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WARRANTY

Keithley Instruments, Inc. warrants this product to be free from defects in material and workmanship for a period of 1 year
from date of shipment.

Keithley Instruments, Inc. warrants the following items for 90 days from the date of shipment: probes, cables, rechargeable
batteries, diskettes, and documentation.

During the warranty period, we will, at our option, either repair or replace any product that proves to be defective.

To exercise thiswarranty, write or call your local Keithley representative, or contact Keithley headquartersin Cleveland, Ohio.
You will be given prompt assistance and return instructions. Send the product, transportation prepaid, to the indicated service
facility. Repairswill be made and the product returned, transportation prepaid. Repaired or replaced products are warranted for
the balance of the original warranty period, or at least 90 days.

LIMITATION OF WARRANTY

This warranty does not apply to defects resulting from product modification without Keithley’s express written consent, or
misuse of any product or part. This warranty also does not apply to fuses, software, non-rechargeabl e batteries, damage from
battery leakage, or problems arising from normal wear or failure to follow instructions.

THIS WARRANTY IS IN LIEU OF ALL OTHER WARRANTIES, EXPRESSED OR IMPLIED, INCLUDING ANY
IMPLIED WARRANTY OF MERCHANTABILITY OR FITNESS FOR A PARTICULAR USE. THE REMEDIES PRO-
VIDED HEREIN ARE BUYER'S SOLE AND EXCLUSIVE REMEDIES.

NEITHER KEITHLEY INSTRUMENTS, INC. NORANY OF ITSEMPLOYEES SHALL BE LIABLE FORANY DIRECT,
INDIRECT, SPECIAL, INCIDENTAL OR CONSEQUENTIAL DAMAGES ARISING OUT OF THE USE OF ITS
INSTRUMENTS AND SOFTWARE EVEN IF KEITHLEY INSTRUMENTS, INC., HAS BEEN ADVISED IN ADVANCE
OF THE POSSIBILITY OF SUCH DAMAGES. SUCH EXCLUDED DAMAGES SHALL INCLUDE, BUT ARENOT LIM-
ITED TO: COSTS OF REMOVAL AND INSTALLATION, LOSSES SUSTAINED AS THE RESULT OF INJURY TOANY
PERSON, OR DAMAGE TO PROPERTY.
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Safety Precautions

The following safety precautions should be observed before using
this product and any associated instrumentation. Although some in-
struments and accessories would normally be used with non-haz-
ardous voltages, there are situations where hazardous conditions
may be present.

This product is intended for use by qualified personnel who recog-
nize shock hazards and are familiar with the safety precautions re-
quired to avoid possible injury. Read the operating information
carefully before using the product.

The types of product users are:

Responsible body istheindividual or group responsible for the use
and maintenance of equipment, for ensuring that the equipment is
operated within its specifications and operating limits, and for en-
suring that operators are adequately trained.

Operators use the product for its intended function. They must be
trained in electrical safety procedures and proper use of the instru-
ment. They must be protected from electric shock and contact with
hazardous live circuits.

Maintenance personnel perform routine procedures on the product
to keep it operating, for example, setting the line voltage or replac-
ing consumable materials. Maintenance procedures aredescribed in
the manual. The procedures explicitly state if the operator may per-
form them. Otherwise, they should be performed only by service
personnel.

Service personnel are trained to work on live circuits, and perform
safeinstallations and repairs of products. Only properly trained ser-
vice personnel may perform installation and service procedures.

Keithley products are designed for use with electrical signals that
arerated Installation Category | and Installation Category |1, as de-
scribed in the International Electrotechnical Commission (1EC)
Standard |EC 60664. M ost measurement, control, and datal/O sig-
nals are Installation Category | and must not be directly connected
to mains voltage or to voltage sources with high transient over-volt-
ages. Installation Category Il connections require protection for
high transient over-voltages often associated with local AC mains
connections. The user should assume all measurement, control, and
data I/0O connections are for connection to Category | sources un-
less otherwise marked or described in the Manual.

Exercise extreme caution when a shock hazard is present. Lethal
voltage may be present on cable connector jacksor test fixtures. The
American Nationa Standards Institute (ANSI) states that a shock
hazard exists when voltage levels greater than 30V RMS, 42.4V
peak, or 60VDC are present. A good safety practice is to expect
that hazardous voltage is present in any unknown circuit before
measuring.

Users of this product must be protected from electric shock at all
times. The responsible body must ensure that users are prevented
access and/or insulated from every connection point. In some cases,
connections must be exposed to potential human contact. Product
users in these circumstances must be trained to protect themselves
from the risk of electric shock. If the circuit is capable of operating
at or above 1000 volts, no conductive part of the circuit may be
exposed.

Do not connect switching cards directly to unlimited power circuits.
They are intended to be used with impedance limited sources.
NEVER connect switching cards directly to AC mains. When con-
necting sourcesto switching cards, install protective devicesto lim-
it fault current and voltage to the card.

Before operating an instrument, make sure the line cord is connect-
ed to aproperly grounded power receptacle. Inspect the connecting
cables, test leads, and jumpers for possible wear, cracks, or breaks
before each use.

When installing equipment where access to the main power cord is
restricted, such as rack mounting, a separate main input power dis-
connect device must be provided, in close proximity to the equip-
ment and within easy reach of the operator.

For maximum safety, do not touch the product, test cables, or any
other instruments while power is applied to the circuit under test.
ALWAY S remove power from the entire test system and discharge
any capacitors before: connecting or disconnecting cables or jump-
ers, installing or removing switching cards, or making internal
changes, such asinstalling or removing jumpers.

Do not touch any object that could provide a current path to the com-
mon side of the circuit under test or power line (earth) ground. Always
make measurements with dry handswhile standing on adry, insulated
surface capabl e of withstanding the voltage being measured.



Theinstrument and accessories must be used in accordance with its
specifications and operating instructions or the safety of the equip-
ment may be impaired.

Do not exceed the maximum signal level s of theinstrumentsand ac-
cessories, as defined in the specifications and operating informa-
tion, and as shown on the instrument or test fixture panels, or
switching card.

When fuses are used in aproduct, replace with sametype and rating
for continued protection against fire hazard.

Chassis connections must only be used as shield connections for
measuring circuits, NOT as safety earth ground connections.

If you are using atest fixture, keep the lid closed while power is ap-
plied to the device under test. Safe operation requires the use of a
lid interlock.

If a @ screw is present, connect it to safety earth ground using the
wire recommended in the user documentation.

The A symbol on aninstrument indicatesthat the user should re-
fer to the operating instructions located in the manual.

The A symbol on an instrument shows that it can source or mea-
sure 1000 volts or more, including the combined effect of normal
and common mode voltages. Use standard safety precautions to
avoid personal contact with these voltages.

The WARNING heading in amanual explains dangers that might
result in personal injury or death. Always read the associated infor-
mation very carefully before performing the indicated procedure.

The CAUTION heading in a manual explains hazards that could
damage the instrument. Such damage may invalidate the warranty.

Instrumentation and accessories shall not be connected to humans.

Before performing any maintenance, disconnect the line cord and
all test cables.

To maintain protection from electric shock and fire, replacement
componentsin mains circuits, including the power transformer, test
leads, and input jacks, must be purchased from Keithley Instru-
ments. Standard fuses, with applicable national safety approvals,
may be used if the rating and type are the same. Other components
that are not safety related may be purchased from other suppliersas
long asthey are equivalent to the original component. (Note that se-
lected parts should be purchased only through Keithley Instruments
to maintain accuracy and functionality of the product.) If you are
unsure about the applicability of a replacement component, call a
Keithley Instruments office for information.

To clean an instrument, use a damp cloth or mild, water based
cleaner. Clean the exterior of the instrument only. Do not apply
cleaner directly to the instrument or allow liquids to enter or spill
on the instrument. Products that consist of a circuit board with no
case or chassis (e.g., data acquisition board for installation into a
computer) should never require cleaning if handled accordingtoin-
structions. If the board becomes contaminated and operation is af-
fected, the board should be returned to the factory for proper
cleaning/servicing.
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General Information

1-1. Introduction

This manual provides operaiing and mainienance infor-
mation for the Model 776 Programmable
Counter/Timer. Section 1 is a general description of the
instrument, Section 2 and 3 obtain installation and op-
erating instructions. IEEE programming is explained in
Section 4. Maintenance and performance checks are
provided in Section 5. The theory of operation is de-
scribed in Section 6. Section 7 outlines calibration and
troubleshooting procedures. Section 8 contains tables of
replaceable parts. Section 9 contains schematic and
component location diagrams.

Model 776 is a ten digit microprocessor based fully-
programmable. threc-channel Universal Counter /
Timer. The instrument measures with a very high reso-
lution and precision the following paramcters; Fre-
quency A, Frequency B. Frequency C. Period A. Pulsec-
width. Time interval A to B. Total counts B. Ratio A/B.
Ratio C/B. Phase A to B and Amplitnde peaks. An
averaging function is available for improved resolution
in time measurement; resolves intervals of pico sec-
onds. Various repetitive tests. no matter how complex.
are greatly simplified by utilizing any of the 10 pre-pro-
grammed front panel set-up. Set-ups are stored in a
non-volatile memory and can be recalled by a simple
key strake,

Model 776 utilizes a combination of two measure-
ment techniques in order to always achieve maximum
display resolution. Some functions. such as Frequency
measurement function, can be displaved with up to ten
digits. Such resolution can be gained from frequencies

as low as 0.01 Hz to more than 225 MHz. The reciprocal
technique is being used inlow frequency measurcments.
up to exactly 120 MHz, where the measurement tech-
nique is changed to conventional measurcment tech-
nique. Model 776 measures frequencies of input signals
with minimum resolution of nine digits in one sccond
of gate time. With the TCXO time base of the Model
776/2.4G. the displayed result in largely enhanced. both
it terms of stability and accuracy.

In Model 776. the traditionally featured decade
steps of gate times. are replaced by a more flexible
variable gatc time. This featurc permits a choice from
500 internally pre-selecled gate intervals. or any exter-
nal gate interval which is applied to a rear pancl BNC
connector. Internal gate times range from 100 ps to 10
s. External gate expands this range to 1000 s, Trigger
level may be selected manually or left to be automati-
cally adjusted. by the instrument, to the optimum level.
thus eliminating false triggering on unknown signals.

NOTE

This manual provides a complete de-
scription of atl fcatures of the 776
Series. Therefore. several of the fea-
tures that are described in the follow-
ing paragraphs may not be installed
in vour instrument.

1-2. Instrument Identification

These Keithley instruments are identified by a scrial
number. which is located on the rear pancl. The two
most signilicant digits (Txx) identify instrument modi-
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fication. If this prefix differs from that listed on the title
page of this manual, there are differences between this
manual and your instrument.

1-3. Configuration
There are two configurations available for the Model 776:

e Model 776 - Two-channel 225 MHz programmable
counter/timer.

e Modd 776/2.4G - Same as above with 2.4 GHz Chan-
nel C and TCXO time base.

e Model 776/2.4G/R - Same as above with rear panel
inputs.

1-4. Warranty Information

Warranty information is located on the inside front cover
of this instructions manual. Should your Model 776
reguire warranty service, contact the Keithley representa-
tive or authorized repair facility in your area for further
information. When returning the instrument for repair, be
sure to fill out and include the service form at the back of
this manual to provide the repair facility with the neces-
sary information.

1-5. Manual Addenda

Any improvements or changes concerning the instrument
or manual will be explained in an addendum included with
the manual. Be sure to note these changes and incorporate
them into this manual.

Table 1-1. Model 776 Specifications

1-6. Safety Symbols And Terms

The following symbols and terms may be found on an
instrument or used in this manual.

The A symbol on an instrument indicates that the user
should refer to the operating instructions located in the
manual.

The WARNING heading used in this manua explains
dangers that might result in persona injury or death.
Always read the associated information very carefully
before performing the indicated procedure.

The CAUTION heading used in this manual explains
hazards that could damage the instrument. Such damage
may invalidate the warranty.

1-7. Inspection

The Model 776 was carefully inspected, both electrically
and mechanically before shipment. After unpacking all
items from the shipping carton, check for any obvious
signs of physical damage that may have occurred during
transit. (Note: There may be a protective film over the
display lens, which can be removed.) Report any damage
to the shipping agent immediately. Save the origina
packing carton for possible future re-shipment. The
following items are included with every Model 776 order:

INPUT CHARACTERISTICS
(Channel A & B)

RANGE
DC coupled
AC coupled 1 MQ
50Q
SENSITIVITY (X1)
0to 200 MHz
200 MHz to 225 MHz
5 ns Minimum Pulse Width
SIGNAL OPERATING RANGE
(X1)
(X10)
DYNAMIC RANGE (x1)
0to 100 MHz
100 MHz to 225 MHz

: 0to 225 MHz.
: 30 Hz to 225 MHz.
: 1 MHzto 225 MHz.

: 50 mV rms sine wave.
: 75 mV rms sine wave.
S 75 mVp-p.

:-5.00 Vdc to +5.00 Vdc.
:-50.0 Vdc to +50.0 Vdc.

:75mV to 5Vp-p.
: 150 mV to 2.5Vp-p.

Page 1-2
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Table 1-1, AModel 776 Specifications (continued)

IMPEDANCE ;1 MQ or 50 2 nominal shunted by less than 45 pF.
switchable.
LOW PASS FILTER : ~3 dB NOMINAL at 100 KHz. switchable.
COUPLING . AC or DC, switchable.
DAMAGE LEVEL (AC or DC)
(X1) : DC 1o 2 KHz - 200 V (DC + pk AC)

2 KHz to 100 KHz - 4x10° V rms Hz/Freq:
Above 100 KHz - 5 V rms.

(X10) - DC to 20 KHz - 200 V (DC + pk AC):
20 KHz to 100 KHz - 4x10% V rms Hz/Freq:
above 100 KHz - 50 V rms.

50Q 15 Vs

TRIGGER LEVEL CHARACTERISTICS
(Channel A and B)

MANUAL TRIGGER (auto trigger off)

(XH ;=500 Vdc to +5.00 Vdc:

(X10) : =50.0 Vdc to +50.0 Vdc.

Setting Accuracy D X1+ (35 mV +2% of reading); X10, = (350 mV +2% of
reading).

Resolution (X1) ;10 mV: (X10): 100 mV.,

Preset (X1) © 0.00 Vdc. (X10) 00.0 Vdc.

Trigger Slope - Independent seiection of positive or negative slope. switchable.

AUTO TRIGGER
Frequency Range

DC Coupled : 100 Hz to 150 MHz.
AC Coupled 1 MG : 100 Hz to 150 MHz.
50 Q : 1 MHz w0 150 MHz.
Auto Trigger Level Range . 50 Vp-p.
Minimum Amplitude : 100 mV rms sine wave. 280 mVp-p.
ATTENUATOR
Manual : X1 or X106 NOMINAL. scleclable.
Auto : Attenuator is automatically enabled when in Auto Trigger
Mode.
Auto Attenuator Sensitivity : Altenmator is switched when peak input signal exceeds 5.1
Vp-p.
NOTES:

1. Auto trigger is disabled in the following functions: Totalize B and Frequency C.
2. Auto trigger function requires that a repetitive signal be present at the input connector.

FREQUENCY A & FREQUENCY B

Measurement Technique . Reciprocal. below 120 MHz and in User Gate. and in Hold
operating modes: Conventional, above 120 MHz.
Measurement technique is automatically selected by the
instrument.
Range : 0.01 Hz to 225 MHz.
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Table 1-1. Moede! 776 Specifications (continued)

Lsp(V Displayed
Reciprocal

Conventional
Resolution

Accuracy

FREQUENCY C
(available with Modei 776/2.4G)

Range

Input Impedance
Sensitivity
Dynamic Range
VSWR

Damage Level
LSD” Displayed
Resolution
Accuracy

4 ns x frequency
gate time.
gate time.

e.g min 9 digits in one second of

. 4/gate time.
'+ 1sp + (1.4 x Trig error® x Frequency)

gate time

. % resolution + Time Base error'>’ x Frequency

: 50 MHz to 2.4 GHz.

: 50 Q. AC coupled.

13 mV to 2.4 GHz.

15 mV rms to 4 V rms.

: <2:1 (typically 1.5:1).

: AC. 5 V rms; DC. 340 V.
: Same as for Frequency A
: Same as for Frequency A
: Same as for Frequency A

& B.
& B.
& B

TIME MEASUREMENT - SINGLE SHOT

PERIOD A, PULSE A, TIME INTERVAL A toe B

Range:

Period A. Pulse A

Time Interval A to B
Lsp® Displayed

Below 20 s

Above 20 s
Resolution

Below 20 s

Above 20 s
Accuracy

Time Delay

Internal

Internal Range
Preset Position
External

External Range

1 +2 LSD + start trigger error'® & stop trigger error
: 1 LSD,
: + (Time Base error™ x Time) % Trig level timing error

;5 ns to 2000 s.
: 0 ns to 2000 s.

: 1 ns;
5 x Time x 1071% s,

(2}

(4)

+ 1 ns * resolution.

: Active only with Time Measurements - single. First input

transition opens the gate. Delay inhibits the consequent
transitions.

: 500 internal pre-programmed delay intervals can be inserted

between START and STOP of Time Interval A to B. Inputs
during delay are ignored.

: 100 ps to 100 s,
:1s.
: User selectable delay intervals can be applied through rear

panel BNC connector.

: 100 us to 2000 s.
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Table 1-1. Model 776 Specifications (continued)

TIME MEASUREMENTS AVERAGED

PERIOD A AVERAGED

Range : 8 ns to 10 s.
LsD'V Displaved . 4 ns x Period.
gate time e.g min 9 digits in 1 second of gate time.
Resolution "+ LSD + (E4 x Trig errc_srm x_Period)
gate time
Accuracy . + resolution £ (Time Base error® x Period).
Number of Periods Averaged : N = gate time
Period
PULSE A, TIME INTERVAL A to B AVERAGED
Range
Pulse A :5mns to 10 s
Time Interval A to B : -3 ns to 10 s (A and B signals must have the same
repetition rate).
LD Displayed “4ns/ VN
Resolution :x (1 LSD + 10 ps).
Accuracy : + (Time Base Error’®? x Time) £ 1 ns tresolution
+ Trigger Level Timing Error'® £ (Trigger error) / N
Dead Time Stop to Start : 20 ns minimum,
Number of Samples Averaged : N = gate time x Frequency.
PHASE A to B AVERAGED
Range 10 to 360° x (1 - 20 ns x Frequency A).
example 10 to 359.99° at 1 KHz: 0 to 180.0° a1t 25 MHz.
Frequency Range + 0.1 Hz to 25 MHz. A and B signals must have the same
frequency.
LsptD Displayed 4 ns x 360° x (1 +m)
gate time or 0.01°, whichever is greater.
Resolution :+ 1 LSD,
Accuracy : + resolution + (1 ns x Frequency A x 360°) &

+ Trigger Level Timing Error'® x Frequency A x 360°) +
+ (Trigger error(z) x Frequency A x 360°)

VN
Number of Cycles Averaged : N = gate time x Frequency A.
Minimum Amplitude : 100 mV rms sine wave.
TOTALIZE B
Frequency Range : 0 to 120 MH=z.
Totalizing Range 0 1o 10'6 - 1.
Gate Modes
Infinite : Totalizing on B indefinitely.
Gated by A : Totalizing on B between a pair of two consecutive
transitions of the opposite direction on A.
Gated by AA : Totalizing on B between a pair of two consecutive
transitions of the same direction on A,
Gating Transition . Positive or Negative transitions, selectable.
Dead Time Stop to Start” : 20 ns min from stop transition to the next start transition.
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Table 1-1. Aodel 776 Specifications (continued)

LLSD displayed
Resolution

Accuracy
Infinite
Gated by A, Gated by AA

RATIO A/B
Frequency Range
A

B
LsD¢!) displayed
Resolution

Accuracy

RATIO C/B
Frequency Range
C

B
LsSD‘! displayed

Resolution and Accuracy

V PEAK A
Function

Frequency range
Slow Rate
Fast Rate

Dynamic Range

Resolution x1

Accuracy

GATE TIME
Internal Gate Time
Internal Range

Preset Position
External Gate Time

External Range

External Input
External Gate Delay(s)

: 100 ps to 2000 s.

: 1 count of channel B input signal.
;1 LSD.

: Same as LSD.
s pulse repetition rate B x Trigger error > A

total counts B

: 0.01 Hz to 225 MHz;
: 0.01 Hz to 125 MHz.

4 x Ratio
Frequency A x gate tlme

"+ LSD +.Iuggﬂ_cxmr_ﬁ___BaL9_

gate time

: Same as resolution.

; 50 MHz to 2.4 GHz,
: 10 Hz to 225 MHz.

4 x Ratie
Frequency B x gate time

: = LSD.

: Displays simultaneously. with 3 digits each, the maximum

and minimum peaks of Channel A input signal. Decimal
points and polarity are automatically displayed.

: 40 Hz to 10 MHz;

: 100 Hz 1o 10 MHz.

: 280 mV p-p to 51 V p-p.

: 10 mV; x10: 100 mV. Atienuator is activated automatically

if either the positive or the negative peaks of the input
signal exceeds 5.1 V or when the peak to peak voltage
exceeds 5.1 V.

* resolution =+ 0.1{Vpos pk - Vneg pk) £ 35 mV.

: 500 pre-programmed gate time intervals.
: 100 ps to 10 s or one period of the input. which ever is

longer.

:1s.
: User sclectable gate time intervals, ranging from 100 ps

to 1000 s.
External gate not available with Time
measurements - single shot. Totalize B and Phase A to B.

: Rear panel BNC connector; accepts TTL level signals.
;<10 ps.
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Table 1-1. Afodel 776 Specifications (continued)

EXTERNAL ARMING (TRIGGER)
Function
Input

Impedance

Level

Logic

Minimum Pulse Width
Trigger Delay®

STANDARD TIME BASE
Frequency

Aging Rate

Temperature Stability

Line Voltage

Clock INJOUT

External Time Base Input
Time Base Qut

TCXO0O TIME BASE

{available with Model 776/2.4G)
Frequency

Aging Rate

Temperature Stability

Line Voltage

Clock INJOUT

External Time Base Input

Time Base Out

GPIB INTERFACE
Programmable Controls
Multiline Commands
Uniline Commands
Interface Functions

Data Qutput Format Reading
Gate/Delay Time and Trigger Level

Data Output
Single Shot
Normal Mode
Fast Mode
Address Selection

GENERAL

Display Rate
Normal
Hold
Fast

: Arms the instrument when set to HOLD mode.
: Via Rear panel BNC.

: 1 KQ nominal,

: TTL.

. Positive true.
0 10 us.

: <50 pus.

: 10 MHz,

- <1 x 10"7/month.

;<5 x 10, 0 to 50 °C.
<1 X 10
: Selected with an internal switch.

: Rear Panel BNC accepts 10 MHz TTL.

: 10 MHz approx 2 V from a 51 Q source.

¢ 10 MHz.

<l x 107/month: <1 x 10'6/year.

<1 x 107 0 to 50 °C.

- <l x 1077 for 10% change (short term).

. Selected with an internal switch.

: Rear Panel BNC accepts 5 or 10 MHz TTL. Seclected via

- 10 MHz approx 2 V from a 51 2 source.

. All front panel controls except POWER switch.

: DCL. LLO. SDC. GET. GTL. UNT, UNL, SPE. SPD.

: IFC. REN, EOI, SRQ. ATN.

: SH1. AH1. T6. TEO. L4, LEO. SR], RL1. PPO, DCI. DTL.

: With prefix 18 ASCIH characters plus terminator. Without

: With prefix - 9 ASCII characters plus terminator;

: One reading processed afier trigger.

: Approximately four readings/second. formatted.

: Up to 100 reading/second, formatied.

. Front panel programming. Address is stored in a

: Approximately four measurements per second:
: Single shot measurement. taken with each press of RESET:
: Up to 100 measuremeiits per second.

-7 for 10% change (short term).

an internal switch.

Co. ElL.
prefix - 14 ASCII characters plus terminator.

Without prefix - 5 ASCII characters plus terminator.

non-volatile memory.
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Table 1-1, AMode! 776 Specifications (continued)

Arming
Reset
Trigger Level Outputs

Accuracy
Output Impedance

Display
Displayable Digits

Gate
Stored Set-ups

Operating Temperature
Storage Temperature
Power Requirements
Warm-Up

Dimensions

Rack Mount Dimensions
Weight:

Accessories Furnished:

DEFINITION OF TERMS
(1) LSD

(2) Trigger Error

(3) Time Base Error

(4) Trigger Level Timing Error (x1)

5) External arming (trigger) delay

(6) External gate delay

(7) Dead Time

. Each channel is armed by it's own signal
: Clears display and re-cycles measurement.
: DC Outputs via rear panel terminals. not adjusted for

attenuators.

: DC (X1) £35 mV £ 2% of trigger level reading.
;1 KQ, 1%.

. 10 digits seven segments LED. 0.56" high. 2 digits for

exponent.

: Selectable from 3 to 10 most significant digits.
: LED indicator lights when gate is open.
: Ten measurement set-ups. including trig levels, gate/delay

time, input conditioning and measurement rate may be
stored in memory and subsequently recalled. When AC
mains power is removed. a non-volatile memory prescrves
the stored set-ups for a typical period of 3 years.

- 0 to 50 °C ambient, 0 to 80% relative humidity.
1«25 to 65 °C,
: 115/230 V rms £10% (rear panel switch select) 48-60 Hz,

30 W maximum.

. 1 hour to rated accuracy and stability.
S35" x 83" x 154" (Hx Wx D) 89 x 211 x 391 m"m,

©3.5" x 19" (H x W) 89 x 483 m"m.

approwmately 8 1b (3.5 kg).
Power Cord, Operating Manual.

. Unit value of least significant digit. Calculation should be

rounded as follows 1 to <5 Hz becomes 1 Hz, 5 ns to

<10 ns becomes 10 ns etc.

~ (e i 26,2 )
Input slew rate at trigger point
Where: ¢j is the rms noise voltage of the counier’s input
channel (250 uV typ.) en is the rms noise of the input
signal for 225 MHz band-width.

: Maximum fractional frequency change in time base

frequency due to all errors: e.g aging. temperature. line
voltage etc.
o 8mV o, 18mV
Input slew rate at

Input slew rate at
start trigger point stop trigger point

: Delay from the positive going slope of the arming signal to

the internal gate open signal.

: Delay from the positive going slope of the gating signal Lo

the internal gate open signal.

: Minimum time between measurement which the counter is

busy in performing the measuremeni. The counter will not
at this time respond to any input transition.
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s Model 776 Programmable Counter/Timer with line
cord.
e Model 776 Instructions Manual.

If an additional manual is required, order:

¢ Keithley part number 776-901-00.
1-8. Specifications

Instrument specifications are listed in Table 1-1. These
specifications are the performance standards or limits
against which the instrument is tested.

NOTE

All specifications in the following
table apply after a warm-up period of
1 hour and at ambient temperature of

25°C £5°C.



Installation

2-1. Introduction

This section contain information and instructions nec-
essary for the installation and shipping of the Model
776. Details are provided for power connection. ground-
ing safety requirements. instaliation information. and
re-packing instructions for storage or shipment.

2-2. Performance Checks

The instrument was carefully inspected for mechanical
and electrical performance before shipment from the
factory. It should be free of physical defects and in
perfect electrical order upon receipt. Check the instru-
ment for damage in transit and perform the electrical
procedures outlined in Section 5. If there is indication
of damage or deficiency. sec the warranty in this manual
and notify vour local Keithlev field engineering rep-
resentative or the factory.

CAUTION

It is recommended that the operator
be fully familiar with the specifica-
tions and all sections of this manual.
Failure to do so may compromise the
warranty and the accuracy which
Keithley has engineered into your in-
strument.

2-3. Power Requirements

The instryment may be operated from any one of the
following sources: a. 103.5 to 126.5 Volts (115 Volts
nominal) b. 207 to 233 Volts (230 Volts nominal).

The instrument operates over the power mains fre-
quency tange of 48 to 63 Hz Always verify that the
operating power mains voltage is the same as that speci-
fied on the rear panel voltage selector switch.

CAUTION

Failure to switch the instrument to
match the operating line voltage will
damage the instrument and may void
the warranty.

The instrument should be operated
from a power source with its neutral
at or near ground (earth potential).
The instrument is not intended for
operation from {wo phases of a
multi-phase ac system or across the
legs of a single-phase. three-wire ac
power system. Crest factor (ratio of
peak voltage to rms) should be typi-
cally within the range of 1.3 to L.6
at 10% of the nominal rms mains
voltage.

2-4. Grounding Requirements

To insure the safety of operating personngl. the U.S.
0O.S.H.A. (Occupational Salety and Health) require-
ment and good enginecring practice mandate that the
instrament pancl and enclosure be “earth” grounded.
All Keithley instruments are provided with an Under-
writers Laboratories (U.L. and V.D.E) listed threc-con-
ductor power cable. which when plugged into an ap-
propriate power receplacle. grounds the instrument.

2-1



Installation

The long offset pin on the male end of the power cable
carries the ground wire to the long pin of the receptacle
on the rear panel of the instrument.

CAUTION

To avoid operator shock hazard do
not exceed the power mains voltage
frequency rating which limits the
leakage current between case and
power mains. Never expose the in-
strument to rain. excessive moisture,
or condensation.

2-5. Installation And Mounting

The instrument is fully solid state and dissipates only
asmall amount of power. No special cooling is required.
However, the instrument should not be operated where
the ambient temperature exceeds 50°C, when the rela-
tive humidity exceeds 80% or condensation appears
anywhere on the instrument. Avoid operating the in-
strument close to strong magnetic fields which may
be found near high power equipment such as motors.
pumps. solenoids. or high power cables. Use care when
rack mounting to locate the instrument away from
sources of excessive heat or magnetic fields. Always
leave 4 cm (1.5 inches) of ventilation space on all
sides of the instrument.

2-6. Bench Mounting

The instrument is shipped with plastic feet. tilt stand
in place and ready for use as a bench or portable in-
stmment. See outline drawing Figure 2-1 for dimen-
sions. :

2-7. Rack Mounting

The instrument may be rack mounted in a standard 19
inch EIA rack. The instrument may be rack mounted
in Rack Mount Kit option Rack.

2-8. Portable Use

The instrument may be used in applications requiring
portability. A tilt stand consisting of two retractable
legs is provided with cach unit,

2-9. Short Term Storage

If the instrumeni is to be stored for a short period of
time (less than three months). place cardboard over
the panel and cover the instrument with suitable pro-

2-2

tective covering such as a plastic bag or strong krall
paper. Place power cable and other accessories with
the instrument. Store the covered voltmeter in a clean
dry area that is not subject o extreme lemperature vari-
ations or conditions which may cause moisture to con-
dense on the instrument.

2-10. L.ong Term Storage Or
Re-Packing For Shipment

If the instrument is to be stored for a long period or
shipped. proceed as directed below. If you have any
questions contact your local Keithley field engineering
representative or the Keithley Scrvice Department at
the factory.

If the original Kcithley supplied packaging is to
be used proceed as follows:

1. If the original wrappings. packing material, and con-
tainer have been saved. re-pack the instrument and ac-
cessories originally shipped to yvou. If the original con-
tainer is not availablc. onc may be purchased through
the Keithley Service Department at the factory,

2. Be sure the carton is well sealed with strong tape
or metal straps.

3. Mark the carton with the model number and scrial
number with indelible marking. If it is to be shipped.
show sending address and return address on two sides
of the box; cover all previous shipping labels.

If the original container is not available. procced
as follows:

1. Before packing the unil. place all accessorics into
a plastic bag and seal the bag.

2. For extended storage or long distance shipping only.
use U.S. government packing method 11 C and tape a
two-unit bag of desiccant (per MIL-D-3464) on the
rear cover.

3. Place a 13 ¢m (5 inch) by 30 cm (12 inch) picce
of sturdy cardboard over the front panel for protection.

4. Place the counter into a plastic bag and scal the
bag.

5. Wrap the bagged instrument and accessories in one
inch thick flexible cellular plastic film cushioning ma-
terial (per PPP-C-795) and place in a barrier bag (per
MIL-B-131). Extract the air from bag and heat scal.

6. Place bagged instrument and accessorics into a 250
mm (10 inch) x 360 mm (14 inch) x 508 mm (20 inch)
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fiber board box (per PPP-B-636 type CF, class WR,
variety SW, grade V3C). Fill additional spaces with
rubberized hair or cellular plastic cushioning material.
Close box in accordance with container specifications.
Seal with sturdy water resistant tape or metal straps.

7. Mark container "DELICATE INSTRUMENT",
"FRAGILE", ctc. Mark instrument model and serial
number and date of packaging. Affix shipping labels
as required or mark according to MIL-STD-129.

desired. Record the model and serial
number of the instrument. Show the
work authorization order as well as
the date and method of shipment. AL-
WAYS OBTAIN A RETURN
AUTHORIZATION NUMBER
FROM THE FACTORY BEFORE
SHIPPING THE INSTRUMENT TO
KEITHLEY.

NOTE 2-11. Safety
If the instrument is to be shipped to
Keithley for calibration or repair, at- Be fully acquainted and knowledgeable with all aspects
tach a tag to the instrument identi- of this instruction manual before using the instrument
fying the owner. Note the problem, to assure operator safety and protection against per-
the symptoms, and service or repair sonnel shock hazard.
212 359

100
132

Figure 2-1. Model 776 - outline dimensions.
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Operating Instructions

3-1. Introduction

Model 776 operation is divided into two general catego-
ries: basic bench operation. and IEEE-488 operation.
Basic bench operation. which is covered in this section.
consists of using the Model 776 to perform basic fre-
quency. time, peak voltage. and phase measurements.
IEEE programming can also be used to greatly enhance
the capability of the instrument in applications such as
automatic test equipment. These aspects are covered in
details in Sections 3 and 4.

3-2. Front Panel Familiarization

The front panel layout of the Model 776 is shown in
Figurc 3-1. The front panel is generally divided into
three sections: controls, conneclors, display and indica-
tors. The following paragraphs describe the purpose of
cach of these items in details.

3-2-1. Controls

All the front panel controls except [POWER] are mo-
mentary contact switches. Many controls include an
annunciator light to indicate the selected mode. Con-
trols which do not have an annunciator light. when
pressed. will cause an immediale reaction on the dis-
play. The controls arc divided into functional groups for
casier operation. Front panel controls are divided to the
foliowing functional groups: Power. Mode. Functions.
Display Modifiers. and Input Setting.

1. POWER. The [POWER] switch controls the AC
power to the instrument. Pressing and releasing the

switch once turns the power on. Pressing and relcasing
the switch a second time turns the power off.

2. MODE. There are two push-buttons in the MODE
section: [CLR/LCL] (clear/local). and [2nd/EXE]
(second/execute). The [2nd] push-button is used to se-
lect secondary functions. Normally. the secondary func-
tions are marked below the push-buttons. To help dis-
tinguish between normal and secondary functions. all
secondary functions are printed in yellow. Pressing the
2nd/EXE] push-button will cause the instrument to
display the following reading:

2nd ?

The reading is blinking indicating that the counteris
readv for a conscquent press of another push-button
which was assigned a second function. Pressing the
[2nd/EXE] push-button again will restore normal op-
eration. The [CLR/LCL}] push-button when pressed.
and the instrument was in remote operation (bul not in
remote lockout condition LLO). restores local opera-
tion. When the instrument is in local operation. pressing
this push-button clears the display and arms the counter
for the next measurcment cycle.

3. FUNCTION, The three FUNCTION push-buttons
control the type of measurement. Each push-bulton is
used to select onc of three functions.

FREQ. - The FREQ push-button places the instru-
ment in onc of threc frequency measurcment funclions:
Frequency A. Frequency B or Frequency C. Consccu-
tive pressing of the [FREQ] push-button will toggle

3-1
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Figure 3-1. Front Panel Controls, Indicators and Connectors

between frequency A. Frequency B and Frequency C
functions.

TIME - The TIME push-button sets the Model 776
up to measure one of three time measurement functions:
Period A. Pulse A or Time Interval A to B. Consecutive
pressing of the [TIME] push-bution will toggle be-
tween these three functions.

RATIO - The RATIO push-button places the instru-
ment in one of three ratio measurement functions: To-
talize B (infinite. gated by A. or gated by AA). FRQ/B
(C/B or A/B). or Phase A relative to B. Consecutive
pressing of the [RATIO] push-button will toggle be-
tween Totalize B. FRQ/B. and Phase A to B functions.

4. DISPLAY/MODIFY, The two DISPLAY/MODIFY
push-butions modify the display from normal fre-
quency. time or ratio reading to another reading such as
trigger level. gate time, totalize mode. V peak mode. or
delay time.

5. INPUTS. There are 5 push-buttons at the INPUTS
section. These buttons select functions which adjust
input signal properties before it is applied to the actual
input. Push-buttons control attenuation. coupling.
slope. input impedance. and low pass filter to suppress
high frequency noise.

6. VERNIER. The two push-buttons in the VERNIER
section are used as a digital potentiometer. The VER-
NIER operates in conjunction with the following func-
tions: Trigger level. Gate time. Delay time. Digits. Ad-
dress. Totalize mode. Vpeak mode. Analog out, and
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Offset. The two push-bulton also sel these parameters
to a pre-set position.

7. SET-UPS. There are two push-buttons in the SET-
UPS section. One is used to store a complete front panel
set-up. The other button is uscd to recall a stored set-up.

3-2-2 Connectors

The connectors are uscd 1o connect the Maodel 776 to the
unknown signal.

1. CHANNEL A, The CHANNEL A connector is used
when making measurement which arc related to channel A

2. CHANNEL B. The CHANNEL B connector is used
when making measurements which are associated with
channel B,

3. CHANNEL C. The CHANNEL C connector is used
for high frequency measurements. up to 2.7 GHz witha
50 £2input impedance. Although this terminal is always
installed. the internal circuitry 10 operate this function
is optional and may not be installed on your model.

NOTE
If front panel conneclors are present
on a Model 776/2.4G/R unil. they are
not functional.

3-2-3. Display And Indicators

1. DISPLAY. The function of the display is to show the
result of the processed measurement. The display con-
sists of a 10 digit mantissa and a single digit exponent.
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The exponent uses a leading minus to indicate negative
values. The sign on the exponeni changes to + for zero
or positive values. The display is also used to indicate
information other than the measurement such as the gate
time or the trigger level.

2. INDICATORS. There are 30 indicators located on
the front panel. The indicators are used to point ai a
selected function or signal to the user that the instru-
ment is set to a special function like auto trigger or
remote operation.

3-3 Rear Panel Familiarization

Figure 3-2 shows the rear panel layout of the model 776.
3-3-1. Connectors and Terminals

1. AC RECEPTACLE. Power is applied. through the
supplied power cord. to the 3-terminal AC receptacle.
Note that the selected power supply voltage is marked
on the rear panel above the line voltage selector switch.
2, LINE SWITCH. The LINE VOLTAGE SELECTOR
switch selects one of the primary voltage which are
marked on both sides of the switch.

3. LINE FUSE. The line fuse provides protection for
the AC power line input. For information on replacing
this fuse. refer to Section 3.

4. IEEE-488 CONNECTOR. This conneclor is used
to connect the instrument to the IEEE-488 bus.

5. TRIGGER LEVEL OUTPUTS. Thesc three termi-
nals are used for monitoring. by an external DMM or
oscilloscope. the DC voltage coming from channels A
and B trigger level circuits.

6. CLOCK. This BNC connector is used (o output the
internal clock as a reference to another instrument. The
same input may be connected to an external reference.
The function of this input/output is marked above the
connector.

7. EXTERNAL ARMING/GATE/DELAY. A BNC
connector which may receive one of three signals: arm-
ing pulse. external gatc signal or external delay pulsc.
This input is useful when gate or delay times other then
the internal times are required. or to take one¢ reading
with model 776 in synchronization with other equip-
ment.

8. CHANNEL A, CHANNEL B, CHANNEL C (Not
shown). These connectors. only present ont a Model
776/2.4G/R. are used 1o connect the unit to the unknown
signal. If front panel connectors are present, they are not
functional.

3-4. Power-Up Procedure

The basic procedure of powering up the Model 776 is
described below.

~ )
O @ @) e IEEE-488 INTERFACE O
LEVEL
Cr - A 031. ADDRESS SELECTED: THROUGH
pil FRONT PANEL PROGRAMMING
by @
i o g (=)
5
2l
FEN GND
& I |
$i) ©
\ osc
and
AC LINE @ %)
N8/ 230 vAC LINE FUSE LINE SELECTOR CLOCK EXT. INPUT ANALOG OUT
S o
max = 1OMH2 GATE /
O Bz O ouT/ DELAY/
QO .2a-z30v 4ATTIBY = EXT. I ARMING O
1 {Int. selectable TTL O-i0VDL

Figure 3-2, Rear Panel Connectors and Terminals.
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1. Coanect the female end of the power cord to the AC
mains receptacle on the rear panel. Connect the other
end of the power cord to a grounded AC outlet.

CAUTION

Be sure the power line voltage agrees
with the indicated value on the rear
panel of the instrument. Failure to
heed this warning may result in in-
strument damage.

WARNING

The instrument is equipped with a
3-wire power cord designed to be
used with grounded outlets. When the
proper connections are made. the in-
strument chassis is connected to the
power line ground. Failure to use a
properly grounded outlet may result
in personal shock hazard.

2. Turn on the power by pressing and releasing the
POWER switch on the front panel.

3. The instrument will then begin operation by perform-
ing a display and indicator test which takes approxi-
mately one second. All mode and IEEE indicators will
turn on and the display will appear as follows:

8.8.8.8.8.8.8.8.8.8,+ 8.

4. To wverify that all display segments are operating,
compare the instrument’s display with the above during
the test.

5. Following the display test. the instrument procceds
by displaying the options installed. When no option is
installed. the instrument will display the following mes-
sage:

776

If option 2.4G (2.4 GHz C Channel input + TCXO) is
installed. the instrument will display the following mes-
sage:

776-2.4G

6. Once the model number and the instalied options are
displayed, the instrument will perform ROM and RAM
tests. IT all these tests are passed. the display will show
the software revision level for about | second similar to
the example below: :

SoFt 1.1

7. following the software revision level. the instrument
will display the previously selected IEEE primary ad-
dress which is set through front panel programming and
stored in the non-volatile memory. For example. with
the rear panel switch set to address 23, the display will
show:

IE Adr 25

8. Following these display messages. the instrument
will go into the normai operating mode and begin dis-
playing readings. The instrument will be set to the
previously programmed front panel set-up.

3-5. Software Reset

One. who is not yet fully familiar with the front panel
operation of the Model 776. may find himself locked in
a "dead-end"” situation where nothing operates the way
it should. The fastest way to restore the counter 10 a
known condition is by resetting the instrument’s soft-
ware. This can be done by pressing the [2nd/EXE]
push-button and then pressing the [DCL} push-bution
{second function to the [CLR/LCL] push-button). The
instrument will be then be set to it’s factory selected
default. Table 3-1 summarizes these defaults.

NOTE

Software reset has no effect on any of
the front panel set-ups which were
previously stored in the memory loca-
tions 0 through 9. The software reset
also has no effect on the programmed
GPIB address.

3-6. Display Messages

The Model 776 has several displav messages associated
with basic front panel operation. The instrument has
also a few front panel indications that flag {ront pancl
programming error. These messages are discussed inthe
following. Note that the instrument has a number of
additional display messages which arc associated with
IEEE-188 programming,

3-6-1. IEEE-488 Error Messages

The counter incorporates a number of display messages
which are associated with errors made through the GPIB
interface. These messages are discussed in detail in
Section 4 of this manual. However. there is one message
which should be explained at this point because it may
interfere with normal front pancl operation. A remote
enable or a device dependent command. sent to the
counter through the bus. turns on the REMOTE light
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FUNCTION ~ DEFAULT STATE
Function Frequency A
Display/Modify Normal reading
Gate/Delay Time 1.0 s

Trigger Leves A& B 000V

Coupling DC

Slope Positive going
Attenuators Off

Filters Off

Impedance 1 MO

Averaging Off

Auto Trigger Off

Delay Off

Sampling Rate Normal - 3 reading/s
Ratio Mode A/B

V Peak A Rate Fast

Totalize Mode Infinite

Displayed Digits 10

IEEE Status Local

Note: The Model 776 and 776/2 4G/R have a de-
fault gate time of | second. The Model
776/2.4G/R has a default gate time of 100ms.

Table 3-1. Default States After Software Reset

and enables remote operation. In this case. all front
panel push-buttons. except [LCL]. are disabled. An
attempt to press one of these push-buttons will cause the
following message to be displayed:

PrESS LcL

This message indicates that the instrument will ignore
any front panel programming scquence unless the
[CLR/LCL] push-button is pressed and the REMOTE
light turns off.

3-6-2. Error Indication

There are several error indications that are caused by
either an incorrect front panel programming or insuffi-
cient input level conditioning which is otherwise re-
quired by the instrument for normal signal processing.
These indications are either visible (blinking LED) or
audible (beeper) and are described in the following.

1. AUDIBLE ALARM. The AUDIBLE ALARM will
sound when attempting an incorrect sequence of front

panel programming. This could occur under the follow-

ing conditions:

1. Any two front panel push-butions are pressed simul-
taneously except the two [VERNIER] push-buttons.

2, The instrument is in FREQ or RATIO or TIME AVG
function and the operator attempts 1o turn the delay on.
3. The instrument is in FREQ or RATIO function and
the operator attempts to turn the AVG function on,

4. The instrument is in remolc condition (REMOTE
LED on) and any front panel push-bution except
[CLR/LCL] is pressed.

5. The [VERNIER] push-buttons were pressed and the
instrument was not in DISPLAY/MODIFY mode of
operation.

6. The instrument was in DISPLAY/MODIFY mode of
operation and the [VERNIER 1] or [VERNIER U]
push-buttons were pressed continuously until a parame-
ter limit was reached. Parameter limits are summarized
in Table 3-2.

2. GATE ERROR. The gate crror is indicated on the
front panel by the GATE LED. This error will occur
when the counter is in FREQ or TIME AVG function
and when the signal was removed from the input con-
nector in the middle of the measurement process or
when a radiated random noise was sensed by the input
circuitry. The GATE LED will then blink once but no
result will be registered on the dispiay.

3. GATE TIME ERROR. The gatc time error is indi-
cated on the front panel by the GT LED. The gate time
erroroccurs in FREQ or TIME AVG funclions when the
period of the input signal is larger than the period of the
gate time. The gate error will also occur in Phasc A to
B function when the gate time is not sufficient (0 permit
the minimum resolution of 1 degrees. When one of the
conditions above occurs, the gate time LED (GT) will
blink for a couple of times and then resume a scarch
routine. This sequence will repeat itself until a proper
signal is found or until the gate time was readjusted to
satisfy the required conditions.

4. TRIGGER LEVEL ERROR. The trigger level error
occurs when the instrument is set to AUTO TRIG or V
PEAK A modes and the input signatl is either absent or
below the specified auto trigger limits. The trigger level
LED (either TL A or TL B) then blinks. for a coupie of
times. The counter then resumes a new scarch routine,
This sequence will repeat itsell until a signal has been
found or until the auto trigger mode was turned off.

3-7. Control Selection

Sclecting the various front panel operating modes is
simply a matter of pressing. once or twice. the appropri-
ate push-button as described in the following para-
graphs. ‘

3.5
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FRONT PANEL

NOMENCLATURE PARAMETER B
TL A Trigger Level A

TL B Trigger Level B

GT Gate Time

DLY Delay Time

DIGITS No of displaved digits
ADRS GPIB address

_LOWLIMIT  _ HIGH LIMIT
-5.00 +35.00
-5.00 +5.00
100 ps 100 s / USER GATE
100 ps 100 s / USER DELAY
3 i0
0 30

Table 3-2, Front Panel Programimning Limits

3-8. Selecting A Function

The Model 776 must be set up. for the proper measuring
function. with one of the three Function push-buttons.
There are 17 different available functions in the FUNC-
TION block summarized in the following. To simplify
the operating instruction for these functions. the func-
tions are divided in the following table into three opera-
tional groups.

FUNCTIONS SUMMARY

Group 1

. FREQUENCY A

. FREQUENCY B

. FREQUENCY C

. PERIOD A

. PULSE WIDTH A

_ TIME INTERVAL A TO B

. PHASE A RELATIVE TO B

I o N R R T R

Group 2

8. PERIOD AVERAGED A
9. PULSE WIDTH AVERAGED A
16. TIME INTERVAL A TO B AVG

Group 3

11. TOTALIZE B (infiritely)

12. TOTALIZE B GATED BY A
13. TOTALIZE B GATED BY AA
14. RATIO A/B

15, RATIO C/B

16. VPEAK A - FAST RATE

17. VPEAK A - SLOW RATE

The letter after the function indicates the input connec-
tor where this measurement may be performed. For
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example, FREQUENCY C can only be measured if the
signal is applied to the C Channel input connector.
Similarly, V PEAK A can only be measured at the
Channel A input connector. Some functions require that
both Channel A and B be connected for a successful
measurement - functions like Time Interval A to B.
Ratio FRQ/B, or Totalize B by A.

Selecting a function from the first group is described
in the following:

1. First bring the Model 776 to a known slate as de-
scribed in paragraph 3-3. This is done by pressing first
the [2nd/EXE] push-button and then pressing the
[DCL) push-button. The instrument will then default to
a factory pre-selected state and the light next FRQ A
will illuminate: indicating that Frequency A function is
now selected.

2. To select Freguency B press the [FREQ] push-button
once. The light next to FRQ B illuminates. indicating
that Frequency B is now selected.

3. To select Frequency C press the [FREQ] push-button
again. The light next to FRQ C illuminates. indicating
that Frequency C is now sclected. Note that this proce-
dure assumes that option 52 (2.4 GHz C Channel is
installed).

4. To select Period A press the [TIME] push-button
once. The light next to PER A illuminates: indicating
that Period A is now selected.

8. To sclect Pulse A press the [TIME] push-button
again. The light next to PLS A illuminates: indicating
that Puise A is now selected.

6. To select Time Interval A to B press the [TIME]
push-button again. The light next to TI A to B illumi-
nates: indicating that Time Interval A to B is now sc-
lected.
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7. To select Phase A relative to B press the [RATIO]
push-button again. The light next to Phase A to B illu-
minates; indicating that Phase A to B function is now
selected. Select a function from the second group as
described in the following:

8. To seiect Period Averaged A press the [TIME] push-
button until the light next to PER A illuminates. Press
the [2nd] push-button and then press the AVG. push-
button (second function to the {TIME] button). Ob-
serve that the AVG light illuminates: indicating that the
Period Averaged A function is now selected.

9. To select Pulse Averaged A press the [TIME] push-
button until the light next to PLS A illuminates. Press
the [2nd] push-button and then press the AVG. push-
button (second function to the TIME button). Observe
that the AVG light illuminates: indicating that the Pulse
Averaged A function is now selected.

10. To select Time Interval Averaged A to B press the
[TIME] push-button until the light next to T1 A to B
illuminates. Press the [2nd] push-button and then press
the AVG, push-button (second function to the TIME
button). Observe that the AVG light illuminates: indi-
cating that the Time Interval Averaged A to B function
is now selected.

NOTE

The averaging function. once it is se-
lected. will automatically turn on
whenever a TIME measuring func-
tion is selected. For example. Select-
ing PER A averaged turns the AVG
light on. Changing the selected func-
tion to FRQ A will automatically turn
the AVG light off. Re-selecting one of
the TIME functions will automati-
cally turn the AVG light on,

Selecting a function from the third group requires
additional operations and is described in the following:

11. To select Totalize B press the [RATI0] push-button
once. The light next to TOT B illuminates; indicating
that Totalize B is now selected.

12. To select Totalize B by A function press the [RA-
TIO] push-button until the light next to TOT B illumi-
nates. The counter is now set to totalize indefinitely.
To select the Totalize B by A function press the [GT]
{gate) push-button in the DISPLAY/MODIFY group
and observe that the reading on the display is as follows:

tot InF

This reading indicates that the instrument is set to To-
talize infinitely. Now press the [VERNIER UP] push-
button once and observe that the display reading is
changed to the following:

totbY A

This reading indicates that the instrument is now set
to Totalize at B with A serving as the gating signal.
Press the [GT] push-button again. The instrument is
now ready to perform the required function.

13, To select Totalize B by AA function repeat the
procedure as described above, Pressing the [VERNIER
11} push-button changes the display reading as follows:

tot bY AA

This reading indicates that the instrument is now set
to Totalize. at B input. with a pair of consecative tran-
sitions at A. having thc same direction. serving as the
gating signal. Press the {GT] push-button again. The
instrument is now ready to perform the required func-
tion.

14. To sclect Ratio A/B press the [RATTO] push-button
again. The light next to FRQ/B illuminates: indicating
that Ratio A/B is now selected.

15. To select the Ratio C/B function press the {[RATIO]
push-button until the light next to FRQ/B jlluminates.
The counter is now set to measure Ratio FRQ/B. To
select the Ratio C/B function press the [2nd] and [FRQ
SEL] (frequency select) push-buttons in sequence and
observe that the reading on the display change to display
as follows:

AtoB

This reading indicates that the instrument is sct to
Ratio A/B. Now press the [VERNIER {1} push-bution
once and observe that the display reading is changed to
the following:

CtoB

This reading indicates that the instrument is now sct
to Ratio C/A. Press the {2nd/EXE] push-bulton again.
The instrument is now ready to perform the required
function.

16. The V Peak A function has two measurciment rates:
Fast - for frequencies above 100 Hz and Slow - for the
tange of 40 Hz to 10 MHz. Note that the instrument.
after DCL defaults to its Fast raic. Selecting the meas-
urement rale is described later in this manual.
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3-9. Selecting Gate And Delay Time

The Model 776 may be operated in its preset gate or
delay times of one second. or with one of its 500 built-in
increments. When selecting the gate time. the instru-
ment will increment up or down. one gate time, each
time the [1] or [U] push-button is pressed. The present
gate time may be noted on the display by pressing the
[GT] push-button,

The gate times may only be sclected in conjunction
with frequency, time averaged. ratio FRQ/B, and Phase
A to B functions.

The gate time may be selected as follows:

1. Select a frequency measurement function.
2. Press the [GT] push-button. Observe that the GT light
turns on and that the instrument displays the following
message:

1.0

This reading indicates the selected gate time in sec-
onds,

3. To change the gate time press the [VERNIER 1] or
[VERNIER U] push-buttons. Pressing the ({1] push-but-
ton increases the value of the gate time. Conversely,
pressing the [DOWN] push-button decreases the value
of the gate time. Depressing the [11] or [U]} push-buttons
for more than 1 second. causes the instrument to incre-
ment or decrement continuously,

4. Pressing the [T} push-button and the instrument was
at a gate time of 100 seconds forces the instrument into
a USER GATE mode, This mode requires an external
gating signal. Operating the counter with an external
gate is explained later in this section.

5. Pressing the [11] and [U] simultancously changes the
gate time to a preset value of 1.0 second.

6. To resume normal display operation. press the [GT]
push-butten. The GT light turns off and the instrument
is now ready to perform measurements with the newly
sclected gate time.

NOTE

To prevent operator error. there is an
internal audible alarm that sounds
whenever a limit is reached. (¢.g low
limit of 100 ps).

The sequence of selecting the delay time is similar to
the procedure for selecting the gate time. Delay times
may only be selected and applied to single shot (non-av-
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eraged) time measurement. To select a delay time valuc
proceed as follows:

1. Select a single shot time measurement function such
as Period, Pulse Width. or Time Interval A 10 B.

2, Press the [DLY] push-button. The DLY light turns on
and the instrument displays the following message:

1.0

This reading indicates the selected delay time in
seconds.

3. To change the delay time press the [VERNIER f) or
[VERNIER U] push-buttons. Pressing the [7T] push-but-
ton increases the delay time. Conversely. pressing the
[U) push-button decreases the delay time. Depressing
the [N or [U] push-buttons for more than 1 second.
causes the instrument to increment or decrement con-
tinuously.

4. Pressing the |7} push-bution and the instrument was
at a delay time of 100 seconds forces the instruraent into
a USER DELAY mode. This mode requires an external
delay signal. Operating the counter with an external
delay is explained later in this section.

5, Pressing the [f1] and [U] simultaneously changes the
delay time to a preset value of 1.0 seconds.

6. To resume normal display operation. press the [DLY]
push-bulton, The DLY light turns off and the instrument
is now ready to perform measurements with the newly
selected delay time.

3-10. Setting Trigger Levels

There are two trigger level push-buttons associated with
each Channel A (TL A) and Channel B (TL B). The
[VERNIER f1] and [VERNIER U] push-buttons. when
operated in conjunction with TL A or TL B. se¢t the
voltage level that will trigger the instrument. To set the
trigger levels proceed as follows:

NOTE

The procedure for setting the trigger
level is identical for Channels A and
B. Trigger level A (TL A)can oniy be
modified when functions that are re-
lated to input A are selected. e.g. FRQ
A, TIME A to B elc. Selccting a func-
tion which invelves Channel B en-
ables access to the TL B parameter.

1. Using the procedure which is described above, set the
instrument to Frequency A function. If other front pancl
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lights illuminate, reset the counter using the software
reset procedure which is described in paragraph 3-5.

2. Press the [TL A] push-button. Observe that the TL A
and VOLTS indicators turn on and that the display reads
as follows;

0.00

This reading indicates the selected trigger level in
units of volts.

3. To set a positive trigger level press the [VERNIER
f!] push-button. Holding in the [11] or [{] push-buttons
for more than 1 second. causes the instrument to incre-
ment or decrement continuously. To set a negative trig-
ger level press the [VERNIER U] push-button untit the
desired level has been reached.

NOTE

Pressing the [VERNIER 1] or [VER-
NIER U] push-buttons. when the lim-
its of +3.00 or -5.00 respectively have
been reached. causes an audible
alarm to sound.

4. Simultaneously press the two [VERNIER] push-but-
tons and note that the display reading resets to 0.00.

5. Press the [TL A] push-button, The indicator light
turns off and the instrument returns to its previous
measurement state.

6. To set the trigger level for both Channels A and B.
select a function which involves both inputs (e.g ratio
A/B_Phase A to B, time interval A 10 B or totalize B by
A). Pressing the [TL] push-button once turns the TL A
light on: indicating that the instrument displays the
trigger level for Channel A. A second consecutive press
turns the TL B light on: indicating that the instrument
displays the trigger fevel for Channel B, A third push
turns TL B light off. The instrument then resumes its
normal operation.

3-11. Setting Input Conditioning
Controls

A proper set-up of the input controls ¢nsures proper
operation of the instrument, There are five push-buttons
which contro! the input. These push-buttons are com-
mon to both Channels A and B.

Changing one of the input setting controls is simply
a matter of pressing the required push-button. There are
5 lights for each input channel which are associated with
each of the five controls,

To set input condition controls for Channel A pro-
ceed as follows:

1. Set the instrument 1o operate at one of the following
functions: FRQ A. PER A, PLS A, or V Peak A.

2. To select the required coupling mode press the [AC]
push-button. Instrument is dc¢ coupled when the AC
light is off. When the AC light is on the instrument is
ac coupled.

3. To change the slope that the instrument will trigger
on, press the [SLOPE] push-button. The counter trig-
gers on a positive going edge if the slope light is off. If
the siope light is on the counter triggers on a ncgative
going edge.

4. Attenuation is required when the input signal exceeds
the specified dynamic range. To attenuate the signal
press the [x10] push-button. The input signat is attenu-
ated by a factor of 10 when the x10 light is on. When
the x10 light is off. the input signal is not attenuated.
5. In low frequency applications. where the frequency
range is below 100 KHz, it is recommended to use the
low pass filter. The low pass filter attenuates the high
frequency components which may interfere with the
required measurement. To apply a low pass filter press
the [LPF] push-button. High frequency signals are fil-
tered when the LPF light is on. The filter is deactivate
when the LPF light is off.

6. In high frequency applications above 1 MHz. or high
slew rate signals. it is reccommended that the input cable
be terminated with 50 €2 at the counter end. To change
the input impedance from 1 M) to 30 € press the |50
€] push-button. Input is termination with 50 Q when
the 50 Q light is on. Input impedance is } M€2 when the
50 € light is off,

To set input condition controls for Channel B pro-
ceed as follows:

1. Set the instrument 10 operatc in one of the following
functions: FRQ B or TOT B.

2. Use the same procedure as described above for Chan-
nel A.

To set inpul condition controls for both Channels A
and B proceed as follows:

1. Set the instrument 1o operate in on¢ of the following
functions: Time Interval A to B, Ratio FRQ/B. Phase A
to B. TOT B by A. or TOT B by AA.

2. To select the AC coupling mode for Channel A. press
the [AC] push-button once. The AC A light illuminates:
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indicating that Channel A is now ac coupled. Pressing
the [AC] push-button again turns the AC A light off but
AC B light turns on: indicating that Channel A is dc
coupled and Channel B is ac coupled. Pressing the
button once more, turns both AC A and AC B light on:
indicating that both channels are now ac coupled.
Pressing the same push-button again turns both lights
off. This now indicates that both channeis are set to dc
coupling mode.

3. Use the same procedure 1o set the siopes. attenuation,
impedance and filtering.

3-12. Selecting The Number Of
Displayed Digits

A major advantage of Model 776 over similar products
is its capability 1o display a fixed number of digits
regardless of the frequency of the input signal. For
example. with one second of gate time. the Model 776
displays a minimum of 10 digits. This however. may
turn into a disadvantage when measuring the frequency
of a relatively unstable signal: in which just the most
significant digits are stable and the least significant
digits are "jumping around” with no significant mean-
ing. Medel 776 permits trancation of the unstable least
significant digits, while still preserving its full perform-
ance. To select the number of displaved digits proceed
as follows:

1. Press the [2nd] push-button. Observe that the instru-
ment prompts the following message:

2nd ?

2. Press the [DIGITS] push-button (second function to
[AC A]}. The instrument now displavs the foilowing:

xx diGit

Where x is the selected number of digits and could range
from 03 to 10 digits.

3. Use the [VERNIER {1} to increase the number of the
displayed digits. Conversely. press the [VERNIER U]
to decrease this number.

4. Pressing the [VERNIER 1] and [VERNIER U]
simultaneously. presets xx to 10: indicating that resulis
will be displayed with up to 10 digits of resolution, and
that no digit will be truncated.

5. To return to normal operation of the Model 776
simply press and release the [EXE] push-button (second
function to [2nd]. The instrument than displays the
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processed measurement with the programmed numbcer
of digits.
NOTE

Selecting five digits to be displayed.
instead of ten. will eliminate the five
least significant digits and will move
the entire display to the right by five
places. An example of a normal dis-
play reading. and the same display
reading with five digits of resolution
is given as follows.

Display reading with 10 digits:
1.234567890
Display reading with selected 5 digits:
1.2345

NOTE

Under certain conditions. Model 776
may display frequency reading with
less than ten digits. This may occur
when the selected gate time is smaller
than 1.0 second. In that case. the in-
strument overrides the programmed
pre-selected number of digits and dis-
playvs oniy as many digits as it can.
When gate time is increased. Model
776 again limits the number of dis-
played digits to the selected value,

3-13 Selecting Measurement Rate

Model 776 offers a choice from three measurement
rates. Two mcasurement rates are accessibic through
front panel programming - normal rate (about 3 readings
per second), and single shot (hold). A fast measurement
rate (up to 100 reading per second) is also available but
is only accessible from the GPIB interface. The fast
measurement rate will be discussed in details in Section
4, The HOLD light determines front panel measurement
rate. When the indicator is off. the instrument is in its
normal measurement rate. When the HOLD light is on.
the instrument is set to single shol measurements. To
select the measurement rate proceced as follows:

1. Press, in sequence. the [2Znd/EXE] and the [HOLD]
push-buttons (second function 10 JRATIO]). The
HOLD {ight turns on: indicating that the instrument is
now armed for a single-shol measurcment cycle. Arm-
ing is explained later in this chapter.



2. To return to normal measurement rate. press. in se-
quence, the [2nd/EXE} push-button and then the
[FIOLD] push-button. The HOLD light turns off: indi-
cating that the instrument is now ready to accept and
process readings at its normal rate.

NOTE

Measurement rate is gate time de-
pendent. Model 776 can process 3
readings in one second when its gate
time is set to below 300 ms.

3-14 Arming

Capturing the required sequence of input signals may.
at times, create a major problem for the design engineer.
Imagine a single source that repeatedly generates bursts
of signals having various repetition rates. pulse widths,
and number of pulses. It would be next to impossible to
measure such parameters along the time axis unless the
counter is prepared for this task. Model 776 has arming
capabilities which permits such complex measure-
ments. Do not confuse arming with Trigger. Model 776
may not be triggered. Model 776, unless armed. will not
perform the task of signal processing. Model 776 may
be armed (prepared) for the next measurement in four
ways:

1. Continuously armed by an input signal. when Model
776 is set to its normal mode of operation.

2. With front panel [CLR] push-bution. when the instru-
ment is set to HOLD mode.

3. With an arming pulse applied to the rear pancl EXT.
INPUT connector. when the instrument is in the HOLD
mode.

4. With commands given over the IEEE-488 bus as
described in Section 4. This section covers front panel
and external arming in details.

3-14-1 Continuous Arming With the
Input Signal

When no special arming mode was selected, Model 776
is armed by its input signal. This means that with no
legal input signal, the counter idles. The Gate indicator
is off until the first transition. at the input connector, is
sensed. An input signal. within the dynamic range.
initiates a measurement cycle. The gate light blinks
every time that the internal gate opens. There is no
special procedure to set the Model 776 up for continu-
ous arming. This mode is especially useful in analyzing
the contents of a burst.
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3-14-2 Front Panel Arming

Front panel arming is performed with the [CLR] push-
button. To use front panel arming proceed with the
following steps:

1. Using the procedure described in paragraph 3-13.
select the hold mode. Observe that the HOLD light turns
on and that the gate light ceases from flashing: indicat-
ing that the instrument is in its one-shot measurement
mode. The display zeroes and no reading is processed
until an arming stimulus is applied.

2. To arm the instrument for a single reading. press and
release the [CLR] push-button. The next transition at
the input connector will cause the gate to open. The
instrument then checks for the legality of the input
signal. processes the reading and displays the result on
the display. The display will retain the last processed
reading until cleared, re-armed. or until another func-
tion is selected.

3. To arm the instrument for a new measurcment, press
the [CLR] push-button. Observe that the display zeroes
and that a new measurement cycle is initiated.

4. To remove the instrument from its one-shot arming
mode. turn the hold function off by pressing in sequence
the [2nd] and {HOLD] push-buttons.

3-14-3 External Arming

External arming operales much like front panel arming
except for the arming stimulus itself. In this case the
arming stimulant is applied to the rear panel EXT. IN-
PUT connector. The arining pulse musi conform to TTL
levels. To use the external arming featurc. procced as
follows:

1. Using the procedure described in paragraph 3-13,
select the hold mode. Observe that the HOLD light turns
on and that the gate light ceases from flashing: indicat-
ing that the instrument is in its one-shot measurement
mode. The display zeroes and no reading is processed
until an arming stimulus is applied.

2. Connect the external arming source to the rear panel
EXT INPUT connector. The first positive going transi-
tiont at the EXT INPUT connector arms the Model 776
for taking and processing the next available signal
Note that after each positive going transition of the
arming signal. the numeric display is set to read zero
until the next data is processed and displayed. Model
776 ignores any transitions at the EXT INPUT connec-
tor when the gate is open.
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3. To remove the instrument from ifts one-shot arming
mode, turn the hold function off by pressing in sequence
the [2nd] and [HOLD] push-buttons.

3-15. Using Auto Trigger Level

The auto trigger level function is extremely useful when
measuring repetitive signals having an unknown dc
component. The auto trigger is capable of finding the
peaks of the signal and then setting the trigger level
exactly at their center. In addition, The auto trigger
automatically sets the correct attenuation and adjusts
the input signal to fit within the dynamic range. The auto
trigger mode does not operate on totalize B and fre-
quency C functions. Auto trigger leve! function works
independently in conjunction with Channels A and B.

To set the Model 776 to operate in auto trigger mode
proceed as follow:

1. Press in sequence the {2nd] and the [AUTO TRIG]
(second function to [TL A])push-buttons. Observe that
the AUTO TRIG light illuminates: indicating that the
auto trigger function is selected. When the indicator is
off. the instrument is in its normal manual trigger level
mode.

2. Apply the signal to be measured to the appropriate
input connector. After a short search sequence, the gale
opens and the measurement is processed.

3. TL A or TL B lights blink if an error was detecied.
Refer o paragraph 3-6-3 for a additional error indica-
tions information.

4, To return the Model 776 to normatl trigger level mode.
press in sequence the [2nd] and the JAUTO TRIG]
push-buttons. .

3-16. Using V Peak A

The V PEAK A function turns the Model 776 into a
versatile RF peak voltage meter where both low and
high peaks are detected. processed and displayed. This
is especially useful in analyzing both the amplitude and
the d¢ component of an unknown signal. Their are two
available measurement rates for the V Peak function:
Fast for normal measurements above 100 Hz, and slow
rate for measurements of signals below 100 Hz. To
select the V Peak A function proceed as follows:

1. Press in sequence the [2nd] and the [V PK A] (second
function to [FREQ]) push-butions. Observe that the
VOLTS light illuminates. This indicates that the instru-
ment is now set to V Peak A measurements. The normal
display reading is transform into a two section display
like the following:
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0,00 8.00

The three digits on the left indicate the lower peak
amplitude. The right three digits indicate the higher
peak amplitude. Negative values have a leading minus
sign where positive values have no sign. The minus sign
and the decimal points are automatically set by the
instrument.

2. To select the measurement rate press the [GT] push-
button in the DISPLAY/MODIFY group and observe
that the reading on the display is as follows:

FASt

This reading indicates that the instrument is set to its
fast measuring rate. Now press the [VERNIER 1] push-
button once and observe that the display reading is
changed to the following:

SLO

This reading indicates that the instrument is set to
measure the V Peak A with its slow measuring rate.
Press the [GT] push-button again. The instrument is
now ready to perform the required function.

3. Press the {GT] push-button to return the counter to
normal V Peak display.

4. Press one of the FUNCTION push-buttons to select
another function. Observe that the display returns to
normal display reading and that the VOLTS light turns
off.

3-17. Using User Gate

The User Gate is useful when a gate time other than the
internal pre-determined gate times is required. The lim-
its which must be observed are the minimum limit of
100 S and the maximum limit of 1000 s. The User Gate
function is accessible in FRQ A. B and C, FRQ/B. PER
AVG. PLS AVG. and T1 AVG A to B operating modes.
To operate the instrument in its User Gate mode proceed
as follows:

1. Set the instrument to PRQ A. Press the [GT] push-
button once. Observe that the Gate light turns on. and
that the instrument displays the gate time.

2. Press and hold the [VERNIER f{I] push-button and
observe that the display increments. After the 100 s gate
time the instrument enters the User Gate mode and
displays the following readout:

USEr GAtE
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Depressing the [VERNIER 1] push-button after the
user gate is displaved causes an audible alarm to sound.

3. Press the [GT] push-button. The Gate light turns off
and the instrument is now ready to perform measure-
ments with an external gate time,

4. Apply an external TTL pulse to the rear panel EXT
INPUT connector. This signal now serves as the exter-
nal gate time. The high level duration of the external
pulse determines the period of the gate time.

S. To exit the User Gate function press the [VERNIER
U) push-button. Pressing both the [VERNIER 1] and
[VERNIER U] push-buttons presets the displayed gate
timeto 1.0 s.

3-18. Using Delay

The Model 776 has a delay function which inhibits the
closure of the opened gate for a pre-determined period.
This function is very useful in burst measurements.
relay open/close time measurements where bounce time
should be eliminated, and in measurements done on a
train of pulses. The delay function is accessible in PER
A.PLS A.and Time Interval A to B. The delay time may
be seiected using the following procedure:

L. Set the instrument to [PER A). Press the [DLY]
push-button in the DISPLAY/MODIFY group. Observe
that the DLY light turns on and that the instrument
displays the delay time.

2. To change the delay time. press the [VERNIER 7] or
[VERNIER U] push-buttons. When one of the [] or [U]
push-buttons are depressed for more than one second,
the instrument increments or decrements continuously.

3. Depressing simultancousty the [VERNIER fI] and
the [VERNIER U] push-buttons modifies the delay time
to a preset value of 1.0 s,

4. To resume normal display. press the [DLY}] push-but-
ton. The DLY light turns off. When enabled. the instru-
ment performs measurements with the newly selected
delay time.

5. To enable the delay mode. press the [2nd] push-but-
ton and then the [DELAY} (second function to
[GT/DLY]) push-button, Observe that the DELAY light
illuminates. This indicates that the instrument is now set
to operate in its delay mode. The delay light turns off
automatically when another function. other than from
those specified above. is selected. Conversely. return-
ing to one of the above functions restores the delay
mode.

6. To return 10 normal operation depress in sequence the
[2nd] and the [GT/DLY] push-buttons. The DELAY
light turns off. indicating that the instrument will no
longer delay the closure of its gate.

NOTE

To prevent operator’s error. there is
an internal audible alarm that beeps
whenever a [imit is reached. (e.g 100
us low limit),

3-19. Using User Delay

The User Delay is useful when a delay time other than
the pre-determined delay times is required. The limits
which must be observed are the minimum limit of 100
us and the maximum limit of 10,000 s. The User Delay
function is accessible in PER A, PLS A. and Time
Interval A to B operating modes. To operate the instru-
ment in its User Delay mode proceed as follows:

1. Set the instrument to PER A. Press the {DLY] push-
button once. Observe that the DLY light turns on. and
that the instrument displays the delay time.

2. Press and hold the [VERNIER fI] push-button and
observe that the display increments. After the 100 s
delay time the instrument enters the User Gate mode and
displays the following readout:

USEr dLAY

Depressing the | VERNIER 1] push-button after the
user gate is displayed causes an audible alarm (0 sound.

3. To resume normal display. press the [DLY | push-but-
ton. The DLY light turns off. When enabled. the instru-
ment performs measurements with the user delay time.

4. To enable the user delay mode depress in sequence
the [2nd] and the [DELAY] (second function to
[GT/DLY]) push-buttons. Observe that the DELAY
light illuminates. This indicates that the instrument is
now set to operate in its User Delay mode. The delay
light turns off automatically when another function.
other than from those specified above. is selected. Con-
versely. returning to one of the above functions restores
the delay mode,

5. Apply an external TTL pulsc to the rear panct EXT
INPUT connector. This signal now serves as the exter-
nal gate time. Delay is then enabled as long as this input
is kept at TTL high level. The first negalive transition
to TTL low disables the delay. The delay is then dis-
abled as long as this input is kept at TTL low level.

3-13
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3-20. Using Front Panel Set-Ups

Setting up all parameters in a versatile instrument such
as the Model 776 may takes some time. The set-up time
is even longer when more than one set-up is required.
Model 776 incorporates a battery backed-up non-vola-
tile memory that preserves stored information up to
three years. It is possible to store complete front panel
set-ups in 10 different memory locations which are built
into the instrument especially for this purpose.

3-20-1. Store Set-Ups

First modify the front panel parameters as necessary to
perform your tasks. When all parameters are set and
checked, proceed to store this set-up as follows:

1. Depress the [STO] push button and observe that the
display is modified to indicate the following:

StorE ?
(? appears flashing)

This reading indicates that the instrument is ready to
receive one memory location where front panel set-up
is to be stored. Set-ups may be stored in locations 0 to
9. Depressing [STO] again cancels this function and the
instrument resumes normal operation,

2. Select one memory location from 0 to 9 and depress
the button which is marked with the selected number.
The instrument displays the following for one second:

StorE D
(Where D is the selected memory location)

This display indicates that the function generator
acknowledges the entered memory location. The instru-
ment then resumes normal operation.

3-20-2. Recall Set-Ups

Turning AC Mains power off does not affect the stored
data in the RAM. Therefore. front panel set-up which
were previously recorded by the user remain preserved.
To recall a front panel set-up proceed as follows:

1. Depress the [RCL] push button and observe that the
display is modified to indicate the following:
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rEcALL ?
(? appears flashing)

This reading indicates that the instrument is ready to
recall the memory location where front panel set-up was
stored. Depressing the [RCL} button cancels this func-
tion and the instrument resumes normal operation.

2. Select one memory location from O to 9 so as (o recall
the desired set-up. and depress the button which is
marked with the selected number. The instrument dis-
plays the following for one second:
rEcALL D
(Where D is the selected memory location)

The instrument then recalls the parameters that were
previously stored in the selected memory location and
updates front panel indicators with the recalled parame-
ters.

3-22. Using An External Reference

Generally. Model 776 provides two accuracy grades for
the internal time base: stabilized clock. or an optional
temperalure compensated crystal oscillator (TCXO).
The best accuracy. over the specified temperature oper-
ating range. that may be achieved with the TCXO is |
PPM, or 0.1 PPM - accuracy which will satisfv the most
demanding requirements. With special applications,
however. where such inaccuracies may become a limit-
ing factor. an external reference may provide a betier
solution, An EXT REF connector is available on the rear
panel. However. before applying an external reference
signal, it is first necessary to open the top cover and
change a switch setting. The procedure of changing this
switch is given in Scction 5 of this manual.

3-23. Changing GPIB Address

GPIB address is modified using front panel program-
ming. The non-volatile memory stores the GPIB ad-
dress. Conventional address switches are not provided.
Detailed instructions how to change the GPIB address
are given in Section 4 paragraph +-7.
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1. Introduction

The IEEE-488 bus is an instrumentation data bus with
standards adopted by the IEEE (Institute of Electrical
and Electronic Engineering) in 1973 and given the
IEEE-488 designation. Model 776 conforms to this
standard - in full.

This section contains general bus information as
well as detailed programming information and is di-
vided as follows:

1. General introductory information pertaining to the
IEEE-488 bus may be found primarily in paragraphs 4-2
through 4-3.

2. Information necessary to connect the Model 776 to
the bus and to change the bus address is contained in
paragraphs 4-6 and 4-7.

3. Programming of the instrument with general bus
command is covered in paragraph 4-8.

4. Device-dependent command programming is de-
scribed in detail in paragraph 4-9. The commands out-
lined in this section can be considered to be the most
important since they control virtually all instrument
functions,

5. Additional information pertaining to front panel error
messages and controller programs ¢an be found in para-
graphs 4-11-1 and 4-11-2.

4-2. Bus Description

The IEEE-488 bus was designed as a parallel data trans-
fer medium to optimize data transfer without using as
excessive number of bus lines. In kecping with this goal.

the bus has only cight data lines which are used for both
data and most commands. Five bus management lines
and three handshake lines round out the complement of
signal lines. Since the bus is of parallel design. all
devices connected to the bus have the same information
available simultaneously. Exactly what is done with the
information by each device depends on many factors,
including device capabilities.

A typical bus configuration for remote controlled
operation is shown in Figure 4-1. The typical system
will have one controller and one or more instrumcnts Lo
which commands are given and from which data is
received. There are three categories that describe device
operation. These include: controller: talker: listener.

The controller controls other devices on the bus. A
talker sends data. while a listener rcceives data. an
instrument. may be a talker only. a listener only. or both
a talker and listener.

Any given system can have only one controller (con-
trol may be passed to an appropriate device through a
special command}. Any number of talkers or listencrs
may be present up to the hardware constraints of the bus.
The bus is Himited to 15 devices. but this number may
be reduced if higher than normal data transfer rates arc
required or if long interconnect cables are used.

Several devices may be commanded to listen at once,
but only one device may be a tatker al any given time.
Otherwisc. communications would be scrambled much

4-1
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Figure 4-1. IEEFE Bus Configuration

like an individual is trying to select a single conversa-
tion out of a large crowd.

Before a device can talk or listen, it must be appro-
priately addressed. Devices are selected on the basis of
their primary address. The addressed device is sent a
talk or listen command derived from its primary ad-
dress. Normally, each device on the bus has a unique
primary address so that each may be addressed individu-
ally. The bus also has another addressing mode called
secondary addressing, but not all devices use this ad-
dressing mode.

Once the device is addressed to talk or listen,
appropriate bus transactions may be initiated. For
example, if an instrument is addressed to talk, it will
usually place its data on the bus one byte at a time.
The listening device will then read this information,
and the appropriate software is then be used to chan-
nel the information to the desired location,

4-3. IEEE-488 Bus Lines

The signal lines on the IEEE-488 bus are grouped into
three general categories. The data lines handle bus
information. while the handshake and bus manage-
ment lines assurc that proper data transfer and bus

4-2

operation takes place. Each of the bus lincs is "active
low" so that approximately zero voits is a logic "one".
The following paragraphs describe the purpose of these
lines, which are shown inFigure 4-1.

4-3-1. Bus Management Lines

The bus management group is made up of five signal
lines that provide orderly transfer of data. These lines
are used to send the uniline commands described in
paragraph 4-8-1.

1. ATN (Attention) - the ATN line is one of the more
important management lines. The state of the ATN line
determines whether controller information on the data
bus is to be considered data or a muitiline command as
described in paragraph 4-8-2.

2. IFC (Interface Clear) - Setting the IFC line true (low)
causes the bus to go to a known state.

3. REN (Remote Enable) - Setting the REM linc low
sends the REM command. This sets up instruments on
the bus for remote operation.

4, EOI (End Or Identify) - The EQI line is nsed to send
the EQOI command that usually terminates a multi-byte
transfer sequence.

5. SRQ (Service Request) - the SRQ line is set low by
a device when it requires service from the controller.
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Figure 4-2. JEEE Handshake Sequence

4-3-2. Handshake Lines

The bus uses three handshake lines that operate in an
interlocked sequence. This method assures reliable data
transfer regardiess of the transfer rate. Generally, data
transfer will occur at a rate determined by the slowest
active device on the bus.

One of the handshake lines is controlled by the data
source, while the remaining two lines arc controlled by
accepting devices. The three bus handshake lines are:

1. DAV (Data Valid) - The source controls the state of
the DAV line.

2. NRFD (Not Ready For Data) - the acceptor controls
the state of the NRFD line.

3. NDAC (Not Data Accepted) - the acceptor also con-
trols the NDAC line.

The complete handshake sequence for one data byte is
shown in Figure 4-2. Once data is on the bus, the source
checks to see that NRFD is high, indicating that all
devices on the bus are ready for data. At the same time
NDAC should be low from: the previous byte transfer. If
these conditions are not met, the source must then wait
until the NRFD and NDAC lines have the correct status.
If the source is controller, NRFD and NDAC must re-
main stable for at least 100 ns after ATN is set low:
Because of the possibility of bus hang up, some control-

lers have time-out routines to display error messages if
the handshake sequence stops for any reason.

Once the NRFD and NDAC lines are properly set,
the source sets the DAV line low, indicating that data on
the bus is now valid. the NRFD line then goes low, the
NDAC line goes high once all devices on the bus have
accepted the data. Each device will release the NDAC
line at its own rate, but the NDAC line will rot go high
until the slowest device has accepted the data byte.

After the NDAC line goes high, the source then sets
the DAV line high to indicate that the data on the bus is
no longer valid. At this point, the NDAC line returns to
its low state. Finally, the NRFD line is released by each
of the devices at their own rates, until the NRFD line
finally goes high when the slowest device is ready, and
the bus is set to repeat the sequence with the next data
byte.

The sequence just described is used to transfer both
data and multiline command. The state of the ATN line
determines whether the data bus contains data or com-
mands.

4-3-3, Data Lines

The TEEE-488 bus uses the eight data lines that allow
data to be transmitted and received in a bit-parallel,
byte-serial manner. These eight lines use the convention

4-3
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DI01 through DIO8 instead of the more common DO
through D7 binary terminology. The data lines are bi-di-
rectional and. as with the remaining bus signal lines,
low is true.

4-4. Interface Function Codes

The interface function codes are part of the IEEE-488-
1978 standards. These codes define an instrument’s
ability to support various interface functions and should
not be confused with programming commands found
elsewhere in this manual.

Table 4-1 lists the codes for the Model 776. The
numeric value following each one or two letter code
define Model 776 capability as follows:

SH (Source Handshake Function) - The ability for
the Model 776 to initiate the transfer of message/data
on the data bus provided by the SH function.

AH (Acceptor Handshake Function) - The ability for
the Model 776 to guarantee proper reception of mes-
sage/data on the data bus provided by the AH function.

T (Talker Function) - The ability of the Model 776
to send device-dependent data over the bus (to another
device) is provided by the T function. Model 776 talker
capabilities exist only after the instrument has been
addressed to talk.

L (Listen Function) - The ability of the Model 776
to receive device-dependent data over the bus (from
anther device) is provided by the L function. Listener
function capability of the Model 776 exist only after it
has been addressed to listen.

RS (Service Request Function) - The ability of the
Model 776 to request service from the controller is
provided by the RS function.

RL (Remote-Local Function) - The ability of the
Model 776 to be placed in remote or local modes is
provided by the RL function.

PP (parallel Poll Function) - The abilily of the
Model 776 to respond to a parallel poll request from the
controller is provided by the PP function,

DC (Device Clear Function) - The ability for the
Model 776 to be cleared (initialized) is provided by the
DC function.

DT (Device Trigger Function) - The ability of the
Model 776 to have its output triggered is provided by
the DT function.

C (controller Function) - The Modet 776 does not
have a controller function,

TE (Extended Talker Capabilities) - The Model 776
does not have extended talker capabilities.

LE (Extended Listener Function) - The Model 776
does not have extended listencr function,
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Table 4-1. Aode! 6030 Interface Function Codes

| _CODE___INTERFACE FUNCTION

SH1 Source Handshake Function

AH? Acceptor Handshake Capabilities

Té6 Talker (basic talker, serial poll.
unaddressed to talk on LAG)

L4 Listener (basic listener, unaddressed
10 listen on TAG)

SR1 Service request capability

RL1 Remote/Local capability

PP2 Parallel Poll capability

DC1 Device Clear capability

DT1 Device Trigger capability

Co No controller capability

E1 Open collector bus drivers

TEO No Extended Talker capabilities

LEO No Extended Listener capabilities

4-5. Software Considerations

The most sophisticated computer in the world would be
vseless without the necessary software. This basic re-
quirement is also true of the IEEE-488 bus. which re-
quires the use of handler routines as described in this
paragraph,

Before a controller can be used with the IEEE-488
interface. the user must make certain that appropriate
handler software is present within the controller. With
the IBM PC computer. for example. the GPIB interface
card must be nused with an additional /O ROM. which
contains the necessary handler software.

Other small computers that can be used as control-
lers have limited IEEE command capability. The capa-
bilities of other small compuicrs depends on the particu-
lar interface being used. Often. little software "tricks”
are required to achieve the desired results.

From the preceding discussion. the message is clear:
make sure the proper software is being used with the
instrument. Often, the uscr may incorrectly suspect that
a hardware problem is causing fanlt. when it was the
software that was causing the problem all along.

4-6. HARDWARE CONSIDERATIONS

Before the instrument can be used with the JEEE-488
bus. it must be connccted to the bus with a suitable
conneclor. Also. the primary address must be properly
programmed as described in this scction.
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4-6-1. Typical Controlled Systems

The IEEE-488 bus is a parallel interface system. As a
result. adding more device is simply a matter of using
more cables to make the desired connections. Because
of this flexibility, system complexily can range from
simple to extremely complex,

The simplest possible controlled system comprises a
controller and one Model 776. The controller is used to
send commands to the instrument. which sends data
back to the controller,

The system becomes more complex when additional
instrumentation is added. Depending on programming,
all data may be routed through the controller. or it may
be transmitted directly from one instrument to another.

For very complex applications. a much larger com-
puter can be used. Tape drives or disks may then be used
to store data.

4-6-2. Connections

The instrument is connected to the bus through an [EEE-
488 connector. This conneclor is designed to be stacked
to allow a number of parallel connections on ong instru-
ment.

NOTES

1. To avoid possible mechanical damage. it is recom-
mended that no more than three connectors be stacked
on any one instrument. Otherwise, the resulting strain
may cause internal damage to the connectors

.2, The IEEE-488 bus is limited to a maximum of 15
devices. including the controller. Also. the maximum
cable length is 20 meters. Failure to observe these limits
will probably result in erratic bus operation.

Custom cables may be constructed using the infor-
mation in Table 4-2. Table 4-2 also lists the contact
assignments for the various bus lines. Contacis 18
through 24 are return lines for the indicated signal lines.
and the cable shield is connected to contact 12. Each
ground line is connected to digital common in the Model
776.

CAUTION

The voltage between IEEE common
and ground must not exceed 0V or
damage may result 1o your instru-
ment.

Table 4-2. JEEE Contact Designation.

Contact IEEE-488

| Number _Designation _ Type

1 DIO! Data

2 DIO2 Data

3 DIO3 Data

4 DIO3 Data

5 EOI Management

6 DAV Handshake

7 NRFD Handshake

8 NDAC Handshake

9 IFC Management

10 SRQ Management

11 ATN Management

12 SHIELD Ground

13 DIOS Data

14 DIO6 Data

15 DI1O7 Data

16 DIO8 Data

17 REN Management

18 Gnd Ground

19 Gnd Ground

20 Gnd Ground

21 Gnd Ground

22 Gnd Ground

23 Gnd Ground

24 Gnd LOGIC Ground

4-7. Changing GPIB Address

The primary address of your instrument may bec pro-
grammed to any value between (¢ and 30 as long as the
selected address is different from other devices ad-
dresses in the system. This may be accomplished using
a front panel programming scquence. Note that the pri-
mary address of the instrument must agrec with the
address specified in the controller’s program.

NOTE

The programmed primary address is
brieflv displaved during the power-
up cycle of the Model 776. It is
stored in the non-volatile memory of
the instrument and is retained even
when power is turned off.

To check the present address. or to enter a new one.
proceed as foliows:
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1. Press the 2nd push-button once then press the ADR
push-button (second function to SLOPE). The display
will be modified to display the following:

IE Adr x

Where x may be any number from 0 to 30.

2, Press the VERNIER 7 or ¥ push-buttons the select a
new GPIB primary address.

3. To store the newly selected primary address depress
ENT (second functionto STQO). The instrument will then
resume normal operation,

4-8. Bus Commands

While the hardware aspect of the bus is essential. the
interface would be essentially worthless without appro-
priate commands 1o control the communications be-
tween the various instruments on the bus. This para-
graph briefly describes the purpose of the bus com-
mands. which are grouped into the following three cate-
gories;

Table 4-3. J/EEE-488 Bus Conumand Swmmary

1. Uniline commands: Sent by setting the associated bus
line low.

2. Multiline commands: General bus commands which
arc sent over the data lincs with the ATN linc low (truc).
3. Device-dependent commands: Special commands
that depend on device configuration: sent over the data
lines with ATN high (falsc).

4-8-1 Uniline Commands

Uniline commands are sent by scliing the associated bus
line to low. The ATN. IFC. and REN commands are
asserted only by the system controller. The SRQ com-
mand is sent by an external device. The EOI command
may be sent by either the controller or an external device
depending on the direction of data transfer. The follow-
ing is description of each command.

REN (Remote Enable) - The remoic cnable command is
sent to the Model 776 by the controller o set the instru-
ment up for remoic operation. Generally. this should be
done before attcmpting to program Lhe instrument over
the bus. The Model 776 will indicate that it is In the
remote mode by illuminating its front panel REM indi-
cator.

STATE OF

COMMAND COMMAND
TYPE _ATNLINE(™)
Uniline REN X
EOQIL X
IFC X
ATN Low
S SRQ X
Multiline Universal LLO Low
DCL Low
SPE Low
SPD Low
SDC Low
GTL Low
_._GET | o kow
Unaddress UNL Low
L UNT N Low
Device- Dependent(**) High
(*) X = Don’t Care. (**) Scc paragraph +-9 for complete description

COMMENTS

Set up for remote operation

Sent by setting EOI low

Clears Interface

Defines data bus contents
Controlled by external device

Locks oul front panel controls
Returns device to default conditions
Enable serial polling
Disables serial polling Addressed
Returns unit to defaull condition
Returns to local control

__Triggers device for reading

Removes atl listeners from bus
Removes all 1alkers from bus

Programs Maodel 6030 for various modes.

4-6
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To place the Model 776 in the remote mode. the
controller must perform the following steps:

1. Set the REN line true.
2. Address the Model 776 to listen.

NOTE

Setting REN true without addressing
will not cause the REM indicator to
turn on. however. once REN is true,
the REM light will turnt on the next
time an address command is re-
ceived.

EOI (End Or Identify) - The EQI commard is used
to positively identify the last byte in a multi-byte trans-
fer sequence. This allows variable length data words to
be transmitted easily.

IFC (Interface Clear) - The IFC command is sent 1o
clear the bus and set the Model 776 to a known state.
Table 4-4 summarizes the instrument’s state after IFC
or DCL. Although device configurations differ. the IFC
command usuzily places instruments in the talk and
listen idle states.

ATN (Attention) - The controller sends ATN while
transmitting addresses or multiline commands. Device-
dependent commands are sent with the ATN line high
(false). ‘

SRQ (Service Request) - The SRQ command is as-
serted by an external device when it requires service
from the controller. If more than one device is present,
a serial polling sequence. as described in paragraph
4-8-2, must be used to determine which has requested
service.

4-8-2. Universal multiline Commands

Universal commands are multiline commands that re-
quire no addressing. All instrumentation equipped to
implement the command will do so simultaneously
when the command is transmitted over the bus. As with
all multiline commands. the universal commands are
sent aver the data lines with ATN set low:

LLO (Local Lockout) - The LLO command is sent by
the controller to remove the Model 776 from the local
operatling mode. Once the unit receives the LL.O com-
mand. all its front panel controls (except Power) will be
inoperative.

NOTE

The REN bus line must be true before
the instrument will respond to an
LLO command.

To lock out the front panel controls of the Model
776, the controlier must perform the following sieps:

1. Set ATN true.
2. Send the LLO command to the instrument.

DCL (Device Cicar) - The DCL command may be usced
to clear the Model 776, sctling il to a known siate. Notc
that all devices on the bus equipped to respond to a DCL
will do so simultaneously, When the Model 776 receives
a DCL command. it will return to the default conditions
listed in Tabie 4-4.

To send a DCL command the controtler must per-
form the following steps:

1. Set ATN tme.
2. Piace the DCL command on the bus.

SPE (Serial Poll Enabie) - The scnial polling sequence
is used 10 obtain the Model 776 status byte. Usually. the
serial polling sequence is used lo determine which of
several devices has requested service over the SRQ line,
However. the serial polling sequence may be used at any
time to obtain the status byte from the Model 776. For
more information on status bvte format. refer to para-
graph 4-9-20. The serial polling sequence is conducted
as follows:

1. The controller sets the ATN line true,

2. The SPE (Scrial Poll Enable) command is placed on
the bus by the controller.

3. The Model 776 is addressed to talk.

4, The coniroller sets ATN false.

8. The Model 776 then places its status byte on the bus
to be read by the controller.

6. The controller then sets the ATN ling low and places
SPD (Serial Poll Disable) on the bus to end the serial
polling sequence.

Steps 3 trough 5 may be repeated for other instru-
ments on the bus by using the correct talk address for
cach instrument. ATN must be true when the talk ad-
dress is transmitted and false when the status byie is
read.

SPD (Serial Poll Disable) - The SPD command is sent
by the controller to remove all instrumentation on the
bus from the serial poll mode.

4-8-3. Addressed Commands

Addressed commands are multilinge commands that
must be preceded by a listen command derived from the
device’s primary address before the instrument will re-
spond. Only the addressed device will respond to each
of these commands:
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SDC (Selective Device Clear) - The SDC command
performs essentially the same function as the DCL com-
mand except that only the addressed device will re-
spond. This command is useful for clearing only a se-
lected instrument instead of all devices simultaneously.
The Model 776 will return to the default conditions
listed in Table 4-4 when responding to an SDC com-
mand.

To transmit the SDC command. the controller must
perform the following steps:

1. Set ATN true.
2. Address the Model 776 to listen.
3. Place the SDC command on the data bus.

GTL (Go To Local) - The GTL command is used to

remove the instrument from the remote mode of opera-
tion. Also, front panel control operation will usually be

Table 4-4. Defauit Conditions. (Status After SDC or DCL)

restored if the LLLO command was previously sent. To
send the GTL command. the controiler must perform the
following sequence:

1. Set ATN truc.
2, Address the Model 776 to listen.
3. Place the GTL command on the bus.

NOTE

The GTL command does not remove
the local lockout state. With the local
lockout condition previously set. the
GTL command will enable front
panel control operation until the next
time a listener address command is
received. This places the Model 776
in the local lockout state again.

Set maximum displayed digits to 10.
Normal 3 readings per second.

MODE VALUE _ _ STATUS

Function FO Frequency A

Coupling ACO DC coupled on channel A.
Attenuator AAD x! attenuator on channel A.
Filter AF0 Filter off on channel A.
Slope AS0 Positive slope-on channel A.
Impedance Al0 1 MO on channel A.
Coupling BCO DC coupled on channel B.
Attenuator BAO x1 attenuator on channel B,
Filter BFO0 Filter off on channel B.
Slope : BSo© Positive slopc on channel B.
Impedance BIo 1 M on channel B.

Auto Trigger Lo Manual trigger disabled.
Delay 10 Delay disabted.

V Peak Rate V0 Fast mecasurement rate.
Totalize Mode MO Totalize infinitely.

Ratio Mode co Ratio A/B.

Displayed Digits N1©

Rate S1

SRQ mask QO SRQ disabled.

Terminator Z0 CR LF with EOI

Display mode DO Display the measurement.
Data format X0 prefix on. no leading zeros.
Trigger level ALO OV on channel A,

Trigger level BLO 0V on channel B.

Gate time Gl 1 second gate time.

Delay time Wi 1 second delay time.
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GET (Group Execute Trigger) - The GET command is
used to trigger or arm devices to petform a specific
measurement that depends on device configuration. Al-
though GET is considered to be an addressed command.
many devices respond to GET without being addressed.
Using the GET command is only one of several mcthods
that can be used to initiate a measurement cycle. More
detailed information on triggering can be found in Sec-
iton 3 of this manual.

To send GET command over the bus. the controller must
perform the following sequence:

1. Set ATN true.
2. Address the Model 776 to listen.
3. Place the GET command on the data bus.

GET can also be sent withoul addressing by omitting
step 2.

4-8-4. Unaddress Command

The two unaddress commands are used by the controller
to simultaneously remove all talkers and listeners from
the bus. ATN is low when these multiline commands are
asserted.

UNL (Unlisten) - All listeners are removed from the bus
at once when the UNL commands is placed on the bus.
UNT (Untalk) - The controller sends the UNT command
to clear the bus of any talkers.

4-8.5. Device-Dependent Commands

The meaning of the device-dependeni commands is de-
termined by instrument configuration. Generally. these
commands are sent as one or more ASCII characters that
tell the device 10 perform a specific function. For exam-
ple. FO is sent to the Model 776 to place the instrument
in the FREQ A mode. The IEEE-488 bus treats device-
dependent commands as data in that ATN is high (false)
when the commands are transmitted.

IEEE-488 device-dependent comimands are sent to
the Model 776 to control various operating conditions
such as display modify. operating mode. output and
parameter insertion. Each command is made up of an
ASCII alpha character followed by one or more numbers
designating specific parameters. For example the output
waveform is programmed by sending an ASCII "U"
followed by a number representing the output. The IEEE
bus treats device-dependent commands as data in that
ATN is high when the commands are transmitted.

A number of commands may be grouped together in
one string. The Model 776 will ignore all non-printable

ASCII characters (00 HEX through 20 HEX) except the
"CR" (carriage return). A command string is terminated
by an ASCH "CR" (carriage return) character (0D HEX)
which tells the instrument to c¢xecute the command
string. recognized as end of command string.

If an illegal command or command parameter is
present within a command siring. the instrument will:

1. Ignore the cntire string.

2. Display appropriate front panel error message.
3. Set certain bits in its statns byie.

4. Generate an SRQ if programmed to 4o so.

These programming aspects are covered in the fol-
lowing.
NOTE

Before performing a programming
example. it is recommcended that the
instrument be set to its default values
by sending an SDC over the bus.

In order 10 send a device-dependent command. the
controller must perform the foliowing sequence:

1. Sct ATN truc.

2. Address the Model 776 to listen.

3, Set ATN false.

4, Send the command string over the data bus onc byte

at a time.
NOTE

REN must be true when atlempting 1o
program the Model 776,

Commands that effect the Model 776 arc listed in
Table 4-5.

4-9. Device Dependent Commands
Programming

4-9-1. Function (F)

The function command select the tvpe of measurcment
made by the Model 776. The |3 parameters. which are
associated with the function command. set the instru-
ment to measure one of these functions. The function
may be programmed by sending one of the following
commands:

F0 = FRQ A
F1=FRQB
F2=FRQC
F3 = PER A
F4=PLS A
F5=TIAtoB
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Table 4-5, Device-Dependent Command Summary

Description e e

AC coupled on Channel B, i

Mode Command e
Function Fo Frequency on Channcl A
F1 Frequency on Chamnel B
F2 Frequency on Channel C
F3 Period on Channel A
F4 Pulse on Channel A
F5 Time interval from A to B
Fo6 Totalize on B
F7 Ratio FRQ/B (see also Ratio Mode)
F8 Phase Ato B
F9 V peak A
Fl10 Period average on Channel A
F11 Pulse average on Channel A
F12 Time interval from A to B averaged
Coupling ACO DC coupled on Channel A
ACl AC coupled on Channel A
BCO DC coupled on Channel B
BCL___
Attenuator AAOD X1 attenuator on Channel A
AAl X10 attenuator on Channel A
BAO X1 attenuator on Channel B
BAl _.X10 attenuator on Channel B
Filter AF0 Filter Off on Channel A
AFl1 Filter On on Channel A
BFO0 Filter Off on Channel B
BF1 Filter On_on Channel B
Slope AS0 Positive Slope on Channel A
ASl Negative Slope on Channel A
BSO Positive Slope on Channel B
BS1_ . Negative Slopc on Channel B
Impedance AIO 1 M impedance on Channel A
All 50 & impedance on Channel A
BIO 1 M) impedance on Channel B
_..._Bll 50 Q impedance on Channel B
Trigger level ALn Sct Trigger level for Channel A
BLn Set Trigger level for Channel B
n=xdddEtd (d = digit
Auto level Lo Auto trigger level disabled
L1 Auto trigger level enabled (mode overrides manual mode)

4-10
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Table 4-5. Device-Dependent Command Summary (continued)

Mode Command Description i e N
Gate Time Gn Set the Gate time in seconds
n = d.dE£d (d = digit. decimal point optional)
GU Set gate time¢ towsergate
Delay Time Wn Set the Delay time in seconds
n = d.dE+d (d = digit. decimal point optionald
WU Set delay time to user delay
Delay 1o Delay disabled
11 Delay enabled e
Vpk measurement rate VO Fast rate
V1 Slow rate [
Totalize
Gating Modes MO Totalize infinitely on B
M1 Totalize on B by A
M2 Totalizeon Bby AA _ ]
Ratio Mode Co Ratio measurements Frequency A/B
€l _Ratio_measurements Frequency C/B e
Displayed Digits Nn  Set the maximum of the displaved digits (n=3.t0 10)
Set-ups
Store STn Store front panel set-up in n memory location
Recall REn _ __ Recali front panel set-up from n memory location e
Trigger T _ One-shot in S0 mode, display clearin Sl mode
Rate S0 One-shot on T or GET
51 Normal. up to 3 readings per sccond
52 Fast. up to 100 readings per second. 100 Hz to 120 MHz
u o83 .. Fast, up (o 100 readings per second. 10 MHz to 223 MHz
SRQ Mask Qo SRQ disabled
Q1 SRQ on ready
Q2 SRQ on reading done
Q4 SRQ on error
F6 =TOTB 4-9-2. Channels A, B Coupling (AC, BC}

F7 = RATIO FRQ/B
F8 =Phase Ato B

F9 =V peak A

F10 = PER AVG A
F11 =PLS AVG A
F12=TI A to B AVG

The coupling commands give the user control over the
input coupling of Channeis A and B inputs, Coupling
may be programmed by sending one of the following
commands:

ACO0 = DC coupling channel A,
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AC1 = AC coupling channel A,
BC0 = DC coupling channel B.
BC1 = AC coupling channel B,

4-9-3. Channels A, B Attenuator (AA, BA)

The attenvator commands give the user control over the
input attenuator mode of channels A and B. The attenu-
ator may be programmed by sending one of the follow-
ing commands:

AA0 =x]1 attenuator channel A,
AA1 = x10 attenuator channel A.
BA® = x1 attenuator channel B.
BA1 = x10 attenuator channel B,

4-9-4. Channels A, B Filter (AF, BF)

The filter commands give the user control over the filter
at Channels A and B input. The filter may be pro-
grammed by sending one of the following commands:

AFO0 = filter on channel A.
AF1 = filter off channel A,
BF0 = filter on channel B.
BF1 = filter off channel B.

4-9-5. Channels A, B Slope (AS, BS)

The slope selection commands give the user control
over triggering edge at channels A and B inputs. The
slope may be programmed by sending one of the foliow-
ing commands:

ASO0 = Positive slope channel A,
AS1 = Negative slope channel A.
BS0 = Positive slope channel B,
BS1 = Negative slope channel B.

4-9-6. Channels A, B Impedance (Al, BIl)

The impedance selection commands give the user con-
trol over the imput impedance at channels A and B

inputs. The impedance may be programmed by sending

one of the following commands:

Al0 =1 M) impedance channel A.
All = 50 O impedance channel A.
BI0 = 1 M{2 impedance channel B,
BI1 = 50 &2 impedance channei B.

4-9-7. Channels A, B Trigger Level (AL, BL)

The trigger level commands give the user control over
the trigger threshold point at channels A and B inputs.

4-12

The trigger level may be programmed by sending one of
the following commands:

ALn = Trigger level channcl A
BLn = Trigger level channel B.

nis the trigger level in units of volts and in engincer-
ing format. e.g. (xD.DDxD). The sign and the exponent
are optional. The trigger level value may range from
~5.00 to +5.00 V in 10 mV increments or from -30.0 to
+50.0 V in 100mV increments. Sclecting trigger level
within the range of +5.00 V. aulomatically sets the
attenuator to x1. Selecting a trigger level within the
range of £50.0 V., automatically modifies attenuator
setling to x10.

Following DCL or SDC commands. the instrument
defaults to ALO and BLO (trigger levels set to 0.00 V).

4-9-8. Channels A, B Auto trigger level (L)

The auto trigger level commands give the user control
over the auto trigger level mode. Auto-trigger mode is
automatically selected for both Channels A and B. The
auto-trigger level mode may be programmed by sending
one of the following commands:

L6 = Auto-trigger level disabled.
L1 = Auto-trigger level enabled.

4-9-9. Gate Time (G, GU)

The gate time commands control the time that the gate
remains open. The gate time may be programmed by
sending command strings using the following formats:

Gnn = Internal gate time
GU = External user gate time

nn is the gate time in units of seconds and in engi-
neering format. ¢.g. (D.DE+D). Sign. decimal point. and
exponent are oplional.

The operator has the option ol selecting an external
gate time having periods other then those programmed
into the instrument. The counter may be programmed to
accepl external gate times by sending the GU command
over the bus.

Following DCL or SDC. the instrument defaults to
gate time of one second (G1.0).
4-9-10. Delay Time (W, WU)

The delay time commands control the delay in closing
the gate after the gate was open. The delay time may be
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programmed by sending commands using the following
formats:

Wnn = [nternal delay time.
WU = External user delay time.

nn is the delay time in units of and seconds in
engineering notations: ¢.g. (D.DE£D). Sign. decimal
points, and exponent are optional.

The operator has the option of selecting an external
delay time having periods other than those programmed
into the instrument. Model 776 may be programmed to
accept external delay times by sending the GU com-
mand over the bus.

Following DCL or SDC. the instrument defaults to
delay time of one second (W1.0).

4-9-11. V Peak Measurement Rate (V)

The V peak measurement rate commands conirol the
rate of which the instrument performs its v peak meas-
urements. Model 776 offers a choice of two measure-
ment rates: Fast, and slow. The fast rate is normally used
when measuring amplitudes of a signal having frequen-
cies from 100 Hz. The slow rate is used when perform-
ing measurements below 100 Hz. The v peak measure-
ment rate may be programmed by sending a command
using the following formats:

V0 = Fast measurement rate.
V1 = Slow measurement rate.

4-9-12. Totalize Modes (M)

Model 776 offers three gating options for its Totalize
mode. They are: Gate is open infinitelv. Gated by A. and
Gated by AA. The totalize mode commands give the
user control over the sclection of one of these gating
options. The totalize mode may be programmed by
sending command strings using the following format:

Mo = Totalize on B. gate open infinitely,
M1 = Totalize on B. gated by A.
M2 = Totalize on B, gated by AA.

4-9-13. Ratio Mode (C)

The Ratio Mode commands operate in conjunction with
the F7 command (FRQ/B). These commands control the
input to be divided by the B Channel input. The ratio
mode may be programmed by sending command strings
using the following format:

C0 = Ratio measurement. {requency A/B.
C1 = Ratio measuremcni. frequency C/B.

4-9-14. Displayed Digits (N)

The displayed digits function sets the maximum number
of digits that the Model 776 will display. To program
the number of digits send the following command:

Nn

Where n may have any value from 3 to 10. Upon
DCL or SDC. the instrument will be set to N10.

4915, Set-ups (ST, RE)

The setups commands select the memory location where
the actual set-up is to be stored at (S8T), or recalled from
(RE). To store or recall a front panel set-up usc one of
the following commands:

STn
REn

n designates a specific memory address. and may
range from 0 to 9. DCL or SDC has no effcct on the
stored set-ups.

4-9-16. Triggering (T)

The "T" and GET commands are used to trigger the
Model 776 over the IEEE bus. Triggering command
arms the counter for a fresh measurement cycle. In its
continuous mode. Model 776 is always armed. while in
its hold mode (S0). a separate trigger stimulant is re-
quired to arm for a new measurement cycle. To arm the
Model 776 for a new measurcment ¢ycle use the foflow-
ing commands:

T = Addressable trigger.
GET = Group Exccute Trigger.

4-9-17. Rate (S)

The rate commands give the user control over the speed
that Model 776 outputs its processed measurements on
the bus. Model 776 may output up to 100 formatied
readings in one second. Such speed. however. requires
that either 82 or S3 rates are seclected. that Lhe pro-
grammed gate time is less than 10 ms. and that unnec-
essary information such as prefixes. and leading spaces
are removed from the outpul string. Also when sclecting
one of the fast rates, note that there arc frequency limits
which are associated with each rate mode. SO and S1
may be selected from the front panel. 82 and 83 can only
be programmed from the GPIB. The various speed rates
may be programmed using onc of the following com-
mands:

+-13
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S0 = Hold. One shot on T. or on GET. or on an external
arming input.

$1 = Normal, Approximately 3 reading per second.

§2 = Fast, up to 100 reading per second, 100 Hz to 120
MHz.

83 = Fast. up to 100 reading per second. 10 MHz 1o 225
MHz.

4-9-18. Display Modes (D)

The display command controls what paramecier the
Model 776 will place on the display. The cight parame-
ters associated with the display commands set the in-
strument to display the normal measurement. gate time,
delay time, trigger level A, trigger level B. number of
selected digits, analog output resolution, anatog output
offset. and ratio mode. The counter may be programmed
to place one of the above parameters on the display
using the following commands:

DO = Display the normal measurement.
D1 = Display the gate time,

D2 = Display the delay time.

D3 = Display the A trigger level.

D4 = Display the B trigger level.

D5 = Display the number of digits.

D6 = Display the analog output resolution,
D7 = Display the analog output offset.

D8 = Display the programmed ratio mode.

4-9-19. SRQ Mode (Q) and Serial Poll
Status Byte Format

The SRQ command controls which of a number of
conditions within the Model 776 will cause the instru-
ment to request service from the controller with the SRQ
line command. Once the SRQ is generated. the Model
776 status byte can be checked. via serial polling. to
determine if it was the Model 776 that requested service.
Other bits in the status byte could also be set depending
on certain data or error conditions. The Model 776 can
be programmed to generate SRQ under one of the fol-
lowing conditions.

1, If the Model 776 is ready to receive device-dependent
commands.

2. If a reading has been completed.

3. If an error condition has occurred.

SRQ Mask: In order to facilitate SRQ programming,
the Model 776 uses an internal mask to generate the
SRQ. When a particular mask bit is sct. Model 776 sends
an SRQ when those conditions occur. Bits within the
mask can be controlled by sending the ASCII letter "Q"
followed by a decimal number to sct the appropriate
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bits. Tablec 4-6 lists the commands to set the various
mask bits. while Table 4-7 lists all legal SRQ Mask

commands.
NOTE

Therc are 8 lcgal SRQ mask com-
mands that are possible with the
Model 776. Table 4-7 lists all combi-
nations. e.g selecting Q6. Model 776
will request service when one of
reading done or crror occurs.

Status Byte Format: The status byte contains informa-
tion relating to data and error conditions within the
instrument. Table 4-8 lists the meaning of the various
bits. The status byte is obtained by using the SPE. SPD
polling sequence.

The various bits in the status byte are described below:

1. Ready: Set after power-up. This bit is cleared when
the Model 776 receives a command and set again when
the instrument have completed 1o decode the command
(Model 776 is ready for the next command siring).

2. Reading done: Set after completion of a measure-
ment cycle. The reading done bit is cleared after Model
776 was addressed to talk in RO mode.

3. Error: Set if an illegal commang has been received
or one of gate error. gate time error. or trigger level error
has occurred in the last measurement cycle. This bit is
cleared by reading the error status string (R7).

4.Rqs (request service): Model 776 sets this bit if one
or more conditions for service request occur. and the
SRQ mask. for at least one of these service request
conditions is enabled. This bit is cleared by reading the
Status Byte using the SPE. SPD polling sequence.

NOTES

1. Once the Model 776 has generated an SRQ. its status
byte should be read to clear the SRQ line. Otherwise the
instrument will continuously assert the SRQ line.

2. The Model 776 may be programmed lo generate an
SRQ for more than one condition simultaneously. For
example. to set SRQ mask bits for an SRQ if an error
occurs and when the instrument is ready for the next
string, the following command would be sent: Q5. All
possible mask combinations are listed in Table 4-7.

3. If the instrument is programmed to gencratc an SRQ
when reading is done. it will generate the SRQ only once
when the reading is complete: the SRQ may be cleared
by reading the status byle. The reading done bit in the
status byte may then be cleared by requesting a normal
reading from the instrument (R0O).
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4-10. Reading From Model 776

The Reading sequence is nsed to obtain from Model
776, various information strings such as measurement,
gate time, delay time or trigger level. Each information
string is made up of ASCII alpha and alphanumeric
characters. For more details on the information strings
format refer to paragraph 4-10-1.

The reading sequence is conducted as follows:

1. The controller sets the ATN line true,

2. The Model 776 is addressed to talk.

3. The controller sets ATN false.

4. The instrument sends the information string over the
bus one byte at a time.

5. The controller recognizes that the string is termi-
nated.

6. The controller sets the ATN tine true.

7. The UNT (untalk) command is placed on the bus by
the controller,

NOTE

Most controllers use the CR (Car-
riage Return) or LF (Line Feed) char-
acter to terminate their input se-
quences, but other techniques may be
used as well to recognize the end of
input sequence (for example the EO!
line is low on the bus during the
transfer of the last byte).

4-10-1 Data Control commands (R)

The Data Control commands allows access to informa-
tion concerning present operating conditions of the in-
strument. When a data control command other than R0}
is given, the Model 776 transmits the associated data
string instead of its normal data string. The next time
it is addressed to talk, Model 776 will transmit its
normal measurement data string (R0). Note ihat
Model 776 defaults to RO state. It is therefore not nec-
essary to include the RO command in every reading
request.

The Model 776 Data Control commands include:

RO = Send normal measuring data string

R1 = Send Gate Timc data status string

R2 = 8end Delay Time data status string

R3 = Send Trigger Level A data status string
R4 = Send Trigger Level B data status string
RS = Send Input conditioning status string
Ré6 = Send Operating Mode Status string

R7 = Send Error Status string

Table 4-9 shows the general data string format for each
of the seven commands (decimal point floats).

Table 4-10 shows the interpretation for the input condi-
tioning status. operating modc status and error status
strings (R5. R6 and R7).

NOTES

1. Data strings have fixed length of 15 ASCII characters
for the R0O. R5 and R6 commands without the prefix and
terminator. For all other data strings (R1 through R4 and
R7). the length of the data string is 5 ASCII characters
without the prefix and terminator. If the data string is
sent with a prefix. four additional ASCII characters are
included (refer to paragraph 4-2-3). If the data string is
sent with one or two terminators. the length of the data
string increascs by one or two characters respectively.

2. All normal measurement data string information
(R0). besides the status strings (R1 through R7). will be
sent only once each time a measurement has becn suc-
cessfully completed. This may halt the controller for the
duration of the gate or delay time. It is therefore recom-
mended that the status byte will be continuously moni-
tored and normal reading taken only after the READ-
ING DONE bit is set true.

WARNING

Model 776 updates its GPIB buff-
ers only once at the end of a suc-
cessful measurement cycle, If a
normal reading is requested before
the gate is closed, the bus could be
held for, at least, the duration of
the gate time. With some control-
lers, this delay may cause control-
ler time-out, or even a complete
bus lockup. It is therefore recom-
mended that the Model 776 is pro-
grammed to assert an RQS on
Reading Done (Q2), and that a nor-
mal reading is requested only if the
Reading Done bit (B1) in the status
byte is set. The procedure of read-
ing the Status Byte, as well as its
interpretation, is given in para-
graph 4-9-21.

3. All status string information. besides the normal data
strings. will be sent only once each time the command
is sent. Once the data string is read. the instrument will
send ils normal data string (RO} the next time it is
addressed to talk. CR LF is normal terminator. The

4-15
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Table 4-6. SRQ Mask Commands

___.._Condition to Generate SRQ

Command _Sets Bit Number
Q1 B0 (LSB)

Q2 Bl

Q4 B2

Ready
Reading done
Error

Table 4-7. SRQ Mask Legal Commands

Bit Number B2 B1 B0 (LSB)
Reading

Command Error Done Ready
Q0 NO NO NO
Q1 NO NO YES
Q2 NO YES NO
Q3 NO YES YES
Q4 YES NO NO
Q5 YES NO YES
Qo YES YES NO
Q7 YES YES YES

terminator may be changed (see paragraph 4-10-2). The
prefixes are listed in Table 4-9,

NOTES

1. The Error Status string will be returned only once
each time the command is sent. Once status is read. the
instrument will send its normal string the next time the
instrument is addressed to talk and reading done bit is
set true.

2. To ensure that the correct status is received. the status
string should be read immediately after sending the
command, to avoid having an incorrect status transmit-
ted.

3. The status string should not be confused with the
status byte. The status string contains a string of bytes
pertaining to the various operating modes of the instru-
ment. The status byte is a single byte hat is read with

Table 4-8. Status Byte Interpretation

the SPE. SPD command sequence and contains informa-
tion on SRQ status.

4, The error status string is cleared by reading R7.
Reading this status also clears the reading done and the
error bits in the status byte.

4-10-2. Terminator (Z)

To allow a wide variety of controllers to be used. the
terminator can be changed by sending an appropriatc
command over the bus, The deflault value is the com-
monly used carriage return, line feed (CR LF) sequence
(mode Z0). The terminator sequence will assume this
default value after receiving a DCL or SDC.

The EOI line on the bus is usually set low by the
device during the last byte of its data transfer sequence.
In this way. the last byte is properly identified. allowing
variable length data words to be transmitted. The Model
776 will normally send EOI during the last byte of its
data string or status word. The terminator and the EOI
response from the Model 776 may be sent with one of
the following commands:

Z0 = CR.LF with EOQI

71 = CR.LF without EQI

Z2 = LF.CR with EQI

Z3 = LF.CR without EQI

Z4 = CR with EQI

Z5 = CR without EQI

Z6 = LF with EQI

Z7 = LF without EOI

Z8 = No terminator with EQI
Z9 = No terminator without EQJ

Bit Number _B7 B6 BS B4 B3 B2 Bl BO(SB)
Interpretation Reading
t] qs 0 0 0 Error Done Ready
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Table 4-9. Data String Formats

Command  Data String Format

RO (FRQAY+1.23456 7890E-+)(TERM)
(FRQB)+1.231567890E+0(TERM)
(FRQCY+1.234567890E+0(TERM)
(PERS)+1.234567890E+0(TERM)
(PLSS)+1.234567890E+0(TERM)
(TABS)+1.234567890E+0(TERM)
(TOTB)+1.234567890E+0(TERM)
(ATOB)+1.234567890E-+O(TERM)
(CTOB)+1.234567890E+0(TERM)
(PHAS)+1.234567890E+0(TERM)
(VPKA)-0.00 -0.00 (TERM)
(PERV)+1.23456 7890E+0(TERM)
(PLS V)+1.234567890E+0(TERM)
(TABV)+1.234567890E+0(TERM)

RI (GATE)10E-0(TERM)

R2 (DLAY)10E-0(TERM)

R3 (TRGA)+0.00(TERM)

R4 (TRGB)+0.00(TERM)

RS (STAT)000000000000000( TERM)

R6 (776 )000001000100000( TERM)

R7 (EROR)00000(TERM)

__ Description

for FRQ A measurcments

for FRQ B measurcments

for FRQ C measurements

for PER A measurements

for PLS A measuremcnts

for T.I A to B measurements
for TOT B measurements

for Ratio A/B measurements
for Ratio C/B measurements
for Phase A to B measurements
for V PeaK A measurements
for PER AVG A measurements
for PLS AVG measurements
for T.I A to B AVG measurements
for Gate Time

for Delay Time

for Trig Level A

for Trig Level B

Input conditioning status
Machine status

Error status

NOTES

1. Most controllers use the CR or LF character to termi-
nate their input sequence. Using the NO TERMINATOR
mode (Z8 or Z9) may cause the controller to hang up
unless special programming is used.

2. Some controllers may require that EOI be present at
the end of transmitting.

4-10-3. Prefix (X)

The prefix from the data string may be suppressed using
this command. When the prefix is suppressed the output

Table 4-10. Status Word Interpretation

data string is four byte shorter. The X command is also
used to replace leading space character (ASCIF 20 HEX)
in the data string with characier 0 (ASCII 30 HEX). For
some controllers. an attempt to read a number instead of
a string, will result a reading error because of its inabil-
ity to read spaces before the first significant digit. To
¢liminate this problem the Model 776 should be pro-
grammed to send the data string with leading zeros. X4
mode is an absolute necessity to reach the reading speed
of up to 100 readings per second (in conjunction with
S2 and 83). X command parameiers include:

Command ... .. Status Word Format = N
RS (STAT)F AC AA AF AS Al BC BA BF BS Bl L 1 0Oftcrm)
After SDC (STAT)00 0 © 0 0 0 0 0 0 0 0 0 OCRLF)
R6 (776) OPTI OPT2 OPT3 V M C N QO P § Q Z D X(term)
After SDC (776) a n n 0 0 0 10 0 0 I O 0 0 OCRLF)
R7 (EROR) ILI ILP GATEERR TLERR O (CRLF)
After SDC (EROR) 0 0 0 0  O(CRLF)
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X0 = Send data string with prefix. without leading
ZEeroes.

X1 = Send data string without prefix. without leading
Zeroes.

X2 = Send data string with prefix. with leading zeroes.
X3 = Send data string without prefix. with leading
ZETOES.

X4 = Send data string without prefix, without leading
zeroes, without leading spaces.

4-11. Front Panel Error Messages

The process of programming the Model 776 involves
the proper nse of syntax. Syntax is defined as the orderly
or systematic arrangement of programming commands
or languages. The Model 776 must receive valid com-
mands with proper syntax or it will:

1. Ignore the entire commands string in which the inva-
lid command appears.

4-18

2. Set appropriate bits in the status bytc and error word.
3. Generate an SRQ if programmed to do so.
4. Display an appropriate front pancl message.

4-11-1. ILL INS {lllegal Instruction) Error

An ILL INS error results when the Model 776 receives
an invalid command such as A0 This command is inva-
lid because no such letter exist in the instruments pro-
gramming language.

4-11-2. ILL PAR (lllegal Parameter) Error

An ILL PAR error occurs when the numeric parametcr
associated with a legal command letter is invalid. For
example. the command D10 has an invalid option be-
cause the Model 776 has no display mode associated
with that number.
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5-1. Introduction

This section provides maintenance. service information.
and performance tests for the Model 776. the clock
multiplier and the 2.4 GHz input channel. Fuse replace-
ment procedure and line voltage selection are also in-
cluded.

WARNING

The procedures described in this sec-
tion are for use only by qualified
service personnel. Do not perform
these procedures unless qualified to
do so. Many of the sleps covered in
this section may expose the individ-
ual to potentially lethal voltages that
could resull in pecrsonal injury or
death if normal safety prccautions
are not observed.

5-2. Line Voltage Selection

The Model 776 may be operated from either 115 V or
230 V nominal 50-60 Hz power sources. The instrument
was shipped from the factory set for an operating volt-
age as advised on your purchase order. To change the
ling voltage. proceed as follows:

WARNING

Disconnect the Model 776 from the
power cord and all other sources be-
fore changing linc vollage setting.

1. Using a flat-bladc screwdriver. place the linc voltage
selection switch in the desired position. The voltages
are marked on the selection switch.

2. Install a power line fuse consistent with the operating
voltage. Sce paragraph 3-3.

CAUTION

The correct fuse ty pe must be used to
maintain proper instrument prolec-
tion.

5-3. Fuse Replacement

The Model 776 has a line fusc to protect the instrument
from excessive current. This fuse may be replaced by
using the procedure described in the following:

WARNING

Disconnect the instrument from the
power line and from other equipment
before replacing the fuse.

1. Place the end of a MMat-bladc screwdriver into the slot
in the LINE FUSE holder on the rear panel. Push in and
rotate the fuse carrier one quarter turn counterciock-

Table 8-1. Line Fuse Selection

POWER LINE

VOLTAGE FUSE TYPE KI p/n
90 - 125V 0.4A. 250V Slo-Blo  FU-80
195 - 250V 0.2A. 250V Slo-Ble  FU-96-3
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wise. Release the pressure on the holder and let its
internal spring to push the fuse and the carrier out of the
holder.

2. Remove the fuse and replace it with the proper tvpe
using Table 5-1 as a guide.

CAUTION

Do not use a fuse with a rating higher
than specified or instrument damage
may occur. If the instrument persist-
ently blows fuses. a problem may
exist within the instrument. If so. the
problem must be rectified before
continuing operation,

5-4. Selecting an External Frequency
Reference

The Medel 776 has a 5 PPM oscillator for an internal
time base clock. The Model 776/2.4G and 776/2.4G/R
have TCXO (temperature compensated crystal oscilla-
tor) included with Channel C option.

Thesc time bases are enough to satisfy most accuracy
requirements: however, in applications where such an
inaccuracy is a limiting factor. an external standard can
be applied to the counters. The basic accuracy of the
counters is then converted to the accuracy of the applied
frequency source.

The Model 776 accepts a 10 MHz source; the Model
7762.4G and 776/2.4G/R accepts a 5 MHz or 10 MHz
source.

The counters feature a rear panel input/output BNC
connector designated as 10 MHz CLOCK QUT/EXT
CLOCK IN. This conncctor serves two funclions:

*  When an internal clock is selected. a 10 MHz signal
from the intcrnal time base circuit is available al

this output.
s  While using the instrument with an external refer-
ence. a signal is applied to the same connector.

The counters are shipped set 1o operale with an
internal time basc. and with a 10 MHz signai availablc
at the rear panel CLOCK output. To change these set-
tings. refer 1o the following procedure:

WARNING

Disconnect the line cord and test
leads from the instrument before re-
moving the top cover.

1. Remove the top cover as described in the disassembly
instructions in paragraph 3-5.
2. Position the shorting links as required:

A. For Models 776/2.4G and 776/2.4G/R. refer to
Figure 5-1 for the shorting link locations on the TCXO
board. LK1 and LK2 sclect the internal or extcrnal
reference. LK3 configures the instrument for a 3 MHz
or 10 MHz external reference.

B. For a Model 776. refer 1o Figure 5-2 for shorting
link locations on the main board. LK1 (a and b). which
is located at the rear of ihe instrument near the poewr
transformer. selects the internal or external reference.
3. Replace the top cover.

%m—-—
==

.

_—~— Locking Screw
] O
U1
TCX0-26A 12
LK3E:

Reference Reference

/“—/‘q‘ /_M
N
R
Internal External S5MHz 10MHz

Figure 5-1. Reference Frequency and INT EXT Clock Sefection.
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Figure §-2. External/Internal Time Base Clock Selection.

5-5. Disassembly Instructions

If it is necessary to troubleshoot the instrument or re-
place a component. use the following disassembly pro-
cedure 1o remove the top and bottom covers:

1. Remove the four screws that secure each of the top
and the bottom covers.

2. Grasp the top cover ai the side and carefully lift it off
the instrument. Similarly remove the botlom cover.

3. When replacing the covers. reverse the above proce-
dure.

5-6. Special Handling of Static
Sensitive Devices

CMOS devices are designed to operate at a very high
impedance levels for low power consumption. As a
result, any normal static charge that builds up on your
person or clothing may be sufficient to destroy these
devices if they are not handled properly. When handling
such devices, use precautions which are described in the
following {o avoid damaging them.

1. The CMOS ICs should be transported and handled
only in containers specially designed to prevent static
build-up. Typically. these parts will be received in
static-protected containers of plastic or foam., Keep
these devices in their original containers until ready for
installation.

2. Remove the devices from the protective containers
only at a properly grounded work station. Also ground
yourself with a suitable wrist strap.

3. Remove the devices only by the body: do not touch
the pins.

4. Any printed circuit board into which the device is to
be inserted must also be grounded to the bench or table.
5. Use only anti-static type solder sucker.

6. Use only grounded soldering irons.

7. Once the device is installed on the PC board. the
device is normally adcquately protected. and normal
handling resume.

§-7. Cleaning

Model 776 should be cleancd as often as operating
condition require. Thoroughly clean the inside and the
outside of the instrument. Remove dust from inaccessi-
ble arcas with low pressure compressed air or vacuum
cleaner. Use aicolo! applied with a cleaning brush to
remove accumulation of dirt or grease from connector
contacts and component terminals.

Clean the exterior of the instrument and the front
panel with a mild detergent mixed with water. applying
the solution with a soft. lint-free cloth.

6-8. Repair and Replacement

Repair and replacement of clectrical and mcchanical
parts must be accomplished with great carc and caution.

5-3
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Printed circuit boards can become warped, cracked or
burnt from excessive heat or mechanical stress. The
foliowing repair techniques are suggested to avoid in-
advertent destruction or degradation of parts and assem-
blies.

Use ordinary 60/40 solder and 35 to 40 watt pencil
tvpe soldering iron on the circuit board. The tip of the
iron should be clean and properly tinned for best heat
transfer to the solder joint. A higher wattage soldering
iron may separatc the circuit from the base material,
Keep the soldering iron in contact with the PC board for
a minimum time to avoid damage to the components or
printed conductors.

To desolder components use a commercial * solder
sipper *. or better, solder removing SOLDER - WICK,
size 3. Always replace a component with its exact du-
plicate as specified in the parts list.

5-9. Performance Checks

The following performance checks venfy proper opera-
tion of the instrument, and should normally be used :
a. As part of incoming tnspection of instrument specifi-
cations;

b. As part of troubleshooting procedure:

c. After any repair or adjustment. before returning in-
strument to regular service.

5-9-1. Environmental Conditions

Tests should be performed under laboratory conditions
having an ambient temperature of 25 +5 °C and a rcla-

been subjected to conditions outside these ranges. allow
at least one additional hour for the instrument to stabi-
lize before beginning the adjustment procedure.

5-9-2. Warm-Up Period

Most equipment is subject to at least a small amount of
drift when it is first turned on. To ensure accuracy. turn
on the power to the Model 776 and allow it to warm-up
for at least 30 minutes before beginning the perform-
ance tests procedure.

5-9-3. Recommended Test Equipment

Recommended test equipment for troubleshooting. cali-
bration and performance checking is listed in table 5-2.
Test instruments other than those listed may be used
only if their specifications equal or exceed the required
minimal characteristics.

5-10. Performance Checks Procedure
NOTE

The Models 776 and 776/2.4G have
a default gate time of 1 second. The
Model 776/2.4G/R has a default gate
time of 100ms. The resolution of
counter readings in the following
procedures are for a 1 second gate
time. Readings on the Model
776/2.4G/R will have onc less digit.

5-10-1. Channels A and B Sensitivity Check

Equipment: Synthesized signal generator

tive humidity of less than 80%. If the instrument has Procedure:

Instrument Recommended Minimum Use (*)
Model Specifications

DMM Keithley 175A .1 V- 100 VDC, AC mns, 0.05% PAT
Pulse/Function Generator HP 8116A 4 s-20ns P
Synthesized
Signal Generator HP 8663A 100 KHz - 2560 MHz P.A
Oscilloscope Tektronix 2465 300 MHz band width T
DCV Calibrator Fluke 1 V-100 V. 0.01% A
10 MHz Standard Oscillatec 10 MHz %10 E-12 P.A
50 Q feedthrough
Termination Tek 011-0049-01 5002 W. 1% P.A
(*) P= Performance Test. A= Adjustments, T= Troubleshooting

Table 5-2. Required Test Equipment.

54



Figure 5-3. Channels A and B Sensitivity Test Set-up.
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REAR PANEL CONNECTIONS
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1. Connect the test equipment as described in Figure 5-3.
2. Press Model 776 push-buttons in the following
sequence [2nd], [DCL] and then [50Q].

3. Set Synthesizer frequency and amplitude as given in
the following table and verify a stable counter readings as
follows:

SYNTH SIGNAL REQUIRED ALLOWED
FREQ LEVEL READING ERROR
1MHz 50mV  1.000000000 E+6 +2 MHz
80MHz 50mV 80.0000000 E+6 +0.2 Hz
100MHz 50mV  100.0000000 E+6 #0.2Hz
150 MHz 50 mV 150.000000 E+6 +2 Hz
225MHz 50 mV 225.000000 E+6 +2 Hz

4. Change synthesizer frequency setting to 10 MHz and
signal level setting to 50 mV rms.

5. Press [LPF] push-button and observe that the counter
does not process any more readings.

6. Agan press [LPF] and then [x10] push-button and
observe that the Model 776 still does not process readings.
7. Change synthesizer amplitude level setting to 250 mV
rms.

8. Verify that counter reading is 10 MHz £20 MHz.

9. Modify the connections in Figure 5-5 above so that
the synthesizer will now be connected to Channel B.
Select [FREQ B].

10. Repeat the procedure above to verify Channel B sen-
Sitivity.

5-10-2. Channel C Sensitivity Check

Equipment: Synthesized signal generator

Procedure;

1. Connect the test equipment as described in Figure 5-4.
2. Press Model 776 push-buttons in the following
sequence: [2nd], [DCL] and then [FREQ C].

3. Set Synthesizer frequency and amplitude as given in
the following table and verify a stable counter readings as
follows:

SYNTH SIGNAL COUNTER ALLOWED
FREQ LEVEL READING ERROR
50 MHz 15mV 50.0000000 E+6 +1LSD

100 MHz 15mV
500 MHz 15 mV
1000 MHz 15mV
2000 MHz 15mV
2400 MHz 15mV

100.0000000 E+6 2 LSD
500.000000 E+6 +1LSD
1.000000000 E+9 #2L.SD
2.00000000 E+9 +1LSD
2.40000000 E+9 +1LSD

5-10-3. Period A, Period A Averaged
Operation Check

Equipment: Synthesized signal generator
Procedure;

1. Connect the test equipment as described in Figure 5-5.

2. Press Moddl 776 push-buttons in the following
sequence: [2nd], [DCL], [PER A] and then [50Q].

5-5
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Figure 5-4. Channel C Sensitivity Test Set-up.
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3. Set Synthesizer frequency to | MHz and amplitude
level to 50 mV rms.

4. Verify a stable counter readings as follows:
1.000 E-6 +1 LSD

5. Press [2nd} and then {AVG] push-buttons,

6. Set Synthesizer frequency to 125 MHz and amplitude
level to 50 mV rms,

7. Verify a stable counter readings as follows:

8.0000000¢ E-9 £2 LSD

5-10-4. Ratio A/B Operation Check

Equipment: Synthesized signal generator
Procedure:

1. Connect the test equipment as described in Figure
5-6.

2. Press Model 776 push-buttons in the following se-
quence: [2nd]. [DCL]. [FRQ/B]. [AC B]. and then
{502 A&B}.

3. Set Synthesizer frequency to 223 MHz and amplitude
levei to 50 mV rms.

REAR PANEL _CONNECTIONS

REF
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uuT
MODEL 776 } 10 MH2
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Figure §
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5. Period 4 and Period A Averaged Test Set-up.



Figure 8-6. Ratio A/B Test Set-up.
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4. Verify a stable counter readings as follows:

22.5000000 +1 LSD

5-10-5. Ratio C/B Operation Check

Equipment: Synthesized signal generator
Procedure:

1. Connect the test equipment as described in Figure
5-7.

2. Press Model 776 push-buttons in the following se-
quence: [2nd], [DCL]. [2nd] [FRQ SEL]. and select
FrEQ C, [FRQ/B]. [AC B}. and then [S0Q B].

3. Set Synthesizer frequency to 2000 MHz and ampli-
tude level to 50 mV rms.
4. Verify a stable counter readings as follows:

200.0000 £1 LSD

5-10-6. Pulse A, T.| A to B, Puise A AVG
and T.I. AVG Operation Check

Equipment: Pulse/Function generator
Procedure:

1. Connect the test equipment as described in Figure
5-8. It is essential that both cables to channels A and B
are exactly equal in length.

REAR PANEL
REF s CONNECTION
our

SIGNAL GENERATOR

>

RF
ouT

uuT
MODEL 776
COUNTER / TIMER

Figure 5-7. Ratio C/B Test Set-up.
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Figure 5-8. Pulse 4, T.I 4 to B and Averaged Test Set-up.
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2. Press Model 776 push-buttons in the following se-
quence: [2nd]. [DCL]. [PLS A] and then [50Q A&B].
3. Set Pulse/function generator parameters as follows:

Output Wave form - Normal Pulse
Puls¢ Frequency - 18.2 KHz

Pulse Width - 20 ps
Pulse Amplitude - £2 Vp-p

4. Verify a stable counter readings as follows:
20,000 E-6 £.2 E-6

5. Press [2nd] and then [AVG] to select PULSE A AVG.
6. Verify a stable counter readings as follows:

20.00000 E-6 +2 E-6

7. Press [2nd] and then [AVG] to delete AVG function.
8. Select [T.1 A to B] and [\.B} functions by pressing
the appropriate push-buttons.

9. Verify a stable counter readings as follows:

20.000 E-6 £.2 E-6

10. Press [2nd] and then [AVG] to select TI. At B
AVG.
11. Verify a stable counter readings as follows:

20.00000 E-6 +.2 E-6
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Figure 5-9. Phase 4 to B Test Set-up.
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5-10-7. Phase A to B Operation Check
Equipment: Pulse/Function zenerator
Procedure:

1. Connect the test equipment as described in Figure 5-9. It is
essential that both cables to channels A and B are exactly
equal in length.

2. Press Model 776 push-buttons in the following sequence:
[2nd], [DCL], [Phase A-B], { “_ A} and then [S0Q A&B].

3. Set Pulseffunction generator parameters as follows:
Qutput Wave form - Normal Pulse
Pulse Frequency - 18.2 kHz
Pulse Width - 27.5 ps
Pulse Amplitude - £2 Vp-p
4. Verify a stable counter readings as follows:
180.00 £2.00

5-10-8. Totalize B Operation Check

Equipment: Pulse/Function generator
Procedure:
1. Connect the test equipment as described in Figure 5-10.

2. Press Model 776 push-buttons in the following sequence:
[2nd], [DCL], [TOT B], [50£3] and then {CLR].

3. Set Pulse/funciion generator parameters as follows:
Output Wave form - Pulse

Pulse Frequency - 40 MHz
Pulse Width - 10 ns

Pulse Amplitude - 2 Vp-p

Trigger Mode - External Burst

Burst - 1999

Trigger Slope - Positive
4. Press the pulse/function generator MANUAL trigger push-
button. Verify a counter readings as follows:

1999

5. Again press the pulse generator MANUAL trigger push-
bution. Verify a counter readings as follows:

3998

5-10-9. Auto Trigger Level A and B Operation
Check

Equipment: Puise/Function generator

Procedure:

1. Connect the test equipment as described in Figure 5-11.

2. Press Model 776 push-buttons in the following sequence:
[2nd], [DCL], [50£2 A], [2nd], [AUTO TRIG] and then [TL
Al
3. Set Pulse/function generator parameters as follows:
QOutput Wave form - Normal Sinewave
Frequency - 50 kHz
Duty Cycle - 50%
Amplitude - 1 Vp-p
Offset - 4V
4. Verify that trigger level A reading is as follows:
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CABLE A

50a T POWER
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Figure 5-10, Totalize B Test Set-up.
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Figure 5-11. Auto Trigger 4 and B Test Set-up.
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5. Modify the connections in Figure 5-11 above so that
the pulse generator will now be connected to Channel
B.

6. Press Model 776 push-buttons in the following se-
quence: [2nd]. [DCL]. [FREQ B]|. [50Q B}, {2nd].
[AUTO TRIG] and then [TL B}.

7. Repeat the procedure above to verify Channel B auto
trigger level operation,

5-10-10. Delay Operation Check

Equipment: Pulse/Function generator

1. Connect the test equipment as described in Figure
5-12.

2. Press Modcl 776 push-butlons in the following sc-
quence: [2nd]. [DCL]. [PER A]. {50Q A].{2nd]
[DELAY]. [2nd]. and then [AUTO TRIGL

3. 8et Pulsc generator paramcters as follows:

Cutput Wave form - Normal Pulse
Pulse Frequency - 50 KHz

High Level - +2.0 V

Low Level - 220 V

4. Verify a counter reading as follows:

Procedure: approximately 1 s
uuT
MODEL. 776
PPG. COUNTER/TIMER

[ ]

( )
C_JC _JCIC )

b ® © © ® ©)

e _J

( ]

@o
®w

Figure 5-12. Delay Test Set-up.
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Figure §-13. User Gate Test Set-up.
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5-10-11. User Gate Operation Check

Equipment: Pulse/Function generator
Procedure:

1. Connect the test equipment as described in Figure
5-13.

2. Press Model 776 push-buttons in the following se-
quence: {2nd]. {DCL]. [S02 A] and then [AC A].

3. Seclect the USER GATE function on the counter.
{Refer to section 3 paragraph 3-17).

4. Set Pulse/function generator frequency to 667 mHz.
and pulse width to 1 s,

5. Verify a stable counter reading as follows:

10.00000000 E+6 =2

5-10-12. Time Base Accuracy Check

Equipment: 10 MHz standard
Procedure:

1. Connect the test equipment as described in Figure
5-14.

2. Press Model 776 push-buttons in the following se-
quence: [2nd). [DCL]. [50£2]. [2nd] and then [AUTO
TRIG].

3. Verify a stable counter reading as follows:

10.00000000¢ E+6 5000 LSDs: or
10.00000000 E+6 £1000 LSDs with option 2.4G installed:

TiME BASE STANDARD
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el

q
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Figure 5-14, Time Base Accuracy Test Set-up.
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Theory of Operation

6-1. Introduction

This section contains an overall functional description
of the Model 776 as well as detailed circuit analysis of
the various sections of the instrument. Information per-
taining to the standard IEEE interface and the various
options are also included.

Information is arranged to provide a description of
individual functional circuit blocks. As an aid to under-
standing. the descriptions are keved to accompanying
block diagrams. and simplificd schematics. Detailed
schematics and component layout drawings are located
at the end of this instruction manual.

6-2. Overall Functional Description

Model 776 is a 10 digit counter with 16 different meas-
urement functions as standard. and 1 additional meas-
urement function as an option. The counter utilizes a
modern technique. which combines both reciprocal. and
conventional measurement techniques. hence. increas-
ing resolution in low frequency measurements. as well
as. high frequency measurements. compared to other
available counters which utilize the more conventional-
fixed-gate-time technique. As an example, a conven-
tional counter measuring | KHz with a gate time of 1
second will display a resolution of 1 Hz, where Model
776 with the same gate time wifl always display a
minimum of nine digits of resolution.

The heart of the instruiment contains two counting
registers: N1 and N2. two synchronizers. selectors. and
gates. Figures 5-1 and 5-2 demonstrate the inter-connec-

tion of these four elements. The Model 776. while per-
forming frequency measurements. will automatically
determine which onc of these configurations are to be
used. The criteria for this decision is built into the
software. However, under certain conditions the counter
can only operate using the reciprocal technique (e.g.
Frequency C. hold. and single shot frequency measure-
ments).

During frequency measurement, using the reciprocal
measurement technique (Figure 5-1). Selector 1 routes
the input signal (F) to clock 1| (CLK 1). Selector 2 routes
the reference clock signal to clock 2 (CLK 2). The gate
time (GT) is generated by the CPU. and is synchronized
to the unknown input signal (CLK 1) in such a way that
the synchronized gate time 1 (SGT 1) now has a period
with an exact integer multiple of pulses from the un-
known input signal. Counter N1 then totalizes the num-
ber of input pulses during the SGT 1. Synchronizer #2
generates the synchronized gate time 2 (SGT 2) from
SGT 1. 8GT 2 now has a period with an exact inieger
multiple of pulses from the reference clock signal
Counter N2 totalizes the number of refercnce clock
pulses (CLK 2). The CPU then computes the result 1o
be displayed. using the following formula:

= NI
N2 x T where: T = the period of the
reference clock

While performing frequency measurements above
100 MHz. the inler-connection configuration is auto-
matically changed to usc the conventional mode of op-
eration. as shown in Figure 5-2.
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Figure 6-1. Reciprocal Frequency Measurement.
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In this case, selector 2 routes the input signal (F) to (8GT 2) from SGT 1. SGT 2 now has a period with an
clock 2 (CLK 2). Selector 1 routes the reference clock exact integer multiple of pulses from the input signal
signal to clock 1 (CLK 1). The gate time (GT) which is {F). Counter N2 totalizes the number of input signal
generated by the CPU is synchronized to clock 1 (CLK puises (CLK 2). The CPU then computes the result to

1) in such a way that the synchronized gate time #1 be displayed, using the following formula:
(SGT 1) now has a period with an exact integer multiple N2
of the reference clock pulses. Counter N1 then totalizes F =

N1 x T where; T = the period of the refer-

h f i .
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Figure 6-2. Conventional Frequency Measurement.
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Theory of Operation

A simplified block diagram of the complete Model 776
is given in Figure 6-3. The input signal is applied
through the input amplifiers to switching circuits which
in turn routes the signals to the corrcct counting circuits.
If channel C is installed, a signal from the Channel C
input terminal will pass through the channel C input
amplifier to the internal selectors. The CPU, working
under software control, then converts the signals into a
form suitable for displaying on the front panel or for the
IEEE bus.

6-3. Analog Circuitry

The following paragraphs contain a description of the
input circuits, measurement logic circuits, frequency
multiplier and of the power supply. These circuits may
be found on schematic diagrams located at the end of
this mannal.

6-3-1. Input Circuits A and B
NOTE

Channels A and B are identical in
terms of components and operation.
Therefore. the following description,
which reviews only Channel A cir-
cuits applies to channel B as well.
Note that jetter designations for com-
ponents in Channel A are different
for similar components in Channel
B.

The signal which is applied to thc Channel A input
terminal is preconditioned in front of the amplifier cir-
cuit by means of relays and electronic components as
follows:

Coupling: Coupling is controlied by a rclay K1, and
capacitor C1. When instrument is DC coupled, K1 con-
tacts are closed. When instrument is AC coupled. K1
contacts are open and C1 blocks the DC components of
the input signal.

Attenuation: Attenuation is controlled by relay K3,
resistor network R3 and R39, and capacitor network C3
and C6. When K2 shorts between contacts 1 and 7. R3
and C6 are shorted and there is no attenuation. Actuat-
ing K2 shorts between contacts 7 and 14 thereby intro-
duces a x10 voltage attenuation.

Filtering: The low pass filter is controlled by relay
K4. Contacts on K4 are normally closed; shorting R6.
When the relay coniacts open, the impedance of R16,
and the capacitancc of Q2 act as a low pass filter.

Termination: Termination is controlied by relay K2.
Relay is normally open, leaving a 1 MQ impedance
(R4+R3) in front of the input amplifier. When the relay
contacts are closed, the input impedance is shunted by
R and R2 (50£2).

Input Protection: Front panel input conditioning
arc capable of handling signals within the specified
dy namic range of the Model 776, Protection of the input
circuit from over-voltage signals (up to the specified
limits) are done by R4, clipping diodes within U10, C8,
R7.CR 2 and Q2.

Amplifier: The amplifier comprises a band split/dif-
ferential amplifier. This section consists of a high fre-
quency amplifier - Q2, and low frequency differentiaf
amplifier - U10 and Q5. The two bands are summed at
the junction of R12 and R10, and then buffered by Q3.
The diode network - CR3 to CRS8 limit the amplitude of
the signal which is then applied to the comparator Ul2a.
Ul2a operates as a schmidt trigger amplifier which
translates, for the following stages, the varicus input
wave forms to an appropriate ECL logic levels.

Trigger Level Control: The trigger level control
circuit generates a DC voltage which is directly propor-
ttonal to the required input threshold point. This voltage
is then applied through R22 to the negative input of the
differential amplifier which was previously discussed.
U7 and U6 are a serial to paralle] converters which
control the D to A converter - U8, U9%a, U9b, and their
associated components. The output of U9b generates a
dc voltage in the range of -5 V 1o +5 V. This voltage is
then applied. in parallel, to the rear panel TRIGGER
LEVEL A. and through the voitage divider R21 and R35
to the negative input of the differential amplifier.

6-3-2. Input Circuit C

The signal which is applied to the Channel C input
terminal is AC coupled through C1 to a 6 dB atienuator
R 18 through R22. and through a limiting diode network
CR1 through CR6, to the input of the first stage ampli-
fier Ul. The amplifier section comprises three stage
amplifiers Ul through U3 and their associated compo-
nents. Limiting diodes, CR8 through CR13, prevent
saturation of the following stages. The signal from the
U3 is routed to a divide by 128 circuit - U4. The output
from this divider is ac coupled and dc leveled by R16
and R17. and then routed through J1 to the main board
asscmbly.

U4 is a self oscillating circuit, that is, if no proper
signal is available at its input, the output will oscillate
at an uncontrollable frequency. To prevent this oscilla-
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tion from reaching the counting circuit. a special com-
parator circuit is provided. This comparator detects the
magnitude of the signal at the input to the divider. Only
when the signal is within the specified limits, the output
of the divider will be gated to the rest of the circuit.

The signal at the input to U4 is dctected by CR14,
Cl16, and C19. The ac signal is rectificd and applicd to
a comparator circuit - US and its associated compo-
nenis. The comparator then behaves just like a gate.
With an adequate signal this gate will release the output
of U4 to the subsequent circuits.

6-3-3. 10 MHz Standard Reference
Oscillator

The reference oscillator circuit contains an hybrid oscil-
lator U57, buffers U56, and voltage regulator U353,
C124, C125, and C126 adjust the oscillator frequency
to a known reference. C124 is a coarse adjust, and C126
is a fine adjustment. LKa/b is used for seiecting be-
tween an internal reference, which is generated by U57,
and external reference frequency, which may be applied
to a rear panel BNC connector. CR35, CR36, C120, and
R192 protects the rear panel input against accidental
overloads. U56d is configured as a schmidt trigger cir-
cuit which converts the external amplitude level to TTL
level.

6-3-4. Reference Oscillator circuit, and
TCXO (option 2.4G).

The reference oscillator circuil gencrates a 500 MHz
signal for the Measurement Logic Section. The accuracy
of this signal is very high and is fed from a standard 10
MHz reference oscillator as described in paragraph 6-3-
3. The repetition rate of 500 cycles in one second is
generated by a voltage controlled oscillator (VCO) cir-
cuit. The VCO is placed is a phase locked loop, and is
lock to the accuracy of the internal reference oscillator.
The accuracy of the overall ¢ircuit may be improved by
adding the TCXO0. The TCXO Improves temperature
stability. as well as, long term stability of the entire
instrument. Figure 6-4 is a simplified block diagram of
the reference oscillator circuit.

The 500 MHz oscillator include Q3, C23 through
C25, L2, varicap diode CR23, and their associated com-
ponents. The 500 MHz output is buffered by U9, and
then simultaneously applied to J2 and to a divide by four
circuit - U3, 125 MHz from U3 is further divided by 100
by U4; the output of 1.25 MHz is then applied to the
phase comparator - U2. The output of the phase compa-
rator is filtered, and buffered by U6, and its associated
components; its dc equivalent drives the varicap diode
which in turn controls the accuracy of the VCO oscilla-
tions. The internal 10 MHz frequency reference is di-
vided by 5 by US5. The output from US5 is applied as the
phase reference to the phase comparator.

INTERNAL
CURRTZ
ase.
ouT
oiviogr| 1.28 PHASE RCTIVE SABMHZ
EXT. | o MHZ. COMPRRATOR FILTER v.C.0. Y
NOISE & Q|1+ ZEMHZ
GENERRTOR
DIVIDER
T "]

Figure 6-4, Reference Oscillator Circuit Block Diagram.
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The reference oscillator also contains a phase noise
generator. During certain measurement functions, this
generator injects phase noise to the reference oscillator.
The noise generator is comprised of CR3, bias resistor
RS9, and operational amplifier - U7. The noise generator
is switched in and out by an analog switch - U8 and is
controlied by Q2 and its associated components,

6-3-5. Measurement Logic Section

The measorement logic section is a block which con-
trols various switching, routes the internal signals to the
correct ports. It also controls the sequence of the gate
and resets and synchronizes the main registers NI and
N2 for the CPU. Figures 5-4 to 5-9 show the routes for
the input signal and the reference signal in every meas-
urement function. The following is a brief explanation
of the various segments in the measurement logic sec-
tion.

Control: The control circuit consists of U135, Ul4,
and U13. Information from the CPU is sent in a serial
form to the control ICs which in term convert the serial
information to a parallel formati. The parallel outpuis of
these ICs are being used to control the signal selectors,
and the signal routing to the various sections within the
measuring logic section. Q11 through Q13 convert the
TTL logic levels from the CPU to an appropriate voltage
levels for U15(0 Vito -5.2 V).

Signal Selector: The signal selector circuit com-
prises U19, U20, U21, U25, and U28. The function of
the signal selector is to route one of Channe!l A input,
Channel B input, Channel C input. or the reference
clock to the appropriate processing sections.

Time Interval Section: The time interval section
circuit consists of a dual D flip-plop U17a/b, and gates
U18a, b and ¢, and U19%b. Ul7a receives the start signal.
and Ul7b receives a stop signal. Following a resect
signal at the reset input of U17a/b, U18c simultaneously
produces a single positive pulse (TI), and its comple-
ment with a duration which is equal to the time interval
between the start, and the stop signals, regardless if the
start and stop signals are repetitive. While performing
time averaged measurements, these pulses will repeat as
long as the gate stays open.

Synchronizer #1: The synchronizer #1 consists of a
D flip flop U22b, gate U26b/d, and their associated
components. During reciprocal frequency measure-
ment, a gate signal is applied from the CPU to the D
input of U22d, and the measured signal is coupled to the
CLK input on the same IC. After a reset cycle, and
assuming that a signal is present at the appropriate input
terminal, the output of U22b generates a pulse with an

approximate width of the original gate signal from the
CPU, but with a new adjusted width which is equal to
an integer number of periods of the signal being meas-
ured. This pulse is used as the #1 synchronized (SGT 1)
gating signal throughout the instrument. In conven-
tional frequency measurements, (refer to the above de-
scription), the gate time is synchronized to the reference
clock 1 (1.25 MHz). SGT 1 opens the gate U26d for the
appropriate signal 1o be later divided, and counted by
N1 dividing chain.

Synchronizer #2: The synchronizer #2 consists of a
D flip flop U29b, gate U28d, and their associated com-
ponents. During reciprocal frequency measurement,
SGT 1 signal is applied to the D input of U29b. At the
same time, the reference clock 2 (500 MHz) is applied
to the CLK input on the same IC. the output of U2%
generates a pulse SGT 2 with an approximate width of
SGT 1, but with a new adjusted width which is equal to
an integer number of periods of the reference clock 2.
In conventional frequency measurements, the gate time
is synchronized to the input signal. SGT 2 opens the gate
U28d for the appropriate signal to be later divided and
counted by N2 dividing chain.

Signal Identifier: The signal identifier comprises
U22a, U3la, and their associated components. A signal
when present at the appropriate input terminal, is ap-
plied to the CLK input of U22a, converted to a TTL
level signal with U3 1ia, and then fed to a CPU port 1.1.
This port is used to flag the presence of a signal at the
input terminals. This signal is also used as the arming
signal of the counter.

Gate Identifier: The gate identifier informs the CPU on
the state of the synchronized gate time #1. The gate identifier
circuit also serves as a time stretcher of gate signals having
very small periods. The gate identifier consists of U26a,
U26¢, U31d, R158, and CR6.

N1 Counter Chain: The N1 counter chain comprises
U30b, U3la, U27a, U23a, Udba, U44, and their associated
components. U30b, U27a, U23a, and U46a are configured
as 7 bit binary up counter with its output connected to U44.
U44 is a 32 bit counter with its outputs connected to the data
bus. U3 Ic converis the ECL logic level from U30b to TTL.

N2 Counter Chain: The N2 counter chain comprises
U29a, U30a, U31lb, U27b, U23b, U46b, U45, and their
associated components, U29a, U30a, U27b, U23b, and
U46b are configured as 8 bit binary up counter with its
output connected to U45. U45 is a 32 bit counter with its
outputs connected to the data bus. Q15 and U31b convert
the ECL logic level from U29a, and U30a respectively to
TTL.
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6-3-6. Power Supply

For the following discussions, refer to the power supply
schematic at the end of the manual. The power supply is
made up of a line fuse, power on-off switch, line voltage
selection switch, power transformer, two bridge rectifiers,
two monolithic regulators, and two discrele regulators
which is formed by U352, Q30, Q31, Q32, Q39, and their
associated components.

Fuse F1 is the LINE FUSE which is accessible on the rear
panel. 82 is the LINE VOLTAGE SELECT switch, which
is accessible on the rear panel. to select 115 V or 230 V
operation, and S1 is the power on-off switch. CR25 is used
as a full-wave rectifier to provide a sufficient DC voltage
for the +12 V, and -12 V regulators U350, and U351 respec-
tively,

U52b receives a reference voltage of +5 V from the +12
V supply. This reference is then compared to the regulated
+5 V. U52b then controls through Q30 the current through
the series pass transistor - Q31. The +5 V supply then acts
as the reference for the -5.2 V regulated supply. The opera-
tion of U52a is similar to the operation of U52b, except,
US52a operates as an inverting amplifier. CR 29, and CR30
protect the +5 V and the -5.2 V respectively against acciden-
tal over-voltage.

6-4. Digital Circuitry

Model 776 aperation is supervised by the internal CPU.
Through the CPU, the counter measurement process, the
front panel switching, display, and IEEE operation are
all performed under software control. This section
briefly describes the operation of the various sections
of the CPU, and its associated digital circuitry. A sim-
plified block diagram is included for user reference; for
more cemplete circuit details refer to digital schematics
at the end of this manual.

6-4-1. CPU Block Diagram

A block diagram of the Model 776 CPU is shown in
Figure 6-3. Circuit operation centers around the CPU
unit - U39. The 8031 is an 8-bit CPU capable of directly
addressing up to 64K bytes of program memory (ROM),
and up to another 64K bytes of data memory (RAM).
The CPU works with a 16 MHz clock which is divided
internally to provide a bus operation of about 1.6 MHz.

Software for the CPU is contained in an EPROM
{Erasable Programmable Read-Only Memory). U42 isa
27128 EPROM containing 16K bytes of software. Tem-
porary storage is provided by U43, RAMs (Random
Access Memory) which can store up to 2048 bytes of
information.
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Interfacing between the CPU, and the IEEE bus is
performed by dedicated TEEE-488 bus interface IC -
U36. This IC performs many bus functions automat-
ically to minimize CPU overhead. Buffering between
the 8291 IC and the IEEE bus lines is done with bus
drivers U21 and U22,

Interfacing between the CPU to the keyboard and the
display is performed by the Keyboard/Display interface
IC - U36.

6-4-2. Memory Mapping

The 8031 CPU is capable of directly addressing two
banks of 64k (65,536) bytes memory. One bank of mem-
ory is the program memory, and the second memory
bank is the data memory. The selection of the banks is
done internally by the CPU. Although the CPU has this
large addressing capability, only a portion of the possi-
ble memory space is actually needed.

The Model 776 uses a total of 32K of program
memory stored in the 27256 EPRQM U43, and a total
of 1K of data memory is stored in U10 and. The 8031
CPU uses a memory-mapped I/0O scheme, additional
memory location must be allocated for the various 1/0
function. All the memory-mapped I/O functions are in
the data memory space.

6-4-3. Address Decoding

The CPU has a total of 16 address lines which are used
10 locate a specific memory slot. The LOW address line
(AQ to A7) are multiplexed on the address/data bus, and
the ALE (address latch enable) signal is used to separate
the LOW address from the address/data bus witch is
done by UJ40 address latch. Since no memory or inter-
face element can fully decode address locations, addi-
tional address decoding must be used. U38 is 1-of-8
decoder. The decoder is enabled when address lines A15
is HIGH. Once the decoder is selected the decoding is
done by addressing lines All, AI2 and A13.

6-4-4. Keyboard/Display Interface

The Keyboard/Display Interface 1C US is used to con-
trol the front panel display, and to find out which one of
the buttons was pushed.

6-4-5. IEEE Interface

The Model 776 has a built in IEEE-488 interface that
allows the instrument to be contrelled through the sys-
tem controller. Commands may be given over the bus,
and data may be requested from the instrument as well.
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The IEEE interface is made up of U47, a 8291 GPIA
(General Purpose Interface Adapter), U48, and U49,
which are interface bus drivers. Cn the CPU side of the
GPIA, data transmission is handled much like any other
bus transaction. The CPU accesses the GPIA through
the usual DO through D7 data lines. Address decoding
for the internal 14 registers (7 read and 7 write) is
provided by the CS, WR, RD, and A0, Al, A2 terminals.

The output of the 8291 IC is a standard IEEE format;
the eight data lines (DIO1 through DIOS8), the three
handshake lines (DAV, NDAC, NRFD), and the five
management lines (ATN, REN, IFC, SRQ, EQI), are all

active low with approximately zero volts representing a
logic onc. The two TEEE bus drivers, U48 and U49 are
nccessary to bring the drive capability of the interface
up to the normal IEEE maximum 15 devices.

The GPIA simplifies CPU interfacing to the IEEE
bus because many control sequences take place auto-
matically. For example, when a write is done to the data
output register, the handshake sequence is antomatically
performed at the proper time. Without the GPIA chip,
complicated CPU routines would be required to accom-
plish control sequence that are performed automatically.

6-15



Theory of Operation

NOTES

6-16



Adjustments and
Troubleshooting

7-1. Introduction

This section contains information neccessary to adjust
and troubleshoot the Model 776 and the 2.4G option.

WARNING

The procedures described in this sec-
tion are for use only by qualified
service personnel. Do not perform
these procedures unless qualified to
do so. Many of the steps covered in
this section may expose the individ-
ual to potentially lethat voltages that
could result in personal injury or
death if normal safety precautions
are not cbserved.

7-2. Adjustments
7-2-1. Environmental Conditions

Adjustments should be performed under taboratory con-
ditions having an ambient temperature of 25° £3 °CL and
a relative humidity of less than 70%. If the instrument
has been subjectied to conditions outside these ranges.
allow at least one additional hour for the instrument to
stabilize before beginning the adjustment procedure.

7-2-2. Warm-Up Period

Most equipment is subject to at least a small amount of
drift when it is first turned on. To ensure long-term
calibration accuracy. turn on the power to the Model

776. and allow it to warm-up for at least 30 minutes
before beginning the adjustment procedure.

7-2-3. Recommended Test Equipment

Recommended test equipment for calibration is listed in
Table 5-2. Test instruments other than those listed may
be used only if their specifications equal or exceed the
required characteristics.

7-2-4. Adjustment Procedures

All adjustments are performed with the POWER switch
ON. The top cover should be removed to allow access
to test points. and adjustments. Between adjustments.
always leave top cover on the unit lo keep internal
temperature,

WARNING

Take special care to prevent contact
with live circuits. or power line area
which could cause clectrical shock
resulting in scrious injury. or death,
Use an isolated tool when making
adjustments. Use plastic or nylon
screwdriver when adjusting the time
base trimmer. other materials could
cause confusion in this adjustment.

Refer to Figure 7-1, throughout the following adjust-
ment procedures. for determining adjustment points.
Follow the procedure in the sequence indicated because
some of the adjustments are interrelated. and dependent
on the proceeding steps.
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Figure 7-1, Model 776 Adjustment Points Location.
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Verify that Model 776 is functioning according to
the performance checks. Make sure that all results are
within. or close to, the range of the required specifica-
tions. Otherwisc refer 1o the troubleshooting procedures
given later in this scction. Center all trimmers and if
nececssary. remove sclected components and clear the
hotes to allow a selection of ncw components.

Perform the following adjustment procedure. If an
adjustment can not be made to obtain a specific result,
refer to the troubleshooting procedures.

7-3. Adjustment Procedure

7-3-1. Power Supply Adjustment

Equipment: DMM

Procedure:

1. Set DMM to DCV measurements. Connect the DMM
between ground, and the +5 V test point,

2. Adjust R190 fora DMM reading of +5.000 V+10 mV d¢.

7-3-2. Trigger Level A Adjustment

Equipment: DMM, dc voltage calibrator
Procedure:

1. Set DMM to DCV measurements.

2. Set [TL Al t0 0.00 V.

3. Measure and record the voltage at U12 pin 8. Record this
voltage with a resolution of £0.001 V.

4. Set [TL A] to 5.00 V.

5. Set dc calibrator output setting o +5.000 V,

6. Using a banana to BNC adapter. connect the calibrator
output to the Channel A input connector.

7. Re-connect the DMM probes to U 12 pin 8 and adjust R80
to obtain the same voltage level as recorded in step 3.

7-3-3. Trigger Level B Adjustment

Equipment: DMM. dc voltage calibrator
Procedure;

1. Set DMM to DCV measurements.

2. Set |[TL B] to 0.00 V.

3. Measure. and record the voltage at U12 pin 9. Record this
voltage with a resolution of +0.001 V.

4, Set [TL B) to 5.00 V.

5. Set dc calibrator output setling to +5.000 V.

6. Using a banana to BNC adapter. connect the calibrator
output to the Channel B input connector.

7. Re-connect the DMM probes to U12 pin 9. and adjust R81
to obtain the same voltage level as recorded in step 3.

7-34. Trigger Level A Offset Adjustment

Equipment; Function generator. oscilloscope
Procedure:

1. Set function generator controls as follows:

Wave form - Sine

Frequency - 1 KHz

Amplitude - 25 mVp-p

Offsct -0 V

Symmetry - 50%
2. Press Model 776 push-butions in the following sc-
quence: [2nd]. [DCL] and then [AC A].
3. Connect the function generator outpul to the Channel
A input conneclor.
4. Set oscilloscope time base to 0.1 ms/div.
5. Connect the oscitloscope probe to U24 pin 9. Connect
the ground lead from the probe to ground.
6. Adjust R83 to obtain a square wave having a 50%

+1% duty cycle on the oscilloscope.

7-3-5. Trigger Level B Offset Adjustment

Equipment; Function generator, oscilloscope
Procedure:

1. Set function generator controls as in paragraph 7-3-4.
2. Press Model 776 push-buttons in the following se-
gquence: [2nd]. [DCL]. [FRQ B] and then {AC B].

3. connect the function generator output to the Channel
B input connector.

4. Set oscilloscope time base (o 0.1 ms/div.

5. Connect the oscilioscope probe to U24 pin 14. Con-
nect the ground lead from the probe to ground.

6. Adjust R84 1o obtain a squarc wave having a 30%
+1% duty cycle on the oscilloscope.

7-3-6. Input A x10 High Frequency
Adjustment

Equipment: Function generator. oscitloscope
Procedure:

1. Set function generator controls as follows:

Wave form - Square wave
Frequency - 10 KHz
Amplitude - 5 Vp-p
Offset-0 V

Symmetry - 50%

2. Press Model 776 push-buttons in the following se-
quence: [2nd]. [DCL). [0 A]. and then [x10 A].

3. connect the function generalor output to the Channel
A input connector.
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4, Connect the oscilioscope probe to the cathode of
CR6. Connect the ground lead from the probe to ground.
5. Set oscilloscope and adjust C3 1o obiain the best
squar¢ wave response having minimum overshool, and
undershoot.

7-3-7. Input B x10 High Frequency
Adjustment

Equipment: Function generator, oscilloscope
Procedure:

1. Set function generator controls as in paragraph 7-3-5.
2. Press Model 776 push-buitons in the lollowing se-
quence: [2nd]. [DCL], [FRQ B]. |50 B]. and then
{x10 B].

3. Connect the function generator output o the Channel
B input connector.

4. Connect the oscilloscope probe to the cathode of
CR14, Connect the ground lead from the probe to
ground.

5. Set oscilloscope and adjust C28 to obtain the best
square wave response having minimum overshoot. and
undershoot.

NOTE

The Models 776 and 776/2.4G have
a default gate time of 1 second. The
Model 776/2.4G/R has a default gate
time of 100ms. The resolution of
counter readings in the foliowing
procedures are for a 1 second gate
time, Readings on the Model
776/2.4G/R will have ong less digit.

7-3-8. Standard - 5 PPM Time Base
Adjustment

Equipment: 10 MHz Standard
Procedure;

1. The following adjustment must be performed in a
stable temperature environment of 25 °C £2 °C Remove
the top cover. and set C126 to about mid-range. Replace
the top cover. Power-up Model 776. and allow it to
operate. for at least an hour, with its covers closed.

2. Press Model 776 push-buttons in the following se-
quence: {2nd]. [DCL]. and then [S0Q) A].

3. Connect the 10 MHz standard to the Model 776
Channel A.

4. Remove the top cover. and adjust C124 to give a
reading of:

10.00600000 E+6 £5000 LSD

T4

If range can not be reached. sclect C125 (in the range of
8 - 10pF) to bring C124 within range.

5. Replace the top cover. and allow the Model 776 10
operate with the covers on for an additional period of 15
minutes.

6. Using a plastic material screwdriver, adjust C126
from the rear panel to give a display reading of:

10.00000000 E+6 1000 LSD

If range can not be reached. repeat sieps 4 through 6.
7-3-9. TCXO Time Base Adjustment
(option 2.4G)

Equipment; 10 MHz Standard
Procedure:

1. The following adjustment must be performed in a
stable temperature environment of 25 °C *2 °C Remove
the top cover. refer to Figure 5-1. and remove the adjust-
ment plug at the top of the oscillator bulk. Replace the
top cover. Power-up Model 776, and allow it to operate,
for at least half an hour. with its covers ¢losed.

2. Press Model 776 push-buttons in the following se-
quence: [2nd]. [DCL]. and then [S002 A].

3. Connect the 10 MHz standard to the Meodel 776
Channel A.

4. Remove the top cover. and using a plastic-tip screw-
driver. adjust the trimming resistor on top of the TCXO
board to give a reading of®

10.00000000 E+6 £100 LSD

5. Replace the adjustment plug and the top cover, and
allow the Model 776 to operate with the covers on for
an additional period of 15 minutes.

6. Check if frequency is still in the range. as in step 4.
If reading shifted. repcat steps 4 through 6.

7-4. Troubleshooting

The troubleshooting instructions contained in this sec-
tion are intended for qualified personnel having a basic
understanding of analog. and digital circuitry. The indi-
vidual should also be experienced at using typical tcst
equipment as well as ordinary troubleshooting proce-
dures. The information presented here has been written
to assist in isolating a defective circuit. or circuit sec-
tion: isolation of the specified component is left to the
technician.

7-4-1. Recommended Test Equipment

The success or failure in troubleshooting a complex
piece of cquipment. like the Model 776. depends not



Adjustments_and Troubleshooting

Table 7-1. Recommended Minimum Test Equipment For Troubleshooting

Instrument Recommended
Model

DMM Keithiey 175A

Pulse/Function Generator HP 8116A

Signal Generator HFP 8663A

Oscilloscope Tektronix 2463

50 ohm feed through

Termination Tek 011-0049-01

Minimum
Specifications

1 V- 100 VDC. AC mus, .05% basic accuracy
4 s - 20 ns, 15 Vp-p into 30 &

100 KHz - 2560 MHz

300 MHz band width

50 & 2W, 1%

only on the skilis of the technician, butl aiso relies
heavily on accurate, reliable test equipment. Table 6-2
lists the recommended test equipment for a complete
troubleshooting and adjustment of the Mode! 776. How-
ever. it is also possible to troubleshoot Modet 776 with
the minimum equipment which is listed in Table 7-1.
Other equipment such as logic analyzer, and in-circuit
emulator etc, could also be helpful in difficult situation.
7-4-2. Power-Up Self Diagnostics

An advanced feature of the Model 776 is its self diag-
nosing capabilities. Upon power-up the Model 776 per-
forms a set of tests which is described in paragraph 3-4.
If the Model 776 locks up due 10 ROM or RAM fail.
there is a littie point in attempting to troubleshoot else-
where unless the micro controller circuit is operating

properly.

7-5. Troubleshooting Procedure

7-5-1. Power Supply Checks

It is highly suggested thal the first step in troubleshoot-
ing the Model 776, as well as any similar equipment,
would be to check the power supply. If the various
supply voltages within the instrument are not within the
required limits. troubleshooting the remaining circuits
can be very difficult. Table 7-2 shows several checks
that can be made to the power supplies within the Model
776. In addition to the normai voliage checks, it is also
a good idea to check the various supplies with an oscil-
loscope to make sure no noise or ringing is present.

In case of a "dead short" between one of the supplies
to the common ground, it would be best to disconnect

Step Ttem/Component Required Condition Remarks
1 52 Line Switch Setto 115 Vor230V Sce paragraph 5-2
2 Fl Line Fuse Continuity Remove fuse 1o check
3 J1 Lin¢ Power Plugged into live receptacle;
power ont
4  +12 V Supply +12 V +5%
5 U350 Input 415 V minimum Positive output of CR25
6  -12 V Supply -12V £5%
7 U351 Input <15 V minimum Negative output of CR25
8  +5V Supply +5V 2% Cathode of CR29
9  Inputto +5 V Supply Approx. +7 V Positive output of CR28
10 Referenceto +5 V +5 V +5% U352b pin 5 Supply
11 -5.2 V Supply 5.2 V +2% Anode of CR30
12 Inputto-5.2V Approx. -7V Negative output of CR28 Supply
13 +5 V Supply to osc. +5 V5% U57 pin 8
14  1Inputto +3 V USS +12V US55 input/+12 V supply

Table 7-2. Power Supply Checks
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In case of a "dead short” between one of the supplies
to the common ground, it would be best to disconnect
the entire supply section from the remaining of the
circuitry, and then determine whether the problem is in
the power supply or in the remaining circuits. Model
776 is equipped with such quick-disconnect points,
which are located on the bottom side of the main PC
board. To access these points. it is necessary (o remove
the bottom cover. and then to remove the solder layer
from these points.

While troubleshooting the power supply section,
bear in mind that the +12 V supply also provides the
reference voltage to the +5 V. Therefore. it would be
impossible to troubleshoot the +5 V supply if the +12 V
supply is defective. Similarly. the +5 V supply is used
as a reference voltage to the -5.2 V supply.

7-5-2. Digital Circuitry and Display Checks

The most important section. to be verified after the
power supply checks, is the digital section with its
various clocks. Problems with the digital circuitry could
cause erratic operation or false display readings. Prob-
lems in the clock generator for the CPU and the digital
circuit may cause a complete malfunction of the entire
section. The CPU would not even start to generate the
control lines which makes it impossible to troubleshoot
the remaining of the circuitry. Check the various com-
ponents, associated with the digital circuitry. clocks.
and the IEEE-488 interface. using the information in
Table 7-3. '

7-5-3. Standard 5 PPM Reference
Oscillator Checks

The reference oscillator supplies a precise signal to the
500 MHz oscillator. This oscillator is integrated within
a phase locked loop. Therefore. the accuracy of this
oscillator determines the final accuracy of the 500 MHz
oscillator. Without this clock the instrument will oper-
ate erratically. Verify that a 10 MHz TTL level signal is
present at US7 pin 3, U56 pin 6. 3. and 8. and at the
CLOCK output rear panel connector. Check LKla/b
position,

7-6

7-5-4. 500 MHz reference oscillator and
TCXO Checks

The 500 MHz oscillator circuit generates an ECL signal
for the counting circuit. This generator is a fre¢ running
voltage controlled oscillator. Its final accuracy is phase
locked to the 10 MHv clock reference. Problems with
the 500 MHz oscillator will definitely causc falsc re-
sults on the Mode! 776; in some cases. the counter may
display no result at all. Problems in the 500 MHz oscil-
lator may be identified using Table 7-4. When option 51
is installed. a TCXO reference replaces the standard
reference oscillator. The TCXO cnhances the overall
accuracy of the instrument. A malfunctioned TCXO
displays similar symptoms to an inoperative 500 MHz
oscillator. If a problem appears to be with the 500 MHz
oscillator, it is recommended that the TCXO output be
checked first.

7-5-5. Trigger Level Checks .

The trigger level circuits control the threshold point
where the input circuit triggers. If a legal signal is
applied to the input connector, and the counter fails to
trigger. it is most likely that the fault is in one of the
trigger circuits. Problems within the trigger circuit may
be located using the checks given in Table 7-5.

7-5-6. Signal Conditioning And Input
Circuits Checks

Problems in these circuils could generate false results
on the Model 776. Tables 7-6 and Table 7-7 list the
checks to be made on the signal conditioning and the
Input circuits respectively.

7-5-7. Measurement Logic Section Checks

The measurement logic section circuitry is mainly used
as a digital traffic control to the analog signals within
the instrumenl. The function control circuit checks is
given in Table 7-8. Table 7-9 describes the rematning of
the measurement logic circuit. While performing checks
from Table 7-9_ it is recommended 10 nse a special high
frequency probe with very short grounding clip.
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Table 7-3. Digital Circuitrv and Display Checks

1

~1 SN W e L e

10
11

12

13

14

15

16

17

18
19

Step Tested Circuit

Microprocessor clock
Microprocessor timer
Keyboard/Display clock
IEEE Interface clock
Beeper clock

Reset Input

ALE Line

PSEN Line

RD WR Lines
Address/Data Bus

Required Condition
Turn on power

0to +4 V 16 MHz square wave
0 to +4 V 7.8 KHz square wave
0 to +4 V 2.0 MHz square wave
0to +4 V 8.0 MHz square wave
0 to +4 V 3.9 KHz square wave
Turn off instrument then back on

0 to +4 V 125 ns pulses

0 to +4 V 190 ns negative going pulses
0 to +4 V 500 ns negative going pulses
0 to +4 V variable pulse train

Depress and hold the f} Level A during the next six tests.
This will generate serial data on the RXD lines.

TTL Serial Data Input
ECL Serial Data Input

TTL Serial to Parallel
Converters Clocks

ECL Serial to Parallel
Converters Clocks
TTL Serial to Parallel
Converters Strobes

ECL Serial to Parallel
Converters Strobes

Depress. in turn. each one of the buttons an the front panel throughout the next test.
This test will check all buttons on the front panel as well as the interrupt line.

Keyboard Interrupt Line
LEDs Sink Lines

0 to +5 V variable pulse train
-5.2 to 0 V variable pulse train

0 to +5 V bursts of pulse train

-5.2 10 0 V bursts of pulse train

0 to +5 V bursts of pulse train

-5.2 to 0 V bursts of pulse train

0 to +4 V variable negative going pulses
0 to +4 V variable pulses

Remarks

Some tests here could

fail due to digital problems.
Pin 18 on U39,

Pin 14 on U39.

Pin 3 on U36.

Pin 3 on U47.

PinlonU4l.

Pin 9 on U39 stays low for
about .1 s and then goes high.
Pin 30 on U39.

Pin 29 on U39,

Pins 16 and 17 on U39,

Pins 21 thru 28: Pins 32 thru 39:
Pins 3 thru 10 on U3% on U42.

Pin 2 of Ul. Pin 2 of U3:

Pin 2 of U6: and. Pin 2 of U7.
Pin 2 of U15: Pin 2 of Ul4. and.
Pin2of U!3.

Pin 4 of U37; Pin 3 of Ul:

Pin 3 of U3: Pin 3 of U6G: and.
Pin3 of U7

Pin3 of Ul15: Pin 3 of Ul4: and.
Pin30of U3

Pin 15 of U37; Pin 1 of Uti:

Pin 1 of U3: Pin 1 of U6 and.
Pin 1 of U7

Pinl of Ul5: Pin 1 of 1J14; and,
Pin1ofUl3

Pin 4 of U36
Pins 10 to 16 on U35: and.
Collector of Q20

7-7
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Table 7-4. 500 MHz Oscillator and TCXO Cireuit Checks

3 Phase Detector Signal
Input 0 to +4 V 1.25 MHz pulses U2 pin 3.
4  Phase Detector Compare
5 Low Pass Filter Out +1 Varound 0.5 V U6 pin 6.
Perform the following check with a 1:10 probe. and a sampling oscilloscope.

VCO Out 500 MHz pulses 1 Vp-p around -1.3 V]2
7 Noise Generator Approximately 200 mVp-p white noise U7 pin 6.

)

Step Tested Circuit Required Condition Remarks
1 Turn on power
2 TCXO 10 MHz 0 to +4 V pulses UlG pin }. Ul pins 9, 10. and 11.

Input 010 +4 V 1.25 MHz pulses U2 pin 1. and U4 pin 2.

Table 7-5, Trigger Level Circuit Checks

Change front pane! trigger icvel setting for Channels A and B to +0.00 V

3 Channel A Trigger Level +0.00 V £35 mV Pin 7 of U9
4 Channel B Trigger Level +0.00 V £35 mV Pin 7 of U5

Change front panel trigger level seiting for Channels A and B to +5.00 V

5  Channel A Trigger Level +3.00 V £100 mV Pin 7 of U9
6 Channel B Trigger Level +5.00 V 2100 mV Pin 7 of U3

Step Tested Circuit Reqgnired Condition Remarks
1 Turn on power
D to A Reference +6.2 V 2300 mV Pin 15 of U4. and Pin 15 of U8

Table 7-6. Signal Conditioning Checks

Step Tested Circuit Required Conditien Remarks

performed on U2

Input conditioning signals: Channel A

2 DC +0.5 Vdc Pin 14

3 AC +5 Vdce Pin 14

4  Filter On +5 Vdc Pin 15

5  Fiher off +0.5 Vdc Pin 15

6 50Q +0.5 Vdc Pin 12

7 1 MO +5 Vdc Pin 12

8  Negative Slope +0 Vdc Ul13 Pin 11
7  Positive Slope -5.2Vde Ui3 Pin 11
9 x1 +5 Vdce K3 Pin6
10 xI10 +0.5 Vdc K3 Pin 6

1 Turn power on The following tests are

Channel B

Pin 11

Pin 11

Pin 13

Pin 13

Pin i0

Pin 10
U13 Pin 14
U13 Pin 14
K7 Pin 6
K7 Pin 6

7-8
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Table 7-7. Input Circuits Checks

Step Tested Circuit Required Condition
1 Turn on power

i Press [2nd]. [DCL]

"2 Channel A Input Amplificr | MHz .150 Vp-p sine
3 Schmidt Trigger Operation A -1.7 V to -0.8 V 1 MHz square wave
Select FREQ B function

4 Channel B Input Amplifier 1 MHz .150 Vp-p sine
5  Schmidt Trigger Operation B -1.7 Vto -0.8 V | MHz square wave

Remarks

Apply 1 MHz .2 Vp-p sine
to Channel A input BNC
CRé6 Cathode
PinlonUl2

Apply 1 MHz .2 Vp-p sine to
Channel B input BNC

CR14 Cathode
Pin 16 on UJ12

Table 7-8. Function Contro! Circuit Checks

°°"T"fl'~NE(” e |u 26| uzs| 1o uas | uas|ues |uzs uzl‘olumz]uzl vzl |uz0juze|uzs uzﬂuao uzo
FUNCYION PINIZ|PINS [PINDI ppyo] PINB IPINI2 [PING |PINI [PIN PINIZIPING [PINT[PINT {PINS [PINT JPINIOIPIRI2 [P INIO
{2) REC olo v v doefjoe ol v oot bl fe]r tu
FREQ A
CONV o o | i | 4] | O | 1 1 i | o] | 1 § L}
{2) REC o [0 |1 ! tio | 1 t | 1o I P jo | 1
FREG B
CONV oo v | adoe o v el vt ool |
FREQ ¢  REC oo v il e]elt v el ool vl rtoe]r |
V PEAK A ZFile | 1 | - | | 1 ] 1 1 1 ; 2| |
SINGLE | | ¢} ] 2] 1 | | 1 1 i 1 | | t o] o] 1
PER A
ave ofolrv i v folo| o] o] al sl teie]l ]
sinGle 1 o fofrlot ool ol o]ty ]e]l it
PLS A
AVG ocjodt|ofof sl vjuv | v]of ol v ir]oe]r o
SINGLE | ] [+ | o I 1 1 1 I | 1 o] | ¥ f+] | |
Tl p-=p
ave cof{t|elof i rlov]o| vl ol ivio]r |1
INF 30 B TR T T (A AR TR AN TR NN A -2 AT AT NI A N B I
tor B BY A bl Joeloj ol efelrbafrtojofar o ogfrfe
Byaea ] vl oo [t [ [l ]ole]l v ]l o]l
FA/FB oo | v v e ]oe] ][t ot
3 F, mec fOo o sl ajofo v vl el jur]loe]]t
& A-p®
Taeg |0l ot felof v s | v Joli[rv]o] v ]o]rin
FC/FR elo v vl vde vl elol s by foedr i |
NOTES: (1) O DENOTES -5.2v , | DENOTES OV, & DENOTS DONT CARE.

{2) FOR FREQ A AND B MEASUREMENTS THE LOGIC LEVELS OF THE

CONTROL LINES "CHANGE

BETWEEN REC AND CONY DURING MEASUREMENT CYCLE AUTOMATICALY.
{3} FOR @'A—=B® THE FIRST MEASUREMENT IS Fp REC AND THE SECOND MEASUREMENT IS Tila.pg AVG.
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Table 7-9. Measurement Logic Section Circuits Checks

Step Tested Circuit Required Condition

1 Turn on power
Press [2nd], [DCL].

2 Signal Selector #1
3 Synchronized Clock #1

-1.7 V1o -0.7 V 1 MHz square wave
-1.7 Vo -0.7 V 1 MHz bursts.
Duration of burst is approx s

Square wave period

4 N1 Divider Chain 2 us
4 pus

8 us

16 us

32 ps

64 ps

128 ps

5 Signal Identifier

6 Gate Identifier TTL low level when gate is open.

-1.7 to -0.7 V 300 MHz bursts.
Duration of burst is approx | s,

7 Synchronized Clock #2

burst duration - square waves.

_ Square wave period
8 N2 Divider Chain ECL 4ns
ECL 8ns
ECL 16 ns
TTL 32 ns
TTL 64 ns
TTL 128 ns
TTL 256 ns
TTL 512 ns

Change panel setting to PER A,

9 Start/Stop Signal
10  Time Interval

-1.7Vio -0.7 V 1 KHz square wave
-1.7 Vo -0.7 V 1 ms negative going
puise for each cycle

TTL low level for 1 ms,

TTL high for about 300 ms after
gate closure

11  Gate Identifier

TTL low level during measurement cycle.

Remarks

Apply IMHz 1V p-p sine
to Channel A input BNC.

Pin3of U25
Pin 15 of U26

The following are variable TTL/ECL level signals
with about 1 s burst duration - square waves.

U30b Pin 14 (ECL)
U31 Pin 12 (TTL)
U23 Pin 5(TTL)
U46 Pin 11 (TTL)
U46 Pin 10 (TTL)
U46 Pin 9 (TTL)
46 Pin 8 (TTL)

U31 Pin4
U31 Pin 13

For the following check use a sampling oscilloscope with a 1:10 probe

Pin 15 of U28

The following are variable signals with about | s

UG29 Pin 3
U30Pin3
1327 Pin 14
U23 Pin9
U46 Pin 3
U46 Pin 4
U46 Pin 5
U46 Pin 6

Apply 1 KHz 1 Vp-p square
wave to Channel A input BNC.

Ul7 Pin 9
Ul18 Pin 15

U31 Pin 13

7-10
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8-1. General

This section contains information for ordering replace-
ment parts. the replacement parts are available from the
vendors listed or from Keithley Instruments. Mechani-
cal parts are shown separately on Figure 8-1.

8-2. Ordering Information

When ordering replacement parts. always include the
following information:

a) Instrument Model number.

b) Instrument Serial number.

¢) Keithley part number.

d) Part description,

e) Circuit designation (where applicable).

Keithley will do its best to improve the instrument and
make changes in style of components and replacement
parts. Replacement parts may differ in appearance from
those found in your instrument but are always equal or
superior in performance.

8-3. Parts Description

In the following Parts List Tables, uniess otherwisc
noted, resistors power rating is 1/4W. resistance is

given in Q. and capacitance is given in pF.

Some parts in the following parts lists are marked with
an asterisk (*). These parts belong to the standard 1ime
base circuit. These parts will not be assembled when
option 2.4G is installed.

Matched or selected components may only be bought
from the factory. Selection guides for such components
are not given anywhere in this manual.

8-1
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Table 8-1, Mode! 776 PARTS LIST - MAIN BOARD ASSEMBLY

DWG PART DWG PART
REF NUMBER DESCRIPTION REF NUMBER DESCRIPTION
Ct  1521-04730 CAP POL.047uF 20% 250V MKT1818 C60  1540-01060 CAP TANT 10 uF 25V
C2  1500-01040 CAP CER .1 uF-20%+80% 50V C61 NOTUSED
C3  1550-01800 CAP VAR 5-18PF DV11PS18A C65 1500-01040 CAP CER .1 pF-20%+80% S0V
C5  1500-01040 CAP CER .t pF-20%+80% 50V C66 1500-01040 CAP CER .1 pF-20%+80% 50V
C6  1510-03R00 CAP MICA 3 pF 10% 500V C67 1560-01040 CAP CHIP .1 uF 50V
C7  1500-01040 CAP CER .1 uF-20%-+80% 50V C68  1560-01040 CAP CHIP .1 uF 50V
c8 1510-06200 CAP MICA 62 pF 10% 500V ¢69* 1500-01040 CAP CER .1 pF-20%+80% 50V
ce 1500-01040 CAP CGER .1 uF-20%+80% 50V C70  1500-01040 CAP CER .1 uF-20%+80% 50V
C10 1500-01040 CAP CER .1 uF-20%+80% 50V €71 1500-04R70 CAP CER 4.7 pF 20% 50V
C1t  1500-01040 CAP CER .1 pF-20%+80% 50V €72 1500-01010 CAP CER 100 pF 20% 50V
C14  1500-01030 CAP CER 10 nF 20% 50V C73 1560-01040 CAP CHIP .1 uF 50V
C15 1500-01040 CAP CER .1 uF-20%+80% 50V C74 1500-01040 CAP CER .1 uF-20%+80% 50V
€16 1510-06200 CAP MICA B2 pF 10% 500V C75  1500-01040 CAP CER .1 pF-20%+80% S50V
C17  1500-01040 CAP CER .1 uF-20%+80% 50V C76 1500-01040 CAP CER .1 pF-20%+80% 50V
€18 1500-01010 CAP CER 100 pF 20% 50V C77 1560-01040 CAP CHIP .1 uF 50V
c19 1500-01010 CAP CER 100 pF 20% 50V C78 1560-01040 CAP CHIP .1 uF 50V
C20 1500-01040 CAP CER .1 uF-20%+80% 50V €79  1500-01040 CAP CER .1 uF-20%+80% 50V
€21 1500-01040 CAP CER .1 uF-20%+80% SOV C80 1500-01040 CAP CER .1 uF-20%+80% 50V
€22 1560-01040  CAP CHIP .1 uF SQV CB1  1500-01040 CAP CER .1 pF-20%+80% 50V
€23  1540-01060 CAP TANT 10 pF 25V C82 1500-01040 CAP CER .1 nF-20%+80% 50V
C24 1500-01040 CAP CER .1 pnF-20%+80% 50V C83 1500-01040 CAP CER .1 uF-20%+80% 50V
€25 1500-01010  CAP CER 100 pF 20% 50V C84 1500-01040 CAP CER .1 pF-20%+80% S0V
C26 1521-04730 CAP POL.047 uF 20% 250V MKT1818 C85 1500-01040 OAP GER 1 uF-20%-+80% 50V
C27 1500-01040 CAP CER .1 uF-20%+80% 50V C86 1500-01030 CAP CER 10 nF 20% 50V
Cs Novusep v OVITEIS T e o oy

- p
€30 1500-01040  CAP CER .1 uF-20%+80% SOV C89  1533-01080 CAP ELECTR 1000 pF/25V

€31 1510-03R00 CAP MICA 3 pF 10% 500V
€32 1500-01040 CAP CER .1 uF-20%+80% 50V
C33 1510-06200 CAP MICA 62 pF 10% 500V
C34 1500-01040 CAP CER .1 pF-20%+80% 50V
€38 150001040 CAP CER .1 pF-20%+80% 50V
€36 1500-01040 CAP CER .1 uF-20%+80% 50V

C80  1500-01040 CAP CER .1 pF-20%+80% 50V
cet 1500-01040 CAP CER .1 uF-20%+80% 50V
C92  1540-01050 CAP TANT 1 uF/25V

C93 1500-01040 CAP CER .1 uF-20%+80% 50V
C94 1500-01040 CAP CER .1 uF-20%+80% 50V

1
1
C37 NOT USED C95  1500-01040 CAP CER .1 uF-20%+80% 50V
C38 NOTUSED C96  1500-01040 CAP CER .1 pF-20%+80% 50V
C39 1500-01030 CAP CER 10 nF 20% 50V C97 1500-01040 GAP CER .1 uF-20%+80% S0V
C40 1500-01040 CAP CER .1 pF-20%+80% 50V €98 1500-01040 CAP CER .1 pF-20%+80% 50V
C41 1510-06200 CAP MICA 82 pF 10% 500V C89 1500-01040 CAP CER .1 puF-20%+80% 50V
C42  1500-01040 CAP CER .1 nF-20%+80% 50V C100 1500-01040 CAP CER .1 pF-20%+80% S0V
C43  1500-01010 CAP CER 100 pF 20% 50V C101 1500-01040 CAP CER .1 uF-20%+80% 50V
C44  1500-01010 CAP CER 100 pF 20% 50V €102 1500-01040 CAP CER .1 pF-20%+80% 50V
C45 1500-01040 CAP CER .t uF-20%+80% 50V C103 1540-01060 CAP TANT 10 uF 25V
€46 1500-01040 CAP CER .1 pF-20%+80% S0V C104 1540-01060 CAP TANT 10 pF 25V
C47  1540-01060 CAP TANT 10 uF 25V C105 1533-01080 GCAP ELECTR 1000 puF/25V
C48 1560-01040 CAP CHIP .1 pF 50V C106 1533-01080 CAP ELECTR 1000 pF/25V
C49  1500-01040 CAP CER .1 uF-20%+80% SOV C107 1533-01070 CAP ELECTR 100uF/25V
C30 1500-01010 CAP CER 100 pF 20% 50V C108 1533-01070 CAP ELECTR 100uF/25V
C51  1500-01040 CAP CER .1 uF-20%+80% 50V C109 1532-01090 CAP ELEC 10.000uF 16V
C52 1500-01040 CAP CER .1 pF-20%+80% 50V C110 1532-01080 CAP ELEC 10.000puF 16V
C53  1500-01040 CAP CER .1 pF-20%+80% 50V C111 1532-04770 CAP ELECTR 470 pFi18V
C54 1500-01040 CAP CER .4 uF-20%+50% 50V C112 1500-01040 CAP CER .1 uF-20%+80% 50V
C55 1500-01040 CAP CER .1 uF-20%+80% 50V C113 1500-02210 CAP CER 220 pF 20% 50V
C56 1540-01060 CAP TANT 10 uF 25V C114 1500-02210 CAP CER 220 pF 20% 50V
C57 1540-01080 CAP TANT 10 puF 25V C115 1500-01030 CAP CER 0.01 pF-20%+80% 50V
C58 1500-01040 CAP CER .1 uF-20%+80% 50V C116 1532-04770 CAP ELECTR 470 uF/16V
C59 1540-01080 CAP TANT 10 uF 25v C120* 1500-01040 CAP CER .1 uF-20%+80% 50V
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Table 8-1, Model 776 PARTS LIST - MAIN BOARD ASSEMBLY (CONTINUED)

DWG PART

REF NUMBER DESCRIPTION

C121* 1540-01060 CAP TANT 10 uF 25V

C122* 1540-01060 CAP TANT 10 uF 25V

G123 1500-01040 CAP CER .1 uF-20%+80% 50V
C124* 1550-01800 CAP VAR 5-18 pF DV11PS18A
C125 SELECTED VALUE

Ct26* 1550-01000 CAP VAR 2-10 pF JACKS 5750
Ct27 1500-01040 CAP CER .1 uF-20%+80% 50V
C128 1500-01040 CAP CER .1 uF-20%+80% 50V
C1290 NOT USED

C130 1560-01040 CAP CHIP .1 uF SOV

C131 1560-01040 CAP CHIP .1 uF S0V

C133 1500-01040 CAP CER .1 uF-20%+80% 50V
C134 15860-01040 CAP CHIP .1 uF S50V

CR1 0300-00400 DIODE SI1N4151

CR2 0301-10000 DIODE PIC AMP PAD S0

CR3 0300-20400 DIODE ZENER 1N758A 10V

CR4 0300-20010 DIODE ZENER 1N751A 6.1V

CR5 0300-10300 DIODE 2835- MATCHED WITH CR6
CR6 0300-10300 DIODE 2835- MATCHED WITH CR5
CR7 0300-10300 DICDE 2835- MATCHED WITH CR8
CR8 0300-10300 DIODE 2835- MATCHED WITH CR7
CR9 0300-00400 DIODE Sl 1N4151

CR10 0301-10000 DICDE PIC AMP PAD 50

CR11 0300-20400 DIODE ZENER 1N758A 10V

CR12 0300-20010 DIODE ZENER 1N751A 5.1V

CR13 0300-10300 DIODE 2835- MATCHED WITH CR14
CR14 0300-10300 DIODE 2835 - MATCHED WITH CR13
CR15 0300-10300 DIODE 2835- MATCHED WITH CR16
CR16 0300-10300 DIODE 2835- MATCHED WITH CR15
CR17 0300-21100 DIODE REF 1N825A

CR18 NOT USED

CR19 NOT USED

CR20 NOTUSED

CR21 NOTUSED

CR22 NOTUSED

CR23 0300-00400 DIODE Sl 1N4151

CR24 NOTUSED

CR25 0300-50100 DIODE BRIDGE WS00S

CR26 0300-30000 DiODE RECT 1N4003

CR27 0300-30000 DIODE RECT 1N4003

CR28 0300-50200 DIODE BRIDGE KBL-005 5A Gl
CR29 0300-80300 DIODESA-5A

CR30 0300-90300 DIODESA-5A

CR31 0300-00400 DIODE Sl 1N4151

CR32 0300-00400 DIODE Sl 1N4151

CR33 NOTUSED

CR34 NOT USED

CR35* 0300-00400 DICDE 8! 1N4151

CR36* 0300-00400 DIODE S1 1N4151

CR37 0300-00700 DIODE 1N§225

DL1  0600-100006 DELAY LINE 7 ns 0402-0007-93

J1 3000-30260 CON MALE 2X10 BERG

J2 3000-40120 CON 24PIN FOR SOLDER

J2 6800-50500 FLAT CABLE 24 PIN

J2 3000-40300 CON GPIB 60924F MONO-6007

K1 0900-01100 RELAY DUAL INLINE 1A 5V-6007

DWG PART
REF NUMBER
K2 0800-01100
K3 0900-01000
K4 0900-01100
K5 0200-01100
K6 0800-01100
K7 0800-01000
K8 0800-01100
LK1A 3000-40610
LK1B 3000-40610
(3] ¢400-00300
Q2 0400-40700
Q3 0400-40600
Q4 0400-00700
QS 0400-00700
Q6 0400-00300
Q7 0400-40700
Q8 0400-40600
Qg 0400-00700
Q10 0400-00700
Q11 0400-01340
Q12 0400-01340
Q13 0400-01340
Q14 0400-01200
Q15  0400-01200
Q16 NOTUSED
Q17 NOTUSED
Q18 NOTUSED
Q19 NOTUSED
Q20 0400-01810
Q21 0400-00300
Q22 NOTUSED
Q23  0400-00300
Q24  0400-00300
Q25 NOTUSED
Q26 NOT USED
Q27 NOTUSED
Q28 NOT USED
Q29 NOT USED
Q30 0400-40100
Q31 D400-40300
Q32 0400-01500
Q33 0400-40400
Q34  0400-01200
Q35 0400-01200
R1 0104-1000B
R2 0104-1000B
R3 0104-9003A
R4 0104-9003A
RS 0104-10030
R6 0100-01540
R7 0100-03300
R& 0100-01510
RO 0100-01060
R10  0100-04710
R11  0100-01030
R12  0100-03300
R13  0100-03910

DESCRIPTION

RELAY DUAL INLINE 1A 5V-6007
RELAY DUAL INLINE 1C 5V-6007
RELAY DUAL INLINE 1A 5Vv-6007
RELAY DUAL INLINE 1A 5v-8007
RELAY DUAL INLINE 1A 5V-6007
RELAY DUAL INLINE 1C 5V-6007
RELAY DUAL INLINE 1A 5V-8007
(*} CON JUMPER X2

(*y CON JUMPER X2

TSTR NPN 2N4124

TSTR 2N4416A(SELECTED)
TSTR MRF 904

TSTR NPN 2N517¢

TSTR NPN 2N5179

TSTR NPN 2N4124

TSTR 2N4416A (SELECTED)
TSTR MRF 904

TSTR NPN 2N5179

TSTR NPN 2N5178

TSTR 2N3906A

TSTR 2N3906A

TSTR 2N3906A

TSTR 2N3904A

TSTR 2N3804A

TSTR 2N4401
TSTR NPN 2N4124

TSTR NPN 2N4124
TSTR NPN 2N4124

TSTR 2N2219A
TSTR MJE 2855A
TSTR PNP 2N2905A
TSTR MJE 3055
TSTR 2N3904A
TSTR 2N3904A

RES MTF 100 1% 1W
RES MTF 100 1% 1W
RES MF 900K 1% 1/2W
RES MF 900K 1% 1/2W
RES MF 100K 1% 1/4W
RES COMP 150K 5% 1/4W
RES COMP 33 5% 1/4W
RES COMP 150 5% 1/4W
RES COMP 10M 5% 1/4W
RES COMP 470 5% 1/4W
RES COMP 10K 5% 1/4W
RES COMP 33 5% 1/4W
RES COMP 380 5% 1/4W



Parts List

Table 8-1. Mode! 776 PARTS LIST - MAIN BOARD ASSEMBLY (CONTINUED)

DWG PART
REF NUMBER
R14  0100-01510
R158  0100-07520
R16  0100-01520
R17  0104-86530
R18 0100-01810
R19  0100-02720
R20 0100-03920
R21  0104-86610
R22  0104-10030
R23  0104-28010
R24 0104-28010
R25 ©104-10000
R26 0104-10020
R27 0104-15020
R28 0104-10010
R29  0104-20020
R30  0104-10010
R31  0100-03900
R32  (100-03300
R33  0104-4R020
R34 0104-30100
R35 0104-11310
R36 0100-02210
R37 0100-03310
R38  0100-02220
R38 0104-11030
R40  0104-1000B
R41  0104-10008B
R4z  0104-9003A
R43  0104-9003A
R44  0104-10030
R45  0100-01540
R46  0100-03300
R47  0100-01510
R48  0100-01060
R49  0100-04710
RS0  0100-01030
R51  0100-03300
R52  0100-03810
R53 0100-01510
R&4  0100-07620
R55  0100-01620
RS6  0104-66530
R57  0100-01810
R58 0100-0270
R58  0100-03920
R60 0104-86610
R61  0104-10030
R62  0104-28010
R63 0104-28010
RE64 0104-10000
R&5S 0104-10020
RE66  0104-15020
R67  0104-20020
RB8  0104-10010
R68  0104-10010
R70  0100-03800
R71  0100-03300
R72  0104-4R020

8-4

DESCRIPTION

RES COMP 150 5% 1/4W
RES COMP 7 5K 5% 1/4W
RES COMP 1.5K 5% 1/4W
RES MF 665K 1% 1/4W
RES COMP 180 5% 1/4W
RES COMP 2.7K 5% 1/4W
RES COMP 3.9K 5% 1/4W
RES MF 8.66K 1% 1/4W
RES MF 100K 1% 1/4W
RES MF 2.8K 1% 1/4W
RES MF 2.8K 1% 1/4W
RES MF 100 1% 1/4W
RES MF 10K 1% 1/4W
RES MF 15K 1% 1/4W
RES MF 1K 1% 1/4W

RES MF 20K 1% 1/4W
RES MF 1K 1% 1/4W

RES COMP 39 5% 1/4W
RES COMP 33 5% 1/4W
RES MF 4.02 1% 1/4W
RES MF 301 1% 1/4W
RES MF 1.13K 1% 1/4W
RES COMP 220 5% 1/4W
RES COMP 330 5% 1/4W
RES COMP 2.2K 5% 1/4W
RES MTF 110K 1/4W 1%
RES MTF 100 1% 1W
RES MTF 100 1% 1wW
RES MF 900K 1% 1/2W
RES MF 900K 1% 1/2wW
RES MF 100K 1% 1/4W
RES COMP 150K 5% 1/4W
RES COMP 33 5% 1/4W
RES COMP 150 5% 1/4W
RES COMP 10M 5% 1/4W
RES COMP 470 5% 1/4W
RES COMP 10K 5% 1/4W
RES COMP 33 5% 1/4W
RES COMP 390 5% 1/4W
RES COMP 150 5% 1/4W
RES COMP 7.5K 5% 1/4W
RES COMP 15K 5% 1/4W
RES MF 665K 1% 1/4W
RES COMP 180 5% 1/4W
RES COMP 2.7K 5% 1/4W
RES COMP 3.9K 5% 1/4wW
RES MF 8.66K 1% 1/4W
RES MF 100K 1% 1/4W
RES MF 2.8K 1% 1/4W
RES MF 2.8K 1% 1/4W
RES MF 100 1% 1/4W
RES MF 10K 1% 1/4W
RES MF 15K 1% 1/4W
RES MF 20K 1% 1/4W
RES MF 1K 1% 1/4W

RES MF 1K 1% 1/4w

RES COMP 39 5% 1/4W
RES COMP 33 5% 1/4W
RES MF 4.02 1% 1/4W

DWG PART

REF

R73
R74
R75
R76
R77
R78
R79
R80
R81
R&2
R83
Ré4
R85
RB7
R88
R82
ROC
R91
R92
Re3
R94
R9S
RO6
RO7
R98
RS
R100
R101
R102
R103
R104
R105
R106
R107
R108
R109
R110
R111
R112
R113
R114
R115
R116
R117
R118
R119
R120
R121
R122
R123
R124
R125
R126
R127
R128
R129
R130
R134
R132

NUMBER

0104-30100
0104-11310
0100-02210
0100-03310
0100-02220
0104-11030
0100-06210
0203-02020
0203-02020
0203-01030
0203-01030
0203-02020
0203-02020
NOT USED

NOT USED

NOT USED

0100-03110
0100-01020
0100-05110
0100-05110
0100-02410
0100-05110
0100-03310
0100-02720
0100-02220
0100-03310
0100-05110
0100-05110
0100-06800
0100-02010
0100-06800
0100-05110
0100-01220
0100-01020
0100-05110
0100-05110
0100-05110
0100-03310
0100-02410
0100-01010
0100-05110
0100-03310
0100-07520
0100-03310
0100-05120
0100-05110
0100-05110
0100-02720
0100-05110
0100-02220
0100-05110
0100-05110
0100-06110
0100-05110
0100-05110
0100-05110
0100-05110
0100-05110
0100-05110

DESCRIPTION

RES MF 301 1% t/4W
RES MF 1.13K 1% 1/4W
RES COMP 220 5% 1/4W
RES COMP 330 5% 1/4W
RES COMP 2.2K 5% 1/4W
RES MTF 110K 1/4W 1%
RES 620 1/4W 5%

RES VAR 2K 3386F-1-202
RES VAR 2K 3386F-1-202
RES VAR 10K 3386F-1-103
RES VAR 10K 3386F-1-103
RES VAR 2K 3386F-1-202
RES VAR 2K 3386F-1-202

RES COMP 510 5% 1/4W
RES COMP 1K 5% 1/4W
RES COMP 510 5% 1/4W
RES COMP 510 5% 1/4W
RES COMP 240 5% 1/4W
RES COMP 510 5% 1/4W
RES COMP 330 5% 1/4W
RES COMP 2.7K 5% 1/4W
RES COMP 2.2K 5% 1/4W
RES COMP 330 5% 1/4W
RES COMP 510 5% 1/4W
RES COMP §10 5% 1/4W
RES COMP 68 5% 1/4W
RES COMP 200 5% 1/4W
RES COMP 68 5% 1/4W
RES COMP 510 5% 1/4W
RES COMP 1.2K 5% 1/4W
RES COMP 1K 5% 1/4W
RES COMP 510 5% 1/4W
RES COMP 510 5% 1/4W
RES COMP 510 5% 1/4W
RES COMP 330 5% 1/4W
RES COMP 240 5% 1/4W
RES COMP 100 5% 1/4W
RES COMP 510 5% 1/4W
RES COMP 330 5% 1/4W
RES COMP 7.5K 5% 1/4W
RES COMP 330 5% 1/4W
RES COMP 51K 5% 1/4W
RES COMP 510 5% 1/4W
RES COMP 510 5% 1/4W
RES COMP 2.7K 5% 1/4W
RES COMP 510 5% 1/4W
RES COMP 2.2K 5% 1/4W
RES COMP 510 5% 1/4W
RES COMP 510 5% 1/4W
RES COMP 510 5% 1/4W
RES COMP 510 5% 1/4W
RES COMP 510 5% 1/4W
RES COMP 510 5% 1/4W
RES COMP 510 5% 1/4W
RES COMP 510 5% 1/4wW
RES COMP 510 5% 1/4W



Parts [ist

Table 8-1. Model 776 PARTS LiST - MAIN BOARD ASSEMBLY (CONTINUED)

DWG PART

REF

R133
R134
R135
R136
R137
R138
R138
R140
R141
R142
R143
R144
R145
R146
R147
R148
R149
R150
R151
R152
R153
R154
R155
R156
R157
R158
R159
R160
R166
R167
R168
R169
R170
R171
R172
R173
R174
R175
R176
R177
R178
R180
R181
R182
R183
R184
R185
R186
R187
R188
R188
R180
R191
R1g2"
R193*
R1g84"
R195
R196
R200

NUMBER

0100-05110
0100-07520
0100-05110
0100-07520
0100-01030
0100-01020
0100-02720
0100-08210
0100-08210
¢100-01030
0100-07510
0100-08210
0100-02020
0100-03310
0100-01030
NOT USED
NOT USED
0100-5110
0100-01020
NOT USED
NOT USED
0100-01020
0100-01020
0100-01030
0100-01020
0100-03310
0100-01020
0100-03310
0100-03320
0100-01030
0203-01010
0104-12100
0104-10010
NOT USED
0100-01010
0100-01520
0100-02730.
NOT USED
NOT USED
NOT USED
NOT USED
0100-01020
0100-01210
0100-04720
0104-67610
0100-01020
0100-01210
0100-01020
0104-66510
0104-60410
0104-10020
0203-01020
0100-02210
0100-02210
0100-01820
0100-05610
0100-01020
0100-01020
0100-01520

DESCRIPTION

RES COMP 510 5% 1/4W
RES COMP 7.5K §% 1/4W
RES COMP 510 5% 1/4W
RES COMP 7.5K 5% 1/4W
RES COMP 10K §% 1/4W
RES COMP 1K 5% 1/4W
RES COMP 2.7K 5% 1/4W
RES COMP 820 5% 1/4W
RES COMP 820 5% 1/4W
RES COMP 10K 5% 1/4W
RES COMP 150 5% 1/4W
RES COMP 820 5% 1/4W
RES COMP 2K 5% 1/4W
RES COMP 330 5% 1/4W
RES COMP 10K 5% 1/4W

RES COMP 510 5% 1/4W
RES COMP 1K 5% 1/4W

RES COMP 1K 5% 1/4W
RES COMP 1K 5% 1/4W
RES COMP 10K 5% 1/4W
RES COMP 1K 5% 1/4W
RES COMP 330 5% 1/4W
RES COMP 1K 5% 1/4W
RES COMP 330 5% 1/4W
RES COMP 3.3K 5% 1/4W
RES COMP 10K 5% 1/4W
RES VAR 100 3386F-1-101
RES MF 121 1% 1/4W
RES MF 1k 1% 1/4W

RES COMP 100 5% 1/4W
RES COMP 1.5K 5% 1/4W
RES COMP 27K 5% 1/4W

RES COMP 1K 5% 1/4W
RES COMP 120 5% 1/4W
RES COMP 4.7K 5% 1/4W
RES MF 5.76K 1% 1/4W
RES COMP 1K 5% 1/4W
RES COMP 120 5% 1/4W
RES COMP 1K 5% 1/4W
RES MF 6.85K 1% 1/4W
RES MF 6.04K 1% 1/4W
RES MF 10K 1% 1/4W
RES VAR 1K 3386F-1-102
RES COMP 220 5% 1/4W
RES COMP 220 5% 1/4W
RES COMP 1.8K 5% 1/4W
RES COMP 560 5% 1/4W
RES COMP 1K 5% 1/4W
RES COMP 1K 5% 1/4W
RES COMP 1.5K 5% 1/4W

DWG PART

REF NUMBER
R201 0100-02R70
R202 0100-02R70
R203 0102-03300
RNT  0108-01500
RN2 0111-0103B
RN3 0110-0103C
RN4 0110-05118B
SP1  0900-01800
SW1  2000-10600
U1 0540-01100
uz 0500-11600
us 0540-01100
U4 0560-00700
us 0500-56500
us 0540-01100
u7 0540-01100
us 0560-00700
ug 0500-56500
U10  0500-53400
U111 0500-53400
Ut2  0500-60500
Ui3  0540-01100
Ut4  0540-01100
U15  0540-01100
Ui6  0540-00630
U17  0500-45300
U188  0500-40910
utie  0500-40910
uz20 0500-40900
uz21  0500-45000
U2z  0500-45300
U23  0500-12600
U224  0500-45400
U25 0500-40900
uz26  0500-40900
U27  0500-41200
U2  0500-45000
u28  0500-45300
U30  0500-45300
U3t  0500-40820
U3s  0500-11600
U36 0500-20700
U37  0540-00630
u3g  0510-02700
u3e  0500-21420
U40  0510-03650
U41  0520-07000
u42 0500-21230
U43  0500-11160
U44  0550-00100
u45 0550-00100
u46  0510-03830
u47  0500-21300
u48  0500-21510
U4  0500-21520
Uso  0500-52200
Us1  D0500-52300

DESCRIPTION

RES COMP 2.7 5% 1/4W
RES COMP 2.7 5% 1/4W
RES COMP 33 5% 1/8W BB2205

RES NET MDP-16-03-150G 15/16
RES NET 10¥/10 MSP-10A-01-103G
CSC 05A-01-103Y 4X10K/5 PIN
CSC 05A-01-511Y 4X510/5 PIN
BEEPER AT-02

SWON-OFF FOR 775

8 BIT SHIFT REGISTOR CD4094B
BUFFER 9668 (L204)

8 BIT SHIFT REGISTOR CD4094B
D-A 10 8IT CONVERTOR AD7533JN
DUAL OP AMP LM1488N

8 BIT SHIFT REGISTOR CD4094B

8 BIT SHIFT REGISTOR CD40948
D-A 10 BIT CONVERTOR AD7533JN
DUAL OP AMP LM1458N

SUPER GAIN OP AMP LN308A
SUPER GAIN OP AMP LN308A

AD 9687 BD

8 BIT SHIFT REGISTOR CD4094B

8 BIT SHIFT REGISTOR CD4094B

8 BIT SHIFT REGISTOR CD4094B
HEX INVERTOR CD 40498

ECL FLIP-FL.OP MC10M131P
ECLOR/NOR GATE MC10105P
ECLOR/NOR GATE MC10105P

ECL NOR MC10102P

ECL NOR MC10H102P

ECL FLIP-FLOP MC10H131P
D-FLIP-FLOP 74F74

ECL XOR/XNOR MC10H107P

ECL NOR MC10102P

ECL NOR MC10102P

ECL FLIP-FLOP MC1013P1

ECL NOR MC10H102P

ECL FLIP-FLOP MC10H131P

ECL FLIP-FLOP MC10H131P

ECL TO TTL-TTL TRANS MC10125P
BUFFER 9668 (L204)
KEYBOARD/DISPL.INT. P8279

HEX INVERTOR CD4049B

LOW POWER SCHOTTKY 745138
SINGLE CHIP MICROCOMP P8031
LOW POWER SCHOTTKY 74L8373
H-MOS-DEVIDER SN74HC4040
EPROM 27256

MK48Z028-20 MOSTEK

32BIT BINARY COUNTER LS7061
32BIT BINARY COUNTER LS$7061
IOW POWER SHOTKEY 74LS393N
G.P.I.B P8291A

BUFFER FOR GPIB D575160N
BUFFER FOR GPIB DS75161N
VOLTAGE REGULATOR MC7812CP
VOLTAGE REGULATOR MC7912CP

8-5



Parts List

Table 8-1. Model 776 PARTS LIST - ALAIN BOARD ASSEMBLY (CONTINUED)

DWG PART

REF NUMBER

us2

USS5(*) 0500-52000
US8(*) 0510-02600

DESCRIPTION

0500-56500 DUAL OP AMP LM1458N
VOLTAGE REGULATOR MCT7B05CP

LOW POWER SCHOTTKY 74L8132

DWG PART
REF NUMBER

US7(*) 0800-50000
USB(*) 0510-00110
Us9(*) 0560-00900
Y1 0800-30000

Table 8-2. Mode! 776 PARTS LIST - 500 MHz MULTIPLIER ASSEMBLY

DESCRIPTION

OSCILLATOR 1OMHZ SPPM

LOW POWER SCHTTKY 74LS02
DIGITAL TO ANALOG CONV ADGE7S5
CRYSTAL 16MHZ C.T.S

DWG PART
REF NUMBER DESCRIPTION

c1
c2
Cc3
Cc4
C5
ol
c7
c8
ce
c10
cH1
c12
C13
C14
C15
c16
c17
c18
c20
c21
c22
c23
c24
c25
cz26
ca7
c28
CR1
CR2
CR3
CR4
CRS

J1
J2

8-6

1500-01040 CAP CER .1 uF-20%+80% 50V
1500-01030 CAP CER 10 nF 20% S0V
1560-01040 CAP CHIP .1 uf S50V
1540-01060 CAP TANT 10 uF 25V
1500-01040 CAP CER .1 pF-20%+80% 50V
1500-01040 CAP CER .1 uF-20%+80% 50V
1540-0106C¢ CAP TANT 10 uF 25V
1500-01040 CAP CER .1 uF-20%+80% 50V
1500-01010 CAP CER 100 pF 20% 50V
1560-01040 CAP CHIP .1 uF 50V
1500-01R00 CAP CER 1 pF

1560-01040 CAP CHIP .1 uF 30V
1560-01040 CAP CHIP .1 uF S0V
1560-01040 CAP CHIP .1 pF 50V
1540-01060 CAP TANT 10 nF 28V
1540-01060 CAP TANT 10 uF 25V
1500-02030 CAP CER 20 nF 20% 50V
1500-04720 CAP SCR 4.7 nF 20% 50V
1540-01060 CAP TANT 10 uF 26V
1560-01040 CAP CHIP .1 uF 50V
SELECTED VALUE

1560-02200 CAP CHIP 22 pF 50V
1560-02200 CAP CHIP 22 pF 50V

1560-02200 CAP CHIP 22 pF 50V
* SELECTED VALUE

1540-01060 CAP TANT 10 puF 25V
1633-01070 CAP ELECTR 100 uF/25v
0300-00400 DIODE St 1N4151
0300-00400 DIODE SI 1N4151
0300-20700 DIODE ZENER 1N756A 8.2 V
NOT USED

0301-00200 DIODE 1N5445A

3000-30250 CON MALE 2X8

3000-16000 CON RF MALE JACKSON

DWG PART
REF NUMBER

J1 3000-30520
L1 0600-03330
L3 4200-00000

LK1 3000-30200
LK2  3000-30200
LK3  3000-30200
R1 0100-01610
R2 0100-01820
R3 0100-05610
R4 0100-05610
RS 0100-05610
R6 0100-01030
R7 0100-04720
R8 0100-01220
R9 0100-02040
R10  0100-01020

DESCRIPTION

CON FEMALE 2X8-8200
COIL 3.3 uH 1537-24
2X FERR BEAD CERAMAG24 57-1355

3 X CON BERG 75160-315 (1 PIN)
3 X CON BERG 75160-315 (1 PIN}
3 X CON BERG 75160-315 (1 PIN}
RES COMP 100 5% 1/4W

RES COMP 1.8K 5% 1/4W

RES COMP 560 5% 1/4W

RES COMP 560 3% 1/4W

RES COMP 560 5% 1/4W

RES COMP 10K 5% 1/4W

RES COMP 4.7K 5% 1/4W

RES COMP 1.2K 5% 1/4W

RES COMP 200K 5% 1/4W

RES COMP 1K 5% 1/4W

R11  SELECTED VALUE

R12 0100-01020
R13  0100-03330
R14  0100-01030
R15 0100-02220
R16 0100-02220
R17 0101-05610
R18 0113-01000
R19  0101-02010
U1 0510-02600
uz 0540-01600
us 0500-57400
U4 0500-64300
us 0510-02400
ué 0500-57200
U7z 0500-56310
us 0500-90900
Ug 0400-20500
Uui0  0800-80000
U1t 0500-52000

RES COMP 1K 5% 1/4W

RES COMP 33K 5% 1/4W

RES COMP 10K 5% 1/4W

RES COMP 2.2K 5% 1/4W

RES COMP 22K 5% 1/4W

RES COMP $S60 5% 1/2W

RES CHIP 10 5%

RES COMP 200 5% 1/2W

LOW POWER SCHOTTKY 74L5132
PHASE DIDECTOR MC4044 16 PIN
PRESCALER DIVIDER:4 CA3199E
5P8629

LOW POWER SCHOTTKY 74L593
BI-MOS OP-AMP CA3140E

OP AMP LM741C

ANALOG SW DG211CJ

MAR 3

TCXO 10MHZ 1PPM - OPTICON S1
VOLTAGE REGULATOR MC7805CP



Table 8-3. AModel 776 PARTS LIST - FRONT PANEL ASSEMBLEY

Parts List

DWG PART DWG PART
REF NUMBER DESCRIPTION REF NUMBER
CR1 0300-00400 DIODE Sl 1N4151 R1 0100-02210
CR2 0300-00400 DIODE Sl 1N4151 R2 0100-62210
CR3 0300-00400 DIODE SI 1N4151 R3 0100-02210
R4 0100-02210
Ds1 RS 0100-02210
TO R6& 100-02210

D89 1200-10800 7 SEGMENT LED DISPLAY MDSPS5501 R7 0100-02210
R8 0100-02210

PS10 1200-10100 LED HDSP 7507 +/- 16020 R9 0100-02210
DS11 1200-10200 LED HDSP 7501 7 SEG 776 R10  0100-02210

R1t  0100-02210
D812 R12  0100-02210
TO R13  0100-02210
DS18 1000-00300 MINI3MM LED RED 5082-4480 R14 0100-02210

R15  0100-02700
DsS19 R16  0100-02200
TO R99  0100-02210

DS41 1000-00700 LED RED MV 57124-18 G
DS42 1200-10800 7 SEGMENT LED DISPLAY MDSPS5501 81
J4 3000-40150 CON 20 PIN MALE FOR SOLDER T0
§16  2000-61600

Qi
TO u1 0510-02700
Q14 0400-01800 TSTR PNP 2N4403 U2 0510-02700

Table 8-4. Model 776 PARTS LIST - 2.4 GHZ INPUT ASSEMBLY

DESCRIPTION

RES COMP 220 5% 1/4W
RES COMP 220 5% 1/4W
RES COMP 220 §% 1/4W
RES COMP 220 5% 1/4W
RES COMP 220 5% 1/4W
RES COMP 220 5% 1/4W
RES COMP 220 5% 1/4W
RES COMP 220 5% 1/4W
RES COMP 220 5% 1/4W
RES COMP 220 5% 1/4W
RES COMP 220 5% 1/4W
RES COMP 220 5% 1/4W
RES COMP 220 5% 1/4W
RES COMP 220 5% 1/4W
RES COMP 27 5% 1/4W

RES COMP 22 5% 1/4W

RES COMP 220 5% 1/4W

SWC PUSH MOMENTARY

LOW POWER SCHOTTKY 7415138
LOW POWER SCHOTTKY 74L.5138

DWG PART DWG PART

REF NUMBER DESCRIPTION REF NUMBER
ol 1560-01020 CAP CHIP 001 u 50V CR1  0300-10300
€2 1560-01020 CAP CHIP .001 1 50V CR2 0300-10300
€3  1560-01020 CAP CHIP 001 p S50V CR3 0300-10300
C4  1560-01020 CAP CHIP 001 p 50V CR4  0300-10300

CRS 0300-10300

C5  1560-01020 CAP CHIP .001 p 50V
C6  1560-01020 CAP CHIP 001 p 50V PN el
C7  1560-01020 CAP CHIP .001 p 50V CRS  0300-10300
cs 1560-01020 CAP CHIP .001 n S0V CR9 0300-10300
c9 1560-01020 CAP CHIP .001 p S0V CR10 0300-10300
C10  1560-01020 CAP CHIP .001 1 50V CR11 0300-10300
C11  1560-01020 CAP CHIP .001 p 50V CR12 0300-10300
C12 1560-01020 CAP CHIP .001 u 50V CR13 0300-10300
C13  1560-01020 CAP CHIP .001 p 50V CR14 0300-10300
Ct4 1560-01020 CAP CHIP .001 u 50V CR15 0300-10300
C15  1560-01020 CAP CHIP .001 u 50V

C16  1560-01000 CAP CHIP 10 pF} 50V 41 3000-30250

C17 1560-01020 CAP CHiP .001 p 50V

C18 1560-01020 CAP CHIP .001 p 50V R1 0113-05100

€19  1560-02200 CAP CHIP 22 pF 50V "
C20 1560-01040 CAP CHIP .1 uF 50V n2 g] JEQ ST
€21 1560-01040 CAP CHIP .1 uF 50V R4 0100-02020

C22 1560-01040 CAP CHIP .1 uF 50V

DESCRIPTION

DIODE HOT CARRIER 5082-2835
DIODE HOT CARRIER 5082-2835
DIODE HOT CARRIER 5082-2835
DIODE HOT CARRIER 5082-2835
DIODE HOT CARRIER 5082-2835
DIODE HOT CARRIER 5082-2835
DIODE HOT CARRIER 5082-2835
DIODE HOT CARRIER 5082-2835
DIODE HOT CARRIER 5082-2835
DIODE HOT CARRIER 5082-2835
DIODE HOT CARRIER 5082-2835
DIODE HOT CARRIER S082-2835
DIODE HOT CARRIER 5082-2835
DIODE HOT CARRIER 5082-2835
DIODE HOT CARRIER S$082-2835

CON MALE 2X8
RES CHIP 51 5%
RES CHIP §1 5%

RES COMP 2K 5% 1/4W
RES COMP 2K 5% 1/4W

8-7



Parts List

Table 8-4. AMode! 776 PARTS LIST - 2.4 GHZ INPUT ASSEMBLY (CONTINUED)

DESCRIPTION

RES COMP 390 5% 1/4W
RES COMP 390 5% 1/4W
RES COMP 390 5% 1/4W
RES COMP 1K 5% 1/4W
RES COMP 150K 5% 1/4W
RES COMP 1K 5% 1/4W
RES COMP 150K 5% 1/4wW
RES COMP 1K 5% 1/4wW

* SELECTED VALUE

DWG PART
REF NUMBER
RS 0100-03910
R6 0100-03910
R7 ¢100-03810
Rra 0100-01020
Ro 0100-01540
R10  0100-01020
R11  0100-01540
R12  0100-01020
R13

R14  0100-02250
R15  0100-03310
R16 0100-02710

8-8

RES COMP 2.2M 5% 1/4W
RES COMP 330 5% 1/4w
RES COMP 270 5% 1/4W

DWG PART

REF NUMBER
R17  0100-08210
R18  0113-03010
R1g  0113-03300
R20 0113.03010
R21  0113-03010
R22  0113-03010
R23 0100-01020
N3 0400-20600
uz 0400-20600
u3 0400-20600
u4 0500-64400
us 0500-83700

DESCRIPTION

RES COMP 820 5% 1/4W
RES CHIP 300 5% 1/8W
RES CHIP 33 5% 1/8W
RES CHIP 300 5% 1/8W
RES CHIP 300 5% 1/8W
RES CHIP 300 5% 1/8W
RES COMP 1K 5% 1/8W
MAR-7 MINI CIRCUITS
MAR-7 MINI CIRCUITS
MAR-7 MINI CIRCUITS
U.P.B. 588G - NEC
LM393N
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Figure 9-1. Main Board - Input Amplifiers and Trigger Level Control
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Figure 9-14. Model 776 - Rack Mounting Kit Assembly.



Programming the Model 776/2.4G/R

A.1 Introduction

This appendix contains programming information for the
Model 776/2.4G/R Programmable Counter/Timer. Com-
mands to program the instrument over the IEEE-488 bus are
very similar to those defined by the [EEE-488.2-1987 stan-
dard and the SCPI 1992.0 (Standard Commands for Pro-
grammable Instruments) standard. For those familiar with
device-dependent command (DDC) programming of a Mod-
el 776, there is a table at the end of this appendix listing
equivalent commands.

IEEE-488.2 defines a syntax for sending data to and from in-
struments, how an instrument interprets this data, and what
registers should exist to record the state of the instrument.
This subset of commands (common commands) is used to
perform basic opertions, such as reading status registers,
triggering measurements, and resetting the instrument,

The SCPI standard defines a command language protocol. It
goes one step farther than IEEE-488.2 and defines a standard
set of commands to control every programmable aspect of an
instrument. It also defines the format of command parame-
ters and the format for values returned by the instruments.

A.2 Standards information

The command set of the Model 776/2.4G/R consists of the
following:

» The IEEE-488.2 common commands (listed in para-
graph A.3).

+ The SCPI signal oriented measurement commands
(listed in paragraph A.4).

+ The SCPI subsystem commands (listed in paragraph
A5 '

Information on command format, syntax, parameter. and re-
sponse types is in paragraph A.6. Detailed descriptions of the
commands are in paragraphs A.7 through A.9.

A.3  Summary of IEEE-488.2 common com-
mands

Common commands (see Table A-1) are common to all in-
struments on the bus. They are defined by the IEEE-488.2
standard. Common commands are recognized by the fact
they all begin with an “*” (e.g., *OPC, *RST). They may
also take the form of a query (e.g., *OPC?) to request infor-
mation from the instrument.

A4  Summary of SCP! signal oriented mea-
surement commands

The signal oriented measurement commands (see Tables A-
2 and A-3) acquire readings using a set of high-level instruc-
tions to conirel the measurement process. Signal oriented
commands use a hierarchy relationship between levels,
which is indicated by a colon character. Approval by the
SCPI standard is indicated by a V table entry.

A5  Summary of SCPI subsytem commands

The subsystem commands (see Table A-4) are low-level in-
structions to control all programmable aspects of the instru-
ment. Subsystem commands use a hierarchy relationship
between levels. which is indicated by a colon character. Ap-
proval by the SCPI standard is indicated by a + table entry.



Programming the Model 776/2 4G/R

Table A-1
Common commands and queries
Mnemonic Name Description
*CLS Clear status command Clears status registers and error queue.
*ESE <NR1> | Event status enable command Sets Standard Event Status Enable Register.
*ESE? Event status enable query Reads Standard Event Status Enable Register.
*ESR? Event status register query Reads Standard Event Status Register and clears it,
*[DN? Identification query Reads counter identification code.
*QPC Operation compiete command Sets OPC bit in Standard Event Status Register after all pend-
ing commands are complete.
*OPC? Operation complete query Places a "1" in the Output Queue after all pending operations
are compiete.
*RCL <NR1> | Recall command Returns to a setup stored in memory.
*RST Reset command Retumns the instrument to default conditions.
*SAV <NR1> | Save command Saves the present setup in memory.
*SRE <NR1> | Service request enable command | Sets the Service Request Enable Register.
*SRE? Service request enable query Reads the Service Request Enable Register.
*STB? Status byte query Reads the Status Byte Register.
*TRG Trigger command Sends a GPIB trigger to the instrument.
Notes:

1. Atleast one space is required between the command and the parameter.
2. <NRI>is numeric data in integer form.. Do not use angie brackets in the command.

Table A-2
Signal oriented measurement command summary
Command SCPI |Description
:CONFigure{:SCALar]:<function> <source_list> |V Configures instrument for specitied function.
:CONFigure? ‘ v Reads function configured by last :CONF or :MEAS command.
:MEASure[:SCALar):<function>? <source_list> |V Configures instrument, initiates measurement, queries for result.
:READ? v Initiates measurement and queries for result.
:FETCh? V Queries for result.
Notes:
1. You must enter all the upper case letters, Lower case letters are optional. but if vou send any. you must send all,
2. []indicate optional characters. Do not use brackets in the command.
3. Atleast one space is required between the <function> and <source_list>.
4. Angle brackets (< >} indicate measurernent function and signal channel. Do not use angle brackets in the command.

A-2




Programming the Model 776/2.4GIR

Table A-3

<function> and <source_list> for signal oriented commands
<function> <source_list> | SCPI | Description
[:VOLTage]:FREQuency [(@1)] v Frequency on Channel A.
[:VOLTage]:FREQuency (@2@3) v Frequency on Channel B or C.
[:VOLTage]:FREQuency:RATio [(@ D), (@2} Ratio of frequencies on Channels A and B.
[:VOLTage}:PERIiod [(@1)) V’ Period on Channel A.
[:VOLTage}:PERiod:AVERage [@1)] Period average on Channel A.
[:VOLTage}:PWIDth [(@1)] V Positive pulse width on Channel A.
[:VOLTage:PWIDth:AVERage [@1)]
[:VOLTage]:NWIDth [(@1)) + Negative pulse width on Channel A.
{:VOLTage]:NWIDth:AVERage [(@1)} Average negative pulse width on Channel A.
[:VOLTage]:TINTerval [{@1),(@2)] Time interval from Channel A to B, ‘
[:VOLTage]: TINTerval:AVERage [(@1),@2)] Time interval from Channel A to B averaged.
[:VOLTage]:TOTalize [(@2)] Totalize on Channel B.
[:VOLTage}: TOTalize: TIMed [(@2)] Totalize on Channel B by Channel A.
[:VOLTage]:PHASe [(@1),@2)) v Phase from Channel A to B.
[:VOLTage):PTPeak @1y v Peak-to-peak voltage on Channel A.
[:VOLTage:MAXimum @n v Maximum voltage on Channel A.
[:VOLTage]:MINimum (@1 v Minimum voltage on Channel A.

Noltes;

B —

@21@3 means use either @2 or @3.

You must enter all the upper case letters. Lower case letters are optional.
[ } indicaie optional characters. Do not use brackets in the command.
At least one space is required between the <function®> and <source_list>,
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Table A-4
Subsystent command summary
Command Parameter Default SCPI | Description
Input commands
(INPur[112] v Subsystem. Controls input channels.
:ATTenuation 1110 1 Y Sets input attenuation.
:ATTenuation? v Reads input attenuation.
:COUPling DCIAC AC V Sets input coupling.
:COUPling? v Reads input coupling.
:FILTer v Subtree. Insers filter in measurement path.
{:LPASs] v Subtree. Controls low pass filter.
[:STATe] OFFION OFF v Enable/disable low pass filter.
[:STATe]? v Reads filter state.
:IMPedance 1e6l50 le6 vV Sets input impedance in ohms.
:IMPedance? v Reads input impedance.
'| Sense commands
[:SENSe] N Subsystem. Configures and controls measurement function,
:EVENI[112] Subtree. Defines trigger event.
:LEVel Subtree.
[:ABSolute] |<NRI>[V] ov Sets voltage level for event.
[:ABSolute}? Reads event voltage level.
:AUTO OFFION ON Enables/disables auto-trigger.
:AUTO? Reads auto-trigger state.
:SLOPe POSitivelNEGative | POSitive Sets input signal edge for event.
:SLOPe? Reads input signal edge for event
:FREQuency v Subtree.
:ARM Subtree. Synchronizes frequency start and stop with events.
[:STARt} Subtree.
SOURce | [MMediate IMMediate Sets start for measurements.
:S0URce? Reads start for measurements.
:STOP Subtree.
:DIGits <NRI1> 4 Sets resolution in digits.
:DIGits? Reads resolution.
:SOURce | TIMerIDIGits TIMer Sets stop for measurements.
SOURce? Reads stop for measurements.
‘TIMer <NR3> [§] 100e-3 5 Sets gate time in seconds.
:TIMer? Reads gate time.
System commands
:8YSTem vV Subsystem. Miscellaneous commands.
:ERRor? v Reads error queue.
:VERSion? v Reads counter’s identification code.
Trigger commands
:ABORt Vv Event. Aborts measurement in progress.
:INITiate 'v’ Subsytem. Controls measurement triggers.
:CONTinuous OFFION OFF vV Enables/disables continuous triggers.
:CONTinuous? A Reads continuous triggers state,
[:IMMediate] V Triggers one measurement,
Notes:
1. You must enter all the upper casc letters. Lower case fetiers are optional,
2. []indicate optional characters. Do not use brackets in the command.
3. OFFION means use either OFF or ON, 0l] is also acceptabic.
4. At least one space is required between the command and the parameter,
5.  <NRi>is numeric response daty in integer form. <NR3> is numberic response data in exponent form, Do not use angte brackets in the command.




A.6 Command structure and syntax

The following information covers structure and syntax for
both common commnads and SCPI commands. For topics
not covered here, refer to the IEEE-488.2 and SCPI stan-
dards.

A.6.1 Command tree

The crganization of SCP1 commands follows a tree structure
similar to that used for disk directories in computer operating
systems, Each subdirectory is known as a subsystem. As an
example, the INPut subsystem is shown below:

JINPut[112]
:ATTenuation 110
:ATTenuation?
:COUPling
:COUPling?
:FILTer
[:LPASSs]
[:STATe]
[:STATe]?
:IMPedance
:IMPedance?

DCIAC

OFFION

16150

While a command summary table does document SCPI com-
mands, it does not show the complete command names. The
components must be joined together to form the complete
command name. For example, the command for enabling or
disabling the low pass filter in the INPut subsystem is the fol-
lowing:

:INPut[112]:FILTer[:LPASs][:STATe] OFFION
where square brackets indicate optional parts of the com-
mand and 112 indicates channe! { or 2.

The tree structure allows a command to be used several
times, each with 2 new meaning. For example, a :SOURce
command can be contained within many subsystems but
since the complete command is unique, so is the meaning of
each :SOURce command.

A.6.2 Long and short form commands

There is a short form of every SCPI command and a long
form of most SCPI commands. A short form command is
made up of the first four characters of the full command
name unless the fourth character is a vowel which shortens
the command to three characters. The long form is made up
of the full command name.
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Documentation uses the notation of showing the short form
in upper case, with the remainder of the name. the whole of
which creates the long form. in lower case. Either the exact
short or Jong form must be sent as a command. there are no
intermediate forms. However, the mixed capitalization does
not have to be used — commands are accepted in any combi-
nation of upper and lower case. All of the foliowing are valid
commands:

[:sense:frequency:arm:stop:source timer
[:sens]:freq:arm:stop:sour tim
[:SENS]:freq: AR M:stop:SouRce TiMer

A.6.3 Query commands

Most SCPI commands also have a corresponding query. A
command will set a control point in the instrument: a query
will determine the present setting of the control point and re-
turn the result to the controller. A query is formed by simply
attaching a "?" to the command name.

Some queries have no corresponding command, For exam-
ple, MEASure:FREQuency? will cause the instrument to re-
turn the latest reading. There is no corresponding command
to send a frequency value to the instrument.

A6.4 Default nodes

The concept of default nodes is used by SCPI. What is shown
within square brackets is not required to be sent to the instru-
ment but will be accepted if sent. The following are all valid
forms of a :S0URce command in the :SENSe subsystem:

:SENSe:FREQuency:ARM:STARt:SOURce IMMediate
:FREQuency:ARM:SOURce IMMediate

:FREQuency: ARM:STARt:SOURce IMMediate
:SENSe:FREQuency: ARM:SOURce IMMediate

All of these commands are shown in their long form.

A.6.5 Command syntax

A leading colon instructs the instrument to interpret the com-
mand beginning at the root (the highest level) of the com-
mand tree. The instrument wili also begin at the root every
time you send a new command, so the leading colon is not
necessary but will be accepted if sent.

You can send multiple commands in a single message by
separating the commands with a semicolon character. When
the instrument encounters a command following a semico-
lon, it attempts to interpret the command starting at the level
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of the previous command, unless you precede the second
command with a colon. For example, either of the following
command strings programs the instrument for 10x attenua-
tion, dc coupling, and turns on the low pass filter:

:input:att 10;coup de:filter on
:input:att 10;:input:coup dc::input:filter on

The two command strings are treated identically by the in-
strument. In the first string, when the instrument encounters
":coup dc", it notices the following:

+ It is not the first command in the string.

« There is no leading colon on the command.

¢ The previous command was at the :input level.

Therefore, it interprets the command as if it were at the :input
level.

A.7 Common commands
A.7.1 *CLS — clear status command

This command clears the bits of the Standard Event Status
Register and the Error Queue. It also forces the instrument
into the operation complete idle state and operation complete
query idle state, This results in the disabling of any prior
*QPC command.

*ESE <NR1> — event status enable com-
mand

*ESE? — event status enable query

A7.2

These commands set or query the Standard Event Status En-
able Register, shown in Figure A-1.

The parameter and query response are the decimal equiva-
lent of the binary value that determines the desired state (0 or
1) of the bits in the register. The register is cleared on power-

up.

This register is used as 2 mask for the Standard Event Status
Register. When a standard event is enabled, the occurrence
of that event sets the ESB bit in the Status Byte Register. For
example, to set the CME and QYE bits of the Standard Event
Status Enable Register, send the following command:

*ESE 36

where: CME (bit 5) = decimal 32
QYE (bit 2) = decimal 4
<NRI1> = 36

Since the comamnd error bit and query error bit are enabled,
the occurrence of either event sets the ESB bit in the Status
Byte Register.

Cutput Queue
Service
Status Reguest
| Queue not Empty Byte Enable
Standard Regisler Register
Standard Event RDY B rpDY |
Event Status RON _t—@&—  RDN__|—>
Status Enable 7 G 2 )
Register Register 3 @ 3 L) Logical
m [orc —@&—{orC MAV @ MAvV__ ) OR
1L —@t 1 ESB g ESBE N
(4) L
B e @ QY N ROQS/MSS b
Error Queue o DDE [—@&— DDE Logical 7 2 7 !
M exe [—@—] exe OR :
(32) 5TB? *SRE
¥ CME —®—1 CME *SRE?
[} {» [
(128 | PON }—@—4 PON Master Summary Status
*ESR? *ESE
*ESE?

OPC = Operation Complete
QYE = Query Error

DDE = Device Dependent Error
EXE = Execution Error

CME = Command Error

PON = Power On

& = Logical AND

RDY = Ready

RDN = Reading Done

MAV = Message Available

ESB = Event Summary Bit

RQS = Request ior Service (Read
by Serial Poll)

Note: This instrument does not
implement the yuestionable
event slatus register sel,

MBS = Master Summary Status
{Read by *5T82)

Figure A-1
Model 77612 4GIR status structure
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A.7.3 *ESR? — event status register query

This query reads the decimal value of the Standard Event
Status Register. The binary equivalent of the returned deci-
mal value determines which bits in the register are set, This
register is cleared on power-up or when *CLS is sent.

The bits of the Standard Event Status Register are as follows:

Bit 0, Operation Complete (OPC) — Set bit indicates that
all pending device operations are complete and the instru-
ment is ready to accept new commands, This bit only sets in
response to the *OPC? query.

Bit 2, Query Error (QYE) — Set bit indicates that you at-
tempted 1o read data from an empty Output Queue,

Bit 3, Device-dependent Error (DDE) — Set bit indicates
that an instrument operation did not execute properly due to
some internal condition.

Bit 4, Execution Error (EXE) — Set bit indicates that the
instrument detected an error while trying to execute a com-
mand.

Bit 5, Command Error (CME) — Set bit indicates that a
command error has occurred, Command errors include:

« IEEE-488.2 syntax error

+ Semantic error indicating an unrecognized command

» The instrument received a Group Execute Trigger
(GET) inside a program message.

Bit 7, Power On (PQN) ~— Set bit indicates that the instru-
ment has been tumed off and turned back on since the last
time this register has been read.

A.7.4 *IDN? — identification query

The identification code includes the manufacturer. model
number, serial number, and firmware revision level. It is sent
in the following format:

KEITHLEY,776,x, REVyyyy

where: x is the serial number
yyyy is the firmware revision level
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A7.5 *OPC — operation complete command
*OPC? — operation complete query

The *OPC command enables the OPC bit (bit 0 in the Stan-
dard Event Status Register to be set upon transistion from a
measuring state to an idle state. indicating that all pending
operations have completed. The instrument is also in an idle
state upon power-up. or when *CLS or *RST is executed.

The guery produces a response upon transition from a mea-
suring state to an idle state. This allows synchronization be-
tween the bus controller and instrument using the MAV bit
{bit 4) in the Status Byte Register or a read of the Ourput
Queue. An *OPC? has no effect on the OPC bit in the Stan-
dard Event Status Register.

A.7.6 *RCL <NR1> — recall command

This command returns the instrument to a setup (0-19) stored
in memory. The *SAV command is used to store the present
setup in memaory.

A.7.7 *RST — reset command

When the *RST command is sent. the instrument performs
the following operations:

* Returns to *RST default conditions (see Table A-4).
+ Cancels all pending commands.

» Cancels response to previously received *OPC and
*QPC?.

NOTE

The general bus commands DCL (device
clear) and SDC (selected device clear)
also reset the instrument.

A7.8 *SAV <NR1> — Save cor_nmand

The *SAV command saves the present instrument setup (0-
19) in memory for later recall. Any control affected by *RST
can be saved by the *SAV command. The *RCL command
is used to restore the instrument to a saved setup.
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A.7.9 *SRE <NRT>—service request enable com-
mand

*SRE? - service request enable query

These commands set or query the Service Request Enable
Register, shown in Figure A-1.

The parameter and query response are the decimal eguiva-
lent of the binary value that determines the desired state (0 or
1} of the bits in the register. The register is cleared on power-

up.

This enable register is used along with the Status Byte Reg-
ister to generate service requests (SRQ). With a bit in the
Service Request Enable Register set, an SRQ occurs when
the corresponding bit in the Status Byte Register is set by an
appropriate event. For example, to set the ESB and MAYV bits
of the Servcie Request Enable Register, send the following
command:

*SRE 48

where: ESB (bit 5) = decimal 32
MAY (bit 4) = decimal 16
<NRl>= 48

A.7.10 *STB? — status byte query

The *STB? query acquires the value of the Status Byte Reg-
ister {see Figure A-1). The binary equivalent of the decimal
value determines which bits in the register are set.

A-8

Bits in this register are set by the Standard Event Status Reg-
siter and Output Queue. Bit 6 is set when one or more en-
abled conditions occur.

*STB? does not clear the Status Byte Register. This register
can only be cleared by clearing the related register and
queue. The bits of the Status Byte Register are described as
follows:

Bit 0, Ready (RDY) — Set bit indicates instrument ready.

Bit 1, Reading Done (RDN) — Set bit indicates reading
done.

Bit 4, Message Available (MAV) — Set bit indicates a mes-
sage is present inthe Output Queue. The message is sent to
the bus controller when the instrument is addressed to talk.

Bit 5, Event Summary Bit (ESB) — Set bit indicates that
an enabled standard event has occurred. The event can be
identified with the *ESE? query.

Bit 6, Master Summary Status (MSS) / Request Service
{RQS) — Set bit indicates that one or more enabled Status
Byte conditions have occurred. The MSS bit can be read with
*STB? query; the occurrence of a service request (RQS bit
set) can be detected with a Serial Poll.

A.7.11 *TRG — trigger command

The *TRG command issues a GPIB trigger to the instrument.
It has the same effect as a Group Execute Trigger (GET).
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A8 Signal — oriented commands

Description

Query

Description

Example

Description

:FETCh <function>?

The query requests the return of the measurement result to the contraller when no function is
specified with this query. A "0" will be returned when a function is specified with this query
because the statements will not perfonm any post-processing.

This query command is used to request the latest post-processed reading. After sending this
command and addressing the instrument to talk, the reading will be sent to the computer. This
command does not affect the instrument setup.

This command does not trigger a measurement. It simply requests the last avaiiable reading.

:CONFigure <function>
:CONFigure? Query configuration.

This command is used to configure the instrument for subsequent measurements on the specified
function. Basically, this command places the instrument in a “one-shot” measurement made.
The :READ? command can then be used to trigger a measurement and acquire a reading (see
:READ?).

CONFigure:VOLTage:PWIDth (@1) Positive pulse width on channel A.

INPut:IMPedance 1E6 Sets the input impedance at IMQ.

READ? Begins the measuremnent and returns
‘ the result.

:READ <function>?

The query will begin the data acquisition and return the result of the last requested measurement
when no function is specified with this command. The statements will not perform any post-pro-
cessing resulting in a “0” being returned when a function is specified with this command.

This command is typically used to acquire a post-processed reading after the instrument has
been configured by the :CONFigure command. The :CONFigure command places the insru-
ment in a “one-shot” measurement mode. Every time the :READ? command is then sent, a mea-
surement conversion will occur and the reading will be acquired.

When this command is sent, the following commands will be executed in the order that they are
presented:

:ABORt
:INITiate
:FETCh?
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A-10

Query

Description

Parameters

Query

Description

Parameters

Query

Description

‘MEASure <function>?

MEASure? Returns the measurement result to the controller,

This command combines all of the other signal oriented measurement commands to perform a
“one-shot™ measurement and acquire the reading.

When this command is sent, the following commands are executed in the order that they are pre-
sented.

:ABOR:CONFigure:<function>:READ?

[:SCALar]

This is the subsystem for scalar measurements.

[:VOLTage}

This is the beginning of the command path for the voltage measurements desired to be per-
formed.

:FREQuency

CONFigure[:SCALar][:VOLTage]:FREQuency [(@1) | (@2) | (@3)]
MEASure[:SCALar][:VOLTage):FREQuency? [(@1) | (@2) | (@3)]

(@) | (@2) i (@3)] Choose signal on Ch. A, Ch. B or Ch. C. The default is Ch. A.
FREQuency? Query the frequency of the voltage signal on the selected channel.

This command configures or requests the instrument 10 measure the frequency of the voltage

- signal on the selected channel.

:RATIo

CONFigure[:SCALar][:VOLTage: FREQuency:RATio [(@1) , (@2)]
MEASure[:SCALar]{:VOLTage:FREQuency:RATio? [(@1) , (@2)]

(@), (@) Choose signals on Ch. A and Ch. B.
RATi0? Query the ratio of the frequencies on the selected channels.

This command configures or requests the instrument to calculate the ratio of the frequencies on
the selected channels.



Parameters

Query

Description

Parameters

Query

Description

Parameters

Query

Description

Parameters

Query

Description

Programming the Model 776/2 4GIR

:PERiod

CONFigure[:SCALar][:VOLTagel:PERiod [(@1)]
MEASure[:SCALar][:VOLTage]:PERiod? [(@1)]

[(@1)] The signal on Ch. A will be the one measured.
PERiod? Query the period of the voltage signal on Ch. A.

This command configures or requests the instrument to measure the period of the voliage signal
on Ch. A.

:AVERage

CONFigure[:SCALar}[:VOLTage}:PERiod:AVERage [(@1)]
MEASure[:SCALar]{:VOLTage]:PERiod:AVERage? [(@1)]

[t@1)] The signal on Ch. A will be used for the calculation.
AVERage? Query the average value of the voltage signal period on Ch. A.

This command configures or requests the instrument to calculate the average value of the volt-
age signal period on Ch. A.

PWIDth

CONFigure[:SCALar][:VOLTage:PWIDth [(@1)]
MEASure[:SCALar]{:VOLTage]:PWIDth? [(@1)]

H@1)] ' The signal on Ch. A will be used for the measurement.

PWIDth? Query the positive pulse width of the voltage signal on Ch. A.

This command configures or requests the instrument to measure the positive pulse width (in sec-
onds) of the voltage signal. The measurement is made from the first rising edge reference to the

next falling edge reference. The default reference is half-way between the high and low levels
of the signal.

:AVERage

CONFigure[:SCALar][:VOLTage]:PWIDth:AVERage [(@1)]
MEASure[:SCALar][:VOLTage]:PWIDth:AVERage? [(@1)]

[(@1)] The signal on Ch. A will be used for the calculation.
AVERage? Query the average positive pulse width value of the signal on Ch. A.

This command configures or requests the instrument to calculate the average positive pulse
width of the signal on Ch. A.
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Parameters

Query

Description

Parameters

Query

Description

Parameters

Query

Description

Parameters

Query

Description

:NWIDth

CONTFigure[:SCALar}{:VOLTage:NWIDth [{@1)]
MEASure[:SCALar][:VOLTage:NWIDth? [(@1)]

[(@1)] The signal on Ch. A will be used for the measurement.
NWIDth? Query the negative pulse width of the signal on Ch. A.

This commands configures or requests the instrument to measure the negative pulse width (in
seconds) of the signal on Ch. A, The measurement is made from the first falling edge reference
to the next rising edge reference. The default reference is half-way between the high and low
levels of the signal.

:AVERage

CONFigure[:SCALar][:VOLTage:NWIDth:AVERage [(@1)]
MEASure[:SCALar][:VOLTage:NWIDth:AVERage? [(@1)]

@] The signal on Ch. A will be used for the calculation.
AVERage? Query the average negative pulse width value of the signal on Ch. A.

This command configures or requests the instrument io caiculate the average negative pulse
width value of the signal on Ch. A.

:TINTerval

CONFigure[:SCALar][:VOLTage]:TINTerval [(@1) , (@2)]
MEASure[:SCALar][:VOLTage): TINTerval? [(@1) , (@2)]

@), (@2)] Select the signal on Ch. A or Ch. B for use in the measurement.

erval? uery the time interval of the signal on the selected channel.
'TINTerval? ry the time | 1 of the signal on the selected ch ]

This command controls the time interval measuring capabilities of the instrument, including
Time Interval, Rise Time, Fall Time, Duty Cycle, and Pulse Width. When no specifications fol-
low the command the instrument will measure the Time Interval of the signal.

:AVERage

CONFigure[:SCALar][:VOLTage}: TINTerval: AVERage [(@1), (@2)]
MEASure[:SCALar])[:VOLTage]: TINTerval: AVERage? [(@1), (@2)]

[@l), @2)] Choose the signal on Ch. A or the one on Ch. B for use in the calcu-
lation.
AVERage? Query the average value of the Time Interval of the signal on the se-

lected channel.

This command configures or requests the instrument to calculate the average value of the Time
Interval of the signal on the selected channel.
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:TOTalize

CONFigure[:SCALar][:VOLTage]: TOTalize [(@2}]
MEASure[:SCALar}{:VOLTage): TOTalize? [(@2}]

[(@2)1 The signal on Ch. B will be used for any measurements.

This command controls the totalize measuring capabilities of the instrument.

:TiMed

CONFigure[:SCALar][:VOLTage]: TOTalize:TIMed [(@2)]
MEASure[:SCALar}[:VOLTage]:TOTalize:TIMed? [(@2)]

[{@2)] The gate time on Ch. B will be the one measured or changed.
TIMed? Query the present gate time on Ch. B.

This command configures or requests that the instrument either measure the current gate time
on Ch. B or set a new gate time to be used for further measurements. With an external gate on
Ch. A, the query will count the input events on Ch. B, not the gate time.

‘PHASe

CONFigure[:SCAlLar)f:VOLTage:PHASe [(@1) , (@2)]
MEASure[:SCALar][:VOLTage]:PHASe? [(@1) , (@2)]

@1y, (@2)] Choose the signal on Ch. A or Ch. B for use in the measurement,
PHASe? Query the phase of the signal between the selected channels,

This command configures or requests the instrument to measure the phase of the signal between
the selected channels.

‘PTPeak

CONFigure[:SCALar][:VOLTage]:PTPeak [(@1)]
MEASure[:SCALar][:VOLTage]:PTPeak? [(@1}]

[@nj The signal on Ch. A will be used for the measurement.
PTPeak? Query the Peak-to-Peak value of the signal on Ch. A.
This command configures or requests the instrument to measure the Peak-to-Peak value of the

signal on Ch. A, The instrument calculates this value by measuring the Maximum voltage level
and subtracting the measured Minimum voltage level.
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Parameters

Query

Description

Parameters

Query

Description

:MAXimum

CONFigure[:SCALar][:VOLTagekMAXimum [(@1)}]
MEASure[:SCALar][:VOLTage]:MAXimum? [(@1)]

(@] The signal on Ch. A will be used for the measurement.
MAXimum? Query the maximum voltage level of the signal on Ch. A.

This command configures or requests the instrument to measure the maximum voltage level of
the signal on Ch. A.

:MINIimum

CONFigure[:SCALar][:VOLTage]:MINimum [(@1)]
MEASure[:SCALar][:VOLTage]:MINimum? [(@1}]

[(@1)] The signal on Ch. A will be used for the measurement.
MINimum? Query the minimum voltage level of the signal on Ch. A.

This command configures or requests the instrument to measure the minimum voltage level of
the signal on Ch. A.
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Subsystem commands
INPut Commands

Parameters

Query

Description

Parameters

Query

Description

Query

Description

Description

ANPut [112]

The input subsystem is used to set input conditions on the selected channel.

:ATTenuation

INPut[112]:AT Tenuation 1110

110 X1 or X10 attenuation. The default X1.
ATTenuation? Query the present setting of attenuation.

This command is used to set the input attenuation to either X1 or X10.

:COUPling

INPut[112]:COUPling DCIAC

DCIAC DC or AC. The default is AC.
COUPling? Query the present setting of the coupling.

This command is used to set the input coupling to either DC or AC.

:FiLTer

INPut|1(2):FILTer
FILTer? Query the present status of the filter.

This command is the start of the command path to enable or disable the low-pass filter on the
input signal. Including OFF or ON in the command statement will enable or disable the filter,
the following two commands can be included before OFF or ON bur are optional.

[:LPASs]
INPut[112}:FILTer{:LPASS]

This command specifies the filter type as low-pass.
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Parameters

Query

Description

Parameters

Query

Description

[:STATe]
INPut{112}:FILTer[:LPASs]{:STATe] OFFION
OFFION OFF or 0 disables the filter.
ON or 1 enables the filter.
STATe? Query the present status of the filter,

This command instructs the instrument to enable or disable the low-pass filter on the input sig-
nals.

:IMPedance

INPut[112}:.IMPedance te6l50

1e6i50 1e6 ohms or 50 ohms. The default is 1e6 ohms.
IMPedance? Query the present setting of the input impedance.

This command is used to set the input impedance on the selected channel. Entering parameter
values other than 50 or le6 yield on error message.

A9.2 SENSe Commands

Parameters

Query

Description

[:SENSe]

The Sense subsystem is used to configure and control measurement functions that are not related
to signal-oriented characteristics.

(EVENt[112]

[:SENSe:EVENt [1i2]
[112] Select Ch. A or Ch. B.

EVEN?? Query present chanmnel setting.

This command is used to set the channel whose event wiil be counted as the start/stop edge for
later frequency measurements.
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:SLOPe

[:SENSe}:EVENt [112]:SLOPe POSitiveINEGative

POSitiveINEGative POSitive denotes the rising edge. NEGative denotes the falling edge.
The default is POSitive.

SLOPe? Query the present edge setting.

This command instructs the instrument as to which edge of the signal to consider an event for
frequency measurements.

:LEVel

The LEVel command path is used to set the level at the center of the hystersis window.

[:ABSolute]

[:SENSe:EVEN{{1[2]:LEVel[:ABSolute] <NR1> [V]

<NR 1> [V] The level range is -5.00 V to +5.00 V when input attenuation is X1,
The level range changes to -50.0 V 10 -50.0 V when input attenuation
is X10. The default is O V.

[ABSclute]? Query the present level at the center of the hystersis window.

This command is used to set the level at the center of the hystersis window. The actual trigger
event is at the top of the hystersis window for POSitive slope or at the bottom for NEGative
slope.

This setting has no effect while [:SENSe]:EVENt.LEVel: AUTo is ON. Sending this command
does not turn off AUTO.
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Parameters

Query

Description

Parameters

Query

Description

:AUTO
[:SENSe}:EVENL[112):LEVel: AUTO OFFION
OFFION OFF or 0 disables the "auto-trigger”.
ON or 1 enables the "auto-trigger”. The default is ON.
AUTO? Query the present setting of the “auto-trigger” enable,

This command is used to set the "auto-trigger” enable. When ON the instrument will automat-
ically select a trigger level.

:FREQuency

The frequency command path is used to control the frequency measuring capabilities of the in-
strument.

:ARM

This subtree is used to synchronize the frequency start and stop arm with events.

[:STARt]

This command is the alias for the first arming sequence.

:SOURCce

[:SENSel:FREQuency:ARM[:STARi]:SOURce IMMediate

IMMediate IMMediate specifies that the instrument will not wait for an event.
SOURce? Query the present setting of the start arm.

This command instructs the instrument how long to wait for an event. The only option (for
amount of time delay) for this instrument is IMMediate.

:STOP

This command is the alias for the second arming sequence.
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:DIGits

[:SENSe]:FREQuency:ARM:STOP:DIGits <NR1>

<NRI> The range of digits is from 3 to 10. The default is 4.
DIGits? Query the present resolution.

This command is used to set the resolution (in digits) the instrument is to use in arming frequen-
cy measurerments.

:SOURce

[:SENSe}:FREQuency: ARM:STOP:SOURce TIMerIDIGits

TIMeriDIGits  The TIMer, the internal periodic signal, or the DIGits value is used as
an indicator for the stop arm.

SQURce? Query the present setting.

This command instructs the instrument what to use as the indicator for the stop arm.

:TiMer

[:SENSe]:FREQuency:ARM:STOP:TIMer <NR3>(S]

<NR3> [§] The TIMer range is from 100E-6 seconds to 100E+0 seconds. The
default is 100E-3 seconds.

TIMer? Query the gate time.

This command is used to set the gate time used in arming the frequency measurements.



Programming the Model! 77612 4G/R

A93 SYSTem Commands

:SYStem

The system command path is used to query the contents of the error queue and the identifiction
code of the instrurnent.

:ERRor?
SYSTem:ERRor?
Query ERRor? Query the contents of the error queue. The error codes are listed in Ta-
ble A-5.
Table A-5
Errors

Number | Error name Cause

0 No Error The error queue has been cleared by a power-on or *CLS or all errors in the
queue have been read (with :SYSTem:ERRor?).

-100 Command Error When the counter cannot detect more specific errors this is the generic syntax
error used.

-102 Syntax Error An unrecognized data type or command was received.

-104 Data Type Error A data element differing from the one allowed was recognized by the parser.
For example, string data was sent when numeric data was expected,

-109 Missing Parameter Fewer parameters than the number required by the header were received.

-113 Undefined Header The header is undefined for the counter though it is syntactically correct.

-120 Numeric Data Error When the counter cannot detect a more specific error when parsing a numeric
data element this generic error message is sent.

-131 Invalid Suffix The suffix is inappropriate for the counter or its syntax does not follow that
described in IEEE 488.2.

-213 Init Ignored Another measurement was in progress causing a request for measurement initi-
ation to be ignored.

-222 Data Out Of Range The legal data element received could not be used because its value is outside
the valid range defined by the counter.

-224 Illegal Parameter Value A value not included on a list of possible values was received.

-350 Queue Overflow An error occurred but was not recorded because the error queue is full.

-410 Query Interrupted A condition occurred causing an Interrupted Query error.

+2009 No Valid External Timebase | External reference has been selected but the external signal is not an allowed

frequency, or there is no external reference applied to the rear-panel Ref In
connector.
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:VERSion?

SYSTem:VERSion?

Query VERSion?

The identification code includes manufacturer. model number. serial
number, and firmware revision level:

KEITHLEY. 776. x, REV yyyy

Where: x is the serial number
yyyy is the firmware revison level
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Description

Parameters

Query

Description

Description

:ABORt
:ABORt

This command aborts the measurement in progress. If continuous trigger cycles have been en-
abled with INIT:CONT ON, measurements then continue. If continuous trigger cycles are dis-
abled, measurements stop.

JINITiate

The INITiate command path is used to enable or disable the continuous initiation of trigger cy-
cles.

:CONTinuous
INITiate:CONTinuous OFFION
OFFION OFF or O disables continuous trigger cycles.
ON or 1 enables continuous trigger cycles. The default is OFF.
CONTinuous? Query the present setting.

This command is used to instruct the instrument whether or not to initiate continuous trigger cy-
cles. Disabling continuous cycles will result in the instrument initiating only a single trigger
cycle.

[:IMMediate]
INITiate[:TMMediate]

This command instructs the instrument to initiate a single trigger cycle. It is optional because
the instrument wilt do that on its own if CONTinuous is set to OFF.
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A.10 Program examples
Example |

‘Example program demonstrating the commands used to change input
‘coupling and filter settings

'Edit the following line to where the QuickBASIC libraries are on

'your computer
'$INCLUDE:'e:\qh4 N\jegeqgb.bi'

‘Initialize the CEC interface as address 21
CALL initialize (21,0)

'Reset all subsystem settings
CALL SEND (14,"*rst" status%)

‘Change Input Coupling and Filter settings from their defaults
"All possible optional commands are also included

. CALL SEND (14,"input:coupling DC" status%)

CALL SEND (14,"input:filter:lpass:state ON" status%)

'‘Configure Pulse Width and request measurement
CALL SEND (14,"configure:pwidth 10e-5"status%)
CALL SEND (14,"fetch?",status%)

reading$ = spaces (80)

CALL ENTER (reading$,length%,14,status%)
PRINT reading$

Example 2
"Example program to demonstrate initiating continuous

‘triggering

‘Edit the following line to where the QuickBASIC libraries
‘are on your computer
'$INCLUDE:'e:\qb45\ieceqgb.bi’

'Initialize the CEC imerface as address 21
CALL initialize (21,0)

Reset controls
CALL SEND (14,"*rst",status%)

‘Set instrument in continuous trigger

‘cycle mode
CALL SEND (14,"initiate:continucus ON" status%)
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'Example program to demonstrate some of the commands

'used with the Status Model

'Edit the following line to where the QuickBASIC libraries

‘are on your computer

'$INCLUDE:'e:\gb4N\eeeqgb.bi'

Tnitialize the CEC interface as address 21

CALL initialize (21.0)

'Clear all event registers

CALL SEND (14,"#cls", status%)

‘Set OPC bit in the Standard Event Status Register
CALL SEND (14, "*opc?", status%)

‘Read the Standard Event Status Register
CALL SEND (14, "*esr?", status%)

A.11 Device-dependent commands and SCPI commands

Table A-6 cross-references the command set of the Models 776 and 776/2.4G with the command set of the Model 776/2.4G/R.

Table A-6

Device-dependent commands to SCPI commands and common commands

DDC

SCPI command or common command equivalent

FO
Fl
F2
F3
F4
F5
F6
F7
F8
9
F10
F11
F12
F6:M1

ASO
AS1
BSO
BS1
ALn
BLn
LO
Ll
Gn

:CONFigure[:SCALar][:VOLTage]:FREQuency [(@1)]
:CONFigure{:SCALar][:VOLTage]):FREQuency (@2)
:CONFigure[:SCALar][:VOLTage]:FREQuency (@3)
:CONFigure[:SCALar][:VOLTage):PERIiod [(@1}]
:CONFigure[:SCALar)[:VOLTage]:PWIDth {{@ 1]
:CONFigure[:SCALar}[:VOLTage]: TINTerval [(@1).(@2}]
:CONFigure[:SCALar][:VOLTage]:TOTalize [(@2)]
:CONFigure[:SCALar][:VOLTage]:FREQuency:RATio [(@1).(@2)]
*CONFigure[:SCALar][:VOLTage]:PHASe [(@ .(@2)]
:CONFigure[:SCALar][:VOLTage]:PTPeak {(@ })}]
:CONFigure[:SCALar][:VOLTage]:PERiod:AVERage [(@1)]
:CONFigure[:SCALar][:VOLTage]:PWIDth:AVERage [(@1)]
:CONFigure[:SCALar][:VOLTage]:TINTerval: AVERage {(@ 1).(@2)]
:CONFigure[:SCALar]{:VOLTage]:TOTalize:TIMed [(@2)]

[:SENSe]:EVEN?1:SLOPe POSitive
[:SENSe):EVEN!1:SL.OPe NEGative
[:SENSe):EVEN12:SLOPe POSitive
[:SENSe):EVENI2:SLOPe NEGative
[:SENSe]:EVENt1:LEVel[:ABSolute] <NR1> [V]
[:SENSe]:EVEN12:LEVel[:ABSoclute] <NR1> [V]
[:SENSe]:EVEN12:LEVel:AUTO OFF
[:SENSe|:EVENt2:LEVel: AUTO ON
[:SENSe):FREQuency:ARM:STOP:TIMer <NR3> [S]
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Table A-6(cont.)
Device-dependenr commands to SCPI commands and common commands

DDC SCPI command or common comnmand equivalent
AAD :INPutl:ATTenuation 1

AAl :INPutl:ATTenuation 10

BAQ INPut2: AT Tenuation 1

BAI :INPut2:ATTenuation 10

ACO :INPutl:COUPling DC

ACI :INPut1:COUPling AC

BCO :INPut2:COUPling DC

BCl :INPui2:COUPling AC

AFQ ‘INPutl:FILTer{:LPASs][:STATe] OFF
AFI JINPutl:FILTer{:LPASsS][:STATe] ON
BF0O (INPut2:FILTer{:LPASs](:STATe] OFF
BFi :INPut2:FILTer{:L.PASs]{:STATe] ON
AlD :INPuti:IMPedance 1¢6

All :INPutl:IMPedance 50

BIO :INPut2:IMPedance le6

BII JINPut2;:IMPedance 350

S0 :INITiate:CONTinuous ON

S1 ‘INITiate:CONTinuous OFF

T :INITiate[:IMMediare]

STn *SAV

REn *RCL

Note:

The following DDCs have no SCPI or commoen command equivalent:
GU. Wn. WU. 10, 11. V0. VI M2, €O, C1. 82. 83, and QU through Q4.
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Service Form

Model No. Serial No. Date

Name and Telephone No.
Company

List all control settings, describe problem and check boxes that apply to problem.

 Intermittent O Analog output follows display [ Particular range or function bad; specify
() IEEE failure ' Obvious problem on power-up [ Batteries and fuses are OK
' Front panel operational [ All ranges or functions are bad (d Checked all cables

Display or output (check one)

J Drifts QO Unable to zero

3 Unstable {1 Will not read applied input

Q Overload

W Calibration only (J Certificate of calibration required

O Data required
(attach any additional sheets as necessary)

Show a black diagram of your measurement system including all instruments connected (whether power is turned on or not).
Also, describe signal source.

Where is the measurement being performed? (factory, controlled laboratory, out-of-deors, etc.)

What power line voltage is used? Ambient temperature? °F

Relative humidity? Other?

Any additional information. (If special modifications have been made by the user, please describe.)

Be sure to include your name and phone number on this service form.
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