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WARRANTY

Wavetek warrants that ali preducts manufactured by Wavetek conform to published
Wavetek specifications and are free from defects in materials and workmanship for a pericd
of one (1) year from the date of delivery when used under normal onerating 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 opinicn proves
to be defactive within the scope of the Warranty. In the event Wavetek is not able to modify,
repair or replace non-conforming defective parts or components {0 a condition as
warrantied within a reasonable time after receipt thereof, Buyers shall be credited for their
value at the original purchase prige.

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

For product warranties requiring return to Wavetek, products must be returned 1o a service
facility designated by Wavetek. Buyer shall prepay shipping charges, taxes, duties and
insurance for products returned to Wavetek for warranty service. Except for products
returned to Buyer from another country, Wavetek shail 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 medification, misuse, neglect,
inadequate maintenance, accident of for any product which has been repaited or altered
by anyone other than Wavetek or its authorized representative and nat in accordance with
instructions furnished by Wavetek.

Exclusion of Other Warranties

The Warranty described above is Buyer's sole and exclusive remedy and no other
warranty, whether writien or oral, is expressed or implied. Wavetek specifically
disclaims the implied warranties of merchantahility and fitness for a particwar pur-
pose. No statement, represantation, agreement, or understanding, oral or written, made
by an agent, distributor, representative, or employee of Wavelek. which is noi contained
in the foregeing Warranty will be binding upon Wavetek, unless made in writing and
execuled by an authorized Wavetek amployee. Under no circumstances shall Wavetek
be liable for any direct, indirect, special, incidental, or consequential damages,
expenses, iosses or delays (including 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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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
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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.
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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
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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



offset »>0.5 V, 3 digits or 1 mV when absoluie peak
amplitude plus offset =0.5V.

Accuracy
+ 40 mV in dc function.

Repeatability (24 hr)
= 1% <20 mV.

1.3.6 Internal Trigger

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

1.3.17 Pulse Period

Range: S0 ns 1o 1 sec.
Resolution: 3 digits.
Accuracy: 0.0005%,

1.3.8 Pulse Width

Range: 45 ns to 0.5 sec.
Resolution: 2 digils.
Accuracy: 3% + 5ns.

1.3.9 UpperiLower Leval

Upper level must be greater than lower tevel.
Range: £ 5V.

Resolution: 20 mV.

Accuracy: See amplitude and offset specifications.

1.3.10 Outputs

Function Cutput

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

Source Impedance: 50§

Protection: Output orotected to 140 Vac or 200 vde
without replacement of internal fuse.

Sync Cutput

Sync signal is at programmed frequency and TTL
level.

Level: =0.4Vic =24V into 500, <0.8V o =4.8Vinto
=50 k.

Source Impedance: 508

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

QverlUndershoot: < 10% into 508

Protection: Ouiput protected from short circuit to any
voltage between £ 15 vdc.

Reference Output
1.5 Vp-p into 5011, TTL. level into open circuit, 10 MHz
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internal reference when in synthesized mode.
Internal Trigger frequency when intemally in Trig-
gered, Gated or Burst Modes.

Protection: Cutput protected from short circuit to any
voltage between £ 15 Vdc.

1.3.11  Inputs

External Trigger

Trigger of input circuit is programmable fora 4+ or —
signal slope and required threshold level.

Level: —10 to +10V.

Resolution: 20 mv.

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

Input Impedance: 10 kil.

Maximum Trigger Rate: 12 MHz (24 MHz for Exter-
nat Width}.

Minimum Trigger Widih: 20 ns.

Minimum Amplitude: 500 myp-pto 1 MHz, 1 Vp-p 1o
24 MHz.

Protection
Inputs protected to = 50V,

VCG in

Voltage control of generator frequency. See Fregquency.
Range: 0.01 fo = 12V.

Impedance: 10 k@2,

Reference Input

Used to externally reference or phase lock the main
generator.

Programmabie Input Selection: TTL or 1 Vpp
minimum zero-¢rossing.

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

Protection: Input protected fo + 50 Vdc.

1.3.12 GPIB Programming

I[EEE 488-1378 compatible. Non-isolated. Double
buffered.

Address

0-30, keyboard or internal switch selectable. Internal
swilch can lock out keyboard selection. Power-up
address i5 internal setting.

Subgsts
SH1, AH1, T6, TEQ, L4, SR1, RL1, PPO, DC1, CO, E1.
interface Timing

Frequency 28 ms
Amplitude 16 ms
Offset 19 ms
Mode 17 ms
Waveform 8 ms
Execute 24 ms
Other 30 ms max

1-3



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 10 + 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 Humidity: 5% at 25°C and at! sea level
{non-condensing),

Dimensions

21.7 ¢m {8.54 in.) wide (half-rack}, 13.3 cm {5.25 in.}
high, 39.4 cm {15.5 in.) deep.

Wheight

B.8 {15 Ib) net. 7.2 kg {16 'b) shipping.

1-4
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Power
90 t0 105, 108 to 126, 198 to 231, or 216 1o 252 volis
rms; 48 to 66 Hz; 1 phase; <50 watis.

1.3.15 Options

002: Rear Panel Connectors
Fromt 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. 54 inches high.

Siyle 13: Dual Rack Adapter Kit

Allows any 270 series instrument {o be mounted side-
by-side in a standard 18 inch rack. 5% inches high,

Rack Slides



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
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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



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
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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
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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 Results

14 Quality Assurance g,?g 'les?“ngs;g?:s Press: RGL 2000 EXEC Display: {0) BEGIN
Procedure shown in figure 2-3. QA PROC

Scope setting: CH1 Scope: CH1 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 Frequency: Press: CURSOR 1 once. Display: (1) FREQUENCY
Exercises Each Scope: CH1 5 Vp-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
synchrongus with CH1.

16 Amplitude: Press: CURSOR 1 once. Display: {2} AMPLITUDE
Exercises Each Scope: CH1 1 kHz triangle
Amplitude Bit wave, amplitede continuously
and the Triangle increasas from 1V to 10 Vp-p.
Wave Function. CHZ 2.5 Vp-p square wave

synchronous with GH1.

17 Qffset: Press: CURSCOR ! once. Display: (3) OFFSET
Exercises Each DC Scope: CH1 1 Vp-p square
Offset Bit and Square wave. DC offset continuously
Functian. increases from — 4V to +4V.

CH2 2.5 Vp-p square

wave synchronous with CH1.
18 Trigger Gircuit Trigger Scope on CH1. | Press CURSOR t once. Dispiay: (4) TRIGGER

Scope: CH1 single 5 kHz

5¥p-p sine wave.

CH2 25Vvpp

100 x5 pulse, delayed S0 ps

relative to positive edge CH1.

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

Scope: CH1 Burst of 6 cycles of
5 kHz sine waves CH2 2.5 Vp-p
Pulse burst: six 100 us pulses.
20 Burst Circuit Press: CURSOR 1 gnce. Display: (6} BURST
Scope: CH1 5 ¥p-p sine wave
E continuously stepping from 9
! o2
] CH2Z 2.5 Vp-p 100us pulse con-
'; tinuously stepping from 9 to 2.
]
21 Quiescant State Press; CURSOR 1 once, Display: (7) EMD QA PROC

of Outputs

e

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

GCH2 Burst of 2 aycles of 25 Vp-p
100 us pulses.
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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

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

Model 278 operation. The keybeard is shown in figure
3-1 and cross referenced to table 3-1, which, in turn,
references the applicable texi. Readout that occurs
when the keys are pressed are listed in Appendix C.
When the operator starts 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 tone indicates when a key is pressed.
Pressing 4t 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 |EEE (GPIB) Code Chart

Appendix B - Programming Command Summary

Appendix C - Displays

Appendix D - Qutput and Timing for Basic Modes
and Functions.

Appendix E - Glossary of Mnemaonics

Appendix F - Waveform Measurements

3.2 POWER

Power is turned on and off with & front pane! push-
button. When the power is turned on, the entire
display lights up for a display element test. Then after
about 1 second, ""WAVETEK MODEL 278" Is dis-
played.When the power comes on, the outpul is
automatically disabied.

ManualsPlus.com

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 microprocesscr via one of the two possible input
poris (keyboard or GPIB}) shown in figure 3-2. If input
characiers are preseni on more than one input port,
they are read first from the GPIB and then from the
keyboard. Thus, if the GPIB port is continuously sup-
plied with characters, then no characters will ever be
read from the keyboard and the keyboard will appear

inoperative 1o the user.

3.3.1 Characters

Characters used to program the 278 are divided into
classes:

1. Alphabetic Characters—The characters A
through Z {except E) select actions or com-
mands. The X character used in front of ancther
alphabetic ¢character selects an alternate set of
actions or commands. The X must directly
precede the alphabetic character without intar-
vening characters of any kind. For example, F
selects frequency and XF selecis percent fre-
quency, but X F selects frequency not percent
frecuency because a space characler, not X,
was placed immediately before the F.
Alphabetic characters are generated from the
keyboard by pressing the labeled action and
parameter keys, The characters generated 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—Quote {') instructs the
microprocessor io send to the display what is in
quotes.

4, Terminator Character—Initialty the ASCII line
feed character (LF). This can be changed by pro-
gramming {refer to paragraph 3.16.6).

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

3
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Figure 3-1. Controls and Connectors
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Table 3-1. Function Cross Reference
Location in ASCH Actlon (A) or
Figure 3-1 Character Function Parameter (P} | Paragraph
1 YCG Input - 3813
2 —_— Power — 32
3 Cursor A 36
4 - Display 3.18.9
5 B Mode P 385
3] F Frequency F 3.8.1.1
7 A Amplitude P 382
8 D Offset P 383
9 & Burst P 3886
10 C Function P 384
17 Qthrug, » + Number Characters P 331
12 Function Qutput 3111
13 - Synec Out - 3104
14 Z Reset A 313
15 - Display Test A 3.14
16 - Status A 315
17 — Service Request AP 3.16.5.2
18 A (Tone On/Off) A 31
19 I Execute A 3.5
20 Clear A 312
21 E Exponent P 333
22 P Qutput On P 3.11.2
23 Y Recall Settings F 3102
24 A Store Settings P 3.10.1
25 J Manual Trigger Pressed | A 37
o5 H Manual Trigger Released A 3.7
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 3.18.2.1
31 - Trigger Inpui 37
A N Width P 382
C Y Lower Level P 384
D U Upper Level P 383
E 8 Pericd P 391
AR Reference nput 3.8.1.1
BB Reference Output 3115
CC G External Trigger P 37
DD T Trigger Rate P 3.7
XU Necall Next Lesser
Numbered Program A 3102
- W Recall Next Greater
Numbered Program A 3102
—_— XG GET Mode P 316.5.1
- xXQ SRQ Mode P 3.16.5.1
- AT Talk Messagse P 3.18.4
b4 Terminator Select P 3.16.6
XF Percent Frequency P 3812

33



ManualsPlus.com

POWER-UP
CONFIGURATION
STORED ‘ .
REGALL (ALPHA SETTINGS 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



exponent power: for example 8,99 E2 = 9.99 X 10?
= 899,

Table 3-2. Examples of Value Programming
ASCIl |Keyboard Standard Notation
100 100 100
0100 0100 100 (leading zerces are

ignored)
1E2 1 EXP 2 1 x 108
O1E4 01 EXP 4 01 x 10*

01E304[.01 EXP 304 01 x 10* {last two expo-
nent digits only are used)
1000 x 10!

1 = 102 (bwo minus
signs cancel)

1 X 10%{decimal points

in exponent are ignored).

1000E-1[1000 EXP =1
1E-2- 1EXP £2 £

1E.2 1EXP 2

1

Qnly one decimal point and one E (keyboard EXP) are
allowed per number; additional cnes are igncred. The
sign iogale character may appear any number of
timas. 1t 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
nonpregramming characters may be interspersed
with the numeric characters, as they have no effect. If
an undesired vaiue is entered prior 1o execution {I or
keyboard EXEC), the CLR key can be used to erase it.

Several parameters required codes for specific selec-
tions; for example, function codes C 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 so general, the
microprocessor must be told when the last numeric
character has been entered so it can evaluate ihe
numper. This is done by programming either an
alphabetic, special or terminator character. When this
is done, the new value is rounded off (ref: table 3-3)
and lested 1o see if it is a legal value for the setting
being changed f{ref: paragraph 3.4). If it is legal, the
new value is entered into the instrument’s scrateh
pad memory; however, it {58 not yet sent 1o the
waveform gircuits,  That is usually done by pro-
gramming the I action (EXEC key on the frant panel).
Other methods of execution are GET and cursor,
which are described later. An asterisk (*) on the
display indicates that the new parameter valug pro-
grammed has not been execuled and resides in
scratch pad memory oniy (ref: figure 3-2). All
parameter values may be erased before execution by
using the CLR key, the valug stored in scratch pad is
eragsed and the original value is displayed.
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Table 3-3. Round Ofts

Parameter | Round Off
Frequency .
Continuous . Up to 3 digits, 10

mHz minimum,

Up to 5 digits, 1
mHz minimum

Synthesized, External
Reference, and FPhase
Lock |
Ampliiude and Offset

Absolute peak amplitude Up to 3 digits, 10 m¥Y

plus Offset >0.5V minimum
Absolute peak amplituge Up to 3 digits, 1 mv
plus Offset <0.5V minimum
Trigger level Up to 3 digits, 20 mV
minimum
Period Up te 3 digits, 0.1 ns
minimum

Internal Trigger Rate Up te 5 digits, 0.1

mHz minimum

Width I Unto 2 digits, 10 ns
minimum

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

All Other Parameters i 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 panegl or GPIB. Keyboard class
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
sarvice request line (SRQ) is asserted, providing a ser-
vice reguest mode (XQ} has been selected (ref:
paragraph 3.18.5). The controller can then serial poll
its instruments to verify that the 278 sent the SBQ and
can then inquire as 1o the nature of the 278 error. The
method of reporting errors on the GPIB is given in
paragraph 3.16.4.

3.41 Class 1 Errors

Class 1 errors are caused by programming values out-
side the legal limits of the parameter being pro-
grammed. For example, programming an amplitude of
500 volts will cause a parameter errar 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 rmemory (see
figure 3-2).
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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
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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.



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
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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.
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Table 3-5. Internally Selected Frequency Ranges

RANGE ACTUAL RANGES {Hz)"

NAME “F* RANGES** “XF*" RANGES VCG RANGES
108 1.00M - 12.0M 0-10.0M 10.0k - 12.0M
10° 100k - 993k 0-1.00M 1.00K - 1.20M
104 10.0k - 99.8k Q - 100k 100 - 120k
109 1.00k - 9.99k 0-10.0k 10.0-12.0k
102 100 - 999 0-1.00k 1.00-1.20k
10° 10.0-999 0-100 100m - 120
0o 1.00-989 0-10.0 10.0m - 12.0
10" 100m - 999m 0-1.00 1.00m-120
10 * 10.0m - 99.9m Q-100m 100g - 120m

* “F" ranges are applicable to keyboard and GPIB operation whera parameter F is used.
"“XF'' ranges are applicable 1o GPIB operation where percentage frequency parameter XF is used.
VOG rangas are appiicabla whan external voltage 15 used 10 ¢contrd frequency.
** Firmware automatically seiects *'F'" ranges regardless of the format used in programming frequency. In synthesized and phase lock

modes, the 10~ ' and 102 ranges are not applicable,

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

3.8.2 Amplitude

An A followed by a value (un to 3 digits) programs the
amplitude at the function output, Amplitude is pro-
grammed in voits peak-to-peak from 10 mV to 10 Vp-p
specified into a 504 load. See table 3-2 for value pro-
gramming, table 3-3 for round offs, and paragraph
3.11 for function output

FREQUENCY
MANTISSA OF VOO
PROGRAM {FM)
12— 1M FREQUENCY
MANTISSA OF
T -1 QuUTPUT
10 - Y - a—
. - '—'} )
B~ — B 2.
7 -1 — 5 —
2 4 -

v e o
24 -6 = 3 -1
' 48~ 9
n— - 10 = 107
*Uagsecifed Doeraton #12 - "=

1z -~

Figure 3-3. VCG (FM} Nomograph
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Amplitude and offset 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, ampiitude and offset resclution is timited to
10 my. Yet, the amplitude and offset resolution is
1 mV when the peak amplitude plus offset is less than
0.5V

3.8.3 Ofiset

D foliowed by a value (up 10 3 digits) olfsets the func-
tion output from 0 to + 5V specified info a 500 oad.
Offset is programmed in volts dc. See table 3-2 for
round ofts, and paragraph 3.11 for function output and
load operation. Offset value may be modified by the
cursor {ref: paragraph 3.6).

Amplitude and cffset resoiution is dependent upon the
sum of the peak amplitude and offset voltages (rel:
paragraph 3.8.2).

3.8.4 Function

C followed by a single digit parametar vaiue selects
function at the FUNC QUT BNC. Eight function codes
are used.

C0 Selerts sine wave.
C1 Selects triangle wave.
C2 Selects square wave in phase with SYNC QUT.

C3 Selects complement square wave 180 out of
phase with SYNC OUT.

C4 Selecis dc output voltage. The de level is set by pro-
gramiming offset as described in paragraph 383



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

ManualsPlus.com

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 ali functions except dc. The upper ievel has a
voltage range of —4.98 to + 5Y with up to 3 digits of
resolution. The upper level must always be more
positive than the lower level.

3.9.4 Lower Level

V followed by its valug, in velts, programs the lower
peak of ail function except dc. The lower level has a
voltage range of — 510 + 4.98Y with up to 3 digits of
resolution. The tower level must always be more nega-
tive than the upper level.

3.10 STORED SETTINGS

Up to 100 different sets of front panel settings can be
stored in and recalied from Random Access Memory
(RAM}. Nonvolalile memory s battery backed for &
month {minimum) retention of settings.

3.10.1 Storing Program Sets

Program sets may be stored by keyboard or GPiB
command. To store the program set that is in scratch
pad memory {ref: figure 3-2), enter M followed by the
storage location (1 through 100}, The next alpha pro-
grammed is the terminator, which allows the storage
10 occur. |f a program was previously stored in that
location. it will 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 {ref: paragraph 3.5). The program is always
stored, whether or not errors were detected. Pro-
grams can be stored without interrupting the output of
the 278 if a terminator other than EXEC {I) is used: this
is possible because it is the scratch pad memory that
is stored rather ihan the actual settings of the
waveform circults (ref: figure 3-2). Notice that during
278 operation, scratch pad memory can be changed
and siored without affecting 278 output.

3.10.2 Recalling Stored Programs

The information stored in a program may be
recovered either from the front panel or by a com-
mand over the GP!B. To recal. program a Y foliowed
by tho numbcr of dosired program, When the next
alpha entry is made, the settings stored in the
selected program are iransferred 1o display memory
and the scratch pad memory (ref figure 3-2). Then
data is available io he sent to the waveform circuitry
of the instrument. or, if desired, it may be examined
ang atered by use of the [ronl ganet «eys.
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The identifying numbers of programs in RAM range
from 1 through 100. If the number of a program which
does not exist or an illegal identifying number is pro-
grammed, an error will resutt.

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

Pressing the cursor 1 key or programming XW causes
the program next in seguence after the |ast program
accessed 1o be recalled. This provides an automatic
way 1o recall a sequence of programs. However, the
programs need not be numbered consecutively. If
there iz no program following the last program
accessed, an efror 0ccurs.

Prassing the cursor | key or programming XU is
simifar to the cursor ¥ 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
recafl of stored programs. In the GET mode of opera-
tion, the program Is recailed and executed, and the
waveform circuits are triggered, all within 2.5 ms of
receiving the GET command. There are three possible
modes of GET operation {ref: paragraph 3.16.7). There
is no error checking in GET mode.

3.16.4 Deleting Programs

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

3.11 OUTPUTS

3.111

At power-up and reset the FUNC OUT signal is turned
oft,

Function Qutput

3.11.2 Output OnlOff
P foliowed by a code switches the output on or oft.

PO Internalty disconnects the signal from the FUNG
QUT BNC {as described in paragraph 3.11.%)
making the signal unavailable at the conngcior.
In PO, the function output presenss a high scurce
impedance at the BNC.

P1 Internally conrects the signa: to FUNC QUT
BNC.



P2 Iniernally disconnects the signal from FUNG
OUT making the signal unavailable. The function
output source impedance is approximately 508,

3.11.3 Output Protection

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

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

The overvoltage protection circuit will detect external
voltages (greater than =15 Vdc but less than
+ 200 Vdc or 140 Vac} at the function cutput BNGC and
disconrect the cutput ampiifier from tha function out-
put. The disconnection time is approximately 2 ms,
but time can vary depending upon the level of the
external voltage.

The output protection fuse will blow when an external
voltage exceeds 200 Vde or 140 Vac, When the fuse is
blown, the display shows OUTPUT FUSE BLOWN,
providing the function ocut is terminated with 500, dur-
ing ene of the following cycles: alter selecting Reset,
at power up, after output on/off, or during the internal
protection check. If the fuse is blown, remove the iop
cover, pull out the fuse (localed at the rear of the main
board), turn the fuse over and insert it. if the display
continues to read QUTPUT FUSE BLOWN, replace
with & new fuse block (Wavetek part number
1208-00-0977).

3.11.4 Sync Outputs

The SYNC OUT is a OV to approximately 5V (TTL)
signal from a 502 source. SYNC QUT is coincident
with FUNC OUT. Timing relationships are shown in
Appendix D.

3.11.5 Reference Qutput

The relerence output is 2 10 MHz TTL level pulse 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 pararmeter vatue which is being
entered. The key removes the numeric digits entered
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after the last parameter atter entry but orior 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
valuey of the parameter being programmed.

3.13 RESET

The RST key returns the 278 waveform parameaters 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 semicolen as shown in table 2-3 step 1.

3.15 STATUS

Prassing STAT automatically displays the cusrent
wavefarm generator status one parameter andg 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 (| or 1) keys (ref; 1able 2-3, steps 3
through 6}.

3.16 GPIB

Almost al! of the information in Section 3 is applicable
o the General Purpgse Interface Bus (GPIB) program-
ming of the 278, but the information in this paragraph
is exclusive 1o the GPIB,

The GPIB intertace is an implementation of IEEE Stan-
dard 488-1978. It supports the following interface
functions: SH1i-Complete source handshape, AH1-
Compilete acceptor handshake, T6-Basic talker, TEO-
No extended talker, L4-Basic listener, SR1-Complete
service reguest (sofiware select), RL1-Remote/local
and local lockout, PRO-No parallel poll capability,
DC1-Complete device clearfselective device clear,
DT1-Complete device irigger capability, E2-Tri-state
drivers. The talk capability allows a device to send
data (such as error message readings) out over the
bus. The lisien capability allows a device to receive
data (such as device pregramming infarmation) from
the bus,

3.16.1 Bus Lines Defined
The GPIB congists of 16 negative true signal lines:

DIO1 - o8 Data In/Out Lines
ATN Attention

311



REN Remocte Enable
DAV Data Available
NRFD Not Ready For Data
NDAC Not Data Accepted
EQI £nd Or ldentify
SRQ Service Request
IFC interface Clear

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

2. ATN—=This line (Attention) is operated only by
the controller. It specifies whether the informa-
tion an lines D101 - D108 is data (ATN falselor a
coemmand (ATN true}. Whenaver ATN is set truse,
no activity is aflowed on the bus axcept for
controiler-originated messages; additionally,
every device connected io the bus is reguired to
receive and process every command sent by the
controller.

3. REN--This line {Remote Enabie) controls
whether devices on the GPIB are in local or
remote modes. In local mode, devices respond
to front panet commands and do not respond to
GPIB originated commands. in remote mode,
the situation is reversed. GPIB originated com-
mands are obeyed, while front panel commands
are ignored. The 278 enters the remote state
when it 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. DAY, NRFD, NDAC—These are the '‘hand
shake" lines (Data Valid, Not Ready For Data
and Not Data Accepted) which regulate the
transmission of information over the lines DIO1-
DIO8. For each command or data byte trans-
ferred, a complete hangshake cycle occurs. This
handshake is designed to hold up the bus until
the slowest device has accepted the informa-
tion.

5. EOi—When ATN is false, EQI {End Or ldentify)
indicates that the data on lines DIO-DIO8 is
the fast byte of a dala message. When the 278
receives a data byte with EQOI true, the 278
automaticatly supplies a terminator character
(ref: paragraph 3.16.6) following thé data byte.
When the 278 transmits the last byle of a
message {which s always a terminator
character), it also sets EOQ| true.
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6. SRQ—This line {Service Requast) is used by the
278 and other devices on the bus to signal the
controller that they request attention. (Ref:
paragraph 3.16.5). Since the SRQ line is common
to all devices, additional tests must be made to
determine which devices are signaling. The con-
trolfler performs a Serial Poll to accomplish this.

7. IFC—=This line (Interface Clear} is used by the
controller 10 resel the interface logic in all
devices connected to the bus t¢ a known initiai
state.

3.16.2 Commands

Commands are sent over lines DIO1-DI0O8 with ATN
true. They are divided into five classes.

1. Listen Addresses

2. Talk Addresses

3. Secongary Addresses
4 Universal Commands

BCL—Device Clear
SPE—Serial Poll Enable
3PD—S8erial Poll Disable
LLO—Local Lockout

5  Addressed Commands

GTL—Go To Local
SOC-—Selective Device Clear
GET—Group Execue Trigger

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

3.16.2.1

Listen addresses are used to command a device 1o
read any data bytes transmitted over lines DIO1-
DICE. There are 31 ditferent available addresses (hex-
adecimal codes 20 through 3&, ASCHl codes SP
through =>). A 32nd address, called unlisten (hex-
adecimai 3F, ASCil 7), is used to command all devices
to not read data byies. The 278 listen address is
selacted by internal switches (figure 2-2) or by front
panei keyboard; e.g9., ADRS 1 EXEC for address
number cne. Either method of selection specifies the
lower 5 bits of the address (rel: table 2-2). Pressing the
front panel ADRS key displays the GPIB address as a
decimal device number. At power-on the address is
always that set by internal switches. Another internal
switch (figure 2-2) can lock out address selection by
front panel keyboard if desired. Each time ADRS is
pressed, XA will appear in the CMD RCL string. The
address can not be reprogrammed from the GPIB.

Listen Addresses



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
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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.
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XT icllowed by a cade (0 through 8) selects the kind of
message the 278 will send when it is addressed as a
tatker on the GPIB.

XT0 Programmiing Error List {only errors from GPIB
input). A typical error siring i1s E 1F 2AD 3Y,
Some error string characteristics are:

a.  All error strings begin with E.

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

Class 1 Error; A1 followed by programming
character that caused the errar.

g Class 2 Error: A 2 followed by the two con-
flicting program characters,

I.  Class 3 Error: A 3 followed by M (Store) or
Y {Recal!).

g. Error strings can be up to B0 characters in-
ciuding E and blanks.

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

XT0 is the power-up falk mode.

XT1 Poll Byie Response: The byte sent i a serial poll
was performed. The controller, by reading this
byte, causes the instrument to clear the poli byte
and reset the SRQ iine if asserted. The poll byte
sert 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 enlire instrument setup alter last execute.
Example: F1E3ALRDOBOCORZ251E-3N45E-
9UZ.5V-2.5G0T200P0Q0XL1.5 {the instrument
setup immediately after a reset or on power up).

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

XTE Instrument identification: WAVETEK MODEL 278
VXYY XY identdies the software wversion
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).

XT? The accumulated operating time. Exampfe:
TOTAL TIME: 306.2.

NOTE:

Toggiing switch 7 (figure 2-2) clears the
instrument-operating-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 SRQ (Service Request)

3.16.5.1 SRQ Mode

XQ iollowed by a value {0 through 255) selecis the
conditions under wheh the 278 asserts the SRQ line
and rgv bit. The equivalent binary value 15 a “mask’”
for the serigl poll response byte {ref: table 3-6). The
binary mask selecis certain conditions that will be
recagnized as conditions that assert the SRQ line and
rsv bit. All other conditions are ignored (masked).

Table 3-6 shows the serial poll response byte. Each of
the 8 bits represent a condition that, if selected by the
SAQ mode, will assert the GPIB's SRQ line and the
serial poll byte’'s rev bit. Each bit maybe selected
individuaity or in various combinations. The rsv bit (bit
decimal position £4) and the undefined bit {bit decimal
position 32) will have no affect H selected.

For example XQ1 diciates that the SRQ fine and the
serial poll byte's rsv bit are asserted when there is a
program error; such as, frequency beyond the 278's
{imits. The serial poll response byte will be 01000001.

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 front panel of the 27V8.
To use the SRQ key, the 278 must be in the local mode
and the SAQ mode kit weight 128 must be selected
{ref: table 3-8). Under these conditions, pressing the
SRQ key asserts the SRQ line of the GPIB.

3.16.6 End of String or TormInator Specliication

XV followed by its argument designates a new End Of
String (ECS) or terminator character. The argurment is
the decimal value of the ASCIl character that is in he
the new terminator: an EOS character recognized by
the 278. Any ASBCIl character except NUL is ag-
cepted.

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



ManualsPlus.com

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 mode if it is not locked out (ref: paragraph
3.16.2.4, item 4),

3.16.9 Display

The single quote character (Y is used to program a
string of characters to be displayed on the front pane!
disptay. Program a single quote, the characters to be
displayed, fcliowed either by ancther single quate or
by the terminator ¢character, When the second guote
or the terminator is programmed, the first 20
characters programmed after the first quote are
displayed on the front panel. If fewer than 20
characters are programmed, then bianks are added to
fill the display.

Examples ( ~ indicates a blank character)
Three Programmed Inpuls
1.'204 CHARAGTER » LIMIT

3-18
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2. 'THISASTRING A IS A TCOALONG A TO » ISPLAYAENTIRELY'

3. :
L(no characters in string}

The Resulting Displays

1. 20 ACHARACTER A LIMIT & &
2. THISASTRINGAISATOO A L
3. (blank display)

3.16.10 Command Recail

Pressing CMD RCL displays the last 40 parameters,
values and actions {all in ASCII Code) sent to the 278
from the keyboard and the GFIB. The display shows
only 20 characters at a time, and the CURSOR + and
— must be used to see the entire 40 character pro-
gram string.



41 GENERAL DESCRIPTION

The Wavetek 278 Synthesized Function Generator
consists of four major secticns {figure 4-1} the
microprocessor control section pcated on the
microprocessar/power 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 control logic circuits located on the auxiliary
board. Each of these major blocks is described briefly
in this generai description and then in more detail in
following paragraphs.

411 Microprocessor Control

The microprocessar (figure 4-2) is the clearinghouse
for all control operations. Through its software pro-
gram in Read-Only-Memory (ROM)., the micro-
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SECTION
CIRCUIT DESCRIPTION

processor accepts commands from the front panel
keyboard or the {EEE-488 General Purpose interface
Bus {GP1B), then sends operating parameters to the
function generater circuits and auxiliary circuits,
siores these parameters in Random Access Memory
{RAM), and controls the front panel display.

The microprocessor section contains the analog inter-
tace circuitry which decodes and hoids status infor-
mation for the function generator board. A sample-
and-hold circuit provides four analog vollages to
control the function generator. Power gupplies in this
section power all the circuits of the instrument.

4.1.2 Operator Interface

The ¢perator interiace located on the display poard
(figure 4-2), includes the front panel keyboard, the
fluorescent display, decoders and drivers. The micro-

MICROPROCESSOR
CONTROCL

8

AUXILIARY DIGITAL CONTROL

MICROPROCESSOR

ROM
RAM

<

DIGITAL CONTROL

FUNCTION GENERATOR

GFIB INTERFACE
ANALQG INTERFACE
SAMFLE AND HOLD

FUNCTION GEN
AMNALOG CONTROL

BATTERY TEST/RESET
POWER SUPPLIES

AV4

FRONT PANEL CONTROL

A4 FUNCTION SELECT
SYNC DRIVER
OPERATOR
INTERFACE XY AMPLIFIER

DISPLAY

DISPLAY DRIVERS
KEYBOARD
KEYBOARD DECODER

FUNCTICN AUXILIARY BOARD
GENERATOR ANALOG
VCG AND TRIGGER LEVEL |INTERFACE MAIN LOOP
FREQUENGY SYNTHESIZER

COMPENSATION
GENERATOR LOOP
FRECQ RANGE SWITCHES
CAP MULTIPLIER

PREAMPLIFIER
OUTPUT AMPLIFIER

TRIGGER CIRCUT

>

BURST COUNTER
CONTROL LOGIC

Figure 4-1.

Major Blocks
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processor regognizes entries from the keyboard ang
performs the appropriate instruction. Display drivers
transfer display information from the microprocessor
to the 20 character, vacuum-fluorescent aipha-
numeric display.

4.1.3 Function Generator

The basic generator loop, figure 4-2, creales a
triangle wawveform by aiternately switching equal
positive and negative currents into a capacitor. The
switching points are determined by comparing the
triangle peak voliages against two reference levels, A
complement of the switching waveform controls the
trigger timing in the mode {ogic, drives the sguare
shaper, and is buffered to provide the instrument’s
synchronization output (SYNGC QUTY. Decade values
of capacitors determine the basic ranges for frequen-
cies from 100 hertz up. Below 100 hertz, a
capacitance muitipiier scales down the {riangle cur-
rent to provide the four lowest decades of frequency
in the instrument.

Within any selected frequency range, a Voltage Con-
irolled Generator (VCG) circuit varies the triangie cur-
rent proporticnally to the frequency control vollage
{FROY from the microprocessor section. This circuit
also controls high frequency compensation by propor-
tionately decreasing the reference levels to compen-
sate for time delays.

The function select circuit chooses a buflered triangle
wave, a square wave derived from logic level signals,
or a sine wave derived from the triangle wave. An X-Y
multiplier circuit takes the current output from the
function switch and, with its associated preamplifier,
varies the waveform amplitude in proportion to the
amplitude control voltage {AMP) from the
MICTOPIocessor.

The output amplifier provides the final gain and output
drive capabiiities for the waveform, and sums offset
from the ampiiier into the signal as required. When
the output signal peaks are programmed 10 be less
than 1.0 volt, oufput veltage is attenuated by the
decade output attenuator.

it excessive voliage is sensed on the output, the out-
put protection circuit opens all the attennuator relays
{o protect the instrument. A voltage high enough to
arc across the relays wiil blow a fast-acting fuse to
further protect the instrument from major damage.

A trigger circuit allows the generator to be triggered
or gated externally. An internal control voitage {(TRL)
controlled by the microprocessor determines the lavel
at which an external signal {at TRIG N} riggers ar
gates the generaior, The exlerna; trigger signai can
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alsc be gated directly into the sguare shaper 10 pro-
vide an external width function.

4.1.4 Auxiliary Board

The guxiliary board contains the synthesizer, main
loop, and burst counter circuits.

The synthesizer circuit generates an accurate fre-
quency at 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 o the REF IN connector,
Trigger level for the external input is selectable for
either TTL level or zero-crossing signals.

The main loop circuit phase-tocks 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 zerg-crossing sighals.

in the burst mode, the burst counter counts the
square wave signal from the generator loop started by
an external or internal trigger input, Whan a preset
count is reached, the burst logic then tums off the
generator through the normal gating iogic.

The auxiliary board also containg controi logic to fatch
data from the buffered data bus to control the other
circuits on the board.

4.2 MICROPROCESSOR CONTROL CiRCUIT
DESCRIPTION

The microprocassor controb section and its
associated circuits (figure 4-3) are located on the
Microprocesscr/Power Supply circuit board accessi-
ble beneath the botiom cover of the instrument.
Descriptions in this section inciude the micro-
procassor/memory circuits, GPIB interface, battery
test and reset circuitry, analog interface, sample and
hold circuitry and instrument soHware.

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

4.2.1 MicroprocessoriMemory

The microprocessor/memory section includes the
microprocessor iteelf, an address latch to demultiniex
the lower order address bits, an address decoder to
select appropriate memory locations or addressable
registers, read-oniv-memory {ROM), randormn access
memory (RAM), a data latch to hotd data for iransfer
to aralog and display registers, the beepar circuit,
and the GPIB address swiich and regisgisr,
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Figure 4-4. Microprocessor Timing Diagram

4.2.1.1 Microprocessor

The 6803 microprocessor, U3, is in its expanded-
multiplexed mode (mode 2), as determined by mode
control programming dicdes, CR1 and CR2. This
mode allows the microprocessor to address external
memary by using port 3 (P30-P37) as the multiplexed
low-order-addressidata bus, port 4 (P40-47; as the
high-order-address bus, with ping 38 and 38 as the
address strobe (AS) and readfwrite line (R/W) respec-
tively. Ports 1 (P10-P17) and 2 {(P20-P24) are aiways

[

Iif‘\
U poOrs.

A clock-generating circuit within the microprocessor
uses an external 4 MHz crystal, Y1, between fhe
XTAL1 and XTALZ pins to develop its internal phase
clocks and the 1 MHz system enable clock (F). Figure
4-4 shows the approximate timing for major signals
and busses in the microprocessor/memory system.
Actual systern timing varies somewhat from instru-
ment 1o instrument, so signal spacing may be dif-
ferent within the 1ps period of the system clock.

The microprocessor responds {o three interrupt
inputs: master reset [RESET), which initializes the
microprocessor; the exiernal interrupt request line
{IRQ), which the GPIB interface uses to signal the
processor; and the non-maskabie interrupt (NMD),
which is not used in the instrument, but is available on
the test connector.

421.2 Address Latch
An octal lateh, U4, demultiplexes the address/data

bus from the microprocessor to hold the low-order
addresses {ADRO-ADRT) during the part of the E clock
cycle that data occurs on the multiplexed bus.
Latching oceurs on the negative transition of the AS

signal (U3, Plin 39}, See timing diagram, figure 4-4.

4.2.1.3 Data Latch

Octal latch, U25, demultiptexes data from the
address/data bus much in the same way as the
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address latch (U4}, except that the falling edge of the Table 4-1. Memory Map
E clock, rather than AS, laiches the device,

Address
4.2.1.4 Address Decoder Addressable Devices (Hexadecimal}
A field programmable gate array, U13, decodes the Internal Register $0000 — $001F
highest 14 of the 16 address lines to select one of Analog $0020 — S003F
eight possible addressable devices or circuits. These DISP. GPIB
are the keyboard decoder {KYED), display drivers (See Note 1) 50040 - 3005F
{DISP), IEEE-488 interface {GP!B), RAM location 1
(RAM1), RAM location 2 (RAMZ), ROM tocation 1 KYBO & Not Used $0060 — $007F
(FOWT), ROM focation 2 (ROM3), and the analog inter- (See Note =)
face registers (ANALOG). In addition, a ninth output o Internal RAM $0080_$009F’u
decodes the reset and interrupt vector addresses into e Not Used 50100 — $9FFF 2
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. HOM 1 $A000 — $BFFF
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 £ clock. A brief descrip- ROM 2 $SCO00 — $DFFF
tion of microprocessor operation will be coverad in
the software section.
4.2.1.6 RAM
The microprocessor uses iwo random access BAM 1 $EQOC — SETFF
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- RAM 2 BE800 —SEFFF
ing a write cycle, the write pulse circuit AND’s the ~Z — =
readiwrite line from the processor (RIW) with the E = " Not Used 37000 — $FFEF e
clgck io generate a wriie pulse (WRFP) after all Vector (ROM 2) $FFFO — $FFFF
address lines have become stable. A lithium battery {3ee Note 3)
{BT1} maintains a sufficient voltage level {0 prevent MNotes

the foss 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.
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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.

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
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4.2.1.8 GPIB Address

An B section DIP switch (SW1), selects the GPIB
address for the instrument. Since |EEE-4B8 specifica-
tions allow only 31 possible addresses tor GPIB instru-

ments (binary 0-30), only the first five switches §1-55 -

{(GAD-GA4), are used to select the actual address. S6
{FPADEN) enables or disables the froni panel address
entry capability. A momentary closure of 57 resets the
elapsed operating time counter in the micro-
processar. S8 is not used.

An inverting tri-state buffer, U5, gaies 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,

422 GPIB Interface

The GPIB Inierface section of the microprocessor
board interfaces with the instrument’s microproces-
sot and handies all the handshake protocel and data
transfer over the IEEE-488 General Purpose Interface
Bus {(GPIB).

Most of the IEEE-488 instrument bus protocol func-
tions are handled by the General Purpose Interface
Adapter (GPIA), a single IC, U&. 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 seclions of the bus
have different requirements depending on whether
the instrument is acting as a talker ¢r a listener: the
data transceiver, U7A or U7B, always acts as a trans-
mitter during talk modes and a recelver during listen
modes, but the control fransceiver reguires that some
lines transmit while others receive in both of these
modes. These different requirements are met in the
A transceivers by using different parts for each
function {the 75160A for data and the 751681A for con-
trol) or in the ""B" transceivers by using an extra con-
trat line (pin 11 on the 3447). The instrument is able to
use either type of bus transceiver scheme.

The IEEE-488 Interface IC, UG, dees all the handshak-
ing reguirements of the 1978 IEEE-488 standard.
When the controller on the bus sends aither the instru-
ment's talk or listen address or a serial poll, U8
signals the instrument’s microprocessar by asserting
the interrupt reguest line, IRQ {a low on UG, pin 40).
The processor can then interrogate any of the eight
registers internal to Us. Data from the IEEE-488 bus
{listen mode) is accessed by reading from the data
register in UG; data output (falk mods) is written to the
same register. The address sirobe enable line (ASE)
from the interface IC, UG, controls the salect line to
U5 that enables the GPIB address switch, 8W1. The
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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 clock cycle. This address is not necessarily the
address used by ihe interface 1C (UB): that address is
stored in U6 by writing into the internal address
registar.

During the microprocessor reset cyclg (power upl,
MR to U8 pin 19 {(RESET) inhikits all the outputs to the
bus drivers and the drivers themselves 1o 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 line at UG, pin 23 to
keep a program monitor of the status of the SRQ flag
out of U6, A false state could otherwise occur if a very
fast controller addressed the instrument in quick suc-
cession before the instrument’s microprocessor had
time to reset SRQ.

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

4.2.3 Battery Test and Reset

One-half of the dual operational amplifier, U27, acts
as a voltage comparator to detect low voltage on the
battery, BT1. When the microprocesscr goes through
its power up procedure and every six minutes
thereafter, the processor strobes port 15 (P15} to a
low state to simulate the battery’s normal load when
nower is shut off, then checks the output of the com-
parator at port 14 (P14} If the battery voliage drops
below + 2.4V, the comparator goes high and the proc-
essor sets an internal flag. At power up, this flag
gauses an immediate display warning for low battery;
after power up, a reset command, storing a stored
setting or recalling a stored setling causes the warn-
ing display or an SRQ, depending on whether the com-
mand originates from the keyboard or the GPIB bus.

The second half of U27 acting as a comparator,
serves as a microprocessor reget circuit. During
power up, dicde CR13 is reserved biased, allowing the
nogitive input 10 U27 (pin 5} to rise to the voltage
determined by RS9 and RB0. approximately +4.7V.
With CR18 forward biased, the negative input to the
comparator (U27, pin B) rises more slowty, at the time
canstant determined by R5Y and CV2 (about a
100 ms). Since it takes about iwo time constanis for
the negative input to charge as high as the positive
irput, about 200 ms elapse before transistor Q2 is
turned off and the RESET line to the microprocessor is
allowed to rise. When power to the instrument is shut
off and the +5V line begins to drop, diode CR18 is
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reverse biased and the negative input to the com-
parator falls at the same rate as the + 5Y line. Dicde
CR19 is torward biased, so the voltage at the positive
input falls more slowly. When the + 5Y line falls slightly
below +4.75V. the comparator turns on Q2 and
keeps the microprocessor reset as the power con-
tinues to fall.

424 Analog Interface

The analog interface consists of an analeg decoder
that decodes addresses in the analog section of
memaory, analag registers that hold digital information
far the function generator board, and auxiliary buffers
that route data to the auxiliary board.

4.2.4.1 Analog Decoder

When the microprocessor selects the analog section
of memary (ANALOG goes low), a 2 to 4 line decoder
{U144) gecodes the 32 byles of memory from ADRS3
and ADR4 into foutr, 8-hyte blocks (ANAD—ANAZ).
ANAQ selects the digitai-to-analog converter, U15,
ANA1 is decoded further from ADRO and ADR1 by
U14B to select the analog registers {ARC — AR3).
ANA2 and ANA3 select registers on the auxiliary
board.

4.2.42 Analog Registers

The analog registers hoid the analog contro! logic for
the function generator board, ANLO — ANL27, and the
four sample-and-hold select lines. Latched data
{DATAO— DATA7) is strobed into registers U217
through U24 by the falling edge of the analog register
control lines, ARG through AR3, respectively. ANLO
through ANI_27 appear at the analog connector, J&.

4.2.4.3 Auxiliary Buffers

The tri-state auxiliary buffers, U28 and UZ29, 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 UZ28 {input
pins 2,4 6,8 is continuously enabled, but the signals
at its inputs do not change until the microprocessor
selects the auxiliary registers. At this time, the buf-
fered port 12 {P12) enables the buffered data
(BDATAD — BDATAT) and buffered address lines
(BADRQ - BADR2).

4.2.5 Sample and Hold
The sample-ard-hold section consigts of the DAG
{digitai-To-anaiog converter} U15, the —10.24V refer-
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ence far the DAC, and four sample-and-hold circuits
that demutiplex the DAC output to provide four
separate analeg contrel voltages for the function
generator board.

4251 DAC

The 10-bit digital-to-analog converter, U15h, contains
ils own internal registers for latching data and inter-
faces directly to the latched data bus {DATAQ—
DATA7). When the microprocessor transfers data into
the DAC with ADRO high {(approximately every mitlis-
econd), the negative transition of ANAQ latches the
most significant 8 bits from the data lines into the
DAC's internal register. A second transition of ANAQ
with ADRO low latches the two least significant bits,
The current output of the DAC (U15 pin 12} is con-
varted 1o a voltage output by operational amplifier
U16A at pin 1 using a feedback internal 10 the DAC at
U15 pin 14,

4.2.5.2 —10.24V Reference

Since the DAG circuil provides an inverted program-
mable portion of the reference voltage, the reference

.must be negative to get a positive output. This

adjustabie 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 voltage for precisely —10.24V corre-
sponding to a 10 mV siep for each binary step of the
DAC.

4253 Sample and Hold

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

Within a few microseconds after the appropriate
voitage appears at the outpui of the DAC circuit, ihe
sample-and-hold contral lne from U24 pin 12 tums on
the analog switch U17A and the DAC output charges
the holding capacitor C28. Since the analog switch,
U17A, transmits a small charge from its logic inpu
{pin 1} to the analog cutput (pin 3). an inverter, LNBF
generates an opposing signal and the capacitor, C27,
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Figure 4-5. Power Supply
injects the opposite charge tc cancel the effect. 4.2.6.1 +5V Supply

Because these charges do not exactly coincide in
time, the result is & high-frequency bipolar spike that
must be eliminated. A two-stage filter consisting of
R18, C28, R19 and C30 accomplishes this. The
holding capacitor C28 continues to charge until the
next sequence is due. The conircl signal from U24 pin
12 turns analog switch U17A off before loading the
following circuit's DAC informalion at U17D. The
analog switch’s high cutput impedance in the “off”
state and the high input impedance of the buffer at
198 maintain the voltage on the output of the circuit
with negligible discharge until the next cycle selects
this sample-and-haid circuit again.

4268 POWER SUPPLY

Four power supply voltages, + 15V, — 15V, + 5V and
+ 45V {figure 4-5) are generated on the microproces-
sor/power supply circuit beoard. The pass elemenits for
each of the suppiies are three-terminai reguiators
{(VR1, VR2, VR3 and VR4) which normally operate with
a 1.25V difference between their output and reference
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 (MicroprocessorfPower Supply
Schematic, sheet 3), ac from the transformer, T1
(located on the rear panel), is rectified by CR13 and
filtered by C56 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 +5Y £5% at E2, while C58 and C58 pro-
vide additional filtering at the cutput of the regulator.
R53 loads the supply to guarantee operation of the
regulater If the +5V test jumper is removed. CR14
prevents CH8 from discharging back through the
requlator when power io the instrument is furned off.

4.2.6.2 +45V Supply

The +45Y supply operates much the same as the
+ 5V supply, except that the unregulated dc at VR4
pin 1 and the regulated output voltage {at pin 2) arg
much higher. The divider, R52 and R51, sets the out-
put slightly balow + 45V 30 the 5% tolerance of the
requlator cannot give an output greater than + 45V.

4.2.6.3

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

=15V Supplies
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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
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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 background pass causes the equivalent of a cur-
sor command to the instrument, advancing the status
display.

Auxiliary Board Status. The auxiliary board status
flag is set by a low on the LOCK DET line in the syn-
thesized and phase-tock modes (modes 4-8) to cause
a front panel warning that the main loop is unlocked.
The tront panel display also indicates when the main
loop is again locked. However, the lock detect eircuit
will not indicate loss of lock in the internal synthe-
sizer ioop, such as might be caused by remova! of the

10 MHz external raference in the exiernal reference
mades (modes 5 and 6). In most cases, the main loop
will remain locked 1o the unlocked synthesizer.

4.2.7.3 ParseriProcedure

The parser handies all programming chores except
short housekeeping routines. When the parser is
called, it examines a series of registers and decides
which routines are required, then calls the required
procedure which, when complete, retums control to
the parser. 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.

ManualsPlus.com

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
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Figure 4.7.

Display Digit Timing
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segment driverg 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
(DATAQ-DATAT) into U1 {lower order byte) or U2
(upper order byte} determined by ADRO and ADRT.
The rising edge of BLANK then enables the cutput
lines {ANCA-ANOG and ANQDF) to drive the segment
anodes of the display.

In the vacuum flugrescent display, all segment lines
are commeon and individual ¢grids enable each digit.
Display filament power is provided by the driver cir-
cuit which is an IC timer, U8, configured as a 50 kHz
oscillator with a 40% duty cycle. Since the output at
U8 pin 3 swings from 0 to + 13V, the average de level
is about + 6V This allows the grid lines to pull 6V
negative with respect to ihe filament, which also
serves as the cathcde. Capacitor C14 acts as an ac
ground to maintain a constant de ievel across the
entire length of the filament.

4.3.2 Keyhoard

The keyboard section of the operator interface con-
sists of not only the keyboard itself, (a 45 switch array
mounted just behind the front pane! overlay), and the
kevboard decoders, UG and U7, mounted on the dis-
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 as a series of memory locations. A 4-ta-10
tine decoder, U7, decodes the four low-order latched
address bits (ADRO-ADR3) to the 9-line side of the @ by
5 switch array. If the operator presses a key on the
front panel, the closed contact allows the appropriate
decoded address line from the inverting output of the
4-10-10 line decoder (U7} to pull down 1 of & pullup
resistors in R3. During the data valid part of the
E<lock cycle of the procassor, KYBD fram the address
decoder enables the tri-state buffer, U8, and the proc-
esgor reads a low at 1 of 5 bits on the address/data
bus. The processar can then calt the appropriate
routine for the key pressed. If the keyboard scan finds
no key pressed, the processor returns to its normal
rautines.

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
VUG and trigger levei circuits, the basic generaior
loop, frequency range switches, capacitance multi-
plier, frequency compensalion circuits, sync output
driver, trigger circuit with mode logic, function select
circuit including the sine converter and square logic,
XY multiplier, preamplifier, offset amplifier, cutput
amplifier and output protection circuits.

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

The VOG circuit converts a 0 to + 10V contral voltage
from either the microprocessor board or the exiernal
VCG input to pesitive and negative currents that cen-
trol the frequency of the generator loop. The input
stage acis 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 1o
reduce microprocessor switching noise. The first
stage has & gain of approximately — 0.4, so its ouipuil
at U2A pin 1 ranges typically — 0.4V to —4.0V. When
the external VCG input is used, FRQ is normally set to
W by programming FREQ 0, EXEC from the front
panel, and the voltage from the external VCG input
across R6 now determines the first stage output. CR1
and CR2 prevent excessive voltage at VCG IN from
damaging the VCG amplifier. For frequencies
between 10 MHz and 12 MHz, an overrange control,
CVR, adds a fixed 0.2 mA through R1 and R2 1o
increase the maximum voltage out of the first stage
{or current out of the entire VCG circuit). The 10 kHz to
99.8 kHz range control, FR5, increases the current
from FRG by paralleling R3 across the series com-
bination of R4 and R5. This increase compensates for
the larger refative capacitance ¢n this range due to
the minimum friangle node capacitance {C43 and
C44) added to the smailest fixed range capacitor
{C50). A gain adjustment (R8) in the first stage is used
to controf the top-of-range frequency. R11 controls
the first stage offset to zero the iow end of the exter-
nat VGG input.
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The cutput of the VCG Amplifier, VCGO, is routed to
the auxiliary board where i 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 (E10 to E11), this VCGI voltage becames the
VCV (Voltage Control Voltage) output to the variable
current sources and the high-frequency compensa-
tion circuit. In the Wavetek 278, the £9 1o E10 connec-
fion of the VCG JUMPER is used only for disconnect-
ing the synthesizer board outpul during calibration. A
simplified schematic of the VCG amplifier is shown in
Figure 4-9.

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
reiatively independent of collecior load
resistance.

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

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

The negative current source is shown in Figure 4-10
gsimplified schematic diagram. The Yoitage Control
Voltage (YCV) is inverted by operational amplifier
U2C, and drives transistor U3A to whatever value col-
lector current is required to cause the U3A collector
voltage to be equal to VCV. (At this point, both inputs
of operational ampiifier U2C are at the same voltage,

AT, RB
4K
N
R4, R
FREQUENGY GONTROL W
VOLTAGE (FEQ .
FAOM MICHOOROCESSOR  AAA——] VOLTAGE GONTROL VOLTAGE
BOARD o T o——
(0¥ TO + 10w CIRCUT
£e E10 v TO —4v)
VO G&E JUMPER
(SHOWN [N
CALIBRATICON
POSITION)

Figure 4-9. 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 R220 is held at ground patential (as
will be explained later) and the voltage at the lower
end is equal ta VOV, the current through the resistor
{— tref) is proportional 1o VCV. The same base drive is
applied to U3B o 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
schemaltic Figure 4-11) operates in a similar manner,
and tracks the negative current source. Operational
ampiifier U2D drives transistor U3E to whatever value
collector current i$ required to maintain a “'virtual
ground™ at the junction of R22C and R22D. Since
these twQ resistors are in series, their currents are
egual {+lgf = —lgp. The UZE base diive is then
applied to maiched transistor U3D to generate the
positive current source (+ 1) far the generator loop.

The current source circuit also generates a Trigger
Helding Current {THC) which is used o clamp the
riangle node at ground potential during the “‘off”
state in the gated and triggered modes. The circuit is
shown in simplified schematic diagram Figure 4-12.

The same transistor base orive that creates the negg-
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 pravide a current equal to twice the — | cur-
rent source. This — 2| current is supplied by CR14 in
the trigger circuit while the generator is gated “on”.

When the generator is gated "off”, a negative voliage
is applied to the CR14 anode. This transition always
occurs at the negative peak of the triangle waveform,
and the — 2| current is mementarily supplied by CRY.
As the triangle node rises toward ground potential, a
greater proportion 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 generator loop, and the triangle node
voltage cannot rige any further. Since matched diodes
CR7 and CR8 have equai currents through them and
the anode of CR7 is grounded, the voltage drops
across the two diodes will also be equal and the ri-
angle nede will be held at ground potential. This stops
the wavefarm smoothiy at the leading edge and
ensures that at least one complete cycle will be gen-
erated every time the generator is triggered.

R23 adjusts the positive current source to precisely
match the negative current and therefore maintain
waveform symmetry. R12, which adjusts the low end
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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 ¢ffset of the negative cur-
rent amplifier, U2C. R15 adds or subtracts current
through the reference string to balance symmetry at
low currents. The 8.2V zener diodes, CR4 and CRS,
allow U3 pins 14 and 1 to approach the positive and
negative suppiy rails respectively. Diodes CR3 and
CR& prevent latch-up.

The trigger level amplifier consists of an operational
amplifier {U2B) in an inverting configuration that
transiates the trigger ievel control voitage from the
microprocessor board (TRL, 0 to 4 10V) to the level
used at the trigger comparator (TLO, + 10V to — 10V).

242 Generator Loop

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

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

The comparator monitors the amplitude of the triangle
wave, a2nd when it reaches the comparator threshold,
the comparator changes siates. The state 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 is
also used 1o 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 thresheld
voltage. The high frequency compensation circuit
reduces the + COMP and — COMP currents on the
three highest frequency ranges to reduce the com-
parator threshold voitage to compensate for switching
delays,

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

The current switch has three inputs and one ouiput.
The inpuls are the positive and negative currents (but-
fered by Q4 and Q5) and the contral voitage; the out-
put is the switched currenl. The magnitude of the
control voltage must be greater than the voltage at the
oulput that is caused by the switchad current flowing
through the external load. In this example, voltage at
the triangle node (TRN) will not exceed x1V before
the comparator changes states and causes the
voitage to move in the opposite direction.
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With the control input at +2V, CR18 and CR19 are
reverse biased. Current flows from the +| socurce
through CR17 into the timing capacitor, and from the
control line through CR20 into the negative current
source. With the control line input at — 2V, CR17 and
CR20 are reverse biased. Current flow is from the +1
source through CR18 into the control line, and from
the timing capacitor through CR19 to the —1 source.

The CR25-CR28 current switch operates in a similar
manner. 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 diffarential
pair, Q8 and Q12. As the rising ramp of the triangle
wave at the base of Q11 reaches the positive refer-
ence level {4+ 1V) at the base of QF, 011 of the dif-
ferential pair turns on as Q9 turns off. CR23 and CR30
increase the transistor switching speed by limiting the
signal swing at the collectors of Q9 and G11 to about

CURRENT SOURCE

+1

REYERSE BIASED

+3¥
CONTROL iINPUT
ISHOWN IN
HIGH STATE}

CURRENT SOURCE

CURRENT SOURCE

+1

-2y
CONTROL HNPUT
{SHOWN IN

CR18 CR17

-0.4VTO + 1.8V

\:q

= 1Y MAX TRIANGLE NQDE (TRN)

CR2C CR18 l
REVERSE BIASED l TIMING
+ |

CR1§ CR1¥

é CAPACITOR

REVERSE BIASED

= 1¥ MAX TRIANGLE NODE {TRN}

CR20 CR19

LOW STATE)
REVERSE BIASED

/| _|I l TIMING
= CAPACITOR
l- 1AV TO + 0.4y |

-1
CURRENT SOURCE

Figure 4-14. Simpiified Schematic Diagram, Current Switch

4-18



0.7v. As Q2 and Q11 switch, they aiso cause the
second differential pair, Q8 and Q12 to swiich.
Hesistors RY2 and R84 increase the switching speed
of Q8 and Q12 respectively by providing a small cur-
rent which keeps them from turning entirely off. As Q8
switches o its refatively “'off’’ state, current through
R73 decreases and the collecior of Q8 falls to its low
state, about — 1.6V, determined by the current drain
through R71. The collector of Q8 drives the switch
buifer; the square buffer is driven by Gi2 in the
oppasite side of the comparator. These two stages
have different values of collector and emitter resisiors
to match the output requirements ¢f the associated
buffers,

The switch buffer (Q6-Q7) is a push-pull emitter
follower biased on by the voltage drops across CR22
and CR23. The output is a * 2.2V square wave that
drives the two current swiiches in the generator loap.

The square buffer {013-Q14) is similar toc the switch
buffer circuit, except that resistor values are tailored
for a 0 to +5Y outpui. This signal, SQB, is used to
drive the sync driver and trigger circuits. The SQB
signal is attenuated by R10¢ and R101 to provide the
508 signal used by the square logic and the auxiliary
board. A highly differentiated portion of the SQB tran-
sient is coupled through C35, C36 and C27 to the tri-
angle node to counteract switching transienis which
are coupled through the current switch diode bridge.

The aliernating linear ramp {iriangle wave) at the
triangle node is buffered by the triangte buffer, a high
speed FET input voltage follower. This circuit consists
of Q15, acting as a source follower, and Q16, acting
as an emitter follower. The voltage difference between
the input and output of the circuit is controlled by
maintaining the current through Q15 so that the gate-
source voltage is equal and opposite to the base-
emiiter drep of Q16 and the two voltages cancel each
ather. The current through Q15 is initially set by
adjusting R99, the NODE DC adjustment, after which
the dc amplifier in the frequency compensation circuit
maintains this adjustment through the constant cur-
rent source, Q17, to compensate for temperature
changes in Q15.

4.4.3 Frequency Range Switches

The selected range capacitor determines the fre-
guency range from 100 Hz to 12 MHz. Each range
normaliy covers 10% to 99.8% of full scale
Capacitance for the highest frequency range consists
of all the stray capacitance on the triangle node added
to C43 ithe 1 MHz adjustment capacitor) and C44,
which brings the total to 100 pF. The next range
switches in an additional 900 pF, made up of C46, C47
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and the 100 kHz adjustrment C45. The next three
ranges switch in successive maiched capacitors of
0.01 uF (G50}, 0.1 «F {C52) and 1.0 xF {CH4).

Each range capacitor is switched in by a logic level
signal from the microprocessor pboard. For example,
When FR6 (Frequency Range from 0.1 MHz to 1 MHz)
goes low, it turns on Q18, which sources about 30 mA
through R124 and diodes CR36 and CR37. When
CR37 is forward biased with this amount of current, iis
impedance to ground is less than 2%, and the range
capacitor made up of C45, C46 and C47 is effectively
connected to ground. When this range is not selected,
FRE is high, turning off Q18 and allowing R125 to pull
the anode of CR36 to —15%V. 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 essentially infinite impedance,
effectively disconnecting the range capacitor. The
other range switches aperate in exactly the same
way.

4.4.4 Capacitance Multiplier

The capacitance multiplier extends the low end fre-
guency range by drawing off {through R118) most of
the charging current to and from the largest range
capacitor, G54. The ¢ircuit is shown in simplified form
in Figure 4-15. The U9B output waveform is a triangle
wave superimposed on a square wave. The square
wave component determines the polarity of the
voltage across R118, and therefore the direction of
current flow through this resistor. The triangle compo-
nent maintains the magnitude of the R118 voitage
and current constant {0 maintain linearity of the
friangle node wavaform.

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

The capacitance multiplier is switched in at frequen-
cies below 100 Hz by a logic low on the GPM control
line. The propottion of capacitor charging current is
determined by the range resistors. FR2 selects R111
(plus the 89.9 Hz adjust, R112} and decreases the
capacitor charging current o 10% of its normal
valug. Each successive decade of added resistance
decrsases the capacitor current to 10% of itz
previous range. R105 adjusts the overall calibration of
the capacitance multiplier by adjusting the gain of the
first amplifier, and R117 adjusts the capacitance
multiplier symmetry by adjusting the offset of the
second amplitier.
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2. Ratio of capasitor current to tatal curremt depends on frequency range selected,

Figure 4-15. Simplified Schematic Diagram, Capacitance Multiplier

445 Frequency Compensation

The Fregquency Compensation circuit contains the
high frequency compensation, which reduces the
Generator Loop comparator threshoi¢ on the three
highest frequency ranges {o compensate for com-
parator switching delays, and the dc amplifier circui,
which dynamically controls the dc offset in the
triangle buffer.

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

On the lower frequency ranges, the range swiiches
are all open, and voitage divider R53, R50, R52
develops g voltage of + 7.5V at the junction of {53
and R50. This voltage is applied to the non-inverting
input of operational amptifier U7B, which drives the
source of Q2 (and the inverting input of U7B) io the
same voltage. The resulting + 7.5V at the junction of
R56 and R54 causes a current of 3.75 mA in RSB and
0.75 mA in RS54, The difference of these two currenis
is the 3 mA + COMP current.
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U7A and Q3 track the positive current source to
generate a negafive current (—COMP) of egual
magnitude. U7A monitors the voltage at the migpoint
of RS54 and R57, which are connected in series
between the source of Q2 and the source of Q3. As
U7A acts to keep its two inputs at equal voltage {and
the midpeint of the resistors at ground potential} it
drives the Q3 source to a voltage equal in magnitude
and opposiie in polarity to the voltage at the Q2
source. The Q3 source voltage determines the cur-
rents in R57 and the series combination of R59 and
RB0. The difference of these two currents is the 3 mA
— COMP currant,

Operational amplifier U7C converts the negative
Voltage Controt Voltage (VCV) to a voltage that is
positive in proportien (within any frequency range) to
the programmed frequency. Although the range of
this voltage is OV to +6Y, it will normally be above
+ 0.6V except at the bottom end of the iowest fre-
quency range. On the top three frequency rangses, one
of the solid-state range switches is closed by a iogic
0w on its controt ling, connecting this voltage through
one ¢f the range resistors (R42, B43 or R47) to the
R53, R50, R52 voltage divider. This raises the voltage
at the junction of B53 and R50, causing the absclute
values of the 02 and Q3 source voitages to increase
and the source currents 1o decrease, The resuit is a
decrease in the + COMP and — COMP currents pro-
portional to both fregquency range and programmisd
frequency within the range.
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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 VCV to compensate for a small
non-iinearity in {requency tracking. R60 balances the
triangle waveform, while R45 and R48 allow adjust-
ment of frequency on the top two frequency ranges.
Zener diodes CR15 and CRi6 (not shown on the
simplified schematic} act as leve! shifiers 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 buffer
at the same dc level as the input by varying the cur-
rent through the constant current source, 17, and
therefore through the input FET, G15. 11 does 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 Mz, DCA switches out filter capacitors G17

and C58; this allows amplifier U7D pin 14 direct con-

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

4.4.6 Sync Driver

The Syne Driver is a double emitter follower that buf-
fers the generator foop's sguare output, 3QB, to pro-
vide a synchronizing signal for the instrument.

Transistors Q26 and Q27 are biased on by the voltage
drop across CR52 and CR53. R171 and R175 provide
about 4 mA through the dicdes, and resistors R173,
R181 and R183 balance the current so the transistors
also have about 4 mA through them. The smail emitter

resistors protect the transistors from overvoitage at
the output connector, and capaciters C70 and C71
prevent iarge signal swings at high frequencies that
would reduce the gain of the transistors and add noise
to the circuit,
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4.4.7 Trigger Circuit logic tow on mode contral line MC1 disables NAND
The trigger circuit allows the instrument user to trig- gate USD. The high fevel on the output of USD
ger or gate the generator from an external signal of ~ @isables the direct SET dnput of flip-flop UEB and

widely varying characteristics with a fixed and stable enables NAND gate U5B. A positive logic transition at

delay between the trigger source and the resultant trigger jumper terminal E13 clocks flip-flop UGB to the
generator output. “set” condition, causing the Q output to go low. This

low is applied to the direct CLEAR input of UBA, giving
a logic low at the UBA Q ouiput. The low at UBA-Q
causes a high at the ouiput of NAND gate UBA,
reverse biasing diode CR8 and allowing the generator

Trigge, comparater U4 compares the level of the trig-
ger input with the reference level (TLO) programmed
in the generator. The comparator output goes to a
logic low at U4 pin 9 if the trigger mpultl becgmes loop 1o oscillate. The first positive transition of SQB,
greater than the reference level anq positive tngggr 90° later on the triangie waveform, is inveried by
slope (+TR) has been selecled, or it goes o a logic  nAND gate USE and applied to the GLEAR input of
low at U4 pin 11 if the triggsr input becomes less than UBB to clear the Q output high, thereby removing the

lhe reference level and nega_tive trigge, _s_iope (—.TH} low from the CLEAR input of UBA. The next negative
has been programmed. A logic low iransition at elther transition of SQB is inverted by U5SB, and clocks UBA

comparator output will cause a logic high at the pin 8 to the “set” condition. The high at UBA-Q causes the

qutput of NAND gatg USC; this po_sitive-goilng transi- output of gate U5SA to go tow, forward biasing diode
tion elocks the remainder of the trigger logic. CR8 and stopping the triangle oscillation on its rising
In the Wavetek 278, the oufput of the irigger com- edge.

parator at UsC is always routed through the auxiliary
board, and the TRIG JUMPER is connected from E13
to E14. This jumper must never be connected from
E12 to E13, as this will piace the output of NAND gate

1U5C on the function generator board in parallel with whenever the E13 trigger level is high. Operation in

the output of UBG on the auxiliary board. the gated mode is the same as in the triggered mode
Refer to Figure 4-17, Simplified Schematic Diagram, except that during the time that the E13 trigger level is
Trigger Circuit Mode Logic, for the following discus- high, the resulting low at the USD output will;

sion. The trigger circuit is enabled by a togic high on

the MCUQ line. Selection of triggered or gated mode is 1. Hoid flip-flop V6B in the "'set” condition via the

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
NAND gate USD, causing the USD output to he low

performed by logic line MC1; the line is low for trig- direct SET input.
gered mode or high for gated mode. 2. Disable NAND gate USB, preventing the SQB
In the triggered mode, only one cyele of generator signal from clearing U6B and clocking UBA until
output is enabled for each trigger pulse applied. A after the trigger signal is removed.
MCO
508 4 1
13 1 { 4 ] 3
MC1 50 1 uss . UBA o CRa
E13 5 2 L = HOLD
TRIGGER | 12 " A0 . s H = ENABLE
I 12 ® | 2 S
D D Qf
11 use . UBA
P CK B> CK
gl8
CL CL

Figura 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
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{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 Multiplier Block Diagram

occurs with a maximurn totaf bias current of 6 mA;
less bias current produces less cutput.

The logarithmic dc reference (U18B) is configured
myuch the same as the iogarithmic signal compressor,
as described above. Total bias current through the dif-
ferential pair iz fixed at 8 mA, but uneveniy split with
4 mA through one side and 2 mA through the other
side (Hmited by R242 and R243). This corresponds 1o
the current ratio in the signal compressor during
peaks of the signal, when the instantaneous peak
signal current of 1 mA adds to the 3 mA dc current in
one half of the differential pair and subtracts from the
3 mA dc current in the gther hall. The dc reference
voltage is taken from U18 base and c¢ollector ter-
minals 8 and 9.

A simpilified schematic diagram of the variable gain
reference amplifier and associated dc ampilifiers is
shown in Figure 4-19. The input amplitude contral
voltage (AMP) drives U178 (pin 5), which in turn drives
the base {pin 11) of the current source fransistor in
U18B. The base of one side of the differential pair
{15 pin 9) is connected to ground through a resistar;
the base of the other side of the pair (U19 pin 8}is con-
nected to the log dc reference veollage. 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-
lectors of the differential palr 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-
fuaf grounds’’; because the non-inverting inputs of
these amptifiers are grounded, each ampiifier will pro-
vide whatever output level is required 10 keep its two
inputs at the same voltage level. The value of resistors
R256 through R258 were chosen so that with 8 mA
through the current source transistar in U196

1. 2 mA flows through R256 from U170 pin 14 {o
U18B pin 7.

2. 2 mA flows through R257 from U170 pin 14 1o
U198 pin 8.

3. An additional 2 mA flows from U17A pin 1 through
R258 to U198 pin 8.

4. The voltage at the output of U37A (pin 1}is 10 Vdc,
which exactly equals the 10 Ydc external AMP
input, maintaining the inputs of U178 {pins 5 and 6)
at equal volages.

With input amplitude control voltage (AMP) less than

10V, all valtages and currents in the circuit are pro-
portionately less,

The output of the circuit is the modified gain control
voitage at the oulput of U178 {pin 7). This vollage is
used to control the variable gain signal amplifier.

Fixed bias for both seclions of U18 is provided by
R248, CR58 and CRE0. CR&1 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

4-25



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-



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

ManualsPlus.com

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

RELAY STATE

EQUIVALENT

5006 CIRCUIT

IN QuT
K1
OVERVOLTAGE £5 602 INO O out
CIRCULT NO
TRIFPED K2 CONNECTION
o
K3

OUTPUT OFF 55,68 INOD QouT
1P
K2 CONNECTION
KS%
50013
N uT
K1 © 511
CUTPUT QN 55 &2 N O—ANA—O0oUT
NO ATTEMUATION
(P1y K2
Ks\i’
SO0
IN ouT
K1 5000
GUTPUT 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




4.5 AUXILIARY BOARD CIRCUIT DESCRIPTION

The auxiliary board contains four major functional cir-
cuit groups. Thess arg;

1. The synthesizer, which generates the reference
frequency used by the main ioop in the synthe-
sized and external reference modes.

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

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

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

During the following circuit description, refer to the
Figure 4-2 biock diagram and the schematic diagram
of the synthesizer board, drawing number
103000878 '

4.5.1 Control Logic

The control logic circuit consists of address decoder
i1 and latches U2 through U7. Address decoder U1,
when enabled by a logic low on the ANAZ line,
decodes the binary value on the ADRO through ADR2
address lines and provides a momentary iogic fow on
the corresponding clock line of one of the U2 through
U7 registers. {(For example, a binary address value of
000" selecis U2, a value of '"001" selects U3, etc)
When the register clock line returns to a logic high, it
latches the data from the buifered data bus {418 pins
1 through B} onto the register output pins. where it is
continuously available to the remainder of the circuits
on the board. Each register is ciocked by the micro-
processor and address decoder at a time when the
data on the buffered data bus ig valid for that partic-
ular register.

4.6,2 Burst Counter

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

within the burst counter are the presel counter and

AR LV (v rwh)

the burst mode logic.

The preset counter is composed of NAND gates U8B
and UBA, presettabie 4-bit binary counters U9 through
U13, and terminal count detector NAND gate U14.
When the preset counter is enablad by the biirst mode
logic it preloads data from the contro! logic regisiers
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then counts square wave cycles from the generator,
counting upwards from the preloaded value. When the
fina! count value is reached, the circuit commands
the burst mode logic to relinguish contrel of the
generator trigger circuit.

Altthough US through U132 are capable of couniing to
1,048,575 (202% — 1), the maximum count is limited to
1.048,200 by terminai count detector U14. This
number corresponds to all 13 lines to the terminal
count detector being at a logic high, and can he
represented by the binary number 23 4 27 + 2% 4

. +2%, (Note that some of the counter outputs
such as 29 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 Iogic will
always allow one extra cycle after the preset counter
reaches maximum count.)

The normal state of the preset counter is at its max-
imum count of 1,048,200. The output of terminal
count detector U114 is at a logic low at maximum
count, and this logic low inhibits NAND gate UBB, pre-
venting the generator autput square wave (SQS) from
reaching the counter input. The logic high at the out-
put of USE enables NAND gate UBA to pass the first
clock pulse from the burst mode logic to the counter.

The burst mode logic (U15A, U158, USC and UBD) is
activated by a trigger pulse (TRGOB) from the synthe-
sizer trigger logic, and returns the trigger pulse to the
function generator board via the TRGI line (J16 pin 7).
In the burst mode, the trigger pulse at TRG! is extended
for the duration of the burst. When the burst mode is
not selected, the ouiput trigger puise at TRGI (s a copy
of the input pulse at TRGOB.

In the burst mode, the BURST line is at a logic high,
and the BURST fine is at a logic low. The logic low on
the BURST line disables NAND gate U8D and enables
NAND gate U8C via the consiant high at the U8D out-
put. The logic low on the BURST line is also apblied 1o
the data inpui of flip-fiop 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 iow is applied to the LOAD
inputs of counter stages UY through U13 o enable
loading of the preset data at the next clock pulse. The
same logic low disables NAND gate U8B to prevent
the 8QS sguare wave from clocking the counter, and
gnables NAND gate UBA {via the logic high on the
U8B ouiput) to allow the load pulse from U15A to
clock the counter.

A positive logic transition at the TRGOB trigger input
ciocks the U1bA Q oulput low. The negative-going




trangition at the U15A Q output is inverted by UBA and
applied te the counter clock inputs to lpad the preset
data. As soon as the counter is Ioaded with preset
data, it is no longer at the maximum count condition
and the U14 output goes high, disabling the counter
LOAD inputs and enabling NAND gaie UBB. However,
at this point, the SQS square wave input cannot yet
reach the counter clock inputs because NAND gate
LUBA is disabled by a logic low from U1EA,

After a time delay determined by R3 and C8, the logic
low at the U15A Q output is applied to the U15B SET
input to set the U15B Q output low. This low is
inverted by UBC and provides a logic high on the trig-
ger output line (TRGI} at J15 pin 7. The logic low at the
U15B Q output is also applied back to the direct SET
input of LI15A to set the U15A Q output high. The logic
high from the U15A Q output enables NAND gate U8A
i pass sguare waves from the 3035 input ot the
counter.

When the counter reaches maximum count, the cut-
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
logic low to the data input of flip-flop U15B. The next
positive transition of the SQS square wave will clock
the U15B § output high, causing U8C 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 tine is at logic
high. The legic low on the BURST line holds the
CLEAR input of flip-flop U15B low, maintaining a logic
high from the U158 Q output to enable NAND gate
UaC. The legic high on the BURST line enables NAND
gate U8D. Any trigger signal applied {o the TRGOB
line will be gated through U8D and UBC to the TRG!
output.

4,53 Synthesizer Circuits

The synthesizer circuits generate 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,
the Internal Synthesizer Loop, and the Synthesizer
Freguency Dividers.

4,531 Synthesizer Reference

The Synthesizer Reference circuits include the
10 MHz reference oscillator, the reference shaper,
the reference selector gates, and the divide-by-3125
frequency divider.

The 10 MHz reference oscillator used in the Wavetek
278 is a standard Pierce configuration with the com-
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bination of capacitor G12 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. Transister Q2 provides an additional
180° phase shift o sustain oscillation. The output of
the oscillator is approximately 1 Vp-p. The ouiput goes
to one of the two comparators in the U18 reference
shaper, where it is converted to a TTL signal. This
signal is then applied to the U17 TTL switch.

Transistor Q1 is used as a switch to turn the Plerce
oscillater on or off. When the control line INTERNAL
REF 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 G to conduct current
through CR2. This lowers the voltage on the base of
Q2, turning off the oscillator.

Reference shaper U16 Is a dual comparator thai con-
verts the inputs from the 10 MHz reference oscillater
and the P13 REF INPUT connector io 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 R11 and R12} is com-
pared to a threshold voltage derived from the REF
LEVEL SELECT line (via R15 and R14). The U16 com-
parator outputs (pins @ and 4) are applied {o reference
selector gates U17. (The external reference from U186
pin 4 is alsc applied 10 the Main Loop circuits for use
in the phaselocck mode.) When the REF LEVEL
SELECT line is high, the threshold voltage {measured
at the P13 REF INPUT connector) is 1.6V, When the
line 15 low, the threshold voltage is 300 mV. R13 pro-
vides g slight amount of positive feedback o ensure
rapid comparator switching and improved noise
immunity. B11 and R12 ensure that the REF INPUT
signal will be within the input range of the comparator.
CR4 and CR5 prevent damage to the comparator from
an excessive REF INPUT signal by prewventing the
externally applied signal from pulling 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 U18 comparator
outpul pins 9 of 4. A logic low on the INTERNAL REF
ltne inhibits U17D. This logic low is inverted by U17A
to enable U17B to pass the internal reference signal.
When the INTERNAL REF line is high, it directly
enables U170 and, via inverter U17A, disables U178,
U17C combines the reference signal from the enabied
gate with a constant logic high from the disabled gate,
and applieg the 10 MHz TTL reference to the divide-
by-3125 circuit and reference cutput selector gates
Uas.
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The divide-by-3125 circuit is composed of integrated
circuits U18 through U20. Each IC contains four inde-
pendent fraquency dividers {two each divide-by-2 and
two each divide-by-5) that can be cascaded in any
desired combination. U1t8 and W20 are both con-
figured for divide-by-25 operation, and U18 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 Internal Synthesizer Loop

The Internal Synthesizer Loop generates the 10 MHz
to 24 MHz signal used as the input freguency to the
Synthesizer Frequency Dividers. This signal (called
VCQ) is phase-locked to the 3200 Hz frequency gen-
erated by the Synthesizer Reference circuit, and can
be varied over the 10 MHz to 24 MHz frequency range
in 200 Hz increments.

The following circuit groups are part of the Internal
Synthesizer Loop: The PLL frequency synthesizer,
loop filter, leve! translator, voltage-controlled oscilla-
tar (VCQ), and the variable modulus prescaler (VMP).
Operation of the entire foop wili 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 gther
circuits not used in the Wavetek 278.) The reference
divider is hard-wired {by grounding pins 1, 2 and 18)
for a division ratic of 16. The 3200 Hz reference fre-
quency is divided by 186, and the resulting 200 Hz
reference is applied to one input of the internat phase
detector. The variabie 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-to-high tran-
sitions on the pin 10 clock line. The first two bits con-
trol internal switches, which are not used in the
Wavetek 278. The remaining 14 bits are a binary
representation of the + N divigion ratio, and are loaded
mast significant bit first. When the serial load is com-
piete, alogic 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 to
16838, but the range used in the Wavetek 278 is from
48899 10 11899. The output of the =N counter is
applied to the other input ¢f the internal phase detec-

H A WY Ly ek b H [} [}
tor, and is also at 200 Hz when the GO0 G ocked.

The internal phase detector is a digital tri-state
device. It produces negative-going puises when the
variable frequency is greater than the reference fre-
quency or is leading it in phase. Positive-going pulses
are produced when the variahle frequaney is lags than
the reference frequency or is lagging in phase. The
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output i$ in a high-impedance state when the two
signals are of equal frequency and phase.

Pin 8 of U21 is the lock detector signal. It is normally
used to ingicate thal the loop is uniocked, but in the
Wavetek 278 it triggers the VMP circuit. A momentary
tow an the line indicales that a phase comparison has
taken place.

Loop fitter U23 converts the positive-going and
negative-going pulses from the U21 phase detector 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 loop is determined by R22. C29 is a
high frequency bypass used 1o reduce noise in the
filter. Voltage divide R12/R20 seats the voltage on U23
input pins 2 and 3 to 2.5 Vdc. The cutput of the loop
fitter U23-6 varies from approximately 11 Vdc to
3 Vdc.

Level transtator U24 inverts the polarity of the U23
loop filter cutput and translates the voltage to the level
required by the U25 woltage-controlled oscillator
(VCQ). The voltage at U24 input pins 2 and 3 is set to
4.3 Vde by R25 and R26. Under normal operation the
output at UU24 pin 6 varies between 3 Vdc and 7 Vdc,

U25 is an emitter-coupted logic (ECL} woltage-
controlied oscillator (VCG). The VGO is tuned by vary-
ing the voitage on varactor dicde CR6. The frequency
of the VCO is determined by the inductance of L1 and
the capacitance of CR6. The ECL output levels at pin 3
are converted 10 TTL ievels by Q3. The Q3 output fre-
quency {5 divided by 2 by UU26 to obtain a symmetrical
square wave with fast rise and fall times. The 10 MHz
to 24 MHz ocutput of U26 {labelled VCO on the sche-
malic) drives the Synthesizer Frequency Dividers and
the ¥YMP circuit.

U22 is a one-shot used 16 convert a negalive-going
transition at U21 PLL chip lock-detect output {pin 8) to
a negative-going pulse of fixed duration. A logic low
from U21-8 is applied t0 one input of NOR gate U22B,
causing its output 1o go high. The same logic low is
inverted by U22A, delayed by R21 and C48, and
applied to the other input of U228 to cause its output
to return low after a time delay detarmined by R21 and
C45. The positive-going pulse at the U228 culput is
inverted by U22D and used to trigger the VMP circuit.
The variable modulus prescaler (WVMP) circuit is a fre-
quency divider that is capable of dividing either by 10
or by 11. Its purpase is to increase the “setability”’ of
the internai Synthesizer Loop. With a fived divids-
by-10 circuit, the VCO output could be varied in



2000 Hz increments. By using the = 10f+ 11 circui,
the VGO freguency can be changed in 200 Hz steps.

The VMP circuit consists of presettable 4-bit binary
counters U28 and U29, type D" flip-flops U27A and
U27B, and NAND gates U30B and U30D. U283 divides
the VCO outpui 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 to the divide-
by-10 mode when the reguired number of divide-by-11
cycles have been completed. U30ORB and U30D invert
the pesitive-going “carry”’ pulses from counters U28
and U29.

Pins 3, 4, 5 and & are the preset data inputs far U28,
and correspond to binary values 17, 2" 4" and
“8" raspectively. The 8" input (pin 6) is hard-wired to
ground (logic ''0'") and the 4" input pin is hard-wired
1o + 5V {logic *'17'). The remaining two inpuis are con-
trolled by flip-flop U27A. When U27A is in the "set”
condition (Q output high and G output low) the total
U28 preset value is a binary 5. When U27Ais in the
“clear'’ state, the total preset value is 67 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 préset value
{either 5 or 6} plus one more clock pulse 1o reload the
preset data. {In other words, the division ratio is equal
to 16 minus the preload value.)

The U28 counter is simiiar to the U28 counter, except
thal it counts the number of divisions by 11, The pre-
load data on the ¥YMPO through VIMP3 lines is equal to
16 minus the desired number of divisions by 11. Note
that this circuit cannot be set for zero 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 1o
15, because the constant logic high at the pin 15
“carry'' output would be inverted by U300 and hoid
the U27B PRESET input low, preventing the VMP SET
pulse from latching this circuit. (A method for circum-
venting this problem will be discussed shorily )

The WYMP circuit sequence of operation is as follows
{assume the U29 preload information on tines VMPO
through VMP3 has a binary value of “147).

1. Initially, U27A is in the “clear’” state (O oulput
iow, Q oUiput nigh) enabling the TOAD input of
U239 and causing the UZ28 preload inputs to have a
binary vaiue of &',

2. A phase comparisan in the U21 PLL chip causes
the VMP SET line to be pulsed low. The low on the
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VMP SET line latches U27B in the “clear’” condi-
tion {Q output high) placing a logic ©'1"" at the data
input of flip-flop U27A.

3. Counter U28 will complete its current divide-by-10
cycie. At the count of 157 the “carry”’ output
{pin 15} will go high. This level will be inverted by
U30B, placing a low 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 cycla. The U28 inverted
“earry’ output at U30B will go high, clocking the
VMP preload data {assumed to be *14" in this
example) into U29. This same transiion of the
U28 inverted “carry’” output will clock the logic
“1°" at the U27A data input through to the U27A
outputs. With U27A in the “'set’’ state (Q output
high, Q output low) the low will be removed from
the U2¢ LOAD input and the pretoad information
for U228 will be changed to a binary "'5",
(However, this information will not be loaded into
U28 until its LOAD input is again pullsed low by
U30B and a clock pulse is receivaed from the VCO
output.)

5 U28 completes ancother 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’” output from
U30B loads the preset value 5" into U28 and
increments the U28 counter to 15", The high on
the U29 “carry” output is inverted by U30D to
iatch U27B in the “‘set’’ conditicn (Q output low)
removing the logic high from the U27A data input.

6. U28 compietes a divide-by-11 cycle. The inverted
“carry” pulse from U30B reloads UZ8 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 U29 and chang-
ing the U28 preset data to “6™".

7. U28 completes another divide-by-11 cycle. The
inverted “'carry’’ pulse from U30B Ioads U28 with
a presel value of *'6" and clocks U28 to reload
the VMP preset data. With U29 no longer in the
returns high, releasing the U278 PRESET input,
enabling it 1o accept the next VMP SET pulse.

During discussion of aperation of the entire loop, refer
fo 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 Loop

divider in U21, and the resulting 200 Hz frequency is
applied 16 one input of the phase detector in U21. The
outpui of the voltage controlled oscillator is divided by
the wvariable modulus prescaler and the program-
mabte {+ N} divider circuit in U21, and applied to the
other input of the U21 phase detector. The output of
the UZ1 phase detector {via the loop filter and ievei
tranglator) varies the frequency of the YCO until the
output frequency of the programmabie (= N} divider
exactly equals the 200 Hz reference frequency.

Table 4-2 shows some examples of VCO cuiput fre-
guencies generated by various combinations of =N
division ratios and numbper of VMP =11 division
cycles. Let's work backwards from the phase detec-
tor for the case of N =5000 and the number of VMP
=11 cycles =2,

1. The reference frequency into the U21 phase
detector is a fixed 200 Hz.

2. When the toop is locked, the two phase detector
inputs will be equal in freguency, therefore the
output of the — N divider will aiso be 200 Hz.

3. 1 N=5000, then 5000 cycies of input will be
required for each cycle of output from the =N
circuit.

ror 5000 oygies of inpui inlo the — N cir¢uit, ing
VMP circuit must provide 5000 cycles of output,
and therefore must go through 5000 cycles of
division,

:l::;

5 I two of the VMP division cycles are division by
11, then the remaining 4998 cycles are division by
10.
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6. For 5000 cycles of VMP 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 freguency is 200 x 50,002 =
10,000,400 Hz.

it can be seen from the exampies in Tabie 4-2 that
incremanting the division ratic N will raise the vVCO
frequency by 2000 Hz, while incremeniing the number
of divisions by 11 in the VMP circuit will increase the
VCO frequency by only 200 Hz.

Mathematically, the frequency equation for the loop
is;

heo = Iref
NPT A

where

fyco = the frequency of the voltage controlied
osciilator

N = the PLL division ratio

P = the lower modulus of the variable
moduius prescaler

A = the number of divisions by the upper
modulus per phase compariosn

fras = the reference frequency
R = the reference division ratio
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Table 4-2. Examples of Internal Synthesizer Loop Division Ratios

U21 Variable Divider Number of ¥MP Frequency Number of VMP Input Cycles
Input Frequency Divisions Per Phase Comparison {(VCO Qutput)
U21 Phase
Detector T4 Cycles Per
Input N Fo Phase Totat YMP | Number Of | Number Of Cyeles Per
Frequency Divisioan Cycles Per Comparlson Dlvision +11 +10 Phase Cycles Per
Hz Ratio Second {Hz) (Fo + 200) Cycles Cycles Cycles Comparison | Second (Hz)
200 4,999 995 800 4,999 4,995 10 4.989 50,000 10,000,000
200 4,999 899 800 4,999 4,999 1 4,988 b0 10,000,200
200 5,000 1,000,000 5,000 5,000 2 4,998 50,002 10,000,400
200 5,000 1,000,000 5.000 5.000 3 4,997 50,003 10,600,600
200 5,000 1,000,000 5,000 5,000 4 4,995 50,004 10,000,800
200 5,000 1,000,000 5,000 5,000 5 4995 50,005 10,001,000
200 5,000 1,000,000 5,000 5,000 6 4994 50,006 10,001,200
200 5.000 1,000,000 5,000 5,000 T 4,993 50,007 10,001,400
200 5,000 1,000,000 5.000 5,000 8 4,992 50,008 10,001,800
200 5,000 1,000,000 5,010 5,000 9 4,991 50,009 10,001,800
200 5,000 1,000,000 5,000 5,000 10 4,990 50,010 10,002,000
200 11,998 2,399,600 11,998 11,698 10 11,988 119,990 23,998,000
200 11,998 2,389 600 11,988 11,988 il 11,987 119,951 23,898,200
200 11,989 2,399,800 11,959 11,999 2 11,997 119,992 23,988,400
200 11,999 2,389,800 11,989 11,999 3 11,996 119,993 23 998,600
200 11,989 2,393 800 11,399 11,899 4 11,995 115,954 23,898,800
200 11,999 2,395,800 11,899 11,955 5 11,854 119,985 23,999,000
200 11,599 2,399 800 11,989 11,899 B 11,993 118,596 23,999 200
200 11,999 2,399,800 11,899 11,899 7 11,592 119,997 23,999,400
200 11,999 2,399,800 11,993 11,999 B8 11,991 119,998 23,999,600
200 11,999 2,399 800 11,989 11,983 9 11,980 115,995 23,999,800
200 11.999 2,399 300 11,099 11,999 10 11,989 120,000 24,000,000
In thig circuit P = 10, dividers U33 through U35, and &input multiplexars
and U32 and U36. Also included in this circuit group are
the internaliexiernal trigger selector gates and the
Tret = 3200 = 200. Therefore, the equation refar
LAY ] ence output selector gates.
R 16 The 10 MHz to 24 MHz VCO frequency is applied to
reduces to the clock input of 4-bit binary divider U31. U31 pro-
f _ vides four simultaneous outputs with frequencies of
VCO = 200 ) _ _ .
TONT A VCO +2,VCO +4,VCO =8 and VCO -+ 18, The four

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

As previously mentioned, in this particular circuit A
cannot be set to 0 or 1 because the U289 counter in the
YMP circuit cannot be preset to 15 or 16. In these two
cases, Alssetto100r 11 and N is decremented by 1,

4,53.3 Synthesizer Frequency Dividers

The Synthesizer Freguency Dividers divide the
10 MHz to 24 MHz YCO frequency down to the range
of 1 Hz o 99999 MHz. (For frequencies of 10 MHz
and above, the YCO output is usad directly, without
frequency divigion.) The Synthesizer Frequency
Dividers consist of binary divider U31, decade

outputs of U31 are applied to U32, which selects cne
cf them as the frequency scource for the decade
dividers. The microprocessor, via the BINARY A and
BINARY B control lines, selects the binary divider oul-
put having the lowest frequency that is within the
1 MHz t0 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 ralio.

U33 through U35 provide § decades of frequency divi-
sion, down fo frequencies as low as 1 Hz. These
dividers al 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. U35 selects
the input correspending to the binary value on its
three conirol lines from the microprocessor, and
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applies the selected frequency to the selector gates
for the main loop, buffered trigger cutput and refer-
ence ouput.

NAND gates 139 select sither the synthesizer ouiput
or the 10 MHz reference from the Synihesizer Refer-
ence Circuit for application to the Reference Qutput
amplifier. A logic high on the SYN/REF line enables
Li32A to pass the synthesizer output signal. The logic
high is inverted by U39B to inhibit U39D, holding its
output at a logic high. A logic low on the SYN/REF line
inhibits U39A, and is inverted by U39B to enable the
10 MHz reference frequency to pass through U38D.
U38C combines the cutpuis of U38D and U3YA. The
signal 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 Output
amplifier.

UJ38 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 output; a logic low selects the
TRGO signal from the trigger comparator on the func-
tion generator board. The selected source {s applied
to the burst counter cirguit as buffered trigger ocutput
TRGOB.

Table 4-3. Binary Divider Frequency Ranges

Decade
Programmed Divider Binary
Frequency input Divider vCco
Significant Frequency Division Frequency
Digits (MMz) Ratlo (MHz}

10000-12499 1.0000-1.2489 16 16.0000-19.9984
12500-24999 1.2500-2.4959 8 10.0000-19.9992
25000-49909 2.5000-4,9999 4 10.0000-12.9995
50000-888559 5.0000-8.855% 2 10.0000-15.9933

NOTE: For frequencies of 10 MHz and above, the VCG output is
used directly, withaut binary or decade frequency division.

4.5.4 Main Loop Circuit

The main loop circuit allows the Wavetek 278 o be
phase-locked 16 an external reference within 5% of
the programmed generator frequency, or to the fre-
guency synthesizer operated¢ from an internal or
external reference at a fixed frequency of 10 MHz
Figure 4-22, Generator Operation in Phase-Locked
and Synthesized Modes shows the relationship bet-
ween the function generater board and the syn
thesizer board in the phase-locked and synthesized
modes.

The SQS square wave output of the function genera-
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tor board is divided by two and applied to one of the
inputs of the phase detactor in the Main Loop circuit
an the synthesizer board. (This phase detector should
not be confused with the phase detector in the synthe-
sizer circuits ) The other side ¢f the phase detector is
driven by either the synthesizer output or an external
reference within 5% of the programmed generator
frequency (also divided by two). The Main Loop phase
detector and loop filter develop a dc voltage propor-
tional to the phase or frequency difference of the two
signals. This error voiiage is summed with the fre-
quency control voitage (VCO) from the function gen-
erator board, then returnad to the function generator
board ag a modified frequency control voltage, VCGI.
This VCGI voltage varies the function generator fre-
guency until it is equal 1o the reference frequency at
the ather input of the Main Loop phase detector.

The P13 REF INPUT connecior accepts a TFL of zero-
crossing signal at the programmed generator fre-
quency in the TTL LOCK and ZERO LOCK modes, or a
TTL or zero-crogsing signal at a fixed 10 MHz fre-
guency in the TTL. REFERENCE and ZERC REFER-
ENCE modes. In the SYNTHESIZER mode, 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, leop filter and summing amplifier.

NAND gates U37, cantrotied by the SYNTH/¢ SELECT
control line, selact either the output of the synthesizer
or the ouiput of the reference input comparator {U16),
A logic high on the controd line gates the synthesizer
output through U37A; a logic low on the line is inverted
by U37C 1o gate the ¢ LOCK IN signal through U370.
The selected output is applied through freguency
divider U40A to the reference input of phase detector
U41,

The sguare wave output of the function generator
(5Q8) is applied through frequency divider U40B 1o
the variable frequency (V) input of U41. U40A and
U40B divide the reference and variable fraquencies
by 2 to bring them within the maximum frequengy limit
of phase detector U41,

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 put signals are in phase, both the Ut and D1
outputs remain high. When the R input {pin 1) leads
the V input {pin 3) in phase, output D1 {pin 2} siays
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 DY pulgas
low during this interval. These puises are converted to
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Figure 4-22.

MAIN LOGF

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 consisis of inverter U4z,
diodes CR8 through CR11, analog switch U43 and
associated resistors. This circuit converts the U1 and
D1 digital ouiputs of the phase detector to a single
output that is either a positive current source, 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. Voltages on
these diagrams are simplified to illustrate theory of
operation, and are notf intended to represent exact
circuit voltages. In these diagrams, logic levels are
assumed to be exactly OV and + 5¥, and the voltage
drops across forward-biased diodes are neglectad.

Figure 4-23 shows circuit operation when inputs U1
and D1 are both high. The logic high at the U1 inputis
inverted by U42, and holds the junction of CR8 and
CR$ at zero volts. The 1ogic high at the D1 input holds
the junction of CR11 and CR10 at +5Y. The + 2.5V
level from the foop filter input is fed back through R51
to the junction of CRY and CR10, reverse biasing both
dicdes to maintain the circuit in the “'off' condition.

Charge pump operation with the U1 input low and the
D1 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 1o bias the cathode of CR10 to + 5V.
Currant flows from the <+ 15V supply, through
R45-R47, CR® and R51 into the loop tilter. The values
of R45-R47 are chosen to be much larger than the
value of R51, so that the voltage at the midpoint 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 inte or out of the loop filier is through R45-R47,
CR$ and R51,

Circuit operation with the D1 input low and the U1
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 CB11 anode to OV, Current
flows from the locp filter, through R51, CR10 and
R48-R50 to the — 15V supply. The values of R48-R50
are chosen to be much larger than the value of R51,
so that the voltage at the midpoint of the voltage
divider formed by R51 and R48-R50 does not drop to
less than zero volts. With this midpoint limited to zero
volts or more, GR9 and CR11 are both reverse hiased,
and the anly current path into or out of the loop filter is
through R51, CR10 and R48-R50.

Solid-state anatog switches U43A and U43B are
opened by a logic high on the 10-99.8 Hz line when the
generator is programmed to this freguency range.
Opening the switches removes R46 and B43 from the
circuit, reducing the current into and out of the loop
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present at inverting input pin 2. However, there is no

dc feedback path in the lgop filter, and the operational

amplifier output cannot exceed the + 15V value of the

supply voltages. Therefore, when the loop is unlocksd,

j % RA5RAT the voliage at the pin 2 inverting input can vary from
i

+ 5Y + 15y

this + 2.5V value. This devialion is detecied by the
Lock Detect circuit, which signals the microprocessor

D Do 1 ov via the LOCK DET line.
{PIN 13) ov I . - ,
iz GRS Summing amplifier U48 combines the output of the

ioop filter with the VCGO frequency control voltage
fram the function generator board, and returns the
modified frequency control voltage to the function
generator hoard as VCGI. in the phase-iock and gyn-
Uda-2 thesized modes, a logic low on the VCG ling closes
R51 +2.5v series switch U47D and, via inverter U47A, openg
_ shunt switch U47C to apply the loop filter output to the
summing amplifier. In cther modes, the switches dis-

CFHUSZ REVERSE BIASED connect the foop filter from the summing amplifier
CR11 and the YCGI voltage is equal 1o the VOGO voltage.

FPT:J[;; — E>}— w5V A58 adjusts the offset of summing amplifier U48,

CRe Sz REVERSE BIASED

+ 2.5V

+ 8V + 15V
—15v
Figure 4-23. Charge Pump Cperation HE&EsiyEI ittt
With Both Inputs High
141-l1 l
{PIN 13) " ov k
filter. This has the same effect as increasing the value U4z CRa
of R51, which would iower the freguency of the loop
filter. CRESZ
Loop filter U44 integrates the posilive-gaing and
negative-going pulses from the charge pump circuit to gg'rt:j;z‘m”;;fghﬂé g;gfﬂ;i;"‘g;]zdix;f:’“;i . Usas
provide a dc frequency control voitage for phase- +2.5V and +5V for values used in circuit. Ret 2BV
locking the function generalor, The fiiter is similar to
the one in the internal synthesizer loop, with the
exception that the filter is band-switched by solid- cmogz REVERSE BIASED
state switches U45A through 45D, For the 1KK-88.9K CR11
range, the time constant of the filter is determined by U41-01 D| LBV
R51 and C67. Loop damping ig controlled by R41. C66 PIN2Y - rsY
is a high frequency bypass used to reduce naise inthe
filter. Other {ilter ranges are identical except for com- A §“43'H5ﬂ
ponent vaiues, Filter range is seiected by a logic low
on one of the U45 coniroi iines.

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) operaticnal amplifier
U44 will drive s ouiput to whatever voltage is
reguired t0 maintain a zero vollags diffsrance bet-
ween 18 two inputs; therefare this + 2.5V level is also

- 15V

Figure 4-24. Charge Pump Operation
With U1 Input Low
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+ 5V + 15V

S
I ,lf/J é

ov
o

U4t T
{PIN 13}
U4z

3]

cng'sz REVERSE BIASED

Voltage at this point is determined by values Udd.2
of resistars R48-R51, and is between 0 and —+ ——ANAN—
¥ 2.8Y for values used in cirguit. Rs1

cﬂmgz by

CR11
ua-o1
IPIN 2) ov

REVERSE BIASED

R48-R50

—15¥

Figure 4.25. Charge Pump Operation
With D1 Input Low

4.5.5 Lock Detect Circuit

The Lock Detect circuit consists of two comparators
with their cutpuis both connected 1o a commeon pull-
up resistor. The threshold of the U46A non-inverting
input {pin 3} is set to 2.7 volts by RB2 and RE3. RES
and R&8 sst the threshold at the inverting input (pin 6)
of U46B at 1.0V. The voltage from the loop filter invert-
ing input is applied 10 the inverting input {pin 2) of
J46A and to the non-inverting input (pin 5) of U46B. A
voltage greater than 2.7V will cause U48A to pull the
LOCK DET line low; a voliage less than 1.0V wilt cause
U46B to pull the LOCK DET line low. The micro-
pracessor responge to the LOCK DET line going low is
digitally filtered {delayed) to ignore narmal switching
transitions on this line. Typical response time is 4
seconds. When the loop is locked, this line is high.

Note that the lock getect 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 will
cause the internal synthesizer locp to go cut of lock; in

ManualsPlus.com

maost cases the main loop will remain iocked to the
output of the uniocked synthesizer.

456 Relerence Qutput Amplifier

The Reference Qutput ampiifier is aimost identical to
the 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 R75-R78 provide negative
feedback to prevent thermal runaway. Collector
resistors R71-R74 and R83-R84 protect the transistors
from overvoltage at the output connector. Collector
bypass capacitars C80 and C82 prevent large signal
swings at high frequencies that would reduce the gain
of the transistors. High-frequency response is also
improved by C73 and C81, which bypass base
resistors R70 and R80.

4.5.7 Power Circuits

The =15V lines and the + 5V line enter the board at
J17, and are filtered by ferrite beads FB1 through FB3
and C9-C11. Separate =15V lines, labelled + 15V-1
and —15V-1 on the schematic, are provided for the
Reference Quiput circult, A separate, isolated +5V
supply for the U21 PLL and U25 VCO circuits (labelied
+ 5VISO on the schematic) is derived from the + 15V
supply by three-terminal regulator VR2. The negative
supply (—5WS0O) for the U186 trigger comparator is
generated from the — 15Y supply by requlator VR1.

4.6 MODEL DIFFERENCES

Wavetek Model 278 Function Generators with serial
numbers less than 7230038 have several minor differ-
ences in the Microprocessor/Power Supply Beard.
Section 7 containg a schematic diagram (drawing
number 0103-00-0919) of the earlier board revision.
On the earlier version of the Model 278 Microproces-
sor/Power Supply Board:

1. MASTER RESET capacitor C1_was 100 uF, 16V.
The MASTER RESET function {MR) was performed
entirely by charging this capacitor through R8;
operational amplifier U27 was not used in the

MASTER RESET circuit.

2. Operational amplifier U27A was used in the bat-
tery test circuit as a voltage follower amplifier pro-
viding an output equal to the comparator refer-
ence voltage. It was used io convert the =15V
oUtput of the U278 comparator to TTL logic levels
by summing the two veltages through B30 and
R31.

3. The second BAM {U12) and memory backup bat-
tery BT1 were optional (Option D013,
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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.
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. 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.



5.1 FACTORY REPAIR

Wavetek maintains a Customer Service department. Ifan
instrument is returned 1o Wavetek for repair or calibration,
a detailed description of the specific probiem should be
attached to minimize turn around time.

5.2 CALIBRATION

| NOTE

The completion of the calibration procedure
refurns the instrument fo correct atignment.
CALIBRATION LIMITS AND TOLERANCES
ARE NOT INSTRUMENT SPECIFICA-
TIONS. instrurnent specifications are given in
| Section 1 of this manual.

—— —

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

The setup for each calibration step and a displayed
operator cue are contained within the firmware. Calibra-
tion steps and cues can ba accessad by pressing RCL 1001
EXEC, RCL 1002 EXEC, etc. for each step of the calibra-
tion procedure in {able 5-2. Calibraticn poinis are shown
in figures 5-1 through 5-3.
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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.

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

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

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

MNOTE

1. EXEC (Execuie), required to implement parameter
vaive change, has been omitted from the calibra-
tion procedure.

2. Each step (RCL 10071, 1002 ete) a2iso can be jnere-
mented and exacuted by using the cursor controf
{ref: paragraph 3.6).

3. When using the Function Output BNC, it must be
terrminaized with a 50 termination.

Calibration Test Equipment

Comment

Tahle 5-1.
Instrument Suggested Model
Digital Voltmster Fluke 8050A
Distortion Analyzer
Freguency Counter
Oscilloscope
Main frame ! Tektronix 7904

Plug-in

Vertical Amplitier Tekironix 7AZ6

BC accuracy: 0.01%
AC Accuracy (true rms); 0.2%
Freguancy range: 5 Hz to 100 kHz
Cistortion measurement: 0.1 to 100%
Freguency rangs: 0.5 Hz {0
Frequency accuracy: =1 ppm

-l Y | .
L9 VI <

Ll

Bandwidth: dc to 500 MHz

Bandwidih: dec to 200 MHz
Sensitivity: 5 mV to SVidiv
input impedance: 1 M@

Dual Time Base !
Sampler

Tirme/div: S nsto 5 8

|
Tektronix 7B53A |
i Bandwidth: dc to 1 GHz

Tektronix 7514

51
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Calibration Test Equipment
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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.
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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
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6.1 FACTORY REFPAIR

Wavetek maintains a factory repair dspartment 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 to give
a methodology which, if applied consistantly, will lead
io the problem area. Therefore, it is necessary 1o
familiarize yourself with the instrument 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 relationships.

6.3 TROUBLESHCOTING

Table 8-1 gives an index of common symptoms. For
each symptom a troubleshcoting step is referenced
that will aid in the solution of the problem. Individua!
component 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.

[n all problems:

1. Double check for proper parameter settings.
2. Verify power suppliss arg in specification.

3. Calibrate or rule out calibration as a problem.
4

Inspect components, wiring and circuit boards for
heat damage.

—

Recalibraie as necessary afier circuit repair.
Find the instrument symptom in table 6-1 and proceed
as directed to the proper troubleshooting step. After
verifying the refarenced step is okay, proceed to the
following step unlegs directed otherwise.
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SECTION &
TROUBLESHOOTING

Table 6-3 provides voltages and waveforms for cir-
cuits on the Function Generatar Board. These
measurements were made with the default instrurnent
parameters automatically selected at power-on or
after pressing the RESET key, except that the output
is turned on (OUT 1)

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

Table 6-1. Symptoms

Table 8-2
Symptom Step

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

power up 2
"“BATTERY LOW’' displayed 3
Keyboard has no effect 4
Cannot recall stored settings 5
Won't work on GFIB §]
Keyboard will not work with unit

och GPIB 7
No output or incorrect output at FUNG

QUT {output on} 8
No output or incorrect frequency a1
High freguency incorrect, sine distartion
excessive at low frequencies, or no
autput 8.2
Sine distartion excessive, no output, or

no sync output 8.3
No output or frequency incorrect

below 100 Hz 84
Excessive sine distortion, amplitude

errars, of no output 85
Offset errors or no output 8.6
Output offset or no output 8.7

&-1



Table 6.1. Sympioms (Continued)

No triangle out ]
No square cut 10
Trigger or gated mode error LR
MNo 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 18
No reference output i7
5th frequency digit will not change in

mode 4 18

6.4 TROUBLESHOOTING INDIVIDUAL

6.4.1

1.

8-2

COMPONENTS

Transistor

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

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

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

A transistor, when used as a linear amplifier, is
defective if i{s base current is larger than 10%
of its emitter current {calcuiate currents from
voltage across the base and emitter series
resistors}.

In & transistor differential pair (common emitter
stages), either their base voltages are the same
in normal cperating condition. or the one with
less forward voliage across il base emitter
junction should be off {po coliector currenth:
otherwise, one of the transistars is defective.

ManualsPlus.com

6.4.2 Diode

Acdicde (except a zener) is defective if there is greater
than one wvolt (typically 0.7 volt} forward voltage
across it.

6.4.3 Operationai Amplifier

1

The "+ and " —" inputs of an gperational
amplifier will generally have less than 15 mY
voitage difference when operating under normal
conditions except when used as a comparaior.

When the output of the amplifier is connected to
the "' - '" input {voltage follower connection), the
output should be the same voliage as the ™+
input voltage; otherwise, the operational
amplifier is defective.

if the cutput voltage stays at maximum positive,
the "'+ " input voltage should be more positive
than ="' input voliage, or vice versa; other-
wise, the operational amplifier is defective.

6.4.4 FET Transistor

t.

No gate current should be drawn by the gate ofa
FET transistor. {f 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.q., the source vollage is
more pogitive than the gate voltage for a
N-Channel JFET such as 2N548B5, and the
source voltage is more negative than gate
valtage for a P-Channe! JFET such as 2N5462.
Otherwise, the FET is defective.

6.4.5 Capacitor

1.

8.4
1

Shorted capacitors have zero voils across their
terminals.

Opened capacitor can be iocated {(but not
always) by using a good capacitor connected in
parallel with the capacitor under test and
observing the resulling effect.

Digital TTL 107 (a.g. 7400 Serles)

The device is operating correctly if the ouiput
high state is > + 2.4V and low state is < 4+ 0.5V,

The input must show the same two levels as in
step 1. If the levels are between +10.8V and
+ 2.0V, the connection {0 the driving cireult oul-
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
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Table 6-2. Troubleshooting {Continued)

Circuft Schemalic
Description {No.[Sheet/
Step Symptom Check. Paragraph Major Components Location) Remarks
8 Ng or incorrect Test Connectar: See RESET instru-
output at FUNG Remarks ment, with outpt
OUT i{output ony on. if bad refer to:
a..J23 pin 11 YCGTST = 0920/3/B1 step 8.1
0.0+01 Yde
b J22 pin B DCCOMP = DO2043/81 step 8.2
0.0 450 vde
C.J23 pin 7 TRITET = DO2043/1B1 step 8.3
00+0.1 Vde
d. J23 pin 13 AMPLDC = 092043181 step 8.5
50+£0.2 Vdc
e. J23 pin 1 PATEST = D92043/B1 step 8.6
0.0+0.1 Ydc . If akay go 1o step
87
8.1 Ng output or incor- | WCG
rect frequency a. SHO (FRQ input) 4253 1519, C28 109442402
b, VCG Amp & Compensa- | 4.4.1 J1-2, CR1-2 0820/14C4
tion
. Curent Sources 4.4 Uz2-3, Q1, CR4-5 09204
82 High frequency Freguency Compensation
incorrect, sine a. DC Amplifier 445 1i7-8, C17.58 Q920/24CH
distortion excassive b. High Frequency Comp 445 U1, U7-8, 2-3, CR15-16 | 0920i2/1C6
at low frequencies
of no output.
8.3 Sine distortion Main Generator
excessive, no out- a. Gurrent Switch 442 Q4-5 CR17-20 0920i2/D4
put, OF nO Sync b. Switch Buffer 442 Q6-7, CR21-23 0RZ0OI2/C4
output . Comparatar 4.4.2 Q8-12, CR24-31 0920/24C3
d. Square Buffer 4.42 Q13-14, CR32-34 ogag/eicz
e. Triangle Buffer 442 M5-17, CR6H 0920/2{C1
{. Freguency Range 443 I g-21, CR35-43, og20i2fB2-4
Switches C43-47, 50, 52, 54
g. Sync Driver A48 Q28-27, CR52-53 DOZ0I3ICA-D3
8.4 No output, ar fre- Capactance Multiplier 444 Us-tt, C40 D92042/A6-T
quenacy ingorrect
below 100 Hz
a5 Excessive sine Amplitude Controd
distortion and a. SH1 (AWM 4253 U15-19, C32 10Q4)2102
amplilude errors, b. Bine Corverter 448 U112, Q22-23, R145 {320/3{C4-56
or not cutput . XY Multiplier 449 U17-19, CR592-62 0920/4/A5-8
8.6 Offset Errors arno | Preamplifier 4410 © UG, Q28-29, CR54 (92014057
output N i
a7 Qutput offset or no Qutput
oukout : 2, SHZ 1S 1) 4.2.5.4 U1b15,20, Cus 109412102
! b. Offset 448 U1y 0920/4/B5
c. Cuiput Amplifier 4.4.11 U16, Q30-37, CRE5-58 092041C1-5
d. Fuse and Fuse Sense 44422 Uza, F1 0920/4/81-2
e, Overvoitage Sense 44,121 U200, CRE3-65 0920/4/B4
f. Qutput Attenuator 44123 038-41, K1-3 092041212
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Table 8-2. Troubleshooting (Continued)
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Clrcuit Schematic
Description {No./Sheetf
Step Symptom Check Paragraph Major Components Location) Remarks
2| Ng triangle out Triangie Level 4.4.8 U12, G2a.25 0320/3/B5-6 if ckay return to
step 8.3
10 No sguare out Square
a. Square Logic 448 U13-14 0920/3B5-6 It okay return to
b. Square Shaper 448 12, CR45-51 0320/31A3-4 step 3.3d
11 Trigger or gated Trigger Circuit
moda error a. SH3 ({TRAL) 4.253 U15-18,20, C40 1094/2/B2-3 If okay return to
b. Trigger Level Amplifier 441 L2 09201186 step B.1¢
c. Trigger Comparator 447 4, CRg-11 08201/B5
d. Mode Logic 447 Us-6, CR7-8,12-14 0920/1/84
12 Mo burst or Burst Caunter
incarrect burst a. Auxiliary Buffers 4243 U28-29 1084/2/E6-7 H okay return ta
count b. Auxiliary Connectors — cables connectors step 10
. TRIG IN Jumpers 4.4.7 E13-E14 0320{1/A4
d. Program Decode 4.51 1 DOTEHICT
e. Prograrm Registers 4.51 u2-y 0978/11C3-6
f. Burst Mode Logic 452 ug, 115 09781148
3. Preset Counter 452 Us-u13 no7ai (B2, C6
13 Internal Trigger Internal Synthesizer
does net function a. Trig Select Switch 4533 38, Us, U3s 0978 %CT-5
or ig inaccurate b. Synthesizer Freguency 4533 U31-036, u2, U7
dividers C9T8L3AT-DY
©. VCO (Synthesizer}
Qutput 4532 26, Q3 U2s 0973/2/B3-4
d. Level Translator 4532 U24 0978I2/B5
e. Loop Filter 4532 U23 0STRIZIBE
f.PLL Chip 45.3.2 21, vR2 97gi2Ba
g. VMP 4537 U27-30 G978/2/81-2
Imternal Reference
a. Reference Dividers 4531 U1B-Uz0 0g782/D1-2
b1, Ref. Sedect Switch 4531 utz 0973/ 204
¢. Ref. Buffer 4531 U186, VR1 QETRI2I04
d. Ref. Oscillator 4531 Qr, Q2, Y1 0a78/2/D5-7
14 Synthesized Internal Synthesizer
Fraguency a, Synthesizer Output 4532 U286, Q3, U25 QE7821B3-4
Inaccurate in b. 8ynth. Freq. Divider Out. | 4533 Ua1-u3s, Uz, Uy 0F7EIHAT-DT
Mode (4}
Main Loop Select Logic
a. ¢ Lock Selector 454 U3y O7BI3ACE
B Main Loop =2 454 4o 0978/3/C4
Main Loop
a. ¢ Ref. Inputs 454 4041 0878/3/C3-4
b. Main Loop Filter 452 U4a3-U4ag D97BIHCS
c. Main Loop Control 452 ur 08781/C3
. VCG Surnming Mode 4,52 U4y, ijde [ 0978131
e. Main Loop Lock Detectar | 45.2 U4e 09758/3182
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Table 2. Troublesheoting {Continued)

Crcuit Schematic
Description {No./Sheetf
Siep Symptom Check Paragraph Major Components Lacation} Remarks
15 Will not lock to an TTL Reference Operation
External Reference a, Heference Select Logic 4531 Ui7, US 0978204
b. Ext. Ref. Buffer 4531 U6, VR, P13 0978/2/CH
Zera Reference Operation
a. Reference Selact Logic 4531 U17, Us QE78/2/D4
b. Ext. Ref. Buffer 4.5.3.1 18, VR1, P13 0978/21C5
TTL Lock
a. Reference Select Logic 4531 7, UG 0975/2/D4
b. Main Loop & Select 4.5.4 U3z, Us 0978I3ICE
Zero Lock
a. Reference Select Logic 45.3.1 L7, Us 09782104
b. Main Loop ¢ Select 454 V37, Us 0978/34CE
16 “LOOP NOT Main Loop Status
LOCKED™ a. Loop Inputs 4.5.4 U40, U1 D978/3/C4
Displayed b. Loop Filter Control 454 L43-U45 0978/3C4
¢. Lock Detectar 4.5.5 U484 0978f3/B2
d. VCG Summing Node 454 47, U4g u78/3/1C1
e. Mode Programming — FROMNT PANEL
17 No Ref. Cut Driver Circuits
a. Gutput Buffer 458 4, 015 097843184
b. Ref. Out. Select Logic 4533 U3g us 0978/3/B6
c. Cutput Caonnections W1E, FRONT PANEL 09781343
18 Sth Freguency Digit| Internal Syntheésizer
will not change in a. VWP Circuit 4532 u27-uU30, U2z ng78/2/B2
Mode (4} b. VMP Programming 4.5.3.2 Uz2g, Us 08782182

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

Circuit Control Voltages Circuit Voltages
VCG and trigger QVR = TIL high {J9-19) TLO = +1.5V (U2
lavel FR5 = TTL high (J2-10) THC = +1.2V (U3
FRCQ = 1.00V (J3-1) VCV = —04V{E10)
TRL = +4.25V {J3-4) VCGTST = 0.00 Vde (J23-11)
Frequency FR7 = TTL high (J9-12) DC COMP = D=5V (U7-14)
compensation FR6 = TTL high (J8-11)
FRS = TTL high (J9-10)
DCA = TTL low (J9-18)
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Table 6-3. Function Generator Board Voliages {Reset Condition) (Continued)

Circuit Control Voltages Circuit Voltages
+
Generator : +1.0¥
op Tri Butfer /\/ (G16-emitter)
Ot !
o —10¥
: +2.0V
Switch Buffer {CR25-cathode)
St
, —20v
. + 1.0V
Hysterasis )
out {Q9-base)
! -1.0v
i +5.0v
508 {R93}
TRITST = D.00 {J23-7)
DC COMP = 05V (J23-9)
Freguency FR3 = TTL high (J9-8)
range FR4 = TTL low (J9-9}
FRS = TTL high (J8-10)
FR6 = TTL high (J9-11)
Capacitance FRO = TTL high (U10-9) .
multiplier FR1 = TTL high {U10-8) . 10V
FR? = TTL low (U10-1) TRE /\/
CPM = TTL high (U10-16) -1V

Trigger circuit

+TR = TTL high {J9-22)

TLO = +1.5V (R29)

—TR = TTL iow {(J9-21) THC = +1.2V {CR14-cathode)
MCO = TTL low {J9-18) ! +5.0V
MC1 = TTL low (J3-17) SQB = | | .oy W54
Function gelect - SOR = TTL low {U14-1)
SOR = TTL low (U14-10)

PLS = TTL low (U14-2)
PLS = TTL low (U14-5)
EXW = TTL low (U13-12)
SIN = TTL iow (R141)
TRI = TTL high {R148)
ECT = TTL high (R170)

X-Y multiptier
and offsat

QST = +5.00V (R235)

Amp out = 0.0 Vde (U17-8)
AMP = +5.00V (R268)
AMPLDC = +5.00V (J23-13)

&6-7
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Table 6-3. Function Generator 8oard Voitages (Reset Condition} {Continued}

Circuit Control Voltages Circuit Voltages
Preamplitier l; +0.78
Preamp ouz\i-/\/ CRS54-anoda)
: -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
DOut amp out M (R231/232)
' —50v
Output FUB = TTL iow {J9-34) i LBV
protection QAP = TTL low {49-33) Fuse sense ; '
QA0 = TTL low (J9-13) input M 1
0AZ2 = TIL low (J9-15) -50v

Table 6-4. Frequency Truth Table

Frequency

1= O (€73 T |40 1D | Ifu | EC <L
In:l::l:cln:ln:|n:|n:|n:ln-|> T
Range TR TS TH [T [T [T} (T [T} V)

10.0—-99.9 mHz
100 — 999 mhHz
1.00-9.98 Hz
10.0—-999 Hz
100 —999 Hz
1.00—-9.99 kHz
10.0 -~ 999 kHz
100 — 899 khz
1.00—-9.99 MHz
N0—120MHz1 1

pu—y

N >
—

i
1
1
1
1
1
0

—_ - s O = OO D
— k) =
[ o S S

R —
T i S I H i s ]

oo o o o o o = =
P T ot S T S R
—_ ko ek o= - 03O
e T S T N e e
oy O o O O O = - =

e
—
sk
—_
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Table 8-5. Qutput Relay Truth Table

Xy B

" L g

Condition oQOo

Ampl + 10fst] =1.00V, Gutput On 101
Ampl + |Ofst! = 1.00¥, Output On 110
Qutput Off, Hi Z {~529 ki) 01
Output Off, Lo Z {~ 55.6( 010

Table 6:6. Function Truth Table

Function ‘% IE Eé]«% g E’guﬁ

Sine 01100000 M
Triangle 10100000 g
Square 11010000 L
Sgr Comp i1 001000 L
DC 11100000 —
Ext Width 11000001

Table 6-7. Muode Truth Table

Cont
Trig

S5 O
Mode (= =
0 ¢

i1 0
Gate 1 1

{Includes Burst Mods}
1

Table 6-8. Trigger Truth Table

s4 o«

\ = —
Trigger + i
+(Risingy | 1 o F
—(Falling) | O 13
Man Trig I 1 1

6-9



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 elactronic designs and circuits are incorporated
into each Wavetek instrument as quickly as develop-
ment and testing permit. Because of the time needed
to compose and print instruction manuals, it is not
always possible to include the most recent changesin
the initial printing. Whenever this cccurs, errata pages
are prepared to summarize the changes made and are

DRAWING

instrument Schematic
Instrument Parts Lisi

Chassis Assembly
Chassis Parts Lists

Front Panel Assembly
Front Panel Paris List

Dispiay Schematic
Display Assembly
Disptay Parts List

Funetion Gensrator Schematic
Function Generator Assembly
Function Generator Parts List

MicropracessorfPower Supply Schematic
MicroprocessoriFower Suppiy Assembly
Microprocessor/Power Supply Parts List

Prom Package

Synthesizer Board Schematic

Synthesizer Board Assembly
Synthesizer Board Parfs List

Rear Panel Assembly
Rear Panel Parts List

ManualsPlus.com

SECTION
PARTS AND SCHEMATICS

inserted inside the shipping carton with this manual. If
no such pages exist, the manual is correct as printed.

7.3 ORDERING PARTS

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

NOTE

An assembly drawing number is not
necessarily the assembly part number,
However, the assembly parts Kst number is
the assembly part number.

DRAWING NUMBER

0004-00-0130
1000-00-0185

0102-00-1648
1101-00-1648

1 02-00-1003
1101-00-1003

0103-00-0921
1100-00-0821
1100-00-0921

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

0103-00-2202
1 100-00-2202
1100-00-2202
1109-00-0021

0103-00-0978
1100-00-0978
1100-00-0978

0102-00-0924
1101-00-0924
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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

ManualsPlus.com

DRAWING NUMBER

0102-00-1043
1131-00-1043

0102-00-1041
J102-00-1042

0103-00-1010
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BITS

AMERICAN STANDARD CODE FOR INFORMATION INTERCHANGE (ASCII)
0 16 0 0 i j i i
MSG
o5 0, 0, |MSG "1, 1MSG "1, |MSG [0, |MSG | 0. [MSG |1, [MsG |1 |MsG
43|02t T cotemn
‘ { ; @ Q 1 2 3 4 ] ] 7 ]
ofololol o [nuL DLE sp L [ o | @ 3 \ B
ofofol1| 1 [son| e Joot o | o 1 A Q a N
olal1]lal 2 [sm | DC2 2 B R b " r w
olo]1[1] 3 [em DC3 # 3 C 8 c g 1s | §
] ] w w o) -
ol1jojo] 4 [eoT|spCc | DC4|DCL | 5§ o |4 | o | D e lT1T]¢]d e 5
ool ] s JenoercInac]eey Jo | 215 1@ Te [ & Jul&fe oy 8]
oltT1le] & [ack SYN &« [ o |6 o | F o_| v o | > | v > |
oltTi] T 7 Teel ETB = |7 - | a6 o 1w [ ol o 1w | o
1tolofo] & |BS [GET [can| spE | ¢ 4T T8 T H 271 x % h 2 = | 2]
ifofol1] o [wr|Ter [em s [y | @ s | 21 I EREAE E » E
1lo[1fo[ 10 [iF e - 1 2 2 Jy ez o
tloli[1] 11 vt ESC + | % 3]k I N z | =
= = = = z , o
1[t]ofo} 12 | FF F$ < L N | < 1 g
1lilel1} 13 |¢eR GS = M ] m = |y =
1o 14 S0 RS - = I M I n -
1]1]1]1] 15 ] us / ? JUNL | O f | [uNT ] o DEL
\ A\ /
A4 W
ADDRESSED UNIVERSAL ¢/ LISTEN TALK
COMMAND COMMAND ADDRESS ADDRESS
GROUP GROUP GROUP GROUP
{ACG) UCG) (LAG) (TAG)
\Y4 Y4
PRIMARY COMMAND GROUP (PCG) SECONDARY
COMMAND
GROUP
{SCG)

;MSG = INTERFACE MESSAGE
b1 = BIO1 ... b7 = DIOT7

*REQUIRES SECONDARY COMMAND
*DENSE SUBSET (COLUMN 2 THROWUGH 5)

DG4
DG

NAK
EM

Akl
Iath 1

SOH
EOT
ENG
8BS
HT

(L I T | I

DGL
LLO
PPU
SPD

==
(=

GTL
8DC
PPC
GET
TCT

Device cleat

Local Ipckout

Parallel poll unconfigure
Serial poll disable

c'nvial el ] mum e bl
skl il o g

Go to ocal

Selscied device clear
Paraile! poll configure
Group exagute 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
Names Kay Character (GPIB)
Change Sign +/= -
Decimal Point L .
D,1,2...9 0,1.2,...9 0,1,2,...9
Amplitude AMPL A
Mode MODE B
Function FUNC C
Oftset OFST D
Exponent EXP E
Freguency FREQ F
External Trigger EXT G
Manual Trigger Released (Gate Off) MAN (Released) H
Execute EXEC I
Manual Trigger Pushed MAN {Pressed) J
Store Setting STOR M
Width WID N
Qutput On/Off ON P
Trigger Slope SLP Q
Burst BRST R
Period PER S
Trigger Rate RATE T
Upper Level L UFR U
Lower Level : LWR v
Recall Setting RCL Y
Reset RST Z
Percent Frequency - xF
Get Mode - AG
Trigger Level VL XL
SRQ Mode - xQ
Talk Mode - XT
Recall Next Lesser Numbered Program - AU
Terminator - XV
Recall Next Greater Number Program - W
Cursor i, —, = -
Ciear Entry CLR -
Beep On/Off o _
Display Test DISP TEST -
Status Display STAT | I
Service Reguest SRQ | —_
GPIB Address ADRS i -
Command Recall CMD RCL | .
Return to Local LCOL | —
!
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APPENDIX B (Cont)

Funetion {C) Code

SRQ (XQ) Code

Sine

Triangle

Square

Sqguare Complement
DC

External Width
Pulse

Fulse Complement

RO R W= O

Main Generator Mode (B) Coade

NOTE: This parameter selecls the conditions under
which the SAQ line is asserted. VYalue can be 0
through 255. The equivalent binary value selects the
response conditions as shown in table B-1 example.
Binary 1 = Selected, Binary = Not Selected.
XQ1 s the SRQ) power-up mode. {The rsv bit is always
asserted sefected or not.}

Talk Message (XT) Code

]

Continuous
Triggered
Gated

Burst
Synthesized
TTL Reference
Zerg Reference
TTL Lock

Zero Lock

(==l ) ) O

Qutput On/Off (P) Code

0 Output Off
1 Qutput On
2 Qutput Off, LO Z

Trigger Siope (Q) Code

0 Positive Edge
1 Negative Edge

Trigger Source (G) Code

0 External Triggering
1 internal Triggering

GET Mode {(XG) Codes

NOTE: This parameter sefects which kind of action
the 278 will take when it receives a GET command.

0 Execute and Trigger Upon Receipt of GET
Command (No Error Checking).

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

— 1 Fetch Previpus Stored Setting, Execute and
Trigger Upon Recaipt of GET Command (No
grror Checking?.

NOTE: This parameter sefects the kind of message
the 278 will send when it is addressed as a tatker on
the GPIB.

0 Programming Error list {only errors from GPIB
inputy. G is the power-up talk mode. A typical
error string is £ 1F 2AD 3Y. Some error string
characterics are:

a.  All error strings begin with E.

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

Class 1 Errors: A 1 followed by program-
ming character that caused the error.

e. Class 2 Error: A 2 followed by the two con-
flicting program characiers.

{.  Class 3 Error: A 3 followed by M (Store) or
Y (Recall}.

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

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

1 Poll Byte Response: The byie sent if a serial poil
was performed. The controlier, upon reading this
byte, clears the poll byte and resets the SAQ line
if asserted.

k%]
—
=
)
3
D
a
-
D
[y ]
1)
2
&

_____ gelectad parameter and itg
value. Exampte: FREQ 1E3. If no parameter is
salected; e.g., power-on state or reset, thean

refurng: NO PARAMETER SELECTED.
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The entire instrument setup after last execute. 7  The accumulated operating time. Example:
Example: F1E3ASDOBOCOR2S1E-3N45E- TOTAL TIME: 306.2.
qu2.5v-2.5GAT200P0QOXL1.5 (This string is
returned in the reset condition.)
, , NOTE:
The instrument setup when executed is re- . . .
ceived:; same format as XT3 Toggling switch 7 {figure 2-2) clears the
o instrument-operating-time clock. With SW7
Instrument Idgnﬂﬂpgtlon:WAVETEK MODEL2?8 on, the clock runs during power on. With
Vix.x). xx Iidentifies the software version SW7 off. the clock clears to zero.
number.
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 resolution (6 minutes). 278 STORED SETTINGS 100.
Table B-1
Serial Poll Response Byle
Bit 128 64 32 186 3 4 2 1
Weight {MSB) {LSB)
Bit Meaning SRQ rsv | Reference [ Undefined Low Fuse Qutput Program
Key Not Baitery Blown Protection Error
(Front Locked
Pariel)
Example* 1 0 0 0 §] 0 0 1

*Select Program Error and SRG key (XQ129)
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APPENDIX C
DISPLAYS

Under remote operation, certain

Key Pressed

characters may appear in the

Display - ACTUAL (Explanation) extreme right side of the display.

ADRS

AMPL
{beep)

BRST

CLR

CMD RCL

CURSCOR +—, —

CURSCR 1

GURSOR |

DISP TEST
EXEC

EXP

EXT
FREQ
FUNG
LvL
LCL
LWH

MAN TRIG

Those characters are:
GPIB ADRS (Decirmal address)

R — Remots
AMPLITUDE (Value) {mV or V) L — Addressed to Listen
T — Addressed to Talk
{Audible beep) Q — Request for service
because of selected SRQ
BURST COUNT (VB.IUE) code.

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

(A string of letters and numbers up to 40 characters long
displayed 20 characters at a time and shifted by the
cursor —, —}

{If a value is being displayed, the selected digit blinks. If
there is n¢ value being displayed, there is ng effect. If it
was a command recall, — shifts the display four
characters to the left. If it was a command recall, —
shifts the display four characters 1o the rignt.

(If tha display is a value, code or storage location
number, it increments.}

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

{All display segments are Iit.)
EXECUTE {If no ¢lass 1 errors)

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

EXTERNAL TRIGGER (0) or INTERNAL TRIGGER {1}
FREQ (Value) imHz, Hz, kHz or MHz)

FUNC (Function} ({Code)

TRIG LEVEL (Value) (mV or ¥)

LOCAL or LOCAL LOCKCUT ON {on remote)
LOWER LEVEL (+ or =} {(Value) (mV or ¥

{When pressed: No display if in continous mode,

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

CA
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Key Prasseod

Display - ACTUAL {Explanation)

MODE

ON
QFST
PER
RATE
RCL
RST
SLP

SRQ

STOR

STAT

UPR
{Number key)

WD

MODE {CONTINUQUS {0), TRIGGERED (1) or GATED (23,
BURST (3), SYNTHESIZED (4), TTL REF (5), ZERC REF
{6), TTL LOCK (7}, ZERQO LOCK {8))

QUTPUT (OFF (0}, ON {1); or OFF, LO Z(2) }
OFFSET (+ or —) (Value) (mV, V)

PERIOD (Value) (ns, us, ms, or 8)

TRIG RATE {Value) (Hz, kHz, or MHz2)

No. (Value) LAST RECALLED

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

SRQ NOT ENABLED or SRQ ASSERTED {Proper SRQ
selected)

No. (Value) LAST STORED

{Dispiay changes automatically)

FREG {Value} fmHz, Hz, kHz or MHz)
AMPLITUDE (Value) (mV or V)

OFFSET (Value) (mV or V)

MODE (Mode) {Code)

FUNG (Function} {Code)

BURST COUNT {Value)

PERIOD (Value) {ns, us, Ms, or 8}

WIDTH {Vaiue) (ns, us, or ms)

UPPER LEVEL {(+ or —}{Value} (mV or V)
LOWER LEVEL (+ or =) {Value) (mV or V}
QUTPUT (CFF {Q), ON (1); or OFF, LO Z{2))
EXTERNAL TRIGGER (0) or INTERNAL TRIGGER (1)
TRIG RATE (Value) {Hz, kHz, or MHz)

TRIG SLOPE (POS or NEG) (Coae)

TRIG LEVEL (+ or —} (Value) (mV or V)

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

WIDTH Value) (ns, us, or ms)
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APPENDIX D
OUTPUT AND TIMING FOR MODES AND FUNCTIONS
CONTINUOUS MODE TRIGGERED MODE GATED MODE
TRIGGER SLOPE, POSITIVE {Q0) TRIGGER SLOPE, NEGATIVE (Q1)
. P | - N — TRIGGER ' TRIGGER
LEVEL (Xl)  =—=-ASmmmee=mwo-- -
E E TRIG IN=/! ~ , LEVEL(XL)
[} 1 1 gy 1
1 ! HE H
SYNC OUT I | : y H
ay o X i
: i 11 1
s | ¥ § =
- 1 i
e\ VAVANIEES OV HA\VAV AVay
1 1
1 1

%

%

T l - e -

TRIANGLE

SQUARE

L]

SQUARE COMP

1 ] 1 1 |
1 1 1 ! LAST CYCLE
: STARTED |15
—+1PERIODI+~  UPPER LEVEL i COMPLETED

SINGLE I‘l: |"' +— WIDTH
PULSE .

J +—
—*k 1+—WIDTH LOWER LEVEL

Iie

:

PULSE :
COMPLEMENT

LT Ll
: L R 1 1 |
-

D-1
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BURST MODE

TRIGGER SLOPE, POSITIVE {Q0)
1

\ TRIGGER

SYNC OUT
T

i

SELECTED

WAVEFORM
F—_‘”

SINE

TRIANGLE

SQUARE

SQUARE COMP

SINGLE
PULSE

SINGLE
PULSE
{COMPLEMENT) = - -

MOTE: NUMBER OF CYCLES I3 PROGRAMMED (1 THROUGH 1,048,200)

ManualsPlus.com
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APPENDIX E
Glossary of Mnemonics

MicroprocessoriFower Supply Board DISP Decode line for display section of memory
AD® Biditrectional, multiplexed, 8 bit address/ E Enabie line from microprocessor
1o data bus from/to microprocessor
ADY EQI IEEE-488 “'end or identify”
ADRD 18 bit address bus from microprocessor- FFADEN  Front panel GPIB address entry swilch
{o] lower B hits are latched from AD@toc ADY
ADR15S GAQ GPIB address switches corresponding to

to 20 through 24 respectively. (1 through 16)
ANAG 4 line address decoding for analog con GA4 adding to 31 maximum
to trol lines to function generator and syn-
ANAS thesizer board GPIB Decode lne 1o select the {EEE-488 inter-

face {general purpose interface bus)
ANALOG  Decode ling for analog section of memary

IFC |IEEE-488 “'interface clear”

ANLB 28 analog logic signals to function gener-

10 ator board KYBD Decode line to select keyboard

ANL27 .
MR Master reset 10 initialize microprocessor

ARD 4 tine address decoding to analog regis- _

(8] ters for function generator board control NMI Mon-maskable interrupt line to micro-

AR3 lines processor

AS Address strobe from microprocessor PORT 10 8 line VO port 1 toffram microprocessor
to

ATN IEEE-488 “attention’” PORT 17

BADRD 3 buffered address lines to synihesizer PORT 20 5 line G port 2 toffrom microprocessor

to board 10

BADR2 PORT 24

BATV Battery voltage RAM1 Address decode lines for random access
& memory |C's 1and 2

BODATAG B bit, buiffered, latched data bus to syn- RAMZ

to thesizar board

BDATA7 REN IEEE-488 "remote enable™

DAy B hit, [EEE-488 data bus BFD IEEE-488 '‘ready for gata™

to

D108 ROM!1 Address decode lines for read-only
to memory IC’s 1 and 2

DAC [EEE-488 '"data accepted” ROM2

DATAR 8 bit, latchod data bus for contral lines o RAW Readfwrite line from microprocessor

(o] the display, sample and hold, and analog

DATA7 interface SHO 4 sample-and-ho!d analog signals to func-
to tion generator board

DAV |IEEE-488 “data valid" SH3

E-1
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SRQ IEEE-488 “'service regquest”

TEST Control line to allow operation with exter-
nal test program—not normally used

WRF Write pulse to RAM

Display Board {Excluding Mnemcnics Common to
MicroprocessoriPower Supply Board)

ANOQA Vacuum florescent display anodes cor-
(s responding 1o 14 segments, comma, and
ANOO and decimal point, respectively

&

ANGDP

BLANK Blanking control for dispiay and scan
clock

pse Display synchronizing pulse for  sghift

register scan
GRID 1 Display grids controliing each digit
to
GRID 20

Function Generator Board

AMP Analog control voltage for ampiitude
{SH1)

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

CPM Capacitance multiplier select line
(ANL15)
DCA DC amplifier select line (ANL13}

DCCOMF DC compensation and low frequency
linearity correction for triangle buffer test

line
EXW External width select line (ANL18}
F_HO Frequency range select lings 1o range
to capacitors, capacitance multiplier, and
FRY frequency compensation (ANLD 10 ANLT)
FRQ Analog control voltage for frequency
{SHO)

FUB

MGO
&
MC1
QAQ
&
0A2

OAP

OsT
OvR
PATEST
PLS
PLS
PLSI

RCT

SIN
50B
SQR
SQR
sQs
THC
TRB
TRGI
TRGO
TRI

TRITST

Signal to microprocessor that output fuse
is blown (PORT11)

2 mode control lines (ANL11 and ANL12)

2 outpui attenuator contro! lines (ANLS
and ANL10)

signal to microprocessor that the output
amplifier protection circuit is operating
(PORT 10)

Analog contral voltage for offset (SH2)
Freguency overrange select line (ANL14)
Preamplifier output test line

Pulse input select line {ANL25)

Pulse complement select line (ANL24)

Pulse input from auxiliary board

Rectangular waveform select line—
square or pulse (ANL23)

Sine wave select ling {ANL21)

Qutput from square buffer

Square wave select line (ANL20)
Square compiement select fine (ANL18}
Sguare buffer to square logic signat
Trigger holding current

Triangie buffer output

Trigyer input ffom synthesizer boaig
Trigger ouiput to synthesizer board

Triangle wave select fine (ANLZ22)

Triangie buffer output test line



TRL

TRN

VCGI

VCGO

VCGETST

VCV

X¥1

+1

+TR

—TR
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APPENDIX E (Cent)

Analog control voltage for trigger level
{SH3)

Triangle generation current node

Voitage control generation circult input
from synthesizer board

Voltage control generation circuit output
to synthesizer board

Voltage control generation circuit test
line

Voltage control generation ¢ircuit voltage
ouput

XY multiplier input

Tracking current (I} source from VGG
Tracking curreni (1) sink 10 VOG

Rising edge trigger setect line (ANL 17)

Falling edge trigger select line (ANL 16)

Synthesizer Board

ANALOG A connector which allows exchange of

INTER-
FACE
{J15)

AUX
POWER
(J17)

BINARY
A,
BINARY
B

BO-B19

anaiog information between the synthe-

sizer and function generator boards.

J152  VCG summing node {see VCGI

J15-4  VCG output (see VCGO)

J15-7  Count enable line from the Burst
Counter to centiol the analog
waveform in burst {see TRGI.

J15-9  External trigger (see TRGO).

J15-13 Sguare wave input to the syn-
thesizer board (see SQS).

The dc powear inout the synthasizer board,

Control lines that setect the inary divider
output (U132}

Data lines that load the burst counters
Us-uUi3.

BURST

BURST

CLOCK

DATA

DECADE

A, B, and
C

DIGITAL
INTER-
FACE

ENABLE

The burst counter control line. A low dis-
ables the counter, while a high enables it.

Complementary burst counter control
line.

A controt line that seguences data into
the PLL chip J&i.

A dynamic control tine which seis data
into 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
gecade range from the Synthesizer Fre-
guency Dividers. See below:

Decade Synthesized

C | B | A | Output Freguency
g1 010} 10-24 MHz
G101} 1-10 MHz

0] 1|0} 100k-1 MHz

g1 171} 10k-100 kHz
110 )]0} 1k10kHz

1 (0|1 ]100Hz1 kHz
111|010 Hz-100 Hz
111 11]|1Hz10Hz

The data interface between the micro-
processor and synthesizer boards,

J18-1  Tristate data lines that supply
io data for the control logic
J16-8  registers (U2-U7}

J16-9  Address lires from the micro-

to processor tc the control logic

J16-11 address decoder (U1), which
sequances the address strobe
from J16-12 to select control
registers U2 through U7.

ANAZ strobes the address into

the address decoder (U1).
J16-20 Lock detect (see LOCK DETECT).

JiB-12

A dynamic control line that transfers data
from PLL's shift register {U21) to its
divide-by-N counter.
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INTER-
NAL REF

INT/EXT
TRIG

LOGK
DET

¢ LOCK
IN

REF
INPUT (A
fromt
panel
BNC)

REF
LEVEL
SELECT

REF QUT
(A front
panel
BNC)

S03

SYNTH/
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APPENDIX E (Cont)

A signal line from the VMP circuit
(U28-15) to the phase iock input {(U21-9).
Frequency can vary from 1 to 2.4 MHz.

A static control line that selacts either the
internal or external reference source. A
low selects the internal reference, while a
high selects the exterral reference.

A control iine that selects either the inter-
nal or external trigger source. A low
selects external trigger {TRGQC). A high
selects the intemal synthesizer as the
trigger source.,

A static line that indicates status of the
main synthesizer {oop. A high indicates
the main loop is Iocked, while a low indi-
cates loop net locked.

A signal line from the reference input
comparator (U16-4) to the main loop
selector switch (U37-18). 1 is enabled
when SYNTH/$ SELECT goes low,

The external input for external reference
or phase lock applications.

A static controt line that seiects the trig-
ger level of the reference input compara-
tor (J16). A low allows the comparator to
trigger with a 700 mVp-p signal, while a
high aliows triggering ai approximatety
+1.6V.

An cutput 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 from the function
generator board. It clocks the burst
counter and provides the phase lock sig-
nal to the main loap.

A static control line that selects the rete;-

@ SELECT ence input to the main ioop. A low selects

E-4

Phasa LOCK {N and disables the divide-
by-N counter {(U26). A high selects the
output from the decade divider (U36).

SYNIEIEI_: A static conirol line that selects the refer-
ence source for the Reference Culput cir-
cuit.

TRGO The buffered external trigger input from
the function generator board.

TRGOB A trigger line to the burst counter that is
controlied by the INT/EXT TRIG line.

VCO The 10 MHz to 24 MHz output from the
VCO circuit.

VCGEI The VGG control voltage output from the
main 100p.

VOGO An analog leve! thal is summed at the

main loop output.

VCG A static conirgl line which connects or
disconnects the main loop outpui from
the VCG summing node, A low enables
Ua7A and U47D, and disables UA7C,
whiie a high disables U47A and 47D,
and enables U47C.

VMP SET A pulse that clears the VMP circuit for a
new VMP cycle at the beginning of a lock

cycla,
VYMPO- Static control lines which preloads the
VYMP3 VMP counter U29. See the following
table.
PROGRAMMED

5TH DIGIT VMP3 | VMP2 | VMP1 | VMPO

OW~-N®H&Wwh O
C3 = = =2 a0 O
R A i T B T T A )
R e T i T SO o N o, R o, DY
T e QN o TR QU R o N Y o |
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APPENDIX E (Cont)

A static control line thal causes a de-
crease in curent 1o the main 1oop charge
pump cn the 10 to 93.9 Hz range.

A static control line that selects the 10 1o
993 Hz main ioop filter range capacitor. A
low enables J45B.

A static control line that selects the 1k to
9.99 kHz main loop range capacitor, A
low enables U45C.

A static control iine that selects the 10k {0
9.9 kHz main loop filter rangs capacitor.
A low enables U450,

A static control line that selacts the 100k
to 12 MHz main loop filter range capaci-
tor. A low enables U4BA.
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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
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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



about 500 Hz-5 kHz. In order to make accurate
rmeasuremsents the basic accuracy of the meter in
its specified frequency operating range should bs
less than 0.2%.

3. The 502 load used o terminate the signal being
measured can also introduce significant errors
into the ampiitude accuracy measurement. in
general the measurement will be inerror by 1/12%
for every 1% error in the load. Standard loads
available from Tektronix are *2% accuracy.
Therefore up {0 1% error in amplitude measure-
ment can resull when using these loads. 1t is
recommended to use a 0.1% accurate termina-
tion or 1o 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 = B+50
2A

Using this metheod the tocad tolerance can be
+5%.

Symmetry Measurements

1. Symmetry defined as a perceniage is the ratio of
positive half cycle time o the period {see figure
F-3):

: P .

Figure F-3.

Where: % symmetry = (WP} x 100

O3t s ez do oo
SYMIMELY 8707 i3, IN&ie

50% symmetry:

[

% Symmetry Error = [(VeP—W)P] x 100

3. When using a scope and alternately triggering on
+ and — siope of signal the symmetry error

ManualsPlus.com

measured is twice the actual error. Therefore,
when using this methed the measured errcr must
ba divided by 2. Aiso, this method is only accurate
at frequencies where the rise and falil time is not a
significant part of the period. The period should be
about 1000 times greater than the riseffall time.
This is about 10 us or 100 kHz.

4, Tomeasura symmetry al 12 MHz a different tech-
nique must be used. Gonnect signal {terminated
into 5012} to a sampler set at 10 ns/div. Upper and
lower levels should be exactly centered aboul
harizontal centerline on scope display (see figure
F-4). Rising edges of first and second cycle should
be exactly equidistant from vertical center line.
The distance of the falling edge from the vertical
center line at the point falling edge crosses
horizontal center line is the symmetry error.

LA I L LI B B

..r =
/ \, z /
T+
H‘.;.‘.%HH 4+ \‘ - ::"?E'_.-'r
/ i\f "

N -
) e,
"

:
Y
\J

Figure F-4.

Waveform Quality Measurement

Waveform quality measurements should always be
made using a sampling oscilloscope with precision
508 termination and cabling. Standard RGS8 coax
cable is not good enough for waveform quality mea-
surements. Percent aberration is the ratio of absolute
peak-to-peak variation from the 0% (negaiive level) or
100% {positive level} point on the square waveform to
the absolute peak-to-peak amptitude of the square
in order to get an accurate display the top (or bottom)
af the waveform should be expanded both vertically
and herizontally to fill the scope display. The pictures
below were made on a 5 Vp-p square waveform at
3 MHz and the scope harizontal and vertical were set
to 20 ns/div and 100 mVidiv respectively. Also, besi



results are obtained when using the low noise
{averaging) setting on the sampling scope.

o ABERRATION — [T~ PK VAR
IPK — PK SQWA

X 100

SQWA = SQUARE WAVE AMPLITUDE

PK-PK
M+ VAR

Hebot -+ HH

Figure F-5.
T \
I 1
L PK-PK 1] e "
VAR T
(I ::
Figure F.6.
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Width Measurement

Width is measured from the 50% point of the leading
edge of the pulse to the 50% point of the trailing edge
(see figure F-7). The pulse at the function out must be
loaded into 5012,

B0% F+——WIDTH—* 1 50%
FUNC
QUTPUT

Figure F-7.

Width Duty Cycle Definition

Defined as a percentage, width duty cycle is the ratio
of widih to the minimum period that does not cause
pulse dropout:

% DUTY CYCLE = (WIDTH/MIN PERIOD} x 10Q

For example, if width were set to 100 ns and the
minimum period that could be programmed before
pulse dropout occurred was 163 ns then the duty cy-
cle would be:

% DUTY CYCLE
% DUTY CYCLE

(100E-91B3E-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 multiplier)
display one pulse on scope display so the pulse
covers at least haif of display (see figure F-8). Scope
must be triggered internaity on leading edge of pulse
{not sync out). Using the time base multiplier expand
the trailing edge of pulse by a factor of 100. Jitter is
measured as the peak to peak horizonial excursion of
the trailing edge {see figure F-9). % Jitter is;

% Jitter = (Jitterfwidth) x 100

F-3
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Figure F-8.

Figure F-9,
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