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WARRANTY

Wavetek warrants that all products manufactured by Wavetek conform io published
Wavetek specifications and are free from defects in materials and workmangship 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 to repairing, or
at its option, replacing without charge, any product which in Wavetek's sole opinion proves
to be defactive within the scope of the Warranty. in the event Wavetek is not able to modify,
repair of replace non-conforming defective parts or components to a condition as
warrantied within a reasonable time after receipt thereof, Buyers shall be credited for their
value at the original purchase price.

Wavetek must be notified in writing of the defect or nonconformity within the Warranty
period and the affected product returned to Wavetek’'s factory or 10 an authorized service
center within (30) days after discovery of such defect or nonconformity.

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

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

Exclusion of Othar Warranties

The Warranty described above is Buyer's sote and exclusive remedy and no other
warranty, whether written or orai, is expressed or implied. Wavetek specifically
disclaims the implied warranties of merchantability and fitness for a particular pur-
pose. No statement, representation, agreement, or understanding, ora! or written, mads
by an agent, distributor, representative, or employee of Wavetek, which is not contained
in the foregoing Warranty will be hinding upon Wavetek, unless made in writing and
execuied by an authorized Wavetek employee. Under no circumstances shail Wavetek
be liable for any direct, indirect, special, incidental, or consequential damages,
expenses, 08565 or delays (inciuding loss of profits) based on contract, tort, or any
other legal theory.
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SAFETY FIRST

Protect yourself. Follow these precautions:

Don’ttouch the outputs of the instrument or any exposed test wiring carrying the output
signals. Thig instrument can generaie hazardous voitages and currents.

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

Dont disconnect the green and yellow safety-earth-ground wire that connects the ground
lug of the power receptacle to the chassis graund terminal {marked with & or/I\).

Don't hold your eyes extremely close 16 an rf output for a long time. The normally
nonhazardous low-power rf energy generated by the instrument could possibly cause
eye injury.

Don't plug in the power cord uniil directed {o by the insiallation instructions.

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

Pay attention to the WARNING statements. They point out situations that cancausa injury
ar death.

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

vil
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Model 278, 12 MMz Programmable Synthesized Function Generator
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1.1 MODEL 278

The Model 278, a 0.01 Hz to 12 MHz Programmable
Synthesized Function Generator, can cperate in ¢on-
tinuous, triggered, gated, burst, synthesized, external
reference, or external phase lock modes with output
levels to 20 volts peak-to-peak.

The synthesized mode has 5 digits of frequency
resolution with 0.0005% accuracy, or it can be locked
to an external 10 MHz {zero-crossing or TTL) fre-
quency reference for greater accuracy and stability.
In addition, the separate synthesizer circuit acts as a
highly accurate internal trigger source.

The generator can produce sine, triangle, sguare,
square complement, and pulse waveforms as well as
dc and external width..

Data entry is from the front panel or GPIB {IEEE-488,
1878}, Numeric input is entered in free format: fixed,
floating, or exponential notation. Parameters may be
entared in any order. Internally, all entries are interac-
tively checked for errors and displayed on the front
panel, or they may be accessed through the GPIB.

Output level is specified from 10 MV to 10 Vpp into a
500 tarmination and 20 mV 10 10 Vp-b into an open cir-
cuit with 3 digits of resolution. Offset can be program-
med to vary the waveform base line up to £ 10V, or in
the dec function, 1o vary the dc output.

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

Up 1o 100 sels of con ' 5

stored in memory. The memory has a non-
rechargeable lithium battery back up for up to &
months (typically 1 10 2 years). A “low battery’ warn-
ing will be indicated on the display when the battery
voltage drops to 80% of its normal veliage.

WARNING
This equipment uses a BR-1/2A, 3V

SECTION
GENERAL DESCRIPTION

lithium battery, that contains less than
0.3 grams of lithium. To prevent the
release of a potentially harmful sub-
stance, DO NOT RECHARGE, SHORT
CIRCUIT, DISASSEMBLE, OR APPLY
HEAT TO THE BATTERY. In addition,
observe correct polarity when replacing.

Instruments manufactured prior to serial number
7230039 may be limited to 40 sets of stored settings
without battery back-up. But if an option {previcusly
identified as Qption 001} was installed, there will be &
total of 100 sets of stored setiings with non-
rechargeable battery back-up as described in this
manual.

1.2 ACCESSORIES

Rack meounts for a single instrument, rack mounts for
iwo series 270 instruments side-by-side and instru-
ment slides are available accessories. Refer to
paragraph 1.3.16 for datails.

1.3 SPECIFICATIONS

1.3.1 Waveforms (Functions)

Programmable sine ™, triangle *, , sguare "L , pulse
N . pulse complement _7 | external width, and dc.

Sine Distortion (THD at 5 Vp-p)
< 0.5%, 10 mHz — 99.9 kHz
No harmonics above

—40 dBg, 100 kHz — 898 kHz
— 30 dBe, 1 MAz — 12 MRz
Time Symmstry

+1% *8ns.

Square Transition Tima

<15 ns.

Square Dvershoot
< 4% at full amplitude

Triangle Linearity
99% 1o 100 kHz.

1-1
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1.3.2 Operational Modes

Continuous
Output continuous at programmed frequency.

Triggered

Ouiput quiescent until triggered by external signal,
GPIB trigger, internal trigger, or manual trigger, then
generates one cycle at programmed frequency. Trig-
ger sources incluge 1 Hz to 24 MHz intarnat trigger
generator in nonsynthesized modes.

Gated

As Triggered mode except output is continuous
for the duration of the gate signal. The last cycle
started i1s completed. Internal gate signal
produces 50% duty cycle gate at trigger rates
below 12 MHz. Not valid during pulse operation.
Bursi

As Triggered mode for programmed number of
cycles,

Count Range: 1 to 1,048,200.

Burst Rate: 12 MHz maximum

Synthesized
Same as Continucus excep! 5 digit freguency rasolu-
tion and 0.0005% accuracy (5 pom).

TTL Reference

Same as Synthesized except synthesizer
axternally referenced to a 10 MHz TTL source at REF
IN BNC,

Zero Reference
Same as TTL Reference except external source is a
zero-crossing 10 MHz signal.

TTL Lock

Main generator phase locked to éxternal TTL signal at
REF IN BNC. Capture and lock range »>5% of pro-
grammed frequency.

Zero Lock
As TTL lock mode with external zero-crossing signal
at REF [N BNC.

1.3.3 Freguency

Range
10 miz to 12 MHz except 10 Hz minimum in synthesiz-
ed modes.

Eacnlibinm
E N e A LT

5 digits in synthesized modes. 3 digits n all other
rmodes.

Accuracy

5 ppm £ 1 mHz in Synthesized mode. Accuracy of
external signal + 1 mHz in reference modes. + 2%
fn ali cther modss.

1-2

Nolse Floor
< ~ 50 dBe.

Spurious

Typically < —45 dBc.

Repeatability (24 hr}

0.6003% in synthesized mode. =1% in all other
modes.

Jitter
£01% £ 100 ps.

Control

Frequency may be controlled 3 ways: Value, VCG, or
External Lock.

Value: Frequency value is keyboard or GPIB program-
mable with automatic range selection.

VYCG (Voltage Controlled Generator): Ac or de input con-
trols frequency. 0.02t0 = 12V into 10kS2 for up to 1200:1
frequency change ineach of Sfrequency ranges{ranges
must be programmed).

Slew rate is limited to 1.0 Vius.

External Lock: Frequency is determined by an exter-
nally applied signal at the REF IN BNC.

1.3.4 Amplitude

Range

0.01 to 10 Vp-p into 50Q {0.02 to 20 Vp-p into > 50 k)
from main ocutput. Absolute peak amplitude plus offset
may not exceed 5V into 50Q (10V into = 50 kQ).

Resolution

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

Accuracy

+ 2% of programmed value and: £ 5 mV for 0.(H 1o
1V (peak amplitude + ofiset <0.5V), + 20 mV for 1.07
o 10V

Repeatability (24 hr)
= 1% % 10 mV.
Flatness

For output at 5 Vp-p: 0.1 dB to 100 kHz, 1.5 dB to
12 MHz.

1.3.5 Offset

Range

CC or offset programmable from — 5V to 4 5V into 506
{—10Vto + 10V into 250 kRQ). Absolute peak amplitude
plus offset may not exceed 5V into 509 {10V into
250 k2.

Resoiution

5 digits ar 10 mY when absolule peak amplitude pius
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offset »0.5 Vv, 3 digits or 1 mV when absolute peak
amplitude plus offset =0.5V.

Accuracy
+ 40 mV¥ in dc function.

Repeatabitity (24 hr)
+ 1% <20 mV.

1.3.6 iIntemal Trigger

Range: 1 Hz to 24 MHz.
Resolution: 5 digits.
Accuracy: 0.0005%.

1.3.7 Pulse Period

Rangea: 90 ns to 1 sec.
Resolution: 3 digits.
Accuracy: 0.0005%.

1.3.8 Pulse Width

Range: 45 ns 10 0.5 sec.
Resolution: 2 digits.
Accuracy: 3% + Sns.

1.3.9 UpperiLower Level

Upper level must be greater than lower level.
Range: + 5V,

Resclution: 20 mV.

Accuracy: See amplitude and offset specifications.

1.3.10 Outputs

Function Qutput

Source of primary waveforms. Programmable to be
On {source impedance 508), Off High Z (> 500 k), or
Off Low £ (~508).

Source Impedance: 500.

Protection: Cutput protected to 140 Vac or 200 Vdc
without replacement of internal fuse.

Sync Output

Sync signal is at programmed frequency and TTL
level.

Levei: =04V 0 =22.4Vinlo 506, =0.8V 0
=50 ki

Source Impedance: 504

Timing: Concurrent with function output in sguare;
lags sine and triangle by 80°.

Over{Undershoot: < 10% into 50{L.

Protection: Cuiput protected from short circuit to any
voltage between + 15 Vdc.

Reference Output
1.5 Vp-p into 508, TTL level into open circuit, 10 MHz

A LE e
=4.0W ITHL

[ol]

Iy

internal raference when in synthesized mode.
Internai Trigger frequency when internally in Trig-
gered, Gated or Burst Modes.

Protection: Output protected from short ¢ircuit to any
voltage between + 15 Vdc.

1.3.11 Inputs

External Trigger

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

Level: —10 10 +10V.

Resolution: 20 mV.

Accuracy: + 500 mv (for signals with less than 10V/us
siow rate).

Input Impedance: 10 ke

Maximum Trigger Rate: 12 MHz (24 MHz for Exter-
nat Width),

Minimum Trigger Width: 20 ns.

Minimum Amplitude: 500 mVp-p to 1 MHz, 1 Vp-p to
24 MHz.

Protection
Inputs protected to + 50V.

VCG In

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

Impedance: 10 k.

Reference (nput

Used to externally reference or phase lock the main
generator.

Programmable Input Selection: TTL or 1 Vpp
minimum Zero-crossing.

Input: 10 MHz for external reference, 10 Hz to 12
MHz for phase lock.

Protection: Input protected to = 50 Vdc.

1.3.12 GPIB Praogramming

IEEE 488-1978 compatible. Non-isolated. Doubte
buffered.

Address

0-30, keyboard ¢r internal switch selectable. Internal
switch can lock out keyboard selection. Power-up
address is internal setting.

sirheate
SH1, AH1, T8, TEO, L4, SR1. RL1, PPO, DC1, GO, Ef.
Interface Timing

Freguency 28 ms
Amplitude 16 ms
Offset 19 ms
Mode 17 ms
Waveform B8 ms
Execute 24 ms
Other 30 ms max

1-3
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1.3.13 Stored Settings
Nonvolatile memory for 100 stored settings.

1.3.14 General

Environmental

Temperature Range: 25°C + 10°C for spec opera-
tion, operates 0°C to 50°C, —50°C to + 75°C for
storage.

Warm-up Time: 20 minutes for specified operation.
Altitude: Up to 10,000 ft for operation. Up to 40,000 ft
for storage.

Relative Humlidity: 95% at 25°C and at sea level
{non-condensing).

Dimensions

21.7 cm (8.54 in.} wide {haif-rack), 13.3 em (5.25 in}
high, 38.4 cm (15.5 in.} deep.

Weight

5.8 (15 Ib) net. 7.2 kg {16 ) shinping.

Power
20 to 105, 108 to 126, 198 to 231, or 216 1o 252 volis
rms; 48 to 66 Hz: 1 phase: <50 wat!s.

1.3.15 Options

002: Rear Panel Connectors
Front panel BNC's relocated to rear panel,

1.3.16 Accessories

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

Style 13: Dual Rack Adapter Kit
Allows any 270 series instrument 1o be mounted side-
by-side fn a standard 19 inch rack. 54 inches high,

Rack Slides
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21 MECHANICAL INSTALLATION

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

The generator can be used as a bench instrument or
rack mounted. Tha 278 can be converted to rack
mounts in the field by using the following kits.

Rack Mount Part Reference
Kit Numbar Drawing
Single 1101-00-1043 | 0102-00-1043
Instrument

{left and

right mount-

ing)

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

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

SECTION
INSTALLATION AND INTERFACE

Conversion to other input voltages requires a change
in rear panel fuse holder voltage card position and
fuse {figure 2-1) accerding to the following procedure.

Figure 2-1. Voltage Selector and Fuse

NOTE

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

Whether used on a bench or in a rack, ensure that
there is no impedance to air flow at any surface of the
instrument. Before rack mounting, it may be desirabie
o perform the initial ¢heckout (paragraph 2.2.5) to
verity operation of all functions.

22 ELECTRICAI INETAIL ATIOM
221 Power Connection
NOTE

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

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

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

module slot.
Card Position Input Vac Fuse
100 90 to 105 34 amp
120 108 to 126 314 amp
220 198 to 231 318 amp
240 216 to 252 3/8 amp

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

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

241
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2.2.2 Signal Connections

NOTE

Use RGSBU or equivalent 508 coaxial
cables equipped with BNC connectors to
distribute signals.

Instrument BNG connectors are:

TRIG IN. Acceptable trigger leved and slope are pro-
grammable; — 10 to + 10V, 10 k{} impedance.

SYNC QUT. TTL level square wave; 508 impedance

FUNC QUT. Up to 10 Vp-p into 500 impedance; up to
20 Vpp into > 50 kQ impedance.

VCG IN. G.01 1o 12V; 10 kQ impedance.

REF IN. Accepiable reference input signal is depen-
dent upon the selected mode (raf: paragraph 3.8.5).
10 k8 impedance.

REF OUT. TTL level pulse. CQutput is dependeant upon
the selected mode (ref: paragraph 3.8.5). 500
impedance.

Signal ground may be floated up to £ 42 volis with
respect to chassis ground. Be aware that all signa!
grounds are commor; thus, if ane signal ground re-
quires floating, all grounds must be floated together.

2.2.3 GPIB Connections

The GPIB IfO rear panel pin connections and signa
names are given in table 2-1. The panel ¢connecior is
an Ampheno! 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

For instruments on the General Purpose interface Bus
{GP1B), ensure that the instrument GPIB address is
correct. The GPIB addrezss can be changed by the
internai swiich (for access, remove the Dotiom cover,
see figure 2-2) or the front panel GPIB ADRS key (e.g.,
ADRS 4 EXEC). The switch sections are labeled from
1 through 5 and their OFF position noted (OFF =
Binary "0" in table 2-2). To verify the address, press
ADR on the front panel. The device number {decimal)
will be displayed. Upon power-up, ihe address is
always that of the internal switch.

2-2

Table 2-1. GPIB Data in/Qut

Pin | Signal
T DI
2 . Dloz
z ! 8:83 True When Low
5 EOI
6 DAV
; [:Eig } True When High
9 iFC
10 SRO } Triue Whan Low
11 ATHM
12 Chassis
Ground
13 D5
14 D106
i5 Oy True When Low
1B DIOE
7 REMN
14
20
21 Signal Gnd
2
23
24

NOTE: GPIB address selected is decimal 4; switch 1
Qff, 2 Off, 3 On, 4 Off. 5 Off. {Table 2-2: GC130).

Figure 2.2. GPIB Address Selector Switch
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Tahle 2-2. GPIB Address Codes

Switch Hexa-
ASCIl Position dacimal
Device | Listen Talk 12345 | Listen Talk
0 (space) @ Qo000 20 40
1 ! A 10000 21 41
2 " B c1000 22 42
3 # C 11000 23 43
4 3 b D0100 24 44
5 % E 10100 25 45
3] & F 01100 26 4B
7 ' G 11100 27 47
8 { H 00010 28 48
9 ) | 10010 29 49
10 * J 01010 28 4A
11 + K 11010 2B 4B
12 , L 00110 2C 4G
13 — M 10110 2D 4D
14 . N 01110 2E  4E
15 / 0] 11110 2F 4F
16 0 P oogoil 30 50
17 1 Q 10001 31 51
18 2 R 01001 32 B2
19 3 ) 11001 33 53
20 4 T 00101 34 54
21 5 U 10101 35 55
22 8 V 01101 36 58
23 7 W 11101 37 57
24 8 X 00011 38 58
25 g Y 10011 39 59
26 : Z 01011 38 BA
27 ; [ 11011 3B 5B
28 < 5\ 00111 acC &C
29 = ] 10111| 3D 8D
30 > A 01111 3E EE
NOTE
Address 31 is not aliowed.
OSCILLOSCOPE
MODEL 278 I:
— 509{CH1 CH2
2.2.5 Initlal Checkout and Operation Verification aYNG oUT L 2uT L 500

Make the equipment setup as shown in figure 2-3 and
perform the steps in table 2-3 to verify Model 278
operation. If further explanations are required, refer to Figure 2-:3. Setup
figure 3-1 and table 3-1.
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Table 2.3.

Initlal Checkout

Step Test

Tester & Setup

Program

Desired Results

1 Wake-up State

2 Wake-up Status

3 Status Search

7 Display Test

B Besper Test

10

11 Command Recall

12

13 GPIB Address
And Status

2.4

Power, ON

Display: All segments, decimal
points and commas light up
far 1 sec {Egl, typical of 20}

then displays WAVETEK
MODEL 278.

Press STAT key

Display {changes automatically}.
FREQ 1 KHz
AMPLITUDE 5V
QFFSET OV

MODE CONTINUQUS (0}
FUNG SINE (D)

BURST COUNT 2
PERIOD 1 ms

WIDTH 45 nz

UPPER LEVEL 2.5v
LOWER LEVEL -25V
CUTPUT OFF (O
EXTERNAL TRIGGER (0}
TRIG RATE 200 Hz
TRIG SLOPE POS (0)
TRIG LEVEL 1.5V

STAT

Status display sequence stops.

Status progresses forward.

Status progresses backward.

STAT

Status display automatic
saquence continuas.

DISP
TEST

All segments, decimal points
and commas light up. Back to
last display when key released.

Press FREQ key a few times

Beeper sounds everytime key
is pressed.

Press.h, then FREQ key a
few times

Beeper is sifent.

S

Beeper enabied.

Press each of the & keys in the
MAIN generator section 4 times

then GMD
RCL

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

Press — then —

Moves characters rlght then
teft 4 at a time.

ADRS 1 EXEC ther 30 EXEC

Display: GPIB ADRS 1
then GPIB ADRS 30
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Table 2-3. Initial Checkout {Continued)
Step Test Tester & Setup Program Desired Besults

14 Quality Assurance E:Sr;i?:tilmggg:az?:s Press: RGL 2000 EXEC Display: (0) BEGIN
Procedure shown In figure 2:3. QA PROG

Scope setting: CH1 Scope: CHY 5 Vp-p
2 Vidiv, horizontal 1 kHz sine wave

0.2 msidiv; CH2 CH2 2.5 Vp-p

2 Vidiv; trigger on CH2. 1 kHz square wave

15 Fraguency: Press: CURSOR 1 once. Display: {1) FREQUENGCY
Exercises Each Scope: CH1 5 V¥p-p sine wave
Frequency Bit continuously sweeping from
and the Sine Wave 1 kHz to 10 kHz.

Function. CH2 2.5 Vp-p square wave
synchronous with GH1.

18 Amplitude: Fress: CURSOR 1 ¢nce. Dizplay: {2} AMPLITUDE
Exercises Each Scope: CH1 1 kHz triangle
Amplitude Bit wave, ampditude continuously
and the Triangls increases from 1V to 10 Vp-p.
Wave Function. CH2 2.5 Vp-p square wave

synchronous with CH1.

17 Offset: Fress: CURSOR t once. Display: {3} OFFSET
Exercises Each DC Scope: CH1 1 Vp-p square
Offset Bit and Square wave. DC ¢ffset continuously
Function. increases from —d4V to +4V.

CH2 25 ¥p-p square

wave synchronous with CH1.
18 Trigger Circuit Triggsr Scope on CH1. | Press CURSOR 1 once. Display: (4} TRIGGER

Scope: CH1 single 5 kHz

5¥p-p sine wave.

CH2 2.5 Vpp

100 43 pulse, delayed 50 ps

relative to positive edge CH1.

19 Gate Circuit Prass: CURSCR t once. Display: (5) GATE

Scope: CH1 Burst of 6 cycles of

5 kHz sine waves CHZ 2.5 Vp-p

Pulse burst: six 100 us pulses.
20 Burst Circuit Press: CURSOR 1 once. Display: {6} BURST

Scepe: CH1 5 Vp-p sine wave

continuously stepping from 9

to 2.

CH2 2.5 Vp-p 1005 pulse con-

tinuously stepping from 9 to 2.
21 Quiescent State Press: CURSOR 1 once. Display: (7) END QA FROG

of Outputs

Scope: CH1 Burst of 2 cycies of
5 Vp-p 5 kHz sine waves

CH2 Burst of 2 cycles of 25 Vp-p
100 ke pulses.

2-5


https://www.manualsplus.com/

3.1 DATA ENTRY

Using the Model 278 is quite straight forward and is
easily understood by trial and error. The micro-
processor “‘converses'’ with you during operation,
informing you what was programmed, what is possi-
ble to program, and when an error is made. Perform

tha procedures of table 2-3 to familiarize yourself with -

Model 278 aperation. The keyboard is shown in figure
3-1 and cross referenced fo table 3-1, which, in furn,
references the applicable text. Readout that cccurs
when the keys are pressed are listed in Appendix C.
When the operator staris keying in the parameter
argument, no unit of measure is displayed uniil the
parameter is terminated by a Key other than a
numeric entry key. Coded parameters, such as func-
tion, mode and output show their programmed argu-
ment in parentheses.

An audible ione indicates when a key is pressed.
Pressing &t will prevent or restore the key tone. If
there is no tone when keys are pressed, pressing o
restores the tone and vice versa.

Information exclusive to the GPIB is given in
paragraph 3.16.

Additional reference information appears in the
appendixes:

Appendix A - ASCII and IEEE (GPIB} Code Chart

Appendix B - Programming Command Summary

Appendix G - Displays

Appendix D - Output and Timing for Basic Modes
: and Functions.

Appendix E - Glessary of Mnemonics

Appendix F - Waveform Measurements

3.2 POWER

Power is turned on and off with a front panel push-
button. When the power is turned on, the entire
display lights up for a gisplay element test. Then after
about 1 second, "WAVETEK MODEL 278" is dis-
played When the power comes on, the output is
automaticaily disabled.

SECTION
OPERATION

3.3 BASIC COMMAND STRUCTURE

The Model 278 is programmed by sending ASCII
coded characters {ref: table 3-1 and Appendix A} to
the microprocessor via one of the two possible input
poris (keyboard or GPIB) shown in figure 3-2. If input
characters are present on more than one input port,
they are read first from the GPIB and then from the
keyboard. Thus, if the GPIB port is continuousty sup-
plied with characters, then no characters wili ever be
read from the keyhoard and the keyboard will appear
inoperative to the user.

3.3.1 Characters

Characters used to program the 278 are divided into
classes:

1. Alphabetic Characters—The characters A
through 2 {except E) select actions or com-
mands. The X character used in front of another
aiphabetic character selects an alternate set of
actions or commands. The X must directly
precede the alphabetic character without inter-
vening characters of any Kind. For example, F
selects frequency and XF selects percent fre-
quency, but X F selects frequency not percent
frequency because a space character, not X,
was placegd immediately before the F.
Alphabetic characters are generated from the
keyboard by pressing the labeled actiocn and
parameter keys. The characters gensrated by
such keys are printed in a corner of the key.

2. Numeric Characters—The characters 0
through 9, E, —, and decimal point {.).

3. Special Character—Cuote ('} instructs the
microprocesscr to send to the display what i3 in
quotes.

4. Terminator Character—Initially the ASCII line
feed characier (LF). This can be changed by pro-
gramming {refer to paragraph 3.18.6).

5. Nonprogramming Characters—Any character
not in ane of the previously described classes.

3-1
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NOTE: Features are keyed
to Tablg 3-1

Figure 3-1. Controls and Connectors

32
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Table 3-1. Function Cross Reference
Location In ASCI Action (A) or
Figure 3.1 Charactar Function Parameter (P} | Paragraph
i - YCG Input - 3.81.3
2 Power — 3.2
3 - Cursor A 3.6
4 - Display - 3.16.9
5 B Mode P 3.85
6 F Frequency P 3.8.1.1
7 A Amptitude P 3.8.2
g D Ofiset P 3.8.3
g R Burst P 3.86
10 G Function P 384
19 Othru9, s, Number Characters P 3.3.1
12 Function Qutput 3111
13 - Syne Out - 3104
14 Z Reset A 313
15 - Display Test A 314
16 Status A 315
17 Service Reguest AP 3.16.5.2
18 A{Tone OniOftf) A 3.1
19 I Execute A 35
20 Clear A 312
21 E Exponent F 333
22 F Qutput On P 3.11.2
23 Y Recall Settings P 310.2
24 M Store Settings P 3.10.1
25 J Manual Trigger Pressed A 37
25 H Manual Trigger Released A a7
26 Q Trigger Slope P 37
27 XL Trigger Level P 3.7
28 Local Control Enable A 3.16.8
29 — Command Recall A 3.16.10
30 - GPIB Address A 31621
N Trigger Input 3.7
A N Width P 382
G v Lower Level P 394
D U Upper Leve! P 383
E S Period P 3.91
AA - Reterence Input 3811
BB Reference Qutput 3116
CcC G External Trigger P 37
DD T Trigger Rate P 3.7
- AU Hecall Next Lesser
Numbered Program A 3.10.2
XW Recall Next Greater
Numberad Program A 3.102
_ XG GET Mode P 3.16.5.1
xXQ SRQ Mode P 3.16.5.1
- XT Talk Message P 3.16.4
— Xy Terminator Select P 3.16.6
XF Percent Frequency P 3812

33
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POWER-UP

CONFIGURATION
STORED ‘ .
REGALL (ALPHA BETTINGS N
TEHMINAIED] RESET
WAVEFORM
CLEAR, w
- CIRCUIT -—
STATUS MEMORY
CLEAR EXECUTE !
KEYBOARD L ~ DISPLAY ALPHA
OR > MEMORY | TERMINATED N
GPIB
STORE
{ALPHA
SCRATCH TERMINATED)
L ALPHA ;
QUERIES PAD
MEMORY o —
Figure 3-2. Memory Structure

They have no eflect on programming and may
be interspersed freely among programming
characters, except after X {refer to item 1}

3.3.2 Action Vs Parameter

The alphabetic characters are used to select either
actions or parameters (ref: table 3-1). An action is a
sequence of evenis which happens when the latter
that selecis it is programmed or the key that selects it
is pressed. There is no need for a numberical suffix. A
programming parameter nas one or two letters (and
mast have keys) plus a numeric valug which controls
some aspect of the instrument's operation.

To program an action, simply program the proper
alphabetic character from either the front panel or
GPIB port. The action will then take place, but only it
the instrument is in the enable state at the moment
when that character is read by the microprocessor
{ref: REN, paragraph 3.16.1).

T examing the current value of & paramsier, simply
program the proper alphabetic character from either
the front pane! or GPIB port. The current vaiue is then
displayed on the front panel. Display occurs whether
or not the instrument is enabled. If the character pro-
grammed does not correspond to a legal parameterin

the instrument, nothing happens.

3-4

3.3.3 Programming Parameter Values

The numeric characters (0 through 9, €, — ) are used
to program new paramelter values. Data entry is free
format; i.e., fixed point, floating point and exponential
notation, or scientific notation,

Fixed Point — Decimal remains at far right.

Floating Point — You program the decimal point. i
fioats to the left in its designated posi-
tion as you enter more numerals.

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

To change a parameter value, first program the
alphabetic character which selects the desirad
parameter {(F = frequency, etc.). Next, program the
naw value ysing numeric characterg, Any sequence
of characters which gives the new value is accept-
able. For example, all of the sequences in table 3-2
cause the value 100 to be programmed.

The numbers to the left of the £ are the mantissa; the
digits to the right {onlv two are aliowed) are the expo-
nent. The resuit value is the mantigsa iimes i io the
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exponent power: for example 9.99 E2 = 9.99 x 10?
= 999.

Table 3-2. Examples of Value Programming

ASCIll  |Keyboard Standard Notation

100 100 100

0100 0100 100 (leading zerces are
ignored;)

1E2 1EXP2 1 x 102

01E4 |01 EXP 4 01 x 10°

O1E304).01 EXP 304 01 X 10* flast two expo-
nent digits only are usad)
1000 x 1077

1 = 10 ({two minus
signs cancel)

t X 10%{decimal points

in exponent are ignored).

1000E-1[1000 EXP =+ 1
1E-2- 1EXP £2 +

1E.2 1EXP 2

Cnly one decimal point and one E {(keyboard EXP) are
allowed per number; additional ones are ignored. The
sign toggie character may appear any number of
times. 11 causes the sign of the mantissa (if E has not
been programmed) or the exponent {if E has been pro-
grammed} to be reversed (if negative, then positive,
and vice versa) each time it appears. Any number of
nonprogramming characters may be interspersed
with the numeric characters, as they have no eifect. If
an undesired value is entered prior to execution (I or
keyboard EXEC), the CLR key can be used o erass it.

Several parameters required codes for specific selec-
tions; for example, function codes Q through 3 select
sine wave, triangle wave, square wave and comple-
ment square wave, Refer to Appendix B for codes.

Since the number input format is 8o general, the
microprocessor must be told when the last numaric
character has been entered so it can evaluate the
number. This is dene by programming either an
alphabetic, special or terminator character. When this
is done, the new value is rounded off {ref: table 3-3)
and tested to see if it is a legal value for the setting
being changed (ref: paragraph 3.4). If it is legal, the
new value is entered inte the instrument’s scratch
pad memorny; however, it i3 ot yat saent 1o the
waveform circuits.  That is usually done by pro-
gramming the I acticn {(EXEC key on the front panel).
Other methods of execution are GET and cursor,
which are described later. An asterisk {x} on the
display indicaies that the new paramester value pro-
grammed has not been executed and resides in
scratch pad memory only {ref: figure 3-2). All
parameter values may be erased before execution by
using the CLR key, the value stored in scratch pad is
erased and the original value is displayed.

Table 3-3. Round Qifs

Parameter | Round Gff
Freguency ,
Continuous Up to 3 digits, 10

mHz minimum.

Up to 5 digits, 1
mHz minimur

Synthesized, External
Reference, and Phase
Lock

Ampilitude and Offsat
Absolute peak amplitude

Up fo 3 digits, 10 m¥Y

plus Cffset >0.5V minimum
Absolute peak amplitude Up to 3 digits, 1 mV
plus Ofiset <0.5Y minimum
Trigger level Up to 3 digits, 20 mV
minimum
Period Up to 3 digits, 0.1 ns
minimum

Internal Trigger Rate Up to 5 digits, 0.1

mMz minimum

Width Up to 2 digits, 10 ns
minimum

Upper and Lower Level Up to 3 digits, 20 mv
minimum

All Other Paramsters | To nearest integer

3.4 ERRORS

When an illegal value is programmed or interdepen-
dent parameter errors are detected, an error signal is
indicated on the front panel or GPIB. Keyboard clags
1, 2 and 3 errors are indicated on the front panel
display and by a double “beep” of the key tone. For
errors made via the GPIB (but not the keyboard), the
service request ling (SRQ) is asserted, providing a ser-
vice request mode (XQ} has been selected (ref:
paragraph 3.16.5). The controlier can then serial poll
its ingtruments to verify that the 278 sent the SRQ and
can then inquire as to the nature of the 278 error. The
meathod of reporting errors on the GPIB is given in
paragraph 3.16.4.

3.41 Class 1 Emrors

Class 1 errors are caused by programming values out-
side the leqal hmits of the parameter being pro-
grammed. For example, programrming an amplitude of
500 volis will cause a parameter error when the next
alpha character is programmed. At this time, the 278
disregards the new values and retains the previously
programmed values in scratch pad memory (see
figure 3-2).

3-5


https://www.manualsplus.com/

3.4.2 Class 2 Errors

Ciass 2 errors are interparameter inconsistencies,
such as the dc offset and peak amplitude greater than
5V into 5082 Tests are made every time an execute (1)
is given, a setup is stored (M) or a cursor key is press-
ad. Resulting errors are displayed, and transfers of
values are made to waveform circuits or slorage
regardless of the error indicated. Notice that upon
receiving a Group Execute Trigger (ref: paragraph
3.16.7), the 278 programmng is executed without
error checking.

3.4.3 Class 3 Eror

Class 3 error occurs if an empty storeg setting is
retrieved. The error is displayed and the state of the
278 remains unchanged from the previously executed
pragram.

3.5 EXECUTING THE PROGRAM

A program or seiting can be executed, ie., trans-
ferred to the waveform circuits by execute com-
mands, GET (Group Execute Trigger) command, and
the action keys: CURSOR 1 and CURSOR 1.

GPiBIand the front panel EXEC key are execute com-
mangs that cause parameter value and inter-
parameter tests to be made and transfer the pro-
grammed values o the waveform generation circuits.

GET is 2 GPIB snly command (no front panel key) that
causes the 278 to execute and trigger, but without
time consuming microprocesser error checks (ref:
paragraph 3.16.7).

CURSOR 1 and CURSOR | are exclusively front panel

functions which perform an execute with error checks
after sach digit increment or decrement,

GPIB Z and the front pane! RESET are commands
which reset the 278 to the original power up condi-
tions (as described in table 2-3, step 2) and perform an
automatic execuis.

An asterisk {+) on the display indicates that the new
parameter value programmed has not been execuled
and resides in scratch pad memory only (ref: figure
3-2}.

3.6 CURSOR

he Tour cursor Keys can modify a parameter vaiue of
code,

NOTE

The modified value s aufomaticaily
exeouted,

36

The — and — cursor keys move the cursor left and
right; cursor position indicated by a flashing digit on
the dispiay. The 1 and | cursor keys increment and
decrement, respectively, the flashing digit. Holding a
cursor key down calses a conlinued change at a con-
stant rate.

The { and | keys can also increment and decrement
parameter codes, such as function and mode codes.
Cursar positicning (—~ —} is not necessary for codes
and codes do not flash to indicate cursor position.

When storing a program, press STORE key and then f .
The program will be stored in the next memory loca-
tion in numerical seguence. Keys 1 and | can alsc be
used to recall stored settings in numerical seqguence.

3.7 TRIGGER

The triggered and gated modes of the generator are
initiated by a trigger signal. Triggers are: an external
signal at the front panel TRIG IN BNC, an internal trig-
ger source within the 278, a manual trigger using the
front panel MAN TRIG key, or J {and H} commands via
the GPIB.

G {or pressing EXT) followed by its code selects either
external or internal triggering

GO Selects external trigger.

G1 Selects internai trigger. When using internal trig-
ger, use REF OUT BNC for a synchronization
trigger output,

T {or pressing RATE) followed by its value selects the
internal irigger rate. The rate ¢an be programmed
between 1 Hz and 24 MHz with up to 5 digits of resolu-
tion and & ppm accuracy.

J {or pressing MAN TRIG) is the start trigger for the
rmain generalor. In gated mode, the main generatar is
gated on.

H (or reteasing MAN TRIG), in gated mode, terminates
the output of the main generator. The last cycle
started is always completed,

NOTE

Pressing manual trigger has no effect
when internal frigger is selected.

Q followed by its code selects triggering either on the
rising edge of the trigger signal or the faliing edge.

Q0 Selects triggering on the rising edge { # ) of the
trigger signal, When internal trigger is selscted,
the generatar always iriggers on the rising edge.
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Q1 Selects triggering on the falling edge { _) of the
trigger signal.

XL followed by iis value selects the signal trigger
level. The value can be inthe =10 to + 10 Vdc range
with 3 digit resolution, In internal trigger, selecting the
trigger level does not affect generaior triggering.

3.8 GENERATOR

The following sections describe the primary
parameters related ioc generator operation. The block
of keys envolved is labeled MAIN on the front panel.

3.8.1 Frequency

Direct frequency programming {nonsynthesized, syn-
thesized, or phase locked), percentage frequency pro-
gramming and voltage controiled irequency (VCG) are
discussed in these sections.

3811 Frequency (F)

Selecting F followed by a value pragrams, in hertz, the
generator frequency.

Frequency resolution, accuracy and ranges depend
on the selected operating maode, refer to table 3-4. For
synthesizer modes with reference input (5 and 6) and
phase lock modes (7 and 8), an external reference
signal is required (ref: paragraph 3.8.5).

Table 3-4. Mode Affect on Frequency Accuracy
and Resolution
Frequency Frequency
Maode {(Code) Accuracy Resolution
Continuous (@)
Triggered {1) 3|
Gated (2) L 2% Up to 3 digits
Burst {3) i
Synthesized {4} | =0.0005% Up 1o 5 digits

Synthesizer Accuracy deter-
with TTL (S} or | mined by the refer-
Zero Crossing ence source

(8) Reference

Up 1o 5 digits

Input

Phase Lock Limited to accuracy | Frequency of
with TTL (7} or | of the external external ref
Zero Crossing | ref input input

{8) Input

Each time a freguency is programmed the 278
microprocessor determines the best one of nine inter-
nal frequency ranges for operation. Each frequency
range and its limits are shown in table 3-5. Firrnware
automatically changes freguency ranges as
necessary. These are ranges associated with ASCI F
programming, as opposed to ASCII XF {ref: paragraph
3.8.1.2) programming or VCG (ref: paragraph 3.8.1.3)
operaticn.

3.8.1.2 Percent Frequency (XF)

XF. a GPIB exclusive parameter, {oliowed by a value
{C to 100) programs freguency in percent of frequency
range {0 to 100% in 0.1% increments).

internal to the 278, there are nine decade ranges as
shown in table 3-5. Maximum frequency is limitad 10
100% of a range; for example: the 10° range is limited
to 10 MHz. The minimum freguency can be pro-
grammed {0 0% with derated frequency accuracy. At
0% the actual output frequency may be 0 Hz

In synthesized modes, percent frequency can only be
used between 10% and 100% of the selected fre-
quency range.

3.8.1.3 VCG Frequency

A signal, either dc or ac, applied 1o the VGG IN BNC
can be used to externally control the frequency of the
FUNC QUT signal. A positive voltage applied to the
VCG IN connector will increase the generator fre-
guency within a range, and a negative voltage will
decrease the frequency within a range.

Freguency, using the VCG IN, can only be changed
within a freguency range. Table 3-5 shows the nine
frequency ranges, internal to the 278, and the limits
for each range.

Figure 3-3 iliusirates the VCG voltage required to
change the programmed frequency to a desired oul-
put frequency. Frequency range must be selected
before applying the VCG signal. For example, if
500 Hz iz programmed, the 278 selects the 102 range
{ref. table 3-5). As shown in the example of figure 3-3,
the “Freciency Mantissa of Program™ is 5 and a 5V
“VOG IN" changes the "“Frequency Mantissa of Cut-
put’ to 10. Since aperation is in the 10? range, cutput
frequency is 1.2 kHz {max). Another example ig a
1200:1 frequency sweep from 1 KMz to 1.2 MHz using
0.01 10 12.0 voit VCG signai. Tabie 3-b shows that the
frequency range is 10° To get in that range, program
a value in the 10°“F" range. Next, program FQ, from
which, the 0.01 YCG voltage will cause the output to
be 1 kHz, and a 0.01 to 12 volt VCG input will cause a
1 kHz to 1.2 MHz frequency sweep.

3-7
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Table 3-5.

Internally Selected Frequency Ranges

RANGE ACTUAL RANGES (H2)"

NAME “F" RANGES** “XF” RANGES VCG RANGES
108 1.00M - 12.0M 0-10.0M 10.0k - 12.0M
103 100k - 999k : 0-1.00M 1.00k - 1.20M
10+ 10.0k - 99.5k : 0 - 100k 100 - 120k
103 1.00k - 9.99k 0-10.0k 10.0 - 12.0k
10% 100 - 999 0-1.00k 1.00 - 1.20k
10! 10.0-999 0-100 100m - 120
10° 1.00 - 9.99 0-10.0 10.0m - 12.0

10" 100m - 999m 0-1.00 1.00m - 1.20
10-2 10.0m - 99.8m 0-100m 100p - 120m

* “F" ranges are applicable to keyboard and GPIB operation where parameter F is used.
“XF'' ranges are applicable to GPIB operation where percentage frequency parameter XF is used.
VG ranges are applicable when external voltage is used to control freguency.
** Firmwarg automatically selacts "F' ranges regardless of the format used in programming frequency. In synthesized and phase lock

modes, the 10~ 'and 10~ 2 ranges are not applicable.

A VCG input should not be used in synthesized or
phase locked modes.

3.8.2 Amplitude

An A foliowed by a value (up to 3 digits) programs the
amplitude at the function output. Amplitude is pro-
grammed in volts peak-topeak from 10 mv to 10 Vp-p
specified into a 501 lpad. See table 3-2 for value pro-
gramming, table 3-3 for round offs, and paragraph
3.11 for function output.

FREQUENCY
MANTISSA OF VEG
PROGRAM (M)
12— IN FREQUENCY
MANTISEA OF
T 29 QUTPUT
10 0 a—
9 . H'} '
& = -6 — _l
7] . 3
65— 2 4 o
EX4MPLE
T 0 - £
a_\zm F —
2 47 v -
P + 6= i
{1-_ +8— g8
Ty + 10— 10

11

*specitiad Opearaticn 12~

12 -~

Figure 3-3. VCG (FM) Nomograph
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Amplitude and oifset resolution is dependent upon the
sum of the peak amplitude and offset voltages. When
the peak amplitude plus the offset voltage is greater
than 0.5V, amplitude and offset resolution is limited 1o
10 mV¥. Yet, the amplitude and offset resolution is
1 my when the peak amplitude plus offset is less than
0.5V,

3.8.3 Offset

D fellowed by a value {up to 3 digits) offsets the func-
fion output from 0 to +5Y specitied into a 50§ load.
Offset is programmed in volis d¢. See table 3-2 for
round offs, and paragraph 3.11 for function cutput and
load operation. Offset value may be modified by the
cursor {ret: paragraph 3.8).

Amplitude and offset resolution is dependent upon the
sum of the peak amplitude and offset voltages (ref:
paragraph 3.8.2).

3.8.4 Function

C followed by a single digit parameter value selects
function at the FUNC OUT BNG. Eight function ¢codes
are used.

ch
1
c2
c3

Salects sine wave.
Selecis triangle wave.
Setects square wave in phase with SYNC QUT,

Selects complement sguargé wave 180° oui of
phase with SYNG CUT.

Selects dc output voltage. The de level is set by pro-
grarnming offset as described in paragraph 3.8.5.

C4
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C5 Selects external width. In external width, the out-
put pulss period and width is fixed by the trigger
signal {internal or external), while output level is
adjustable by normal programming {ref: figure

3-4).
. . ADJUSTABLE
TRIGGER TRIGGER LEVEL
SIGNAL
PULSE

External Width

Figure 3-4.

External width requires no mode selection but, in
external trigget, requires trigger siope and level
selection {ref:;paragraph 3.7}.

Pulse width is between the manual trigger push
and release, ASCItJ and H via the GP!B, or TRIG
IN signal crossing and recrossing the trigget
level value.

External width, when internal trigger 1s selected,
requires selection of a triggered mode. Trigger
rate programs the external width puise period
{ref: paragraph 3.7).

C6 Selects a single pulse in phase with SYNC OUT.

C7 Selects a single pulse 180° out of phase with
SYNC QUT.

3.8.5 Modss

B followed by its code (0 through 8) selects the
operating mode. The selected mode is indicated on
the front panel readout when the MODE key is pressed.
Three modes depend on a trigger, and four modes
require an external reference signal. Refer 1o
paragraph 3.7 for irlgger siops and level selection,
B0 Selects continuous operation of the main
generator,

B1 Selects triggered mode. The generator is trig-
gered by external signal, internal trigger, manual
trigger, or GPIB commands. When triggered,
one cycle is generated.

B2 Selects gated mode. The onset of the trigger,
regardless of its source (ref: mode B1), enables
the generator for the duration of the trigger

signal plus the time reguired for the completion
of the last cycle started.

B3 Selects burst mode. Burst is the output of a
preprogrammmed number of cycles each time the
generator is triggered (ref: paragraph 3.8.6).

B4 Selects the synthesizer mode that uses the in-
strument’s internal reference. In synthesized
mcde, the instrument operates the same as con-
tinuous, but with Increased frequency accuracy
(0.0005%) and resolution {5 digits).

B5 Selecis a synthesized mode that requires an
external 10 MHz TTL reference signal at the REF
IN BNC.

B6 Selecis a synthesized mode the same as TTL
reference (B8}, except a 10 MHz zero-crossing
signal is required at the REF IN BNC.

B7 Selects a phase lock mode that reguires an
external TTL signal at the REF IN BNC. The dis-
play reads LOOP LOCKED when the correct
reference signal is present and LOOP NOT
LOCKED when the signal is incorrect. The exter-
nal reference frequency must be within 5% of
the instrument’s programmed freguency.

B8 Selects a phase tock mode the same as a TTL
lock (B7), except a zero-crossing signal is required
at the REF IN BNC,

3.86 BURST

R followed by a value (1 to 1,048,200} denotes the
humber of cycies In a burst. Duration of a burst is
dependent upon the programmed frequency. Burst
can be internally or externally triggered.

3.8 PULSE

The following sections describe pulse parameter
control for pulse operation. The block of keys
involved is labeled FULSE on the front panel.
Pulse parameters are defined in Appendix D.
Gated is not valid during pulse opsration.

3.9.1 Pericd

L e o PR T L T TP
W IRV T WY O YOUILD

period. Periods are programmable from 80 ns to
with up to 3 digits of resolution.

3.89.2 Widih

N followed by a valug, in seconds, denotes the pulse

width. Programmed pulse widths are 45 ns t¢ 500 ms
with up to 2 digits of resolution.

Pulse width i3 measured from the 50% point of the
leading edge to the 50% point of the trailing edge.
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3.9.3 Upper Level

U followed by Hs value, in volts, programs the upper
peak of all functions except de. The upper fevel has a
voltage range of —4.98 to + 5V with up to 3 digits of
resoluticn. The upper level must always be more
pasitive than the lower level,

3.9.4 Lower Level

V foliowed by its valug, in volts, programs the lower
peak of all function except dc. The lower level has a
voltage range of —5 to +4.98V with up to 3 digits of
resolution. The lower level must always be more nega-
tive than the upper level,

3.10 STORED SETTINGS

Up to 100 different sets of front pane! settings can be
stored in and recalied from Random Access Memaory
(RAM}. Nonvolatile memory is battery backed for 6
month {minimum} retention of settings.

3.10.1

Program sets may be stored by keyboard or GPIB
command. To siore the pragram set that is in scratch
pad memaory {ref: figure 3-2}, enter M followed by the
storage location (1 through 100). The next alpha pro-
grammed i3 the terminator, which allows the storage
to occur. M a program was previously stored in that
location, it wiil be erased and replaced by the new set.
When a program is stored, the settings are tested for
errors in the same manner as with an execute com-
mand (ret. paragraph 3.5). The program is always
stored, whether or not errors were delected. Pro-
grams can be stored without interrupting the output of
the 278 it a terminator other than EXEGC (1} is used: this
is possible because it is the scratch pad memory that
is stored rather than the actual seitings of the
waveform circuits {ref: figure 3-2). Naotice that during
278 operation, sgratch pad memaory can be changed
and stored without affecting 278 output.

Storing Program Sets

3.10.2 Recalling Stored Programs

The information stored in a program may be
recovered gither from the front pane! or by a com-
mand over the GPIB. To recall, program a Y followed
by tho number of desired program. When the next
alpha entry is made, the settings stored in the
selectad program are transterred to display memory
and the scratch pad memory (ref: figure 3-2). Then
data is available to be sent to the waveform circuitry
of the instrument, or, if desired, it may be examined
and aitered by use of the front panea! «eys.
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The identifying numbers of programs in RAM range
from 1 through 100. I the number of a program which
does not exist or an illegal identifying number is pro-
grammed, an error wil result,

A special location, RCL 0, contains the last executed
settings. When power is turned off, RCL 0 contains the
last executed setltings prior o power off.

Pressing the cursor 1 key or programming XW causes
the program next in sequence after the lagt program
accessed o be recalled. This provides an automnatic
way to recall a sequence of programs. However, the
programs need not be numbered consecutively. If
there is no program following the last program
accessed, an error occurs.

Pressing the cursor | key or programming XU is
similar to the cursor 1 or XW action previously
described, except that programs are recalled in
descending numeric order.

3.10.3 High Speed Recall of Stored Programs

The Group Execute Trigger (GET) allows a rapid GPIB
recall of stared programs. In the GET mode of opera-
tion, the program is recalled and executed, and ihe
waveform circuits are triggered, all within 2.5 ms of
receaiving the GET command. There are three possible
modes of GET operation {ref: paragraph 3.16.7). There
is no error checking in GET mode,

3.10.4 Deleting Programs

To delete a program, program the letter M followed by
a minus sign and a number {except 0} af the program
to be removed. When the number is lerminated (by
the next alpha character), the program is removed
from storage; there is no other effect.

3.11 OUTPUTS

3.11.1

At pawer-up and resetf the FUNC QUT signal is turned
off,

Function Output

3.11.2 Gutput OnjOff
P foliowed by a code switches the output on or off.

PO Internally disconnects the signal from the FUNC
QUT BNC {as described in paragraph 3.11.%)
making the gignal unavaiiable at the connecior.
in P0, the function output presenrts a high source
impedance at the BNC,

P1  Internally connects ihe signal ioc FUNC OUT

h T
1%,
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P2 Internaily disconnects the signal from FUNC
QUT making the signal unavailable. The function
output source impedance is approximately 506,

3.11.3 Output Protection

The function oulput is protected from short circuits
and external overvoltages over 200 Vdc or 140 Vac
without damage to internal circuits.

Overvoltages are handled by using two methods: an
overvoltage protection circuit and an output protec-
tion fuse.

The overvaltage protection circuit will detect external
voltages (greater than =15 Vdc but less than
+ 200 Vde or 140 Vac) at the function output BNC and
diseonnect the output amplifier from the function out-
put. The disconnection time is approximately 2 ms,
bui time can vary depending upon the level of the
external voltage.

The output proigction fuse will blow when an external
voltage exceeds 200 Vde or 140 Yac. When the fuse is
blown, the display shows QUTPUT FUSE BLOWN,
providing the function out is terminated with 508, dur-
ing one of the following cycles: after selecting Reset,
at power up, after output onfoff, or during the internal
protection check. If the fuse is blown, remove the top
cover, puil out the fuse (located at the rear of the main
board), turn the fuse over and insert it. If the display
continues to read OUTPUT FUSE BLOWN, replace
with a new fuse block {Wavetek part number
1208-00-0977).

3.11.4 Sync Outputs

The SYNC QUT is a OV to approximately 5V (TTL)
signal from a 50Q source. SYNC QUT is coincident
with FUNC OUT. Timing relationships are shown in
Appendix D.

3.11.5 Reference Output

The reference output is a 10 MHz TTL level puise in
the synthesized mode (B4). When internal trigger is
selected in either the triggered (B1), gated (B2) or
burst {(B3) modes, the REF OUT will be a TTL level
signal at the same frequency as the internal trigger
ratio (ref; paragraph 3.7).

3.12 CLEAR ENTRY

The CLR key erases a parameter value which is being
entered. The key removes the numeric digits entered

after the last parameter letter entry but prior to execu-
tion. A clearable entry can be identified by either of
two methods: an asterisk preceding the parameter or
a cursor line () following the last number, The
display is replaced by the previous value (scratch-pad
value) of the parameter being programmed.

3.13 BRESET

The RST key returns the 278 wavetorm parameters to
their power-on condition. The readout becomes
“RESET’'. Significant parameters values and condi-
tions are given in table 2-3, step 2.

3.14 DISPLAY TEST

The DISP TEST key lights all 20 sets of character
segments and semicolon as shown in table 2-3 step 1.

3.15 STATUS

Pregsing STAT automalically displays the current
waveform gengrator $tatus one parameter and value
at a time (ref: Appendix C). When STAT is pressed a
second time the cycling immediately stops.The
parameters can then be manually searched by using
the CURSOR {l or 1) keys (ref; 1able 2-3, steps 3
through 6).

3.16 GPIB

Almaost all of the information in Section 3 is applicable
10 the General Purpose Interface Bus (GPIB) program-
ming of the 278, but the information in this paragraph
i5 exclusive to the GPIB.

The GFIB interface is an implementation of IEEE Stan-
dard 488-1978. It supports the following interface
functions: SH1-Complete source handshape, AH1-
Complete acceptor handshake, T6-Basic talker, TEO-
No extended talker, L4-Basic listener, SR1-Complete
sefvice request (software select), RL1-Remote/local
and local lockout, PPO-No parallel poll capability,
DC1-Complete device clear/selective device clear,
DT1-Complete device trigger capability, E2-Tri-state
drivers. The talk capability allows a device {¢ send
data (such ag error message readings) out over tha
bus. The listen capability allows a device 1o receive
data {such as device programming information) from
the bus.

3.16.1 Bus Lines Defined
The GPIR consists of 16 negative true signal lines:

o101 - DIOS Daia infOut Lines
ATN Attention

3-11
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REN Remaote Enable
DAY Data Available

NRFD Not Ready For Data
NDAC Not Data Accepted
EQI End Or 1dentify
SRQ Service Request
IFC interface Clear

1. DIO1-DIO8—These eight lines (Data IN/Qut)
are used to send commands from the controller
and transfer data back and forth between in-
struments and the controller.

2. ATN—This line {Attention) i3 operated only by
the contralier. It specifies whether the informa-
tion on Hnes DIQ1 - DIO8 is data (ATN false) or a
command {(ATN true). Whenever ATN is set true,
no activity is allowed on the bus except for
controller-originated messages; additionally,
every device connected 1o the bus is required to
receive and process every command sent by the
controller.

3. REN-—-This line {Remote Enable} controls
whether devices on the GPIB are in iocal or
remote modes. In local mode, devices respond
10 front panel commangds and do not respond to
GPiB originated commands. In remote mode,
the situatton is reversed: GPIB originated com-
mands are obeyed, while front pane! commands
are ignored. The 278 enters the remote slate
when il receives its listen address (ref:
paragraph 3.16.2.1) and REN is enabled. The
278 then stays in the remote mode untit the REN
line is put in the local state, a Go To Local (GTL)
command is received or the LCL front panel key
is pressed {ref. paragraph 3.16.2.4, item 4},

4. DAV, NRFD, NDAC—These are the “hand-
shake'' lines {Data Valid, Not Ready For Data
and Not Data Accepted) which regulate the
transmissicon of information over the lines BICT-
DIO8. For each command or data byte trans-
ferred, a complete handshake cycle occurs, This
handshake s designed to held up the bus until
the slowest device has accepted the informa-
tian.

5. EOI—When ATN is false, ECI (End Or Identify)
indicates that the data en lines BIO1-DIOS is
the iast byte of a data message. When the 278
receives a data byte with EQ! true, the 278
automatically supplies a terminator character
{ref: paragraph 3.18.8) following the data byte.
When the 278 transmits the 'ast byte of a
message {which is always a terminator
character), it aiso sets EOQi true.
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6. 3RQ-—This line (Service Reguest) is used by the
278 and other devices on the bus to signal the
controlter that they request attention. {Ref:
paragraph 3.16.5). Since the SRQ ling is common
to all devices, additional tests must be made to
determine which devices are signaling. The con-
troller performs a Serial Poll to accomplish this,

7.  IFC—This line (Interface Clear) i3 used by the
controler to reset the interface logic in all
devices connected to the bus to a known initial
state.

3.16.2 Commands

Commands are sent over lineg DIO1-DHO8 with ATN
true. They are divided into five classes.

1. Listen Addresses

2 Talk Addresses

3. Secondary Addresses
4 Universal Commands

DCL—Device Clear
SPE—Serial Folt Enable
SPD—Serial Poll Disable
LLO—Local Lockout

h.  Addressed Commands

GTL—Go To Loeal
SDC-—Seiective Device Clear
GET—Group Execue Trigger

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

3.16.2.1 Listen Addresses

Listen addresses are used to command a device o
read any data bytes transmitted over lines DIO1-
D108 There are 31 different available addresses (hex-
adecimal codes 20 through 3E, ASClH codes SP
through >). A 32nd address, called unlisten (hex-
adecimai 3F, ASCIil ), is used to command all devices
to not read data bytes. The 278 listen address is
selected by internal swilches (figure 2-2) or by front
panel keyboard; e.g., ADRS 1 EXEC for address
number one. Either method of selection specifies the
lower 5 bits of the address {ref: table 2-2). Pressing the
front panel ADRS key displays the GPIB address as a
decimal device number. At power-on the address is
always that set by internal switches. Another internal
switch (figure 2-2) can lock out address selection by
front panei keyboard if desired. Each time ADRS is
pressed, XA will appear in the CMD RCL string. The
address can not be reprogrammed frem the GPIB.
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3.16.2.2 Talk Address

Talk addresses are used to command a device 10
transmit data over lines DIO1-DI08 whenever ATN is
falgse. There are 31 different available addresses (hex-
adecimal codes 40 through SE, ASCH codes @
through a). A 32nd address, called untalk (hex-
adecimal 8F, ASCIl _ Y is used to command all
devices to cease talking. The lower 5 hits of the 278
1alk address are seiected by the same switches used
1o select the listen address. Thus, if the 278 listen
address is hexadecimal 21 (ASCII 1}, the talk address
is hexadecimal 41 {ASCII A). Pressing the front ADRS
key displays the GPIB address as a decimal device
number.

3.16.2.3 Secondary Address

Secondary addresses are used following a talk or
listen address to provide the ability to address more
than the 31 devices provided for by simple talk or
listen addresses. Secondary addresses are ignored
by the 278.

3.16.2.4 Llniversal Commands

Universal cormmands are used to command a device
to perform designated actions. Universal commands
are recognized at all times, Universal commands per-
formed by the 278 are:

t. Device Clear {(DCL}—Resets the 278 to the
initiak power on settings. Refer to table 2-3, step
2 for power on conditions. DCL affects all
devices on the bus. This information is also get
inta the waveform generating circuitry.

2. Serial Poll Enable (SPE)—Causes the instru-
ment to enage in a serial poll by responding with
the serial poll status byte when addressed as a
talker. Data line DIO7 will be on, if service is
being requested on the SRQ line. When the
siatus byle is read, it is reset to an ASCII tlank,
and the SRQ line is released {of course, it may
still be held down by other devices). The status
byte is also available by reading the 278 talk

e Tl ntnTala Nl ilos lare o B Y. L T T R e T P - |
III\J\J\JUB\J THkdl I IRASFI L, YWD Lg 1 IIUOOGHU > IUQU,
the status byte is reset and SRQ released as for
the serial poll,

3. Serial Poll Disable ($PD)—Discontinues serial
noll. Returng ingtrurmeants to normal tailk modeg

4. Local Lockout (LLO)—Causes the 278 to enter
a state where the front panel |.CL key is inoper-
ative. In this state, the keyboard is disabled and
the instrument will only accept parameter
changes through the GPIB. To enable keyboard

contret, the GPIB controiler must place the REN
line in the local state.

3.16.25 Addressed Commands

Addressed commands are used to command a device
to perform designated actions. Addressed commands
are recognized only when the instrument is addressed
as a listener. Addressed commands performed by the
278 are:

1. Go To Local {(GTL)—Commands are 278 to go
to the local mode (ref: to paragraph 3.16.1 for
explanation of the REN line),

2.  Selective Device Clear (SDC)—Resets the 278
to initial power on conditions. Refer to paragraph

3.13 for power on conditions. SDC affects only
the selected unit.

3. Group Execute Trigger (GET)—Causes the-
actions specified by the GET mode (XG) code
(ref: paragraph 3.16.7). If the 278 microproces-
sor is idle {i.e., not processing a previously sent
pregramring string), a GET comimand will be
completed) within 2.5 ms of raceipt. Otherwise,
it will not be done until current programming is
processed.

3.16.3 Data Transfer

In addition t¢ accepting programming characters, the
278 will transmit status information over the bus. To
program the instrument, first send the listen address
{with ATN on), followed by the programming daia (in
ASCH, with ATN offy. The instrument microprocessor
accepls the data as fast as possible, until either 64
characters are received or there is a pause during the
transfer of data. At that time, the entire string of
received characters is scanned by the microproces-
sor, which carries out tha scan and accepts the next
64 character siring. Whenever the microprocessor is
finished scanning a string, the display will show the
last parameter of the string. If the EQl line is asserted
while sending a character to the 278, the currently
programmed termingtor character will ba put into the
input string following the character with the EO!.

3.16.4 Talk Mode

To read a message from the Z78, send the {aik
address (with ATN on) over the bus. The instrument
will then send the mesgage currently selected by the
Talk Mode (XT) setting. The last characier of the 278's
message will De the currently programmed terminator
character with the EO! line asserted.

3-13
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XT followed by a code (0 through B} selacts the king of
message the 278 will send when il is addressed as a
talker on the GPIB.

XTO Programming Error List (oniy errors from GPIB
input). A typical error string s E 1F 2AD 3Y.
Some error string characteristics are;

a.  All error strings begin with E

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

Class 1 Error: A 1 followed by programming
character that caused the errox.

e. Class 2 Error: A 2 followed by the twe con-
flicting program characters.

f. Class 3 Error; A 3 followed by M (Storel or
Y (Recall}.

g. Error strings can be up {0 80 characters in-
ciuding E and blanks.

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

XTO0 is the power-up talk mode.

XT1 Poll Byte Response: The byte sent if a serial polt
was performed. The controller, by reading this
byte, causes the instrument 1o clear the poll byte
and reset the SRQ line if asserted. The poll byte
sent is described in table 3-5.

XT2 The most recently selected parameter and its
value. Example: FREQ 1E3. {f no parameter is
selected; e.g., power-on state or reset, then
returns: NO PARAMETER SELECTED.

XT3 The entire instrument setup after last execute.
Example: F1E3A5D0OBOCOR2S1E-3N45E-
9U2.5V-2.5GAT200PCA0XL1.5 (the instrument
setup immediately after a reset or on power up).

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

XTS5 Instrument Identification: WAVETEK MODEL 278
V(XYY 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 resolution (6 minutes).

XT7 The accumulaied operating time. Example:
TOTAL TIME: 306.2.

NOTE:

Toggling swiich 7 (figure 2-2) clears the
instrument-oparating-time clock. With SW7
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on. the clock runs during power on. With
SW7 off, the clock clears to zero,

XT8 The number of stored settings installed. For the
278: STORED SETTINGS 100,

3.16.5 SRAQ (Service Request)

3.16.5.1 SRQ Mod.e

XQ foliowed by a value {0 through 255) selecis the
conditions under wheh the 278 asserts the SRQ line
and rsv bit. The equivalent binary value is a “‘mask”
for the serial poll response byte (ref: table 3-6). The
binary mask selects certain conditions that will he
recognized as conditions that assert the SRQ line and
rsv bit. All other conditions are ignored {(masked).

Table 3-6 shows the serial pall response byte. Each of
the 8 bits represent a condition that, if selected by the
SRQ mode, will assert the GPIB's SRQ line and the
serial poil byte’s rsy bit. Each bit maybe selected
individuaity or in various combinations. The rsv bit (bit
decimat position 64} and the undafined b (bif decimal
position 32) will have ng affect if setected.

For exampie XQ1 dictates that the SRQ {ine and the
serial polt byte's rsv bit are asserted when there is a
program error; such as, frequency beyond the 278's
limits. The serial poll response byte will be G1G0G061.

In another example, XQ131 dicates that the SRQ line
and the rsv bit are asserted when a program error has
occurred, the output protection is enabled, or the SRQ
key is pressed. The serial poll response byte will be
11000011

XQ1 is the SRQ power up mode.

3.16.5.2 SRQ Key

The SRQ key is located on the tront panel of the 278,
To use the SRQ key, the 278 must be in the local mode
and the SRQ mode bit weight 128 must be selected
(ref: table 3-6). Under these conditions, pressing the
SRQ key asseris the SRQ line of the GPIB.

3.16.8 End of String or Terminator Speclfication

XV followed by its argument designates a new End Of
String (EQS) or terminator ¢character. The argument is
the decimal value of the ASCI character that is to be
the new terminator: an EOS ¢character recognized by
the 278. Any ASCIl character except NUL is ac-
cepied.

The terminator character has two uses. During out-
put, it is appended 1o the end of every response to a
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Table 3-6.

Serial Poll Response Byte

Bit
Decimal Bit Bit
Position Binary Position* Name Bit Description
128 1000 0000 SRO Kay A front panel key (ref. paragraph 3.15.5.2).
(M3B)
64 (3100 0000 rsv Request for service,
32 0019 0000 Undefined Undefined bit.
18 0001 G000 Reference Indicates the generator is not locked to the external
Not Locked reference signal.
8 0000 1000 Low Battery | Indicates a low battery level for memory back-up battery
(ref: paragraph 3.10).
4 000 0100 Fuse Blown tndicates output amplifier fuse is blown
{ref: paragraph 3.11}.
2 000 0010 Cutput Indicates output protection is tripped
Protection {ref: paragraph 3.11)
1 Q000 0001 Program Indicates a program error; it can be either class 1, 2 or
(LEB) Error 3 error (ref: paragraph 3.4).
*Hinary Code: Selected

T =
0 = Mot Selectad

tatk reguest on the GPIB. During input, it signals, the
end of a group of pregramming characters. Since it is
always recognized, even in a guoted string, it can be
used to insure that the instrument is in a known state,
so that following programming characters will be
interpeted correctly.

At power on time, the EQS character is the line feed
control character, ASCIl character LF {100). When
the 278 issues a talk message, the EQS character is
the last byte sent. in addition, the End Or ldentity {EOI)
line is pulsed low (END messagej during the EQS
character transmission. If the GPIB controller does
not ook for the END message (EOI line low), and it
does not recognize the Line Feed {LF) as a string
terminator, 8 new ECS character will be needed. For
exampie, 10 change the ECS character from an LF to
a Carriage Return {CR), program XV13.

3.16.7 GET Mode

XG foliowsd by its code selects what actions oc
when a Group Execute Trigger {(GET) command is se
to the 278, The code may be 0, 1 or — 1.

0 Upoen receipt of GET, the programmed waveform
values are ftransferred to the waveform
generator circuits, and then the microprocessor

[

RVl

sends a trigger pulse If the mode is not con-
tinuous. This is the same sequence of events
that would occur if an execute, then a trigger
action {Id) were programmed, except that no
errgr checking is done. GET mode O is the power
up condition.

1 Upon receipt of GET, the stored setting next in
sequence after the last stored setting accessed
is recalled, if it exists. Then the actions described
for code Q are performed. This is the same
sequence of events that would occur i a next
setting, an execute and a trigger action (XWIJ)
were programmed, except that no error check-
ing is done.

—1 Upon receipt of GET, the stored setting pravious
in sequence before the lasi siored setiing ac-
cessed is recalled if it exists. Then the actions
described for code Q are performed. Thig is the
same sequence of events that would ocour if &
previcus setting, an execute and a trigger action
(XULJ) were programmed, except that no error
checking is done.

3.16.8 Local
The front panel LCL key switches the GPIB interface
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to the local mede if it is not locked out {rel: paragraph
3.16.2.4, item 4).

3.16.9 Dispilay

The single quote character {") is used to program a
string of characters 1o be displayed on the front panel
display. Program a single quote, the characters to be
displayed, followed either by ancther single guote or
by the terminator character. When the second quote
or the terminator is programmed, the first 20
characters programmed afier the first quole are
displayed on the front panel. If fewer than 20
characters are programmed, then blanks are added to
fill the disptay.

Examples { ~ indicates a bfank character)
Three Programmed inputs
1.'20~ CHARAGTER A LIMIT

3-16

2. 'THISASTRING AIS A TOOALONG ~ TO » DISPLAY A ENTIRELY

3. :
L(no characters in string}

The Resulting Displays

1. 20,CHARACTERALIMIT ~ &
2. THIS A STRINGA IS A TOO A L
3. {blark display)

3.16.10 Command Recall

Pressing CMD RCL displays the iast 40 parameters,
values and actions (all in ASCIlI Code) sent to the 278
from the keyboard and the GPIB. The display shows
only 20 characters at a time, and the CURSCR - and
— must be used 10 see the entire 40 character pro-
gram siring.
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41 GENERAL DESCRIPTION

The Waveiek 278 Synihesized Funcition Generator
consists of four major sections (figure 4-1) the
microprocessor c¢ontrol  section located on  the
microprocessaripower supply board, the operator
interface located on the display board, the function
generator section located on the function generator
board, and the synthasizer, main loop, burst counter
and conirol togic circuits located on the auxiliary
board. Each of these major blocks is described briefly
in this general description and then in more detail in
following paragraphs.

41.1 Microprocessor Control

The microprocesser (figure 4-2) is the clearinghouse
for all contro! operations. Through its software pro-
gram in Read-Only-Memory {(ROM), the micro-

SECTION
CIRCUIT DESCRIPTION

processor accepts commands from the front pansl
kevboard or the IEEE-488 General Purpose interface
Bus {GPIB), then sends operating parameters to the
function generator circuits and auxiliary circuits,
stores these parameters in Random Access Memary
{RAM), and controls the front panel display.

The microprocessor section contains the analog inter-
tace circuitry which decodes and helds status infor-
mation for the function generator boatd. A sample-
and-hold circuit provides four anaiog voltages io
cantrol the function generator. Power supplies in this
section power all the circuits of the instrument.

41.2 Operator Interface

The operaior interface iocaied on the display board
{figure 4-2), includes the front panel keyboard, the
flugrescent display, decoders and drivers. The micro-

MICROPROCESSOR K

AUXILIARY DIGITAL CONTROL

CONTROL
MICROPROCESSOR

DIGITAL CONTROL

ROM <
RAM

FUNCTION GENERATOR

GPIB INTERFACE
ANALOG INTERFACE
SAMPLE AND HOLD
BATTERY TEST/RESET

FUNCTION GEN
ANALOG CONTROL

POWER SUPPLIES

\/

FUNGTICN AUXILIARY BOARD
GENEHATOR ANALOG
VCG AND TRIGGER LEVEL | INTERFACE g?rxlawnl[gscfzpzn
FREQUENCY
FRONT PANEL CONTROL COMPENSATION O BURST COUNTER
GENERATOR LOOF CONTROL LOGIC
FREQ RANGE SWITGHES

v FUNCTION SELECT
OPERATOR SYNC DRIVER
INTERRAGE XY AMPLIFIER

PREAMPLIFIER
DISPLAY QUTPUT AMPLIFIER
DISPLAY DRIVERS OUTPUT PROTECTION
KEYBOARD TRIGGER CIRCUIT

KEYBOARD DECODER

CAP MULTIPLIER

Figure 4-1,

Major Blocks

4-1
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processoer recognizes entries from the keyboard and
performs the appropriate instruction. Display drivers
transfer display informatien from the microprocessor
tc the 20 character, vacuum-fluorescent aipha-
numeric display.

4.1.3 Function Generator

The basic generator lgop, figure 4-2, creates a
triangle waveform by alternately switching equal
positive and negative currents into a capacitor. The
switching points are determined by comparing the
triangle peak voltages against two reference levels, A
complement of the switching waveform controls the
trigger timing in the mode logic, drives the square
shaper, and is buffered to provide the instrument's
synchronization output (SYNC QUT). Decade values
of capacitors determine the basic ranges for frequen-
cies from 100 hertz up. Below 100 hertz, a
capacitance multiplier scales down the triangle cur-
rent to provide the four fowest decades of frequency
in the instrument,

Within any selected frequency range, a Voltage Con-
trolled Generator (VCG) circuit varies the triangle cur-
rent proportionaily 1o the frequency control voltage
(FRQ) from the microprocessor section. This circuit
also controls high frequency compensation by propot-
ticnately decreasing the reference levels to compen-
sate for time delays.

The function select circuit chooses a butfered triangle
wave, & square wave derived from logic level signals,
or a sine wave derived from the trigngle wave. An X-Y
multiplier circuit takes the current output from the
function switch and, with its associated preamplifier,
varies the wavelorm ampiitude in proportion to the
amptitude control voltage (AMP) from the
MICTOProcessor.

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

If excassive voltage is sensed on the outpul, the out-
put protection circuit opens all the attennuator relays
to protect the instrument. A voltage high enough to
arc across the relays will blow -a fast-acting fuse to
further proiect the instrument from major gamage.

A trigger circuit ailows the generalor to be triggered
or gated externaily. An internal control voitage (TRL)
controlled by the microprocessor determines the level
at which an externai signal {at TRIG IN) triggers or
gates ihe generaior. Tne exlernal trigger signai can

4-2

also be gated directly inte the square shaper to pro-
vide an external width function.

4.1.4 Auxiliary Board

The auxiliary board contains the synthesizer, main
{oop, and burst counter circuits.

The synthesizer circuit generates an accurate fre-
guency ai either the programmed generator frequency
or the programmed internal trigger rate. It can be
referenced to either an internal crystal oscillator or an
external reference applied to the REF IN connactor.
Trigger fevel for the external input is selectable for
either TTL level or zero-crossing sighals.

The main loop circuit phasedocks the function
generator to either the output of the internal synthe-
sizer or to an external frequency {applied at the REF
IN connector) within 5% of the programmed gener-
ator frequency. Trigger level is selectable for either
TTL or 2erg-crossing signals.

In the burst mode, the burst counter counts the
square wave signal from the generator loop started by
an external or infernal trigger input. When a presst
count is reached, the burst logic then turns off the
generator through the normal gating logic.

The auxiliary board alsa contains control logic toiatch
data from the bufiered data bus to control the other
circuits on the board.

4.2 MICROPROCESSOR CONTROL CIRCUIT
DESCRIPTION

The microprocessor control section and its
associated circuits (figure 4-3) are located on the
Microprocessor/Power Supgiy circuit board accessi-
ble beneath the bottom cover of the insirument.
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 foHlowing descriptions refer 1o figure 4-3 and the
microprocessor/power supply schematics in the back
of this manual.

421 MicroprocessorfMemory

The microprocessorimemary section includes the
microprocessor itself. an address latch to demultinlex
the lower grder address bits, an address decoder to
select appropriate memory iocations or addressable
regisiers, read-only-memaory {ROM), random access
memary (RAM), a data latch to hold data for “ransfer
to analeg and display registers, the besper circuit,
ard the GPIB address switch ang register.
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Figure 4-4. Microprocessor Timing Diagram

4211 Microprocessor

The 8803 microprocessor, U3, is in its expanded-
multiplexed mode (mode 2), as determined by mode
control programming diodes, CR1 and CR2. This
mode allows the microprocessor to address external
memory by using port 3 (P30-P37} as the multiplexed
low-order-addrassidata bus, port 4 {P40-47) as the
high-order-address bus, with pins 39 and 38 as the
address strobe (AS) and readiwrite line (R/W) respec-
tively. Ports 1 (P10-P17) and 2 (P20-P24} are always
WO ports.

A ciock-generating circuit within the microprocessor
uges an external 4 MHz crystal, Y1, beiween the
XTALt and XTALZ pins to develop iis internal phase

sincks and the 1 MHz systemn enable clock (F). Figlre
4-4 shows the approximate timing for major signals
and busses In the microprocessorimemory system.
Actual system timing varies somewhat from instru-
ment o instrument, so signal spacing may be dif-

ferent within the 143 period of the system clock.

The microprocessor responds to three interrupt
inputs: master reset (RESET), which initializes the
microprocessor; the external interrupt request line
(IRQH, which the GPIB interface uses to signal_the
processor; and the non-maskable interrupt (NMI),
which is not used in the instrument, but is available on
tha test connectar.

4.2.1.2 Address Latch

An ocial latch, U4, demultiplexes the acdkressidata
bus from ihe microprecessol 10 hold the iow-order
addresses (ADRO-ADR7Y) during the part of the E clock
cycle that data occurs on the multiplexed bus.
Latching accurs on the negative transition of the AS
signal (U3, Pin 38} See timing diagram, figure 4-4.

4.2.1.3 Data Latch

Octal latch, U25, demultiplexes data from the
address/data bus much in the same way as the

45
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address latch (U4}, except that the falling edge of the
E clock, rather than AS, laiches the device,

4.21.4 Address Decoder

A field programmable gate array, U13, decodes the
highest 14 of the 16 address lines to select one of
eight possible addressable devices or circuits. These
are the keyboard decoder {KYED), display drivers
{DISP), IEEE-488 interface {GP!B), RAM location 1
(RAM1), RAM location 2 (RAMZ2), ROM location 1
{ROM1), ROM tocation 2 (ROM2), and the analog inter-
face registers {ANALOG). In addition, a ninth ocutput
deccdes the reset and interrupt vector addresses into
ROM2 for normal operation, but ailows a test input to
direct these vectors into external memory. A memory
map, table 4-1, shows the position in memory for each
of the above blocks.

4215 ROM

Two read-only-memories, U3 (ROM1} and U10
{ROMB2}, contain the program for the microprocessor.
Their respective locations in memory are adjacent as
shown in the memory map, table 4-1. ROM1 zand
ROM?Z trom the address decoder enable the appro-
priate IC on the rising edge of E clock. A brief descrip-
tion of microprocessor operation will be coverad in
the software section.

4.2.1.6 RAM

The microprocessor uses two random access
memories, U11 and U12, as a scratch pad memory
and_as memory for stored settings. The RAM1 or
RAM?2 line from the address decoder enables the
selected RAM on the rising edge of the E clock. Dur-
ing a_write cycle, the write puise circuit AND's the
read/write line from the processor (R/W} with the E
clgck io generate a wriie pulse (WRFP) after all
address lines have become stable. A lithium battery
{BT1} maintains a sufficient voltage level {0 prevent
the loss of information stored in both RAMs when
external power is removed. Schottky diode CRS con-
ducts when the + 5V supgly falls below the battery's
voltage (approximately 3V). Diode CR4 prevents the
baitery from discharging through the rest of the
gircuit.

4.21.7 Beeper

The microprocessor generates a 62.5 kHz signal con-
tinuously at port 22 (P22} after start-up producure is
compiete. To generale an audibie beep, the processor
sends a positive pulse from pert 17 (P17} 10 the reset
line of a 12-bit rippie counter, U2, The counter reset

4-6

Table 4-1.

Memory Map

Addressable Devices

Address
(Hexadecimal}

Internai Register

$0000 — $001F

o™

Analog $0020 — $003F

DISP. GPIB

(See Note 1) $0040 — $O05F

KYBO & Not Used

(See Note 2) $0060 — $007F

Internai RAM $0080 — $O09F
7~ Not Used $0100 ~ $9FFF

HOM 1 $A000 — $BFFF

ROM 2 $CO00 — $DFFF

RAM 1 $E0OC - SETFF

RAM 2 $E800 — SEFFF
=~ Not Used $FO00 — $FFEF

Vactor (ROM 2} . .

(See Note 3) $FFFO— $FFFF
Notes

1. DISP %40 — $43, GPIB $58 — $5F
2. KYBD $60 - $6F. Not Used $70 - $7F
3. Alternate addresses for last 16 locations in RO 2.

condition enabies the 62.5 kMHz signal from port 22 to
the clocK input of the caunter. The Tifth stage output of
the counter drives a transistor switch which in tumn
drives the beeper at approximately 2 kHz. When the
eleventh and twelfth stages of the counter both go
positive, -3 inhibits the 62.5 kHz signal from the
processor and siops the beeper. This gives a beep

about 58 ms long.
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4.21.8 GPIB Address

An 8 section DIP switch {SW1), selects the GPIB
address for the instrument. Since |IEEE-488 specifica-
tions allow only 31 possible addresses for GPIB instru-

ments (binary D-30), only the first five switches 81-85 -

(GAO-GA4), are used to select the actual address. 56
{(FPADEN) enables or disables the front panel address
entry capability. Amomentary closure of 87 resets the
elapsed operating time counter in the micro-
processor. 38 is not used.

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

4.2.2 GPIB Interface

The GPIB Interface section of the microprocesscr
board interfaces with the instrument’s Microproces-
sor and handles all the handshake protocol and data
transfer over the IEEE-488 General Purpose Interface
Bus (GPIB).

Mosgt of the IEEE-488 insirument bus protecol func-
tions are handled by the General Purpose Interface
Adapter (GPIA), a single IC, U6. Data and control por-
tions of the bus require high current driving 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 talker or a listener: the
data transceiver, U7A or U7B, always acis as a trans-
mitter during talk modes and a receiver during listen
modeas, but the control transceiver requires that some
lines transmit whilg others receive in both of these
modes. These different requirements are met in the
“A' transceivers by using different parts for each
function (the 75160A for data and the 75161A for con-
trol) or in the ""B'" transceivers by using an extra con-
irol line (pin 11 on the 3447). The instrument is able to
use either type of bug transceiver scheme.

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

microprocessor can read this switch by a read of the
address register in U6, which causes U6 1o set ASE
low during the E-clock {data) portion of the microproc-
essor ciock cycle. This address is not nhecessarily the
address used by the interface IC {UB); thal address is
stored in U6 by writing into the internal address
register.

During the microprocessor reset cycle (power up),
MR to U6 pin 19 (RESET) inhibits all the outputs {o the
bus drivers and the drivers themselves o prevent
false information from being transmitted over the bus.
In addition, 1o prevent a false service request
message state {SRQ asserted), port 20 from the
microprocessor scans the SRQ ling at U6, pin 23 to
keep a program monitor of the status of the SRQ flag
out of UB. A false state could otherwise occur if a very
fast controller addressed the instrument in quick suc-
cession before the instrument's microprocessor had
time to reset SRQ.

For a complete definition of the GFIB lines, refer to
paragraph 3.16 in the OQPERATION section of the
manual.

423 Battery Test and Reset

One-half of the dual operational amptlifier, U27, acts
as a voltage comparator 1o detect low voltage on the
battery, BT1. When the microprocessor goes through
its power up procedure and every six minutes
thereafter, the processor strobeg port 15 (F15) to a
low state to simulate the battery's normal load when
power is shut off, then checks the cutput of the com-
parator at port 14 (P14). If the batiery voltage drops
below + 2.4V, the comparator goes high and the proc-
essor sets an internal flag. At power up, this flag
causes an immediate digplay warning for low battery;
after power up, a reset command, storing a stored
setting or recalling a siored setting causes the warn-
ing display or an 5RQ, 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 micropraocessor reset circuit. During
power up, diode CR19 is reserved biased, allowing the
positive input fo LE27 {pin 5) 1o rise fo the voltage
determined by R59 and RGO. approximately +4.7V.
With CR18 forward biased, the negative input 1o the
comparator (U27, pin 6) rises more slowly, at the lime
constant determined by R57 and C72 (about a
100 mg). Since it takes about two time constanis for
the 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 rige. When power to the instrument is shut
off and the +5V line beging to drop, diode CR18 is

4-7
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reverse biased and the negative input to the com-
parator falls at the sarme rate as the + 5V line. Diode
CR19is forward biased, so the voltage at the positive
input falls more siowly, When the + 5V line falts slightly
below +4.75V, the comparator turns on G2 and
keeps the microprocessor reset as the power con-
tinues to fall.

424 Analog Interface

The analog interface consists of an analog decoder
that decodes addresses in the analog section of
memory, analog registers that hold digital infarmation
for the function generator board, and auxiliary buffers
that route dala to the auxillary board.

4.2.41 Analog Decoder

When the microprocessor selects the analog section
of memory {ANALDOG goes low), 2 2 to 4 line decader
{U14A) decodes the 32 bytes of mamory from ADR3
and ADR4 into four, 8-byte blocks (ANAD— ANAZ).
ANACD selects the digitaHo-analog converter, U15.
ANAT is decoded further from ADRO and ADR1 by
U14B to select the analog registers (ARC — AR3),
ANAZ and ANAJ select registers on the auxilary
board.

4242 Analog Regisiers

The analeg registers hold the analog control logic for
the function genarator board, ANLG — ANL27, and the
four sample-and-hold seleclt lines. Laiched data
(DATAQ — DATATY is strobed into registers U217
through tJ24 by the faliing edge of the analog register
control lines, ARO through AR3, respectively. ANLO
through ANL27 appear at the analog connecior, J6.

4,2.4.3 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. One-half of U28 {input
pins 2,4,6,8) is continuously enabled, but the signals
at its inputs do not change until the microprocessor
selacts the auxiliary registers. At this time, the bui-
fared port 12 {M12) enables the buflered data
(BDATAO — BDATA7) and buflfered address lines
(BADRO — BADR2),

42,5 Sample and Hold
The zample-ard-hold section ¢ansigts of the DAC
{digital-to-analog convertery U15, the — 10.24V refer-
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ence for the DAC, and four sampie-and-hotd circuils
that demultiplex the DAC ouiput to provide four
separate analog control voltages for the function
generator board.

4251 DAC

The 10-bit digita-to-analog converter, U15, containg
its own internal registers for latching data and inter-
faces directly to the latched data bus (DATAD-—
DATA7). When the microprocessor trangfers data into
the DAC with ADRQO high {approximately every millis-
econd), the negative transition of ANAQ laiches the
mosi significant 8 bits from the data lines into the
DAC's internal register. A second transition of ANAD
with ADRO low latches the two least significant bits.
The current output of the DAC (U15 pin 12) is con-
verted {o a voliage output by operational amplifier
U1BA at pin 1 using a feedback internal to the DAC at
15 pin 14

4.25.2 —10.24V Reference

Since the DAC circuit provides an inverted program-
mable portion of the reference voltage, the reference

_must be negative to get a positive output. This

adjustable negative voltage is generated by opera-
tional amplifier U16B in an inverting configuration
with a gain of less than —1 and using the highly
regulated + 15V power supply as its input. R16
adjusts the wvoltage for precisely —10.24V corre-
sponding to a 10 mV step for each binary step of ihe
DAC.

4.2.5.3 Sample and Hold

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

Within a few microseconds after the appropriate
voltage appears at the outpui of ihe DAG circuit, ihe
samplag-and-hold control line from U24 pin 12 turns on
the anakog switch U17A and the DAC output charges
the holding capacitor C28. Since the analog switch,
U17A, transmits a smail charge from its logic input
{pin 1} to the analog output {pin 3} an inverter, U18F,
generates an opposing signal and the capacitor, C27,
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Figure 4.5. Power Supply
injects the opposite charge to cancel the effsct. 4261 +5V Supply

Because these charges do not exactly coincide in
time, the result is a high-frequency bipolar spike that

“must be eliminated. A two-stage filter consisting of
Ri8, C29, R19 and C30 accomplishes this. The
holding capacitor C28 continues 1o charge until the
next sequence is due. The control signal from U24 pin
12 turns analog switch U17A off befare loading the
following circuit's DAC information at U170. The
analog switch’s high output impedance in the “off”
state and the high input impedance of the buffer at
J19B maintain the voltage on the ouiput of the circuit
with negligible discharge uniil the next cycle selects
this sample-and-hold circuit again.

426 POWER SUPPLY

Fout power supply voltages, + 15V, — 15V, + 5V and
+ 45V (figure 4-5) are generated on the microproces-
sorfpower supply circuit board. The pass elements for
each of the suppiies are three-ferminai reguiaiors
{(VR1, VR2, VR3 and VR4) which normally operate with
a 1.25V difference between their output and reterence
terminals. The + 5V and + 45V supplies use very little
additional circuitry. In these simpler supplies, the
reference voltages are provided by a resistor divider.

in the +5V supply {(Microprocessor/Power Supply
Schematic, sheet 3), ac from the transformer, T1
(located on the rear panel}, is rectified by CR13 and
filtered by C58 and C57 to provide unregulated de for
the regulator, VR3. Resistive divider R49 and R50 sets
the voltage at the reference input, pin 3, to provide an
output of +58Y +5% at E2, while Cb8 and C58 pro-
vide additional filtering at the output of the regulater.
R53 lpads the supply to guarantee operation of the
regulator if the +5V test jumper is removed. CR14
prevents C59 from discharging back through the
regulator when power to the instrumsnt is turned off.

4.2.6.2 +45V Supply

The -+ 45V supply operates much the same as the
+ 5Y supply, except that the unregulated dc at VR4
pin 1 and the regulated output voltage (at pin 2} are
much higher. The divider, R52 and R51, sets the out-

regulator cannot give an output greater than + 45V,

4.2.6.3

The + and — 15Y supplies that power the analog
sections of the instrument reguire greater accuracy

+ 15V Supplies

4-§
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and stability than the basic regulator provides, so
some additional ¢ircuitry is necessary. tn the +15Y
supply, the operational amplifier, one-half of U286,
compares a porticn of the output voltage with a stable
zener reference diode, CR10. The op-amp’s inverted
ocutput drives the reference input of the regulator to
compensate for any error in the output. Since the op-
amp output cannot operate within 1,25V of its positive
supply voltage, a divider, consisting of B35 and R36,
allows the cutput t¢ operate near ground potential.
R33, which is in series with the output of the regulator,
causes current regulation to take place at a lower
value than the internal fimiting that the regulator pro-
vides. As the current through R33 reaches its limiting
value, the voltage drop across R33 reaches 1.25V, the
normal voliage difference between the regulator out-
put and reference pins. Any further current through
R33 now creates a greater than 1.25V drop that the

ragulator senses at VR1 pin 3 as an overvoltage and -

responds by decreasing its output voltage until the
current falls back to the limiting value. Biode CRS, in
series with the op-amp output (U26 pin 1} prevents the
op-amp from sourcing any axira current through R35
that would change the output current iimit. A small
current through R34 keeps the op-amp in its operating
range up to the current {imit. 69 and C70 speed up
the external regulation to match the internal regulator.
R39 allows the oufput to be adjusted to precisely
+ 15V,

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

4.2.7 MICROPROCESSOR SOFTWARE

Although a detailed description of software is beyond
the scope of this manual, some discussion of the
microprocessor operation is helpful in understanding
how the insirument functions.

Figure 46 shows the three main program loops for
microprocesscs operalion: a fast background loop, a
stow background loop, and the parser-procedure loop.
The background loops only check registers for inter-
rupt flags set by exiernal or timer interrupts. The
parser selects and calls procedures when the pro-
gram enters it, and returns control o the fast back-
ground ioop when a procedure is finished.

42.71.% Fast Background

The fast background loop inspects the three internal
registers {GPIB, keyboard and timer) for interrupt
flags {non-zero statesy and then returns to its begin-
ning. 1f no interrupt flags are set, the entire loop takes

4-10

only about 50 to 60 us. If a flag is set, the loop time
increases by the length of the interrupt procedure. If
gither of the first two register flags (GPIB or keyboard)
are set, the background program calls the parser.
When the parser completes an operation, it returns
the program to the beginning of the fast background
ioop. If the timer register flag is set, the program
enters the slow background loop.

4.2.7.2 Siow Background

The timer flag in the fast background loop looks for an
overflow in the 216 bit (which occurs about every 66
mz} of the timer counter {part of the microprocessor
IC). The slow background loop then examines a series
of other registers: GPIB address change, ouiput pro-
tection flag, elapsed time {with its associated battery
tast timer), a status display timer, and an auxitiary
board status fiag.

Address Change. The GPIB address change actually
compares iwo sets of two registers: it compares the
stored kevyboard-entry address, {if enabled} with the
register in the GPIB interface and if they are different,
enters the new valug in the interface; It also 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 setling in the
switch storage location, the GP1B interface, and the
front panel register. In addition. if the keyboard entry
is disabled, it inhibits the {irst comparison. The elapsed
time counter is reset at this time if the reset section of
the switch, SW1 (ETR} changes.

Cutput Protection Flag. The ocutput protection flag
initiates a short routine, when set, that dispiays 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 ali the output relays on the fung-
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 hrd and initiates the battery test
timer. The battery test routine loads the battery for
about 120 ms and then checks the batiery test circuit
for low battery wvoltage H the battery is low, the
routine sets a fiag that causes a store, recall, or reset
command to display a low battery warning, give a dou-
ble beep, and set SRQ.

Status Display Timer. The status display timer works
only whan the instrument is set 1o display status. At
intervals of about 1.17s, the timer flag Is set and the
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Figure 4-6.

Program Loops

next backoround pass causes the equivalent of a cur-
sor command to the instrument, advancing the status
display.

Auxiliary Board 3tatus. The auxiliary board status
flag is et by a low on the LOCK DET line in the syn-
thesized and phase-tock modes fmodes 4-8) {o cause
a front panel warning that the main loop is unlocked.
The front panel display alsc indicates when the main
ioop is again locked. However, the lock detect circuit
will not indicate loss of lack in the internal synthe-
sizer loop, such as might be caused by removal of the

10 MHz external reference in the external reference
modes (modes 5 and 6). In most cases, the main loop
will remain locked to the uniocked synthesizer.

4.2.7.3 Parser/Procedure

Ihe parser handies ail programming chores excepi
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 complete, returns control to
the patser. When the parser has scanned all the con-
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dition registers, it returns contral to the fast back-
ground. Even if their functions appear simple, the
parser and the procedures with their interprative func-
tions make up the bulk of the program.

4.2.7.4

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

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

Interrupts

Timer Inferrupts. Ceriain 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 regisier (within the micro-
processar) matches the preset number in any of the
interrupt registers {within the microprocessor). Upon
completion of the subroutine, the preset number cor-
responding 10 the elapsed time required between suc-
cessive interrupts for the function is again added to
that interrupt register. The clock timer continues to
increment its own register, and when the number in
this register again matches the interrupt register, the
subroutine is initiated. These interrupt registers work
independently of each other and may set ancther
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 dis-
play circuit board, which is mounted behind the front
panel. Inciuded are the display circuits (consisting of
the segment drivers, digit drivers, the filament driver,
and the display), and the keyboard circuits, {consist-
ing of the keyhoard decoder and the keyboard.

Aefer to the display schematic in the back of this
manual for circulis described in the following
paragraphs.

4.3.1 Display

The display circuit consists of vacuum fluorescent
display, V1, filament driver, U8, segment drivers, U1
and U2, and digit drivers, U3 and U4. The display is
sirobed 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 ULE, this signal
disables all display drivers fwhich bianks the display)
and advances the shift register in the digit drivers, U3
and U4, After about 200us, BLANK returns tg its high
state and the appropriate digit is enabled {GRID1-
GRID20). When the processor's scan  counter
reaches 20, it sels the digit scan position line.

During the time BLANK ig low, the processor recalls
the digit information atready decoded for the 16 seg-
ment display and stores this data in {atches within

DIGIT t
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I
|
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1
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[ Lom [
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GRIDZ (DIGIT 2}

|
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1
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:
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i

Je— 1 ms —»]

Figure 4.7.

Display Digit Timing
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Figure 4-8. Display Segment Timing

segment drivers U1 and U2. The display segment tim-
ing is shown in figure 4-8. About 120us after the falling
edge of the BLANK, the processor loads the two-byte
segment data into the segment driver registers. DISP
from the address decoder strobes the buffered data
(DATAO-DATA7) 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-ANQQ and ANODP) to drive the segmant
anodes of the display.

In the vacuum fluorescent display, ali segment lines
are common and individual grids enable each digit.
Display filament power s provided by the driver cir-
cuit which is an IG timer, U8, configured as a 50 kHz
oscillator with a 40% duty cycle. Since the output at
U8 pin 3 swings from 0 to + 15V, the average dc level
is about +8Y. This allows the grid lines to pull 6V
negative with respect to the filament, which also
serves as the cathode. Capacitor C14 acts as an ac
ground to maintain a constant dc level across the
eniire length of the filament.

A s [ Ly Sy oy |
9.J0.£ NEyUodiu

The keybeard section of the operator interface con-
sists of not only the keyboard itself, (a 45 switch array
mounted just behind the front panel overlay). and the

BEYRONS LR

play board.

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

Every 20 ms, the processor scans the keyboard
decoder ag a series of memory locations. A 4-t0-10
iine decoder, U7, decodes the four iow-order latched
address bits (ADRO-ADR3) to the 3-line side of the 9 by
5 switch array. If the operator presses a key on the
front panel, the closed contact allows the appropriate
decoded address ling from the inverting output of the
4-10-10 line decoder (U7} to pult down 1 of 5 pullup
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, U6, and the proc-
essor 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. If the keyboard scan finds
no key pressed, the processor returng to its normal
routines,

4.4 FUNCTION GENERATOR CIRCUIT
DESCRIPTION

The function generator circuit board is accessible
beneath the top cover of the instrument below the
swing-up auxiliary board, This section includes the
VCG and trigger ievei circuits, the basic generaior
loop, frequency range switches, capacitance multi-
plier, frequency compensation circuits, sync output
driver, trigger circuit with mode logic, function select
circuit including the sine converter and sgquare logic,
XY multiptier, preamplifier, oftset amplifier, outbut
amplifier and output protection circuits.

Refer to the function generator schematic in the back
of this manual for circuits described in the following
paragraphs.
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441 VCG and Trigger Level

The VCG circuit converts a 0 to + 10V control voltage
from either the microprocessar board or the external
VCG input to positive and negative currents that con-
trof the frequency of the generator loop. The input
stage acts as a summing amplifier. The control
voltage from the processor board, FRQ {normally
between + 1 and + 10V}, develops a current through
R4 and R5 into the summing node, pin 2 of U2A. R4
and R5, with C1, also act as a filter for the FRQ line to
reduce microprocessor switching noise. The first
stage has a gain of approximately — 0.4, so its output
at U2A pin 1 ranges typically — 0.4V to — 4.0V. When
the external VCG input is used, FRQ is normally set to
OV by programming FREQ O, EXEC from the front
panel, and the voltage from the external VCG input
across R6 now determines the first stage output. CR1
and CR2 prevent excessive voitage at VCG N from
damaging the VCG amplifier. For frequencies
between 10 MHz and 12 MHz, an overrange control,
OVR, adds a fixed 0.2 mA through R1 and R2 to
increase the maximum voltage out of the first stage
{or current out of the entire VGG circuit). The 10 kHz 1o
99.9 kHz range control, FRS, increases the current
from FAQ by paralleling R3 across the series com-
bination of R4 and RS. This increase compensates for
the larger relative capacitance on this range due to
the minimum triangle node capacitance (G43 and
C44) added to the smallest 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-
nat VCG input

The output of the VOG Amplifier, VCGO, is routed to
the auxiliary board where it is summed with the output
of the phase-locking circuits. This modified voltage
returns to the function generator board on the VCGI
line. With the VCG JUMPER in its normal operating
position {E£10 to E11), this VCGI voltage becomes the
VCV {Voltage Control Voltage} output to the variable
current sources and the high-frequency compense-
tion circuit. In the Wavetek 278, the £9 to E10 connec-
tion of the VCG JUMPER is used oniy for disconnect-
ing the synthesizer board output during calibration. A
simplified schematic of the VCG amplifier i shown in
Figure 4-2.

The current sources operate on the following
principles:

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

2. The base drive 0f a transistor can be adjusted to
provide a known reference current in its collector
circuit.

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

The negative current source is shown in Figure 4-10
simplitied schemalic diagram. The Voltage Control
Voltage (VCV) is inverted by operational amplifier
U2GC, and drives transistor U3A to whatever value col-
lector current is required to cause the U3A coliectar
voltage te be equal to VCV. (At this goint, both inputs
of operational amplifier U2C are at the same volitage,

A7, RS
aK
ATATAY
R4, R
FREQUENCY CONTROL 10K 5

VOLTAGE (FRQ)
FROM MICROPROCESSOR  -MASN——

BOARD

OV TO + 10%)
v

VOLTAGE CONTARCH VOLTAGE

U*‘ 'b » (VCV) TQ GURRENT SOURCE
CIRCUIT

ES E10 OV TO —4v)

vCaG JUMPER
ISHOWN IN
CALIBRATION
POSITION;

Figure 4-8. Simplified Schematic Diagram, VCG Amplifier
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Figure 4-10. Simplified Schematic Diagram, Negative Current Source

and equilibrium is established.} Since the Upper end of
collector resistor R22D is held at ground potential (as
will be explained later) and the voliage at the lower
end is equal 1o VCV, the current through the resistor
{— |yef) is propartional to VOV, The same base drive is
applied to U3B to generate the negative current
source {— 1), and is also applied to transistors U3C
and Q1 to generate the Trigger Holding Current {THC),

The positive current source {shown in simplified
schematic Figure 4-11} operates in a similar manner,
and tracks the negative current source. Operational
amplifier U2D drives transistor U3E to whatever value
collector current is required o maintain a “virtual
ground” at the junction of R22C andg R22D. Since
these two resistors are in series, their currenis are
eyual (+igf = —ipf- The U3E base arive i3 then
applied to matched transistor U3D to generate the
positive current source { + [) for the generator loop.

The current source circuit also generates a Trigger
Holding Current (THCY which ig used 1o clamp the
triangie node at ground potentiat 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 nega-
tive current source {— 1} is also applied to transistors

U3C and Q1, driving each transistor to a collector cur-
rent equal to — 1. The two collectors are connected in
parallel to provide a current equal to twice the —leur-
rent source. This — 21 current is supplied by CR14 in
the trigger circuit while the generator is gated “‘on”.

When the generator is gated “off"’, a negative voltage
is applied to the CR14 anode. This transition always
occurs at the negative peak ¢f the triangle waveform,
and the — 21 current is mamentarily supplied by CR7.
As the triangle node rises toward ground potential, a
greater proportiont of the — 21 current flows through
CR8. Equilibrium is reached when the trigger holding
current is equal to the positive current (41} being
supplied to the generatar loop, and the triangle node
voltage cannot rise any further, Since matched diodes
CR7 and CR8 have equal currents through them and
the anode of CR7 is grounded, the voltage drops
across the two diodes will also be equai and the tri-
angle node will be held at ground potential. This stops
the waveform smoothly at the leading edge and
gnsures that at least one complete cycle wili be gen-
erated every time the generator is triggered.

R23 adjusts the positive current source 1o precisely
match the negative current and therefore maintain
waveform symmetry. R12, which adjusts the low end
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Figure 4-11. Simplified Schematic Diagram, Positive Current Source
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Figure 4-13. Simplified Schematic Diagram, Generator Loop

frequency, sets the offset of the positive current
amplifier, U2D to match the offset of the negative cur-
rent amplifier, U2C. R15 adds or subtracts current
through the reference string to balance symmetry at
low currenis. The 8.2V zener diodes, CR4 and CRG,
allow U3 pins 14 and 1 to approach the positive and
negative supply rails respectively. Dicdes CR3 and
CR5 prevent latch-up.

The trigger level amplifier consists of an operational
armplifier {U2B) in an inverting configuration that
transkates the trigger ievel conirol voitage from the
microprocessor board (TRL, 0 to + 10V) to the level
used at the trigger comparator (TLO, +10V to — 10V).

The Generator Loop, shown in simplified schematic
diagram Figure 4-13, produces simultaneous sguare
and triangular wavefarms. The triangular waveform Is
generated by alternately charging and discharging a
timing capacitor from adjustable constant-current

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

The comparaior monitors the ampiitude of the triangle
wave, and when it reaches the comparator threshoid,
ihe comparalod changes siales. Thig slate of the com-
parator output determines the polarity of the com-
parator threshold and the direction of the capacitor
charge/discharge current. The comparator output i
also used to generate the square wave output,

Magnitude of the comparator threshold is determined
by the value of the +COMP and — COMP currents
from the high frequency compensation circuit. The
positive or negative current selected by current
switch CR25-CR28 flows through R75, and the voltage
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drop across R75 becomes the comparator threshold
voltage. The high frequency compensation circuit
reduces the +COMP and — COMP currents on the
three highest frequency ranges to reduce the com-
parator thresheld voltage to compensate for switching
delays.

Operation of the dicde current switch is illustrated in
simplified schematic diagram Figure 4-14. In this
simplified schematic, wvoltage drops across the
forward-biased diodes are assumed to be 0.6 volis,
and the voltages shown are not intended to represent
exact circuit voliages. 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 output.
The inpuits are the positive and negative currents {bul-
fered by Q4 and Q5) and the control voltage; the out-
put is the switched current. The magnitude of the
control voltage must be greater than the voltage at the
output that is caused by the switched current flowing
through the external load. tn this example, voltage at
the triangle node (TAN} will not exceed + 1V before
the comparaior changes staies and causes the
voltage to move in the opposite direction.

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

The CR25-CR28 current switch operates In a similar
mznner. Voltage at the output of this switch is limited
to =1V by the 3 mA maximum value of the current
and the 332 ohm resistance of R75.

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

The comparator is made up of current source Q10,
differential pair Q9 and Q11, and a second difierential
pair, Q8 and Q12. As the rising ramp of the triangle
wave at the base of Q11 reaches the positive refer-
ence level (+1V) at the base of Q9, Q11 of the dif-
ferential pair turns on as Q9 turns off. CR29 and CR30
increase the transistor switching speed by limiting the
signal swing at the collectors of Q8 and Q11 1o about

CURRENT SOURCE

+1

REVERSE BIASED

—04¥ TO +1.8Y

\u

1V MAX TRIAMGLE NODE (TRN)

+ 2

CR18 CRi7
CONTROL INPUT CR20 CRI9
(SHOWN (N

HiGH STATE)
' -1
—1i

CURRENT SOURCE

TIMING

41 l é CAPAGITOR

REVERSE BIASED

CURRENT SOURCE

REVERSE BIASED

v CR18 CR17 =1 MAY TRIANGLE NODE ({TRN)

CONTROL INPUT

{SHOWN 1N
LOW STATE)

GCR20 CH1¢

/ 1 -1 J, TIMING
REVERSE BiASED ] T CAPACITOR
|-1.sv TO +0.4V

-1
CURRENT SOURCE

Figure 4-14. Simplified Schematic Diagram, Current Switch
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0.7V. As Q9 and Q11 switch, they also cause the
second differential pair, Q8 and Q12 to switch.
Rasistors RY2 and R84 increase the switching speed
of Q8 and Q12 respectively by providing a small cur-
rent which keeps them fram 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
thiough R71. The collector of Q8 drives the switch
buffer: the sguare buffer is driven by Q12 in the
opposite side of the comparator. These two stages
have different values of collector and emitter resistors
to match the output reguirements of the associated
buffers.

The switch buffer (Q6-Q7) is a push-pull emitier
follower biased on by the voltage drops across CR22
and CR23. The output is & + 2.2V square wave that
drives the two current switches in the generafor loop.

The square buffer {Q13-Q14) is similar {o the swilch
buifer circuit, except that resistor values are tailored
for a 0 to +5Y output. This signal, SQB, is used to
drive the sync driver and trigger circuits. The SOB
signal is attenuated by R100 and R101 to provide the
SQS signal used by the sguare logic and the auxiliary
board. A highly differentiated portion of the SQUB tran-
sient is coupled through C35, C36 and C27 1o the tri-
angle node to counteract switching transienis which
are coupled through the current switch diode bridge.

The allernating linear ramp {triangle wave) at the
triangle node is buffered by the triangle buffer, a high
speed FET input voitage follower. This circuit consists
of Q15, acting as a source Tollower, and Q18, acting
as an emitter follower. The voltage difference between
the input and output of the circuit is controlled by
maintaining the current through Q15 50 that the gate-
source voltage is equal and opposite to the base-
emitter drop of Q16 and the two voltages cancel each
other. The current through Q15 is initialty set by
adiusting R98, the NODE DC adjustment, after which
the d¢ amplifier in the frequency compensation circuit
maintaing this adiustment through the constant cur-
rent source, Q17, to compensate for temperature
changes in Q15.

4,4.3 Frequency Range Switches

The selected range capacitor determines the fre-
quency range from 100 Hz to 12 MHz. Each range
normally covers 10% to 85.8% of full scals.
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 G44,
which brings the total to 100 pF. The next range

switches in an additional 800 pF, made up of C46, C47

and the 100 kHz adjustment C45. The next three
ranges switch in successive matched capacitors of
0.071 uF (C50), 0.1 uF (C52) and 1.0 uF (C54).

Each range capacitor is switched in by a logic level
signal from the microprocessor board. For example,
When FRG (Freguency Range from 0.1 MHz to 1 MHZ)
goes low, it turns on Q18, which sources about 30 mA
through R124 and diodes CR36 and CR37. When
CR37 is forward biased with this amount of current, its
impedance to ground is less than 20, and the range
capacitor made up of C45, C46 and C47 is effectively
connected to ground. When this range is not selected,
FRB is high, turning off Q18 and allowing 3125 to puli
the anode of CR36 to — 15V, The voltage divider,
R121 and R122, pulls the ancde of CR37 to — 7.5V
through the 10MQ resistor R123. Reverse-biased
CR37 now provides an esseniially infinite impedance,
effectively disconnecting the range capacitor. The
other range switches operate in exactly the same
way.

444 Capacitance Multiplier

The capacitance multiplier extends the low end tre-
quency range by drawing off (through R118) most of
the charging current to and from the largest range
capacitor, C54. The circuit is shown in simplified form
in Figure 4-15. The U9B cutput waveform is a triangle
wave superimposed on a square wave. The square
wave component determines the polarity of the
voltage across Rt118, and therelore the direction of
current flow through this resister. The triangle compo-
nent maintains the magnitude of the R118 voltage
and current constant to maintain linearity of the
triangle node waveform.

The square wave camponent is generated by differen-
tiating the triangle wave. The triangle wave is
amplified by UBA, then differentiated by C40 and USB.
U9B also sums the triangle wave at its non-inverting
input with the sguare wave. The resulting oulput is
applied to the triangle node through R118,

The capacitance muitiplier is switched in at frequen-
cies below 100 Hz by a logic low on the CPM conirol
line. The proportion of capacitor charging current is
determined by the range resistors. FR2 selects R111
{plus the 99.9 Hz adjust, R112) and decreases the
capacitor charging current to 10% of its normal
value. Each successive decade of added resistance

,,,,,, o i+ +ok y ;
ses the capacitor current o 10% of s

previous range. R105 adjusis the overall calibration af
the capacitance multiplier by adjusting the gain of the
first amplifier, and R117 adjusts the capacitance
multiptier symmetry by adjusting the offset of the
second amplifier.
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Figure 4-15. Simplified Schematic Diagram, Capacitance Multiplier

4.45 Frequency Compensation

The Frequency Compensation circuit contains the
high frequency compensation, which reduces the
Generator Loop comparator threshold on the three
highest frequency ranges to compensate for com-
parator switching delays, and the dc amplifier circuit,
which dynamically controls the dc offset in the
triangle buler,

The high fregquency compensation circuit is shown in
simplified schematic diagram Figure 4-18. This circuit
generates the two adjustable constant currents
{+ COMP and — COMP) that aiternately flow through
R75in the comparator circuit in the Generator Loop to
develop the comparator threshold voltages. On the
lower frequency ranges, these currents each have a
fixed value of 3 mA. On the three highest ranges, the
currents are reduced in proportion to both the range
selected and the programmed frequency within the
range.

On the lower frequency ranges, the range switches
are all open, and voltage divider R53, RS0, Ra2
develops a voltage of + 7.5V at 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) to the
same volage. The resulting + 7.5V at the junction of
R56 and RS54 causes a current of 3.75 mA in R56 and
0.75 mA in R54. The difference of these two currents
{g the 3 mA + COMP current,

4-20

U7A and Q3 track the posilive current source to
generate a negative current {—COMP) of equal
magnitude. U7A monitors the voltage at the midpoint
of R34 and R57, which are connecied in series
between the source of Q2 and the source of Q3. As
U7A acts to keep its two inpuis at equal voitage (and
the midpoint of the resistors at ground potential) it
drives the Q3 source 1o a voitage equal in magnitude
and opposiie in polarity 1o the voltage at the Q2
source. The Q3 source voltage determines the cur-
rents in R57 and the series combination of R59 and
R60. The difference of these two currents is the 3 mA
— COMP current,

Operationai amplifier U7C converis the negative
Voitage Control Voltage (VCV) to a voltage that is
positive in proportion (within any frequency range) 1o
the programmed freguency. Although the range of
this voltage 1s OV to + 6V, it will normally be above
+0.6Y except at the bottom end of the lowest fre-
guency range. On the top three freqguency ranges, one
of the solid-state range switches is closed by a logic
low an its control {ing, connecting this voltage through
one of the range resistors (R42, R43 or R47) to the
R53, R0, R52 voltage divider. This raises the voltage
at the junction of R53 and R50, causing the absolute
values of the Q2 and Q3 source voltages to increase
and the source curréents to decrease. The result is a
decrease in the + COMP and — COMP currents pro-
portional to both frequency range and programmed
frequency within the range.
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NOTES:

1. Value of voliage or current shown is for YV input of zero volts,
2. Absolute value of voltage increases in proportion to programmed
frequency.

3. Absolute value of currant decreases as programmead fraquency
is increased.

4. Amount of voltagé or current change with frequency depends on

setting of range switch. (Mo change if switches are all “'opan’.)

5. Operaticnal amplifier produces whatever output is reguired to
maintain itg two inpuis at equal voitages.
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Figure 4-16. Simplified Schematic Diagram, High Frequency Compensation

R44 causes a small voltage change in the output cur-
rents proportional to VOV 1o compensalte for a small
non-linearity in frequency tracking. RS0 balances the
triangle waveform, while R45 and R46 allow adjust-
ment of frequency on the top two frequency ranges.
Zener dicdes CR15 and CR16 {not shown on the
simplified schematic) act as laevel shifters to allow the
operational amplifier outputs to operate near ground
potential while the gates of Q2 and Q3 operate closer
to the supply voltages.

The dc amplifier keeps the output of the triangle bufter
at the same de level as the input by varying the cur-
rent through the constant current source, G17, and
therefore ihrough ihe inpui FET, Q5. 1 doss this by
comparing highly filtered signals at the operational
amplifier inputs, U7D pins 12 and 13, and varying the
current through R104 to compensate for errors.
Below 100 Hz, DCA switches out filter capacitors G17

and $58; this allows amplitier U7D pin 14 direct con-

trol of the current through R104, thus giving greater
accuracy.

4.4.6 Sync Driver

The Sync Driver is a double emitter follower that buf-
fars the generator loop's square cutput, SOB, 1o 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 diodes, and resistors R173,
R181 and R183 balance the current so the transistors
also have about 4 mA through them. The small emitter
resisiors also prevent theimal runaway. Coliecior
resistors protect the transistors from overvoltage at
the output connector, and capacitors C70 ang C71
prevent large signal swings at high frequencies that
would reduce the gain ¢f the trangistors and add noise
1o the circuit.
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4.4.7 Trigger Circult

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

Trigge, comparator U4 compares the levet of the trig-
ger input with the reference level (TLO) programmed
in the generator. The comparator cutput goes to a
fogic low at U4 pin 9 if the trigger input becomes
greater than the reference level and positive trigger
slope {+ TR) has been selected, or it goes to a logic
low at U4 pin 11 if the trigger input becomes less than
the reference level and neqative trigge: slope {—THR)
has been programmed. A logic low transition at either
comparator output will cause a logic high at the pin 8
autput of NAND gate USC, this positive-going transi-
tion ciocks the remainder of the trigger logic.

In the Wavetek 278, the output of the irigger com-
parator at USC is always routed through the auxiliary
board, and the TRIG JUMPER is connected from E13
t0o E14. This jumper must never be connected from
E12 to E13, as this will ptace the output of NAND gate
USG on the function generator board in parailet with
the otdput of UBC on the auxiliary board.

Refer to Figure 4-17, Simplified Schernatic Diagram,
Trigger Circuit Mode Legic, for the following discus-
sion. The trigger circuit is enabled by a logic high on
the MCQ line. Selection of triggered or gated mode is
performed by legic line MC1; the line is low for trig-
gered mode gr high for gated mode.

In the iriggered mode, only one cycle of generator
output is enabled for each trigger pulse applied. A

logic low on mode controd ling MC1 disables NAND
gate USD. The high feve! on the output of 15D
disabies the direct SET input of flip-flep UGB and
enables NAND gate USB. A positive logic transition at
trigger jumper terminal E13 ciocks flip-flop U6B to the
“'set" condition, causing the Q output to go low. This
low is appiied 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 UBA,
reverse biasing diode CRB and allowing the generator
ioop 1o osciilate. The first positive transition of SQB,
80° later on the triangle waveform, is inverted by
NAND gate USB and applied to the CLEAR input of
U6B to clear the Q output high, thereby removing the
iow from the CLEAR input of UBA. The next negative
transition of SQB is inverted by USE, and clocks UGA
to the “set’’ condition. The high at UBA-(} causes the
cutput of gate UBA to go tow, torward biasing diode
CR8 and stopping the triangle oscillation on its rising
edge.

in the gated mode, the generator output is continuously
enabled for the entire duration of the applied tigger
signal. A logic high on mode control line MC1 enables
NANE gate USD, causing the U5D output to be low
whenever the E13 trigger level is high. Operation in
the gated mode is the same as in the triggered mode
except that during the time that the €13 {rigger tevei is
high, the resulting low at the USD output wili:

1. Hold flip-flop UEB in the “set” condition via the
direct SET input.

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

MCC

5QB 4 1
—
13 8 — a
MC1 11 USB U5A
Us0 . + TO CRe
E13 5 2 L = HOLD
(TRIGGER) | 12 " A N 43 H = ENABLE
3 S
tof, tal, °
. UBB . UsA 15
> CK > CK
gl8
L
7 7

Figure 4-17. Simplified Trigger Circuit Mode Logic Schematic Diagram
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Resistors R29, R303, R34, R31 and R32 divide the
reference (TLO) and input (TRIG IN} voltages by a fac-
tor of 4 to bring them within range of the U4 compara-
tor. Diodes CRQ, CR10 and CR11 protect the U4 com-
parator from excessive voltage at the trigger input.
Resistors R33 and R3% provide a small amount of
hysteresis at the U4 comparator input to prevent false
triggering on noise.

4.4.8 Function Select

The function select ¢ircuit connects the sine, triangle
or square (alt disconnected in dcj to the current input
of the X-¥Y multiplier.

The sine wave input is created from the triangle buffer
output, TRB, by the sine converier which uses the
logarithmic response characteristics of semiconduc-
tor diodes 10 approximate a sine wave ¢current output.
The SIN DIST A adjusiment, R142, adjusts the con-
verier input for diode forward voltage variation. The
six diodes in U11 give a three stage sine approxima-
tion using the very ciosely matched characteristics of
the dicdes. Two adjusiments, SIN DIST B and C (R154
and R157), balance between stages for positive and
negative peaks respectively. The current ouiput is
switched through FET switch U12A when SIN is
selected.

The triangle level control {R148) provides an adjust-
able current to FET switch, U12C, controlled by TRI
Both the triangle and sine FET swilches provide
increased isolation by shorting the FET switch input to
ground (with Q25 and Q22 respectively) when the
switch is off.

The square logic selects which square waveform is
fed to the sguare shaper. A logic high on the 3QR con-
trol line selects the univerted 58 square wave, while
a high on the SQR line selects the SOS signal after it
has been inveried by U13C. A logic high on the exter-
nal width control line (EXW) selects the output of the
irigger circuit, TRGI.

The pulse input PLSI, and associated contrel lines
PLS and PLS are not used in the Wavetek 278. The
Wavetek 278 generates repetitive pulses by internally
triggering the funclion generator from the internai
synthesizer output. The microprocessor converts
entries for period and width into synthesizer and func-
tion generator frequencies, and also converts the set-
tings for upner and lower pulse levels into amplitude
and offset,

The square shaper converts the TTL level signal at
U13A pin 310 =1 mA. It shifts the TTL signai and uses
it o switch current sources through a dicde switch
{CR48 through CR51) and into the FET switch U12D

{controlled by RCT). The current sources for upper
and lower levels of square waves are independently
adjustable by R164 and R168 respectively.

449 X-¥Y Multiplier and Offset

4.4.9.1 X-Y Multiplier

The X-Y multiplier is a precision voltage-controlled
amplifier that drives the preampiifier with a signai
level directly proportional to the amplitude control
voliage (AMPF) from the microprocessar board.

As shown in Figure 4-18 block diagram, the XY
multiplier consists of five major eircuit groups:
logarithmic signal compressor, variable gain signal
amplifier, logarithmic dec reference, variable gain
reference amplifier, and de¢ amplifiers. The input
signal (XY is logarithmically compressed in U184,
then amplified by variable gain signal amplifier U19A.
Because the control voltage versus gain characteris-
tic of the variable gain amplifier is not linear, the
remainder of the circuit is required to convert the in-
put amplitude control voliage (AMP) 1o a modified gain
control voltage.

U18B generates a dc reference voltage proportional
to the logarithm of the difference of twa currents. This
reference voltage is amplified by variable gain refer-
ence amplifier U19B and fixed gain dc amplifiers
U17A and U170, then compared to the ampiilude
control voltage (AMP) by U17B. U17B provides the
modified gain control voliags to both variable gain
amplifiers, and adjusts the gain of the reference
amplifier upwards or downwards as required until the
amplified reference voltage is equal to the input
amplitude control voltage {AMP). The same modified
gain control voltage that controls the gain of the
variable gain reference amplifier is also applied to the
variable gain signal amplifier.

The logarithmic signal compressor (U18A} consists of
a differential transistor pair connacted as diodes. One
side of the differential pair is connected to ground, the
other side to the XY signal line. Each side of the dif-
ferential pair is biased to about 3 mA fthe optimum
diode current for logarithmic compression) by the cur-
rent source transistor within the 1C. The input signal
current {+1 mA) on the XY| line causes a small ac
voltage across the diode that varies approximately as
the logarithm of the total current. This voltage also
arives one base of the outpui differential pair (U118 pin
2), while the other base is approximaiely at ground
potential, adjusted by the multiplier distortion adjust-
ment, R255. The current source {ransistor in the out-
put stage {U19 pin 3} is driven by the modified gain
control voltage. Maximum output from the stage
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Figure 4-18. X-Y Multipiier Block Diagram

occurs with a maximum total bias current of § mA;
less bias current produces less oulput.

The lcgarithmic de reference {U18B} is configured
much the same as the logarithmic signal compressor,
as described above. Total bias current through the dif-
ferential pair is fixed at 6 mA, but unevenly spiit with
4 mA through one side and 2 mA through the other
side {limited by R242 and R243). This corresponds 1o
the current ratic in the signal compressor during
peaks of the signal, when the instantaneous peak
signal current of 1 mA adds to the 3 mA dc current in
one half of the differential pair and subtracts from the
3 mA dc current in the other half. The de reference
voltage is taken from U18 base and collecior ter-
minals 8 and 8.

A simpiified schematic diagram of the variable gain
reference amplifier and associated dc amplifiers is
shown in Figure 4-19. The Input amplitude control
voltage (AMP) drives U17B (pin 5), which in turn drives
the base (pin 11) of the current source transistar in
U19B. The base of one side of the differential pair
(L9 pin 9} is connected to ground through a resistor;
the base of the other side of the pair (U19 pin 6) is con-
nacted to the log dc reference voltage. These base
voltages will maintain the currents in the differential
pair in the ratio 1.2 regardless of total current flow
determined by the current source transistor. The col-
lectars of the differential pair are connected to the in-
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verting inputs of operational amplifiers U170 and
U17A {pins 13 and 2). These inverting inputs are "'vir-
tual grounds'; because the non-inverting inputs of
these amplifiers are grounded, each amplifier wilt pro-
vide whatever cutput level is required to keep its two
inputs at the same voltage level. The value of resistors
R256 through R258 were chosen so that with 6 mA
through the current source transistor in U19B:

1. 2 mA flows through R256 from U17D pin 14 to
U19B pin 7.

2. 2 mA flows through R257 from U17D pin 14 1o
U19B pin 8.

3. An additional 2 mA flows from U17A pin 1 through
R258 to U18B pin 8.

4. The voliage at the output of U17A (pin 1}is 10 Vdc,
which exactly eqguals the 10 Vdc external AMP
input, maintaining the inputs of U17B {pins 5 and 6)
at equal voltages.

With input amplitude controf voltage {AMP) less than
10V all voltages and currents in the circuit are pro-

portionately less.

The output of the circuit is the modified gain control
voltage at the output of U17B (pin 7). This voltage is
used to control the variable gain signal amplifier.

Fixed bias for both sections of U18 is provided by
R248, CR53 and CR&0. CRB1 performs a level shifting
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Figure 4-19. Variabie Gain Reference Amplifier

function, allowing the base terminals of U192 (pins 3
and 11) to operate near the negative supply voltage
while the output of U17 (pin 7) gperates closer o
ground potential.

The X-Y multiplier circuit contains four calibration
adjustments: R241, R242, R251 and R255. Adjust
ment procedure for these controls is given in the
CALIBRATON section of the manual.

4.49.2 Ofiset Circuit

The offset circuit is a level translator that converts the
010 + 10V input from the microprocessor board (OST)
into a +5 1o — 5 Vdc signal that fs sums into the out-

put amplifier. Any offset caused by the operational
amnplifier at LI17C pjn Big carrectad I-'\y the offgei zern

T ow T Tha W N W A

adjustment, R237. The output of the ampiifier is then
adjusted for dc offset by the offset adjustment, R208.

4.4.10 Preamplifier
The preamplifier takes the differential current output

of the X-Y multiplier from Y19 pins 1 and 14 and con-
verts it to a single-ended voltage output at the anode
of CRS54, The voltage at the inputs of the differential
stage (U15 pins 3 and 16} must be maintained at
about + 0.7 volts to bias the input transistors whose
emitters are at ground. The emitter of the transistor at
15 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 multiplier. Added to this cur-
rent is the bias current tor the preampiifier itself,
apout 1 mA each through the feedback resistor
strings consisting of the 75082, 0.1% resistors R189
and R192, and R184 and R198. The full-scale current
output of the X-Y multiplier is £1 mA in each leg of
the ouiput differential siage, and this current is
translated inte a =£0.75 Vac signal at U15-8 and a
+1.5 Vac signal of the cpposite phase at the CR54
anode. PNF transistors Q28 and 029 act as constant
current seurces for the input stage coliectars (U15-2
and U15-1 respectively) and they als¢e act as an ac
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bootstrap through coupling capacitors C76 and C79.
The emitter iollower stages, U15-8 and U15-11,
isolate the sollectors of the input stages to provide a
low impedance output.

4,411 Output Amplifier

The cutput amplifier 18 an inverting and summing
amplifier with a gain of about 6.67 for the ac signal
from the preamplifier. 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 C9C and C81 respectively. The emitter
followers then drive the symmetrical inverter stage
congisting of Q32 and Q33. Dicdes CR55 and CR58,
with the 108 resistor, 219, provide a bias current
through the output stage of Q34, G35, Q36 and Q37 1o
increase output speed by keeping the transistors
always on. The 102 emitter resistors, R227, R228,
R231 and R232, balance the curreni through the
parallel output stage transisiors io improve their
power handling capability. The output signal {+ and
— 10V, maximum) is fed back through resistors R223
and R217 in series to the input. The trim capacitors,
C97 (output amplifier peaking) and C122 {(output
amplifier roll-off), adjust the amplifier high speed
characteristics by rolting oft or peaking the feedback
signal respectively.

The low-frequency (and dc) path in the output ampli-
fier is through the transistor array, U186, connected as
an operational amptifier. The positive output of the dif-
ferential input stage (U18-3) is inverted ai U18-G. This
signal decreases the current through transistor Q32
and the signal at its collector falls until the feedback
signai balances the input, either ac (through R207) or
offset {through R208 and R203). The PNP transistors
in U16 balance the current through the differential
input pair and provide a high impedance 1oad for the
first stage output, Capacitor C86 decreases the speed
of the fow-frequency section at high frequencies.

4412 Ouiput Protection and Attenuator

There are three output amplifier protection
safeguards to protect this circuit against major
damage under the severast accidental misuse, includ-
ing accidental connection of line power to the FUNC
CUT connector. These safeguards are:

1. An gvervgltage sensing circult that detects
voltages that exceeds the = 15V limits at the FUNC
OUT connectar. When an overvoltage is detected,
the circuit gpeng all relays in the cutput attenuator
circuits and disconnecis the ampititar from FUNC
OuT,
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2. An in-line fuse to protect the amplifier in case the
voltage is great enough 1o arc across the relay con-
tacts. Should the fuse blow, a sensing circuit aterts
the microprocessaor.

3. Two voliage-limiting, high current diodes (CREY
and CRE8) at the amplifier output that prevent an
externally applied voltage from pulling the ampiifier
output iine beyond the range of the + 15V supplies,

44121

The overvoltage sense circuit compares the voltage
at FUNC QUT {through isolating 1 M resistors R298
and R299) with the £ 15V power supplies at U20 pin 4
and U20 pin 6 respectively. if the voliage at FUNG
OUT goes higher than + 15V or lower than — 15V, the
appropriate comparator output (U20 pin 2 or U20 pin 1
respectively} goes negative. Since the outputs are
wire-OR'd, when either output becomes negative i
drives the comparaior output at U20 pin 14 positive.
This turns off Q38 and opens all relays to disconnect
the amplifier from the output. The positive level at U20
pin 14 also signals the microprocessor {via the QAP
line) 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 normal operation is resumed. The response
of the relays is usually fast enough o prevent any
damage whatsoever to the output amplifier with over-
voltages up fo 200 Vdc or 140 Vac.

Overvoltage Sense Circuit

4.4.12.2 Fuse Protection

Veltages greater than x200V may cause the relay
contacts to arc and conduct. {f such a condition
occurs, a fast-acting fuse, F1 will generally blow soon
enough to prevent, or at least minimize, damage to
the instrument. A fuse sense circuit detects when the
fuse 15 blown by pulling the output side of the fuse
toward + 15V through a 1 M{ resistor, R288. if the
fuse 15 open during power-up or reset (K1 off), the
sense point level rises higher (> + 13.6V) than the
amplifier ootput would normally let it go, which
switches output {J20-13} high. The microprocessor
samples the logic level at the fuse-blown indicator line
{FUR) and signale the onarator throuagh the front panel

display and the GPIB bus.

4.4.12.3 Output Attenuator

All three output relays (K1, K2 and K3} are
independantly driven by Q39, Q40 ang Q41 and con-
trolled by logic lines DAD and QA2 from the micro-
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processor. OAQ determines whether or not the output
amplifier 15 connected, while OA2 switches the
attenuator in or out. K2 and K3 both operate from the
QA2 line, and operate opposite of each other {when
one is on, the other is always off).

There are five possibte combinations of cperating
states for the three relays. They are.

1. Overvoltage circuit tripped (Q38 turned off).
2. QUTPUT OFF {3} mode.

3. QUTPUT ON (1) mode, no attenuation. Output volt-
ages (amplitude + offset) programmed for greater

than 1.00V.

4 QUTPUT OGN (1) mode, 20 dB attenuation. Output
voltages {amplitude <+ offset) programmed for
1.00V or less.

5. OUTPUT GFF, LD Z (2) mode. Qutput terminated in
approximately 50 chms.

Relay states for these five conditions are shown in
simplified schematic diagram Figure 4-20. In this
figure, R2838-R292 and R295 are shown as a single
500 resistor: R293, R284, R296 and R297 are shown
as a single 55.60 resistor,

QUTPUT CONDITION

OVERVOLTAGE
CIRCULT

RELAY STATE

IM ouT
K1
55 G4 INO
NO
TRIPPED Ko CONMNEGTION
o
K3

EQUIVALENT
CIRCUIT

O out

N —r” ouT
K1
OUTPUT OFF 55,68 INOD QouT
1P
k2 CONNECTION
KS%
50013
N uT
K1 © 511
CUTPUT QN 55 &2 N O—ANA—O0oUT
NO ATTENUATION
P K2
Ks\i’
SO0
IN ouT
K1 5000
OUTPUT ON 55 64 ™ ouT
20 dB AT‘II'DENUATION 56,60
P K3
K3
v
SG040
IN—C ouT
K1
GUTPUT OFF 55,641 INO (}) ouT
Loz - MO
(P2}

CONNECTION gfﬁﬁﬂ

Figure 4-20. Output Attenuator Relay States



https://www.manualsplus.com/

4.5 AUXILIARY BOARD CIRCUIT DESCRIPTION

The auxiliary board contains four major functional cir-
cuit groups. These are:

1. The synthesizer, which generates the relerence
frequency used by the main loop in the synthe-
sizad and external reference modes.

2. The main loop, which phase locks the function
generator 10 an external reference within 5% of
the programmed generator frequency, ar to the
output of the frequency synthesizer,

3. The burst counter, which holds the generator trig-
ger line high for a pradetermined number of out-
put cycles.

4. The control logic circuits, which latch data from
the data bus to provide data and control signals
for the synthesizer and burst counter circuits.

During the foliowing circuit description, refer o the
Figure 4-2 block diagram and the schemalic diagram
of the synthesizer board, drawing number
{0103-00-0978.

4,51 Control Logic

The control logic circuit consists of address decoder
U1 and iaiches U2 through U7, Address decoder U1,
when enabled by a logic low on the ANA2 line,
decodes the binary value on the ADRO through ABR2
address lines and provides a momentary logic low on
the corresponding clock Hne of one of the U2 through
U7 registers. (For example, a binary address value of
000" selects U2, a value of 0017 selects U3, etc)
When the register clock line raturns ta a logic high, it
iatches the data from the buffered data bus (J16 pins
1 through 8) onto the register cutput ping, where it is
continucusly available 10 the remainder of tha ¢ircuits
on the board. Each register is ciocked by the micro-
processor and address decader at a time when the
data on the buffered data bus is valid for that partic-
ular register.

4.5.2 Burst Counter

The burst counter holds the generator trigger line high
for a predetermined number of oulput cycles when
the burst mode is selected. The two circult groups

within the burst counter are the preset counter and

CLANY]

ihe burst mode logic.

The praeset counter is composed of NAND gales U8B
and UBA, presettabte 4-bit binary counters U9 through
U113, and terminal count detector NAND gate U14,
When tha preset counter is enabted by the burst mode
fogic it preloads data from the control logic registers
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then counts square wave cycles from the generator,
counting upwards from the preloaded value. When the
final count value ig reached, the circull commands
the burst mode logic to relinquish control of the
generator trigger circuit.

Although U$ through U138 are capable of counting to
1,048,575 (2020 1), the maximum count is limited to
1,048,200 by terminal count detector Ui4, This
number corresponds fo all 13 lines to the terminal
count detector being at a logic high, and can be
represented by the binary number 2% + 27 4+ 29 +

. +219 (Note that some of the counter outpuis
such as 20, 21 22 24 etc. are not used.) The binary
number that will be loaded from the program registers
into the preset counter is this maximum count minus
the desired count plus one. {The burst mode logic will
always allow one exira cycle after the preset counter
reaches maximum ¢ount.)

The norma! state of the presel counter is at its max-
imum count of 1,048,200 The output of terminal
count detector U14 is at a logic low at maximum
count, and this logic low inhibits NAND gate U8B, pre-
venting the generator output square wave {SQS) from
reaching the counter input. The logic high at the out-
put of UBB enables NAND gate USA 10 pass the first
clock pulse from the burst mode logic to the counter.

The burst mode logic {U15A, U158, USC and USD) is
activated by a trigger pulse (TRGOB) from the synthe-
sizer trigger logic, and returns the trigger pulse o the
fiinction generator board via the TRGI line {J16 pin 7).
in the burst mode, the trigger pulse at TRGI is extended
for the duration of the burst, When the burst mode is
not selected, the output trigger pulse at TRGI is a copy
of the input pulse at TRGOB.

In the burst mode, the BURST line is at a logi¢ high,
and the BURST line is at a logic low. The logic low on
the BURST line disables NAND gate U3D and enables
NAND gate U8C via the consiant high at the U8D out-
pul. The logic low on the BURST line is also applied to
the data input of flip-flop U15A

Initially, the counter is in the maximum-count condi-
tion, and the output of the terminal count detector is at
a logic low. This logic low is applied to the LOAD
inputs of counter stages U9 threugh U13 to enable
loading of the preset data at the next clock puise. The
same |ngic low disables NAND gate U8B 1o prevent
the 805 square wave from clocking the counter, and
enables NAND gate USA {via the logic high on the
USB outpui) to allow the load pulse from UH1BA 1o
clock the counter.

A positive logic transition at the TRGOB trigger input
clocks the U15A Q outpui iow. The negative-going
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transition ai the U15A Q output is inverted by U8A and
applied to the counter clock inputs to load the preset
data. As soon as the counter is loaded with preset
data, it is no longer at the maximum count condition
and the U14 output goes high, disabling the counter
[ OAD inputs and enabling NAND gate U8E. However,
at this point, the SO5 square wave input cannot yst
reach the counter clock inputs because NAND gate
UBA is disabled by a logic low from U15A.

After a time delay determined by R3 and C8, the logic
low at the U15A Q oufput is applied to the U15B SET
inpUt to set the U15B Q output low. This low is
inverted by U8SC and provides a logic high on the trig-
ger output line (TRGl} at J15 pin 7. The logic low at the
U158 Q output is also applied back to the direct SET
input of U15A to set the U15A Q cutput high. The logic
high from the U154 Q output enables NAND gate UBA
to pass sgquare waves from the SQS input ot the
counter.

When the counter reaches maximum count, the out-
put of the terminal count detector U14 goes low, dis-
abling NAND gate U8B and preventing SQS square
waves from reaching the counter. U14 also supplies a
fogic low to the data input of flip-flop U158. The next
positive transition of the SQS square wave will clock
the U15B Q output high, causing UBC to return the
trigger output line TRGI to a logic low state.

When the burst mode is not selected, the BURST line
is at a logic low state and the BURST line is at logic
high. The logic low on the BURST ling holds the
CLEAR input of flip-flop U15B low, maintaining & logic
high from the U15B Q outpul to enable NAND gate
UBC. The logic high on the BURST {ine enables NAND
gate UBD. Any trigger signal applied tc the TRGOB
line will be gated through UBD and U8C to the TRGI
output.

453 Synthesizer Circuits

The synthesizer circuits generale the reference fre-
quency used by the Main Loop in the synthesized or
external reference modes. The major circuit groups
within the synthesizer are the Synthesizer Reference,

B S =l = | e
the Intemal Synthasizer Loop, and the Synthesizer

Frequency Dividers.

4.5.3.1 Synthesizer Reference

The Synthesizer Raference circuits include the
10 MHz reference osciliator, the reference shaper,
the reference selector gates, and the divide-by-3126
frequency divider.

The 10 MHz reference oscillatar used in the Wavetek
278 is a standard Pierce configuration with the com-

bination of capacitor C12 and crystal Y1 resonant with
capacitors C14, C15 and C16. This combination pro-
vides a 180° phase shift at 10 MHz when C14 is prop-
erly adjusted. Transistor Q2 provides an additional
180° phase shift to sustain oscillation. The output of
the oscillator is approximately 1 Vp-p. The cutput goes
to one of the two comparators in the U16 reference
shaper, where it is converted to a TTL signal. This
gignal is then applied to the U17 TTL swilch.

Transistor Q1 is used as a swiich o turn the Pierce
oscillator on or off. When the control fine INTERNAL
BEF is low, transistor Q1 is turned off and the Pierce
oscillator is allowed to run. When INTERNAL REF is
high Q1 is biased on, allowing Q1 to conduct current
through CR2. This lowers the voltage on the base of
Q2 turning off the oscillatar.

Reference shaper U186 is a dual comparator that con-
verts the inputs from the 10 MHz reference oscillator
and the P13 REF INPUT connector 1o TTL levels. The
input from the reference oscillator {pin 12} is com-
pared to ground potential (pin 11). The input from the
P13 REF INPUT connector (via B11 and R12) is com-
pared o a threshold voltage derived from the REF
LEVEL SELECT line {via R15 and R14). The U186 com-
parator outputs {pins S and 4) are applied to reference
selector gates U17. (The external reference from U16
pin 4 is alsc applied to the Main Loop circuits for use
in the phassdock mode.) When the REF LEVEL
SELECT line is high, the threshold voltage {measured
at the P13 REF INPUT connector) is 1.6Y. When the
line is low, the threshold voltage is 300 mv. R13 pro-
vides a slight amount of positive feedback to ensure
rapid comparator switching and improved noise
immunity. R11 and R12 ensure that the REF INPUT
signal will be within the input range of the comparator.
CR4 and CR% prevent damage to the comparator from
an excessive BEF INPUT signal by preventing the
externally applied signal from putling the comparator
input line above + 5V or below ground potential.

NAND gates U17 select either the internal or the
external 10 MHz reference from the U16 comparator
output pins 9 or 4. A logic low on the INTERNAL REF
line inhibits U17D. This logic low is inverted by U17A
to enabie U17B to pass the Internal reference signal.
When the INTERNAL REF line is high, it directly

L | 70 A
gnables U170 and, via inverter U17A, disables U17B.

U17C combines the reference signal from the enabled
gate with a constant logic high from the disabled gats,
and applies the 10 MHz TTL reference to the divide-
by-3125 circuit and reference output selector gates
L3s.
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The divide-by-3125 circuit ts composed of integrated
circuits U18 through Li20. Each IC contains four inde-
pendent frequency dividers (two each divide-by-2 and
two each divide-by-5) that can be cascaded in any
desired combination. U18 and U20 are both con-
figured for divide-by-25 operation, and U19 for divide-
by-5. The overall division ratio of 3125 divides the 10
MHz reference down to a frequency of 3200 Hz for
use as a reference by the Internal Synthesizer Loop.

4.5.3.2 Intemal Synthesizer Loop

The internal Synthesizer Loop generates the 10 MHz
to 24 MHz signal used as the input frequency 1o the
Synthesizer Fregquency Dividers. This signal (calied
VCQ) is phase-locked to the 3200 Hz frequency gen-
erated by the Synthesizer Reference circuit, and can
ke varied over the 10 MHz to 24 MHz frequency range
in 200 Hz increments.

The following circuit groups are part of the Intermnal
Synthesizer Loop: The PLL frequency synihesizer,
loop filter, level translator, voltage-controlled oscilla-
tor (VCO), and the variable modulus prescaler (VMP).
Operation of the entire loop will be discussed after
these individual circuits are described.

The U21 phase locked loop (PLL) chip contains the
reference divider { = R), variable divider (= N}, phase
detector and lock detect circuit. {it also contains other
circuits not used in the Wavetek 278.) Tha reference
divider is hard-wired (by grounding pins 1, 2 and 18)
for a division ratio of 16, The 3200 Hz reference fre-
quency Is divided by 18, and the resulting 200 Hz
reference is applied to one inpui 6f the internal phase
detector. The variable divider { = N} is programmed by
serial data at the pin 11 data input. This data is clocked
into a 16-bit internal shift register by low-te-high tran-
sitions on the pin 10 clock line. The first two bits con-
frol internal switches, which are not used in the
Wavetek 278. The remaining 14 bits are a binary
representation of the <+ N division ratio, and are loaded
most significant bit first. When the seriai load is com-
plete, a logic high on the pin 12 enable line latches the
data in the shift register into the programmable + N
counter, The IC is capable of a + N range of 3 {0
16838, hut the range used in the Wavetek 278 is from
4999 o 11999. The output of the =N counter is
applied to the other input of the internal phase detec-

i [ +h= i 3 1
tor, and is alsc at 200 Hz when the lagp 15 Iocked.

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-
gquency or is leading it in phase. Positive-going pulses
are produced when the variable frequency is less than
the reference frequency or is lagging in phase. The
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autput is in a high-impedance state when the two
stignals are of equal frequency and phase.

Pin 8 of U21 is the lock detector signai. It is normaliy
used to indicate that the ioop is unlocked, but in the
Wavetek 278 i1 triggers the VMP circuit. A momentary
low on the line indicates that a phase comparison has
taken piace.

Loop filter U23 converts the positivegoing and
negative-going pulses from the U21 phase detecior to
a steady dc frequency control voltage. The time
constant of the filter is determined by C30 and the
series value of R17 and R18. The time constant of the
loop is therefore approximately 332 milliseconds. The
damping of the locp is determined by R22. C22 is a
high frequency bypass used {0 reduce noise in the
filter. Voltage divide R19/R20 sets the voltage on U23
input pins 2 and 3 to 2.5 Vdc. The output of the loop
fiter U23-68 varies from approximately 11 Vd¢ 1o
3 vdc.

Level translator U24 inveris the polarity of the U23
loop filter cutput and transiates the voltage to the lavel
required by the U25 wvoltage-controlled oscillator
(VCQ). The voltage at U24 input pins 2 and 3 is set to
4.3 Vdc by R25 and R26. Under normal operation the
output at U24 gin 8 varies between 3 Vde and 7 Vdc.

U25 is an emitter-coupled logic (ECL) voliage-
controiled ascillatar {VCO). The VCO is tuned by vary-
ing the valtage on varacior diode CRE. The frequency
of the VCO is determined by the inductance of L1 and
the capacitance of CR8. The ECL output levels at pin 3
are converted to TTL levels by Q3. The (3 output fre-
guency is divided by 2 by U26 to obtain a symmetrical
sguare wave with fast rise and fall times. The 10 MHz
to 24 MHz ocutput of U26 (labelted VCO on the sche-
matic} drives the Synthesizer Frequency Dividers and
the VMP circuit.

U22 is a one-shol used fo convert a negative-going
transition at U21 PLL chip lock-detect output {pin 8) to
a negalive-going puise of fixed duration. A logic low
from U21-8 is applied to one input of NOR gate U22B,
causing its output to go high. The same logic low is
inverted by U22A, delayed by R21 and C46, and
applied to the other input of U22B to cause its output
to return low after a time delay determined by R21 and
C48. The positive-going pulss at the U228 output is
inverted by U22D and used 1o trigger the VMP circuit.
The variabte modulus prescaler (VMF) circuit is a fre-
quency divider that is capable of dividing either by 10
or by 11. Its purpose is to increase the "setability’” of
the Internal Synthasizer Loop. Witk & fixed divide-
by-10 circuit, the VCO ouiput could %e varied in
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2000 Hz increments. By using the =10/ =11 circuit,
the VCO frequency can be changed in 200 Hz steps.

The VMP circuit consists of presetiable 4-bit binary
counters U28 and U29, iype ‘D" flip-flops U27A and
U278, and NAND gates U30B and U30D, U283 divides
the VCO output by either 10 or 11, depending on the
number preloaded into it by U27A. U29 counts the
number of divisions by 11. U278 latches the circuit in-
to the divide-by-11 mode when it is strobed by the
VMP SET pulse, and returns the circuit 1o the divide-
by-10 mode when the required number of divide-by-11
cycles have been completed. US0B and U30D invert
the positive-going "“carry’™ pulses from counters U28
and U29.

Pins 3, 4, 5 and 6 are the preset data inputs for U28,
and correspond to binary values 17, 2", "'4"" and
8’ respactively. The “8" input {pin BYis hard-wired 1o
ground (logic “'0"y and the 4" input pin is hard-wired
10 4+ 5V ({logic '*1"'}). The remaining two inputs are con-
tralled by fiip-flop U27A, When U27A is in the “set”
condition {Q output high and Q output low) the total
128 preset vatue is a binary '5°". When UZ7A IS in the
“clear’ state, the total preset value is 8", U28 will
count Upwards from this preset value until it reaches
the count of “15"”, at which time the "“carry’’ output
{pin 15) will go high. Therefore, the U28 division ratio
is the maximum count (15) minus the preset value
{either 5 or &} plus one more clock pulse to reload the
preset data. {In other words, the division ratio is equal
to 16 minus the preload value.)

The U229 counter is similar to the U28 counter, except
that it counts the number of divisions by 11. The pre-
load data on the YMPO through VMP3 lines is equal to
16 minus the desired number of divisions by 11. Note
that this ¢ircuit cannot be set for zerc or one division
by 11, as this would require preloading the counter to
15 or 16. The counter cannot be set to 16, because it
only counts from 0 to 15, The counter cannot be set to
15, becauge the constant logic high at the pin 15
“carry’' output would be inverted by U30D and hold

the U27B PRESET input low, preventing the VMP SET

pulse from latching this circuit. (A method for circum-
venting this problem will be discussed shortly.)

The VMP circuit sequence of operation is as follows
{assume the U29 preload information on lines VMPQ

4 1 ;
(I Lo Waiptian

fow, Q ouiput high) enabling the LOAD input of
U29 and causing the U28 preload inputs to have a

binary value of "'8"".

2. A phase comparison in the U21 PLL chip causes
the VMP SET line to be puised lew. The low on the

VMP SET line latches U278 in the “'¢clear’” condi-
tion {Q output high) placing a logic 1" at the data
input of flip-flop UZ7A.

3. Counter U28 will complete its current divide-by-10
cycle. At the count of 15" the “'carry” output
(pin 15) will go high. This level will be inveried by
(J30B, placing a tow at the U28 LOAD input.

4. The next positive transition of the VCO output will
clock the preload value of *'6"' into U28, preparing
it for another divide-by-10 cycle. The U28 inverted
“carry” output at U30B will go high, clocking the
VMP prelcad daia {assumed to be 14" in this
example) into U29. This same transition of the
U28 inverted “carry’ output will clock the logic
‘1 at the U27A data input through 1o the U27A
pulputs. With U27A in the “get” state (Q output
high, Q output fow) the low will be removed from
the U29 LOAD input and the preload information
for U28 will be changed io a binary 5",
{However, this information will not be loaded inte
U28 until its LOAD input is again pullsed low by
U30B and a clock pulse is received from the VGO
ouiput.)

5. U28 completes another divide-by-10 cycle (8
clock pulses to reach the count of 15", plus one
more to load the preset data). At the end of the
count cycle, the inverted *‘carry’’ cutput from
U30B loads the preset value '5'" into U28 and
increments the U29 counter 1o 15", The high on
the U28 "‘carry’ output is inverted by U30D to
latch U278 in the “set” condition (Q output iow)
rermoving the fogic high from the U27A data input.

6. U28 completes a divide-by-11 cycle. The inveried
“carry’’ pulse from U30B reloads U28 with a
preset value of "5 and clocks U27A to the
“clear” condition (Q output low and Q output
high}, enabling the LOAD input of U289 and chang-
ing the U28 preset data to 8",

7. U28 completes another divide-by-11 ¢ycle. The
inverted ""carry’' pulse from U30B loads U28 with
a preset value of 6" and clocks U29 1o reload
the VMP preset data. With U289 no longer in the

returns high, releasing the U278 PRESET input,
enabling it to accept the next VMP SET pulse.

Diuring discussion of operation of the entire loop, refer
tc Figure 4-21, Simplified Block Diagram, Internal
Synthesizer Loop, and Table 4-2, Examples of Internal

Synthesizer Loop Division Ratios.

The 3200 Hz reference frequency from the Synthe-
sizer Reference is divided by 16 by the = R frequency
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Figure 4-21.

Simplified Block Diagram, Internal Synthesizer Loep

divider in U217, and the resulting 200 Hz frequency is
applied to one input of the phase detector in U21. The
output of the voltage controlled oscillator is divided by
the variable moduius prescaler and the program-
mable (= N) divider circuit in U21, and applied to the
other input of the UZ21 phase detector. The ocutput of
the U21 phase detector (via the loop filter ang lavel
transiator} varies the frequency of the VCO untit the
output frequency of the programmable { = N) divider
exactly equals the 200 Hz reference frequency.

Table 4-2 shows some exampies of VCO ouiput fre-
guencies generated by varicus combinations of =N
division ratios and number of VMF +11 division
cycles. Let's work backwards from the phase detec-
tor for the case of N =5000 and the number of YMP
=11 cycles =2,

1. The reference frequency into the UZ1 phase
detector is a fixed 200 Hz.

2. When the loop is tocked, the two phase detector
inputs will be equal in freguency; therefore the
output of the = N divider will also be 200 Hz.

3. it N=5000, then 5000 cycles of input will be
required for each c¢ycle of output from the =N
circuit.

:p;

ror 5000 cycies of input into the — N circuii, ihe
YMP circuit must provide 5000 cycles of output,
and therefore must go through 5000 cycles of
division.

5. If two of the VMP divisian cycles are division by
11, then the remaining 4998 cycles are division by
10.

4-32

6. For 5000 cycles of YMP output, the number of
VMP input cycles is (2 x 11} + (4988 x 10) =
50,002.

7. If the VCO output is 50,002 cycles for each cycle
of output from the = N circuit, and the = N output
frequency is 200 Hz (cycles per second), then the
VCO output frequency is 200 x 50,002 =
10,000,400 Hz.

It can be seen from the examples in Tabie 4-2 that
incrementing the division ratio N will raise the VCO
frequency by 2000 Hz, while incrementing the number
of divisions by 11 in the VMP circuit will increase the
VCO fregquency by only 200 Hz.

Mathematically, the frequency equation for the loop
is:

Tvco = frof
N*P + A R
where

tycp = the freguency of the voltage controlled
oscillator

N = the PLL division ratio

P = the lower modutus of the variable
modulus prescaler

A = the number of divisions by the upper
modulus per phase compariosn
fret = the reference frequency
A = the reference division ratic
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Table 4.2. Examples of Internal Synthesizer Loop Division Ratios

U21 Variable Dlvider Number of VMP Frequency Number of VMP Input Cycles
Input Frequsncy Divisions Per Phase Comparison {¥CO Dutput)
U21 Phase
Detector U1 Cycles Per
Input =N Fo Phase Total VMP | Number Of | Number Of Cycles Per
Frequency | Division Cycles Par Comparison Division +11 =+ 10 Phase Cycles Per
Hz Ratlo Second {Hz} | (Fg + 200} Cyclos Cycles Cycles Comparison | Second {(Hz}
200 4,999 996,800 4,999 4.599 10 4,989 50,000 10,000,000
200 4,999 959,800 4,959 4,999 11 4988 50,00 10,000,200
200 5,000 1,000,000 5.000 5,000 2 4998 50,002 10,000,400
200 5,000 1,000,000 5,000 5,000 3 4997 50,003 10,000,600
200 5.000 1,600,000 5,000 5,000 4 4,996 50,004 10,000,300
200 5,000 1,000,000 5,000 5,000 ) 4,995 50,005 10,001,000
200 5,000 1.000,000 5,000 5,000 5] 4,934 50,008 10,001,200
200 5,000 1,000,000 5,000 5,000 7 4,993 50,007 10.001,200
200 5,000 1.006,000 5,000 5.000 8 4,992 50,008 10,001 600
200 5,000 1,000,000 5,000 £,000 g 4,991 50,008 10,001,800
200 5,000 1,000,000 5,000 5,000 10 4,990 50,10 10,002,000
200 11,998 2,399,600 11,998 11,998 10 11,288 118,980 23,958,000
200 11,998 2,399,600 11,998 11,998 11 11,987 119,891 23,598,200
200 11.538 2,399,800 11,999 11,999 2 11,997 $19,982 23,988,400
200 11,999 2,399,800 11,899 11,808 3 11,998 119,953 23,998,600
200 11.995 2,399 800 11,939 11,999 4 11,395 119,994 23,558 800
200 11.899 2,354 600 11,3399 11,995 5 11,594 119,985 23,999,000
200 11,999 2,389,800 11,595 11.99% 8 11,883 119,996 23,999,200
200 11,988 2.399.800 11,999 11,989 7 11,992 119,297 23,999,400
200 11,999 2,399,800 11,999 11,893 8 11,981 115,998 23,989,800
200 11,989 2,399,800 11,999 11,999 g 11,390 119,994 23,9949.300
200 11,8499 2,399,800 11,999 11,999 10 11,989 120,000 24,000,000
In this circuit P = 10, dividers U33 through U35, and 8-input multiplexars
and W32 and U36. Also included in this gircuit group are
{ ) the internalfexternal trigger selector gates and the
Iref = 3200 = 200. Therefore, the equation reference output selector gates.
R 16 The 10 MHz to 24 MHz VCO frequency is applied to
reduces {o: the clock input of 4-bit binary divider U31. U31 pro-
fucd — 200 vides four simultaneous outputs with frequencies of
TONTE a VCO +2, VOO =4, VCO =8 and VCO = 16. The four

This equation can be rearranged to the form:
fyco = 2000N + 200A

As previously mentioned, in this particular circuit A
cannot be set to 0 or 1 because the U29 counter in the
VMP circuit cannot be preset to 15 or 16, In these two
cases, Alssetto 10 or 11 and Nis decremented by 1.

45.3.2 Synthesizer Frequency Dividers

The Synthesizer Frequency Dividers divide ihe
10 MHz 10 24 MHz VCO frequency down to the range
of 1 Hz 10 9.9999 MHz. {For frequencies of 10 MHz
and above, the VCO output is used directly, without
frequency division} The Synthesizer Frequency
Dividers consgist of binary divider U31, decade

outputs of U31 are applied to U32, which selects one
ol them as the frequency scurge for the decade
dividers. The microprocessor, via the BINARY A and
BINARY B control lines, selects the binary divider out-
put having the lowest frequency that is within the
1 MHz to 10 MHz input frequency range of the decade
dividers. Table 4-3 shows the relationship between
decade divider input frequency and binary divider divi-
sion ratio,

U33 through U35 provide 6 decades of frequency divi-
sion, down io freguencies as iow as 1 Hz. These
dividers all run constantly, and their outputs are all
applied to 8-input multiplexer U36, along with the out-
puts of the VCO and the binary divider. U36 selects
the input corresponding to the binary vaiue on its
three control lines from the microprocessor, and
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applies the selected frequency to the selector gates
for the main loop, buffered trigger output and refer-
ence output.

NAND gates U3S select either the synthesizer output
or the 10 MHz reference from the Synthesizer Refer-
ence Circuit for application to the Reference Output
amplifier. A logic high on the SYN/REF line enables
LI3BA to pass the synthesizer output signal. The logic
high is inverted by U39B to inhibit U38D, holding its
output at a logic high. A logie low on the SYN/REF line
inkibits U39A, and is inverted by U39B to enable the
10 MHz reference frequency to pass through U30D.
U39C combines the outputs of U39D and U38A. The
signat from the enabled gate is combined with a cons-
tant logic high from the disabled gate, and the
selected signal is applied to the Reference Ouiput
amplifier.

U38 operates in a similar manner to select either the
synthesizer output or the external trigger as the trig-
ger source. A logic high on the INT/EXT TRIG line
selects the synthesizer cutput; a ogic low selects the
TRGO signal from the trigger comparatar on the func-
tion generator board. The selected source is applied
1o the burst counter circuit as buffered trigger output
TRGOB.

Table 4-3. Binary Divider Frequency Ranges
Decade

Programmed Divider Blnary

Fraquency Input Divider vCo
Significant Frequency Division Frequency

Digits {MHz) Ratio (MHz)

10000-12492 | 1.0000-1.2499 18 16.0000-19.9984
12500-24998 1.2500-2 4383 8 10.0000-19. 9932
25000-49999 2.5000-4.9589 4 10.0000-19.9996
50000-99999 5.0000-9.9999 2 10.0000-19.9998

NOTE: fFor trequencies of 10 MHz and above, the YCO oulput is
used directly, without binary or decade freéquency division,

454 Main Loop Circuit

The main loop circuit allows the Wavetek 278 1o be
phase-locked {0 an external reference within 5% of
the programmed generator frequency, or to the fre-
quency synthesizer operated from an intarnal or
external reference at a fixed frequancy of 10 MYz
Figure 4-22, Generator Operation in Phase-Locked
and Synthesized Modes shows the relationship bet-
ween the function generator board and the syn-
thesizer board in ihe phase-locked and synthesized
modes.

The SQS square wave output of the function genefa-
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tor board is divided by two and applied to one of the
inputs of the phase detector in the Main Loop circuit
on the synthesizer board. (This phase detector should
not be confused with the phase detecior in the synthe-
sizer cir¢uits.) The other side of the phase detector is
driven by either the synthesgizer ocutput or an external
reference within 5% of the programmed generator
frequency (also divided by two). The Main Loop phase
detector and loop filier develop a de voltage propor-
tional to the phase or frequency difference of the two
signals. This error voltage is summed with the fre-
quency control veltage {(VCO) irom the function gen-
erator board, then returned to the function generator
board as a meodified frequency control voltage, VCGI.
This VCGI voltage varies the function generator fre-
quency untit it is equal 1o the reference frequency at
the other input of the Main Loop phase detector.

The P13 REF INPUT connector accepts a TTL or zero-
crossing signal at the programmed generator fre-
guency in the TTL LOCK and ZERO LOCK modes, or a
TTL or zérocrossing signal at a fixed 10 MHz fre-
quency in the TTL REFERENCE and ZERQ REFER-
ENCE modes. In the SYNTHESIZER macde, the internal
10 MHz crystal oscillator is used for reference.

Circuit groups within the Main Loop circuit are the
synthesizer/phase lock selector gates, phase detec-
tor, charge pump, loop filter and summing amplifier.

NAND gates U37, controlled by the SYNTH¢ SELECT
control line, select either the output of the synthesizaer
or the ouiput of the reference input comparator (U16).
Alogic high on the control line gates the synthesizer
putput through U37A; a logic low on the line is inverted
by U37C to gate the ¢ LOCK IN signal through U37D.
The selected cutput is applied through frequency
divider U40A to the reference input of phase detector
U41.

The square wave output of the function generator
(SQ8) is applied through frequency divider U408 to
the variable freguency (V) input of U41. U40A and
U40B divide the reference and variable frequencies
by 2 to bring them within the maximum frequency limit
of phase detector U471,

U41 is a digital phase detector that is driven by
negative-going transitions of the reference frequency
(R) and variable frequency (V) input signals. When the
wo input signals are in phase, both the U1 and D1
outputs remain high. When the R input {pin 1) leads
the V input (pin 3) in phase, ouiput D1 (pin 2) stays
high and output U1 (pin 13) puises low during the inter-
val between negative transitions of the R and V
signals. When V feads R, U1 stays high and D1 pulses
low during this interval. These puises are converted to
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Generator Operation in Phase Locked and Synthesized Modes

a dc frequency control voltage by the charge pump
and loop filter circuits.

The charge pump circuit consists of inverter Udz,
diodes CR8 through CR11, analog switch U43 and
associated resistors. This circuit converts the U1 and
D1 digital outputs of the phase detector to a single
output that is either a positive current scurce, a
negative current source, or is in a high-impedance
{off) state. Figures 4-23 through 4-25 illustrate charge
pump operation for the three possible combinations of
logic levels on the U1 and D1 input lines. Valtages on
these diagrams are simplified to illustrate theory of
operation, and are not intended to represent exact
circuit voltages. In these diagrams, logic levels are
assumed to be exactly OV and + 5V, and the voltage
drops across forward-biased diodes are neglected.

Figure 4-23 shows circuit operation when inputs U1
and D1 are both high. The logic high at the U1 input is
inverted by U42, and holds the junction of CR8 and
CRY at zero volts. The logic high at the D1 input holds
the junction of GR11 and CR10 at +5V. The + 2.5V
leve! from the loop filter input is fed back through R51

1o the junction of CRS and CR10, reverse biasing both

R e TS Li

diodes to maintain the circuit in the "off’ condition.

Charge pump operation with the U1 input low and the
1 input high is shown in Figure 4-24. The logic low at
the U1 input is inverted by U42 to bias the cathode of
CR8 to +5V. The logic high at the D1 input is applied

through CR11 (¢ bias the cathode of CR1Q to +5V.
Current flows from the +15V supply, through
R45-R47, CRS and R51 into the loop filter. The values
of R45-R47 are chosen fo be much larger than the
value of R51, so that the veltage at the midpeint of the
R51/R45-R47 voltage divider does not exceed +5V,
With this midpoint limited to + 5V or less, CR8 and
CR10 are both reverse biased, and the only current
path into or out of the loop filter is through R45-R47,
CR® and R51.

Circuit aperation with the D1 input low and the U4
input high is shown in Figure 4-25. The logic high at
the U1 input is inverted by U42, and applied through
CR8 to the junction of CR8 and CRS. The logic low at
the D1 input biases the CR11 anode to OV. Current
flows from the loop filter, through R51, CR10 and
R48-R50 to the — 15V supply. The values of R48-R50
are chosen toc be much larger than the value of R51,
so that the vollage at the midpoint of the voltage
divider formed by R51 and B48-R50 does not drop to
less than zero volts. With this midpoint limited to zero
volts or more, CR9 and CR11 are both reverse biased,

and the only current path into or out of the loop filter is
'thlrough PE1 OR10 and RAR DRLN

[N I VI IR TR~ L L R b o o o [

Solid-state analog switches U43A and U438 are
openad by a logic high on the 10-98.8 Hz line when the
generator 18 programmed to this frequency range.
Opening the switches removes R46 and R49 from the
circult, reducing the current into and out of the loop

4-35


https://www.manualsplus.com/

+5V + 15Y

é Ra5-R47
I

CR&

uarus SV
{PIN 13)

u42

cnggz REVERSE BIASED

U44-2
+ 2.5V b AAA——
B51 -+ 2.5v

cmugz REVERSE 8IASED
CR11

U41-T1 D'
{PIN 2} +5Y +5v
R §FI4B- RS0
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Figure 4-23. Charge Pump Operation
With Both Inputs High

fitter. This has the same effect as increasing the value
of R51, which would iower the frequency of the loop
filter.

Loop filter U44 integrates the positive-going and
negative-going pulses from the charge pump circuit to
provide a dc freguency control voltage for phase-
locking the function generator. The filter is similar to
the one in the internal synthesizer loop, with the
exception that the filter is band-switched by solid-
state switches U45A through U450, For the 1K-89.9K
range, the time constant of the flier is determined by
R51 and C67. Loop damping ks controlled by R41. C886
is a high frequency bypass used to reduce noise in the
filter. Other filter ranges are identical except for com-
ponent values. Fiiter range is selecied by a logic low
on one ¢i the U45 contral lines.

R52 and R53 set the voltage at the non-inverting input
(pin 3) of U44 at +2.5V. During normal operation
{when the Main Loop is locked) operational amplitier
U44 wili drive its output to whatever voltage is
required to maintain a zero voltage difference bet-
ween iis two inpuls; therefore this + 2.5V level is alse
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present at inverting input pin 2. However, there ig no
dc feedback path in the loop filter, and the operational
ampiifier output cannot exceed the + 15V value of the
supply voltages. Therefore, when the loop is uniccked,
the voltage at the pin 2 inverting input can vary from
this + 2.5V value. This deviation is detected by the
Lock Detect circuit, which signals the microprocessor
vig the LOCK DET line.

Summing amplifier U48 combines the oulput of the
loop filter with the VCGO frequency control voltage
from the function generator board, and returng the
modified frequency control voltage to the function
generator board as VCGI. In the phase-lock and syn-
thesized modes, a logic low on the VCG line closes
series switch U47D and, via inverter U47A, opens
shunt switch U47C to apply the Ioop fiiter cutput to the
summing amplifier. In cther modes, the switches dis-
connect the loop filter from the summing amplifier
and the VCGI voltage is equal to the VCGO voltage.
R=9 adjusts the offset of summing amplitier U48.

+ 5V + 15V

REVERSE] é Ra5-R4?

BIAS:Ey

Q
Lid2 e

GF{QY

Voltage at this point is determingd Dy values U442
of reslsiors R51 and R45-R47, and is between —*——AAN—— 25y
+ 2.5V and + 5V for values used in ¢ircuil. R51 :

-1t

IPIN 131 ov

CHTGSZ REVERSE BIASED
CR11

V4101
PINZ 1BV Dl +3V

A §H4&-H50

—18Y

Figure 4-24. Charge Pump Operation
With U1 Input Low
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Figure 4-25. Charge Pump Operation
With D1 Input Low

4.5.5 Lock Detect Circuit

The Lock Deteci circuit consists of two comparators
with their outpuis both connected to a common pull-
up resistor. The threshold of the U46A non-inverting
input {pin 3) is set to 2.7 volis by R&2 and RE3. RE5
and RBE set the threshold at the inverting input (pin 6)
of U468 at 1.0V. The voltage from the loop filter invert-
ing input is applied to the inverting input {pin 2) of
U46A and 1o the non-inverting input {pin &) of U46B. A
voltage greater than 2.7V will cause U46A to pull the
LOCK DET line low, a voltage less than 1.0V will cause
U468 to pull the LQCK DET line low. The micro-
processor response to the LOCK DET fine going low is
digitally filtered {delayed) to ignore normal switching
transitions on this line. Typical response time is 4

Note that the lock detect circuit detects unlock of only
the main loop and not the internal synthesizer loop.
Removal of the 10 MHz external reference from the
front panel REF IN connector in modes 5 or 6 wili
cause the internal synthesizer loop to go out of lock; in

most cases the main 1oop will remain locked to the
output of the unlocked synthesizer.

456 Reference Output Amplifier

The Reference Quiput amplifier is almost identical to
ihe Sync Driver discussed in section 4.4.6 of the
manual. Push-pull emitter followers Q4 and Q5 are
biased on by the voltage drops across diodes CR12
and CR13. Emitter resistors RY5-RV8 provide negative
feedback to prevent thermal runaway. Collector
resistors R71-R74 and R83-R84 protect the transistors
from overvcltage at the output connectar. Collector
bypass capacitcrs G80 and CB2 prevent large signal
swings at high frequencies that would reduce the gain
of the transistors. High-frequency response is also
improved by C79 and C81, which bypass base
resistors R7Y0 and R&0.

4.5.7 Power Circuits

The %15V lines and the +5V line enter the board at
J17, and are fitered by ferriie beads FB1 through FB3
and C3-C11. Separate +15Y lines, labelted +15V-1
and —15V-1 on the schematic, are provided for the
Reference Output circuit. A separate, isolated +5V
supply for the U21 PLL and U25 YCO circults (labelled
+ 5¥IS0 on the schematic) is derived from the + 15V
supply by three-terminal regulator VR2, The negative
supply {—5VISG) for the U186 trigger comparator is
genegrated from the — 15V supply by regulator VR1.

48 MODEL DIFFERENCES

Wavetek Model 278 Function Generators with serial
numbers less than 7230039 have several minor differ-
ences in the Microprocessor/Power Supply Board.
Saection 7 contains a schematic diagram {drawing
number 0103-00-0919) of the earlier board revision,
On the earlier version of the Model 278 Microproces-
sorfPower Supply Board:

1. MASTER RESET capacitor C1 was 100 pF, 16V.

The MASTER RESET function (MR} was pertormed
entirely by charging this capacitor through R8;
operational amplifier U27 was not used in the

MAACTLED DEQCT Airmoab
IV T E1 g = | il Bk

2. Operational amplifier U27A was used in the bat-
tery test circuit as a voltage followear amplifier pro-
viding an ouiput equal to the comparator refer-
ence voltage. It was used to conver! the £15V
output of the U278 comparator to TTL logic levels
by summing the iwo voltages through R30 and
R31.

3. The second RAM {U12) and memory backup bat-
tery BT1 were oplional (Option 001).
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. There was no RAM PWR conneciion to auxiliary

connecior J4-19.

. Alternate bus driver USA pin 11, the DIRECTION

CONTROL line {DC), was connected to + 5Y.

. IEEE 488 Bus Driver U8B pin 1, the SEND/

RECEIVE line (5/R), was connected to + 5V.

. The CHIP ENABLE (CE) input ot U9 (pin 20) was

connected to the ROM1 line.

. The CHIP ENABLE (CE) input of U10 (pin 20) was

connected to the ROM2 line.

10.

. The ANAZ and ANAZJ lines were buffered by aux-

iliary buffer UZ8 (pins 4,6,16 and 14) and appeared
at the auxiliary connector J4 (pins 12 and 13} as
BANAZ and BANA3.

Ground test points TP3, TP4 and TP5 were not
present on the earlier revision board.

. if applied power is interrupted and -immediately

reapplied, the instrument circuits may “'hang up".
A 3 second wait before reapplying power ensures
normal ingtrument operation.
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51 FACTORY REPAIR

Wavetek maintains a Customer Service department. If an
instrurment is returned to Wavetek for rapair or calibration,
a detailed description of the specific problem should ke
attached to minimize turn around time,

5.2 CALIBRATION

NOTE

The completion of the calibration procedure
relurns the insirument to correct alignmern.
CALIBRATION LIMITS AND TOLERANCES
ARE NOT INSTRUMENT SPECIFICA-
TIONS. Instrument specificalions are given in
Section 1 of this manual.

Table 51 lists the eguipment required to perform the
calibration procedures in tabie 5-2,

The setup for each calibration step and a displayed
operator cue are contained within the firmware. Calibra-
tion steps and cues can be accessed by pressing RCL 1001
EXEC, BCL 1002 EXEC, etc. for each step of the calibra-
tion procedure in kable 5-2. Calibration points are shown
in figures 5-1 through 5-3.

Table 5-1.

SECTION
CALIBRATION

Periodic calibration is needed because of component
aging, which depends on instrument on-time and
environment. Use six months as aninitial calibration period.

It possible keep records of the parameter values and
modify the time between calibration if the records indicate.

Togain access to the MicroprocessorfPower Suppiy board
(sieps 1 to 3}, remove the bottom cover (2 screws).

To gain access to the Function Generator (steps 4 to 28)
and Synthesizer hoards {steps 29 and 30), remove the top
cover (2 screws), next remoye the two screws on the right
of the Synthesizer board, and lift the Synthesizer board up
to access Function Generator board adjustrments(the Syn-
thesizer board pivots on the left side).

NOTE

1. EXEC (Exscute), required to implement parameter
value change, has been omilted from the calibra-
tion procedure.

2. Each step (RCL 1001, 1002 efc} also can be incre-
menited and execuied by using the cursor controf
{ref: paragraph 3.6}

3. When using the Function Quipul BNC, {1 mus! be
terminatzed with a 500 fermination.

Calibration Test Equipment

Instrument

Suggested Model

Comment

Digital Yoltmeter Fluke 80504

Distortion Analyzer
Frequency Courer

Oscilloscope
Main frame
Flug-in
Vertical Amplifier

Dual Time Base
Sampler

Tektronix 7904

Tektronix 7A256

Tektranix 7B534
Tektronix 7514

DC accuracy: 0.01%
AC Accuracy (true rma): 0.2%

Frequency range: 5 Hz 1o 100 kHz
Distartion measurement: 0.1 to 100%
rreguency range: 0. Nz o 13 Wipz
Frequency accuracy: =1 ppm

Bandwidth: dc to 500 MHz

Bandwidth: dc to 200 MHz
Sensitivity: 5 m¥ to 5Vidiv
input impedance: 1 MQ
Timefdiv: S5nsto 58
Bandwidth: de to 1 GHz

541
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Tahie 5-1.

Calibration Test Equipment

Instrument

Suggested Modei

Terminations

Attenuator
Coax Cable

Tektronix 011-0129-00
Tektronix 011-0049-01

Tekironix 011-0059-02
Tektronix 012-0057-01

Comment

506
506
10X,

506

0.1%, 2W

2.0%, 2W

50Q, 2W
3 ft length

Amplitude and Offset calibration requires a 50 + 0.058 termination. if a precision termination is not available, a

correction factor (K} can be derived, which can be used to calcutate a normalized calibration value.
K is derived as fallows:

_R+50
2R

K

, where R is the value of the terminator used.

To calulate a normalized catibration value, divide the value from Desired Results by K. Or, muttiply the measure-
ment by K, which should egual the value from desired results.

Tabte 5-2. Calibration Procedure

NOTE. Open column indicates previous entry remains applicable

Step Chack Tester Cal Point Program |Ad|ust| Desired Resulis Remarks
MNOTE: Steps 1 through 3 are power SUpplYy adiustments (see figure 5-1).
1 | +13¥ SUPP, R39 JDVM (dc mode) J31, TPZ (GNDY |AGL 1001 | R3g [+15 = 002 Vde
2 | - 15V SURPF, R4T J3-5, TP2 (GND) |RCL 1002 | R47 | -15 = 002 Vde
3 —10.24Y REF, R16G TP1, TPZ IGHMDY |RCL 1003 | R1E \f'_dl[}.gll + 002
NOTE: Steps 4 through 28 are function generator adiustments (see figure 5-2)
4 INODE BAL. R8% |DWM {dc mode) J239. TP IGNDY BCL 10041 Rag |0 £ 1.0 Vde Move VCG jumper to E9 and E10
(Ref figure 5-2.
5 {TRI BALANCE, RG0 J23-7 TR (GNDY RGL 1005 R8O |0 = 002 Vdc
6 (VCG ZERD, R11 WCG ihi BMNC RCL 1006 [ AtY O = 0071 Ydo
{Front Panel}
) 50% Duty Cycle
7 {HISYMM. R23 Oscilloscope FUNC QUT RCL 1007 | R23 0.5 48
{terminate wit 50% Doty Gl
8 {LO SYMM. Ri5 500 RCL 1008 | Ri1s uly byele
+0.5 us
g |LO FREQ. R12 Frequency Countar| FUNGC OUT RCL 1009 | R12 [30 £ 1 Hz
(terminate with
10 |HI FREG, B8 a0 RCLAMO| HB 1999 £1.0Hz Steps 9 and 10 interact; repeal
il necassany.
11 |1 MHz, C43 RCL 1011 C43 11 £ 007 MHz After making the initial ad-
justments in teps 11 and 12,
12 19.92 MHz, R45 BCL 1012 | R45 |2.39 = .01 MHz | record the frequency in each step.

Place the synthesizer board in the
aperating position. Recodd the new
frequency far each step. MNale the
diffarence in frequency. Lift up the
synthegizer board. Increase ioe
frequency by tho frequency dif
ference. Repeat s'eps *~ and 12 |
recessary.

5-2
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Table 5-2. Calibration Procedure (Continued)

Step Chack Tester Cal Point Prograrn Adjust| Desired Results Remarks
13 100 kHz, C45 Frequency Counier |[FUNC OUT RCLA013 C45 P00 = 1 kHz
{terminate with
14 |999 kHz, R46 504 RCL 1014 R4a6 1999 + 1 kHz Steps 13 and 14 interact, repeat if
necessary.
15 HO Hz SYM, R117 | Oscilloscope RCL 1015 R117 | Symmetry
50% = 1%
16 {0,998 Hz, R105 Frequency Counter BCLIMME B105 1299 + 001 He
17 [98.9 Hz, R112 RCL 1017 RM12 |998 £ 1 Hz
18 |SINE DIST Distortion Analyzer |FUNC OUT RCL 1018 R142 |« .3% Adjust far minimum distortion.
{terminate with R154
504} R157
R255
18 [MULT BAL, R241 | Oscilloscops RCL 101% R241 |=.070 Vp-p Adjust far minimurn arnplitude
variation. 8teps 18 and 19 inter-
acl; repeat if necessary.
20 |OFFSET 0, R237 | DVM {de mode) FUNC QUT RCL 1020 R237 [0 £ 005 Vde
{terminate with
21 [OFFSET +5, R208 A% 609 load)  |RCL 1027 R208 |5 + 005 Wdo
22 |HI AMPL, R242 DM {ac mode) RCL 1022 R242 |3.536 = .01 Vac
23 [LO AMPL, R251 RCL 1023 Rz51 [.357 £ 002 Vac
24 |TRI AMPL, R148 | DVM {ac mode) RCL 1024 R145 |2.887 x 003 Yac
25 |SGR LOWER. R163| DVM {dc mode) RCL 1025 R16B | —5 £+ 005 Wdc
26 |S0GR UPPER, Rig4 RCL 1026 Ri164 15 = .005 Ve
27 JATTEN ADJ, R295 RCL 1027 R295 |.600 = 001 Vdc
28 1WAVEFORM Oscilloscope with {FUNC OUT RCL 1028  C97 |Aberrations Move VCG jumper to E10 and
£87, G122, R9g Sampler Plug in {terminate with C122 | =3.3% £ 40 mV|E11,
X10, 508 P98 |RiselFall
attenuator) <145 ns
WOTE: Steps 29 and 30 are synthesizer agdiustments (See figure 5-3).
29 1 AUX VCGE ZERD DM {dc mode) Measure difter- |RCL 1028 RS |0 + 0002 Vdc
entially between
TP1 and TP2 on
the synthesizer
board.
30 {10 MHz REF ADJ | Counter REF OUT RCL 1030 C14 |10 = .0C00D20
{TTL Lewvel) MHz

5-3
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6.1 FACTORY REPAIR

Wavetek maintains a factory repair department for
those customers not possessing the necessary per-
sonnel or test equipment to maintain the instrument. If
an instrument is returned to the factory for calibration
or repair, a detailed description of the specific prob-
lem should be attached to minimize turnaround time.

6.2 BEFORE YOU START

Since no troubleshooting guide can possibly cover all
the potential problems, the aim of this guide is 1o give
a methodelogy which, if applied consistantly, will lead
to ihe problem area. Therefore, it is necessary to
familiarize yourself with the ingtrument by reviewing
the functional description and the detailed circuit
description in conjunction with the schematic. Suc-
cessful troubleshooting depends upon understanding
the circuit operation within each functional block as
weli as the block relaiionships.

6.2 TROUBLESHOOTING

Table 6-1 gives an index ¢f common symptoms. For
each symptom a troublesheoting step is referenced
that will aid in the solution of the problem. Individual
compeonent troubleshooting is given in paragraph 6.4
recommended test equipment is given in paragraph
5.2 and circuit schematics are in the back of this
manual.

In all problems:

Double check for proper parameter settings.
Verify power supplies are in specification.
Calibrate or rute out calibration as a problem.

Inspect components, wiring and circult boards for
heat damage.

i A

[ up——— Y ey

5. Recalibrate as
Find the instrument symptom in table 8-1 and proceed
as directed to the proper troubleshooting step. After

verifying the referenced step is okay, proceed to the
following step unless directed otherwise.

SECTION
TROUBLESHOOTING

Tabie 8-3 provides voltages and waveforms for cir-
cuits on the Function Generator Beoard, These
measurements were made with the defauli instrument
parameters automatically selected at power-on or
after pressing the RESET key, except that the ocutput
is turned on (CUT 1}

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

Table 6-1. Symptoms

Table 6-2
Symptom Step

Display does not light 1.1-1.3
Display is not “"WAVETEK 278" at

pOWer up 2
“BATTERY LOW'’ displayed 3
Keyhoard has no effect 4
Cannot recall stored settings 5
Won't work on GPIB 6
Kevboard will not work with unit

on GPIB 7
No output or incarrect output at FUNC

QUT (output on) 8
No gutput or incarrect fregquency 8.1
High freguency incorrect, sine distortion
excessive at low frequencies, or no
output 8.2
Sine distortion excessive, no output, or

no sync output 83
No output or frequency incorrect

below 100 Hz 8.4
Excessive sine distortion, amplitude

GITors, or NG output 85
Oftset errors or no output 8.6
Cutput offset or no output a.7

6-1
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Tabie 6-1. Sympioms (Continued)

No triangle out 9
No square out 10
Trigger or gated mode error 11
No burst or incorrect burst count 12
internal trigger does not function or is

inaccurate 13
Synthesized frequency inaccurate in

mode (4} 14
Will not lock to an external reference 15
“LOOP NOT LOCKED' displayed 16
No reference output 17
5th frequency digit will not change in

mode 4 i8
6.4 TROUBLESHOOTING INDIVIDUAL

6.4.1
1.

COMPONENTS

Transistor

A transistor is defective it more than one volt is
measured across its base-emitier junction in the
forward direction.

A transistor when used as a switch may have a
few volts reverse bias voliage across base emit-
ter junction.

If the collector and emitter voltages are the
same, but the base emitter voltage is less than
500mvY forward voltage {or reversed bias), the
transitor is defective.

A transistor, when used as a linear amplifier, is
defective if its base current is farger than 10%
of its emitter current {calculaie currents from
voitage across the base and emitler series
resisiors).

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 emiiter
junction shiould be off {(no collector current;
otherwise, one of the transistors is defective.

B6.4.2 Diode

A diode (excent a zener} is defective If there is greater
than one volt f{typically 0.7 wvolt) forward voltage
across it

6.4.3 Operational Amplifier

1.

The "+ and ' —" inputs of an operational
amplifier will generally have fess than 153 mV
voltage difference when gperating under normal
conditions except when Used as a comparator,

When the output of the amplifier is connected to
the ** - ""input {voltage follower connection}, the
output should be the same voltage as the “ +"
input wvoliage; otherwise, the operational
amplifier is defective.

if the output voltage stays at maximum positive,
the **+ " input voltage should be more positive
than '"—" input voltage, or vice versa; other-
wise, the operationat amplifier is defective.

6.4.4 FET Transistor

1.

"2

No gate current should be drawn by the gate of a
FET transistor. If so, the transistor is defective.

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 is defective.

6.4.5 Capacitor

1.

Shorted capacitors have zero volts across their
terminals.

Opened capacitor can be located (bt not
always) by using a good capacitor connecled in
parallel with the capacitor under test and
cbserving the resulting effect.

8.48 Digital TTL I’ {8 g 7400 Series)

1.

The device is operating correctly if the output
high state is > + 2.4V and low state is < +0.5Y.

The input must show the same two levels as in
step 1. If the levels are between + 0.8V and
+ 2.0V, the connection to the driving circuit out-
put is open.
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Table 6-2. Troubleshooting

Circult Schematic
Description {No.iSheet!
Step Symptom Check Paragraph Major Components Locatlon) Remarks
1.1 Dispiay does not AL Powrer — — —
Light a. Power Source — — —
b. Power Cord — — —
. Power Fuse — —_ Rear panel
d. Power Seleciicn — — Rear panal
e. Power Switch — — Inside rear panel
1.2 DC Power
a. + 45V supply 4262 VR4, CR15-16, CB0,63 1004/3/A4-T
b. + 5V suppiy 4.2.61 ¥R3, CR13-14, Ch6,59 1094/3/84-7
c. £15V supply 4283 VR1-2, GR7-12, U26, 1094/3(D3-7
C48,50,53,55
1.3 Cisplay
a. Supply Voltages 431 411 092111457
b. Filament Driver ug, CR3-4, C1415 0924M1/C3
¢, Segrent and Digit U1-5, CR1-2 0921i1/C4-7
Drivers
d. Fluorescent Display Al 0921/4/C1-2
2 Does not display Microprocessor section }
“WAVETEK 278 a. Reset Circuit 423 U327, CR1-2, 1818 10841107, 2IA3 If okay return
at preer-up b. E-clock 4211 U3, 8,13, 25 109411106 to step *
. Address Strobe (AS) 42141 U3 4 10841/08
d. Address/Data Bus {AD} 4.2.1.1 U3 4-8812 1094/1C8
& Address Bus (ADR} 4212 U3-4.6815.28 10941C6
f. Microprocessar 427 ; UJg-1] —
Software
3 “BATTERY LOW™ Battery Backup 4.2.3
displayed 3. Battery below 2.4V BT1.CR4, 5 109411743 If okay return
b Battery Test Circuit U2y, CR& 1094/2/A3 to step 2
& Keyboard has no Keyboard
affect a J“ ey 432 Keyboard Front panet It okay return
B LOL key 43.2 Keyboard Front panel to step 2
c. Keyboard 4.3.2 Keyboard 093211784
d. Keyboard decoder 4.3.2 8,7 0921117436
a Cannot recall Stored Settings L4253
slored settings a. Battery backun ! BT1, U12 109471143-4 If okay return
' b. Reset | U27, CR18, 19 100412/A3 1o step 2
6 Won't work on GFIB
GPIB a. Address switch 4218 SW1, U5 1054111CE it okay return
b. Remncte indicator 4.2.2 ug-8 1094M1/C3 to step 2
o Command recsll 422 sg 1094/1153
7 Keyhoard will not Local Loskput
Work with unit on a. Verify remote indicatar LCL key Front panel If okay return to
GPIB {Ri not disnlayed srep 6
b Werify local lockours GTL command GPIB

not set

6-3
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Table 6-2. Troubleshooting (Continued)

Cireuit Schematlc
Description {NoJShest/
Step Sympiom Check Paragraph Major Components Locaiion) Remarks
8 No or incorredt Test Connector: See RESET instru-
output at FUNC Remarks ment, with outout
QUT {output on) on. if bad refer to;
a. J23 pin 11 YOGTST = OR20/3/B1 step 8.1
00=+01 Ve
b. J23 pin 9 DCCOMP = Q920/31B1 step 8.2
0.0+£5.0 Yde
c.J23 pin 7 FRITST = 09204381 step 8.3
0001 Ve
d. J23 pin 13 AMPLDC = 0920/3/87 step 8.5
50+0.2 Vde
e. J23 pin 1 PATEST = 0920/3/B1 step 8.6
0001 Vdo If okay go 1o step
8.7
81 Mo output or incor- | VCG
rect frequency a. 5H0 (FRQG input) 4253 U15-19, G238 1094i2/C2
b VOG Armp & Compensa- | 4.4.1 W12, ChR1-2 0920¢4/G4
tion
c. Curent Sources 441 u2-3, Q1, CR4-8 0920/14C4
8.2 High frequency Frequency Compensation _
incorrect, sine a. DC Amplifier 4.4.5 78, C17.58 Q92012/C6
distortion excessive b. High Frequency Comp 445 U1, U7-8, Q2-3, CR15-161 0820/2/C6
at low frequencies
of NG output.
B3 ¢ Sine diglortion Main Generalor
! excessive, No out- a. Current Switch 4.4.2 Q4-5, CR17-20 0g20/2/04
Doput, or no syrc b, Switch Buffer 442 Q6-7, CR21.23 0920/2/C4
. output ¢. Comparator 4.4.2 Q8-12, CR24-31 09202153
! d. Square Buffer 4.4.2 Q13-14, CR32-34 092012/C2
e Triangle Bufier 442 Q1517 CREE6 0920/21CH
f. Frequency Range 4.4.3 ¢ 18-21, CR35-43, 0920/2/B2-4
Switches C43-47, 50, 52, 54
. Sync Driver 4,48 Q26-27, CRE52-53 092013C3-D3
8.4 Mo output, or fre- Capacitance Multiplier 4.4.4 Us-tt, C40 0920/21AG-7
guenay ingorrect
below 100 Hz
8.5 Excessive sine Amplitude Contra!
distortion and a. SH1 {AMP} 4253 U519, C32 1084/2/C2
amplitude errors, b. Sine Converter 448 ¢ U11-12, Q22-23, R145 0920/5/C4-6
or not output c. XY Multiplier 443 1719, CR59-62 0920/4/A5-8
86 Ottset Errors or no Preamplifier 4410 U15, Q28-29, CR54 0920044057
output .
8.7 Output offset or no Qutput i
autput a. BH2 {US1} | 4.2.0.8 Uln18.20, Ci6 TS
b. Offzet 4.4.9 U1y 0920/4/B%
<. Qutplt Amplifier 4.4.11 16, G30-37, CRE5-58 0920/4/C1-5
d. Fuse and Fuse Sense 441422 1520, F1 0920i4iB1-2
& Overvoltage Sense 44121 120, CRE3-65 0920r4/B4
f. Ouiput Attemriator {44123 Qa8-41, K1-3 0920/4/B1-2

6-4
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Table 8-2. Troublesheoting (Continued)

Circuit Schematic
Description {No./Sheel
Step Symptom Check Paragraph Major Components Locatlon} Remarks
9 No friangle out Triangle Level 4.4.8 U1z, Q24-25 092013/85-6 If okay return to
step 8.3
10 NG square ouf Square
a. Square Logic 448 U13-14 0920/3/B5-6 If okay refurm to
b. Square Shaper 4.4.8 U12, CR45-51 0920131434 step 8.3d
11 Trigger or gated Trigger Gircui
mode arror a. 5H3 {TRL) 4253 U15-18.20, G40 1084/2/82-3 If okay return to
b. Trigger Level Amplifier 4.41 uz 082011/86 step 8.1¢
c. Trigger Comparator 447 U4, CR&-11 0920/1/B5
d. Mode Logic 447 V%6, CR7-812-14 0820{1/84
12 MNa burst or Burst Counter
incorrect burst a. Auxiliary Buffers 4243 Jas-2g 1084/2/B6-7 i okay return to
count, b. Auxiliary Conrectors — cablas connactors step 10
€. TRIG IN Jumpers 4.4.7 E13-E14 092011 1A4
d. Program Decode 4.51 L1 QoTeMICT
e. Program Registers 4.51 uz.7 09781/C3-5
f. Burst Mode Logic 452 s, U15 O978/1/AG
g. Prase] Counter 4572 Uo-13 0978/1/B2, C6
13 Imternal Trigger internal Synthesizer
does not function a, Trig 3elect Switch 4533 u3zs, Us, U3s D978/3/CT5
or iz tnaccurate b. Synthesizer Fraquency 4533 U31-u2s, bz, U7
dividers 0978f3AT-07
c. VGO (Synthesizer)
Cutput 4532 u2g, Q3, U25 Q978/21B34
d. Level Translator 4532 24 09782185
e. Loop Filter 4532 Uz23 0978/2/B6
1. PLL Chip 4532 21, ¥Rz 0875/2/B8
g. VMF 4532 U27-30 09T8/2/B1-2
Internal Referance
3. Reference Dividers 4531 U18-uz0 0g7a2ibn-2
b Bef. Select Switch 4531 7 0o78I2I04
c. Ref. Buffer 4531 ute, VA1 0878/2/D4
o. Ref. Oscillator 4531 a1, G2, Y1 0978/2/D5-7
14 Synthesized Internal Synthesizer
Fregusncy a. Synthesizer Output 4.5.3.2 uzs, Q3, U25 0978/2B3-4
Imaccurate in b. Synth. Freq. Divider Out. | 4533 U31-uas, U2, U7y OS7RISIAY-DF
Mode (4}
Main Loop Select Logic
a. ¢ Lock Selectar 454 uaz 0978/3/1C5
b. Main Loop =2 454 40 0578131C4
Main Loop
a. ¢ Ref. Inputs 454 U40-Ua Q978I3/C3-4
b. Main Loop Filter 452 U43-U45 0978/21C3
c. Main Loop Control 452 U7 0978M11C3
d. WCG Summing MNode 4572 a7, Uag U B
e. Main Loop Lock Detector | 452 L) 09783182



https://www.manualsplus.com/

Table 6-2. Troubleshooting {Continued)

Circuit Schematic
Description {No./Sheel/
Siep Symptom Check Paragraph Major Components Location} Remarks
15 Will not logk to an TTL Reference Operation
External Reference a. Reference Select Logic 4,531 17, Us ng7s/2/04
b Ext. Retf. Bufter 4531 16, ¥R1, P13 0978121Ch
Zero Reference Operation
4, Reference Select Logic 4.5.5.1 Uiz, Us (978/2/D4
b £xt. Rel. Bufter 4531 U1s, ¥R1, P13 0g978/2/Ch
TTL Lock
a. Reference Select Logic 4.5.3.1 U7, Us 0g7ef2/D4
b. Main Loop ¢ Select 454 U37, U5 07 BI3/CE
Zero Lock
a, Reference Select Logic 4.5.3.1 Ly, Us (a78/2/D4
b. Main Loog & Select 454 a7, Us Q0783/CH
16 VLOOP NOT Main Loop Status
LOCKEDR"” a. Loop Enputs 454 U40, U41 0aV8I3CY
Displayed b. Loop Filter Control 454 U43-U45 0978/3/C4
c. Lock Detector 455 U46 0a783I82
d. VOG Summing Node 454 U47, 1148 OITeIAC
e. Mode Programming —_— FRGNT PANEL
17 No Ref, Out Driver Circuits
a, Quiput Buffer 458 04, G5 0978/3fA4
b. Ref. Out. Sedect Legic 4533 38, ub 097 8/3/B6
¢. Cutput Conmections w16, FRONT PANEL Ja78I3rAG
18 Gth Freguency Digit| Internal Synthesizer
will not change in a. VMP Circuit 4532 u27-use, u2e Q9ra2i82
Mode (4} b. VMP Programming 4532 Uz9, g GIAT8IMHB2

Table 6-3. Function Generator Board Voltages (Reset Condition)

Circuit

VCG and trigger
level

ova

TRL =

Control Vollages

OVR = TTL high {Jg-19)
FR5 = TTL high {J9-10)
FRQ = 1.00V (J&-1)
+4.25V (Jo-4)

Circuit Voltages

TLO = +15V (U2-7)
THC = +1.2V (U3-9)
VCV = —0.4V (E10)
VCGTST = 0.00 Vdc (J23-11)

Freguency
compeansation

DCA

FR7 = TTL high (J9-12)
FR6 = TTL high (J9-11)
FR5 = TTL high {(Jg-10)
TTL low {J918)

DCCOMP = C

+ 5V (U7-14)
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Table 6-3.

Function Generator Board Voltages {Reset Condition) (Continued)

Circuit Control Voltages Circuit Voltages
4
Generator : + 1.0V
'OOD Tri Buffer A/ {Q-ls_eminerj
Cut !
LoV - 1.0V
: +2.0V
Switch Buffer (CR25-cathode)
Gt
, -2.0v
: + 1.0V
Hysteresis _
out {Q9-base)
— 1.0V
P +50V
SQB (R92}
TRITST = 0.00 (J23-7)
LC COMP = D5V {1230}
Fraguency FR3 = TTL high (J9-8)
range FR4 = TTL low (J9-9)
FRS = TTL high (J3-10)
FR& = TTL high {J9-11}
Capacitance FRO = TTL high (U10-9) .
multiplier FR1 = TTL high {U10-8) . 10V
FR2 = TTL low (U10-1) me NS o
CPM = TTL high (U10-18) T
Trigger circuit +TR = TTL high (JS-22) TLO = +1.5V{R29}
—TR = TTL low {J9-21) THC = +1.2V {CR14-cathode)
MCO = TTL low (J9-16) v + 5.0V
MC1 = TTL low (J9-17) 5B = | | v
Function select - SQR = TTL low {U14-1})
SR = TTL low (U14-10)

PLS = TTL low (U14-2)
PLS = TTL low (U14-5)
EXW = TTL low (U13-12)
SN = TTL low (R141)
TRI = TTL high (R148)
RCT = TTL high {R170)

/L\ / + 1.0
THB / i \/ {R135/140;

- 1.0¥

A-Y multiptier
and offset

OST = +5.00V (R235)

Amp out = 0.0 Vde (U17-8)
AMP = +500V (R266)
AMPLDC = + 500V (J23-13)

6-7
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Table 6-3.

Function Generater Board Voltages (Reset Condition) (Continued)

Circuit Control Voltages Circuit Voltages
Preamplifier f +0.75
Preamp outw CR54-anode}
i —-0.75
PATEST = 0.0 vdc {J23-1}
Output Off amp out = 0.0 Vdc {R207)
amplifier '
. ) +0.75
Preamp out W (R209}
: —0.75
PATEST = 0.0 Vdc (J23-1)
¢
: +5.0v
Out amp out /\/\ {R231/232)
—50V
Cutput FUB = TTL low (J9-34) 1 5
protection QAP = TTL low {J9-33) Fuse sense ; e
QAD = TTL low {J9-13) input M {Fr
OA2 = TTL low (JO-15) - 5.0v

6-8

Table 6:4. Frequency Truth Tabie

Frequency
Range

& (=[O 10 | L3 [0 | re] = JEE {<E
|c:ln:LTla:|n:|a:|nc|n:lu. > 10
ool he loche i lelo o |8

10.0 ~98.8 mHz
100 — 999 mHz
1.00—-9.99 Hz
10.0-98.9 Hz
100 — 999 Hz
1.00 — 9.99 kHz
100—-99.9 kHz
100 - 999 kHz
1.00 —8.89 MHz
1INN—12N MHz

e R =
RV VIS UL U UL [T S N s QNS N |

0
0
0
1
0
1
1
1
1

o J W N U S

1
1
1
1
1
1
0
1
1

=R =R - I = = I =
;- T ek ek ek ek ek ok
AU R e o T == B e B
oD o o o o o 4 4 = =

1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
0 1
0 n

[ ]

1

—

1

S—
i
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Table 6-5. Qutput Relay Truth Table

L— Rl o

. o L <

Condition QoOQ

Ampl + [Ofst] = 1.00V, Cutput On 101
Ampl + ' Ofst| =1.00v, Output On 110
OQutput Off, Hi Z { ~ 539 ki) 001
Output Off, Lo Z {~ 55.6L1) 010

Table 6.:6. Function Truth Table
—[FEEowmE
=

Function |E EE% & I
Sine 01100000 M
Triangie 10100000
Square 11010000 de
Sgr Comp 11001000 i
DI 11100000 —
Ext Width 11000001

Table 6:7. Mode Truth Table

8 &
Mode (€ =
Coant 0 o
Trig LA 0
Gate 1 1 {Includes Burst Made)
Table 6-8. Trigger Truth Table
o =4
Trirfar I— |-.
LA T L + i
+ {Rising) 1 o+
—{Falling) 0 1+
Man Trig 1 1

6-8
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7.1 DRAWINGS

The following assembly drawings (with parts lists) and
schematics are in the arrangement shown below.

7.2 ERRATA

Under Wavetek's product improvement program, the
latest electronic designs and circuits are incorporated
into each Wavetek instrument as guickly as develop-
ment and testing permit. Because of the time needed
tc compose and print instruction manuals, it s not
always possible to include the most recent changes in
the initial printing. Whenever this occurs, errala pages
are prepared fo summarize the changes made and are

DRAWING

Instrument Schematic
Instrument Parts List

Chassis Assembly
Chassis Parts Lists

Front Panel Assembiy
Front Panel Parts List

Display Schematic
Display Assembly
Display Parts List

Function Generator Schematic
Function Generator Assembly
Function Generator Parts List

MicroprocessorfPower Supply Schematic
Microprocessor/fower Suppiy Assemily
Microprocessor/Power Supply Parts List

Prom Package

Synthesizer Board Schematic

Synthesizer Board Assembly
Synthesizer Board Parts List

Rear Panel Assembly
Rear Panel Parts List

SECTION
PARTS AND SCHEMATICS

inserted inside the shipping carton with this manual. If
ne such pages exist, the manual is correct as printed.

7.3 ORDERING PARTS

When ordeting spare paris, please specify part
number, circuit reference, board, serial number of
unit, and, if applicable, the function performed.

NOTE

An assembly drawing number s not
necessarify the assembly pari number.
However, the assembly parts list number is
the assembly part number.

DRAWING NUMBER

0004-00-0180
1000-00-0185

0102-00-1848
1101-00-1648

0102-00-1003
1101-00-1003

0103-00-0921
1100-00-0921
1100-00-0921

0103-00-0920
1100-00-0920
1100-00-0820

0103-00-2202
1 100-00-2202
1100-00-2202
1103-00-0021

0103000978
1100-00-0978
1100-00-0978

0102-00-0924
1101-00-0924

7-1
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7-2

DRAWING

Rack Adapter Assembly
Rack Adapter Parts List

Cual Rack Mount Assembly & Parts Liss
Rack Slide Assembiy & Parts List

Option 002 Schematic & Parts List

DRAWING NUMBER

0102-00-1043
1131-00-1043

0102-00-1041

J102-00-1042

0103-00-1010
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THIS DOCUMENT CONTAINS PROCRIETARY IWFOA-
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REALSON EXCEFT CALIBAATION, OPERATION, AND
M2 INTENANCE WATHOUT WRITTEN SUTHORIZATIH.
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APPENDIX A

AMERICAN STANDARD CODE FOR INFORMATION INTERCHANGE (ASCII)

b7
o 1l 0 0 ] 1 1 1 1
M
S = 0, |MSG'( "o, IMSG |1, |MSG | "1, |MSG | 0, |[MSG | 0, [MSG | 1, |MSG | 1, MSG
s ba|ba]b2]b1 | cotume
1 3 4 5 & 7
N 2 .
3 olafofo] o [wuL DLE SP L [ o ) @ ] P \ p
glofo[1] + [son| G Jocr | we | - 1 A 0 a g
olol1]a]l 2 s | DGC2 2 B R b w r N
olof1]1] 3 [emXx DC3 # 3 ¢ S G 2 1s | 8§
L L w w o 3~
olijolol 24 [eor|spc [Dca|DCL | 3 O 4 LS' D ] T g d 3 1 0
oflo[+] 5 [eno|eeciinax]pey Jo [ @15 | & [ [ @ Ju [ 2 e S Tu g ]
aft]1]o] & Jack SYN & o ] o F o_| Vv o f w_ | >
SR ARRER 7 JBEL ETE o T o) G A W o g 3 w i
wl [¥h] w L 1w ) —
1]ojojol 8 BS | GET [CAN | SPE { = 8 z H = X (21; h z x rd
T Ly
TJolol1] o |AT |t [em [so |3 | 2 [ o | 2 | 1 | 2 | ¥ g [ [ & 1]
joltfof 1o [ LF SUB - 12 2 1 21z 1201 o1z | 3
vfola]1] 11 | ESC + | 5| % K g [ g k z [t [ £
1ir|olo] 12 | FF FS ) 2 . L | | =1 [ &
11fol1] 13 |cr GS - = M ] m = | =
1[1]1]o] 14 [ 80 RS . - ¥ N ,\ o ™
{111 18 sl us / f 7 PUNL | O Y | _Junt ] o | DEL
\ /
W W
ADDRESSED UNIVERSAL 4/ LISTEN TALK
COMMAND COMMAND ADDRESS ADDRESS
GROUP GROUP GROUP GROUP
(BCG) (UCG) (LAG) fTAG)
A4 v
PRIMARY GOMMAND GROUP (PCG) SECONDARY
GOMMAND
GROUP
{8CGE)

'MSG = INTERFACE MESSAGE

201 = DIOT. .. b7 = DIO7

SREQUIRES SECONDARY COMMAND
“DENSE SUBSET (COLUMN 2 THROLGH 5)

OC4
BC1
NAK
EM

AR
[T ]

SOH
EQT
ENQ
BS
HT

o Hon

o omw

DCL
LLO
PPU
SPD

[ngl | =
e

&L
SDC

GET
TCT

Device clear

Local lockout

Parallel pall unconfigure
Serial poll disable

Tl | smld madnlo
GRS T auiE

Go to local

Selected device clear
Parallet poil cenfigure
Grolp execute trigger
Take control

Universal Command Group

.

Addressed Command Group
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APPENDIX B

PROGRAMMING COMMAND SUMMARY
(Excluding GPIB Command Groups Given in Appendix A).

Control and Data Model 278 ASCII
Namaes Key Character (GPIB)

Change Sign Ff— _
Decimal Point . .
01.2,...9 0,12,...9 0,1, .9
Amplitude AMPL
Mode MODE
Function FUNC
Offset OFST
Exponent EXP
Freqguency FREQ
External Trigger EXT

Manual Trigger Released {Gate Off)
Execute

Manual Trigger Pushed
Store Setting

Width

Cutput GOn/Oft

Trigger Slope

Burst

Period

Trigger Rate

Upper Level

Lower Level

Recall Setting

Reset

Percent Frequency
Get Mode

Trigger Level

SRQ Mode

Talk Mode

Recall Next Lesser Numbered Program
Terminator

Recall Next Greater Number Program
Cursor

Clear Entry

Beep On/OIf

Display Test

Status Display

Service Request

GPIB Address
Commang Recall
Return to Local

MAN (Released)

EXEC

MAN (Pressed)

STOR
wiD
ON
gLP
BRST
PER
RATE
UPR
LWR
RCL
RST

DISP TEST
STAT
SRQ
ADES

CMD RCL
LCL

N<X<cCamIDOTUZTc~IomMmMmoOomeM
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Function (C) Code

APPENDIX B (Cont)

SRQ (XQ) Code

0 Sine NOCTE: This parameter selects the conditions under
1 Triangle which the SRQ line is asserted. Value can be 0
2 S8quare through 255, The equivalent binary value selects the
3 Square Complement response conditions as shown in table B-1 example.
4 DC Binary 1 = Selected, Binary 0 = Not Selected.
5 External Width XM s the SRQ power-up made. {The rsv bit is always
6 Pulse asserted sefected or not.)
7 Pulse Complerment

Main Generator Mode (B) Code Talk Message {XT) Code
0 Continuous NOTE: This parameter selects the kind of message
1 Triggered the 278 will send when it is addressed as a talker on
2 QGated the GPIB.
3 Burst
4  Synthesized
5 TTL Reference
6 Zero Reference 0  Programming Error list {only errors from GPIB
7 TIL Lock input). 0 is the power-up talk mode. A typical
8 Zero Lock error string is E 1F 2AD 3Y. Some efror string

Output OniOff (P} Code

0 Output Off
1 OQutput On
2 Output Off, LO 2

Trigger Slope (Q) Code
0 Positive Edge
1 Negative Edge

Trigget Scurce {(G) Code

0 Exlernal Triggering
1 Internal Triggering

GET Mode (XG) Codes

NOTE: This parameter selects which kind of action
the 278 will take wher it receives a GET command.
0 Execute and Trigger Upon Receipt of GET L
Command {No Error Checking).
1 Fetch Next Stored Setting, Execute and Trigger
Upon Receipt of GET Command (No Error

Checking}. 2

—1 Fetch Previocus Stored Setting, Execute and
Trigger Upon Receipt of GET Command (No
Error Checking).

characterics are:

a.  All error strings begin with £.

o} 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 thal caused the error.

e. Class 2 Error: A 2 followed by the two con-
fticting pregram characters.

f.  Class 3 Error. A 3 followed by M (Storg) or
Y (Recall).

g. Error sirings can be up to B0 characters
inctuding £ and blanks.

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

Poll Byte Response: The byte sent if a serial pol!
was periormed. The controlier, upon reading this
byte, clears the poll byte and resets the SRQ line
if asserted.

Tha maosat racently selected narameater and itg
value. Example: FREQ 1E3. If no parameter is
selected; e.g., power-on siate or reset, then
returns: NO PARAMETER SELECTED.
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APPENDIX B (Cont)

3  The entire instrument setup after last execute, 7 The accumulated operating time. Exampie:
Example: F1E3A5DOBOCORZ2S31E-3N4SE- TOTAL TiME: 306.2.
BU2.5v-2. 5G0T200P0Q0XL1.5 (This string is
returned in the reset condition.)
. ) , NOTE:
4 The instrument setup when executed s re- ) . .
celved: same format as XT3. Teggling switch 7 (figure 2-2) clears ihe
L instrument-operating-time clock. With SW7y
5 Instrument Idgnnﬂgghon:WAVETEK MODELZ??’B on, the clock runs during power on. With
Vix.x). x.x Iidentifies the software wversion SW7 off, the clock clears to zero.
number.
6  The time since the instrument was powered on,
Example Time: 1.3. Unit of measure is hours 8  The number of stored settings installed. For the
with 0.1 hour resclution {6 minutes). 278 STORED SETTINGS 100.
Table B-1
Serial Poll Response Byte
Bit 128 64 32 16 8 4 2 1
Weight (MSB) (LSB)
Bit Meaning SRQ rsv | Reference | Undefined Low Fuse Qutput Program
Key Mot Battery | Blown | Protection Error
{Front Locked
Panel)
Example* 1 0 0 0 o 0 0 1

“Eelect Program Error and SRC key (XQ129)

B-3
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APPENDIX C
DISPLAYS

Under remote operation, certain
characters may appear

Those characters are:.

O 4 3

Remote
Addressed to Listen
Addressed to Talk

Request for service
because of selected SRQ
code.

in the
extreme right side of the display.

Key Pressed Display - ACTUAL (Explanation)

ADRS GFIB ADRS (Decimal address)

AMPL AMPLITUDE {Valug) (mV or V)

(beep) {Audible beep)

BRST BURST COUNT {value)

CLR {Clears any unexecuted numerical entry of the last
parameter entered)

CMD RCL (A string of letters and numbers up to 40 characters long
displayed 20 characters at a time and shifted by the
CUrsor —, —)

CURSOR —, — (If a value is being displayed, the selected digit blinks. If
there is no value being displayed, there is no effect. I it
was a command recall, - shifts the display tour
characters to the ieft. If it was & command recali, —
shiits the display four characters fo the right.

CURSOR ! {if the display is a value, code or storage location
numbet, it increments.)

CURSOR | {If the display is a value, code or a storage location
number, it decrements.)

DISP TEST tAll display segments are lit.)

EXEC EXECUTE (If nc ciass 1 errars)

EXP {If previous display was a value or a code, it is suffixed
with an E}

EXT EXTERNAL TRIGGER () or INTERNAL TRIGGER (1)

FREQ FREQ (Value) (mHz, Hz, kHz or MHz)

FUNC FUNC (Function} (Code}

LYL TRIG LEVEL (Value) (mV or V}

LCL LOCAL or LOCAL LOCKOUT ON {on remote)

LWR LOWER LEVEL {+ or =) (Vaiug) (mV or V)

MAMN TRIG {When pressed: No display if in continous mode,

TRIGGER if in any triggered or burst mode, GATE it in
gated mode.

C-1
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APPENDIX C (Cond)

Koy Pressed

Display - ACTUAL (Explanation)

MODE

ON
OFST
PER
RATE
RCL
RST
SLP

5RO

STOR

STAT

UPR
(Number kev)

WID

MODE (CONTINUOUS (0), TRIGGERED (1) or GATED (2),
BURST (3), SYNTHESIZED (4), TTL REF (5). ZERO REF
{6), TTL LOCK (7), ZERO LOCK {8))

QUTPUT (OFF (Q); ON (1); or OFF, LO Z(2) }
OFFSET (+ or —) (Vaiue) (mV, V)

PERICD {value) (ns, us, ms, or s)

TRIG RATE (Value} {Hz, kHz, or MHz)

No. (Value) LAST RECALLED

RESET or UNIT REMOTE (if in remote)
TRIG SLCPE (POS (0} or NEG {1))

SRQ NOT ENABLED or SRQ ASSERTED {Proper SRQ
selected)

MNo. (Value) L AST STORED

(Display changes automatically}

FREQ {Value) (mHz, Hz, kHz or MHz}
AMPLITUDE (Value) (mV or V)

CFFSET (Value) (mV or V)

MODE (Mode} {Code)

FUNC {Function) (Code}

BURST COUNT (value)

PERIOD {Value} (ns, us, ms, or 5)

WIDTH {Value} (ns, us, or ms)

LUPPER LEVEL {+ or —) (Value) (mV or V)
LOWER LEVEL (+ or —} (Value} (mV ar \)
OUTPUT (OFF {0); ON (1); or OFF, LO Z(2))
EXTERNAL TRIGGER (0) or INTERNAL TRIGGER {1}
TRIG RATE {Value} {Hz, kHz, or MHz2)

TRIG SLOFE (POS or NEG) (Code)

TRIG LEVEL (+ or —) {Value) {mV or V)

UPPER LEVEL {+ or =) (Vaiue) (mV or Vi
{(Number corresponding to the selectad key.)

WIDTH {Value) (ns, us, or ms}

c-2
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APPENDIX D
OUTPUT AND TIMING FOR MODES AND FUNCTIONS

CONTINUQUS MODE TRIGGERED MODE GATED MODE

TRIGGER SLOPE, POSITIVE{Q0) TRIGGER SLOPE, NEGATIVE (Q1)
I

L B N— mocen A —TeGoE
1 LEVEL (XL
v TRIG IN=/ ! ~ A (XL)
¥ 1 1 ! i !
P ! ;i i
SYNC OUT I | y i ‘
amn Y : :
1 1 p § (| 1
P ) ! 11 '
SELECTED 1 1 ) b :
WAVEFORM § ! Vi Vi
e, [} : —'/l\/ w
siNe ¥ 11 ¥ :
1 F P A ;
TRIANGLE  } H P 1y '
1
SQUARE i
H
1
!

L]

SQUARE COMP ; ]
i 1
1 1 1

1
' LAST CYCLE
: STARTED IS
—+1PERIODI*— UPPER LEVEL 1 COMPLETED
Y e —

SINGLE I‘l: |"' +— WIDTH
PULSE .

J +—
—*k 1+—WIDTH LOWER LEVEL

Iie

—— § mmmmmmmm—gmm————

1

1
PULSE :
COMPLEMENT

:

vy vl .-
-
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APPENDIX D (Cont)

BURST MCDE

TRIGGER SLOPE, POSITIVE (G0)
1

TRIGGER
E
SYNC OUT :l—[ ,_l I_l r—l
{TTL) 1
1
: 1
]
]
SELECTED 1
WAVEFORM 1
SINE !
1
maanete — NN\ N\ N\ —
1
= .
I
1
[ ]
SQUARE COMP I I I ! I I | ]
:
|
SINGLE e =
PULSE
]
]
SINGLE
PULSE
{COMPLEMENT) N - -

NOTE: NUMBER OF CYCLES IS PROGRAMMED (1 THROUGH 1,048,200;
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APPENDIX E

Glossary of Mnemonics

Microprocessor/Power Supply Board

ADD
to
ADT

ADRD
io
ADR15

ANAG
to
ANAZ

ANALOG

ANLG
to
ANL27

ARG
to_
AR3
AS

ATN

BADR®
to
BADR2

BATV

BDATAD
to
BDATAY

D@
1o
D108

DAC

DATAD
to
DATAT

DAV

Bidirectional, multiplexed, 8 bit address/
data bus fromito microprocessor

16 bit address bus from microprocessor-
lower 8 bits are latched from ADQ o ADY

4 line address decoding for analog con
trol lineg 1o function generater and syn-
thesizer board

Decode line for analog section of memory
28 anaiog logic signals to function gener-
ator board

4 line address decoding to analog regis-
ters for function generator board control
lines

Address strobe from microprocessar
IEEE-488 “attention”’

3 butfered address lines 1o synthesizer
board

Battery voltage

8 bit, buffered, latched data bus to syn-

thesizer board

8 bit, IEEE-488 data bus

IEEE-488 *'data accepted”

interface

IEEE-488 "data valid™

DISP
E
EQI

FPADEN

PORT 10
to

PORT 17
PORT 20
PORT 24
RAM1
RAM?2

REN

Decode line for display section of memory
Enabie line from microprocessor
IEEE-438 “‘end or identify™

Front panel GPIB address entry switch
GPIB address switches corresponding to
20 through 24 respectively. (1 through 16)

adding to 31 maximum

Decode Hine to select the |IEEE-488 inter-
face {general purpose inierface bus)

IEEE-488 “‘interface clear”
Decode line 10 select keyboard
iMaster reset to initiaiize microprocessor

Non-maskable interrupt line to micro-
processor

8 line O port 1 to/from microprocessor

5 line 11O port 2 toffram microprocessor

Address decode lines for random access
memory 1C's 1 and 2

IEEE-488 "remote enable’

IEEE-488 “ready for data™

Address decode lines for
memory IC's 1 and 2

read-only

Readiwrile iine from microprocessor

4 sampie-and-hold analog signals to func-
tian generator board

E-1
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APPENDIX E {Cont)

SRQ IEEE-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 to
MicroprocessoriPower Supply Board)

ANOA, Vacuum florescent display anocdes cor-
o responding to 14 segments, comma, and
ANCO and decimal point, respectively

&

ANODP

BLANK Blarking control for display and scan
clock

DSP Display synchronizing pulse jor shift
register scan

GRID 1 Display grids controlling each digit
to
GRID 203

Function Generator Board

AMP Analog control voltage for amplitude
(SH1}

AMPLDC XY multiplier feedback of amplitude con-
trod de test line

CPM Capacitance muitiplier select line
(ANL15)
DCA DG amplifier select line (ANL13)

DCCOMP  DC compensation and low freguency
linearity corraction for triangle buffer test

line
EXW External width select line (ANL18)
FRO Frequency range seiect lines to range
o capacitors, capacitance mulliplier, and
FRY freguency compensation (ANLO to ANLY)
FRQ Analog cortro! voltage for freguency
{SHO}

FUB

MGO
&
MCE
QAD
&
OA2

OAP

osT
OVR
PATEST
PLS
PLS
PLS|

RCT

SIN
SOB
SQR
SOR
505
THC
TRB
RGI
TRGO
TRI

TRITST

Signal to microprecessar that output fuse
ig hlown {(PORT11}

2 mode control lines (ANL11 and ANL12)

2 output attenuator conirol lines (ANLE
and ANL10Q)

signal to microprocessor that the cutput
ampiifier protection circuit is operating
(PORT 10)

Analog control voltage for offset {(SHZ2)
Freguency overrange select line (ANL14)
Freamplifier output test ling

Puise input select line (ANL25)

Pulse compiement select line (ANL24)

Pulse input from auxiliary board

Rectangular waveform select line—
sguare or pulse {ANL23)

Sine wave select line (ANL21)

Qutput from sguare bufter

Square wave select line {ANL20)
Square complerment select line (ANL19)
Square buffer to square logic signal
Trigger holding current

Triangle buffer output

Trigger inpui fron synihesizer board
Trigger output to synthesizer board
Triangle wave select line (ANL22}

Triangle buffer outpul test line
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TRL

TEN

VCGI

VCGO

VCGTST

VOV

XYl

+ 1

+ TR

-TR
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Analog control voltage fer trigger level
(SH3)

Triangte generation current node

Voltage control generation circuit input
from synthesizer board

Voltage control generation circuit ouiput
10 synthesizer board

Voltage control generation circuit test
line

Voltage control generation circuit voilage
ouput

XY multiplier input

Tracking curreni {1} scurce from VCG
Tracking curreni (i) sink io VGG

Rising edge trigger select line {ANL 17)

Falling edge trigger select line (ANL 16)

Synthesizer Board

ANALOG A connector which allows exchange of

INTER-
FACE
{J15)

ALY
POWER
Ji7)

BINARY
A,
BINARY
B

BO-B1g

anatog information between the synthe-

sizer and function generatoer boards.

J15-2  VCG summing node {see VCGI)

J15-4  VCG output (see VCGO)

J15-7  Count enable line from the Burst
Counter to control the analog
waveform in burst {see TRGI.

J15-8  External frigger {see TRGO).

J15-13 Square wave input i the syn-
thesizer board {see SQS).

Tha de nowar inout the gunthagizar board
L Ne Jc pOwer innout the synthasizar noarc,

Control lines that select the binary divider
output {L32).

Data lines that load the burst counters
Uo-U13.

BURST

BURST

CLOCK

DATA

DECADE

A, B, and
c

DIGITAL
INTER-
FACE

ENABLE

The burst counter contral line. A low dis-
ables the counter, while a high enables it

Complementary burst counter contraol
line,

A control line that sequences data into
the PLL chip UZ1.

A dynamic control line which sets data
info the PLL 16 bit serial shift register
(U21). The data is the value of the PLLs
internal divide-by N counter.

Static control lines that selects the
decade range from the Synthesizer Fre-
quency Dividers. Sas below:

Decade Synthesgized
C|BJA [ Ouiput Frequency
Q0110|1024 MHz
0101{1[110MHz

01 1{0[100k-1 MHz
0111 | 10k100 kHz
1100 ] 1k10kHz

110 (1 |100Hz-1kHz
1|1 ]0|10Hz100 Hz
111 ([1]1Hz10Hz

The data interface between the micro-
processor and synthesizer boards,

J168-1  Tristaie data lines that supply
(o] data for the control logic
J18-8  registers (U2-U7)

J16-8  Address lines from the micro-

[{e] processor to the control logic
J16-11 address decoder (U1), which
sequences the address strobe
from J16-12 1o select control
regisiers U2 through U7,

ANAZ strobes the address into
the address decoder (U1

J16-20 Lock detect {see LOCK DETECT}.

J16-12

A dynamic control line that transfers data
from PLL's shift register (U21) 1o its
divide-by-N counter.

E-3
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Fo

INTER-
NAL REF

INT/EXT
TRIG

LOCK
DET

& LOCK
IN

REF
INPUT (A
front
panel
BNC)

REF
LEVEL
SELECT

REF QUT
(A front
pane!
BNC)

803

SYNTH/
& SELECT

E-4
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A signal ling from the WMP circuit
(U28-15) to the phase ltock input (U21-9).
Frequency can vary from 1 {0 2.4 MHz,

A static control line that selects either the
internal or external reference source. A
low selects the internal reference, whiie a
high selects the exiernal referencs.

A contral line that setects sither the inter-
nal or external trigger source. A low
selects external trigger (TRGO). A high
selects the internal synthesizer as the
trigger source.

A static line that indicates status of the
main synthesizer icop. A high indicates
the main loop is locked, while a low indi-
cates loop not locked.

A gsignal line from the reference input
comparator {U16-4) to the main loop
selector switch (U37-13) 1t is enabled
when SYNTH/$ SELECT goes low.

The external input for external reference
or phase 1ock applications,

A static control line that selects the trig-
ger level of the reference input compara-
tor {U18). A low allows the comparatar to
trigger with a 700 mVp-p signal, white a
high allows triggering at approximately
+1.6V.

Arr output from the synthesizer board to
the front panel. Qutput signal depends
upon the mode:

Synthesized — 10 MHz

Internal Trigger — Programmed trigger

rate.

The square wave output frem the function
generator board. it ciocks the burst
counter and provides the phase lock sig-
nal ta the main [oop.

A stalic control line that selects the refer-
ence input to the main ioop. A low selects

SYN/REF

TRGO

TRGOB

VCO

VOGT

VOGO

VCG

VMP SET

VMPG-
VMP3

Phase LOCK IN and disables the divide-
by-N counter (U26}. A high selects the
output from the decade divider (U36).

A static control line that selects the refer-
ence source for the Reference Output cir-
cuit.

The buffered external trigger input from
the tunction generator board.

A trigger line to the burst counter that is
controlted by the INT/EXT TRIG line.

The 10 MHz to 24 MHz cutput from the
VCO circuit.

The VGG control voltage output from the
main 100p.

An analog leve! that is surmmed at the
main loop output.

A stalic confrol line which connects or
disconnects the main loop output from
the VCG summing node. A low enables
U47A and U470, and disables U47C,
while a high disables U47A and U47D,
and enables U47C.

A pulse that ¢lears the YMP circuit for a
new VMP cycle at the beginning of a lock
cycle,

Static control iines which preioads the
VMFP counter U29. See the foliowing
fable.

PROGRAMMED
5TH DIGIT

VMP3 [ VMP2 [ YMP1 | VMPG

W~ ®Wd W O

L T I o I
- OO0 O + &+ =
e T e b O LD e O —
— 0 =D OO = O
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10 Hz-
959 Hz

10 Hz-

<o)
]
w
I
L]

1k-9.99k

10k-99.9k

APPENDIX E (Cont)

A static control line that causes a de-
crease in curent to the main loop charge
pump ¢n the 10 to 98.¢ Hz range.

A static control line that selects the 10 to
999 Hz main loop filter range capacitor. A
iow enables U45B.

A static control Hne that selects the 1k to
9.89 kHz main loop range capacitor. A
low enables U45C.

A static controf line that selects the 10k to
99.9 kHz main toop filter range capacitor.
A Jow enables U45D.

A static control line that selects the 100k
to 12 MHz main loop filter range capaci-
tor. A low enables U45A.
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APPENDIX F
WAVEFORM MEASUREMENTS

Frequency Jitter Measurement

Frequency Jitter is defined as the cycle to ¢ycle 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 feading edge of
signal. Using the time base muliiplier expand the
leading edge of the cycle after trigger by a factor of
100. Jitter is the peak to peak horizontal excursion of
the displayed edge (see figure F-2}). % jilter is given
oy
% Jitter = {Jitter/Period) x 100

= rrri
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-
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Figure F-1,
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Figura F-2,

This test method is accurate for jitter caused by ran-
dom or non-coherent noise sources. Coherent (har-
manically related) cycle-to-cycle jitter requires unigue
verification.

Amplitude Measurements

There are several factors to be considered when mak-
ing amplituge measurements. The type cof DVM, the
frequency range over which the meter is accurate,
and the accuracy of the 500 load used for termination
are the mast important.

1. There are three basic types of DVM’s: Averaging,
true mms, and averaging scaled. The readings
obtained can vary by more than 10% depending
on DVM type and the waveform. The correct
readings (related to volts peak to peak) are given
below for each type of meter and each waveform.

Average Reading:

Function Reading
Sine Vp-pfr
Triangle Vp-pid
Square Vp-pi2
True BMS;
Fungtion Reading
Sine Vp-pioa2
Triangle Vp-pi2+3
Square Vp-pf2

Averaging Scaied: This type of meter measures
internally like an average reading meter, but the
displayed reading is scaled {multiplied by a cons-
tant) to read like a true rms meier. This scaling
technigue only works on sine waveforms; how-
ever, it gives iess obvious results for other wave-
forms. The correct readings are given below:

Function Reading
Sine Vp-pi2y2
Triangle (Vpp X 1.1107)4
Sqguare Vpp X 1.1107)2
or
Triangle (Vo-pfdy X 11107
Square (Vp-pf2) x 1.1107

2. Most ac volt meters have a relatively limited
range of frequencies over which the meter is
most accurate. For most meters this range is

F1
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about 500 Hz-5 kHz, In order to make accurate
measurements the basic accuracy of the meter in
its specified frequency operating range should be
less than 0.2%.

3. The 501 load used to terminate the signal being
measured can also introduce significant errors
into the amplitude accuracy measurement. In
general the measurement will be in error by 1/2%
for every 1% error in the load. Standard loads
available from Tektronix are *2% accuracy.
Therefore up to 1% error in amplitude measure-
ment can result when using these loads. !t is
recommended to use a 0.1% accurate termina-
tion or to compensate the readings obtained
based on the actual load value. The method for
doing this is given below.

a. Let R be the value of the termination,

b. Let 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 load tolerance can be
*5%.

Symmetry Measurements

1. Symmetry defined as a percentage is the ratio of
positive half cycle time to the period (see figure
F-3):

—W—

| D
=

L 3

Figure F-3.

Where: % symmetry = (WP} x 100

O a e i Rl ot
WIYTHHIGL Y GHIW 1D, WIGIGHIUG, UG U

50% symmetry:

P EE o L o i e
TRIFIGLTE 1T

AR

Y% Symmetry Error = [(YaP—W)P] x 100

3. When using a scope and alternately iriggering on
+ and — slope of signal the symmetry error

F2

measured is twice the actual error. Therefore,
when using this method the measured error miust
be divided by 2. Also, this method is only accurate
at frequencies where the rise and fall time is not a
significant part of the period. The period shouid be
about 1000 times greater than the riseffall time.
This is about 10 us or 100 kHz,

4. To measure symmetry at 12 MHz a different tech-
nigue must be used. Connect signal (terminated
into 501 to a sampler set at 10 ns/div. Upper and
iower levels should be exactly centered about
harizontal centerline on scope display (see figure
£-4). Rising edges of first and second cycle shouid
be exactly equidistant from vertical center line.
The distance of the falling edge from the vertical
center line at the point falling edge crosses
horizontal center line is the symmetry error.

rd
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Figure F-4.

Waveform Quatity Measurement

Waveform quality measurements should always be
made using a sampling oscilloscope with precision
508 termination and cabling. Standard RG58 coax
cable is not good encugh for wavefarm quality mea-
surements. Percent aberration is the ratio of absolute
peak-to-peak variation from the 0% (negative level) or
100% (positive leve!) point on the square waveiorm to
the absolute peak-to-peak amplitude of the square
wave. 368 liguies F-5, M-8 and formula shown beiow.
In order to get an accurate display the top (or bottom)
of the waveform should be expanded both vertically
and horizontally to fill the scope display. The pictures
below were made ¢n a 5 Vp-p square waveform at
3 MHz and the scope horizontal and vertical were set
to 20 nsfdiv and 100 mVidiv respectively. Also, best
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resuits are obtained when using the low noise
{averaging) setting on the sampling scope.

|PK — PK VAR]

% ABERRATION =
IPK — PK SQWA|

SQWA = SQUARE WAVE AMPLITUDE

PK-PK
-+ VAR

it
H-

A |
LA B I

Figure F-5.
C 1
+
L+ PKPK L -+
VAR 1
¥
Figure F-6.

Width Measurement

Width is measured from the 50% point of the leading
edge of the pulse 1o the 50% point of the trailing edge
(see figure F-7). The pulse at the furction out must be
loaded into 50

50% f+—— WIDTH— t 50%
FUNC
CUTPUT

Figure F-7.

Width Duty Cycle Definition

Defined as a percentage, width duty cycle is the ratio
of width 1o the minimum pericd that does not cause
pulse dropout:

% DUTY CYCLE = (WIDTH/MIN PERIOD) x 100

For example, if width were sel 1o 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-9M163E-9) x 100
61.3%

Width Jitter Measurement

Width jitter is defined as the pulse to pulse variation in
pulse width. Using a scope (with time base muttiplier)
display cne pulse on scope display so the pulse
covers at least half of display (see figure F-8). Scope
must be triggered internally on leading edge of pulse
{not syne out). Using the time base multinlier expand
the trailing edge of pulse by a factor of 100, Jitter is
measured as the peak to peak harizontal excursion of
the trailing edge {see figure F-3). % Jitter is:

Y% Jitter = (litter/Width) x 100

F-3
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