 MEMORY TERMINATED §
STORE
(ALPHA
SCRATCH TERMINATED)
ALPHA
h QUERIES PAD -/ D
MEMORY P —
Figure 3-2. Memory Structure

Exampie; Press D n . A dash

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

Press . again. The display wili be

Press . The display will change to

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 vaiue
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 controlier
with the LLO command if so desired.

3.4.1.8 SRQG Key
The key asserts the SRQ line of the GPIB If the
key has been enabled by the GPIB controller. Further

information will be found in the REMOTE OPERATION
section of the manual (section 3.5),

3.4.1.8 Command Recall Key
Pressing the {Command Recall) key displays the

last 20 commands from the keyboard or GPIB in the

form of ASCH characters. Keyboard commands not
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associated with an ASCH character (such as the cur-
sor keys) are not shown. The display shows all com-
mands assoctated with an ASCH character, even if the
command is erroneous or has been superseded by a
later command.

conve s (@ (0] ) (1) ) (2
AEEL00LO
solEnEh ]

Press . The dispiay wil show:

The letters B, C, A, B, F, E and | are the ASCI codes
for mode, function, amplifude, offset, freguency,
exponent, and execute respectively. Note that the
display contains two commands for function and fre-
guency, but that onty the last command for each
parameter is the actual instrument setting. The ASCH
codes for most parameters are shown on the keys.
Two exceptions in the above example are frequency
and exponent.

Now press EJ D . The display

will indicate

Press . The last 5 characters on the display will

be “F1E8I"”, even though the freguency command
was outside the freguency range of the instrument.

Using the cursor and keys shifts the

display 4 characiers 1o the left or right to allow the
eventual display of up 10 40 characters.

NGTE
It the ' key is pressed immediately
after turning on the instrument, the display

will be blank because no characters have
been programmed.
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3.4.1.10 Arb Monitor Key

The . key ailows monitoring of the address, data

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

3.4.2 Parameter Keys

The parameter keys aliow display of a current
parameter vaiue, modification of the current vaiue
with the cursor keys, or entry of a new value using the
numeric keys. The parameter keys are functionally
grouped as controis 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 f key selects frequency in cycles per second
if a non-arbitrary waveform has been selected with
the ' key. ¥ an arbitrary waveform has been
selected, the '. key selects clock period in
seconds per arbitrary waveform address focation.

3.4.2.1.2 Amplitude Key

The _ key selects output waveform ampiitude in

volts peak-to-peak into a 50§ ioad. For an arbitrary
waveform, this value represents the peak-to-peak
amplitude using the full data range (-2048 to
+ 2047y 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 into a 500 ioad. Open-
cireuit amplitude will be approximately twice as high.



3.4.2.1.3 Ofisei Key
The key selects cutput waveform offset in volis.

Offset is the voliage (into a 50§ load) micway between
the waveform amplitude peaks. For example, to
obtain a square wave having voitage levels of OV and
+ 8V, program an amplitude voltage of 5V and an off-
set voltage 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 voltage plus
peak amplitude (p-p amplitude/2) must not exceed 5V.
To avoid less of amplitude resolution, amplitudes less
than 100 mV require an offset voltage of less than
500 mVv.

3.4.21.4 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 Funcilion Key

The key selects the type of waveform ai the

UNC OUT connector.

‘:U 0
' - selects a sine wave.
selects a triangle wave.

selects a square wave of the same polarity

as the MAIN SYNC OUT signal.

c' selects a square wave of opposite polarity

of the MAIN SYNC QUT signat.
selects the DC function. The FUNC OUT

voltage is a DC level at the programmed OFFSET
voltage. The AMPLITUDE and MODE settings have no
effect an the cutput.

selects the EXTERNAL WIDTH function.

The FUNC OUT voltage is controlled by the
AMPLITUDE, OFFSET and TRIGGER controls. For
example, selecting amplitude 5V and offset OV results
in a FUNC QUT voltage of- 2.5V when the generator is

not triggered and + 2.5V when triggered. Selecting
amplitude 5V and offset 2.5V wili 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 wiil be gated by the
seiected trigger source regardless of the MODE pro-
grammed. The exception is the BURST (3) mode. In
the BURST mode, a trigger pulse of any duration will
cause the output 10 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,
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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 fittered by

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

3.4.21.8 Mode Kay
The key determines the conditions under which
the selected function wilt be present at the FUNC QUT

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

selects & continuous waveiorm.

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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@ selects a gated waveform. The selected

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

selects a the BURST mode. When the gen-

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

Start mode. When the generator is externally or
manually triggered, one cycle of the arbitrary
waveform is produced. At the end of the waveform
biock, the generator output voltage is graduaily
" returned to the waveform starting voltage at the
sefected (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.

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

is displayed. internal trigger cannot be used in this
mode. The front pane! lockout is turned on during the
RTS operation.

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 of the arbitrary waveform biock,
the output voltage holds constant at the final value. A
second trigger puise initiates the Ramp-to-Start opera-
tion. A trigger pulse received before the end of the
waveform biock places the waveform on 'hoid"; the
next trigger pulse initiates Ramp-to-Stari. internal trig-
ger can not be used in this mode. The front panel
lockout is turned on during the RTS operation.
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selects Triggered Arb with Reset. Inter-

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

selects Triggered Arb with Hold and Trig-

gered Reset. Internaily, externally or manuaily trigger-
ing the generator produces one cycle of the arbitrary
waveform. At the end of the waveform biock, the out-
put voltage remains unchanged until another frigger
pulse is received. When this occurs, the output
voliage is reset to the waveform starting vaiue. 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, externa! or manual trigger pulse. The waveform
may be reset to address 0000 by momentarily switch-
ing to the EXAMINE (9) 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 OUT connector, and aiso
aliows the data value and voltage at the seiected
address to be displayed using the ' key. To

monitor any point on the arbitrary waveform, select
and execute the desired address.

Example: To examine the waveform at address 19,

press The voliage at that point

on the arbitrary waveform may now be observed at

the FUNGC OUT connecior. 1f desired, press the



key. A typical display might show

for several seconds, then

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

Noete 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.

selects the Triggered Arb with Hold

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

set or cleared by using the and keys. To set
or clear 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{OY” or “BKPT
SET (1), To clear the breakpoint, press ; o set
the breakpoint press . Then terminate the entry

by pressing either the or key. (An EXECUTE

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

To clear afl breakpoints, press
" The display will read

(An EXECUTE command is required for clearing all
breakpeinis.)

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 reguires that the instrument be set io

mode 10. In any other mode, the key enters
arbitrary waveform data, not breakpoint status.

Because the Wavetek 275 ignores START and STOP
addresses in maode 10 and scans the entire arbitrary
waveform memory block, utiiizing less than the full
waveform biock 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
controis, or by remote computer control. If desired, a
new START address may be programmed while the
instrument is temporarily in the EXAMINE () mode.

The front panel displays for the various modes are:
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In the front panet MODE displays, the abbreviation
RTS stands for Ramp-Te-Start, while RSTmeans RegeT.
Ramp-to-Start is a gradual return of the waveform out-
put voltage to the starting value, white RESET is a very
rapid return.

3.4.2.2 Trigger Controls

The TRIG block of controls contains the parameter
keys for internallexternal trigger selection, internal
trigger rate, exiernal trigger siope, exiernal trigger
level (threshold), 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 setected.

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

parameter codes asscciated with it
selects external trigger; selects internal

trigger.

3-14

3.4.2.2.2 Rate Key
The ' key selecis the internal trigger rate in cycles

per second (Hz). It has no effect when external trigger
is selected.

3.4.2.2.3 Level Key
The key selects the threshoid levet (in volts) for

the external trigger signal apptied to the TRIG IN con-
nector. 1t has no effect when internal trigger is
selected.

3.4.2.2.4 Slope Key
The - key selects the external trigger slope. A

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

programmed threshold levet. The key has no
effect when internal trigger is selected.

3.4.2.2.5 Manua!l 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 Arbitrary Waveform Controls

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

3.4.2.3.1 Address Key
The '_ key is used to enter the arbitrary waveform

address for the purpose of entering the arbitrary



waveform data, reading arbitrary waveform data, set-
ting the breakpoints or setting the ARB SYNC

address. In most modes, 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 wili 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 SYNC
address.

3.4.2.3.2 Data Key

[XATA

The _ key is used to enter the arbitrary waveform

data value (or breakpoint status) after the address has

been selecied. 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
vaiue will be entered as a data value (or breakpoint
status), not an address value, Data or breakpoint
entries do not require an EXECUTE command.

2.4.2.3.3 Auto-Line Key

The -1 key causesg a straight line to be written into

arbitrary waveform memory between the iast two data
points entered.

3.4.2.3.4 Start/Stop Key
The ‘ key causes aiternate displays of the START

and STOP addresses and enables entry of new values.
These addresses define the end-points ¢f 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 Setiing Controls
The SETTING block of controls contains two keys:

STOR f‘ .
and . These keys are used to siore instru-

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

3.4.241 Store Key

The key causes the disptay to show the location

of the setiings most recently stored or deleted, and
enables enfry of a storage location for the current
instrument settings. The settings stored are those in
scratch-pad memoery (whether they have been exec-
uted or not). Locations available for user-stored set-
tings are 1 through 75, Entering a negative vatue (— 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 turned off.

3.4.2.4.2 Recall Key
The : key causes the display to show the location

of the most recently recalled settings (if any), or the
message resulting from previous recall of a factory-
stored setting. Attempting to recall a message froma
non-existent location will resuit in display of the error
message

A dispiay of

indicates that the settings in that location have been
deleted. An EXECUTE command ig not reguired to
recall settings to scratch-pad memory, but /s required
to transfer the setlings from scraich-pad memory to
waveform memory, Hecall settings and selections are:

SETTINGS RCL
Recall last power oft condition 0
Recall user-storad settings 1-75
Internal calibration procedure 1000-1031
tnternal QA test/demo procedure 2000-2007
Keyboard lockout off 3000
Keyboard iockout on 3001
Arb Sync ouiput positive 4000
Arb S8ync output negative 4001
Slow Ramp-to-Start 5000
Fast Ramp-to-Start 5001
Ciear break points 6000
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3.4.24.3 OQuiput Conirol
The QUT block of controls contains only one key,

fabelled . Entering a code of 0 turas the output off

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

3.4.24.4 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-ip, ihe 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 RNumeric Keys

The numeric keys through , I*/..i ,
and are used to enter new parameter

vatues. Data entry is free format (i.e., fixed point,
floating point, or exponential (scientific) notation).

Fixed Point
Floating Point

Decimal point remains at far right,

You program the decimai point. It
floats to the left in its designated
position as you enter more
numerals.

A value, then followed by

the exponent of a times ten multi-
plier. When the value (mantissa} is
imited to one digit before the
decimal point, expenential notation
is called scientific notation.

Exponential
Notation
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Table 3-2 gives some examples of the many ways the

value 100 can be programimed.

Table 3-2. Examples of Value Programming

Locat Remote
{Keyboard) (ASCH) Standard Notation
100 100 100
0100 0100 100 (leading zeroes are
ignored)
1 EXP 2 1E2 1 x 102
01 EXP 4 01E4 01 x 104

01 EXP 304 O1E304 | .01 x 104 ({last two
exponent digits only are
used)

1000 EXP +1 | 1000E-1 | 1000 X 101

tEXP £2+ | 1E-2- 1 % 102 (two minus

signs cancel)

1EXP 2 1E.2 1 % 102 (decimal points
in exponent are

ignored)

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

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

is equal 10 8.99 X
102 = 999.

Only one decimal point and one are allowed per
number; additional ones are ignored. The sign toggle
character may appear any number of times. It
causes the sign of the mantissa (if : has not been

pressed) or the exponent (if has been pressed) to



be reversed (if negative, then positive, and vice versa)
each time it appears. i an undesirad value is entered

grior to execution (the } kay), the key can be

used to erase it.

3.4.3.1

Because the number input format is 50 general, the
microprocessor must be told when the last numeric
character has been entered so it can evaluate the
number. Numeric eniry can be terminated by pressing
any parameter key and some other command keys. In
general, any key associated with an aiphabstic

character (except and ' } will terminate an

entry.

Parameter Termination and Execution

When a numeric parameter entry is terminated, the
new value is rounded off and tested to see if it is a
legal value for the parameter being changed. I it is
legal, the new value is entered Inic the instrument's
scratch-pad memory. (See figure 3-2, Memaory 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
execuied, and may be erased before execuiion 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.

3.4.3.2 Errors

Attempting 1o enter a value outside the legal limiis of
the parameter being programmed will resuit in an
immediate error message when numeric eniry is ter-
minated. The instrument will disregard the new value
and retain the previously programmed value in
scraich-pad memory.

Example: Press @ .The display will

indicate

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

interparameter inconsistencies (such as amplitude
and offset that are individually within limits but add up
to a peak ocutput of greater than 5V peak into 50Q) are

not tested until the , or keys are

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

Example: Press . The

dispiay will indicate

3.4.4 Parameter Eniry

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

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

ture.) This allows the instrument user o change all
output waveform parameters simultanecusly. A few

parameters (such as GPIB and ) do not

require an

1 command.

There are three basic methods of entering
parameters:

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

change.
Example: @

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 numerical value or
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code for this parameter, etc. After all parameter
vatues have been entered, press | to change

all parameters simuitaneously.

conoe () (1) 0 B 0 0 6
BEBOE @O

continucus 5 kMz sqguare wave with peak-to-peak
amptitude of 1V and turns on the generator cut-
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 if the instrument had
previously been set to an arbitrary waveform
function. The waveform memory contains two
separate locations 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 clock period for
an arbitrary waveiorm. 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-
TICN, the error message

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

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

cursor controls. The display will indicate the

digit selected by aiternately fiashing this digit

bright and dim. The and cursor keys

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

Note that use of the or cursor controis

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

ouT [ Fouy )
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 foliowed by a cursor
in the form of a horizontal underline.

Exampie

This indicates that entry of the valug has already
heen started using the numeric keys, and that the
instrument is expecting ancther numeric key,

another parameter key, or the or _ key.

To disptay the value of a parameter without changing
i, press the parameter key bul 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



can be cleared with the key.
Example: Press @ _ The display wil

show

| AMPLITUDE 5V
Press @ . The disptay will now show

‘AMPLITUDE 1V

3.4.5 Arbitrary Waveform Conirols

Arbitrary waveforms are stored as data values in a
random-access memory (RAM). The BAM 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 basically
two methods of entering waveform data into 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.

3.4.5.1 Waveform Eniry 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 ine segment. In this example, we will
enter the letter "W for display on an oscilloscope.
We will arbitrarily choose to use the full standard
horizontal range of 2048 points (addresses 0000 fo
2047) and the fult vertical range of 4096 points (data
values of — 2048 to + 2047). A drawing of the desired
waveform, inciuding the line segment end-points, is
shown in figure 3-4.

Horizontai Scale = 10 Oscilloscope Divisions = 2048 Address Points
Vertical Scale = = 2% Oscilloscope Divisions = Data Values - 2048 to + 2047,

{512, 2047) {1536, 2047)
\ (1024, 1000 /
\ j

N
VARY

(511, ~2048) \[ (1537, — 2048)
(768, - 2048) (1280, - 2048) (2047, — 2048)

{0, —2048)

Figure 3-4. Sample Graph of Arbitrary Waveform

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

KEYSTROKES

RESULTING DISPLAY

DATA —2048._..

LINE 0000 TO 0511
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DATA —2048_

The last two steps of the above sequence were not
part of waveform entry, but were used to set the ARB
SYNC at address 0 and to 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 Al

wowsres () (2) () (1) (1) (5

The display will show

To display the waveform on an oscilloscope, tet’s first
arbitrarily choose an output level of 5V peak-to-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 cyc!'es per second is equal to C.01 seconds per
cycie, 0.01 seconds per cycie divided by 2048 steps
per cycle equais 4.88 microseconds per step.

To obtain the continuous -arbitrary waveform at the

desired ampiitude and frequency, press the follawing

B < A (=K
i ouY .
[3 @

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

3.4.5.2 Point-by-Point Waveiorm Entry

Waveforms not made up of straight line segments
may be entered into arbitrary waveform memory cne
data point at a time. Extrermely compiex waveforms
are most easily entered by remote computer control.
in the following example, 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 tc 0019, use data values of 00G0 to
1900 in incrementis of 100, and dispiay the waveform
at & 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-
form data into memory.

Press the key. If the display contains the words
STOP ADRS, push the {25} key again, and the display

will indicate the current setting for the start address. If
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the current value displayed is not

press the and keys. Press the key

again. If the dispiay does not show

press the keys
show

To enter the waveform into memaory, press the folow-

ing keys:

IE

ary
. J .

R ECEEEEE

HEEEEEEEREEEEEEEE
FEHEEEEEEREEEEEREE

EEEEEEE

JRER P

Press

,..&

| again. The display will indicate an address

{X value) of 002C and the data (Y value) 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 D0CO fo 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 ssat to address 0020, which
is putside our specified waveform block, and the ARB
SYNC pulse would never occur! To prevent this, we
will set the ARB SYNC to address 0000 by pressing

. We wil! also select positive ARB
SYNC by pressing ).

The instrument witl verify this setting by displaying

To set the wavelorm block freguency to 100 Hz,
calculate the required clock period in the foliowing
manner:

100 cycies per second is equal to 0.01 seconds per
cycle. (.01 seconds per cycle divided by 20 steps per
cycle is equal to 500 us per step.

To enter a 500 us clock period press @
HOEEO

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

when the _ key is pressed. This is because the



Wavetek 275 display shows the peak-to-peak
ampiltude for the full 4086 point range of the ARB
RAM, but our demoenstration wavetorm 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 actuat amplitude of
1Vp-p for our demonstration waveform, set the instru-
ment amplitude to 2.16V.

3.4.5.3 Multiple Arbitrary Waveforms

The number of arbitrary waveformg that may be
stored in arbitrary waveform memory is timited only
by the complexity {(number of data points) of each
wavaform 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 waveform. These
addresses (and other waveform parameters) may
then be stored in a separate stored setting memory,
making it pessible to recali a different arbitrary
waveform with a maximum of four keystrokes. The
START and STOP addresses are sntered with the

seel key: the ARB SYNC address is entered with the
ADRS key

NOTE

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

3.4.5.4 Checking and Monitoring Arbitrary
Waveform

There are four methods which can 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 daia
values from the display. This method works in any
mode except mode 10, where the display will indi-
cate breakpoint status instead of data vaiue. The
generator may be set for a non-arbitrary waveform,
of an arbitrary waveform that is running (is being
ciocked.)

Example: For our 20 step staircase demonsiration

waveform, press . The

display will show

5 The display will show

2. Select the ARBITRARY (B) function and EXAMINE

{9) mode. Select and execute 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 aiso be monitored at the
FUNC OUT connector with a dc voitmeter or
oscilloscope terminated in 508,

Example: For our 20 step staircase demonstration

waveform, press
' . The display wili indicate

. X0018°Y+ 1800 V ) |
Press . The display will show
L X0019 Y+ 1900 V4 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 internal trigger

and trigger rate. Press the ' key and read the

address, daiz value and actual voltage at each
point on the waveform. Voltage may also be
monitored at the FUNC QUT connector with a de
voltmeter or oscilloscope terminated in 504, I
external trigger has been selected, the manual
trigger key must be pressed each time it is
desired to advance the waveform fo the next step.
{Or the instrument may be triggered from an
external signal at the TRIG IN connector.) When
the waveform reaches the previcusly programmed
STOP address, the next internal or external trigger
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pulse wilt return the waveform io the START
address.

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

. Repeatedly pressing the

key wilt cause the display to advance

from

X000 Y+ 0000 V +0.000
to

» e @O E6)PDE
DO EDE e

automatically advance at one second per
step from

to

The disptay may be returned to the siarting

address at any time by pressing
6@
# MKTH .

4. Select and execute ARBITRARY (8) function, any
desired mode, and a slow clock speed (such as

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

aciual cutput voltage on the dispiay. (in the trig-
gered and gated modes it will be necessary 1o
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trigger the generator.) Note that during Ramp-to-
Start {RTS} operations, the displayed address will
rernain at the programmed stop address while the
amplitude data and voltage both return fo the
value programmed for ihe 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.

3.4.8 Stored Settings

User instrument settings may be stored in up 1o 75
internal memeory locations, and iater accessed either
randomly or seguentially. In addition, the internal
memory also contains an internai QA Test/Demonsira-
tion procedure and instrument settings used during
the internal stored calibration procedure. Current
instrument setlings are automatically stored in loca-
tion zero for retention when power is furned off. Seven
memory focations cohiain commands that the user
recalls to conirot front panel lockout, arbitrary
waveform sync polarity, arbitrary waveform Ramp-to-
Start rate, and to ciear all arbitrary waveform break-
points.

3.4.8.1

To store an instrument setiing, enier the desired
parameters into scratch-pad memory. 1t is not
necessary ic 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 wil indicate

Storage of Setting

3.4.6.2 Deletion of Stored Setting

To delete a stored setting, press the key, the
*/..| key, and the number of the storage location to

be deleted. Then press the key agaln.



Example: To delete stored setting 75, press

(5] () The display wil indicate

3.4.6.3 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 tc scratch-pad
memaory, or press the key to transfer the setting

to waveform memory.
Examples:

To recall stored setting 3 to scratch-pad memory,

S alola)

To recall stored setting 3 to waveform memory, press

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

3.4.6.4 Modification of 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 5V, press
GlajE]

3.4.6.5 Recall of Consecutive Stored Settings

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

key to recall the next higher-numbered stored

setting, or the | ¥ | key 10 recaill the next lower-
g

numbered stored setting. Using the cursor keys
causes an autematic EXECUTE, and also causes
deleted settings to be skipped.

Example:
KEYSTROKES

AL EXEC
@

 No. 10 LAST RECALLED

DISPLAY AFTER KEYSTROKES

3.4.6.6 Hecall of Last Power Off Condition
To recall the last power-off condition of the instru-

ment, press |$CL ! . Note that this command

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

key, and wili no longer coniain the previous

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 foliows:

1. Trigger on sync output {CH2).
2. Set time/Div to 0.2 mS.

3. Set CH1 to 5V/Div.

4. Set CH2 t0 2V/Div,

Press @ to start the
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Recommended Oscilloscope Settings:

1. Trigger on sync culput (CH2)
2. .2 ms, Time/Div.
3. CH1 - 8V/IDiv

CH2 - 2ViDiv

OSCILLOSCOPE

500
MODEL 275 TERMIN-
ATION

o CHI | cH2
— g

FUNC ouT O~
MALIN SYNG QUTOY

Figure 3-5. Test Connections for Stored
Performance Verification

Quality Assurance procedure. The display will
indicate

The oscilioscope dispiays a function output sine wave
and a sync output square wave.

Press 1o select these sieps:

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

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

For the rernaining steps trigger the scope on the CH1
FUNC OUT signal,

4. Atrigger circuit test,
5. A gate circuit test,
6. A burst circult test.

3.4.6.8 Calibration Procedure

The calibration procedure is called by pressing

. ” . The front panet display

wilt read “(0) CAL 275 VX.Y)" where X.Y identifies the

sofiware version, Each press of steps {0 the

next calibration prompt. Press and obiserve
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the display:

hisdis tells the tecniin o adjst the +
power supply with potentiometer R39. By pressing

, all calibration prompts can be dispiayed and

required internal controt setups wilt be made
automatically. Test points and test eguipment setup
are included in section 5 of the manual.

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

the output waveform, press @
. The display will indicate

With the lockout on, pressing the .. ﬂ

Pressing other keys that normally affect the output
waveform will result in placing the new parameter info
only scratch-pad memory. The display wiill show an
asterisk (*) in front of the parameter value.

To turn off the front panel lockout, press

. The display will show

NOTE

This command is not the same as the local
fockout (LLO} command that can be pro-
grammed remotely.

3.4.6.10 Arbitrary Waveform Sync Polarity

To select positive arb sync polarity, press



. . . . The display will indicate

To select negative arb sync potarity, press . .

. . . . The drspiay witl show

Note that this command requires the key to be
pressed.

3.4.6.11

To select slow ramp-to-start rate, press n .

. . . W . The dlsplay will show

Ramp-to-Start Rate

For fast ramp-to-start rate, press @
[.ﬂ ] (1) . The display wilt indicate

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
reguires 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. It is independent of
AMPLITUDE and CLOCK settings.

3.4.6.12 Breakpoint Clear
To clear all arbitrary waveform breakpoints, press

: . The display will

show

CLEAR BREAK POINT

This command alse reguires the key 0 be
pressed.

3.4.7 VCG Operation

The frequency of the main (non-arbitrary) wavetorm
generator may be conireiled by an ac or do signal
applied to the VCG IN BNC connector. A positive con-
trol voltage will increase the generator frequency,; a
negative voltage wili decrease frequency. Frequency
may be changed by the VCG control volitage only
within a frequency range. Table 3-3, Internally
Selected Frequency Ranges, shows the freguency
ranges and corresponding VCG ranges. Figure 3-8,
VCG (FM) Nomograph, illustrates the VCG voltage
reqguired te change the programmed frequency to the
desired output frequency. (Freguencies in this figure
are shown as significant digits, without the range
multiplier.} Freguency range must be selected before
applying the VCG signal.

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 3-6, a
programmed frequency of 500 Hz and a + 5V VCG
input will produce an actual cutput frequency of i
kHz.

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

Table 5-3. Internally Selectsd Frequency Ranges
Hange Programmed
Name Frequency Rangs VCG Range

108 1.00 MH2z-12.0 MHz | 10.0 kHz-12.0 MHz

10° 100 kHz-998 kHz 1.00 kHz-1.20 Mhz

104 10.0 kMz-99.9 kHz 100 Hz-120 kHz

103 1.00 kHz-9.99 kHz 10.0 Hz-12.0 kHz

102 10C Hz-999 Hz 1.00 Hz-1.20 kHz

107 10.0 Hz-89.9 Hz 100 mHz120 Mz

100 1.00 Hz-9.99 Hz 10 mHz-12.0 Hz

10-1 100 mHz-999 mHz 1.00 mHz-1.20 Hz

102 | 10.0 mHz-99.9 mHz | 100 pHz-120 mHz

327



Table 3-3 shows that the frequency range is 10°. To
get in that range, program any value within the 105

range. Next, program . The dispiay

wiil show

(This will leave the generator set to the desired range,
but remove the internaily 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 freguency sweep.

The VCG input has no effect on an arbitrary waveform.

PROGRAMMED
FREQUENCY VCG INPUT
o (VOLTS) ACTUAL
: OUTPUT
11 =12 FREQUENCY
10 — 14 Q-
- -8 1 -3} ’
8 -] B 2
7 . G 3~
& = . 4w
EXAMPLE
8 i 0 - 5
4 47 6 —
3 - = 7
7= +6 — g -
‘g ‘-, + el g
B P + 10 — 1g
*Unspecified Operation 12 - 11w
12—

Figure 3-8. VCG (FM) Nomograph

3.5 REMOTE OPERATION

The Wavetek 275 may be remotely controiled via the
General Purpose Interface Bus (GPIB). To remotely
control the instrument:

1, Connect the instrument o the GPIB system with
the standard GPIB connector. {See section 2.2.3
of the manual.)

2. Set the instrumeni GPIB address to a unique
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 ASCIl conircl codes over the
GPIB to the instrument.

3.5.1 ASCH Control Codes

The remote control ASCli characters for the Wavetek
275 are listed in Appendix B, Programming Command
Summary. Please note that:

1. Not ali front panel keys have a directly equivalent
remote conirot command. These keys are:

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

J

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)

SRG Mode (XQ)

Tafk Mode (XT)

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

Recall Next Greater Numbered Program {(XW)

3. in mest cases, the front panel keys that have an
equivalent remote control command are marked
with the corresponding ASCII control codes. The
exceptions are:

EXP

FREQ CLK
STRY STOP
AUTO LINE

4. Some of the remote control 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 numbar of remote control codes to
exceed the number of letters in the alphabet.
These two-letter codes must be sent without any



space, punctuation or other character between
the letters.

5. Afew front panel keys perform two functions, but
have separate remote conirol 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 Tatk mode determines what the instrument will
say when it is addressed as a talker on the GPIB. The
tatk mode is remotely programmed with the XT com-
mand. Valid parameter values are XTO through XT11.
Only one talk response may be programmed at any
one time,

XT0 Programming error list (only errors from GPIB
input). XTO s the power-up taik mode. A typical
error string is E 1F 2AD 3Y. Some error string
characteristics 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 hy program-
ming character that caused the error.

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

f.  Ciass 3 ervors: A 3 followed by M (store)
or'Y (recail).

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

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

XT1 Poll Byte Response. The byte that weould be
sent if a serial poll were 10 be performed. The
conirolier, upon reading this byte, clears the
poll byte and resets the SRQ line if asserted.

XT2 The most recently selected parameter and its
value. Exampie: 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 retums 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: F1EA1DOCOPOQOXLY .5,

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

XT5 Instrument ldentification. WAVETEK MODEL
275 VXYY XY identifies the software version
number.

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

XT? The accumulated operating time., Example:
TOTAL TIME: 306.2. NOTE: Toggling switch 7
{tigure 2-2} clears the instrument operaling-
fime 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 ouiput in the
form “X D.DDED ¥ D.DDED V D.DDED™.

XT10 Returns the data at the current address then
increments the address. Used to load a
waveform from a Wavetek 275 to & controlier,
Reiurns ' ~ 8999"" when front panel iockout is
activated.

XTi1 Returns the data value at the beginning of the
Ramp-to-Start (RTS) operation.

AT12 For faciory use only.

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 controlter. Uniike the Talk
maode, which allows only one response at a time to be
programmed, the SRQ mode may be programmed for
any desired combination of conditions.

XQ followed by a value (0 through 255) selects the
conditions under which the Wavetek 275 asserts the
SRQ iine and rsv {request for service) bit. The
equivalent binary value is a ""mask’’ for the serial pofl
response byte (shown in table 3-4). The binary mask
selects certain conditions that will be recognized as
conditions that assert the SRQ lne 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 8RQ fine and the
seriai poll byte's rsv bit. Each bit may be selected
individually or in various combinations. The rsv bit (bit
decimal value 64} will have no effect if selected,

For example, XQ1 dictates that the SRQ iine and the
serial pol! byte’s rsv bit are asserted when there is a
program error; such as a frequency beyond the instru-
ment's timits. The serial poli response byte will be
0100 0001.

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

To select the SRQ mode:

1. Determine the conditions under which you want
the instrument to sent an SBQ message to the
controlier.

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

3. Add the decimal values of the selected biis.

4. Program the instrument with the XQ code and this
decimal vaiue.

3.5.2.3 Setting the GET Mode

XG followed by iis code selects what actions occur
when a Group Execute Trigger (GET) command is sent
to the Wavetek 275. This code may only be O.

With "XG" set to0 "0" and upon receipt of the GET, the
programmed waveform values are transferred to the
waveform generator circuits, and then the micropro-
cessor sends a trigger puise if the mode is not continu-
ous. This is the same sequence of events that would
ocecurifan execute, then a trigger action (IJH) were pro-
grammed, except that no error checking is done. GET
mods 0 is the power-up condition.

3.6.3 Setting the End of String (Terminator)
Character.

XV followed by its argument designates a new £nd Of
String (EOS) or terminator character. The argument is
the decimal value of the ASCH character that is to be
the new terminator (the EOS character recognized by
the Wavetek 275). Any ASCII character except NUL is
accepted.

The terminator character has two uses. During out-
put, it is appended 10 the end of every response 10 a

Table 3-4. Serial Poll Response Byte

it Bit
Binary Decimal
Position Value Bit Name Bit Description

1000 0000 128 (MSB) SRQ Key indicates that front panel SRQ key has been press-
ed.

0100 0009 64 rsv Request for Service.

0010 0000 32 RTS Complete indicates that Ramp-to-Start operation has been
completed.

0001 0000 16 Execute Complete Indicates that execute comwmand has bsen com-
pleied.

0000 1000 8 Low Battery Indicates a low battery level for memory back-up
battery.

0000 0160 4 Fuse Blown Indicates output connector fuse has blown.

0000 0010 P Output Protection Indicates output protection is tripped.

0000 00 1 {LSB) Program Error indicates a program error.
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talk reguest on the GPIB. During input, it signals the
end of a group of programming characters. Since itis
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-cn time, the EQOS character is the line feed
control character, ASCIt character LF {decimal value
10). When the Wavetek 275 issues a talk message,
the EQS character is the last byte seni. in addgition,
the End Or identify {(EQI) line is pulsed low {END
message) during the EOS character {ransmission. if
the GPIB controller does not look for the END
message (EQ! 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
EOS character from an LF to a Carriage Return {CR),
program XV13, (Numerical values of ASCH characters
are listed in Appendix A.)

3.5.4 Remote Control of Instrument Display

The single quote character (') is used to program a
string of characters to be displayed on the front panel
display. Program a single guote, the characters to be
displayed, followed by sither another single guote or
by the terminator character. When the second guote
or the terminator is programmed, the first 20
characters programmed after the first quote are
digplayed on the front panel. If fewer than 20
characters are programmed, then blanks are added to
fill the display.

3.5.5 Ditierences Between Controliers

GPIB control 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 6000 Instrumentation Computer uses a
WRITE statement to send information to the instru-
ment, while another make uses an QUTPUT com-
mand. Cbviously, you will have to consult your con-
troller manua! for the proper conirolier commands.
The GPIB commands and sample programs in this
manual were writfen 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 to the Wavetek 275 it is not
necessary to indivigually control the GPIB lines or
send bus management commands such as “atten-

tion" or “unlisten”. The controller handles this chore
automatically. For example, to set the instrument out-
put amplitude to 5V, -the command is WRITE
@709:"ABl"". This command sends the ASCI
characters AL via interface 7 to instrument (9.
Alphabetic characters must be sent enclosed in
gquctation marks or as an alphanumeric variable.
Numeric characters may aisc be sent as a numeric
value or a numeric variabie. For example, if the
numeric variable X contains the value 5 and
alphanumeric variable Y$ contains the ASCl
characters A5l then the following commands are all
equivalent:

WRITE @709 ABI"
WRITE @709:"A".5,"1"
WRITE @ 709:"A” X't
WRITE @709:Y$

3.5.7 Reading Instrument Responses

Except for agserting the SRQ line, the Instrument will
not transmit data on the bus until it is commanded 1o
do so by the controlier, The two ways that the con-
trofler requests information are with a talk command
or a serlal poll. {The Wavetek 275 does not use the
parallet poll.}

3.8.7.1

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 {alk message (X7)
code previously programmed. The commands used
are;

READ @709:READBACKS
WRITE @0:READBACKS

Talk Command

3.5.7.2 Serial Poll

A serial poll is usually performed after one of the
instruments on the bus asserts the SRQ line. [t 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 numetric variabte. The
numeric value of the variable may be printed o
disptayed, or the bits in the varlable 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) codes.
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Example 1:

STATUS @709:DEVICE._STATUS
WRITE @0:"DEVICE STATUS ="",DEVICE__STATUS

Example 2;

STATUS @709:8TATUS__BYTE

i BIT(0,STATUS_BYTE) THEN WRITE @0:'PRO-
GRAM ERROR”

IF BIT(1,.STATUS_BYTE} THEN WRITE @0:"0UT-
PUT PROTECTION™

I BITESTATUS _BYTE) THEN WRITE @0:"FUSE
BLOWN"

IF BIT@3,STATUS_BYTE) THEN WRITE @0:"LOW
BATTERY"

{F BIT(4STATUS_BYTE) THEN WRITE @0:"
EXECUTE COMPLETED™

iIF BIT(5,STATUS_BYTE) THEN WRITE @0: "RAMP-
TO-START COMPLETED™

IF BIT(7, STATUS_BYTE) THEN WRITE @0:"FRONT
PANEL SRQ KEY PRESSED"

Note that in the above example that we did not check
the condition of kit 6 in the serial poll response byte.
This is the '‘request for service” bit, and will
automaticaily be 1 if any of the other bits are 1.
However, in a large sysiem with many instruments on
the bus, it may be desirable to first check bit 6 to
determine which instrument(s) are requesting service,
then check the remaining bits {0 determine what
services the instrument is reguesting.

3.5.8 SRQ Interrupts

The method of handling SRQ interrupts is highly
dependent on the type of controlier. For the controlter
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 siatus of the SRQ line, is then checked
to see if the bit value is 1. If so, a serial polf is then per-

formed to determine which instrument(s) requested
service.

The foliowing example is from the sample demonstra-
tion programs in this manual:

Exampte:

e @ 9

170 GO SUB CHECK_FOR__SRQ
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260 CHECK __FOR_SRQ:ASK @ 7:GPIB_REGISTERS

LR I

270 IF BIT(10,GPIB__REGISTERS) THEN GO -SUB
SERIAL_POLL.

Statement 170 sends the program to the subroutine
labetled CHECK __FOR__SRG.

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

Statement 270 checks bit 10 in the numeric variable
GPIB_.REGISTERS, and if it is equal to 1 sends the
program to the subroutine labeiled SERIAL__POLL.

Once again, the reader is reminded that the sample
programs and statements in this manual were written
using one particular make of coniroller, and that it wilt
be necessary for the user 1o check the programming
manual for his controlier.

3.5.9 Sampie Demonstration Programs

Because each test system is unigue 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 Instrumentation
Computer controlling a single instrument (the Wavetek
275), and demonstrate instrument controt, readback
from instrument, SRQ interrupts and the serial poll, and
loading of computer-gensrated arbitrary waveforms.
The programs also demonstrate some of the Wavetek
exiensions of the BASIC computer language: Program
labels, DO loops, and unlimited length variable names.
In all programs, the Wavetek 275 GPIB address is set
t0 8. The programs are presented as tabies containing
boih the actual program statements and explanatory
commaents,

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



Tabie 3-5. Sample Demonstration Program 275-1

Program Statemenis
100 | PROGRAM 27541

110 DIv CONTROL$*80
120 Dis READBACKS*B0

130 CLEAR
140 DO

150 WRITE @C:*'ENTER ASCH
CONTROL CODES."

160 INPUT CONTROLS

170 WRITE @709:CONTROLS$
180 READ @709:READBACKS
190 WRITE @0:READBACKS
200 LOOP

21G END

Explanation
Comment statement containing program identification.

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

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

Clear controlier screen.

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

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

CONTROLS.

8end control codes in aiphanumeric variabie CONTROLS via interface
7 {GPIB) to instrument with GPIB address 8 (Wavetek 275).

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

Display conients of aiphanumeric variable READBACKS$ on controlier
Scieen.

£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 polt and display the

results as a numerical value.

Tabie 3-6. Sample Demonstration Program 275-2

Program Statemenis

Expianation

100 | PROGRAM 275-2

110 DIM CONTROL$*80
120 DIM READBACK$*80

130 CLEAR
140 DO

150 WRITE @0:'ENTER ASCil
CONTROL CODES.”

160 INPUT CONTROLS$

170 WRITE @709:CONTROLS
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 staterment containing program identification.

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

Set length of aiphanumeric 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-
trolier, then place control codes into aiphanumeric 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
screen.

Read the status byte of device 09 (Wavetek 275} on port 7 (GPIB}.
Place resuits in numetric 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 ingtru-

ment control codes.

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

COMPLETED"".

Table 3-7. Sample Demonsiration Program 275-3

Program Statements

Explanation

100 | PROGRAM 275-3

110 DIM CONTROL$*80

120 DIM READBACKS$*80

130 CLEAR
140 DO

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

160 INPUT CONTROLS

170 WRITE @709:CONTROLS

180 READ @ 709:READBACKS

180 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
@709:STATUS_BYTE

Comment statement containing program identification.

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

Sef length of aiphanumeric readback variable for maximum expected
rumber of readback characters,

Clear controiler screen.

Start of endless loop (no UNTIL or WHILE condition is specitied).
Prompt user for controf 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) 1o 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 controlier
screen.

Retrieve the contents of both the bus register and status register from
the 1/O card of GPIB port 7. Place the resulis in numeric variable GPIB
__REGISTERS.

Check the vaiue of bit 10 (SRQ line) in numeric variable GPIB__.
REGISTERS. If the bit value is 1 then perform the subroutine labeled
SERIAL__POLL. A

End of ioop. Return to DO statement to prompt user for next instru-
ment contrel codes.

Program label indicating start of serial polt subroutine. Perform serial

polt of instrument on interface 7 (GPIB) address 9, Place results in
numeric variable STATUS__BYTE.
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Yable 3-7. Sample Demonstration Program 275-3 (Continued)

Program Statemesrits

Explanation

240 |IF BIT(0,STATUS__BYTE)
THEN WRITE @0:""PROGRAM
ERROR"

250 IF BIT(1,STATUS__BYTE)
THEN WRITE @0:"OUTPUT
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 IF BIT{5,STATUS__BYTE)
THEN WRITE @0:""RAMP-TO-
START COMPLETED"

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

310 RETURN

320 END

[f bit 0 of numeric variable STATUS_BYTE is equal to 1 then display
“PROGRAM ERROR™ message on controlier screen.

If bit 1 of numeric variable STATUS__BYTE is equai to 1 then display
“OUTUT PROTECTION" message on controtier screen,

If bit 2 of numeric variable STATUS...BYTEis equal to 1 then display
“FLSE 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.

i bit 4 of numeric variable STATUS_BYTE is equal to 1 then display
YEXECUTE 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 controlier screen,

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

End of serial polt subroutine.

End of program.

Table 3-8 contains a program to send control commands to the Wavetek 275, read back the instrument response,
monitor the SRQ line, perform a seriai polt and display the results as a message on the controller 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 Statements

Explanation

100 | PROGRAM 275-4

110 DIM CONTROLE*80

120 DIM READBACKS*80

130 CLEAR
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Comment statement containing program identification.

Sat length of alphanumeric controi variable for maximum expected
number of control characters.

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

Clear controlier screen.



Table 3-8. Sample Demonstration Program 275-4 (Continued)

Program Statements

Explanation

140 WRITE @0:"ENTER ASCII
CONTROL CODES.™

150 INPUT CONTROLS

160 WRITE @709:CONTROLS

170 GO SUB CHECK _FOR__SRQ

180 READ @ 709:READBACKS

190 WRITE @ O:READBACKS

260 WRITE @0

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

220 WRITE @©C

230 DO

240 GO SUB CHECK._.FOR__SRQ

250 LOOP
260 CHECK ..FOR,..SRQ: ASK
@ 7:GPIB__REGISTERS

270 [F BIT(10,GPIB__REGISTERS)
THEN GO SUB SERIAL._POLL
280 RETURN

290 SERIAL.___POLL:STATUS
@709:STATUS__BYTE

Prompt user for contro! codes.

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

Send controf codes in aiphanumeric variabie CONTROLS via interface
7 {(GPiB) to instrument with GPIB address 9 (Wavetek 275).

Perform subroutine labelled 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 coniroller
screen.

Display biank line on controlier screen.

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

Display blank line on controller screen.

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

Perform subroutine labelled CHECK __FOR__SRQ to check for an
interrupt.

End of ioop to continuously check for SRQ interrupt.

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

Check the value of 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 tc check for SRQ interrupt.

Program label indicating start of serial poll subrcutine. Perform serial

poll of instrument on interface 7 (GPIB) address 9. Place results in
rumeric variabie STATUS_BYTE.
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Table 3-8. Sampie 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 @O0:"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 @O0:"“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
“OUTPUT PROTECTION message on controller screen.

If bit 2 of numeric variable STATUS...BYTE is equal 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 coniroiler screen.

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

I bit 5 of numeric variable STATUS__BYTE is equal to 1 then display
CRAMP-TO-START COMPLETED™ message on controiler screen.

if bit 7 of numeric 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.

Table 3-9 contains a program that remotely loads the stairstep demonstration waveform that was entered manu-
aily in the previous section of the manual. Note that when we previousiy manually loaded the waveform we allowed
the Wavetek 275 to automatically increment the arbitrary waveform address, but that in this program, for the pur-
pose of demonstration, we chose to specify each address.

Table 3-9. Sample Demonstration Program “STAIRS”

Program Statements

Exptanation

100 | PROGRAM '‘STAIRS”
110 CLEAR

120 WRITE @0:"LOADING”
WAVEFORM"
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Comment line containing program identification.
Clear coniroller screen.

Display ““LOADING WAVEFORM'" on controller screen.



Table 3-9.

Sample Demonstration Program ‘‘STAIRS’’ (Continued)

Program Statements

Explanation

130 WRITE @709:"'S500E-6
A2.18DCBOCEXBOXH 18P
YAO00KCILOADING
WAVEFORM" ™

140 FOR X=0TO 19
150 LET ¥ =100*X

160 WRITE @709:"'K" X,"L".Y

170 NEXT X

180 WRITE @708 KOM1|
"WAVEFORM LOADED

190 CLEAR
200 BEEP 2060,100

210 WRITE @0:"WAVEFORM
LOADED."

220 STOP

230 END

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

Set clock period 1o 500 uS.

Set amplitude to 2.16V pp.

Set offset to OV,

Set mode to 0 {continuous),

Sec function 1o 6 (arbitrary).

Set start address toc O

Set stop address to 19.

Set output to 1 {on).

Recall stored setting 4000 to set positive arb sync polarity.

Set Arb sync address to 0.

Execute all previous commands.

Display “'LOADING WAVEFORM' on instrument front panel

dispiay.

Start of loop; increment arbitrary waveform address fromGto 18 by 1.
Calcuiate 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 1o address 0 and store all instrument settings in loca-
tion 1. Display “WAVEFORM LOADED" on instrument front panel
display.

Ctear controller screen.

Generate audible beep from controller.

Display "WAVEFORM LOADED™ on controiler screen.

Stop running program.

End of program.

3-39



Table 3-10 contains a program that remotely loads the ‘W'’ demonstration waveform that was entered manually

in the previous section of the manuati.

Table 3-10.Sample Demonstiration Program “W”

Program Statements

Explanation

100 | PROGRAM "“W"
110 CLEAR

120 WRITE @0:"LOADING
WAVEFORM"

130 WRITE @709:"'BOCBAS
S4.88E-6P1Y4000XB20
XH2047K20I'LOADING
WAVEFORM' ™

140 WRITE @ 709:"K20L-2048"

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

160 WRITE
@ 709: ' K5121.2047XK"

170 WRITE @709:"K788
L-2048XK"

180 WRITE @709:
“K1024L1000XK"

190 WRITE @709 'K1280
L-2048XK™

200 WRITE @709
@709:"K1536L2047XK"

210 WRITE @709:""K1537
L-2048XK"
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Comment line containing program identification.
Clear controller screen.

Display “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 loaded:
Set mode to 0 {continuous).

Sec function to 6 (arbitrary).

Set amplitude to 5V p-p.

Set clock period to 4.88 a8,

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.

Display ‘LOADING WAVEFORM on instrument front pansl
digplay.

Sei Arb address to 20, Arb dala 1o — 2048,

Set address to 511, data to — 2048, draw siraight 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, auto-tine.

Address 1536, data 2047, aufo-line.

Address 1537, data — 2048, auto-line.



Table 3-10. Sample Demonsiration Program “W” {Continued)

Program Statements

Explanation

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

230 WRITE @ 709:" K20MZ!
"WAVEFORM LOADED”

240 CLEAR

250 BEEP 2000,100

260 WRITE @0.""WAVEFORM
LCADED.”

270 STOP

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 LCADED” on instrument front panel
display.

Clear controller screen.

Generate audible besp from controller.

Disptay "WAVEFORM LOADED” on controlier screen.

Stop running program.

End of program,

Tabte 3-11 coniains 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 dispiay the waveform

as it is being loaded.

Table 3-11.

Sampie Demonstration Program “DSINtT”

Program Statements

Explanation

100 PROGRAM "DSINt"

110 OPTION ANGLE DEGREES

120 WRITE @ 709K .0

130 FOR i =0 TO 2047

140 LET L = 2048*EXP(I/512)*
SINE@*1)

150 WRITE @709:"'L",L

180 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 1o 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 {o increment this address automatically.
Calculate damped sine data (amplitude) value from address vaiue.
Send data command and data value via interface 7 (GPIB) to instru-
meni 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 waveform as it is being loaded, stores the instrument setlings,
calcutates the data values, loads the waveform, displays the waveform loading status on both the controller
screen and the instrument display, and displays the time required to load the wavetorm. {Actual loading time was

:56.)

Table 3-12. Sampie 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 @ 709:
“KOLOK2047L0XK
54.883E-6A5D0B0CEP1 Y4000!

'LOADING WAVEFORM' ™

16C WRITE @708:
“XBOXH2047K0I"

170 FOR 1 =0 TO 2047

180 LET L=2048*EXP(—1/512))
*SINE2*H

190 WRITE @709 L

3-42

Comment statement containing program identification.
Clear the controller screen.

Digplay “LOADING WAVEFORM'" on controller screen,

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

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

Sends the foliowing commands via interface 7 (GPIB) to instrument
address 9 (Wavetek 275).
Ciear arbitrary waveform memory by drawing straight line at data
value 0 between addresses 0 and 2047.
Set clock period to 4.883 uS.
Set amplitude to 5V p-p.
Set offset to OV.
Set set mode to 0 (continuous).
Set function to 8 (continuous).
Set instrument output to ON (1).
Recall setling 4000 to set Arb Sync positive.
Execute all previous commands.
Display “LOADING WAVEFORM" on instrument front panel
display.

Set START address o zero.

Set STOP address to 2047.

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

Siart of toop that increments arbitrary waveform address from 0 1o
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) vaiue from address value.

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



Table 3-12.

Sample Demonstration Program “DSIN2” (Continued)

Program Statements

Expianation

200 NEXT |

210 WRITE @ 709" KOMSI
‘WAVEFORM LOADED” »

220 LET T2 =TIME

230 LET T=72-T1

240 LET M =INT(T/60)
250 LET S=T1-60*M
260 BEEP 2000,100
270 CLEAR

280 WRITE @0:*"WAVEFORM
LOADED "

290 WRITE @0 USING 300:
“LOADING TIME M, 8

300 FORMAT.C,F2,C,FZ2
316 STOP

320 END

End of loop.
Send the following commands via interface 7 {GPIB) to instrument
(GPIB) tc instrument address 8 (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 eiapsed
fime (total seconds) in numeric variable T,

Calculate elapsed minutes.

Calculate eiapsed seconds.

Generate audible beep from controlier.

Clear controller screen.

Display “"WAVEFORM LOADED."” on controller 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

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

The GPIB interface in the Wavetek 275 is an imple-
mentation of the |EEE 488-1978 standard as a
computer-to-peripheral and a peripheral-te-peripheral
interface. This implementation includes alt electrical,
mechanical, timing and protocol considerations. It
supports the tollowing interface functions:

SH1 Complete source handshake.
AH1  Complete acceptor handshake,
T8 Basic Talker,

TEO No extender talker.

L4  Basic listener.

SR1  Complete service service request (software select).
RL1 Remotellocal and local lockout,

PPC  No parsllel poli capabitity.

BC1  Compleie device clear/selective device clear.
DT1  Complete device trigger capability.

E2 Tri-state drivers.

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

3.6.1 GPIB Structure

The General Purpose [nterface Bus consists of 16
negative-true signai lines as shown in figure 3.7.
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These 16 lines include 8 bi-directional data lines, 3
handshake lines and 5 control lines. Alt devices on the
bus interface to these lines with passive puit-up and
active puli-down. Thus, any device may '‘asser!’” a
line by pulling it down to the iogic low, or “‘true’’ state.
If no device is asserting the line, it is puited up to the
logic high, or “‘faise’ state. (Only the controller is
allowed to 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
controtler may be connected to the bus, but only one
controlier may be hard-wired as SYSTEM CON-
TROLLER, and oniy one controller at a time may
assumae the role of ACTIVE CONTROLLER.

CONTROLLER

TRANSMITS AND RECEIVES
DATA AND MANAGES THE BUS

MODEL 6000

-DATA BUS

TALKERILISTENER

TRANSMITS OR -
RECEIVES DATA

DATA 8YTE
TRANSFER
CONTROL

LISTENER

ONLY RECEIVES DATA

GENERAL
e & INTERFACE

MANAGEMENT
TALKER
ONLY TRANSMITS DATA
{ DIOT ...
=1 pIog
Li DAY
L NRFD

NDAC

EO!

Figure 3-7. GPIB Structure

3.6.2 GPIB Lines

The mnemonics used to identify the GPIB lines are:
DIC1-DIO8 Data In/Out Lines
ATN Attention
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REN Remote Enabie
DAV Data Availabie
NRFD Not Ready For Data

NDAC Not Data Accepted
EOI End Or tdentify
SRQ Service Request
IFC Interface Clear

The functicns of the GPIB tines are:

DIO1-DIO8 These eight lines (Data InfOut) are
used to send commands from the
controiler and to transfer data back
and forth between instruments and
the controller.

ATN The Attention line is operaied only by
the active controller. it specifies
whether the information on lines
DIO1-DIOSG is data (ATN false) or a
command (ATN true). Whenever ATN
is set true, no activity is allowed on
the bus except for controlier-
originated messages.

REN The Remote Enable line controls
whether devices on the GPIB are in
local or remote modes. in the local
mode, devices respond to front pane|
commands and do not respond to
GPIB originated commands. In
remote mode, the situation is reversed;
GPIB originated commands are
obeyed, while front pane!l 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 iine is put
in the iocal state, a Go To Local (GTL)
command is received or the LCL front
panei key is pressed.

DAV, These are the ‘'handshake' lines

NRFD, {Data Valid, Not Ready For Data and

NDAC Not Data Accepted) which reguiate
the transmission of information over
the lines DIC1-DIO8. For each com-
miand or data byte transferred, a com-
plete handshake cycle occurs. This
nandshake is designed to hold up the
bus unill the slowest device has
accepted the information. A descrip-
tion of the handshake cycle is givenin
the next paragraph, after the defini-
tion of the GPIB lines.



EOI Whnen ATN is false, ECH (End Or Iden-
fity) indicates that the data on lines
DIO1-DIO8 is the last byte of a data
message. When the Wavetek 275
receives a data byte with EO! frue, #
automatically supplies a ferminator
character following the data byie.
When the Wavetek 275 transmits the
iast byte of a message (which is
always a terminator character) it also
sets EOI true,

SRQ The Service Reguest line is used by
the Wavetek 275 and other devices
on the bus to signal the controller 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 controlter performs a Serial Poli
to accomptish this.

IFC The Interface Clear line is asserted by
the system controller to resset the
interface logic in all devices con-
nected to the bus to a known initial
state.

2.6.3 Handshake Seguence

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:

All devices currently designated as active listeners
would indicate (via the NRFD line) when they are
ready for data. A device not ready would puli this line
low {ground), while a device that is ready would let the
ling fleat high. Since a low overrides a passive high,
this line will stay low until alf active iisteners are ready
for data. When the talker senses this, it places the
next data byte on the data lines and then pulls DAV
tow, This tells the listeners that the information on the
data lines is valid and that they may read H. Each
listener {at its own speed) then takes the data and lets
the NDAC line go high. Again, only when al! listeners
have let NDAC gc high will the talker sense that all
listeners have read the data. It can then remove DAV
{iet it go high) and start the entire sequence over
again for the next byte of data.

3.6.4 GPIB Commands

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

1. Listen Addresses

2. Talk Addresses
3. Secondary Addresses
4, Universal Commands

DCL  Device Clear
SPE Serial Poll Enable
SPD  Serial FPoll 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-
DIO8. There are 31 different avallable addresses (hex-
adecimal codes 20 through 3E, ASCH codes SP
through >). A 32nd address, called unlisten (hex-
adecimal 3F, ASCIl 9} is used to command all devices
to not read data 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
2-23. 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 panet 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 tc command a device {o
transmit data over lines DIO1-DIO8. There are 31 dif-
ferent availabie addresses (hexadecimal codes 40
through 5E, ASCIl codes @ through A). A 32nd
address, called untalk (hexadecimal 5F, ASCIl _.) is
used to command ali devices ic cease talking. The
lower 5 biis of the Waveiek 275 talk address are
selected by the same switches used to select the
listen address. Thus, if the Waveiek 275 listen
address is hexadecimal 21 (ASCII 1), the talk address
is hexadecimal 41 {ASCIl A). Pressing the front panel
ADRS key displays the GPIR 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 iisten
address to provide the ability to address more than
the 31 devices provided for by simple taik or listen
addresses. Secondary addresses are ignored by the
Wavetek 275.

3.5.4.4 Universal Commands

Universal commands are used to command a device
to perform designated actions. Universal commands
are recognized at ali times. Universal commands per-
formed by the Wavetek 275 are:

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

2. Serial Poll Enable (SPE) — Causes the nstrument
to engage in a serial poll by responding with the
serial poll status byte when addressed as a talker.
Data line DIOT will be on, if service is being
requested on the SRQ iine. When the status byte
is read, it is reset to an ASCII blank, and the SRQ
line is reteased (of course, it may still be held
down by other devices). The status byte is aiso
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 Poil Disable (SPD) — Discontinues serial
poli. Returns instrument to normal talk modes.

4, Local Lockout {L10} — Causes the Wavetek 275
to enter a state where the front panel LCL key is
inoperative. in this state, the keyboard is disabled
and the instrument wili only accept parameter
changes through the GPIB. To enable keyboard
control, the GPIB coniroller 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 recoghized 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
untit 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 to
use than its description would indicate. Some points
to remember when programming a GPIB controller:

1. it is not necessary to use separate listen or talk
addresses, or to worry about the ASCIt or hexa-
decimal eguivalent 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 controller performs these ‘‘hand-
shake’" functions automatically. (Some con-
iroliers have an alternate command, such as
COMMAND @, that will allow the advanced pro-
grammer access fo individual commands such as
“aftention’ and “'uniisten”)

3. The GPIB mnemonics (DCL, GET, etc.) are not
necessarily the actual commands used by the
controtler. For exampie, on the controller used to
write the sampie programs in this manual, the
command with the GPIB mnemonic GET irans-
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
manuat for your make of controtler.



4.1 GENERAL DESCRIPTION

The Wavetek 275 Arpitrary/Function Generator con-
sists of four major sections {figure 4-1). the micro-
processor control section located on the micro-
processocr/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 located on
the auxiliary board. Each of these major blocks is
described briefly in this general description and then
in more detalt in foliowing paragraphs.

4.1.1 Microprocessor Control

The microprocessor (figure 4-2} is the clearinghouse
for all controt operations. Through its software pro-

SECTION
CIRCUIT DESCRIPTION

gram in Read Only Memory (ROM), the micro-
processor accepis commands from the front panel
keyboard or the IEEE-488 General Purpose Interface
Bus (GPIB), then sends operating parametsrs o the
function gererator circuits and auxiliary circuits,
stores these parameters in Random Access Memory
{RAM)}, and conirols the front panel display.

The microprocessor section contains the analog inter-
face circuitry which decodes and helds status infor-
mation for the function generator board. A sample-
and-hold circuit provides four analog voitages to con-
trol the function generator. Power supplies in this sec-
fien power all the circuits of the insirument.

4.1.2 Operalor interface
The cperator interface located on the display board

MICROPROCESSOR K
GONTROL

AUXILIARY DIGITAL CONTROL

MICROPROCESSOR

ROM <
RAM

DIGITAL CONTROL

FUNCTION GENERATOR

GPIB INTERFACE
ANALOG INTERFACE
SAMPLE AND HOLD
BATTERY TEST/RESET

ANALOG CONTROL

FUNCTION GENERATO

POWER SUPPLIES

AV

FUNCTION
GENERATOR ANALOG AUXILIARY BOARD
DATA REGISTERS
VCG AND TRIGGER LEVEL | INTERFAGCE] BuRST GOUNTER
FREQUENCY FREQUENCY SYNTHESIZER
FRONT PANEL CONTROL COMPENSATION <:> ARBITRARY WAVERORIS
GENERATOR LOOP GENERATOR
FREQ RANGE SWITCHES

CAP MULTIPLIER
FUNCTION SELECT

OPERATOR SYNC DRIVER
INTERFACE XY AMPLIFIER
PREAMPLIFIER
DISPLAY QUTPUT AMPLIFIER
DISPLAY DRIVERS OUTPUT PROTECTION
KEYRBOARD TRIGGER CIRCUIT
KEYBOARD DECODER

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-
processor recognizes entries from the keyboard and
performs the appropriate instruction. Display drivers
transfer display information from the microprocessor
10 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 equal positive and negative
constant currents into a capacitor. The switching
points are determined by comparing the triangle peak
voltages against two reference tevels. A comptement
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 OUT). Decade values of capacitors
determine the basic ranges for frequencies from 100
Hertz up. Below 100 Hertz, a capacitance mullipiier
scates down the triangle current to provide the four
towest decades of frequency in the instrument,

Within any selected frequency range, a Voitage Con-
trolled Generator (VCG) circuit varies the triangle cur-
rent proportionally to the frequency conirol voitage
(FRQ) from the microprocessor section. This circuit
also controls high frequency compensation by propor-
tionately 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
multiplier, and the function select circuit turns off the
square, sine and triangle waveforms) An XY
muitiplier circuit takes the current output from the
function switch angd, with its associated preamplifier,
varies the waveform ampilitude in proportion to the
amplitude control voltage (AMP} from the
Mmicroprocessor.

The output amplifier provides the final gain and cutput
drive capabitities for the waveform, and sums ofiset
from the amplifier into the signal as required. When
the output signal peaks are programmed to be iess
than 1.0 volt, output voitage is atienuated by the
decade output attenuator.

1f excessive voltage is sensed on the output, the out-
put protection circuit opens ail the attenuator reiays
to protect the instrument. A voitage high enough to
arc across the relays wili blow a fast-acting fuse to
further protect the instrument from major damage.
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A trigger input circuit allows the generator to be trig-
gered or gated externally. An internal controt voitage
(TRL) controtled by the microprocessor determines
the levet at which an external signat (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 controt is contained on the auxiliary
board.

4.1.4 Auxiiiary Board

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

The frequency synthesizer generates the frequencies
ysed to clock the arbitrary waveform generator when
an arbitrary waveform function is selected, or to 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 output for a
predetermined number of output cycles when the
purst mode is selected and the circuit is triggered.

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

4,2 MICROPROCESSOR CONYROL CIRCUIT
DESCRIPTION

The microprocessor controi 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.
Descriptions in this section include the micro-
processor/memory circuits, GPIB interface, battery
test and reset circuitry, analog interface, sample and
hold circuitry and instrument software.

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

4.21 Microprocessoriemory

The microprocessor/memory section includes the
microprocessor itself, an address latch to demultiplex
the lower order address bits, an address decoder to
select appropriate memory locations or addressable
registers, read only memory (ROM), random access
memory (RAM), a data iatch 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 microprocesser, U3, is in its expanded-
multiplexed mode {(mode 2), as determined by mode
contrel programming diodes, CR1 and CRZ. This
mode allows the microprocessor to address external
memory by using port 3 (P30-P37) as the multiplexed
low-order address/data bus, port 4 (P40-P47) as the
high-order address bus, with pins 38 and 38 as the
address strobe and readiwrite line (R/W) respectively.
Ports 1 {Pi0-P17) and 2 {P20-P24) are always /O
oorts.

A clock-generating circuit within the microprocessor
uses an externat 4 MHz crystal, Y1, between the XTAL
1 and XTAL 2 pins 1o develop its internal phase clocks
and the 1 MHz system enable clock (E). 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 microprocessor responds to three interrupt
inputs: master reset (RESET), which inifiatizes the
microprocessor; the external interrupt request line
(fRQ),which the GPIB interface uses to signal the pro-
cessor; and the non-maskable interrupt {(NMI), which
is not used in the instrument, but is available on the
test connector.

4.2.1.2 Address Laich

An octal latch, U4, demuitiplexes the address/data
bus from the microprocessor to hoid the low-order
addresses (ADRO-ADR7Y) during the part of the E clock
cycle that gata cccurs on the muitiplexed bus. Latch-
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, demuttiplexes 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 io latch the data.

i‘-‘- WRITE

4 READ » 3
i 1us
i
E CLOCK ~ \ 14 \
| . I
| i |
AS | / \ ; ! / \
{ 1
L ; |
RW i 'i \
H |
: Mt Z STATE :
ADO-AD? 1 —— ADDRESS Y} {DATA S ADDRESS
[ [ H
! ; :
! ; !
ADRO-ADR? | foind j | YR
I | i
| ! |
| , :
ADRE-ADR1S | WRDRK T RRXE
1 | )
b I
) JGPIBONLY ! :
ADR DECODE _y \ A\ L/
i ;
! |
T :
]
! |
{ I
} i
DATA 0-DATA7 | ) SR

Figure 4-4. Microprocessor Timing Diagram
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421.4 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 (GPTB), RAM location 1
{RAMIT), RAM iocation 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
ROM?2 tor normal operation, but aHows a test input to
direct these vectors into exiernal memory. A memory
map, table 4-1, shows the position in memory for each
of the above blocks.

42.1.5 ROM

Two read-onfy-memories, U2 (ROM1) and U10
{ROM2), contain the program for the microprocessocr,
Their respective locations in memory are adjacent as
shown in the memory map, table 4-1. RCM1 and
ROMZ from the address decoder enable the appro-
priate IC on the rising edge of E clock. A brief descrip-
tion of microprocessor operation wil be covered in
the software section.

4.21.6 RAM

The microprocessor uses two random access
memories, U11 and U12, as a scratch pad memeory
and as memory for stored seitings. The RAM1 or
RAM2Z line from the address decoder enables the
selected RAM on the rising edge of the E clock. Dur-
ing a write cycle, the write pulse circuit ANDs the
readiwrite line from the processor (RIW) with the E
clock to generate a write pulse (WRP) after all address
lines have become stable. A lithium battery (BT1)
maintains a sufficient voltage ievel to prevent the loss
of information stored in boih RAMs when external
power is removed. Schottiy diode CR5 conducts
when the + 5V supply falls below the battery's voltage
{approximately 3V). Diode CR4 prevents the battery
from discharging through the rest of the circuit. The
battery voltage is also supplied to the auxlilary board
to prevent the loss of arbitrary waveforms stored in
RAM during power-0ff.

4.2.1.7 Besper

The microprocessor generates a 62.5 kHz signai con-
tinuously at port 22 {P22) after start-up procedure is
complete. To generate an audible beep, the processor
sends a positive puise from port 17 (P17) to the reset
tine of a 12-bit ripple counter, U2. The counter reset
condition enables the 62.5 kHz signat from port 22 1o
the clock input of the counter. The fifth stage output of
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Table 4-1.

Memory Map

Addressable Devices

_ Address
{Hexadecimal}

Internal Register

$C000 — $001F

Anaiog $0020 — $003F

DISP. GPIB B

(See Note 1) $0040 — $005F

KYBD & Not Used B

{See Note 2) $0060 — $007F

internal RAM $0080 — $008F
25 " Not Used $0100 - SOFFF Az

AOM 1 SAD00 — SBFFF

ROM 2 $CO00 — $DFFF

RAM 1 $E000 ~ SE7FF

RAM 2 SES00 — $EFEF
:: Not Used $FO00 — $FFEF :::

Vector (ROM 2)

(See Note 3) $FFFO—SFFFF
Notes

1. DISP $40 — $43, GPIB $58 — $5F
2 KYRD $680 — $6F, Not Used $70 - §7F
3 Alternate addresses for last 16 locations in ROM 2.

the counter drives a transistor switch which in tum
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 long. :



4.2.1.8 GPIB Address

An 8 section DIP switch {SW1), selects the GPIB
address for the instrument. Since tEEE-488 specifica-
tions allow only 31 possible addresses for GPIB instru-
ments {binary 0-30), only the first five switches §1-55
(GAD-GA4), are used to select the actual address. S6
(FPADEN) enables or disables the front panel address
entry capability. A momentary closure of 57 reseis the
elapsed operating time counter in the micro-
processor. S8 is not used.

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

4.2.2 GPIB Interface

The GPIB interface section of the microprocessor
board interfaces with the instrument’s micro-
processor and handles all the handshake protoco! and
data transfer over the IEEE-488 General Purpose
interface Bus {GPIB).

Most of the IEEE-488 insirument bus protocol func-
tions are handled by the General Purpose Interface
Adapter (GPIA), a single IC, U8. Data and control por-
tions of the bus require high current driving capability
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 takker or a listener: the
data transceiver, U7A or U7B, always acls as a trans-
mitter during talk modes and a receiver during listen
mades, but the contrel transceiver reguires that some
lines transmit while others receive in both of these
modes. These different requirements are met in the
“A’ transceivers by using different parts for each

function (ihe 75160A for data and the 75161A for con-

frol) 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 1C, U8, does alt the handshak-
ing requirements of the 1978 |EEE-488 standard.
When the controller on the bus sends either the instru-
ment’'s talk or listen address or a serial poll, U8
signais the instrument's microprocessor 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 UB. Data from the IEE-488 bus
{listen mode) is accessed by reading from the data
registers in U8, data output {talk mode) is written to
the same register. The address strobe enable line
(ASE) from the interface IC, U8, controls the seiect
line to U5 that enables the GPIB address switch, SW1.

The microprocessor can read this switch by a read of
the address register in UG, which causes UB to set
ASE low during the E-clock (data) portion of the
microprocessor clock cycie. This address is not
necessarily the address used by the interface I1C (U8},
that address is stored in U6 by writing into the internal
address register. The actual address of the instru-
ment can be changed by front parel control, but will
return to the address specified by the GPIB address
switch during a microprocessor reset cycle (power-
uph

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 5RQ line at UB, pin 23 to
keep a program monitor of the status of the SRQ flag
out of U6, A false state could otherwise occur if a very
fast controller addressed the instrument in quick suc-
cession belore the instrument’s microprocessor had
time to reset SRQ.

For a complete definition of the GPIB lines, reter 10
paragraph 3.6 in the OPERATION section of the
manual.

4,23 Battery Test and Reset

One-half of dual operational ampiifier U27 actls as a
voitage comparator to detect low voliage on the bat-
tery, BT1. When the microprocessor goes through its
power up procedure and every six minutes thereafter,
the processcr strobes port 15 {(P15) 1o a low state to
simulate the battery’s normal load when power is shut
off, then checks the output of the comparator at port
14 (P14). If the battery voitage drops below + 2.4V,
the comparator goes high and the processor sets an
internal fiag. At power up, this flag causes an
immediate display warning for low battery, after
power up, a reset command, storing a stored setting
or recaling a stored sefting causes the warning
gispiay or an SRQ, depending on whether the com-
mand originates from the keyboard or the GPIB bus.

The second half of U27, acting as a comparator,
serves as a microprocessor reset circuit. During
power up, diode CR19 is reverse biased, allowing the
positive input o U27 (pin 5} to rise to the voltage
determined by R5¢ and R60 (approximately + 4.7V},
Witk CR18 forward biased, the negative input to the
comparator (U27, pin 8) rises more slowly, at the time
constant determined by R57 and C72 (about 100 ms.)
Since it takes about two time constants 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 microprocessor is allowed
to rise. When power to the instrument is shut off and
the + 5V line begins 1o drop, diode CR18 is reverse
biased and the negative input to the comparator falis
at the same rate as the + 5V line. Diode CR19 is for-
ward biased, so the voltage at the positive input falls
more slowly. When the + 5V line falls stightly 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 analog interface consists of an analeg decoder
that decodes addresses in the anaiog section of
memory, anatog registers that hold digitat information
for the function generator board, and auxiliary buffers
that route data to the auxiliary board.

4.2.4.1

When the microprocessor selecis 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, 8byte blocks (ANAD-ANAZ).
ANAD selects the digital-to-analog converter, U15.
ANA1 is decoded further from ADRD and ADR1 by
U14B to select the analog registers (ARG-AR3). ANAZ
and ANAZ select registers on the auxitiary board.

Analog Decoder

4.2.4.2 Analog Registers

The analog registers hold the analog control logic for
the function generator board, ANLO-ANL27, and the
four sample-and-hold select lines. Latched data
{DATAC-DATAT) is strobed info registers U21 through
U24 by the falling edge of the analog register control
lines, ARD through AR3 respectively. ANLO through
ANL27 appear at the analog connector, J6,

4.24.3 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. Cne-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) enables the buffered data
{BDATAC-BDATAY) and buffered address (BADRO-
BADRZ2) lines.

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

4251 DAC

The 10-bit digitai-to-analog converter, U15, contains
its own internal registers for latching data and inter-
faces directly to the latched data bus (DATAQO-DATAT).
When the microprocessor transfers data into the DAC
with ADRO high {(approximately every miilisecond), the
negative transition of ANAQ laiches the most signifi-
cant 8 bits from the data lines into the DAC's Internal
register. A second transition of ANAG 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 amplifier U18A at pin 1 using a feed-
back internal to the DAC at U15 pin 14.

4252 ~10.24VY 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 voliage is generated by opera-
tional amplifier U16B in an inverting configuration
with a gain of less than ~1 and using the highiy
requlated + 15V power supply as its input. R16
adiusts the voltage for precisely —10.24V corre-
sponding to a 10 mV step for each binary step of the
DAC.

4.2.5.3 Sampie and Hold

The microprocessor sequences the DAC through four
discrete voltages at about 1 ms each {4 ms {or a com-
plete cycle). The four sample-and-hold circuits latch
each of these analog voltages in turn to provide the
four separate analog control voitages to the function
generator board, SHO through SH3, appearing at J6.
in the following paragraph, component designations
refer to the first sampie and hold section that
generates SHQ (corresponding o frequency control,
FRAQ, on the function generator board). The other sam-
ple and hold circuits act similarly.

Within a few microseconds after the appropriaie
voltage appears at the output of the DAC circuit, the
samplie-and-hold control line from L24 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 s logic input
{nin 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



Because these charges do not exactly coincide in
time, the result is a high-frequency bipolar spike that
must be eliminated. A iwo-stage filter consisting of
R18, C29, R19 and C30 accomplishes this. The
hoiding capacitor C28 continues to charge until the
next sequence is due. The control signat from U24
pin 12 turns analog switch U17A off before loading
the following circuit's DAC information at U17D. The
analog swilch’s high output impedance in the “off”
state and the high input impedance of the buffer at
U19B mainiain the voltage on the output of the circuit
with negligible discharge until the next cycie selecis
this sample-and-hold circuit again.

4268 Power Supply

Four power supply voltages, + 15V, —15Y, +5V and
+ 48V (figure 4-5) are generaied on the micro-
processoripower supply circuit board. The pass
eiements for each of the supplies are three-terminal
regudators {VR1, VR2, VR3 and VR4) which normally
operate with a 1.25V difference between their cutput
and reference terminals. The +5V and + 45V sup-
plies use very littie additional circuitry. In these
simpier supplies, the reference voltages are provided
by a resistor divider.

4.2.6.1 +5Y Supply

In the <5V supply {Microprecessor/Power Supply
Schematic, sheet 3), ac from the transiormer, T1
{located on the rear panel), is rectified by CR13 and
filtered by C56 and C57 to provide unregulated dc for
the regutator, VR3. Resistive divider R49 and R50 sets
the voltage at the reference input, pin 3, to provide an
output of +5V x5% at E2, while C58 and C59 pro-
vide additiohal fiitering at the output of the reguiator,
R53 loads the supply to guaraniee operation of the
regulator if the + 5V test jumper is removed. CR14
prevents C58 from discharging back through the
regulator when power 1o the instrument is turned off.

4.2.6.2 + 45V Supply

The -+ 45V supply operates much the same as the
+ 5V supply except that the unregulated dc at VR4
pin 1 and the regulated outpit 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
regutator cannot give an culput greater than + 45V,

4.2.6.3 =15V Supplies

The 4+ and - 15V supplies that power the analog sec-
tions of the instrument require greater accuracy and

J1
45ACA
+ 45V
45AC2 VR4 »
b ———— MICROPROCESSOR
—gp  CONTROL POWER
i
BACH
FROM g +5Y _
TRANSFORMER 5AG2
J3, ANALOG POWER
15ACT AND
L + 15V J5, AUXILIARY POWER
15AC2 | vR1, iy .b
15CT VR2 »
B
Figure 4-5. Power Supply




stability than the basic regulator provides, so some
additional circuitry is necessary, In the + 15V supply,
the operational amplifier, one-haif of U26, compares a
portion of the output voitage with a stable zener
reference diode, CR10. The op-amp's inverted output
drives the reference input of the reguiator to compen-
sate for any error in the output. Since the op-amp out-
put cannot operate within 1.25V of its positive supply
voitage, a divider, consisting of R35 and R38, allows
the ouipui 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
valiue than the internal timiting that the regulator pro-
vides. As the current through B33 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 oufput voliage until the
current fatls back to the limiting value. Diode CR9, in
serles with the op-amp output (U26 pin 1) prevents the
op-amp from sourcing any extra current through R35
that would change the output current limit. A smail
current through R34 keeps the op-amp in its operating
range up to the current limit. C69 and C70 speed up
the external regulation to match the internat regutator.
R39 allows the output to be adjusted to precisely
+ 15V.

The — 15V supply operates similarly to the + 15V sup-
oly, but the poiarities are reversed and the op-amp
tracks the + 15V supply rather ‘[héﬁ? 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
microprocessor operation is helpful in understanding
how the instrument functions.

Figure 4-6 shows the three main program loops for
microprocessor aperation: a fast background loop, a
slow background loop, and the parser-procedure [0op.
The background logps only check registers for inter-
rupt flags set by external or tirner interrupts. The
parser selects and calls procedures when the pro-
gram enters it, and reiurns control to the fast
background loop when a procedure is finished.

4.2.71 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-
ring. If no interrupt flags are set, the entire loop takes
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only about 50 to 60 ps. If a flag is set, the loop time
increases by the length of the interrupt procedure. If
gither of the first two regisier flags (GPIB or keyboard)
are set, the background program calls the parser.
When the parser compiletes an operation, it returns
the program to the beginning of the fast background
loop. I the timer register flag is set, the program
enters the siow background loop.

4.2.7.2 Slow Background

The timer flag in the fast background loop looks for an
overflow in the 216 bit (which occurs about every
66 ms) of the timer counter {part of the microproces-
sor IC). The slow background ioop then examines a
series of other registers: GPIB address change, out-
put protection flag, elapsed time (with its asscciated
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 enabied) with the
register in the GPIB interface and if they are different,
enters the new value in the interface; it alsc compares
the previously stored value of the internal address
switch with the current setting of the switch, and if
they are different, enters the new switch setting in the
switch storage location, the GPIB interface, and the
frant panel 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.

Quiput Protection Flag. The output protection fiag
initiates a short routine, when set, that displays the
front 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 ail 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
iow battery voitage. If the batiery is low, the routine
sets a flag that causes a store, recall, or reset com-
mand to display a low battery warning, give a double
beep and set SRQ.

Status Display Timer. The status dispiay timer works
only when the instrument is set to display status. At
intervals of about 1.17s, the timer flag is set and the
next background pass causes the equivalent of & cur-
sor command 1o 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 of the three status lines. The data
source is selected by U25 on the auxiliary board in
response o commands from the microprocessor via
the buffered data bus.

4.2.7.3 Parser/Procedure

The parser handles all programming chores except
short housekeeping 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 compiete, returns control to
the parser, When the parser has scanned all 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 Interrupis

There are only two ways the processor program can
be interrupted: through 1RQ (generated by the GPIB
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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 occurs, a byte is read from the GPIB inter-
face and stored in a register. The program then
returns io ifs pre-interrupt position. it is the fast
background program that actually inspects the
register and passes control to the parser, which in
tum decides what routines are caited to process ihe
information.

Timer Interrupts. Certain subroutines are run during
initial 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 1o
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 interrupl 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 on 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 keyboard cir-
cuits (consisting of the keyboard decoder and the
keyboard).

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

431 Display

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

The microprocessor controls the display multiplexing.
A 1 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 dispiay drivers (which blanks the display)
and advances the shift register in the digit drivers, U3
and U4, After about 200 ps, BLANK returns to its high
state and the appropriate digit is enabled (GRID1-
GRID20). When the processor's scan counter
reaches 20, it sets the digit scan position line.

During the time BLANK is tow, the processor recalls
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 im-
ing is shown in figure 4-8. About 120 us after the fall-
ing edge of the BLANK, the processor loads the two-
byte segment data into the segment driver registers.
[5ISP from the address decoder strobes the buffered
data {(DATAQ-DATAT) into U1 {lower order byte) or U2
{upper order byte) determined by ADRO and ADR1.
The rising edge of BLANK then enables the output
lines {ANOA-ANOQ and ANODP) {0 drive the segment
anodes of the display.
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DETAIL A
Display Segment Timing

In the vacuum fiuorescent display, all segment lines
are commen and individual grids enable each digit.
Dispiay filamant power is provided by the driver cir-
cuit which is an IC timer, U8, configured as a 50 kHz
osciliator with a 40% duty cycle. Since the cutput at
U8 pin 3 swings from 0 to + 15V, the average dc level
is about +6VY. This aliows the grid lines to pull 8V
negative with respect to the filameni, which aiso
serves as the cathode. Capacitor C14 acts as an ac
ground to maintain a constant de level across the
entire length of the filament.

4.3.2 Keyboard

The keyboard section of the operator interface con-
sists of the keyboard iself, {(a 45 switch array
mounted just behind the front panel overlay), and the
keyboard decoder, U8 and U7, mounted on the
display board.

The keyboard Is an X-Y matrix of switches. Scanning
puises 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 ¢f memory locations. A 4-10-10
line decoder, U7, decodes the four low-order latched
address bits (ADRO-ADRS) to the S-line side of 11§he 9by
5 switch array.  the operator presses a key on the
front panel, the closed contact allows the appropriate
decoded address line from the inverting output of the
4-t0-10 Hine decoder (Li7) to puil down 1 of 5 puli-up
resistors 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, U8, and

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

4.4 FUNCTION GENERATOR CIRCUIT
DESCRIPTION

The function generator circuit boarg is accessible
beneath the top cover of the instrument below the
swing-up auxiliary board. This section includes the
VCG and irigger level circuits, the basic generator
loop, frequency range switches, capacitance mult-
plier, frequency compensation circuits, syne cutput
driver, trigger circuit with mode logic, function select
circuit including the sine converter and square logic,
XY multiplier, preampiifier, offset amplifier, output
ampiifier and cutput protection circuits.

Refer to the function generator schematic in the back
of this manual for circuits described in the following
paragraphs,

443 VCG and Trigger Level

The VCG circuit converts a 0 1o + 10V control voltage
from either the microprocessor board or the external
VCG input to positive and negative currents that con-
trel the frequency of the generator foop. The inpui
stage acts as a summing amplifier. The control
voitage from the processor board, FRQ (normatly
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 o
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 0, EXEC from the front
panel, and the voltage from the external VGG 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 controt,
OVR, adds a fixed 0.2 mA through R1 and R2 to
increase the maximum voliage out of the first stage
(or current out of the entire VCG circuit). The 10kHz to
99.9 kHz range control, FR5, increases the current
from FRQ by paralleling 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 smailest fixed range capacitor
(C50). A gain adjustment (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 operaiing position
(E9 to E10), the first stage output becomes the VOV
(Voltage Control Voltage) output to the variable cur-
rent sources and the high-frequency compensation
circuit. The E10 to E11 connection, which altows the
auxiiiary board to modify the frequency control
voltage, is not used in the Wavetek 275. A simplified
schematic of the VCG amplifier is shown in figure 4-8.

The current scurces operate on the foliowing prin-
ciples:

1. The coilector current of a transistor depends on
its base current and its current gain, and is rela-
tively independent of coilector 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, appiied to a second
matched transistor, wilt cause the second tran-
sistor to have the same coliector current as the
first transistor.

The negative current source is shown in the figure
4-10 simplitied schematic diagram. The Voltage Con-
troi Voltage (VCV) is inverted by operational amplifier
U2C, and drives transistor U3A to whatever vaiue col-
lector current is required to cause the U3A collector
voltage to be equal to VCV. (At this point, both Inputs
of operational ampiifier U2C are at the same voltage,
and equilibrium is established.) Since the upper end of
coliector resistor R22D is held at ground potential (as
will be explained later) and the voltage at the lower
end is equal to VCV, the current through the resistor
(— lef) is proportionat to VCV. The same base drive is
appiied to U3B to generaie the negative current
source {—1), and Is also applied to transistors U3C
and Q1 to generate the Trigger Hoiding 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 {o whatever value
collector current is required to maintain a “virtual
ground” at the junction of R22C and R22D. Since
these fwo resistors are in series, their currents are
equal (+lgf = = lyef). The USE base drive is then
applied tc matched transistor U3D to generate the
positive current source {+1) for the generator loop.

The current source circuit also generates a Trigger
Holding Current {THC) which is used 1o clamp the
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Figure 4-9. Simplified Schematic Diagram, VCG Amplitier
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Figure 4-12. Simplified Schematic Diagram, THC Circuit

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 URC and Q1, driving each transistor to a col-
lector current equal to —|. The two collectors are
connected in paraliel to provide a current equal to
twice the —1 current source. This —2| 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 cf the triangie waveform,
and the — 21 current is momentarily supplied by CR7.
As the triangle node rises toward ground potential, a
greater proportion of the — 21 current flows through
CRS8. Equilibrium is reached when the frigger holding
current is equal to the positive current {+1) being
supplied to the generator loop, and the triangle node
voltage cannoct rise any further, Since the matched
diodes CR7 and CR8 have equai currents through
them and the anode of CR7 is grounded, the voltage
drops across the two diodes will also be equat and the
triangle node will be heid at ground potentiat. This
stops the waveform smoothly 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 symmetry, 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 o balance symmeiry at
low currents. The 8.2V zener diodes, CR4 and CRS,
aliow U3 pins 14 and 1 to approach the positive and
negative supply rails respectively. Diodes CR3 and
CR5 prevent latch-up.

The trigger level amplifier consists of an operational
amplifier {U2B) in an inverting configuration that
translates ihe trigger level control voltage from the
microprocessor board (TRL, 0 to + 10V} to the level
used at the trigger comparator (TLO, + 10 to —~10V).

4.4.2 Generator Loop

The Generator Loop, shown in simplified schematic
figure 4-13, produces simuitanecus square and
triangutar waveforms. The triangular waveform s
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. Simplitied Schematic Diagram, Generaior Loop

determines the frequency range of the loop. Within
any range, frequency is deiermined by the magnitude
of the +1| and -1 currents from the VCG circuit.
Charging the capacitor from a curreni source gives a
linear voltage change with respect {o time, instead of
the exponential curve that wouid result if a resistor
were used,

The comparator monitors the amplitude cf the iriangie
wave, and when it reaches the comparator threshoid,
the comparator changes staies. The state of the com-
parator output determines the polarity of the com-
parator threshold and the direction of the capacitor
chargefdischarge current. The comparator output is
also used to generate the square wave cutput.

Magnitude of the comparator threshold is determined
by the value of the +COMP and — COMP currents
from the high freguency compensation circuit. The
positive or negative current selected by current
switch CR25-CR28 flows through B75, and the voliage
drop across R75 becomes the comparator threshoid

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

Operation of the dicde current switch is illusirated in
simplified schematic diagram figure 4-14. In this
simplified schematic, voltage drops across the
forward-biased diodes are assumed to be 0.6 volis,
and the voltages shown are not intended to represent
exact circuit voltages, Although this diagram shows
the CR17-CR20 current switch, the same principles of
operation also apply to the CR25-CR28 circuit.

The current switch has three inputs and one ouiput.
The inputs are the positive and negative currents {buf-
fered by G4 and Q5) and the control voliage; 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 Swiich

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
voltage to move i the oppaesite direction.

With the control input at +2V, CR18 and CR19 are
reverse biased. Current flows from the +| source
through CR17 into the timing capacitor, and from the
control line through CR2G into the negative current
source. With the controi line input at — 2V, CR17 and
CR20 are reverse biased. Current flow is from the +1
source through CR18 into the control line, and from
the timing capacitor through CR19 to the — I source.

The CR25-CR28 current switch operates in a simiiar
manner. Voltage at the output of this switch is iimited
to =1V by the 3 mA maximum value of the current
and the 3329 resistance of B75.

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 triangie
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wave at the base of Q11 reaches the positive refer-
ence jevel (+1V) at the base of Q¢, 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 of G8 and Q11 to about
0.7V. As Q8 and Qt1 swiich, they also cause the
second differential pair, Q8 and Q12, {o switch.
Resistors R72 and R84 increase the switching speed
of Q8 and Q12 respectively by providing a smali cur-
rent which keeps them from turning entirely off. As Q8
switches to 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 R7%. The coliector of Q8 drives the switch
buffer; the square buffer is driven by Q12 in the
opposite side of the comparator. These twe stages
have different values of collector and emitter resistors
10 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 generator loop.



The square buffer (Q13-Q14) is similar {0 the swilch
bufter circuit, except that resistor values are tailored
for a O to +5V output. This signal, 8QB, is used to
drive the sync driver and trigger circuits. The SQB
signal is attenuated by R100 and R101 to provide the
SQS signal used by the square logic and the auxiliary
board. A highly differentiated portion of the SQB tran-
sient is coupled through C35, C36 and C27 to the
triangle node to counteract switching iransients

which are coupled through the current switch diode
~ bridge.

The alternating linear ramp f{iriangie wave) at the
triangte node is buffered by the triangie buffer, a high
speed FET input voltage follower. This circuit consists
of Q15, acting as a scurce foliower, and Q16, acting
as an emitter follower. The voitage difference
between the input and ouiput of the circuit is controll-
ed by maintaining the current through Q15 so that the
gate-source voltage is equal and opposiie 1o the base-
emitter drop of Q16 and the two voltages cancel each
‘other. The current through Q15 is initially set by
adiusting RS9, the NODE DC adjusiment, after which
the dc amplifier in the frequency compensation circuit
maintains this adjustment through the constant cur-
rent source, Q17, to compensate for temperaiure
changes in Q15.

4.4.3 Frequency Range Switches

The selected range capacitor determines the fre-
guency range from 100 Hz to 12 MHz. Each range
normally covers 10% to 98.9% 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 fctal to 100 pF. The next range
switches in an additional 900 pF, made up of C46, C47
and the 100 kHz adiustment C45. The next three
ranges switch in successive matched capacitors of
0.01uF (G50}, 0.14F (C52) and 1.0xF (C54).

Each range capacitor is switched in by a logic level
signal from the microprocessor board. For example,
when FRB (Frequency Range from 0.1 MHz 0 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 20, and the range
capacitor made up of C45, C46 and C47 is effectively
connected o ground. When this range Is not selected,
FR8 is high, turning off Q18 and allowing R125 to pull
the anode of CR36 tc ~15V. The voltage divider,
R121 and R122, pulls the anode of CR37 to — 7.5V
through the 10 MO resistor R123. Reverse-biased
CR37 now provides an essentially infinite impedance,
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Figure 4-15. Simplified Schematic Diagram, Capacitance Muitiplier
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effectively disconnecting the range capacitor. The
other range switches operate in exactly the same
way.,

4.4.4 Capacitance Multipller

The capacitance muitiplier extends the low end fre-
quency range by drawing off {through R118) most of
the charging current to and from the largest range
capacior, C54. The circuit is shown in simplified form
in figure 4-15. The U9B output waveform is a triangle
wave superimposed on a sguare 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 voitage and
current constant to maintain linearity of the triangle
node wavetorm.

The sgquare wave component is generated by differen-
tiating the triangle wave. The triangle wave is
amplified by U8A, 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 iriangie node through R118.

The capacitance multiplier is switched in at freguen-
cies beiow 100 Hz by a logic low on the CPM controt
line. The proportion of capacitor ¢charging current is
determined by the range resistors. FR2 selects Ri11
{plus the 99.8 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 adijusts ihe capacitance
multiptier symmeiry by adjusting the offset of the
second amplifier.

4.4.5 Frequency Compensation

The Frequency Compensation circull 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 amplifier circuit,
which dynamicaliy controls the dec offset in the
triangle butter.

The high freguency compensation circuit is shown in
simplified schematic diagram figure 4-16. This circuit
generates the two adjustable constant currents
{+COMP and — COMP) that aiternately flow through
R75 in the comparator circuit in the Generator Loop to
develop the comparator threshold voliages. On the

4-20

lower freguency 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
seiected and the programmed frequency within the
range.

OCn the lower frequency ranges, the range swiiches
are all open, and voltage divider R53, R50, R52
develops a voltage of + 7.5V ai the junction of R53
and R50. This voltage is applied to the non-inverting
input of operational amplifier U7B, which drives the
source of Q2 {and the inverting input of U7B) 1o the
same voltage. The resulting + 7.5V at the junction of
R56 and R54 causes a current of 3.75 mA in 56 and
0.75 mA in R54. The difference of these two currents
is the 3 mA + COMP current.

U7A and Q3 track the positive current source (o
generate a negative current {—COMP) of equal
magnitude. U7A monitcrs the voltage at the midpoint
of RS54 and R57, which are connected in "series
between the source of Q2 and the source of Q3. As
L7A acts to keep its two inputs at equal voltages (and
the midpoint of the resistors at ground potential} i
drives the Q3 source to a voitage egual in magnitude
and opposite in polarity to the voltage at the Q2
source. The Q3 source voitage determines the cur-
rents in R57 and the series combination of R59 and
R80. The difference of these two currents is the 3 mA
—~ COMP current.

Operational amplifier U7C converts the negative
Voltage Control Voltage (VCV) o a voltage that is
positive in propartion (within any frequency range) to
the programmed frequency. Although the range of
this voltage is OV to + 6V, it will normally be above
+ 0.6V except at the bottom end of the lowest fre-
guency range. On the top three frequency ranges, one
of the solid-state range switches is closed by a logic
jow on its controt line, connecting this voltage through
one of the range resistors (R42, R43 or R47) to the
853, R50, R52 voltage divider. This raises the voltage
at the junction of RE3 and R50, causing the absolute
values of the Q2 and Q3 source voltages to increase
and the source currenis to decrease. The resuit is a
decrease in the +COMP and — COMP currents pro-
portional to both frequency range and programmed
frequency within the range.

R44 causes a small voltage change in the output cur-
rents proportional to VOV to compensate for a small
non-iinearity in frequency tracking. R60 balances the
triangle waveform, while R45 and R46 allow adjusi-
ment of frequency on the top two frequency ranges.
Zener diodes CR15 and CR18 (not shown on the
simplified schematic) act as ifevel shifters to aliow 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 dc amplifier keeps the output of the triangte buffer
at the same dc level as the input by varying the cur-
rent through the constant current scurce, Q17, and
therefore through the input FET, Q15. It does this by
comparing highiy filtered signals at the operational
amptiifier inputs, U7D pins 12 and 13, and varying the
current through R104 to compensate for errors.
Below 100 Hz, DCA switches out filter capacitors C17
and C58: this allows U7D pin 14 direct contro! 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 square output, SQB, to pro-
vide a synchronizing signal for the instrument,

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 H183 balance the current so the transistors
also have about 4 mA through them. The smali emitter
resistors also preveni thermal runaway. Collector
resistors protect the transistors from overvoltage at
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the output connector, and capacitors C70 and C71
prevent large signal 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
detay between the trigger source and the resuitant
generator output.

Trigger comparator Li4 compares the level of the trig-
ger input with the reference levei (T1L.O) programmed
in the generator. The comparator output goes 1o &
logic low at U4 pin 9 if the trigger Input becomes
greater than the reference level and positive trigger
siope (+ TR) has been setected, or it goes {0 a logic
low at U4 pin 11 if the trigger input becomes tess than
the reference level and negative trigger slope (- TR)
has been programmed. A logic low transition at either
comparator output wiil cause a logic high at the pin 8
output of NAND gate USC; this positive-going transi-
tion clocks the remainder of the trigger logic.

In the Wavetek 275 the outpui of the trigger com-
parator at USC is always routed through the auxiliary
board, and the TRIG JUMPER is connected from E13
to 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

UsB on

the auxiliary board.

Refer to Figure 4-17, Simplified Schematic Diagram,

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

in the triggered mode, only one cycle of generator
output is enabled for each trigger puise applied. A
logic low 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
enabies NAND gate USB. A positive logic transition at
trigger jumper terminal £13 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 USA,
reverse biasing diode CR8 and ailowing the generaior
loop to osciliate. The first positive transition of SQB,
g0° later on the triangie waveform, is inverted by
NAND gate USB and applied to the CLEAR input of
UBB to clear the Q output high, thereby removing the
jow from the CLEAR input of UBA. The naxt negative
transition of SQB is inverted by U5B, and clocks UBA
1o the ‘‘set” condition. The high at UBA-Q causes the
output of gate U5BA to go low, forward biasing diode
CR8 and stopping the triangle oscillation on its rising
edge.

tn 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 MC1
enables NAND gate USD, causing the U5SD output to
be tow whenever the E13 trigger leve!l is high. Opera-
tion in the gated mode is the same as in the triggered
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MC1 K 11 use usa Yo
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E13 2 L = HOLD
(TRIGGER) | 12 " 30 4 42 H = ENABLE
o, ° tel, °
D D Q
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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
tevel is high, the resulting low at the USD output will:

1. Hold fiip-flop UGB in the “set” condition via the
direct SET input.

2. Disable NAND gate U5B, preventing the SQB
signal from clearing UBB and clocking UBA until
after the trigger signal is removed.

Resistors R29, R303, R34, R31 and R32 divide the
reference (TLO) and input (TRIG IN) voitages by a fac-
tor of 4 to bring them within range of the U4 com-
parator. Diodes CRY, CR10 and CR11 protect the U4
comparator from excessive voliage at the trigger
input. Resistors R33 and R35 provide a small amount
of hysterisis at the U4 comparator input to prevent
false triggering on noise.

4.4.8 Function Select

The function select circuit connects the sine, triangle
or square (all disconnected in dc or the arbitrary
waveform functions) to the current input of the X-¥
multiplier.

The sine wave input ig created from the triangle bufier
output, TRB, by the sine converter which uses the
logarithmic response characteristics of sermiconduc-
tors diodes to approximate a sine wave current out-
put. The 8IN DIST A adjustment, R142, adjusts the
converter input for dicde forward voltage variation.
The six diodes in U11 give a three stage sine approx-
imation using very closely matched characteristics of
the dicdes. Two adjustments, SIN DiST B and SIN
DIST C (R154 and R157), baiance between stages for
positive and negative peaks respectively. The current
output is switched through FET swiich U12A when
SN Is selected.

The triangie level control (R148), provides an
adjustable current to FET switch, U12C controlied by
TR!. Both the triangle and sine FET switchsas provide
increased isolation by shorting the FET switch input
{with Q25 and Q22 respectively) when the switch is
off.

The sguare togic selects which rectangular waveform
is fed to ihe square shaper. A logic high on the SQR
control line selects the uninverted SAS square wave,
whiie a high on the SQR line selects the SQS signal
after it has been inverted by U13C. Alogic high on the
external width control line (EXW) selects the output of
the trigger circuit, TRGI

The puise input, PLSI, and associated controt lines
PLS and PLS are not used in the Wavetek 275.

The square shaper converts the TTL level signal at
U13A pin 3 1o £1 mA. It shifts the TTL signal and uses

it to switch current sources through a diode switch
(CR48 through CR51) and into the FET switch U12D
{(controlied 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 Muitiplier and Gffset

4.4.9.1 X-Y Multiplier

The X-Y muitiplier is a precision voltage-controlled
amplifier that drives the preamplifier with a signal
level directly proportional to the ampiitude control
voltage (AMP) from the microprocessor board.

As shown in the figure 4-18 block diagram, the X-Y
muitiplier consists of five major circuit groups:
Logarithmic signal compressoer, variable gain signal
amplifier, logarithmic dc¢ reference, variable gain
reference amplifier, and dc amplifiers. The input
signal (XY or EXT IN) is logarithmically compressed in
J18A, 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 tha circuit is required to con-
vert the input amplitude control voitage {(AMP) to a
medified gain control voltage.

U188 generates a dc reference veitage proportional
10 the logarithm of the gifference of two currents. This
reference voltage is amplified by variable gain
reference amplifier U19B and fixed gain dc amplifiers
U17A and U17D, then compared to the amplitude
control voitage (AMP) by U17B. U17B provides the
modified gain ccntrol voltage to both variable gain
ampiifiers, 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 voliage that controls the gain of the
variable gain reference ampiifier is also applied to the
variable gain signat amplifier,

The logarithmic signal compressor (U18A) consists of
a gifferential 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 R3C0, 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 ithe current
source transistor within the 1C. The input signal cur-
rent (£1 mA) on the XY! line causes a smalt ac
voltage ‘across the diode that varies approximately as
the logarithm of the total current. This voitage 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 (U19 pin 3) is driven by the modified gain
control voltage. Maximum output from the stage
occurs with a maximum total bias current of 6 mA;
iess bias current produces less output.

The logarithmic dc reference (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 spiit,
with 4 mA through one side and 2 mA through the
other side (limited by R242 and R243). This cor-
responds to the current ratio in the signai compressor
during peaks of the signal. when the instantaneous
peak signai current of 1 mA adds to the 3 mA dc cur-
rent in ane half of the differential pair and subtracts
from the 3 mA dc current in the other haif. The dc
reference voltage is taken from U18 base and coilec~
tar 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 controf
voltage (AMP) drives U178 {pin 5), which in turn drives
the base (pin 11) of the current scurce transistor in
U19B. The base of one side of the differential pair
(U19 pin 9) is connected to ground through a resistor;
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the base of the other side of the pair (U1g pin €} is con-
nected to the log dc reference voltage. These base
voltages will maintain the currents in the difterential
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 yir-
tual grounds’’; because the non-inverting inpuis of
these amplifiers are grounded, each amplifier will pro-
vide whatever output level is required to keep its two
inputs at the same voitage levet. The value of resistors
R256 through R258 were chosen sc that with 8 mA
through the current source transistor in U19B:

1. 2 mA flows through R256 from U17D pin 17 10
U18B pin 7.

2. 2 mA flows through B257 from U17D pin 14 to
U198 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
Vde, which exactly equals the 10 Vdc external
AMP input, maintaining the inputs of U17B (pins 5
and 8) at equat voltages.
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With input amplitude conirol voltage {AMP) less than
10V, ail 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 voitage is
used to control the variable gain signal amplifier.

Fixed bias for both sections of U18 is provided by
R248, CR59 and CR6E0. CR61 performs a levet 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: RB241, R242, R2b1 and R255. Adjust
ment procedure for these conirols is given in the
CALIBRATION section of the manual.

4,4.9,.2 Offset Circuit

The offset circuit is a level translator that converts the
0 to + 10V input from the microprocessor board (OST)

intoc a +5 10 — 5 Vdc signal that sums into the outpul
ampiifier. Any offset caused by the operational
amplifier at U17C pin 8 is corrected by the offset zero
adjustment, R237. The ouiput of the amplitier is then
adjusted for dc ofiget by the offset adjust, R208.

4.4.10 Preamplifier

The preamplifier takes the differential current output
of the XY multiplier from U19 pins 1 and 14 and con-
verts it to a single-ended voltage output at the anode
of CRB4. The voitage at the inputs of the differentiat
stage (U15 pins 3 and 16} must be mainiained at
about + (.7 voits 1o bias the input {ransistors whose
emitters are at ground. The emitter ¢of the transistor at
U15 pin 8 provides the current to maintain this
voltage. The current can be as high as 6 mA or as low
as 0.06 mA, depending on the current required by the
ouiput stage of the X-Y muitiplier. 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 7500, 0.1% resistors R189
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and R192, 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
tranglated into a +£0.75 Vac signal at U15-8 and a
+1.5 Vac signat of the opposite phase at the CR&4
anode. PNP transistors Q28 and Q29 act as constant
current sources for the input stage collectors (U15-2
and U15-1 respectively) and they alsc act as an ac
bootstrap through coupiing capacitors C76 and C79.
The emitter follower stages, U158 and U15-11,
isolate the collectors of the input stages to provide a
low impedance output.

4.4.11 Qutput Amplifier

The output amplifier is an inverting and summing
amplifier with a gain of about —6.67 for the ac signal
from the preamptifier. The amplifier operates dif-
ferently for high-frequency signals than for low-
frequency signals; high-frequency signals couple into
the symmetric emitter followers Q30 and Q31 through
capacitors C80 and C81 respectively. The emitter
followers then drive the symmetrical inverter stage
consisting of Q32 and Q33. Diodes CR55 and CR56,
with the 10Q resistor, R219, provide a bias current
through the output stage of Q34, Q35, Q36 and Q37 to
increase output speed by keeping the transistors
atways on. The 100 emitter resistors, R227, R228,
R23t and R232, balance the current through the
parailel ouiput 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), adiust the amplifier high speed
characteristics by roiling off or peaking the feedback
signal respectively.

The low-frequency (and dc) path in the output
ampiifier is through the transistor array, U186, con-
nected as an operational ampiifier. The positive out-
put of the differential input stage (U16-3) is inverted at
tJ16-9. This signal decreases the current through tran-
sistor Q32 and the signal at its collector falls until the
fed back signai 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 ouiput amplifier protection
safeguards to protect this circuit against major
damage under the severest accidental misuse,
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inciuding accidental connection of line power to the
FUNC QUT connector. These safeguards are:

1. An overvoltage sensing circuit that detects
voltages that exceed the =15V limits at the
FUNC OUT connector. When an overload is
detected, the circuit opens all reiays in the output
attenuator circuits and disconnects the amplifier
from FUNGC OUT.

2. An in-line fuse to protect the amplifier in case the
voltage is great enough to arc across the relay
contacts. Shouid the fuse blow, a sensing circuit
alerts the microprocessor.

3. Two voltage-limiting, high current diodes (CR57
and CR58) at the ampiifier output that prevent an
externally applied voltage from pulling the
amplifier output line beyond the range of the
+ 15V supplies.

4.4.12.1 Overvoitage Sense Circuit

The overveltage sense circuit compares the voltage
at FUNC OUT {through isolating 1 M resistors R298
and R299) with the + 15V power supplies at U20 pin 4
and U20 pin 6 respectively. If the voitage at FUNC
OUT goes higher than + 15V or lower than — 15V, the
appropriate comparator output (U20 pin 2 or Uz20 pin g
respectively) goes negative. Since the ouiputs are
wire-ORed, when either output becomes negative it
drives the comparator output at U20 pin 14 positive.
This turns off Q38 and opens alt refays 1o disconnect
the amplifier from the output. The positive level at U20
pin 14 also signals the microprocessor (via the OAP
iine) that the output protection circuit has been
activated. 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 norma! operation is resumed, The response
of the relays is usuaily 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 fast-acting fuse, F1, will generally blow soon
enough to prevent, or at least minimize, damage 10
the instrument. A fuse sense circuit detects when the
fuse is blown by puliing the output side of the fuse
toward + 15V through 1 MQ resistor, R288. If the fuse
is open during power-up or reset (K1 off), the sense
point rises higher than the amplifier output would nor-
mally let it go and the comparator output at U20-13
goes high if that voitage rises above +13.6V. The
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microprocessor samples the legic levels at the fuse-
biown indicator line (FUB) and signals the operator
through the front panel disptay and the GPIB bus.

4.4.12.3 Output Attenuator

All three ouiput relays (K1, K2 and K3) are
independently driven by Q39, Q40 and Q41 and con-
trolled by logic lines OAQ and OA2 from the micro-
processor. OAQ determines whether or not the output
amplifier is connected, while OA2 switches the
attenuator in or out. K2 and K3 both operate from the
OA2 line, and operate opposite of each other (when
one is on, the other 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. OUTPUT OFF (0) mode.

3. OUTPUT ON {1) mode, no attenuation. Output
voitages (amplitude + offset) programmed for
greater than 1.00V,

4. OQUTPUT ON (1) mode, 20 dB atienuation. Output
voltages (amplitude + offset) programmed for
1.00V or less.

5. OUTPUT OFF, LG Z (2) mode. Output terminated
in approximately 50 ohms.

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
506t resistor; R293, R294, R296 and R297 are shown
as a singie 55.6% resistor.

4.5 AUXILIARY BOARD CIRCUIT DESCRIPTION

The auxiliary board 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 genarator
output for a predetermined number of output
cycles when the burst mode is selected and the
circuit is triggered.

3. The frequency synthesizer, which generates fre-
quencies used to clock the arbitrary waveform
generator when an arbitrary waveform function is
selected, or 1o internally trigger the instrument
when internal trigger and a nen-arbitrary function
are seiected.

4. The data registers, which store data from the 8-bit
data bus to drive 79 of the internal data and con-
trol lines.
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4.5.1 Data Registers

The data register circuit consists of address decoders
{18 and U19, and data registers U3-U5, U14-U17,
U31-U32 and U34. The address decoders are enabled,
cne at a time, by a togic low on either the ANAZ of
ANA3Z 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
vaiue of the three input address lines. For example, an
address of ‘000" selects output 0, while an address
of “111" selects output 7. Four of the 16 outputs are
used directly as control or clock lines; two of the out-
puts are not used, and the remaining ten outputs are
used to atch data into the data registers.

The ten data registers are octal type ""D7 flip-flops
that tatch data from the buffered data bus {J16 pins 1
through 8} onto the register output pins, whete it is
continuousty avaitable 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 & 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 togic 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 output of the
trigger comparator on the function generator board
via the TRGOC line, or internaily from either the output
of the {requency synthesizer (via the SYNTH line) or
the square wave ouiput of the funciion generator {via
the SQS line). The selected trigger source (TRGOB) is
also supplied to the arbitrary waveform generator for
use in some of the non-burst modes.

The burst clock select gates ailow the burst counter to
count either the SQS square wave output of the func-
tion generator 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 cccur during the burst. When the predeter-
mined number of cycies have been counied, the
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Simpilified Functional Block Diagram, Burst Counter Circuit

counter circuit signais the burst logic via a logic low
on the “end-ci-count’’ line.

The burst logic, when triggered in the burst mode,
gates the selected burst clock source through io the
counter circuit and tatches the burst counter output
line (BCA} high for the duration of the count. If burst
mode is not selected, the burst logic gates ihe
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 ihe 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 scurces. 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 permanentiy grounded. An address of ““C00"
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 TRGO at either pin 2 or pin 1,
which are wired in parallel. The output from pin & is
appiied fo the burst logic.

The burst clock select gates (UZ2A through U2D)
select either the 8QS ouiput of the function generator
or the STOP pulses from the arbitrary waveform

generator for application to the burst logic and
counter clock. A logic high on the BURST CLK SEL
line enables NAND gate U2B, and is inverted by U2D
to disabie U2A. Alogic low on the control iine disables
U2B and enables U2A. U2C combines the output of
the selected gate with the constant logic high from the
disabled gate, and re-inverts the selected signal to the
original polarity. R1 and C4 filter 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 count
detector NAND gate U13. When the preset counter
receives clock puises 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 iine low.

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 1,048,200 is 23 4+ 27 4+ 294 ... +279,
and only those counter output fines are monitored by
ti13. (Note that some of the counter outpuis 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
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logic wilt always allow one extra cycle after the preset
counter reaches maximum count.)

At maximum count, all 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
altowable combinations of burst counter frigger and
clock are as follows:

1. For a 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 (SQS) output and counts arbitrary
waveform cycies via the STOP line. (In the
arbitrary waveform modes the synthesizer is used
to clock the arbitrary waveform generator and is
not availabie for internal triggering.)

3. For a non-arbitrary waveform with external trig-
get, the burst counter is triggered by the trigger
comparator output fine {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 combina-
tions of trigger and clock, such as SQS trigger and
SQS clock, or SYNTH trigger and STOP pulse clock.

The burst logic consists of NAND gates UBA through
UBD, and type D" flip-fiops U12A and U12B. This cir-
cuit is activated by a trigger puise {TRGOB) from the
trigger select logic, and provides a logic high on the
Burst Counter Active (BCA) tine. 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 TRGI fine at J16 pin 7} and the arbitrary waveform
ganerator.

in the burst mode, the BURST line is &t a logic high,
and the BURST line is at a logic tow. The logic low on
the BURST line disables NAND gate UBD and enables
NAND gate UBB via the constant high at the U6D out-
put. The fogic low on the BURST line is alsc applied to
the data input of flip-flop U12A.

Initially, the counter is in the maximum-count condi-
tion, and the ocutput of the terminai count detector is at
a logic low. This logic low is applied to the LOAD
inputs of counter stages U7 through Ui1 to enable
joading of the preset data at the next clock puise. The
same logic low disables NAND gate UBA to prevent
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the selected clock signal (SQ8 or STOP) from clocking
the counter, and enables NAND gate UBC (via the
fogic high on the UBA output) to aillow the load puise
from W12A to clock the preset data into the counter
stages.

A positive logic transition at the TRGOB trigger input
clocks the U12A @ output low. The negative-going
transition at the U12A Q output is inverted by U8C and
applied to the counter clock inputs to load the preset
daia. As soon as the counter is loaded with preset
data, it is no jonger at the maximum count condition
and the U13 output goes high, disabling the counter
LOAD inputs and enabling NAND gate UBA. However,
at this point, the SGS square wave inpul cannot yet
reach the counter clock inputs because NAND gate
UBC is disabled by a logic low from U12A.

After a lime detay determined by R4 and C12, the
logic low at the U12A Q output is appiied to the U128
SET input to set the U12B T output low. This low is
mnverted by UBB and provides a logic high on the BCA
output line. The logic low at the U12B & 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 puises {(SQS or STOP) to the counter,

When the counter reaches maximum count, the out-
put of the terminal count detector U13 goes low,
disabling NAND gate UBA and preventing clock
putses from reaching the counter. U13 also supplies a
logic low to the data input of fiip-flop U12B. The next
positive transition of the selected clock will clock the
U12B Q output high, causing U6B to return the BCA
output line 1o a logic low state.

When the burst mode is not selected, the BURST fine
Is at & logic low state and the BURST line is at a logic
high. The logic low on the BURST iine holds the
CLEAR input of flip-flop U12B low, maintaining a logic
high from the U12B Q output to enabie NAND gate
UBB. The logic high on the BURST line enables NAND
gate UBD. Any trigger signai applied to the TRGOB
line will be gated through U6D and UG8 fo the BCA
output.

Resistors R2 and R3, marked “TRIM' on the
schematic, are external pull-up resisiors o 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 lypical value of
10k,



4.5.3 Frequency Synthesizer

The frequency synthesizer generates the 3.75 mHz to
3.75 MHz signal used to ciock the arbitrary wavelorm
generaior in the arbitrary waveform modes or to inter-
nally trigger the function generator circuit in the non-
arbitrary modes. The freguency synthesizer contains
two major circuit groups; the Phase Locked Loop
{PLL) composed of U35, U37 and U38, and program-
mabtle binary divider U36. (Operation of the U34 dala
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 ratic
(between 22and 237) in U36 to yield the desired output
frequency within the range of 3.75 mHz to 3.75 MHz.
{Note that the circuit is actuatly capable of operating
down to 3.5 mHz, but that the microprocessor wili not
accept eniries for frequencies below 3.75 mHz.)

The following circuit groups are part of the PLL circuit:
The PLL IC, loop filter, ievel translator and voitage-
controlled oscillator (VCO). Operation of the entire
ioop will be discussed after these individual circuits
are described.

Figure 4-22 is a simplified functional block diagram of
the synthesizer circuit which shows the internal func-
tions of the U35 PLL IC. U35 coniaing the reference
oscillator, reference divider { = R}, variable divider { = N),
phase detector and internal registers and latches. The
reference oscillator uses an external crysial (Y1) to
generaie 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 8.144 MHz reference fre-
guency is divided by 6144, and the resulting 1 kHz
reference is applied to one input of the Internal phase
detector. The variabie divider (= N) is programmed by
serial data at the pin 11 data input. This data is clocked
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Figure 422, Simplified Functional Block Diagram, Synthesizer Circuit
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into a 16-bit internal shift register by low-to-high tran-
sitions on the pin 10 clock line. The first two bits con-
trol internal switches, one of which controls the ARB
MEM EN line. 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 iatches the
data in the shift register into the programmabie + N
counter. The C is capable of a N range of 3 to
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 cther input of the internal phase detec-
tor, 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 ieading 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 converis the positive-going and
negative-going pulses from the U35 phase detector to
a steady dc frequency controf voltage. The time con-
stant of the filter is determined by C34 and the series
vatue 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 a high fre-
quency bypass used to reduce noise in the filier.
Voltage divider R19/B20 sets the voltage on U37A
input pins 2 and 3 to 2.5 Vde. The output of the loop
filter U3TA varies from approximately +8.0 Vdc to
—4.0 Vdc.

Levei translator U378 inverts the polarity of the U37A
loop filter output and translates the voltage to the {evel
required by the U3B 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 U378 pin 7 varies between + 1.2 Vdc and
+ 3.2 Vdc.

U38 is a TTL voitage-controlied osciliator {VCO). The
output frequency is established by the value of G236 in
combination with the voltage-sensitive inputs used for
frequency control and frequency range. Output fre-
guency increases with an increase in frequency con-
trol voltage and decreases with an increase in range
conirol voltage, The output of the level translator
(U37B) is applied io the frequency control input (pin
13) and a fixed voltage of approximately 1.7 Vdc from
voltage divider R46/R47 is applied o the range control
input (pin 2). R46 is a test-select part with a nominal
value of 5kl
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The VCO provides two outputs; pin 6 provides the
input to the variable divider (+ N} circuit in the U35
PLL IC, while pin 8 drives programmabie divider U36.
The VCO can be turned off by a logic high on the VCO
OFF tine (pin 8). R48 is a temperature compensation
resistor provided on the board to permit a typs
7415628 IC to be substituted for the type 74L.5624.

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
applled 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 VCO control voitage that changes
as required to drive the VCO frequency to exactly
N times the 1 kHz reference. When this occurs,
the outputs of the reference (= R) and variable
(= N) dividers are at the same frequency and in
phase, and the loop is iocked.

4. The loop will remain locked at this frequency until
the variable division ratio N is changed.

In the Wavetek 275, the value of N is between 7500
and 15,000, giving a VCO ouiput frequency range of
7.5 MHz 1o 15 MHz. The VCO output frequency is
applied to programmable binary divider U36.

U368 is a programmable binary divider capable of
dividing by a selected ratio within the range 22to 2°1.
The desired 2N ratio is selected by applying the binary
value of ''n” to the “E" through "A" input control
fines. “A’ is the least significant bit, while "E" is the
most significant bit. For exampie, for a division ratio 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 wouid inhibit the output and is never
done.

A low on the DIVIDER EN line initiatizes the divider by
clearing alt of the internal flip-flops. The momentary
low on this line is originated by the state machine cit-
cuit in the triggered arbitrary waveform modes to pro-
vide a stable and predictable timing relationship
between the irigger pulse and resuiting outpin
waveform,

4.5.4 Arbitrary Waveform Generator

The arbitrary waveform generator creates the user-
defined waveform from data sicred in the internal



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 circuit, which stores digital data
representing the point-by-point amptitude value of
the arbitrary waveform.

3. The ARB OUT circuit, which converts the digital
amplitude data to an analog waveform.

4, The STATE MACHINE, which controls the actions
of the arbitrary waveform generator.

5. Other miscellaneous circuits, such as the
microprocessor readback data selector and the
ARB SYNC CUT amplifier.

A simplified functional block diagram of the arbitrary
waveform generator is shown in figure 4-23.
Waveform data from the microprocessor {via the data
registers) is loaded intc ARB RAM, and the desired
RAM starting address is loaded 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 OUT
circuit. {The RAM also stores some control signais.)
The RAM data is converted to an analog waveform by
the ARB OUT circuit, The STATE MACHINE controis
the actions of the arbitrary waveform generator,
primarily the counter LOAD and COUNT ENABLE
tines. Miscellaneous circuits setect data to be read
back to the microprocessor via the auxiliary board
status flag iine {J6 pin 20) and provide ARB SYNC OUT
signal for the front panel connector.

4.5.4.1 Phase Accumuiator

The phase accumulator circuit contains a clock selec-
tor circuit and a presettable binary counter. The
counter is loaded with the desired ARB BRAM starting
address, then is seqguenced by the selected clock
source to increment the address. Both the clock
selector circuit and the presettable counter are quite
stmilar to the trigger selector and presettable counter
in the burst counter circuit.

The clock select iogic uses an 8-input multiplexer,
U286, to setect one of three clock sources. U286 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. A binary address value of
000" selects the synthesizer cutput at pin 4. A value
of 001" selects the TRGOB output of the burst
counter trigger seiect 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 paraiiel. The
ouiput from pin 5 is applied to the phase accumulator
counter, the state machine counter and the state
machine trigger circuit.

The R3 cutput of the address decoder is selected for
clocking preload data inio the counter, sither for use
as a starting point in the count cycle or for loading the
ARB RAM address through the counter to the RAM for
loading RAM data. The TRGOB output cf the burst
counter trigger select logic is selected for clocking
the counter in the “single step’ mode. The SYNTH
output is selected for most other arbitrary waveform
modes.

Preset data is lpaded into the counier 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 CARRY output (pin 15} of
the preceeding counter stage. The pin 7 ENABLE
input of U28 through U30 are ail connected 1o 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 vaiues
representing the point-by-point amplitude of the
arpitrary waveform, and the parallel-fo-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-
ponenis {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, it is inserted in
the socket 8o that pin 1 of the RAM mates with pin 3 of
the socket and pin 24 of the BAM mates with socket
pin 26. Figure 4-24 shows the ARB RAM Pin Connec-
tions.

Note that when the smalier part is inserted 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 on the socket) is con-
nected io the WRITE ENABLE line of the chip (pin
21) The ES/EB/ET jumper on the circuit board
allows this socket pin to be connected to either
the RA11 RAM address line or the R15 control line
from the address decoder, The ES to £E6 connec-
tion of the jumper selects R15; the E6 to E7 con-
nection selects the RA11 address line, THIS
JUMPER MUST BE MOVED F THE OPTIONAL
LARGER RAM IS INSTALLED!

2. The second chip select line {CS2) on the socket
(pin 26} is connected to the pin 24 supply voltage
terminal (V) of the chip. This doesn'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 C82 socket pin (pin 26). Note that the
smaller chip requires only one CHIP SELECT
input,

4. Pin 27 on the socket (WRITE ENABLE) is not con-
nected. As previously mentioned, this controi ling

{R15) is supplied to the smailer chip via the E5 o
E6 jumper.
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Figure 4-24. ARB RAM Pin Connections

5. RAM address line RA12 at socket pin 2 is not con-
nected. The smaller RAM does not use address
lines KA1 and RA12.

The remainder of the BAM circuit description wil 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 BAM has cne 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 paraliel, while the data
poris remain separate.

V., power is applied to pins 28 and 26. The power is
appiied through a separate line from the
microprocesser board, and has battery back-up for
retaining the memory contents when the instrument is
turned off.

The ARB MEM EN line controis the CHiP SELECT
input of the two RAMs. This line is pulled low by the
open-drain switch in the PLL IC {U35) ic enable the
RAM. When the instrument is turned off, the line is

pulled high through R33 by the batltery back-up
voitage on the V. line.

The BAM EN line from the data registers is connected
to the RAM QUTPUT ENABLE inputs. A logic low on
this line ailows the RAM tc place daia on the data /O
lines. A logic high disables the RAM output {0 prevent
cenflicting 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 ouiputs are enabied,
data registers U31 and U32 are disabled (their cuiputs
are in a high-impedance state) by a logic high on the
LATCH EN line.

The RAM WRITE ENABLE is controlled by the Ri5 line
from the address decoder (U18 and U19). A momen-
tary logic low on this line causes the data applied to
the U0 ports to be written into the RAM at the |location
selected by the address lines.

The RAM address tines select a location for storage or.
retrieval of digital data. The location corresponds to
the binary value of the logic levels on the address
lines. RAD is the least significant bif, while BA12 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
setected clock source. During the data joading opera-
tion, each address is placed on the microprocessor
data bus, latched into data registers U14 and U15,
then clocked into the counter from the parallel load
inputs by a clock puise on the R3 line from address
decoder U18. During this loading operation, the phase
accumulator counter does not count.

The BAM data poris are bi-directicnal. The RAM
places data on the lines when the RAM EN line is low.
To read data into the RAM, the RAM cutput is disabled
by a high on the RAM EN line, data regisiers U31 and
32 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) line. U42 contains waveform data bits RDO
through RD7, while U43 stores waveform data bits
RD8 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. RDO 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 STOP 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 panel ARB SYNC
OUT connector via the ARB SYNC OUT amplifier, is
programmed by the operator at the last address
executed. The STCOP, STOP and TBPC bits control the
state machine clrcuit.

Shift registers U40, U41, U44 and U45 read the RAM
address and data values back 1o the microprocessor
in serial form. The registers are ioaded with address
and data information by a iogic tow cn the PARALLEL
LOAD input (pin 1), which is controlled by the F8 line
from the address decoder, Fach positive-going transi-
tion of the CLOCK input {pin 2, connected to the R7
line) shifts one bit of data out of the Q7 output {pin 9)
into 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 (U25).

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 OUT
cireuit are the Digital-to-Analog Converter (DAC) U4g,
curreni-te-voltage converter U39B, and the siew rate
switches (U47).

Digital-to-Analog Converter (DAC) U46 produces an
oulput current that is proportional to both the analog
reference input current and the binary value of the
digital input. The reference input current is apptied to
pin 14, which is heid at “'virtual ground’ by the inter-
nal reference amplifier. The reference current is

equal to the reference voltage (+ 15V in this circuit)
divided by the reference resistance {the series value
of R34 and R35). The digita! input is applied on data
tines 8DO0 through RD11. RDO Is the jeast significant
bit: RD11 is the most significant bit. Ouiput current
flows from pin 18 to the negative supply.

Maximum full-scale output current {with ail the digital
inputs turned “on”) is:

e = 4 X (V o/Re) X (4095/4096)

The non-inverting input of the reference amplifier
{pin 15} is grounded through resistor R36. 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 curreni-to-voliage converter. U398 is an inverting
amplifier with its inverting input at “virtuat 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 |4 in this figure) flows from
the virtual ground through the DAC to the negative
supply. This current is proportional to the binary vaiue
of the DAC digital inpui. A fixed current {l, in this
figure) flows from the + 15V supply through R37 and
RA8 to the virtual ground. The third current to or from
this point {shown as |5} is the current through feed-
back resistor R39.

+ 15y

bl QUTPUT VOLTAGE

- 15V é

Figure 4-25.

Simplified Schematic Diagram, Current-to-Voitage Converter
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To keep its inverting input at “virtual ground”’, U398
must adjust its output voltage to a value that will make
the sum of the currents flowing towarc¢ the virtual
ground egual to the sum of the currenis leaving the
point. At low values of DAC current |, is greater than
l;, the current through R39 flows away from the virtual
ground, and the amplifier output is negative. At high
values of DAC current 14 is greater than |, R39 cur-
rent flows toward virtual ground, and ampiifier output
is positive. When [ is equal to I,, 15 is zero and the
amplifier output voitage is zero.

Trimmer R37 allows a slight adjustment of the 1, cur-
rent 1o calibrate the negative peak of the arbitrary
waveform,

U47A through U47B are FET switches that conirol the
amount of filtering {and therefore the slew rate) of the
arbitrary waveform. A logic low on the FSLEW controi
line turns on U47A and U47B, placing 100 pF
capacitor C55 on the output Hine. A logic low on the
SSLEW line turns on U47D ang U47C, selecting a
larger value capaciior (C56, 0.1 uF) to give more filter-
ing and slower slew. When an arbitrary waveform
function is not selected, all the swiiches 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
accumulater LOAD and COUNT ENABLE lines. The
two major circuit groups within the state machine cir-
cuit are the state machine sequence contrel 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 accumutator ¢lock pulses. A
logic high on the RTS line is caused by a high on either
the LATCHED TRIGGER line or the STOP bit in the
ARB RAM. Note that these are logically CR 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/HOLD input. Diodes CR1 and CRZ prevent
the gate input from being puiled more than one dicde
drop above + 5V or below ground. B8 holds this point

at a logic low (one dicde drop below 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 freguency response at
waveform edges.

U2CA 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 {(LJ20A and U20B) and
a small value coupling capacitor (C47 and C58) io the
input of NAND gate U20C (also used as an inverter.)
The input of U20C is held at a dc level of + 2.5V by
voitage divider R44 and R45. This voitage is a TTL
logic high, just above the threshoid 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 logicat 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 signais are applied as inverted com-
plements LATCHED TRIGGER (from the trigger latch)
and STOP (from the ARB RAM). These complementary
signals are low 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
tatch circuit is enabled by a high on the TRIG INKIBIT
line. The next trigger pulse at the UZ1A ciock input
latches the high from the TRIG INHIBIT line through to
the UZ1A Q output, where it is applied to the U21B
data input. The next clock pulse from the phase accu-
mulator clock selecter tatches the high at the U21B
data input through to the U21B Q cutput, 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 U21A data
and clock inputs. The U21A Q output going low
applies a logic tow on the U21B data input. The next
U21B clock puise laiches the logic 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 ocutput goes high, releasing the
RESET input of U21A and aliowing 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 U20D 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 coupied to one
input of NAND gate U33D. 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 iogic low at this
point, which causes a positive pulse at the £330 out-
put if the SYNTH SYNC EN input is high. This positive
pulse is gated through U33B if the SYNTH EN line is
high, and inverted to cause a negative-going pulse on
the DIVIDER EN line. This momentary low clears ali
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 line 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 disabie
the divider to reduce noise in the continuous or exter-
naily triggered non-arbitrary modes.

4.5.4.4.2 State Machine Sequence Control Circuit

The state machine sequence control circuit contains
Read Only Memory (ROM) U24, which contains the
stored control commands; state counter U23, which
controls the least two significant ROM address lines;
muitiplexer U22, which selects the ENABLE source
for the state counter; and the branch enable gates,
U33A and U33C, which connect the burst counier out-
put (BCA) to one of the state counter preload inputs in
ihe gated and burst modes.

ROM U24 is controiled by five address lines. The
three most significant bits of the address are controll-
ed by mode select lines My through Mo, The ieast two
significant bits are controlled by the least signiticant
bits of the state counter (U23). The address lines
select a storage location within the ROM. At each
storage location are eight data bits which are placed
on the ROM output Hines. These lines are:

Pin 1, the ENABLE line to the phase accumulator
counter.

Pin 2, the LOAD line to the phase accumulator
counter,

Pin 3, the TRIG INHIBIT line to the state machine
trigger circuit.
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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 1o the
microprocessor via U25.

State counter U23 is a 4-bit binary presettable
counter, The least significant preset input is controlled
by the branch enable gates. All other preset inputs are
grounded. The counter is clocked by the output of the
phase accumulator ciock selector U26, and enabled
by the output of multiplexer U22. The counter TOAD
line is controlied by one of the U24 ROM ocutputs.
When the line is low, the counter is prevented from
counting, and wilt latch the preset data through to the
outputs on the leading edge of the next clock pulse.
The least two significant output bits control the two
jeast significant bits of ROM U24; the other two
counter outputs are not used. The counter may be
cleared by a tow on the STATE CLEAR line.

Multiplixer U22 selects one of 8 inputs 10 apply to the
state counter ENABLE line. The input selected is
determined by the binary value of the bits on the three
controi 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
will be referring to them freguently in the following
text and state diagrams. These are the Q output of
U21B (pin 9), which we will cail LATCHED TRIGGER,
and the output {pin 11) of NAND gate U20D, which we
wilt refer to as RTS. Tabie 4-2 lists the binary value of
the control fine bits, the name of the input selected,
and the conditicns which wiit enable the state counter
to count.

Operation of the state counter is expiained 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 refated 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 labeiled with the event that causes
the fransition. 1t should be remembered that except
for STATE CLEAR, each transition requires a clock
puise in addition to the specified event.

For each state, the figure also shows the binary value




Table 4-2. Selectable State Counter
Enable Inputs

Binary Value Conditions Under
of U22 Which State
Control U22 input Counter U23 is
inputs Selected Enabied to Count

G RTS When triggered or
when at end ot
arbitrary waveform.

1 STOP When at end of
arbitrary waveform.

2 TBPC When at programmed
waveform breakpoint,

3 + 5V Always,

4 Latiched When triggered.

Trigger

5 Ground Never.

8 Ground Never,

7 Ground Never.

of the ROM input, the binary vaiue 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 controi lines; the last two bits
from the staie counter. The ROM output bits are fac-
tory programmed at each address location to cause
the desired conirol 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 effectand it
doesn’'t matter whetheritisa 1" ora ’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 Singlie-Step (8) modes, a
000" on the mode control tines and "'00" from the
state counter gives a ROM input address of 'C0000"".
The information programmed in the ROM at this loca-
tion is a binary "“X00110117".

The first bit of the ROM output data is the HOLD read-
back iine to the microprocessor. The value of this bit
is not significant in the continucus or single-step
modes, as the microprocessor looks at the HOLD line
only in the RTS modes.

The next three bits select the logic line that enables
the staie machine counter. 'C01" selects the STOP
bit from the ARB RAM.

The {ifth bit controls 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 s not required. This prevents an externaily
applied signal from accidentally resetting the binary
divider in the synthesizer circuit via the DIVIDER EN
line.

The seventh bit places a ‘1" on the phase accu-
mulator counter LOAD line to prevent the next clock
pulse from lcading the counter.

The last bit of the ROM output piaces a 1" on the
phase accumulator counter ENABLE tine, {o enable
the counter to increment when clocked.

Thus, in state 0 of the continuous and single step

- rnodes, clock puises from the phase accumulator

clock setector (128} incremeant the phase accumuy-
lator counter, but the state counter is inhibited from
counting by the logic "'0" from the STOP output of the
ARB RAM.

The phase accumutatcr counter increments the ARB
RAM address to ¢reate the pregramrmed 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 results in 2 ROM input address of “00001".
The ROM data at this tocation is “"XXXX000X'.

The first ROM output bit (HOLD line} is still irrelevant
for the same reason as in state 0. The next three biis,
which select the source of the state counter ENABLE
signal 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 INEIBIT line, for the same reason as in the iast
state. Bit 7 places a '0’’ on the phase accumulator
LOAD line. The iast bit, which controls the phase
accumulator ENABLE line, has no effect, as the low
on the LOAD line automatically inhibits counting.

The prelead 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 puise will load this data {'0000"") into the
state counter and will afso load preset data S0-812 info
the phase accumulator counter. The state counter
has now returned to state 0.

In the gated and burst modes, the BRANCH EN line is
high, enabling 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. H the BCA line is iow, the counter
preload data is ‘00007, and the state machine returns

NEXT CLOCK PULSE

OCCURRENCE
OF 8T0P

NOT USED NOT USED
ROM input J:ooooo 00061
ROM Qutpr X0011011 XHOCKOCOX
HOLD Readback X = "Don't Care” X = Don't Care"
State Counter 001 = STOP XXX = Don't Care”
Enable Source
State Counter LOAD 1 = Don't Lead C = Load
TRIG INHIBIT 0 = inhibit 0 = Inhibit
Phase Acc. LOAD i = Don't Load 0 = Load
Phase Acc., COUNT 1 = Count X = “Don't Care"”

Figure 4-26. State Diagram for CONTINUQUS (0) and SINGLE STEP (8) Modes.

In state C of the Triggered {1}, Gated (2} and Burst (3)
modes the trigger circuit 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
puise will advance the counter to state 1. This clock
pulse 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
accumulator is enabled. The phase accumulator
counter increments the ARB RAM address untit the
STOP bit from the ARB RAM goes high. When this
occurs, the state counter is enabled and advances {o
state 2 at the next clock puise.

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

to state 0. The same clock pulse that ciocks the state
counter out of state 2 will also reload the phase accu-
mulator counter with the starting address of the
arbitrary waveform. If the state machine returns to
state 1, the programmed arbitrary waveform is
repeated. If the state counter returns to state O, it
waits for ancther 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
fine. As soon as the state counter is enabled, the next
clock pulse advances it to state 1 and the phase accu-
mulator counter is aliowed o increment the ARB RAM
address. The occurrence of a logic high on the Trigger
Break Point Control (TBPC) line from the ARB HAM
aliows the state counter {0 be ciocked to state 2,
which again inhibits the phase accumulaior counter
and enables the state counter LOAD line. The next




OCCURRENCE 3

NEXT CLOCK PULSE

[ OCCURRENCE

OF TRIGGER OF STOP
NOT USED

ROM input 00100 00101 06110
ROM Output X100110X X0011011 KHXAO1OX
HOLD Readback X = "Don't Care” X = Bon't Care” X = “Don't Care”
State Counter 100 = LATCHED 001 = §TOP XXX = "Don't Care™
Enable Sowce TRIGGER
State Counter LOAD t = [Don't Load 1t = Don't Load 0 = Load
TRIG INHIBIT 1 = No Inhibit 0 = Inhibit 1 = No Inhibit
Phase Acc. LOAD 0 = Lead 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 reloads the state counter with zeros,
which returns it to state 0 to await another trigger
pulse.

NCTE

The start and stop addresses are not used
by the segquence conirol circuit in this
mode. Each time the Wavetek 275 is trig-
gered the output waveform will run until a
break point occurs. The ARB memory
sequences through its full memory range
and then '‘wraps around’’ to the beginning
fo continue. Branching from one break
point to another can be accomplished by
changing from mode 10 (Triggered Arb with
Hold on Break Point) to mode 8 (Examine)
and immediately back to mode 10. This
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 wails in state 0 unti! the state counter

is enabled by a high on the LATCHED TRIGGER line,
The next clock pulse then icads the phase accu-
mulator counter and advances the state counter to
state 1. In state 1, the phase accumulator counter is
altowed to increment until the state counter is enabled
by a high ¢n the RTS line, The RTS signal is a logical
OR combination of the external signal at the RTS/
HOLD front panel connector OR the TRGOB output of
the U1 irigger selector in the burst counter clrcuit
{latched by U21) OR the STOP signa! from the ARB
RAM. Whichever signal occurs first will enable the
state counter to be clocked fo state 2, removing the
enable to the phase accumulater counter, In state 2
the state counter and the phase accumulator 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-
trol of RAM data lines RDC through RD11 to ramp the
arbitrary waveform back 1o 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 simiiar to the Triggered Arb with
Ramp-to-Start (4) mode, with the addition of a
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NEXT CLOCK PULSE

F QCCURRENCE
OF BREAK POINT

F GCCURRENCE
OF TRIGGER

NOT USED

NOTE: ARB memory sequences through full memory range, stopping only at programmed break points, then “wraps
around’’ to the beginning fo continue.

ROM Input 01000 01001 01010

ROM Output X1001110 X0101011 XAXXOC10

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 1 = Don't Load 1 =Don't Lead
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.

OCCURRENCE OF STATE CLEAR FROM PROCESSOR

b A . S o— ——"t .

OCCURRENCE |
OF TRIGGER

/ OCCURRENCE

NOT USED

ROM Input 01100 04101 01110

ROM Qutput G100110X Q0001111 11111010

HOLD Readback 0 = Not On Holg 0 = Not On Hold 1 = On Hold

State Counter 100 = LATCHED 000 = RTS 111 = Ground
Enable Source TRIGGER (Don't Ground)
State Counter LOAD 1 = Don’t Load 1 = Don't Load 1 = Don't Load
TRIG TNHIBIT 1 = No Inhibit 1 = No inhibit 0 = Inhibit

Phase Acc. LOAD 0 = Load i = Don't Load 1 =Don't Load
Phase Acc. COUNT X = "Don't Care” 1 = Count 0 =Don't Count

Figurse 4-28.

State Diagram for TRIGGERED ARB WITH RAMP-TO-START (4) Mode.




OCCURRENCE

OCCURRENCE OF STAYE CLEAR FROM PROCESSOR

OCCURRENCE

OCCURRENCE

OF TRIGGER OF ATS OF TRIGGER

ROM Input 10000 10001 10010 10011

ROM Ouiput 0100110X 00001111 01001110 11111010

HOLD Readback G = Not On Hold 0 = Not On Hoid 0 = Not On Hold 1 = On Hold

State Counter 100 = LATCHED 000 = RIS 100 = LATCHED 111 = Ground

Enable Scurce 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 INHRIT 1 = Ne Inhibit + = No Inhibit 1 = No Inhibit 0 = Inhibit

Phase Acc, LOAD ¢ = 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 cperation. in state 2
the phase accumulator counter is inhibited from
gither counting or lecading, and the LATCHED TRIG-
GER line is selected for enabling the siate counter,
When the LATCHED TRIGGER line goes high, the next
clock pulse advances the state counier to state 3, and
the microprocessor is signalied 1o begin the ramp-to-
start operation via a ‘1"’ on the HOLD readback line.

in state 0 of the Triggered Arb with Reset (8) mode,
ihe state machine holds the phase accumulator
counter LOAD line 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 ciock pulse will load the starting address of the
arbitrary waveform into the phase accumulator
ceunter 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 incremenis the ARB RAM address. A
iogic 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 puise. In state 2 the phase accu-
mulator counter is inhibited and the state counter

LOAD line is enabled, and the next clock pulse
relcads the state counter with zercs to return it to
state 0.

The Triggered Arb and Hold with Triggered Reset (7)
mode is similar to the Triggered Arb with Hold and
Triggered Ramp-to-Start (5) mode, except that in the
iast state (state 3), the LOAD line 1o the stale counter
is low, and the next clock puise will reload the
counter,

In state 0, the phase accumulator LOAD line is low,
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 puise
also reloads the phase accumulator counter.) In state
1 the phase accumutator counter is enabled, and the
state counter walts for a STOP or LATCHED TRIGGER
signat via the RTS line. A high on the RTS line allows
ihe state counter o be clocked to state 2. In state 2,
the phase accumulator counter is inhibited and the
siate 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 iine 1o the state counter is held low, and the
next clock pulse reloads the counter, returning the
state machine to state C.
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NEXT CLOCK PUH.SE

OCCURRENCE
OF TRIGGER

OCCURRENCE

NOT USED

ROM Input 10100 ! 16101 10110 I =¥
ROM Qutput X100110X Xoo01111 XXXX0110

HOLD Readback X = "Don't Care" X = "“Don't Care” X = “Don't Care”

State Counter 100 = LATCHED 000 = RTS XXX = "Don't Care”

Enabie Source TRIGGER

State Counter LOAD 1 = Don’t Load 4 = Don't Load 0 = Load

TRIG NHIBIT 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 = "Don't Gare” 1 = Count 0 = bon't Count

Figure 4-31. State Diagram for TRIGGERED ARB WITH RESET (6) Mode.

NEXT CLOCK PULSE

GCCURRENCE

OCCURRENCE

QCCURRENGE

OF TRIGGER

OF RTS

OF TRIGGER

ROM Input 11000 11001 11010 11011 -::J
ROM Qutput X100110X X0001111 X1001110 XXXX0010

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 Scurce TRIGGER TRIGGER Care”

State Counter LOAD 1 = Don't Load 1 = Don't Load 1 = Don't Load ¢ = Load

TRIG INHIBIT 1 = No Inhibit 1 = 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 4-32.

State Diagram for TRIGGERED ARB WITH TRIGGERED RESET (7} Mode.
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O O O O

NOT USED

NOT USED NOT USED

ROM Input 11100

ROM OQutput XAAXXO00X

HOLD Readback X = “Don't Care”

State Counter XXX = “Don't Care"

Enable Source

State Counter LOAD 0 = Load

TRIG INHIBIT ¢ = Inhibit

Phase Acc. LOAD 0 = Load

Phase Acc. COUNT X = "Don’t Care”

Figure 4-33. State Diagram for EXAMINE (8) Mode.

The Examine {9) mode uses only one state, state 0. in
this mode, logic lows on the LOAD Inputs inhibit both
the state counter and phase accumulator counter,
and the selected ARE RAM address is clocked
through the phase accumulator counter to the ARB
HAM. The microprocessor then reads back the ARB
RAM address and data in serial form through the
microprocessor readback data selector, U25.

4.5.4.5 Other Arbitrary Waveform Generator
Circuits

The remaining circuits within the arbitrary waveform
generator are the ARB SYNC OUT circuit and the
microprocessor readback data selector.

4.5.4.5.1 Microprocessor Readback Data Sslector

The microprocessor readback data selector, U25, is
an 8-input multipiexer that selects one of four data
inputs for application to the uP INFO line. The input
selected is determined by the binary value on control
fines DS2-DS0. Table 4-3 lists the control 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 OUT circuit amplifies the ARB SYNC
bit from the ARB RAM for application to the front
panel ARB SYNC OUT connector, The circuit is a 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 1o 6001,

Before suspecting this circuit of malfunction, verify
that an ARB SYNC pulse has been programmed
somewhere between the arbitrary waveform START
and STOP points. i the ARB SYNC pulse is
inadvertently programmed after the STOP peint, the
ARB SYNC QUT pulse will never occour.

4.5.5 Power Distribution

The +15V, — 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

600

HOLD

From state machine
ROM; in ramp-to-start
modes logic high signals
microprocessor 1o begin
ramp-to-start cperation.
Not significant in other
modes.

oo

DATA
SERIAL
ouT

Serial readback of ARB
RAM data and address
from shift registers in
ARB RAM circuit.

010

N/IC

No connection.

01

BCA

Logic 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 seiect
togic {LH).

100

JUMP

Connected to E6 of the
wmper terminals in the
ARB RAM circuit; informs
the microprocessor
whether the standard or
optional larger RAM is in-
stalled.

10

N/C

No connection,

110

N/IC

No connection.

111

N/C

No connection.

bead inductors FB1-F83 and capacitors C1-C3. Addi-
tional filtering is provided by small value bypass
capacitors at various locations on the beard,

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 autornatically switched
over to the backup battery on the microprocessor
board when the instrument is furned off.
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51 FACTORY REPAIR

Wavetek maintains a Customer Service department. i
an instrument is returned ic Wavetek for repair or
calibration, a detailed description of the specific prob-
lem should be attached to minimize turn around time.

SECTION
CALIBRATION

5.2 CALIBRATION

Table 5-1 lists the equipment required to perform the
calibration procedures in table 5-2

The setup for each calibration step and a displayed
operaior cue are contained within the firmware.

Table 5-1. Calibration Test Equipment

Instrument

Suggested Model

Comment

Digitat Voitmeter Fluke BOS0CA

DC accuracy: 0.01%
AC accuracy (true rms). 0.2%

Distortion Analyzer

Frequency Counter

Frequency range: 5 Hz to 100 kHz
Distortion measurement: 0.1 10 100%

Frequency range: 0.5 Hz to 13 Miz
Frequency accuracy: =1 ppm

Oscilloscone
Main frame
Plug-in
Vertical Amplifier

Tektronix 7804

Tektronix TAZB

Duai Time Base Takironix 7B53A

Bandwidth: dc to 500 MHz

Bandwidth: dc to 200 Mtz
Sensitivity: 5 mV to 5V/idiv
input impedance: 1 M{
Timeldiv. 5 nsto 5 s

Sampier Tektronix 7514 Bandwidth: dec to 1 GHz
Terminations Tektronix G11-0129-00 500 = 0.1%, 2W
Tektronix G11-0049-01 500 = 2.0%, 2W
Allenuator Tektronix G11-0058-02 10X, 508, 2W
Coax Cable Tektronix 012-0057-01 504, 3 fi length

Amplitude and Offset calibration requires a 50 £ 0.050 termination. If a precision termination is not avatiable, a
correction factor {K) can be derived, which can be used 1o 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, muitiply the measure-
ment by K, which shouid equal the vaiue frem 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. Calibration
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 environ-
ment. Use six months as an initial calibration period.
possible keep records of the parameter values and modify
the time between calibration if the records indicate,

NOTE

The completion of the calibration procedure
returns the instrument to correct alignment.

CALIBRATION LIMITS AND
TOLERANCES ARE NOT
INSTRUMENT SPECIFICATIONS

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

Before beginning the calibration procedure, verify
the correct placement of the following jumpers

Table 5-2.

located on the function generator board (ref: figure 5-2).

VCG Jumper E9to E10
Trig In Jumper E13toE14

To gain access to the Microprocessor/Power Supply
board (steps 1 to 3), remove the botiom cover (2 screws).

To gain access to the Function Generator (steps 4 to 28)
and Arbitrary Waveform Generator boards (steps 2% 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
acdjustments(the Arbitrary Waveform 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 etc) also can be incre-
mented and executed by using the cursor control
(ref: paragraph 3.4.1.3).

3. When using the Function Quiput BNC, it must be
terminated with a 50Q termination.

Calibration Procedure

NOTE: QOpen column indicates previous entry remains applicable

Step Check Tester Cal Point

Program | Adjust; Desired Results

Remarks

NOTE: Steps 1 through 3 are power supply adjustments (see figure 5-1).

1 1+ 15V SUPP, R39 [DVM (dc mode)

J3-1, TPZ (GND) (RCL 1001} R38 i+15

002 Vde

H

2 |~ 15V SUPP, R47

J3-5 TP2 (GND) |RCL 1002 R47 {—~15 + .002 Vdc

3 | —10.24V REF, R16 TP1, TP2 (GND)

RCL 1003| Ri16 |—10.24 = 002

Vde

NOTE: Steps 4 through 28 are function generator adjustments {see figure 5-2)

4 INODE BAL, Reg DvM (dc mode) J23-G, TP1 {GND) RCL 1004 R99 10 + 1.0 Vdo

5 | TR! BALANCE, R60 J23-7, TP1 (GND)|RCL 10051 R60 |0 + 002 Vde

8 |VCG ZERO, R11 VCG N BNC RCL 10068 R11 10 x 001 Vde
{Front Panef}

7 |HI SYMM, R23 Oscilloscope FUNC OUT RCL 1007] RP23 [50% Duty Cycle
(terminate with +0.5 p8
500)

8 |LO SYMM, R15

RCL 1008! R1b |50% Duty Cycle

+0.5 us

9 |LO FREG, Ri2 Frequency Counter

RCL 1009 R12 110 = 1 Hz

10 { HI FREQ, R8

5-2

RCL 1010} R8 {999 %1.0Hz

Steps 9 and 10 interact; repeat
if necessary.




Table 5-2. Calibration Procedure {Continued)

Step Check Tester Cal Point Program Adjust] Desired Resuits Remarks
111 MHz, C43 Freguency Counter| FUNC GUT BCL 1011 C43 |1 % 001 MHz After making the initial adjust-
(terminate with ments in steps 11 and 12, record
12 [ 9.99 MHz, R45 504 RCL 1012] R45 |9.99 = .01 MHz | the frequency in each step. Place
the arbitrary waveform generator
board in the ¢perating positicn.
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.
131 100 kHz, G458 RCL 1013( C45 |100 £ 1 kHz
14 § 889 kHz, R46 RCL 1014 R46 (898 x 1 kMz Steps 13 and 14 interact; repeat if
necessary.
15 | 10 Hz SYM, B117 [Oscilioscope RCL 1015] R117 | Symmetry
50% = 1%
16 | 0.999 Hz, R105 Frequency Counter RCL 1016 B105].999 % 001 Mz
17 | 98.9 Hz, R112 RCL1017| R112(99.9 = 1 Hz
18 | SINE DIST Distortion Analyzer RCL 1018 R142| <.3% Adiust for minimum distortion.
Ri54
R157
R255
18 | MULT BAL, R241 {Oscilescope RCL 1019| R2411 <.070 Vp-p Adjust for minimum ampliiuce
varialion. Steps 18 and 19 inler-
act; repeat if necessary.
20 | OFFSET 0, R237 i DVM (d¢ mode) FUNC OUT RBCL 1020] R237|0 = .005 Vdc
(terminate with
21| OFFSET +5, R208 1% 500 load) RCL 1021} R208|5 = 005 Vde
22 1 HI AMPL, R242 DVM (ac mode) RCL 1022 R24213.536 = .01 Vac
231 LO AMPL, R251 RCL 1023 R251| 357 & 002 Vac
24 | TRI AMPL, R148 RCL 1024| Rt48|2.887 + .003 Vac
25 | SOR LOWER, R158{DVM (dc mode} RCL 1025 R168) —5 = .005 Vdo
26 | SQR UPPER, R164 RCL 1026: R16415 = 005 Vdc
27 | ATTEN ADJ, R295 RCL 10271 R295].500 £ .001 Vdc
28 | WAVEFORM Oscilloscope with | FUNC OUT ACL 1028] C97 | Aberrations
Ca7, 122, Rus Sampter Plug In (terminate with C1221 =3.3% = 40mV
X10, 500 RO6 | Rise/Fall
attenuator) <145 ns
NOTE: Steps 29 and 30 are arbitrary waveiform generator adjustments (See figure 5-3).
29 | ARB — PEAK DVM {dc mode; FUNC OUT RCL 1029} R37 | —5.000 Vdc
Adjusiment {terminate with +.005 Vde
500)
30 | ARB +PEAK RCL 1030] R34 | +5.000 Vde
Adjustment +.005 Vdo
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SECTION
TROUBLESHOOTING

6.1 FACTORY REPAIR
Wavetek mainiains a factory repair depariment for

Table §-1. Symptoms

Tahle 6.2
those customers not possessing the necessary per- Symptom Step
sonnel or test equipment tc 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
lem shouid be attached to minimize turnarcund time. power up 5

“BATTERY LOW" displayed 3
6.2 BEFORE YOU START
Keyboard has no effect 4
Since no troubteshooting guide can possibly cover all Cannot recall stored settin 5
the potential problems, the aim of this guide is to give storec setlings
a methodology which, if applied consistantly, will lead Won't work on GPIB 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 iUt or incorrect outout at FUNG
description in conjunction with the schematic. Suc- OOT;J?Q(U Sr chr)})rec ouiput a 8
cessful troubleshooting depends upon understanding output o
the circuit operation within sach functional block as No output or incorrect frequency 8.1
well as the block reiationships. High frequency incorrect, sine distor-
tion excessive at low frequencies,
6.3 TROUBLESHOOTING or no output 8.2
Table 8-1 gives an index of common symptoms. For Sine distortion excessive, no cutput,
each symptom a troubleshoocting step is referenced or no sync output 8.3
that will aid in the solution of the problem, Individual No output or frequency incorrect
component troubleshooting is given in paragraph 6.4 below 100 Hz 8.4
recommended test equipment is given in paragraph . . . . .
5.2 and circuit schematics are in the back of this Excessive sine dlsforttlon. amplitude 8.5
rmanual. errorg, or no outpu .
In ali proplems: Offset errors or no output 8.6
1. Double check for proper parameter settings. Output ofiset or no output 87
2. Verify pawer supplies are in specification. No triangle out 9
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 H
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
verifying the referenced step is okay, proceed fo the Monitor key inoperative 15
liowi tess directed otherwise.
f:;w";g:tep ‘,Jg Ii ted . ! oy, NoARBSYNG output 16
able 6-3 provides voliages and waveforms for cir- , , )
cuits on the Function Generator Board. These 0 S/HOLD input inoperative 7
6-1



measurements were made with the default instrument
parameters automatically selected at power-on or
after pressing the BESET key, except that the output
is turned on (OUT 1).

Tables 6-4 through 6-8 are truth tables of the logic
states for the lines controlling frequency ranges, out-
put relays, waveform functions, trigger modes and
frigger slope.

6.4 TROUBLESHOOCTING INDIVIDUAL
COMPONENTS

6.4.1 Transistor

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

2. Atransistor when used as a swiich may have a
few volts reverse bias voltage across base emit-
ter junction.

3. it the collector and emitter voltages are the
same, but the base emitter voitage is less than
500mV forward voitage (or reversed bias), the
transitor is defective.

4. A transistor, when used as a linear ampilifier, is
defective if its base current is larger than 10%
of its emitter current (calculate currenis from
voltage across the base and emitier 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 emitter
junction shouid 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 shouid be the same voltage as the " +”
input voltage, otherwise, the operational
ampiifier is detective.

3. I the oulput voitage 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. No gate current should be drawn by the gate ofa
FET transistor. If so, the transistor is defective.

2. The gate-to-source voltage for a junction FET
(JFET) is always reverse biased under a normal
operating condition; e.g., the source voltage 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 s defective,

6.4.5 Capacitor

1. Shorted capacitors have zero volts across their
terminals.

2. Opened capacitor can be located (but not
atways) by using a good capacitor connected in
parallel with the capacitor under test and
observing the resulting effect.

6.4.6 Digital TTL IC’s (e.g. 7400 Series)

1. The device is cperating correctiy if the output
high state is > + 2.4V and low state is < +0.5V.

2. The input must show the same two leveis 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./Sheet/
Step Sympiom Check Paragraph Major Components Location) Remarks
1.1 Display does not AC Power - e
Light a, Power Source e e
b. Power Cord - —_
¢. Power Fuse — Rear panel
d. Power Selection — Rear panel
e Power Swiich — inside rear panel




Tabie 8-2. Troubleshooting (Continued)

Circuit Schematic
Description (No./Sheet/
Step Sympiom Check Paragraph Major Components Logation) Remarks
1.2 DC Power
a. + 45V supply 42872 VR4, CR15-16, 060,63 1094/3/A4-7
b. + 5V supply 4,261 VR3, CR13-14, 56,59 1084/3/84-7
c. =15V supply 4,263 VR1-2, CR7-12, U286, 1094/3/D3-7
C48.50,63,55
1.3 Dispiay
a. Supply Voliages 431 J11 082111ICT
b. Fitament Driver Ug, CR3-4, C14-18 0921/11C3
c. Segment and Digit U1-5, CR1-2 0921/11C4-7
Drivers
d. Flucrescent Display V1 092111/C1-2
2 Does not display Microprocessor section
"WAVETEK 275" a. Reset Circuit 423 3,27, CR1-2, 18-19 109411C7, 2/A3 if okay return
at power-up b. E-clock 4211 U3, 6, 13,25 10941106 o step 1
c. Address Strobe {AS) 4211 U3, 4 1084/1/D86
d. Address/Data Bus (AD) 4211 U3,4-6,8-12 1094/1/C6
a. Address Bus (ADR} 4212 U3-4,6,9-15 28 1094/1/CH
{. Microprocessor 427 Ug-10 —
Software
3 “BATTERY LOW" Battery Backup 423
displayed a. Battery below 2.4V BT1,CR4, 5 1094/1/A3 It okay return
b, Battery Test Circult uz27, CRé 1004/2/A3 o step 2
4 Keyboard has no Keyboard
affect a. o key 4372 Keyhoard Front panel If okay return
b. LCL key 432 Keyboard Front pana! to step 2
¢. Keyboard 432 Keyboard 0921/1/B4
d. Keyboard decoder 432 Us,7 0921/1/A3-6
B Cannot recall Stored Settings 423
stored settings a. Battery backup a271, u12 1094/1/A3-4 it ckay return
b. Reset Ug7, CR18,19 1094/2/A3 to step 2
8 Won't work on GRIg
GPIB a. Address switch 4218 SW1, Us 1094/1/C5 If okay return
b. Remote indicator 4.2.2 Us-8 1084/1/C3 {ostep 2
¢. Command recall 422 Uus-8 1094/1/C3
7 Keyboard wili not L.ocal Lockput
work with unit on a, Verify remote indicator LCL key Front pane! if okay return {o
GPiB {R} not displayed step 6
b. Verify local lockout GTL command GPIB
not set
a Ng or incorrect Test Connector: See RESET instru-
output at FUNC Remarks ment, with output
QOUT (output on) on, if bad refer o
a.J28 pin 11 VCGTST = 1101/3/81 step 8.1
0.0x0.1 Vde
b. J23 pin 9 DCCOMP = 110143/81 step 8.2
0.0£5.0 Vde
¢, J23 pin 7 TRITST = 1101/3/81 step 8.3
0.0+0.1 Vde
d. J23 pin 13 AMPLDC = 1101/3/B1 step 8.5
50+0.2 Vdc
e.J23 pin 1 PATEST = 1101/3/B1 step 8.6
0.0+ 0.1 Vde It okay go fo step

87
6-3



Table 6-2. Troubleshooting {(Continued)

Circuit Schematic
Description (No.ISheet/
Step Symptom Check Paragraph Major Components Lacation) Remarks
8.1 No output or incor- | VCG
rect frequency a. SHO (FRG input) 42573 u1s5-19, C28 1094/2/C2
b. VCG Amp & Compensa- 441 U1-2, CR1-2 1101/11C4
tion
¢, Curent Sources 4.4 Uz2-3, Qt, CR4-6 11011iC4
8.2 High frequency Frequency Cempensation
incorrect, sine a. DC Amplifier 4,45 u7-8, C17.58 NOW2C8
distortion excessive b. High Frequency Comp 4.4.5 U1, U7-8, Q2-3, CR15-16 | 1101/2/C6
at low frequencies
ar no cutput,
83 Sine distortion Main Generator
excessive, no out- a. Current Switch 4.42 Q4.5 CR17-20 1101/2/D4
put, or NG sync b. Switch Butter 442 Q6-7, CR21-23 1101/21C4
outpld c. Comparator 4.4.2 Q8-12, CR24-31 1101/2/C3
d. Square Buffer 4.4.2 Q13-14, CR32-34 1101/2/C2
e, Triangle Buffer 442 Q15-17, CRG66 101/2/CH
f. Frequency Range 4.4.3 Q18.21, CH35-43, 1101/2/B2-4
Switches C43-47, 50, 52, 54
g. Sync Driver 4.4.6 Q26-27; CRE2-53 1101/3/C3-D3
8.4 Ne cutput, or fre- Capacitance Muitiplier 4.4.4 U8-11, C4G 1101/2/A6-7
guency incorrect
below 100 Hz
8.5 Excessive sine Ampiitude Contro
distortion and a. SH1 (AMP) 4.253 Li15-19, C32 1094/2/C2
amplitude errors, b. Sine Converter 448 Uit-12, Q22-23, R145 1101/3/C4-6
ot not output ¢, XY Muitiptier 4.4.9 LU17-19, CR59-62 1101/4/A5-8
8.8 Oftset Errors or no | Preamplifier 4,410 uis5, Q28-28, CR54 1101/4/C5-7
output
8.7 Cutput offset or no 1 Cutput
output a. SH2 (OST) 4253 {115-18,20, C36 1094/2/1C2
b, Offset 449 L7 110174185
c. Gutput Amptifier 4411 U186, Q30-37, CR55-58 1101/4/C15
d. Fuse and Fuse Sense 44322 u20, F1 1101/4/81-2
e. Overvoltage Sense 44121 U20, CRE3-65 1101/4/B4
f. Quiput Attenuator 44123 Q38-41, K1-3 1101/4/81-2
g No triangle out Triangle Level 4.4.8 12, Qz4-25 1101/3/B5-6 If okay return to
step 8.3
10 No saguare out Sguare
a. Square Logic 448 U13-14 1191/3/B5-6 If okay return to
b. Sguare Shaper 448 U112, CR45-51 1101/3/A3-4 step 8.3d
11 Trigger or gated Trigger Circuit
mode efror a. SH2 (TRL) 4253 U15-18,20, C40 1094/2/82-3 If okay return to
b, Trigger Level Amgplifier 4.4 Uz 1101/1/86 step 8.1¢
¢. Trigger Comparator 447 U4, CR9-11 11011/B5
d. Mode Logic 4.4.7 Us-6, CR7-8,12-14 1101/1/84



Table 6-2.

Troubleshooting (Continued)

Circuit Schematic
Descrigtion {(No./Sheet/
Step Symptom Check Paragraph Major Components Location) Remarks
12 No burst or Burst Counter
incorrect burst a. Auxiliary Buffers 4243 U28-39 1094/2/B6-7
count b. Auxiliary Conneciors cables connectors
c. TRIG IN Jumpers 447 E13-E14 11011744
d. Program Decode 451 u1g, U19 1079/2/C7
e. Program Registers 4.5.1 U3-U5 1078M1/B5
. Burst Mode Logic 452 Uiz, U8 1079/1/82
g. Preset Counter 452 Uz 1079/11A4
h. Burst Clock Select 4572 uz 1076M1/D6
i. Burst Trigger Select 4572 Ut 1078M/1C7
13 Internal Trigger internal Synthesizer
does not function a. VCO (synthesizen) 453 u3ss 1079/3/C3
or is inaccurate Quiput
b. PLL Chip 453 U35 1079/3/D5
c. Loop Filter 453 U37A 1070/3/1D4
d. Level Translator 453 U378 1079/3/D3
e. Binary Divider 453 1J36 1079/3/1C5
f. SYNTH Data Latch 4.5.1 Usz4 10791305
Trigger Select Logic
a. TRIG Select Swiich 452 U1 1079/1IC7
b. Logic Register 4.51 U5 10791IAS
¢. Logic Register 4.5.4 U186 1079/2/C5
14 No Arbitrary internal Synthesizer 453 U34-U3s 1079/3/C4 Check internal
Function Qutput trigger operation.
Seqguence Control Logic 4544 U21-25 1079/2/B4
Mode Control Register 451 U6 1079/2/C5
¢ Accumulator 4541 U2e.U3c 1079/2/D2
ARB RAM 4542 U4z, U43 1076/3/B7
ARB DAC 4543 U4s, U39 1079/3/B3
ARB Function Selector 4543 u47 1079/3/82
Switch
15 Monitor Key uPROC Data Selector 4.54.51 uzs, Uty 1079/2/B3
Inoperative Data Serial Registers 4542 U49, U4a1, U44, U4B 1079/3/87
Data Strobes 451 U18, Uig 107921CT
18 No ARB SYNC ARB Address Programming o — ~— ARB address
Qutput must be pro-
grammed
between the start
and siop
addresses.
ARB SYNC QUT Buffer 454572 U3gA, Q1 1079/3D2
ARB RAM 4542 u43 1079/3/A7

6-5



Table 6-2.

Troubleshooting (Coniinued)

Circult Schematic
Dascription {No./Shest/
Step Symptom Check Paragraph Major Componenis Location) Remarks
17 RTSHOLD input Mode Programming — — — Must be in an
tnoperative RTS mode for the
RTS/HOLD input
to function.
HTS tnput Buffer 454441 U20A, C 1079/2/B6
External Input Sequence 45441 U21A, B 1079/2/1B5
Latch
State Machine 454472 uz22-24 1079/2/A4
Table 6-3. Function Generator Board Voltages (Reset Condition)
Circuit Control Voltages Circuit Voltages
VCG and trigger OVR = TTL high (J9-18) TLO = + 1.5V (U2-T)
level FR& = TTL high (J8-10) THC = + 1.2V (U39
FRQ = 1.00V (J9-1) VCV = — 0.4V (E10)
TRL = 4+ 4.25V {J9-4) VCGTST = 0.00 Vdc {(J23-11}
Frequency FR7 = TTL high (J8-12) DC COMP = 05V (U7-14)
compensation FR6 = TTL high (J9-11)
FR5 = TTL high {J8-10}
DCA = TTL low (J8-18)
+
Generator , +1.0v
toop Tri Buffer ! ami
out /\/ {Q16-emitter}
LV -1.0v
: +2.0V
Switch Buffer {CR25-cathode)
Qut
i i - 20V
1 ]
' +1.0V
Hysteresis (Q9-base)
Qut
- 1.0V
; + 5.0V
sQ8 {R93)
0.0
TRITST = 0.00 (J23-7
DC COMP = 0 x5V (J23-9}




Table 6-3. Function Generator Board Voltages (Reset Condition) {Continued)

Circuit Control Voltages Circuit Voltages
Frequency FR3 = TTL high (J9-8)
range FR4 = TTL low {J9-9)
_F_E_E} = TTL high {J2-10)
FR6 = TTL high (J9-11)
Capacitance FRO = TTL high (U10-9) .
multiplier FR1 = TTL high (U10-8) , £ 1.0V
FRZ = TTL low (U10-1) me NS
CPM = TTL high (U10-16) -1V

Trigger circuit

+ 7R = TTL high (J8-22)

TLO = +1.5V {R29)

~TR = TTL low (J9-21) THC = + 1.2V (CR14-cathode)

MCO = TTL low (J9-16) ‘ +5.OV

MC1 = TTL low (J9-17) SQB = 0.0y Y54
Function select SQR = TTL low (U14-1)

SOR = TTL low (U14-10)

PLS = TTL low (U14-2)
PLS = TTL low (U14-5)
EXW = TTL low (U13-12)
SIN = TTL low (R141)

TRI = TTL high (R149)
RCT = TTL high (R170)

i’ + 1.0V
TRB N (R139/140)
% - 10V

XY muttiplier OST = +5.00V (R235)
and offset Amp out = 0.0 Vdc (U17-8)
AMP = 4500V (R266)
AMPLOC = + 500V (J23-13)
Preampiifier : +0.75
Preamp ouiW CR54-anode)
: -0.75
PATEST = 0.0 Vdc (J23-1)
= 0. Rz207
Output Off amp out = .0 Vde (R207)
amplifier

: +0.75

s

:

Preamp out {R20%}

~0.75
PATEST = 0.0 Vdc (J23-1)
4

+ 5.0V

Cut amp out M (R231/232)

- 5.0V



Table 6-3.

Function Generator Board Voltages (Reset Condition) (Continued)

Circuit

Control Voltages

Circuit Voltages

Cutput
protection

FUB
OAP
0AQ
0A2

I

TTL low (J9-34)
TTL low {J9-33)
TTL fow {J9-13)
TTL low (J9-15)

i n

Fuse sense
input

i

m (=1

+ 50V

-~ 5.0V
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Table 6.4, Frequency Truth Table

Frequency
Range

& v 108 100 1 1L (O | i | B (L
REREERREEEE
[T TR (TR T TR ST (T HT [} (@] [ ]

10.0~99.9 mHz
100 - 999 mHz
1.00-9.99 Hz
10.0-99.9 Hz
100 —999 Hz
1.00-9.99 kHz
10.0 -~ 99.9 kHz
100 — 999 kHz
1.00-9.99 MHz
10.0-12.0 MHz

e ek ok aeh ok =2 e (3 et
T T O s SN S
OO0 o0 0 00O - =
- s a0 = OO O
_\.__L._me—L....L—AM——I-

N S s T e T

o o T T

o T e T e e

i e ek e O OO
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1
1
1
1
1
i
1
1
1
0

Table 6-5. OQutput Relay Truth Table

B O v

. << <

Condition Q0G0

Ampl + |Ofstl = 1.00V, Output On 101
Ampl + |Ofst] = 1.00V, Output On 110
Qutput Off, Hi Z (~539 k) 001
Qutput Off, Lo Z {~55.690) 010




Table 8-6. Function Truth Table

e | B O
Function I% g;gglg 2 E ;
Sine 01100000 Y
Triangle 1010060C00 at
Square 11010000 U
Sqr Comp 11001000 g
De 11100000 =
Ext Width 11000001

Table 6.7. Mode Truth Table

Cont
Trig

o O
Mode = =
0 0
1 0
Gaie 1 1

(includes Burst Mode)

Table 6-8. Trigger Truth Table

o o

. = -
Trigger + |
+ (Rising) 1 0 _-E-"
- (Falling} 0 13
Man Trig 1







SECTION I

PARTS AND SCHEMATICS

7.1 DRAWINGS inserted inside the shipping carton with this manual, If
The following assembly drawings, parts lists and no such pages exist, the manual is correct as printed.

schematics are in the arrangement shown below.

7.3 ORDERING PARTS
7.2 ERRATA When ordering spare parts, please specify part number,
Under Wavetek’s product improvement program, the circuit reference, board, serial number of unit, and, if
latest electronic designs and circuits are incorporated applicable, the function performed.

into each Wavetek instrument as quickly as development
and testing permii. Because of the time needed to com-
pose andprint instruction manuals, it is not always possi-
bie to include the most recent changes in the initial
printing. Whenever this occurs, errata pages are
prepared to summarize the changes made and are

Instrument Schematic
instrument Parig List

Chassis Assembly
Chassis Paris Lists

Front Panel Assembly
Front Panel Parts List

Dispiay Schematic
Display Assembtly
Dispiay Parts Lisi

Function Generator Schematic
Function Generator Assembly
Function Generator Paris 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

NOTE

An assembly drawing number is not
necessarily the assembly part number.
However, the assembly parts list number is
the assembly part number.

0004-00-0203
1000-00-0203

0102-00-1659
1101-00-1659

0102-00-1003
1101-00-1103

0103-00-0021
1100-00-0921
1100-00-0921

G103-00-1101
1100-00-1101
1100-00-1101

G1G8-00-2202
1100-00-2202
1100-00-2202
1109-00-0024

0103-00-1079
1100-00-1079
1100-00-1G79




7-2

Rear Panel Assembly
Rear Panel Parts List

Rack Adapter Assembly and Parts List
Dual Rack Mount Assembly and Parts List
Rack Slide Assembty and Parts List
Option 002 Schematic and Parts List

Option 004 Arb Extended Memory

0102-00-0924
1101-00-1170

0102-00-1043
0102-00-1041
0102-00-1042
0103-00-1010

1006-00-0208
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APPENDIX A
AMERICAN STANDARD CODE FOR INFORMATION INTERCHANGE (ASCIil)

b7

B;Ts

IMSG = INTERFACE MESSAGE

%51 = DIOT ...07 = DIO7
SREQUIRES SECONDARY COMMAND

*DENSE SUBSET (COLUMN 2 THROUGH 5)

DC4
BC1
NAK
EM

CaN

SOH
EQT
ENQ
BS
HT

it

[T

Wy

DCL
LLO
PPy
SPD
SPE

GTL
sDC

GET
TCT

Device clear

Local lockout

Paraliet poll unconfigure
Serial poll disable
Serial poll enable

Go to iocal

Selected device clear
Parallel poil configure
Group execute trigger
Take controi

o i 8 ] 1 i 1
3 0. |Msc MSG | "1, | MSG | 1, 0, [MSG | '0, |MSG | 1 IMSG | 1. |MSG
balb3lbz|b1 | cotuma 8 7
‘ ; ﬂ{' m—rw g 2 3 4 5
clofofol o inuL SpP 0 @ ; P ] \ 4 D [
clolof1l 1 isoH | GTL Lo ¢ 1 A Q a q
olo]itol 2 [srx K 2 8 R b . ' W
ofol1]1] 3 JETX # 3 C S c a1s 18
" w w b o O]
of1]olol 4 leor|spc DCL § § O |4 g}g D O T s)g 4 o t o
oltlol1[ 5 [ena ] prc? PPU | % g 5 | @ JE o Ju j@fe o lu E)--
oitftol & JAacK & o 6 o £ o3V o t nolv >
o1l 7 |BEL - a 7 o G o | w o loe o [w a_
Tlotolo] 8 {85 | GET SPE 1 ( LTy 27T R 27T x Z b n z | «x =
tlolojst o T HT |TCT SPD | ) = 18 5 | = | v = i ooy w
h 175 w [43] ] Q O —
o]0} 10 LF * < . < J £ Z < i 1) z gm
pfoft[a] 11 ] + <5 b 5 | x 1 = 2t S
s = = =2 E | <
1f1]olol 12 | FF < L \ | < 4 5
1itlel1] 13 | cr . = M ] m = | ?
1]1f1fo] 14 [se . > N A n ~ ¥
TE1 1) 15 S / ] 7 O ] L JUNT Y o f | DEL
\ /
V \4
ADDRESSED UNIVERSAL 47 LISTEN TALK
COMMAND COMMAND ADDRESS ADDRESS
GROUP GROUP GROUP GROUP
(ACG) (3lelt)) LAG) (TAG)
V N
PRIMARY COMMAND GROUP (PCG) SECONDARY
COMMAND
GROUP
(SCE)

Universal Command Group

Addressed Command Group






APPENDIX B

PROGRAMMING COMMAND SUMMARY
(Excluding GPIB Command Groups Given in Appendix A).

Control and Data Model 275 ASCIl
Names Key Character {GPIB)

Change Sign A+ - -
Decimai Point . ®
0,1.2,...9 0,4,2,...9 01,2, ..
Ampiitude AMPL A
Mode MODE B
Function FUNC C
Offset OFSY D
Exponent EXP E
Frequency FREQ CLK F
External/internal Trigger EXT G
Manual Trigger Released {Gate Off) MAN (Released) H
Execute EXEC I
Manual Trigger Pushed MAN (Pressed) J
Arb Address ADB ADHS K
Arb Data ARB DATA L
Store Setting STOR M
Output On/Off ON P
Trigger Slope SLP Q
Burst BRST R
Arb Clock Period FREQ CLK 8
tnternat Trigger Rate RATE T
Recall Setting RCL Y
Reset RST Z
Start Address STRT 8TOP X8
Percent Frequency - XF
Get Mode - XG
Stop Address STRT STOP XH
Auto-line AUTO LINE XK
Trigger Level LVL XL
SRQ Mode - XQ
Talk Mode : - XT
Recall Next Lesser Numbered Program S XU
Terminator —_— XV
Recall Next Greater Nurmber Program - W
Ark Monitor ARB MNTR —
Cursor 4, —, —~ ——
Clear Entry CLR R
Beep On/Off o I
Status Display STAT —
Service Reguest SRQ —
GPIB Address GPIB ADRS -
Command Recall CMD RCL ———
Return to Local LCL -

B-1



Function (C) Code

APPENDIX B (Cont)

Output On/Ofi (P) Code

~N MU WN 2O

Main Generator Mode (B} Code

Sine
Triangie
Square

Square Complement

DC

External Width

Arbitrary

Fiitered Arbitrary

O B WD - O

jes RN co R v NN )]

Continuous
Triggered
(Gated
Burst

Triggered Arb with Ramp-to-Start
Triggers Arb and Hold with Triggered Ramp-to-

Siart

Triggered Arb with Reset

Triggered Arb and Hoid with Triggered Reset

Single Step

Examine

Triggered Arb with Hold on Break Point

0 Qutput Off, HI Z
1 Output On
2 Output Off, LO Z

Trigger Siope (Q) Code

0 Positive Edge
-1 Negative Edge

GET Mode (XG) Codes

NOTE: 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).

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: Binaryl = Selected, Binary 0 =
Not Selected.

XQ1 is the SRQ power-up mode. (The rsv bit is always
asserted selected or not.)

Tabie B-1
Serial Poll Response Byte
Bit 128 64 32 16 8 4 2 1
Weight (MSB}) (LSB)
Bit Meaning SRQ rsv Ramp to | Execute Low | Fuse Qutput Program
Key Start Com- Battery | Blown | Protection Error
Com- pieted
{Front pieted
Panel)
Example* 1 0 0 0 0 0 0 1

*Select Program Error and SRQ key (XQ128)



APPENDIX B (Cont)

Talk Message {XT) Code

NOTE: This parameter selects the kind of message
the 275 will send when jt is addressed as a talker on
the GPIB.

0

Programming Error list {only errors from GPIB
input). 0 is the power-up tatk mode. A typical
error string is E 1F 2AD 3Y. Some error string
characterics 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 Error: A 2 followed by the two con-
flicting program characters,

f.  Ciass 3 Error: 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.

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 asseried.

The most recently selecied 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 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 (f).

10

11

12

The entire instrument setup after last execute.
Example: F1EA1DOCOPOQOXLT.5.

The instrument setup when executed is re-
ceived; same format as XT3,

instrument ldentification: WAVETEK MODEL 275
VIXY). 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 (68 minutes).

The accumulated operating time. Exampie:
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.

The nufnber of stored settings installed. For the
275; STORED SETTINGS 75.

Readback of ARB generator status: Returns the
instantaneous value of the ARB output in the
form “X D.DDED Y D.DDED V D.DBED",

Reiurns the data at the current address then
increments the address. Used to load a wave-
form from a Waveiek 275 t0 a controiler. Returns
““ — 9999 when front panel lockout is activated.

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

For factory use only.






Key Pressed

APPENDIX C
DISPLAYS
Display - ACTUAL (Explanation)

ADRS
ADRS
AMPL

ARB MNTR
ef' {beep)
BRST

CLR

CMD RCL

CURSOR —, -

CURSOR 1
CURSOR 1

DATA
EXEC

EXP

EXT

FREQ/ICLK

FUNGC (MAIN)
LCL

LVL

ADDRESS VALUE (X}

GPIB ADRS (Decimal address)
AMPLITUDE (Value} (mV or V)
Value (X)(Y) (Volts)

{Audible beep)

BURST COUNT (Value)

Under remote operation, certain
characters may appear in the
exireme right side of the display.

Those characters are:

R — Remote

L — Addressed to Listen
T — Addressed to Talk
Q — Request for service

because of selected SRQ
code.

{Clears any unexecuted numerical entry of the last

parameter entered)

(A string of letters and numbers up to 40 characters long
dispiayed 20 characters at a time and shifted by the

Cursor =, —)

{If a value is being displayed, the selecied digit blinks. If
there is no value being displayed, there is no effect. if it
was a command recail, — shifts the display feur
characters t¢ 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 tocation
number, it increments.)

(If the disptay 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 or a code, it is suffixed
with an E.)

EXTERNAL TRIGGER (0) or INTERNAL TRIGGER (1)

FREQ {(Vaiue) (mHz, Hz, kHz or MHz), CLK {Value) ns, us,
ms, sec)

FUNC (Function) (Code)
LOCAL

TRIG LEVEL (Value) (mV or V)

C-



Key Pressed

APPENDIX C (Continued)
DISPLAYS

Display - ACTUAL (Explanation}

MAN TRIG

MODE
ON
OF&T
RATE
RCL
RST
SLP
STCR

STAT

(Number key)

{When pressed: No display 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.)

MODE (Mode) (Code)

OUTPUT (OFF; ON (1); or OFF, LO Z{(2))
OFFSET {(+ or —)(Vatue) (mV, V)

TRIG RATE (Value) {mHz Mz, KHz, or MHz)
No. (Vaiue) LAST RECALLED

RESET or UNIT REMOTE {if in remote)

TRIG SLOPE (POS (0) or NEG (1))
No. (Value) LAST STORED

(Pisplay changes automatically)

FREQ (Value) (mHz, Hz, kHz or MHz)
AMP (Value) (mV or V)

OFFSET (Value) (mV or V)

MODE {Mode) {Ccde)

FUNC (Function) {Code)

BURST (Value)

CLOCK (Value) (nsec, psec, msec, or sec)
START ADDRESS (Value)

STOP ADDRESS (Value)

QUTPUT (OFF (0); ON (1), or OFF, L.O Z{2%
EXTERNAL {(0), INTERNAL (1)

TRIG RATE {mHz, Hz, KHz, or MHz)

TRIG SLOPE (POS or NEG) {Code)

TRIG LEVEL {4+ or —) (Value) (mV or V)

(Number corresponding to the selected key.}
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APPENDIX E

Glossary of Mnemonics

Microprocessor/Power Supply Board

ADO

to

AD7
ADRO
to
ADR15
ANAD
to
ANAZ
ANALOG
ANLO

ANLZ7
ARC
to _
AR3
AS
ATN
BADRO
o
BADR2
BATV
BODATAD
o
BDATA7Y
D101
to
0108
DAC
DATAD
to

DATAY

DAV

Bidirectional, multipiexed, 8 bit address/
data bus from/ic microprocessor

16 bit address bus from microprocesser-
iower 8 biis are latched from ADO to AD7

4 line address decoding for analog con
trol lines to function generator and syn-
thesizer board

Decode line for analog section of memory
28 analog logic signals to function gener-
ator board

4 line address decoding to analog regis-
ters for function generator board control
fines

Address strobe from microprocessor
|EEE-488 "attention”’

3 buffered address lines to synthesizer
board

Battery voltage

8 bit, buffered, latched data bug to syn-

thesizer board

8 bit, |IEEE-488 data bus

|IEEE-488 “‘data accepted”

8 bit, laiched data bus for control Hines 1o
the disptay, sample and hold, and analog
interface

IEEE-488 “data valid”

o

ISP

m

EQI
FPADEN

GAO

=

PORT 10
1o

PORT 17
PORT 20
10

PORT 24
RAMT
&
RAM?2
REN
RFD
ROM1
to
ROM2
RIW
SHO

0
SH3

Décoée line for display section of memory
Enable {ine from microprocessor
IEEE-488 “end or identify"”

Front panet GPIB address entry switch
GPIB address swiicﬁés corresponding o
20 through 24 respectively. (1 through 16)

adding to 31 maximum

Decode line to select the |[EEE-488 inter-
face (general purpose interface bus)

IEEE-488 “interface clear”
Decode line to select keyboard
Master reset to initialize microprocessor

Non-maskable interrupt line 1o micro-
processor

8 line /O port 1 toffrom microprocessor
5 line /O port 2 to/from microprocessor

Address decode lines for random access
memory IC’s 1 and 2

IEEE-488 '‘remote enable”

|IEEE-488 "‘ready for data”

Address decode lines for read-only
memory IC’s 1 and 2

Readiwrite line from microprocessor

4 sample-and-hoid analog signals to func-
tion generator board

E-1



APPENDIX E (Cont)

SRQ |EEE-488 '‘service request”

TEST Control line to allow operation with exter-
nal test program—not normally used

WRP Write pulse to RAM

Display Board (Excluding Mnemonics Common fo
Microprocessor/Power Supply Board)

ANOA Vacuum florescent display anodes cor-
je] responding 1o 14 segments, comma, and
ANQO and decimai point, respectively

&

ANODP

BLANK Bianking control for display and scan
ciock

Dsp Digplay synchronizing pulse for shift

register scan
GRID ¢ Display grids controlling each cigit
g)RiD 20
Function Generator Board

AMP Analog control vollage for amplitude
(8H)

AMPLDC XY multipiier feedback of ampiitude con-
trol de test line

|

CPM Capacitance multiplier select iine
(ANL15)
DCA DC amplifier select line (ANL13)

DCCOMP DC compensation and low freguency
linearity correction for triangle buffer test

line
EXW External width seiect line (ANL18)
FRO Frequency range select lines to range
o capacitors, capacitance multiplier, and
FR7 frequency compensation (ANLO to ANLT)
FRQ Analog control voliage for frequency
(SHO)

FUB

MCO
&
MCH1
OAD
&
OA2

OAF

OSsT
OVR

PATEST

sQB
SQR
SQR
$QS

THC
TRB

TRGI

TRGO

TRITST

Signal to microprocessor that output fuse
is blown (PORT11)

2 mode control lines (ANL11 and ANL12)

2 ouiput attenuator controt lines (ANLS
and ANL10)

signat to microprocessor that the output
amplifier protection circuit 1s operating
{(PORT 10}

Analog control voitage for offset (SH2)
Frequency overrange select line (ANL14)
Preamplifier output test line

Puise input select line (ANL25)

Pulse complement select line (ANL24)

Pulse input from auxiliary board

Rectangular waveform select iing-—
square or pulse (ANL23)

Sine wave select line (ANLZ21)

Output from square buffer

Square wave select iine (ANL20)
Sguare complement select line (ANL19)
Square butfer to square logic signal
Trigger holding current

Triangie buffer output

Trigger input from arb gen board
Trigger ouiput to arb gen board
Triangle wave select line (ANL22)

Triangte buffer output test line



APPENDIX E (Cont)

TRL Analog control volitage for trigger level
(SH3)

TRN Triangle genaration current node

VCGI Not used in Wavetek 275

VCGO Not used in Wavetek 275

VCGTST  Vcoltage control generation circuit test

line

VCV Voltage control generation circuit voitage
ouput

XYl X-Y multiplier input

+1 Tracking current {I) source from VCG

- | Tracking current {1} sink to VCG

+7TR Rising edge trigger select line (ANL 17)
-~ TR Falling edge trigger select line (ANL 16)
Arbitrary Waveforms Generator Board

ARB MEM  CHIP SELECT line to ARB RAMs U42

EN and U43. Logic low enables RAMs,

ARB Data line from ARB RAM circuit. Line is

SYNC at logic high at last executed ARB RAM
address.

BO-B19 Preset data lines for burst counter.

BCA Output from burst counter circuit, Line is

at logic high while burst counter is
_active (counting).

BRANCH Control line to state machine sequence
EN control circuit. Line is at logic high in
gated and burst modes.

BURST Burst counter control line; logic high
enables burst counter.

BURST Logic compitement of BURST line; is at
logic fow in burst mode.

BURST
CLK SEL

CLK

DO-D7

DATA
SERIAL
out

DIVIDER
EN

DS0-DS2

EXT CLK
EN

FSLEW

HOLD

Controi line o select burst counter clock
source; logic high selects SQS output of
function generator beard, while logic
iow selects STOP signal from ARB RAM
circuit.

Cutput of phase accumulator clock
selector U26.

Buffered data bus from microprocessor
board via J16 DIGITAL INTERFACE
CONNECTOR,

Data line from ARB RAM circuit shift
registers to microprocessor readback
data selector circuit, '

Control line to U386 programmable divider.
Logic high enabies divider; logic iow
initializes divider by clearing all internal
fiip-flops.

Data select lines to U25 microprocessor
readback data selector.

One of two control tines 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 stew rate control lines to
ARB OUT circuit. Logic fow on this line
selects fast arbitrary waveform slew
rate.

Control line from state machine ROM 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.

E-3



INT/EXT

JUMP

LATCH
EN

MO-M2

RO-R8
R10-RB13
R15

RAO-RA12

RAM EN

RAM PWR

RDG-RD11

80-512

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
atlows the SYNTH TRIG SEL line to
select elther the synthesizer or function
generator as the trigger source,

Data line from ARB BAM jumper ter-
minal £6 to microprocessor readback
data seiector U25, From the data on this
tine, 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 to register output.

Data register strobe lines. Low-to-high
transition latches data at input of regis-
ter through to 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
accumutator counter.

ARB RAM control line from data regis-
ters; logic low on line enables ARB RAM
output.

Power for ARB RAMs U42 and U43.
Power is automatically supplied from
backup battery on microprocessor
board when instrument is turned off.

Data lines from ARB RAM circuit.

Lines from data registers to phase accu-
mulator counter preset inputs.

SQS

w
»
@
m
=

SYNTH
EN

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 stew rate control lines 1o
ARB QOUT circuit. Logic iow on this line
selects slow arbitrary waveform slew
rate.

Control line from data laich to U23 state
counter. A jogic low on this line clears
the state counter.

Logic line from ARB RAM circuit; is at
togic high at programmed stop address.

Complement of STOP line; is at logic low
at programmed stop address.

QOutput of U36 in frequency synthesizer,
can be selected as trigger source for
burst counter or clock source for phase
accumulator.

Control line to NAND gate U33B in state
machine circuil. A logic low on this line
forces the DIVIDER EN line to an uncon-
ditionai logic high. A logic high on the
SYNTH EN line allows the state machine
trigger circuit to pulse the DIVIDER EN
fine low if the SYNTH SYNC EN iine is
also at & logic high.

Contol line to NAND gate U33D in state
machine circuit. A logic high on thig iine
aliows the state machine trigger circuit
to pulse the DIVIDER EN line low if the
SYNTH EN iine 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 selecis
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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Trigger output from function generator
board to U1 trigger select logic.

Buffered trigger output from U1 trigger
select logic.

L.ogic tine from state machine sequence
controt circuit ROM U24 to U21A in
state machine trigger circuit. A logic low
on this line inhibits the state machine
trigger circuit.

Controt line to VGO in synthesizer cir-
cuit. Logic high turns VCC off.
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One of two controt lines 10 phase accu-
mulator clock selector U26. A logic high
on this tine selects the R3 input from
address decoder U18. A lcgic low
enables the EXT CLK EN line to select
gither the SYNTH or TRGOB signal as
the phase accumulator clock source.

Data line from U25 microprocessor
readback data selector to microproces-
sor board via J186 digital interface
connector,






APPENDIX F
WAVEFORM MEASUREMENTS

Frequency Jitier Measurement

Frequency jitter is defined as the cycle to cycle varia-
tion in period. Using a scope (with time base multi-
plier) display a sguare 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 Dase multiplier expand the
teading edge of the cycie after trigger by a factor of
100. Jitter is the peak to peak horizontat excursion of
the displayed edge (see figure F-2). % jitter is given
by:
Y% Jitter = (Jitter/Period) x 100
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Figure F-2.

This test method is accurate for jitter caused by ran-
dom or non-coherent noise sources. Coherent (har-
monically related) cycle-to-cycie jitter requires unigue
verification.

Ampliiude Measurements

There are several factors 1o be considered when mak-
ing amplitude measurements. The type of DVM, the
frequency range cver which the meter is accurate,
and the accuracy of the 508 lcad used for tarmination
are the most impoertant.

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 iype and the wavelorm. The correct
readings (related to volis peak to peak) are given
below for each type of meter and each waveform.

Average Reading:

Function Reading
Sine Vp-plr
Triangle Vp-p/4
Square Vp-pi2
True RMS:
Function Reading
Sine Vp-ple/2
Triangle Vp-pf2~/3
Sguare Vp-pi2

Averaging Scaled: This type of meter measures
internally like an average reading meter, but the
displayed reading is scaled {muttiplied by a cons-
tant} to read like a true rms meter. This scaling
techntque only works on sine waveforms, how-
ever, it gives less obvious resulis for other wave-
forms. The correct readings are given below:

Function Reading
Sine Vp-plaf2
Triangle (Vpp x 1.1107)/4
Square (Vpp x 1.1107)/2
or
Triangle (Vp-pi4) x 11107
Square (Vppi2y x 1.1107

2. Most ac volt meters have a relatively limited
range of frequencies cver which the meter is
most accurate. For most meters this range is

F-1



about 500 Hz-5 kHz. in order to make accuraie
measuremeanis the basic accuracy of the meter in
its specified frequency operating 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. [n
general the measurement will be in errcr by 1/2%
for every 1% error in the load. Standard loads
available from Tekironix are x=2% accuracy.
Therefore up to 1% error in amplitude measure-
ment can result when using these loads. It is
recommended to use a 0.1% accurate termina-
tion of 1o compensate the readings obtained
based ¢n the actual load value. The method for
doing this is given below.

a. Let R be the value of the termination.

b. lLet K be the correction factor applied to the
DVM reading:

Then. (correct reading) = (DVM reading) X K

where K = R+50
2R

Using this method the ioad tolerance can be
5%, '

Symmetry Measurements

1. Symmetry defined as a percentage is the ratio of
positive haif cycle time to the period {see figure
F-3)

e Y\ s

: P .

Figure F-3.

Where: % symmetry = {(W/P) x 100

2. Symmeatry error i, therefore, the difference from
50% symmaetry:

"% Symmetry Error = [(VsP—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 error must
be divided by 2. Also, this method is only accurate
at frequencies where the rise and fall time isnot a
significant part of the period. The period should be
about 1000 times greater than the rise/fall time.
This is about 10 gs or 100 kHz.

4. Tomeasure symmetry at 12 MHz a different tech-
nique must be used. Connect signal (terminated
into 500) to a sampler set at 10 ns/div, Upper and
lower levels should be exactly centered about
horizontai centerline on scope display (see figure
F-4). Rising edges of first and second cycie should
be exactly equidistant from vertical center line,
The distance of the failing edge from the vertical
center line at the point falling edge crosses
horizontal center line is the symmetry error,
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Figure F-4.

Waveform Quality Measurement

Waveform guality measurements should always be
made using a sampling oscilloscope with precision
500 termination and cabling. Standard RG58 coax
cable is not good enough for waveiform quality mea-
surements. Percent aberration is the ratio of absolute
peak-to-peak variation from the 0% {negative level) or
100% {positive level) point on the square waveform to
the absolute peak-to-peak amplitude of the square
wave. See figures F-5, £-6 and formula shown beiow.
In order to get an accurate dispiay the top (or botiom)
of the waveform should be expanded both vertically
and horizontally to fill the scope display. The pictures
below were made on & 5 Vp-p square waveform at
3 MHz and the scope horizontal and vertical were set
to 20 ns/div and 100 mV/div respectively. Also, best



resuits are obtained when using the low noise
(averaging) setting on the sampling scope.
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% ABERRATION = """ T o ig
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SQWA = SQUARE WAVE AMPLITUDE
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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 ai the function out must be
loaded into 50

50% 4 +—— WIDTH —  50%
FUNC
OUTPUT

Figure F-7.

PK-PK
H+ VAR
I
- Figure F.5.
!
l
Lt PK-PK | : el
VAR
Figure F-6.

Width Duty Cycie Definition

Defined as a percentage, width duty cycie is the ratio
of width to the minimum pericd 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 could be programmed before
pulse dropout occurred was 163 ns then the duty cy-
cle 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 multiplier)
display one puise 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 out). Using the time base muitiplier expand
the trailing edge of pulse by a factor of 100. Jitter is
measurad as the peak o peak horizontal excursion of
the trailing edge {see figure F-9). % Jitter is:

% Jitter = (Jitter/Width) x 100

F-3
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