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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 batter-
ies, 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 this warranty, write or call your local Keithley representative, or contact Keithley headquarters in Cleveland, Ohio. You
will be given prompt assistance and return instructions. Send the product, transportation prepaid, to the indicated service facility.
Repairs will 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-rechargeable batteries, damage from battery leak-
age, 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 PROVIDED HEREIN
ARE BUYER’S SOLE AND EXCLUSIVE REMEDIES.

NEITHER KEITHLEY INSTRUMENTS, INC. NOR ANY OF ITS EMPLOYEES SHALL BE LIABLE FOR ANY DIRECT,
INDIRECT, SPECIAL, INCIDENTAL OR CONSEQUENTIAL DAMAGES ARISING OUT OF THE USE OF ITS INSTRU-
MENTS AND SOFTWARE EVEN IF KEITHLEY INSTRUMENTS, INC., HAS BEEN ADVISED IN ADVANCE OF THE POS-
SIBILITY OF SUCH DAMAGES. SUCH EXCLUDED DAMAGES SHALL INCLUDE, BUT ARE NOT LIMITED TO: COSTS
OF REMOVAL AND INSTALLATION, LOSSES SUSTAINED AS THE RESULT OF INJURY TO ANY PERSON, OR DAM-
AGE TO PROPERTY.

STATEMENT OF CALIBRATION

This instrument has been inspected and tested in accordance with specifications published by Keithley Instruments, Inc.

The accuracy and calibration of this instrument are traceable to the National Bureau of Standards through equipment which is cali-
brated at planned intervals by comparison to certified standards maintained in the Laboratories of Keithley Instruments, Inc.
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SPECIFICATIONS

DC CHARACTERISTICS

16 BIT 8 BIT
ACCURACY* ACCURACY*

RESO- +(%rdg + offset) RESO- + (%rdg + offset)

RANGE LUTION (1 Yr., 18°-28°C) LUTION (1 Yr., 18°-28°C)
320 mV 10 wVv  0.030% + 200 nV 256 mV  0.42% + 2.56 mV
32 V 100 gV 0.025% + 2mV 256 mV  0.42% + 25.6 mV
32 Vv 1mVv  0.035% + 20mV 256 mV 0.42% + 256 mV
200 V 10mV ~ 0.035% + 200 mV 256 V. 042% + 256 V

*After pushbutton or bus zeroing, and using average function (10,000 samples, 10us
sample rate).

INPUT IMPEDANCE: 1.1IMQ (1.0M2 on 200V range) shunted by <47pF.

MAXIMUM ALLOWABLE INPUT: 250V peak, 2x10’VeHz.

MAXIMUM COMMON MODE VOLTAGE: 30V rms, 42V peak, 5x10°
VeHz.

COMMON MODE REJECTION RATIO: >60dB at dc to 1kHz, 1kQ
unbalance.

DIFFERENTIAL NONLINEARITY: 16-Bit: <2 LSB. 8 Bit: <0.5 LSB.

TEMPERATURE COEFFICIENT (0°-18°C & 28°-50°C):
< #(0.1 x applicable accuracy specification)/°C.

DYNAMIC CHARACTERISTICS
SAMPLE TRIGGER: Initiates each A/D conversion.

EXTERNAL SAMPLE TRIGGER INPUT: Rising edge, TTL compatible.
DB-25 connector.

INTERNAL EXTERNAL
SAMPLE TRIGGER SAMPLE TRIGGER
16 BIT 8 BIT 16 BIT 8 BIT
SAMPLE RATE
Maximum 100 kHz 1 MHz 100 kHz 1 MHz
SAMPLE INTERVAL
Minimum 10 ps 1ps 10us 1us
Maximum 1s 1s No limit
Resolution 100 ns 100 ns — -
Jitter (typical) +0.4 ns +2ns +2 ns +2ns
TIMEBASE ACCURACY +0.02% +0.02% +0.02% +0.02%
NUMBER OF SAMPLES
Minimum 1 1 1 1
Maximum 32k 64k 32k 64k

SIGNAL/NOISE RATIO (sinewave curve fit): 50dB for full range 100kHz
sine input; 72dB typical at 10kHz.

SLEW RATE: 13V/us minimum.
SETTLING TIME: 1 us to 0.1% of final value.
CHANNEL CROSSTALK: <60dB at 500kHz.
INPUT COUPLING: Ac, dc, ground.
FREQUENCY RESPONSE (Filter Off):
0.2 dB 1dB 3dB
dc (15 Hz) - 20 kHz  dc (5 Hz) - 200 kHz  dc (2 Hz) - 750 kHz
() Indicates ac coupled performance.
LOW PASS FILTER: 50kHz, 500kHz, single pole.

MEASUREMENT TRIGGER
MEASUREMENT TRIGGER: Initiates acquisition of a set of samples.
DELAY:
Pre-Trigger: —32k<n< -1, 16-bit mode; —64k<n< -1, 8-bit mode.
|n| samples are stored prior to measurement trigger.
Post-Trigger: 1<n <1x10’. Storage begins ‘‘n’’ samples after measure-
ment trigger.

SOURCE:
Input Signal

Description

Slope: + or —

Level: Selectable over input voltage range
and resolution.

Negative TTL edge, rear panel BNC.

Manual pushbutton.

16 programmable trigger modes.

Internally generated.

External:

Front Panel:
1IEEE-488 Interface:
Other Channel:

CHANNEL 2 (Option 1944A)

Permits synchronous or asynchronous sampling of data. Specifications
are identical to those of Channel 1. All Channel 2 measurement parameters
are independently selectable.

MATH FUNCTIONS

n-1
¥ v
i=0

AVERAGE: = V.,

PEAK TO PEAK: Difference between maximum and minimum values of
samples.

PLUS PEAK: Maximum value of samples.

MINUS PEAK: Minimum value of samples.

1

n-
r (Vi=V.,)?
STANDARD DEVIATION: i=0
n
n-1
vy
TRUE ROOT MEAN SQUARE: i=0
n

n-

2
INTEGRAL: (Vo +%V,1+ I V) t.
i=
DIFFERENCE: Channel 1 — Channel 2.

RATIO: Channel 1 / Channel 2.

NOTE: V;: Voltage of sample i. n: Total number of samples. i: Location
of individual sample. t,: Sample interval.

REAL TIME (DMA) OUTPUT
FORMAT: Binary, 16-bit or 8-bit. RATE: Same as Sample Rate.
CONTROL LINES: End of Sample, Overrun, High Byte, Low Byte.



ANALOG OUTPUT

MODES OUTPUTS USED
CRT X, ¥, z (blanking)
Oscilloscope  y, z (trigger)

Slow Plot X, ¥, z (pen up/down)
Strip Chart y

X OUTPUT: 0-10V full scale, 2.44mV resolution.
Y OUTPUT: 0-10V full scale, 2.44mV resolution.
Z OUTPUT: 0V, 5V or 15V.

ZOOM MAGNIFICATION: 0.1:1 to 1000:1.
PAN: Across entire memory.

FRONT PANEL PROGRAMS
0 IEEE ADDRESS: Set IEEE-488 address.

SELF TEST: Performs internal RAM and ROM check.

DIGITAL CALIBRATION: Executes calibration procedure.
CALIBRATION STORAGE: Stores calibration constants in NVRAM.
X OUTPUT FULL SCALE: Sets full scale X output voltage.

Y OUTPUT FULL SCALE: Sets full scale Y output voltage.

Z OUTPUT BLANKING LEVEL: Sets high or low blanking level.

U B WN

IEEE-488 BUS IMPLEMENTATION

MULTILINE COMMANDS: DCL, LLO, SDC, GET, GTL, UNT, UNL,
SPE, SPD, MLA, MTA.

UNILINE COMMANDS: IFC, REN, EOI, SRQ, ATN.

INTERFACE FUNCTIONS: SH1, AH1, Té, TEO, L4, LEO, SR1, RL1, PPO,
DC1, DT1, C0, E1.

PROGRAMMABLE PARAMETERS: Range, Math Functions, Zero, Delay,
Sample Rate, Number of Samples, Trigger, Calibration, Output Format,
Self Test, Display, Status, Service Request, Storage, Filter, Terminator,
Input Coupling, Buffer Size, Channel, Save and Recall Setups, Front
Panel Programs 1-6, Key Sequence, Slope, Analog Outputs, EOL

BINARY TRANSFER RATE: 90k bytes/second.

Specifications subject to change without notice.

GENERAL

DISPLAY: 14-digit alphanumeric LED display; function, bus status also
displayed.

RANGING: Manual or autoranging.

WARMUP: One hour to rated accuracy.

OPERATING ENVIRONMENT: 0° to 50°C, 0% to 80% relative humidi-
ty up to 35°C.

STORAGE ENVIRONMENT: -25° to 65°C.

POWER: 105-125V or 210-250V (internal switch selectable), 50Hz or 60Hz,
120VA maximum. 90-110V and 180-220V version available.

CONNECTORS: All I/O connectors are BNC except Real Time Output
(DB-25) and IEEE-488 connectors.

DIMENSIONS, WEIGHT: 89mm high x 435mm wide x 448mm deep
(B%in. x 17%in. x 17%in.). Net weight 9.1kg (20 Ibs.), Dual Channel.

ACCESSORIES AVAILABLE: See Selector Guide on page 24.

ACCESSORIES AVAILABLE:

Model 1938: Fixed Rack Mounting Kit
Model 1939: Slide Rack Mounting Kit
Model 1942: Sample Cable

Model 194A: Channel 2

Model 7007-1: Shielded IEEE-488 Cable, 1m (3.2 ft.)
Model 7007-2: Shielded IEEE-488 Cable, 2m (6.5 ft.)
Model 7051-2: BNC Interconnect Cable, 2 ft.

Model 7051-5: BNC Interconnect Cable, 5 ft.

Model 7754-3: BNC to Alligator Cable, 3 ft.

Model 7755: 50Q Feed-Through Termination

Model 8573A: IEEE-488 Interface for IBM PC, PC-AT



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 is the individual 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 are described 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
safe installations and repairs of products. Only properly trained ser-
vice personnel may perform installation and service procedures.

Exercise extreme caution when a shock hazard is present. Lethal
voltage may be present on cable connector jacks or test fixtures. The
American National 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.

As described in the International Electrotechnical Commission
(IEC) Standard IEC 664, digital multimeter measuring circuits
(e.g., Keithley Models 1754, 199, 2000, 2001, 2002, and 2010) are
Installation Category II. All other instruments’ signal terminals are
Installation Category I and must not be connected to mains.

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 sources to switching cards, install protective devices to lim-
it fault current and voltage to the card.

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

For maximum safety, do not touch the product, test cables, or any
other instruments while power is applied to the circuit under test.
ALWAYS 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 as installing or removing jumpers.

Do not touch any object that could provide a current path to the
common side of the circuit under test or power line (earth) ground.
Always make measurements with dry hands while standing on a
dry, insulated surface capable of withstanding the voltage being
measured.



The instrument 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 levels of the instruments and 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 a product, replace with same type 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 a test fixture, keep the lid closed while power is ap-
plied to the device under test. Safe operation requires the use of a
lid interlock.

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

The A symbol on an instrument indicates that 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 a manual 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
components in 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 suppliers as
long as they 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 according to in-
structions. If the board becomes contaminated and operation is af-
fected, the board should be returned to the factory for proper
cleaning/servicing.

Rev. 2/99



Contains an overview of the instrument including
features, unpacking instructions, as well as available
accessories.

SECTION 1

General Information

Includes an overview of front panel controls, rear
panel configuration, and fundamental measurement
procedures. Use this section to get your instrument
up and running as quickly as possible.

SECTION 2
Getting Started

This section contains detailed operating information
for the Model 194A, and the Model 1944A A/D
Modules. Use this section as a reference on all front
panel operating aspects of the instrument.

SECTION 3

Operation

Contains information on connecting the Model 194A
to the IEEE-488 bus and programming the instru-
ment from a computer.

SECTION 4
IEEE-488 Programming

Outlines procedures necessary to verify that the in-
strument is operating within stated specifications.

SECTION 5

Performance Verification

A complete description of operating principles for
the instrument is located in this section. Analog,
digital, microcomputer, and power supply circuits
are described, as is the IEEE-488 interface.

SECTION 6

Principles of Operation

Details maintenance procedures including fuse re-
placement, option installation, line voltage selection,
calibration, and troubleshooting.

SECTION 7

Maintenance

Includes replacement parts information, schematic
diagrams, and component location drawings for the
Models 194A and 1944A.

SECTION 8

Replaceable Parts
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SECTION 1
GENERAL INFORMATION

1.1 INTRODUCTION

This section contains information on Model 194A features,
warranty, manual addenda, safety terms and symbols, and
specifications. Also included are procedures for unpack-
ing and inspecting the instrument, as well as available
accessories.

The information in Section 1 is divided into the following
major paragraphs:

1.2 Features

1.3  Warranty Information

14 Manual Addenda

15 Safety Symbols and Terms
1.6 Specifications

1.7 Unpacking and Inspection
1.8 Preparation For Use

1.9 Repacking For Shipment
1.10 Accessories

1.2 FEATURES

The Model 194A High Speed Voltmeter is a high speed DC
voltage sampling instrument suitable for a wide variety of
applications, including the analysis of laboratory pheno-
menon, as well as the characterization of transient and
periodic waveforms.

The Model 194A can sample at rates up to IMHz with 2%
digit, 8-bit usable resolution, or up to 100kHz with 4%
digit, 16-bit resolution. Each A/D channel has 64K bytes
of memory allowing up to 65,535 samples to be stored for
later analysis with one of the many Model 194A mathe-
matical functions.

Key Model 194A features include:

* Autoranging—Autoranging allows the instrument to
measure a wide dynamic range of input signals.

® Zero—A zero feature allows a baseline signal level to be
subtracted from subsequent readings. The baseline can
either be taken from an applied signal, or keyed in from
the front panel or programmed over the IEEE-488 bus.

* Filtering—Internal analog filtering with selectable poles
of 50kHz or 500kHz is available to reduce the effects of
noise.

® Math Functions—A number of mathematical functions
including average, integral, standard deviation, true
RMS, peak, and peak-to-peak are included with the in-
strument software.

® Dual-channel Operation—Two separate, isolated A/D
channels are available with the optional Model 1944A
A/D Module installed.

* |EEE-488 Interface—A standard feature of the Model 194A
that allows the instrument to be controlled from a
computer.

® Real Time Output—This port allows instrument data to
be transmitted to a computer or similar device at the
sampling rate via a user-supplied interface.

® Programmable Sampling Rates—The instrument can be
programmed to sample data as fast as IMHz, or as slow
as 1Hz.

® Programmable Number of Samples—The number of sam-
ples per measurement sequence can be pro-
grammed to any value between 1 and 32,767 (16-bit reso-
lution) or 1 and 65,535 (8-bit resolution).

* Programmable Triggering—The instrument can be trig-
gered from the input signal, an external trigger signal,
from the other channel (when the Model 1944A option
is installed), or over the IEEE-488 bus. Programmable trig-
gering parameters include single or continuous modes,
delay, slope, and level.

* XY Mode—Allows the instrument to drive external
display devices such as oscilloscopes and plotters. Inter-
nal software allows easy generation of graphs from
sampled data.

® Translator Mode—Simplifies IEEE-488 programming by
allowing the use of English-like syntax.

* External Sample Control—Allows sample collection to be
synchronized to external events.

1.3 WARRANTY INFORMATION

Warranty information for your Model 194A may be found
inside the front cover of this manual. Should it become
necessary to use the warranty, contact your Keithley rep-
resentative or the factory for information on obtaining war-
ranty service. Keithley Instruments, Inc. maintains service
facilities in the United States, West Germany, France, the
Netherlands, Switzerland, and Australia. Information con-
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cerning the operation, application, or service of the Model
194A may be obtained by contacting an applications
engineer at any of these locations.

1.4 MANUAL ADDENDA

Information concerning improvements or changes to the
instrument which occur after this manual is printed will
be found on an addendum sheet included with the instru-
ment. Please be sure that you read this information before
attempting to operate or service your instrument.

1.5 SAFETY SYMBOLS AND TERMS

The following safety terms and symbols are used in this
manual or found on the instrument.

The A symbol on the instrument indicates that the user
should refer to the operating instructions in this manual
for further details.

The WARNING heading as used in this manual explains
dangers that could result in personal 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.

1.6 SPECIFICATIONS

Detailed Model 194A specifications are located at the front
of this manual. Some terms used in the specifications are
discussed in the following paragraphs.

1.6.1 Resolution

The resolution of an A/D converter is generally defined
as the number of output states expressed in bits. The
number of output states of a binary quantizing A/D con-
verter is 21, where n represents the number of bits. The
A/D converter in the Model 194A operates with either 8-bit
or 16-bit resolution, depending on the sampling rate. Thus,
the A/D converter has either 256 (28) or 65,536 (2'°) output
states.

The resolution figures given in the specifications are de-

rived by dividing the full scale displayable range by the
number of steps for that particular converter resolution.

For example, in the 16-bit mode, the 320mV range is ac-
tually capable of displaying values in the range of -327.68
to + 327.67mV, for a total range of 655.35mV. Dividing this
figure by the total number of quantized steps (65,535)
yields the 104V resolution figure given in the specifications.

1.6.2 Differential Non-Linearity

The differential non-linearity specification defines the max-
imum deviation of a quantized step width from the ideal
quantization step width, FSR/(2"-1), where FSR is the full
scale range of the A/D converter (10V) and n is the number
of bits (8 or 16) depending on the sampling rate.

1.6.3 Slew Rate

The slew rate specification applies to the sample and hold
portion of the A/D converter and is usually defined as the
maximum rate at which a capacitor can charge expressed
in volts per microsecond. Generally, it is desirable to have
as high a slew rate as possible in order to minimize
response time.

1.6.4 Input Impedance and Coupling

The input impedance is simply the equivalent resistance
appearing between input high and input low shunted by
(in parallel with) the stated capacitance value. Figure 1-1
shows an equivalent circuit of the input impedance appear-
ing at the VOLTAGE INPUT jack. Input impedance can
become especially important when measuring voltage
sources with high internal resistance: the resistive com-
ponent can load the source, degrading measurement ac-
curacy, and the capacitive element can increase response
time to rapidly-changing signals.

VOLTAGE INPUT

RIN | CiN
11MQ == 47pF

Figure 1-1. Equivalent Input Impedance
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Input coupling defines the method used to apply the signal
voltage to the input amplifier. Figure 1-2 demonstrates the
three forms of coupling used: AC, DC, and ground. With
the DC coupling method in (a), a straight-through path
is established. Figure 1-2(b) shows the AC coupling
method, in which a capacitor is inserted in series with the
high input signal path. In the case of ground coupling
[Figure 1-2(c)], the input signal is effectively removed from
the input terminals of the input amplifier by shorting the
high and low terminals of the input amplifier together.

1.6.5 Common-Mode Considerations

The low input terminal of the Model 194A can be floated
up to 30V RMS, 424V peak above chassis ground. This
voltage is known as the common mode voltage and is
shown on the diagram in Figure 1-3. The advantage of
floating the input is that you can measure many sources
that are not referenced to power line ground. The 30V RMS
limitation given in the specifications is defined by ANSI
safety standards; since the shield of any cable connected
to the instrument will also be at common mode potential,
it is important that the 30V limitation be observed to avoid
a possible shock hazard.

BNC JACK HIGH TERMINAL

LOW TERMINAL

Vcm=COMMON MODE VOLTAGE CHASSIS
GROUND

VOLTAGE INPUT
INPUT AMPLIFIER
ATTENUATOR
AND
PROTECTION
FURTHER
ANALOG
PROCESSING
s
A. DC COUPLING
VOLTAGE INPUT
INPUT AMPLIFIER
ATTENUATOR
— AND
PROTECTION
\ FURTHER
ANALOG
COUPLING PROCESSING
CAPACITOR
S
B. AC COUPLING
YRPUT INPUT
AMPLIFIER
ATTENUATOR !
AND
PROTECTION
/‘ FURTHER
ANALOG
INPUT PROCESSING
TERMINALS
SHORTED
S
C. GROUND COUPLING

Figure 1-2. Methods of Input Coupling

Figure 1-3. Common Mode Voltage

The common mode rejection ratio (CMRR) defines how
much of a common mode signal in the specified frequen-
cy range will appear in the final reading, exclusive of other
factors such as selected math function. Note that this
specification is given is dB and can be converted to an
equivalent noise voltage as follows:

Ve
VN =

10¢CMRR 20)

where: Vy is the resulting noise voltage.
Veu is the common mode voltage.
CMRR is the common mode rejection ratio in dB.
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As an example, assume that the common mode voltage
is 30V, and that the CMRR is 60dB. The amount of the
noise signal can be calculated as follows:

30V
VN =

10°
VN = 30mV

1.6.6 Crosstalk

The crosstalk specification defines how much of a signal
applied to one A/D module will leak through to the other
A/D module. This signal can be considered as an error or
noise signal that could degrade measurement accuracy.
Thus, crosstalk can be particularly important when
measuring a low level signal on one channel with a high
level signal on another channel.

Like the CMRR specification, crosstalk is given in dB, with
the higher figure the better. The formula given above for
CMRR can be used to determine how much noise voltage
will appear in a given channel as the result of a signal ap-
plied to an alternate channel. For example, assume that
200V is applied to the channel 2 A/D converter. With a 60dB
crosstalk figure, the noise voltage in channel 1 is:

200V
VN =

10°
VN = 200mV

1.6.7 DC Voltage Accuracy and Dynamic
Characteristics

The accuracy figures given in the specifications are for DC
voltages, and do not necessarily apply to AC signals. Cer-
tain dynamic characteristics may affect overall accuracy
when measuring rapidly-changing signals. In particular,
slew rate and settling time could degrade accuracy for
signals with rapid rise and fall times. Slew rate and set-
tling time are discussed elsewhere in this section.

Basic DC accuracy is specified as +(percent of reading +
an offset). Since the offset on a given range is constant,
better accuracy will be achieved when measuring signals
near full range than when measuring lower-level signals.
Thus, for best accuracy, you should use the most sensitive
range possible for the signal being measured.

Note that the accuracy figures given assume that the in-
strument has been properly zeroed. To zero the instru-

ment, simply select ground coupling and press the ZERO
button.

1.6.8 Settling Time

The settling time figure defines the length of time the in-
strument response takes to rise to and stay within certain
limits. This specification includes the input amplifier and
sample and hold circuitry, but excludes the A/D converter
itself.

Figure 1-4 demonstrates how to interpret the settling time
figure. Assume that the idealized step function shown in
Figure 1-4(a) is applied to the instrument. A hypothetical
response curve is shown in Figure 1-4(b). At point B, the
instrument response rises to within stated limits, but, due
to overshoot, continues to rise to point C. Because of ring-
ing, the response drops slightly under the limit at point
D, then rises to within the final limits and stays there at
point E. Thus, the settling time would be interpreted to
be the time period between the initial stimulus (point A)
and the time the response reaches the stated limits (point
E).

N 4

t
A. IDEALIZED STEP FUNCTION INPUT

STATED SETTLING TIME LIMITS

S

A
t

B. HYPOTHETICAL INSTRUMENT RESPONSE

Figure 1-4. Settling Time
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1.7 UNPACKING AND INSPECTION

The Model 194A was carefully inspected and packed before
shipment. Upon receiving the instrument, carefully un-
pack all items from the shipping carton and check for any
obvious signs of physical damage that might have occur-
red during shipment. Report any damage to the shipping
agent at once. Retain the original packing material in case
reshipment becomes necessary.

The following items are included with every Model 194A
shipment:

Model 194A High Speed Voltmeter
Model 194A Instruction Manual
Additional accessories as ordered.

If the Model 1944A A/D Module was ordered with the in-
strument, it will be shipped already installed.

If an additional instruction manual is required, order the
manual package, Keithley Part Number 194A-901-00. The
manual package includes an instruction manual and all
vertinent addenda.

1.8 PREPARATION FOR USE

Line Power—The Model 194A is designed to operate from
105-125V or 210-250V AC power sources. A special power
transformer may be installed for 90-110V and 180-220V
ranges. The factory set range is marked on a label near the
rear panel of the instrument.

CAUTION
Do not attempt to operate the instrument on a
line voltage outside the indicated range, or in-
strument damage may occur.

Line Voltage Selection—The operating voltage is internal-
ly selectable. Refer tc Section 7 for the procedure to change
or verify the line voltage setting.

Line Frequency—The Model 194A may be operated from
either 50 or 60Hz power sources.

IEEE-488 Primary Address—If the Model 194A is to be con-
trqlled over the IEEE-488 bus, it must be set to the correct
primary address. The primary address is set to 9 at the

factory, but it can be programmed from the front panel,
as described in Section 4.

1.9 REPACKING FOR SHIPMENT

Before shipment, the instrument should be repacked in
its original shipping carton.

If the instrument is to be returned to Keithley Instruments
for repair, include the following:

Write ATTENTION REPAIR DEPARTMENT on the ship-
ping label.

Include the warranty status of the instrument.
Complete the service form at the back of this manual.

1.10 ACCESSORIES

The following accessories are available from Keithley In-
struments, Inc to enhance Model 194A capabilities.

Model 1938 Rack Mount Kit—The Model 1938 allows the
stationary mounting of the Model 194A in a standard
19-inch rack.

Model 1939 Rack Mount Kit—The Model 1939 is similar to
the Model 1938 except that a sliding-mount configuration
is used.

Model 1942 Sample Cable—The Model 1942 connects to the
REAL TIME OUTPUT and allows synchronization of sam-
ple collection to external events.

Model 1944A A/D Module—The Model 1944A gives the
Model 194A dual-channel A/D capability.

7007 Shielded IEEE-488 Cables—The Model 7007 cables in-
clude a shielded metric IEEE-488 connector on each end,
the Model 7007-1 is 1m (3.3 ft.) long, while the Model 7007-2
is 2m (6.6 ft.) in length. These cables are shielded to
minimize electrical interference.

7051 BNC Cables—The Models 7051-2 and 7051-5 are similar
cables made up of RG-58C and are equipped with male
BNC connectors on each end. The Model 7051-2 is two feet
in length, while the Model 7051-5 is five feet long.

Model 7754 BNC-to-Alligator Cable—The Model 7754 has
a male BNC connector on one end, and a pair of alligator
clips on the other end.

Model 7755 502 Input Terminator—The Model 7755 is a
feed-through BNC terminator that allows the proper ter-
mination of 50Q cables.
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SECTION 2
GETTING STARTED

2.1 INTRODUCTION

This section contains introductory information on
operating your instrument and is intended to help you get
your Model 194A up and running as quickly as possible.
It includes a brief description of operating controls, as well
as fundamental measurement procedures. Once you are
thoroughly familiar with the material presented here, refer
to Section 3 for more detailed information.

Section 2 is organized as follows:

2.2 Front Panel Familiarization: Briefly describes each
front panel control, outlines display operation, and
lists where to find more detailed information in Sec-
tion 3.

2.3 Rear Panel Familiarization: Describes each aspect of
the Model 194A rear panel including connectors.

2.4 Power-Up Procedure: Describes how to connect the
instrument to line power and the type of display
messages to be expected during the power-up cycle.

2.5 Basic Measurement Techniques: Outlines input con-
nections and gives the basic instrument configuration
for making measurements.

2.6 Samples, Measurements, and Readings: Defines
these terms as used in this manual.

2.2 FRONT PANEL FAMILIARIZATION

An overview of the Model 194A is given in the following
paragraphs. The front panel of the instrument is shown
in Figure 2-1. The panel consists of a 14-character alpha-
numeric display, 38 momentary-contact switches (many of
which include display annunciators), and three LEDs that
indicate IEEE-488 status.

2.2.1 Controls

All front panel controls except POWER are momentary
contact switches. To augment the controls, many display
annunciators are included. Many of the control buttons
have secondary functions that are invoked with the SHIFT
key. Primary (not shifted) functions are indicated above
the corresponding keys, while secondary (shifted) func-
tions are marked in yellow below the respective keys (ex-
cept for the secondary modes associated with the MHz,
kHz, and Hz keys, which are controlled by the FREQ/TIME
button).

All controls are logically arranged and color coded into
functional groups for ease of operation.

Table 2-1 summarizes these control functions and also lists
the location in the manual where more detailed informa-
tion concerning these functions may be found. In the
following descriptions, shifted functions are placed in
parentheses.
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Figure 2-1. Model 194A Front Panel
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Table 2-1. Front Panel Control Summary

Control Description Paragraph
POWER Control AC power to the instrument. 24
ZERO Enable/disable zero mode (subtract baseline value from subsequent readings). 3.10
(ZERO VAL) |Key in zero value with data entry keys. 3.10
FILTER Enable/disable 50kHz or 500kHz analog filter. ‘ 31
TRIGGER | Initiate measurement sequence when immediate triggering is enabled. Arm 3.6
external, input signal, and other channel triggering.
(XY TRIG) | Start/stop XY analog output data. 312
SGL/CONT | Select single or continuous A/D arming. 3.6
(XY MODE) | Select XY mode to allow data plotting: CRT, oscilloscope, plotter, or strip chart. 3.12
SOURCE Select external trigger pulse, immediate, input signal, or other channel as trigger 36
source. (Use uprange or downrange to scroll through sources).
(XY DATA) | Select data source for XY analog output: measurement buffer, RAM, readings, or 312
IEEE bulffer.
DELAY Program trigger delay (post or pre-trigger). 3.6
(XY PAN)  |Program window for XY analog output. 3.12
SLOPE Select positive or negative edge for triggering from input signal. 3.6
LEVEL Program trigger threshold when triggering from input signal. 3.6
(XY ZOOM) | Program XY output horizontal scaling factor. 312
SCAN Control future scanner module.
CPLG Set AC, DC or ground input signal coupling. 37
SAMPLES | Program number of samples or measurement duration. 3.5
RATE Program sampling frequency or interval between samples. 3.5
LOCAL Cancel IEEE-488 remote status, restore front panel operation, return display to 47
normal.
CHANNEL | Select channels 1 or 2, dual channel display, or scanner channels. 3.9
AUTO Enable/disable autoranging. 3.3
UPRANGE | Move uprange, move cursor right (data entry), increment sample number 3.3
(RECALL), move viewed data right (XY PAN), increment scaling factor (XY 3.3
ZOOM), select front panel program (OTHER), scroll through modes (FILTER,
SOURCE, XY MODE, XY DATA).
DOWNRANGE| Move downrange, move cursor left (data entry), move viewed data left (XY PAN),
decrement buffer location (RECALL), select front panel program (OTHER), scroll
through modes (FILTER, SOURCE, XY MODE, XY DATA).
SHIFT Add second function to front panel keys (shifted modes marked in yellow).
RECALL Recall stored samples from measurement buffer. 38
STATUS Obtain information on programmed operating modes. 3.15
(RESET) Reset instrument to power-on conditions (same as SETUP 1). 3.18
ENTER Enter data into memory during data entry process. 34
CANCEL | Cancel data entered into display during data entry. 34
FREQ/TIME | Enter data as reciprocal frequency or time. 34
Data Keys | Enter numeric data and time, frequency, or voltage units. 34
(CH1 + CH2) | Divide channel 1 by channel 2 (dual A/D module units only). 314
(CH1 - CH2) | Subtract channel 2 from channel 1 (dual A/D module units only). 3.14
(OTHER) Access IEEE address, self-test, NVRAM storage, digital calibration, X output full. 3.17
scale value, Y output full scale value, Z output blanking level.

(WAVEFORM) | Display sample at trigger point. 3.13
(PK TO PK) |Display peak-to-peak value of measurement. 313
(STD DEV) | Display standard deviation of measurement. 3.13

(INTEGRAL) | Display integral of measurement in volt-seconds. 313

(SETUP) | Save, recall instrument configurations. 3.16
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Table 2-1. Front Panel Control Summary (Cont.)

Control Description Paragraph
(AVG) Display average of measurement. 313
(TRMS) Display true RMS value of measurement. 3.13
(PEAK) Display peak value of measurement. 3.13

NOTE: Functions in parentheses ( ) are accessed by pressing SHIFT first. Math function keys need not use SHIFT unless

data entry mode is in effect.
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Figure 2-2. Front Panel Controls

The following controls are indicated in Figure 2-2.

@ POWER—The POWER switch controls the AC power
to the instrument. On and off positions are marked on the
front panel. The instrument should be operated only on
a line voltage in the range marked on the rear of the
instrument.

@ ZERO—The ZERO button enables and disables the
zero mode, which allows a baseline reading to be sub-
tracted from subsequent readings. The baseline value can
either be obtained from an applied input signal, or it can
be keyed in from the front panel. When the zero mode
is enabled, the indicator to the right of the ZERO button
will be on.

@ (ZERO VAL)—This mode allows the baseline value
used with the zero mode to be viewed or entered from the
front panel by using the data entry keys.

@ FILTER—The FILTER button selects 50kHz or 500kHz
single-pole analog filters. These filters can be used to
reduced the effects of high frequency noise. Filter modes

are then selected with uprange or downrange. The light
next to the FILTER button will be on when either filter is
enabled.

@ TRIGGER—This key initiates a continuous or single
series of measurements, when immediate triggering has
been selected with the SOURCE key. TRIGGER is also
used to arm the A/D converter with other trigger sources.

@ (XY TRIG)—Used with the XY mode to start and stop
data transmission through the analog output, which is
used to graph data with external devices.

® SGL/CONT—Selects single or continuous A/D arm-
ing modes. In the single mode, the A/D must be manual-
ly re-armed with TRIGGER. In the continuous mode, the
A/D converter is automatically re-armed after each
measurement. Annunciators adjacent to the SGL/CONT
key indicate the selected mode.

® (XY MODE)—This key is used to select the XY mode,
which can be used to drive various display devices such
as plotters and oscilloscopes via the analog output.
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® SOURCE—Selects the trigger source. The trigger
stimulus can come from an external trigger, the input
signal, the other channel (for dual-channel instruments),
or with the TRIGGER button. Sources are selected with
uprange and downrange. The instrument may also be trig-
gered with IEEE-488 commands, as discussed in Section 4.

® (XY DATA)—Selects the data source for the analog
output. Available sources include instrument displayed
readings, the measurement buffers or 64k RAM for either
channels 1 or 2 (channel 2 is available only with the Model
1944A option installed), or the IEEE reading buffer.

@ DELAY—The DELAY key is used to program the
beginning point of a measurement sequence relative to the
applied trigger stimulus. Both post- and pre-trigger modes
are available. With post trigger, the instrument waits the
programmed period before beginning sample storage; with
pre-trigger, the instrument begins storing samples at the
programmed interval before the trigger point. Both are
available with all trigger sources.

@ (XY PAN)—This key allows you to select which group
of samples located in the measurement buffer will be ap-
plied to the analog output. XY PAN effectively moves the
analog output viewed data left or right.

SLOPE—The SLOPE button selects whether the in-
strument is triggered on the positive or negative edge of
the input waveform. The two annunciators adjacent to the
SLOPE button indicate the selected mode. Slope selection
is applicable only when triggering from the input signal.

® LEVEL—The LEVEL button permits you to program
the signal voltage level at which the instrument is triggered
only when triggering from the input signal. Trigger level
values are keyed in with the data entry keys.

® (XY ZOOM)—Applies a magnification or reduction
factor to the horizontal axis on plots. XY ZOOM works in
conjunction with XY PAN to sweep and expand areas of
interest, or to get an overall view of collected data.

SCAN—The SCAN key is intended for use with a
scanner module to become available in the near future.

@ CPLG—CPLG ‘selects AC, DC, or ground coupling
modes analogous to those found on an oscilloscope. AC
and DC coupling are indicated by the respective indicators.
Ground coupling is selected when both indicators are off.

@ SAMPLES—Allows selection of the amount of data
taken by programming the number of samples to take dur-
ing a measurement cycle, or the time duration of a
measurement. The number of samples or the duration of
the measurement cycle are keyed in with the data entry
keys. Time duration or number of samples is selected with
the FREQ/TIME key.

@ RATE—Allows the selection of the speed of data
taken by programming sampling frequency or the time in-
terval between individual samples. Time or frequency in-
formation (controlled by FREQ/TIME) is keyed in with the
data entry keys.

LOCAL—The LOCAL key is used to remove the in-
strument from the remote mode when it is being used over
the IEEE-488 bus. Note that all front panel controls except
LOCAL and POWER will be inoperative when the instru-
ment is in remote (REMOTE indicator on). LOCAL will
also be inoperative if the IEEE-488 LLO (Local Lockout)
command is in effect, as discussed in Section 4.

@ CHANNEL—When the instrument is equipped with
the optional Model 1944A module, the CHANNEL but-
ton is used to select which channel is to be displayed.
Three basic modes are available: channel 1, channel 2, and
dual-channel display. For the two single-channel mcdes,
the display mode also dictates which channel is affected
by the other front panel buttons. Most of the other but-
tons are inoperative when the dual channel display mode
is selected. CHANNEL is also used to return the display
to the previous operating mode when using many Model
194A functions.
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Figure 2-3. Front Panel Controls

The following controls are indicated in Figure 2-3.

AUTO—The AUTO button enables or disables the
autoranging mode. The annunciator to the right of the but-
ton will be on when the autoranging mode is enabled.
While in this mode, the instrument will choose the best
range to measure the applied signal. Note that a separate
trigger may be required for each range change even if in
auto. Autoranging may be cancelled by pressing AUTO a
second time, or by pressing either the uprange or
downrange keys.

@ Uprange (AP)—This key serves several functions.
The most obvious is to move the instrument uprange once
each time it is pressed until the highest range is reached.
Once the maximum range is established, pressing uprange
will have no further effect. In the data entry mode, this
key moves the display cursor one place to the right each
time it is pressed. In the XY pan mode, the uprange key
moves the viewed data to the right. Uprange is used to
increment the buffer location being accessed when the in-
strument is in the data recall mode. Finally, this key is us-
ed to scroll through front panel programs, trigger sources,
and filter and XY modes.

. Downrange (<v)—Like the uprange key, down-

range has a number of functions: to move the instrument
down one range each time it is pressed, to move the
display cursor to the left in the data entry mode, to decre-

ment the scaling factor in the XY zoom mode, to move the
viewed data to the left in the XY pan mode, to decrement
the buffer location in the data recall mode, and to scroll
through front panel programs, trigger sources, and filter
and XY modes.

' SHIFT—The SHIFT key allows selection of secondary

functions. Shifted modes are marked in yellow below the
respective keys. When the shift mode is enabled, the
yellow annunciator to the right of the key will be on. The
shift mode can be cancelled by pressing the SHIFT key
a second time. If a key with no shifted mode is pressed
(for example, RECALL), a SHIFTLESS KEY error message
will be displayed.

@ RECALL—This key is used to recall data from the
measurement buffer. Once in this mode, the buffer loca-
tion to be accessed can be keyed in with the data entry
keys, or decremented or incremented with the downrange
or uprange keys. The RECALL annunciator will be on
while the instrument is in the recall mode. To cancel this
mode, press RECALL or CANCEL.

@ STATUS—Returns information on present instru-
ment configuration, including A/D and scanner module
parameters, if installed. The instrument will scroll through
various operating parameters.

@ (RESET)—The RESET key returns the unit to power-
on configuration determined by the setup 1 configuration.

2-6
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@ ENTER—The ENTER key performs the final step in
the data entry process. Once the desired data appears on
the display, pressing ENTER will store the data in memory
for use by the mode in question. Modes requiring data en-
try are summarized in Table 2-2.

@ CANCEL—This key can be used during the data en-
try mode to cancel keyed in data without actually enter-
ing it into memory.

@ FREQ/TIME—FREQ/TIME is used to enter reciprocal
frequency or time information while programming sam-
ple rate, scan rate, samples per measurement, or trigger
delay.

@" Data Entry Keys—The data entry keys, which
include 0 through 9, +/-, ., MHz (us), kHz (ms,mV), and
Hz (s,V), are used to enter data into the instrument for
those modes that require data entry, such as samples, rate,
level, delay, and so on. The type of units will depend on
the entry mode. For example, time or frequency would be
in effect when entering sampling rate, while voltage units
(mV or V) would apply when entering a trigger level. The
mode of the MHz (us), kHz (ms), and Hz (s) keys is deter-
mined by the FREQ/TIME key-- not by the shift key. Table
2-2 lists modes, limits, and resolution values for the various
modes programmed with the data entry keys. The MHz,
kHz, and Hz keys implicitly perform an ENTER.

Table 2-2. Limits and Resolution for
Programmable Parameters

Mode Limits Resolution
RATE Time 1usec-Isec 0.1usec
Frequency 1Hz-1IMHz Hz
SAMPLES | No: 1-65,535* Samples
Time: Ousec-65,534sec* 0.1psec
DELAY No: Samples —65,536 to 107 | Samples
Time: -65,536 to +107sec 0.1pusec
LEVEL +200V %
ZERO VAL | +£200V Y%
X Output | 110V nominal uV
Full Scale*™
Y Output**| 1110V nominal uV
Full Scale

*32,768 in 16-bit mode.
*Accessed with OTHER key.

@ (CH1+CH2)—This key programs the instrument to
display the ratio of the channel 1 reading to the channel
2 reading. It is operational only if the Model 1944A option
is installed in the CARD 2 location.

@ (CH1-CH2)—This button programs the Model 194A
to display the algebraic difference between channels 1 and
2. It also is operational only if the Model 1944A option is
installed in CARD 2.

@ (OTHER)—This key gives access to various front
panel programs, including IEEE-488 address, self test,
digital calibration, NVRAM programming, X output full
scale value, Y output full scale value, and Z output blank-
ing level.

(WAVEFORM)—Pressing this key displays the sam-
ple at the trigger point.

(PK TO PK)—Peak-to-peak values of the measure-
ment can be displayed by pressing PK TO PK. Peak-to-peak
values are calculated by subtracting the most negative sam-
ple from the most positive sample.

@ (STD DEV)—The standard deviation of the measure-
ment samples can be displayed by pressing this button.
The standard deviation gives a measure of the spread of
sample data in comparison to the average of the
measurement.

@ (INTEGRAL)—The integral of the measurement
samples is obtained with the INTEGRAL button. The in-
tegral function returns the area under a curve (in volt-
seconds), which is bounded by the amplitude of the
samples and the measurement duration.

@ (SETUP)—Iwo different combinations of instrument
operating modes may be stored and recalled through use
of the SETUP key. Stored configurations are retained when
power is removed. Setup can also be used to restore fac-
tory default configuration.

@ (AVG)—Displays the average of samples taken dur-
ing a measurement sequence. The average value is simp-
ly the sum of the samples divided by the number of
samples in the measurement.
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(TRMS)—Displays the calculated RMS value of the
samples taken in a measurement sequence. The TRMS
value of a waveform is equivalent to a DC voltage with the
same heating value.

@ (PEAK)—Displays the most positive or most negative

samples taken during a measurement. Positive and
negative values may be obtained by repeatedly pressing
PEAK.

NOTE
Keys 25-37 do not require pressing SHIFT if the
Model 194A is in a state where data entry is mean-

ingless. For example, if channel 1 is being
displayed, you can press SHIFT AVG or just AVG
to enter the average function.

2.2.2 Display

The Model 194A display consists of fourteen 14-segment
LED display units. The display shows not only instrument
readings, but, in many cases, messages to augment the
various operating modes. The general display format is
shown in Figure 2-4.

V=VOLTS
VS=VOLTS SECOND
RANGE FORMAT
320mv XXXXX
32 V X XXXX READING
32V XX. XXX
200 V. XXX.XX

UNITS

—

DC=WAVEFORM
P-P=PEAKTO-PEAK
STD=STANDARD DEVIATION
INTEGRAL INDICATED BY VS UNITS
AVG =AVERAGE

RMS=TRMS
PK+= +PEAK
PK-= -PEAK

T IN THIS POSITION
INDICATES TRIGGER POINT

CHANNEL NUMBER

1] [

( KEITHLE Y 194A HIGH SPEED VOLTMETER
O TALk

123496 v 3C Ti:g % =
ZERO TRIGGER SOURCE & SLOPE W SAMPLES LOCAL -~ RECA
C o [J (] oo [ — — (.

ZERO VAL XY TRIG XY DATA
FILTER SGL/CONT DELAY LEVEL At/ CPLG DC RATE CHANNEL STAT!
(e oCJo o Jo [ . T3 C
XY MODE XY PAN XY Z00M v RESE
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7/
A/D ARMED
INDICATOR

/
7

IEEE-488 STATUS

INDICATORS

Figure 2-4. Display Format




GETTING STARTED

When reading normal instrument data, the display can
take on one of three formats: channel 1 data, channel 2
data, and dual-channel display (the 1944A option must be
installed for channel 2 or dual channel operation). For the
single channel modes, the display mode also determines
which channel is affected by most of the remaining con-
trol buttons. In the dual channel mode, many of the re-
maining front panel controls are locked out. The desired
display mode is selected with the CHANNEL button.

The display normally shows 4%: digits regardless of
whether the A/D converter is operating in the 8- or 16-bit
mode. For sampling rates above 100kHz (or for more than
32,768 samples), the converter operates in the 8-bit mode.
Thus, the usable display resolution is only 2% digits under
these conditions, even though 4Y. digits are shown. For
example, the usable resolution on the 320mV range at 16
bits is 10uV, but only 2.56mV in the 8-bit mode.

The display update rate is indicated by the flashing decimal
point.

Channel 1 Example—The example below demonstrates the
basic format for the display when reading channel 1. Note
that units are specified, as is the channel number which
appears at the extreme right.

-1.2345 V DC 1

Channel 2 Example—The example below shows the basic
channel 2 display format. It is identical to the channel 1
format except for the channel number in the right digit.

2.5902 V DC 2

Dual-Channel Example—The example below demonstrates
the basic dual channel display format. Note that channel
numbers are not displayed in this mode.

-1.2345 2.5902

Note that channel 1 appears on the left in the dual chan-
nel mode.

NOTE
A decimal point between the second and third
digits from the right will indicate when the A/D
converter is armed and waiting for a trigger. See
paragraph 3.6.

2.2.3 IEEE-488 Status Indicators

The TALK, LISTEN, and REMOTE LEDs (shown in Figure
2-4) indicate the instrument’s status when it is being con-
trolled over the IEEE-488 bus. Section 4 contains complete
information on IEEE-488 operation. Note that all front
panel controls except LOCAL and POWER will be in-
operative when the REMOTE indicator is on.

2.2.4 Tilt Bail

A tilt bail is available on the bottom of the instrument to
elevate the front panel to a convenient viewing height. To
extend the bail, pull out each bail extension (on the bot-
tom near each front corner) until it locks into place. To
retract the bail, rotate each extension until it is flush with
the bottom cover.

2.3 REAR PANEL FAMILIARIZATION

The rear panel of the Model 194A is shown in Figure 2-5.
The rear panel includes all input and output signal con-
nections, as well as a line fuse and AC receptacle. Each
of these items is briefly described below and summarized
in Table 2-3.

Table 2-3. Rear Panel Summary

Item Description Paragraph

VOLTAGE INPUT | Input signal applied| 2.3

REAL TIME Real time A/D data. | 3.21

OUTPUT

TRIGGER OUT Trigger other 3.6
instruments.

TRIGGER IN Initiate measure- 36

ment sequence.
ANALOG OUTPUT| Graph data on plot-| 3.13
ter or oscilloscope.

CLK Synchronize several | 3.20
194As.

IEEE-488 Interface | Connect 194A to 4.5
IEEE-488 bus.

AC Receptacle Apply power to 24
instrument.

Protect instrument 7.3
from overload.

Line Fuse
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Figure 2-6. Rear Panel A/D Module Connectors

The following connectors are shown in Figure 2-6.

CARD 1—CARD 1 is the standard input channel for
the instrument. It includes a signal input, as well as trig-
gering connections and a real time output.

CARD 2—The Model 1944A option can be installed
in the CARD 2 location. The Model 1944A is functionally
equivalent to the module in CARD 1.

VOLTAGE INPUT—The VOLTAGE INPUT jack is an
isolated female BNC connector that is used to apply in-
put signals to the instrument.

REAL TIME OUTPUT—This DB-25 connector is
used to transmit A/D data in byte or word parallel form
to other equipment, such as a computer. Data can be
transmitted at the programmed sample rate, up to the
maximum conversion rate (IMHz) of the instrument. A
user-supplied interface on the computer end is required
to make the necessary connections. The REAL TIME OUT
PUT also has signal lines for external sample control.

TRIGGER IN—This BNC connector can be used to
apply an external trigger pulse to initiate a measurement
sequence. External triggering is available only when the
instrument is properly programmed with the SOURCE
key.

TRIGGER OUT—This BNC connector provides a trig-
ger output pulse when the Model 194A is itself triggered.
It can be used to trigger other instrumentation.
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Figure 2-7. Rear Panel Connectors, Fuse and Fan

The following connectors are indicated in Figure 27

ANALOG OUTPUT—The ANALOG OUTPUT jacks,
which include the X, Y, and Z outputs, are used with the
XY mode to plot data with external devices such as plot-
ters, CRTs, or oscilloscopes. The X output provides time
or interval information, while the Y output provides signal
amplitude information. The Z output provides a blank-
ing signal, trigger pulse, or pen lift signal, depending on
the type of graphing device. The ANALOG OUTPUT jacks
are standard BNC connectors.

CLK—CLK IN and OUT can be used are to connect
two or more Model 194As together for synchronous opera-
tion. CLK IN can also be used to operate the instrument
from an external time base. Standard BNC connectors are
used.

IEEE-488 Connector—This connector is used to con-
nect the Model 194A to the IEEE-488 bus. IEEE-488 func-
tion codes are marked above the connector.

AC Receptacle—Power is applied through the sup-
plied 3-wire power cord to the AC receptacle. The operating
voltage is marked on a label adjacent to the rear panel.
If necessary, the operating voltage can be changed, as
described in Section 7.

Line Fuse—The line fuse protects the power line in-
put of the instrument from overloads. If the instrument
repeatedly blows fuses, the problem must be rectified
before continuing operation. Section 7 contains fuse
replacement and troubleshooting procedures.

@ Fan—The fan provides a continuous flow of cooling
air over the various components within the instrument.
To ensure proper cooling, the air flow path must be kept
free of obstructions, including the exhaust vents on the
opposite side of the rear panel. Also, the fan filter must
be kept clean.

2.4 POWER UP PROCEDURE

Use the following procedure to connect the Model 194A
to the power source and turn the instrument on.

2.4.1 Power Line Connections

Connect the instrument to line power as follows:

1. Connect the female end of the supplied line cord to the
AC receptacle on the rear panel of the instrument. Con-
nect the other end of the line cord to a grounded AC
outlet.
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WARNING

The Model 194A is equipped with a 3-wire power
cord that contains a separate ground wire and
is designed to be used with grounded outlets.
When proper connections are made, instrument
chassis is connected to power line ground.
Failure to use a grounded outlet may result in
personal injury or death because of electric
shock.

CAUTION
Be sure that the instrument is being operated
on the correct line voltage. Failure to observe
this precaution may result in instrument
damage. If necessary, the operating voltage can
be changed, as discussed in Section 7.

2. Turn on the power by pressing in the front panel
POWER switch. The switch will be at the inner posi-
tion when the instrument is on.

3. The instrument will then begin performing a self test
as described in the following paragraph.

2.4.2 Power Up Self Test and Display
Messages

When power is first applied to the instrument, it will per-
form a self test procedure to determine if any internal faults
exist. The self test sequence consists of a ROM checksum
test, a RAM test, and various hardware tests. During the
self test period, all LEDs and display segments will be on,
giving you an opportunity to check for proper display
operation. Immediately preceding the self test, the follow-
ing message will be displayed:

SELF TESTING

Assuming all tests are passed successfully, the instrument
will display the following:

SELFTEST PASS
Followed by:
KEITHLEY 194

NOTE

If an NVRAM fault occurs in one of the modules,
the instrument will not be able to recognize that
module. If such an error occurs, the unit will
display a CAN'T IDENTIFY error message for the
appropriate channel. In this case, it will be
necessary to program module recognition, as
described in paragraph 74.2.

NOTE
If the power-up message stays on the display, press
CHANNEL (or send CIX over the bus) to begin
displaying readings.

Following this display, the instrument will display the pro-
grammed IEEE-488 address and software revision level, as
in the example below.

REV. D2.2 TEEE=09

In this example, the IEEE-488 address is the factory default
value (9), and the software revision level is D2.2. The soft-
ware revision level of your instrument may be different and
should be recorded for future reference should it ever
become necessary to replace the internal ROM memory.

After this message, the instrument will enter the opera-
tional mode. Table 2-4 lists the factory default values for
the instrument when it is first turned on. Note that you
can press SHIFT RESET to return the instrument to these
default conditions, if desired (assuming you haven't altered
the SETUP 1 configuration).

If any errors are found during the self test sequence, the
instrument will not begin normal operation, but will in-
stead display appropriate error messages as an aid in deter-
mining the fault. These error messages are discussed in
Section 7.

NOTE
If the instrument is still under warranty (less than
one year from date of shipment), it should be
returned to Keithley Instruments for repair. See
paragraph 1.10 for details on returning the
instrument.
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Table 2-4. Factory Default Power Up Conditions

Mode Status
Range Auto
Zero Disabled
Zero Value ov
Filter Disabled
Trigger Mode Continuous
Trigger Source Immediate (TRIGGER button)
Trigger Delay 0
Trigger Slope Off
Trigger Level ov
Sample Rate 166.7psec
Input Coupling DC

Measurement Size 101 samples
Reading Function Average
IEEE Address 09

NOTE: These modes will differ if the SETUP 1 configura-
tion is changed.

2.5 BASIC MEASUREMENT TECHNIQUES

The following paragraphs describe the basic procedure to
make basic measurements. More detailed information on
various aspects of Model 194A operation is located in Sec-
tion 3.

2.5.1 Warm Up Period

The Model 194A is usable immediately when it is first
turned on. However, the instrument should be allowed to
warm up for at least one hour to achieve rated accuracy.

2.5.2 Input Connections

The VOLTAGE INPUT jack is intended for all signal inputs
to the instrument. This jack is an isolated BNC connector,
with the outer shell connected to input low, and the center
connector connected to input high.

WARNING
The maximum common-mode voltage (voltage
between input low and chassis ground) is 30V
RMS, 42.4V peak. Exceeding this value may
create a shock hazard.

CAUTION
The maximum input voltage is 250V peak, 2 x
10’VeHz. Exceeding this value may cause
damage to the instrument.

NOTE
Shielded cable should be used for all input and

output connections to minimize the possibility of
EMI radiation.

2.5.3 Fundamental Control Selection

Before making measurements with your Model 1944, you
will probably want to select the following operating modes,
as described below.

Step 1: Select the Channel

If your instrument is equipped with two A/D modules,
select the channel you wish to use by pressing the CHAN-
NEL button. The selected channel is displayed in the right
most digit of the display. A dual channel display mode is
also available with dual-channel units.

Step 2: Set the Range

Press uprange or downrange to select the measurement
range (320mV, 3.2V, 32V, or 200V), or press AUTO and let
the instrument choose the best range for the applied
signal.

Step 3: Program the Sampling Rate

Press RATE followed by the desired data entry sequence.
For example, to program a 10msec sampling interval, press
the following in order: RATE, 1, 0, ms. Press FREQ/TIME
immediately after RATE to change between time and fre-
quency units.

Step 4: Program the Number of Samples

Press SAMPLES followed by the desired numeric keys. For
example, to program 1000 samples, press the following in
order: SAMPLES, 1, 0, 0, 0, ENTER. Press FREQ/TIME im-
mediately after SAMPLES to toggle between measurement
duration and number of samples.

Step 5: Select a Trigger Source

Press SOURCE and then uprange/downrange repeatedly
to scroll through available trigger sources: IMMEDIATE,
(TRIGGER button), INPUT SIGNAL, EXTERNAL,
OTHER CHANNEL. Press CHANNEL to return to the
normal display mode. (the trigger source is selected as
soon as it appears on the display).
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Step 6: Choose the Single/Continuous Trigger Arming

Mode

_ To arm the A/D converter (only once), press SGL/CONT
until the SGL indicator is on. To automatically re-arm the
A/D converter, press SGL/CONT until the CONT indicator
is on. Once the desired mode is selected, apply the ap-
propriate trigger, as selected by the SOURCE key, to begin
the measurement sequence or sequences (TRIGGER must
be pressed to arm the A/D converter for all modes except
immediate).

Step 7: Select Input Coupling

Press the CPLG key to select the desired input coupling.
Ground coupling is in effect when both AC and DC are off.

Step 8: Choose Your Math Function

Press the desired math key. For example, to select the
average function, press AVG. (If you are already in a mode
requiring data entry, you must press SHIFT first.)

2.5.4 Measurement Procedure

Use the following basic procedure to connect the instru-
ment to a voltage source and display readings on the front
panel.

1.

Turn on the instrument power and allow a one-hour
warm up period for rated accuracy. Verify that the in-
strument goes through its normal power up procedure,
as described in paragraph 24.

. Press SHIFT RESET to make certain that the factory

default configuration is placed in effect, or program your
own operating modes, as discussed in paragraph 2.5.3.

. If your instrument is equipped for dual channel opera-

tion, select either channel 1 or channel 2 by pressing
the CHANNEL button. The selected channel number
will appear in the right most digit of the display for
either of the single-channel modes.

. Select a range that is consistent with the anticipated

measurement by using the uprange or downrange but-
tons, or use autoranging and allow the instrument to
select the best range.

. Connect a suitable BNC cable to the VOLTAGE INPUT

jack for the selected channel.

. Connect the other end of the cable to the voltage source

to be measured, as shown in Figure 2-8. Remember that

the cable shield is connected to input common, and
must not be floated more than 30V RMS above chassis
ground.

7. Place the unit in the continuous trigger mode (CONT
indicator on) and then press TRIGGER to ensure that
the unit is processing readings.

8. At this point, the instrument should display the voltage
level being measured. An OFLO error message will be
displayed if the input signal is above the selected range,
in which case the instrument should be moved uprange.

[ X

— o
o — ©9] 0 ==

CENTER
CONDUCTOR MEASURED
[ — ~— — — =1 SOURCE

BNC CABLE

J sHIELD
(OPTIONAL)

CABLE SHIELD

Zn=11MQIl <47pF (320mV, 3.2V, 32V RANGES)
1MQIl <47pF (200V RANGE)

WARNING: MAXIMUM COMMON MODE VOLTAGE = 30V.
CAUTION: MAXIMUM INPUT = 250V PEAK, 2 x 10’VeHz

Figure 2-8. Basic Input Connections

2.6 SAMPLES, MEASUREMENTS AND
READINGS

Throughout this manual you will encounter references to
samples, measurements, and readings. The following
paragraphs define and discuss these terms in order to

clarify them.

2.6.1 Definitions

Sample—an individual A/D conversion resulting in a single
unit of digitized binary data.
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Measurement—a series of samples stored in internal
memory. You can control the number of samples and how
fast they are taken with the SAMPLES and RATE keys.

Reading—a measurement that is mathematically processed
in some way and then displayed on the front panel or
transmitted over the IEEE-488 bus. Typical processes in-
clude waveform (display a single sample), average (average
the samples in the measurement and display the result),
and standard deviation (take the standard deviation of the
measurement and display it).

2.6.2 Sampling Discussion

Using the procedure discussed in paragraph 2.5, the Model
194A appears to operate much like an ordinary DMV, in
that a reading immediately appears on the display. Actual-
ly, the instrument is taking a number of samples, digitiz-
ing the analog value, and storing the result in its internal
memory. The resulting sequence of samples is called a
measurement. While in the continuous trigger mode (as
in this example), the display is continuously updated with
the sample stored in the memory location at the trigger
point (assuming the waveform mode is in effect). Samples
stored in the remaining locations can be accessed by us-
ing the RECALL button.

Figure 2-9 demonstrates the basic idea behind signal
sampling. Here, a time-varying signal with the amplitude
shown is being sampled at specific intervals. As each sam-
ple is taken, it is digitized into an 8-bit or 16-bit binary value
(depending on the sampling rate and number of samples
in the measurement) and stored in memory. The complete
sampling sequence is a measurement, as defined above.

Once the measurement sequence is performed, a reading
can be generated by processing the block of samples in
some way. For example, to obtain the true RMS value of
the measurement (remember a measurement is a series
of samples), you would use the TRMS function. By using
the instrument in a single trigger mode, you could apply
a variety of different mathematical functions to a single
measurement. Conversely, a single mathematical process
could be applied to a variety of different signals by using
the instrument in the continuous trigger mode. A single
sample can be displayed by using the waveform mode (in
which case the sample at the trigger point is displayed),
or by using the RECALL button to display individual
samples.

Figure 2-9. Basic Sampling

2.7 TYPICAL OPERATING MODES

The following information will help you to select the
various operating modes for commonly encountered
voltages and waveforms. Keep in mind that these are in-
tended only as a starting point. Some experimentation may
be required to determine the optimum instrument con-
figuration for a particular measuring situation based on
your particular waveform analysis requirements.

Table 2-5 summarizes recommended mode selection for
four common voltages or waveforms: a DC voltage of 30V;
a 60Hz, 2.82V RMS sine wave; a 2V, 1kHz symmetrical rec-
tangular waveform; and a 50V peak, 15.734kHz sawtooth
waveform.

When selecting operating modes, the following points
should be kept in mind:

1. The selected range should be high enough to handle
the peak value of the waveform you are measuring. For
example, the peak value of a 30V RMS sine wave is
42 4V. Thus, you would have to place the instrument
on the 200V range to properly measure this waveform.
Keep in mind that the instrument will normally display
the OFLO (overrange) error message even if only one
sample is overrange.
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2. When measuring sinusodial waveforms, the sampling
frequency must be greater than twice the frequency you
are measuring, or aliasing will occur. For example, with
a 60Hz sine wave you might choose a sampling frequen-
cy of 150 or 200Hz. Since non-sinusodial waveforms are
generally rich in harmonics, a good rule of thumb is to
select a sampling frequency of at least 20 times the fre-
quency of the periodic waveform. For example, with a
2kHz rectangular wave, a sampling frequency of at least
40kHz should be chosen.

. The programmed number of samples will depend on
the frequency of the signal you are measuring, the
sampling rate, as well as how many cycles of the
waveform you wish to capture. You can determine the
required number of samples required to measure one
complete cycle by dividing the period of the waveform

by the sampling interval. For example, the period of a
1kHz signal is 1/1000=1msec. With a 50usec sampling
interval, the required number of samples is 1msec/
50usec=20 samples.

. The type of coupling will depend on whether or not you

wish to remove the DC component from a waveform.
To measure a pure DC signal, you would obviously
select DC coupling. For a symmetrical sine wave, AC
coupling could be used to remove any small DC offset
that might be present in the waveform.

. The mathematical function you use will depend on your

analysis requirements. For DC voltages the average func-
tion (along with the default 166.7usec, 101 samples) is
recommended to minimize 60Hz AC noise effects on the
measurement. (If operating the unit on 50Hz power, the
sampling interval should be 200usec.).

Table 2-5. Recommended Operating Modes For Typical Waveforms

Sampling
Waveform Range | Interval # Samples | Coupling | Math Function*
30vDC 32V | 166.7usec 101 DC Average
Veeax=4V
Veus=2.82V
U 32V Imsec 100 AC TRMS
f=60Hz
SINE WAVE
VPEAK= 2v
S=TkHz 3.2V | 50psec 20 DC Peak-Peak
SYMMETRICAL RECTANGULAR
WAVEFORM
200V 3usec 25 DC Peak
Veeax=50V
f=15,734Hz
SAWTOOTH WAVEFORM

*Math function depends on required waveform analysis.
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SECTION 3
OPERATION

3.1 INTRODUCTION

This section contains complete and detailed information
on most operating aspects of the Model 194A, including
a complete description of each front panel operating mode,
as well as pertinent information on rear panel functions
such as triggering and real time output.

Section 3 is organized in the following manner:

3.2 General Display Messages: Gives a brief description
of general front panel display messages associated
with front panel operation.

3.3 Range Selection: Describes the operation of the
ranging buttons, and how to determine the selected
range from the display.

3.4 Data Entry: Outlines the data entry sequence used
by many front panel operating modes.

3.5 Rate and Samples Programming: Contains informa-
tion on programming the number of samples per
measurement, as well as how fast those samples are
taken.

3.6 Triggering: Gives complete information on all aspects
of instrument triggering modes and functions, in-
cluding how to select the trigger source, how to in-
itiate a measurement sequence, and how to program
trigger level and delay values.

3.7 Input Coupling: Covers instrument input signal
coupling modes, and outlines how to select AC, DC,
or ground coupling.

3.8 Recalling Data: Describes how to recall data stored
in the measurement buffer during or after a measure-
ment sequence.

3.9 Dual Channel Operation: Gives important operating
information on using a Model 194A that is equipped
with the optional Model 1944A Module in the chan-
nel 2 location.

3.10 Using Zero: Describes how to use the zero mode, in-
cluding how to program baseline values from the front
panel.

3.11 Filtering: Outlines operation of the 50kHz and
500kHz single pole analog filters.

3.12 Using the Analog Output: Describes how to use the
analog output to drive graphing devices such as plot-
ters, CRTs, and oscilloscopes.

3.13 Mathematical Functions: Describes the many
available Model 194A math functions, including in-
tegral, average, peak to peak, and TRMS.

3.14 Ratio and Difference: Describes how to display the
ratio and difference between the two channels.

3.15 Status: Tells how to recall instrument status and
determine the configuration of various operating
modes.

3.16 Setup Mode: Outlines how to store and recall two
different instrument configurations in non-volatile
memory.

3.17 Front Panel Programs: Summarizes access to such
miscellaneous functions as IEEE-488 address pro-
gramming and digital calibration through use of the
OTHER key.

3.18 Reset: Tells how to quickly reset the instrument to
its power up default conditions.

3.19 External Clock: Outlines methods for connecting two
or more Model 194As together for synchronous
operation.

3.20Real Time Output: Describes how to use the real time
output to transmit data to other equipment.

3.21 External Sample Control: Covers the external sam-
ple control feature of the Model 194A.

3.22Measurement Considerations: Details some impor-
tant considerations when using the Model 194A.

3.23Typical Applications: Gives some typical uses for the
unit.
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3.2 GENERAL DISPLAY MESSAGES

General display messages that may be encountered when
using the Model 194A are summarized in Table 3-1. Many
operating modes have additional display messages that are
described in paragraphs pertaining to those modes.

Table 3-1. General Display Messages

Message
OFLO

Description

Overrange input applied, or
stored in at least one buffer
location.

No valid reading after A/D
configuration was changed.
Parameter too large entered
during data entry.

Parameter too small entered
during data entry.

Key without shift mode
pressed after pressing SHIFT.
CH1+CH2 or CH1-CH2
pressed with no channel 2
A/D module installed.

SCAN button pressed with
no scanner module* installed.

NMBR TOO LARGE

NMBR TOO SMALL

SHIFTLESS KEY

NO A/D IN CH2

NO SCANNER

*Future option of the Model 194A.

3.3 RANGE SELECTION

The Model 194A has four ranges, as summarized in Table
3-2. Note that the resolution of each range depends on the
selected sampling rate and number of samples because of
differences in A/D converter resolution. The operation of
the various range modes is described in the following

paragraphs.

Table 3-2. Range Summary

Resolution General

Range | 16-Bit* | 8-Bit** Display Format
320 mV | 10V 2.56mV XXXXX
32 V|[100pV | 256 mV X XXXX
32V ImV | 256 mV XX XXX
200 V| 10mV 256 V XXX XX

*100kHz and lower sampling rate and #samples <32,768.
**Above 100kHz sampling rate or #samples >32,768.

RANGE BUTTONS

4 )

AUTO

[ Jo

3.3.1 Autoranging

The AUTO button enables and disables the autoranging
mode. The associated indicator will be on when the
autoranging mode is enabled. While in this mode, the in-
strument will automatically select the best range to
measure the applied signal. Autoranging may be cancelled
either by pressing AUTO a second time, or by pressing the
uprange or downrange keys. When autorange is cancelled,
with the AUTO key, the unit will remain on the range that
was previously selected.

NOTE
A separate trigger will still be required for each
range change except in the continuous front panel
mode.

Upranging occurs at 100% of range, while downranging
takes place at 8% of range.

If the instrument is in the dual-channel mode, the AUTO
button is locked out; however, if either channel was placed
in autoranging before entering the dual-channel mode, it
will remain in the autoranging mode, although the AUTO
indicator will remain off under these conditions.

3.3.2 Uprange

The Uprange key is one of the two manual ranging but-
tons on the instrument. Each time this key is pressed, the
instrument will move up one range. Once the instrument
reaches the highest range, pressing this key will have no
further effect. Pressing Uprange will also cancel the
autorange mode, if enabled.
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The Uprange key is also used with many other front panel
operations such as data entry and various XY modes.
These aspects are covered in the respective paragraphs.

3.3.3 Downrange

The Downrange key operates much like the Uprange key,
except, of course, for the fact that the instrument is moved
downrange. Once the lowest range is reached, this key has
no further effect. Pressing downrange, will also cancel
autoranging, if that mode was previously selected.

Like the Uprange key, Downrange is used with other
modes including data entry and various XY modes.

3.3.4 Range Selection Considerations

Generally, the lowest range that can be used without over-
ranging the instrument is the best one for most situations
(the instrument will display the “OFLO” error message
if an overrange signal is applied). Doing so will generally
result in the best overall accuracy. However, because the
instrument operates a little differently than an ordinary
DMM, there are some key points to keep in mind when
selecting a range.

When the instrument is measuring a signal, it is actually
taking a series of samples at pre-programmed intervals.
As these samples are taken, the resulting data are stored
in memory as a complete measurement. If the signal
amplitude varies with time, it is possible that one or more
of these samples is an overrange value. Under these con-
ditions, the unit will still display the “OFLO” message even
if most samples are on range. If this condition exists, it is
still possible to go back and access the good samples by
using the RECALL button.

When the instrument is in the continuous trigger and
autorange mode, it continuously samples the signal at the
selected rate and attempts to choose the best range based
on the maximum buffer sample amplitude. However, there
could be some situations where an occasional overrange
reading occurs because the instrument was unable to move
uprange fast enough to keep up with the applied signal.

While autoranging, the instrument will take a complete

measurement and, if necessary, change range; it will repeat
measurements until a satisfactory range is found.

3.4 DATA ENTRY

Many front panel modes such as zero value, delay, trigger
level, rate, and samples require that numeric data be
entered from the front panel. Model 194A data is entered
by using the ENTER, CANCEL, FREQ/TIME, 0 through
9, +/-, ., MHz, kHz, and Hz keys. The operation of these
keys or key groups is discussed in the following

paragraphs.

DATA ENTRY KEYS

7 8 9 0 MHz

C OO 3 .3

CH1+CH2: CH1-CH2 OTHER WAVEFORM us

4 5 6 + kHz
OO O O O .
PK TO PK STD DEV  INTEGRAL SETUP ms
1 2 3 . Hz
] J L1 1 L
\_ AVG TRMS PEAK S J

3.4.1 Data Keys

The data keys, 0 through 9, +/-, ., MHz (us), kHz (ms,
mV), and Hz (s,V) are used to enter a numeric quantity
into those modes requiring data entry. These keys are
operational only when the instrument has been placed into
the data entry mode by pressing another mode button re-
quiring data entry. For example, pressing RATE will enter
this mode and allow you to program a rate.

During the data entry process, a flashing digit or segment
(the cursor) on the display will indicate which digit will
be affected by a numeric key press. The 0 through 9, ., or
+/— keys can be pressed at the appropriate times to enter
the desired data. During the numeric entry process, the
cursor can be moved to the right or left by pressing
Uprange or Downrange respectively, and a single-digit
change can be made at that point.
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If a numeric key is pressed instead of a cursor key im-
mediately upon entering the data entry mode, the current
value is blanked out and the new value must be keyed in
completely.

The type of units that will be entered will depend on the
selected mode-some modes require voltage units, while
others require time/frequency information. For example,
a trigger level is entered as a voltage, thus appropriate units
(mV or V) are automatically selected by pressing one of
those two keys. In a mode such as samples, frequency
(MHz, kHz, or Hz) or time interval (us, ms, or s) units are
selected with the aid of the FREQ/TIME key, as discussed
below.

NOTE
Pressing a units key automatically enters data. +/—
may be pressed at any time during the numeric
input sequence.

3.4.2 ENTER

The ENTER key performs the last step in the data entry
process. Once you have keyed in the desired numeric data,
pressing ENTER will store the parameter in question in
memory for use by the instrument, unless an invalid
parameter was entered. If data is not valid, the instrument
will display one of the following error messages:

NMBR TOO LARGE
Or,

NMBR TOO SMALL
The instrument will then return to the data entry mode.
If the data is valid, pressing ENTER will cause the instru-
ment to momentarily display the entered value, and then
return to the previous operating mode. If a units key is

pressed during the data entry process, ENTER need not
be used.

ENTER is also used to store instrument configurations
when using the setup mode, as discussed in paragraph
3.16.

3.4.3 CANCEL

The CANCEL key can be used during the data entry pro-
cess to cancel data previously entered into the display with

the data entry keys. When CANCEL is pressed, the display
will return to the previous value. If no cursor or data en-
try keys were pressed, the unit will return to the previous
mode.

Pressing CANCEL after pressing ENTER has no effect
since the value is already stored in memory.

3.4.4 FREQ/TIME

FREQ/TIME is used in the data entry mode to toggle be-
tween reciprocal frequency time units when programm-
ing the following modes: sample rate, number of samples
per measurement and delay.

When FREQ/TIME is used to program sample rate, it tog-
gles the displayed value between samples (or scan se-
quence, for the scanner) per second in Hz, kHz, or MHz,
and time interval between samples in sec, msec, or usec.

When programming samples per measurement,
FREQ/TIME toggles units between elapsed time for the en-
tire measurement in sec, msec, or usec, and the number
of samples per measurement.

When programming trigger delay, the FREQ/TIME key tog-
gles data entry units between time in sec, msec, or usec,
and the total number of samples.

NOTE
Once the data entry keystroke sequence has
begun, FREQ/TIME will have no effect.

3.4.5 Using the Cursor Keys

During the numeric entry process, the left (9y) and right

(A>) cursor keys can be used to move the cursor (flashing
digit or segment) to the desired display digit location. Once
the cursor is on the desired digit, a new value can be typed
in; the change will affect only the location where the
change is made. In this manner, a one or two digit change
can be made easily without having to type in the new value
completely.

If a numeric key is pressed first during the entry process
without pressing a cursor key first, the current value is
blanked out and the complete number must be keyed in.
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3.4.6 Data Entry Examples

The examples below will help demonstrate the basic pro-
cedure for entering instrument data. The various operating
modes that are used here as a demonstration aid are
covered in more detail in subsequent paragraphs of this
section.

Example 1: Entering voltage units.

1. Press LEVEL to enter the trigger level entry mode. The
instrument will then display the presently pro-
grammed trigger level. For example, the display might
show:

0.4V

2.To key in a trigger level of -1.675V, press: +/—, 1, ., 6,
7, 5. The display will show the numbers as they are
keyed in.

3. Press V to store the new trigger level in memory. The
instrument will briefy display the new value and then
return to the previous operating mode.

Example 2: Entering frequency/time units.

1. Press the RATE key to enter the sampling rate entry
mode. The instrument will then display the presently
programmed value, for example:

166.7us

2. At this point, you can toggle between reciprocal time
and frequency units by pressing the FREQ/TIME key.

3. Press FREQ/TIME until time units are entered (for ex-
ample, ms)

4. To key in an interval of 234msec, press: 2, 3, ., 4, ms.

5. Press RATE to get back into the rate entry mode.

6. Press the FREQ/TIME key and note that you can toggle
the display between frequency and time units. With a
programmed interval of 234msec, the corresponding fre-
quency is 42.73504Hz.

Example 3: Demonstrating a NMBR TOO SMALL error.
1. Press RATE to enter the sampling rate entry mode.

2. Press FREQ/TIME (if necessary) to display time inter-
val units.

3. To attempt to program a Oms (invalid) rate, press: 0, ms.

4. Note that the instrument displays the NMBR TOO
SMALL error message, and then returns to the previous-
ly programmed value.

Example 4: Demonstrating the use of the CANCEL key.

1. Press RATE to enter the sample entry mode. Note that
the instrument displays the presently programmed
value.

2.Press: 3, 5.

3. Press CANCEL, and note that the display returns to the
previous value.

4. Press: 5, 0, ms; note that the last value is entered into
memory.

Example 5: Using the cursor keys.

1. Press RATE to enter the sampling rate entry mode and
note that the presently programmed value is displayed.

2. Use the right cursor (Uprange) key to move the flashing
cursor to the right. You can stop on any digit and make
a change, if desired. If you move off the display to the
right, the cursor will wrap around to the first digit on
the left.

3. Using the left cursor (Downrange key), move the
flashing display cursor to the left. Again, you can stop
on any digit and make a change, if necessary. Once the
cursor reaches the extreme left, it will wrap around to
the right most digit.

4. Once all changes have been made by using the cursor
keys, press ENTER to store the new parameter in
memory.

3.5 RATE AND SAMPLES PROGRAMMING

A measurement sequence is made up of a number of in-
dividual samples taken at predetermined intervals.
Through the use of the RATE and SAMPLES keys, you
have precise control over how many samples to take, and
the time period between individual samples. Program-
ming of each of these modes is performed by pressing the
appropriate key (RATE or SAMPLES) and then using the
data entry keys to enter the desired value. During the en-
try process, the display can be returned to the previous
value by pressing the CANCEL key. If an incorrect
parameter is entered, the instrument will display an error
message (NMBR TOO SMALL or NMBR TOO LARGE,
as the case may be).
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RATE AND SAMPLES BUTTONS
\

r SAMPLES

]

RATE

o[ Jo
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3.5.1 Programming Sampling Rate

The RATE key is used to program either the sampling fre-
quency, or the time interval between individual samples.
When programming frequency, values between 1Hz and
1IMHz may be entered. When entering frequency, the unit
will automatically adjust the frequency value to correspond
to the resolution of the sampling interval (0.1usec).

For rates above 100kHz, the usable display resolution is
reduced to 2% digits (although 4%: digits are displayed)
because the A/D converter operates with 8-bit resolution
above 100kHz, or when 32,768 or more samples are
programmed.

When programming time intervals, values between 1usec
and 1sec may be entered. If a value below the allowable
resolution (0.lusec) is entered, the instrument will
automatically adjust the entered parameter to the closest
valid value.

The FREQ/TIME key can be used when entering rate
parameters to toggle the instrument between the time and
frequency entry modes. The display will show the type
of units currently in effect. When new data is being
entered, it will be entered in the same mode as the display
currently shows unless FREQ/TIME has been pressed to
change to reciprocal units.

Example 1: Program a 35usec sampling interval.

1. Press RATE to allow entry of rate data. The display will
show the currently programmed value. For example, the
display might show:

50.00000 kHz

2. Press the FREQ/TIME key several times and note that
the display alternates between time and frequency. With
a 50kHz rate, the display would alternate between

50kHz and 20usec because one value is the reciprocal
of the other (f = 1/T).

3. Press: 3, 5, us to program the new value. The instrument
will then return to the previous operating mode.

Example 2: Program a 100kHz rate.

1. Press RATE to enter the rate entry mode. The unit will
then display the programmed value.

2. Press FREQ/TIME, if necessary, to display time inter-
val information. If the instrument is still programmed
with the 35usec sampling rate from Example 1, the
display will show:

28.57142 kHz

3. Press: 1, 0, 0, kHz. The new rate will be pro-
grammed, and the instrument will return to the
previous operating mode.

Example 3: Automatic recalculation of frequency units.

The resolution of the programmed sampling interval is
0.1usec. When entering sampling rate as a frequency,
however, it is quite possible for you to enter a frequency
parameter that results in an interval below the 0.1usec
resolution limit. For example, with a 35kHz sampling rate,
the resulting interval would be 28.571ysec. In this instance,
the unit would adjust the frequency to result in the nearest
whole interval-28.6usec in this case. Thus, if a value of
35kHz were entered, the unit would actually program a
value of 34.96503kHz.

1. Press the RATE key in order to enter the rate mode.

2. If necessary, press FREQ/TIME to place the instrument
in the frequency entry mode.

3. Program a 35kHz rate with the following sequence: 3,
5, kHz.

4. Note that the unit adjusts the frequency value to
34.96503kHz.

5. Press RATE and then FREQ/TIME to display sampling
interval. Note that a value of 28.6usec is programmed.

3.5.2 Programming the Number of Samples

The number of samples to take in a given measurement
sequence is programmed through use of the SAMPLES
key, as you might expect. The input parameter for this
mode may be entered either as the number of samples
(1-65,535), or as a time duration for the measurement se-
quence (0-65,534s). As is the case when entering sampl-
ing rate, the FREQ/TIME key is used to toggle the instru-
ment between these two modes. If you enter a time dura-
tion shorter than the programmed sampling rate, the unit
will automatically round the input to the nearest valid
value.
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NOTE
When the programmed number of samples is
>32,768 the A/D converter operates in the 8-bit
mode.

When entering time units, it is possible that you could key
in a number that is not an integer multiple of the time in-
terval between samples. In this case, the instrument will
automatically convert your input to the closest valid value.
For example, assume you have previously programmed a
12msec sampling rate and enter a sampling duration of
603msec. The instrument will automatically change this
value to 600msec, which is the closest integer multiple of
a 12msec sampling rate.

Note that the measurement duration is n—1 times the
sampling interval. For example, with 100 samples pro-
grammed and a Imsec interval, the measurement dura-
tion is 99msec.

When programming the number of samples, the unit
“remembers” whether you previously entered this
parameter in number of samples or elapsed time, and it
will automatically display the value in those units when
the SAMPLES key is pressed. Also, if the number of
samples is programmed in elapsed time, and you then
change the sampling rate, the unit will automatically
recalculate the number of samples to keep the total elapsed
time the same. If this value is entered as a number of
samples rather than as elapsed time, no such recalcula-
tion is performed. The end result is that the number you
programmed remains the same.

The two display formats for the samples mode differ slight-
ly depending on whether number of samples or elapsed
time is entered. If time duration is specified, the display
will include time units, as in the example below:
250.0us
In this example, a time duration of 250usec is specified.
The number of samples are specified, as in this example:
1200 SAMPLES

In this case, 1200 samples are to be taken during the
measurement sequence.

Example 1: Program 750 samples.
1. Press the SAMPLES key. The unit will then display the

presently programmed value. For example, the display
might show:

101 SAMPLES
In this case, the factory default value is displayed.

2. Press FREQ/TIME and note that you can toggle the
display between elapsed time and number of samples.
For the purposes of this demonstration, leave the display
in the number of samples mode.

3. Press: 7, 5, 0, ENTER. The unit is now programmed for
a 750-sample measurement sequence.

Example 2: Program a 560msec sampling duration.

In the example below, it will be necessary to enter rate in-
formation as part of the demonstration sequence to make
sure that the sampling duration is an even multiple of the
sampling rate.

1. Press RATE to enter the rate entry mode.

2. Press: FREQ/TIME (if necessary to display rate in time
interval rather than frequency units), 1, ms. A Imsec
sampling interval has now been programmed.

3. Press SAMPLES to enter the sample entry mode. The
unit will display the previously programmed value. If
you entered the value from Example 1, the display
should show:

750 SAMPLES

4. Press FREQ/TIME to display the samples parameter in
time units. Since a 1Ims interval has been selected with
the number of samples set to 750, the time duration will
be 749msec.

5. Press : 5, 6, 0, ms to program the new sampling dura-
tion interval.

6. Press SAMPLES, FREQ/TIME and note that 561 samples
are displayed -- a value that is one more than you might
expect.

Example 3: Automatic rounding of sample duration.

As pointed out earlier, the instrument will automatically
convert a programmed time duration to the nearest integer
multiple of the sampling rate. The example below will
demonstrate this process.

1. Press RATE, FREQ/TIME (if necessary to enter
parameters as time interval information), 1, 2, ms. This
keystroke sequence programs a 12msec sampling rate.
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2. Press: SAMPLES, FREQ/TIME (if necessary to enter
data as time duration), 6, 0, 2, ms.

3. Note that the 602msec programmed value has chang-
ed to 600msec, which is the nearest integer multiple of
the 12msec sampling interval.

Example 4: Setting the sampling duration smaller than
the sampling interval.

The sampling duration cannot be smaller than the sam-
pling interval, as discussed previously. The instrument will
round off the value if you attempt to program the instru-
ment in this manner, as in the example below.

1. Press RATE, FREQ/TIME (if necessary to place the
display in the time interval mode), 1, 0, 0, ms, ENTER.
This keystroke sequence programs a 100ms sampling
interval.

2. Press SAMPLES, FREQ/TIME (if necessary to display
and enter time units), 2, 0, ms.

3. Note that the measurement duration is changed to Ousec
(1 sample) because it is rounded down.

Example 5: Automatic recalculation of number of samples.

If the sampling rate is changed after programming
measurement duration, the instrument will automatical-
ly recalculate the number of samples to keep the measure-
ment duration the same, as in the example below.

1. Press RATE, FREQ/TIME (if necessary to enter time in-
terval information), 1, ms. At this point a Imsec sampl-
ing interval has been programmed.

2. Press SAMPLES, FREQ/TIME (if necessary to enter -

duration as time information), 5, 0, 0, ms, ENTER. This
sequence enters a 500msec sampling duration.

3. Press SAMPLES and FREQ/TIME to display the number
of samples. The display should indicate that the pro-
grammed number of samples is 501 because the sampl-
ing duration is 500msec, and the sampling interval is
Imsec.

4. Change the sampling interval to 5msec as follows. Press:
RATE, 5, ms.

5. Press SAMPLES and FREQ/TIME to display the pro-
grammed number of samples. Note that the number
of samples has been changed to 101 because of the
change in sampling interval, although the sampling
duration remains at 500msec, as previously programm-
ed (you can verify these values by pressing the
FREQ/TIME key while in the samples mode).

3.5.3 Samples and Rate Selection
Considerations

Because the Model 194A can sample input signals at rates
as high as IMHz, it is ideal for many applications involv-
ing the analysis of many time-varying signals, both of the
periodic and transient variety. To ensure optimum accuracy
when measuring such signals, care must be taken when
selecting both the sampling rate and the number of
samples. In the following paragraphs, we will discuss some
of these considerations that should be taken into account
when choosing sampling rates and measurement
durations.

Input signals to the Model 194A are in analog form. Inter-
nally, however, the Model 194A operates in the digital
world. Thus, the analog signal must be converted into
digital information by the A/D (Analog-to-Digital) con-
verter of the instrument. This conversion process is not
continuous, but rather is done at discrete intervals, deter-
mined by the entered rate parameter. If the sampling rate
is too slow, considerable information about the original
analog signal will be lost, and errors can creep into the
resulting data.

For example, assume that a sinusoidal waveform is being
sampled at regular intervals, and the result digitized and
stored internally.

Once the data is sampled and stored, we can attempt to
reconstruct the original waveform from the data. However,
the result is no longer a smooth, continuous waveform,
but is instead made up of discrete steps. Thus, as the result
of this digitization process, we may have lost much im-
portant information about the original signal.

To make the steps in the reconstructed data smaller, we
can increase the sampling rate. At the same time, we will
have to increase the number of samples per measurement
if we still wish to measure at least one cycle of the applied
signal.

It is clear then, that we should make the sampling rate suf-
ficiently high so as not to loose important information pre-
sent in the original input signal. Information theory states
that, for sinusoidal waveforms, the sampling frequency
must be at least twice as high as the highest frequency
component in the measured signal. Thus, if a 100kHz
signal is to be sampled, the sampling frequency must be
at least 200kHz.
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If the sampling frequency is not at least twice the frequency
being sampled, a phenomenon known as aliasing results.
When aliasing occurs, the sampled information will not
contain data on the original waveform, but instead a new
signal with a frequency equal to the difference between
the sampling frequency and the original applied signal.
For example, if a 100kHz signal is sampled at a 110kHz rate,
a new signal of 10kHz will be the one actually seen in the
resulting data. If the signal and sampling frequencies are
exactly the same, a DC signal level will result, since the
difference between the two signals is zero. Thus, it is im-
perative that the minimum 2:1 ratio of sampling frequen-
Cy to measured frequency be maintained if accurate results
are to be expected.

Once we have established our minimum sampling fre-
quency based on the above criteria, we can then go ahead
and choose the correct sample and rate parameters for a
given situation. For example, assume that we are measur-
ing a 20kHz sine wave. We would then press the RATE
key and then key in the desired sampling frequency.
Although a 40kHz frequency sampling frequency would
be adequate, we might want to play it safe and choose a
50kHz sampling frequency for this measurement. Once
the rate parameter is established, we can choose a sam-
pling duration or number of samples to measure based on
how many cycles, or how much of a single cycle we wish
to sample. For example, if we wished to sample one com-
plete cycle of the 20kHz waveform, the measurement dura-
tion would be 1/20kHz = 50usec. Aside from which range
to use, the only other consideration for a basic measure-
ment would be the trigger method, as described in
paragraph 3.6.

Thus far in our discussion, we have assumed that all
signals are sinusoidal in nature. In the real world, of
course, many complex waveforms exist. These complex
waveforms can be broken down into a fundamental
sinusoidal waveform and a number of harmonics in ac-
cordance with the Fourier series. While detailed Fourier
analysis is beyond the scope of this discussion, you should
be aware that such harmonics do exist.

From this discussion, we can see that it may necessary to
choose a sampling frequency substantially above the fun-
damental frequency of a non-sinusoidal waveform to en-
sure good results. For example, when sampling a 10kHz
rectangular waveform it would be a good idea to choose
a sampling frequency of 200kHz since a substantial por-
tion of the ninth harmonic (90kHz) is present, and the
sampling rate must be at least twice as high as the highest
frequency.

Another consideration when selecting the sampling rate
is the overall resolution and accuracy of the measurement.
For sampling rates 100kHz and below, the A/D converter
operates with 16-bit resolution (assuming the number of
samples is <32,768), meaning that it digitizes the signal
into 2'¢, or 65,536 steps. Above 100kHz, the A/D converter
has only 8-bit resolution, so it can resolve only 28, or 256
steps. The A/D resolution has a direct effect on display
resolution as well as the ultimate accuracy of the measure-
ment. At 100kHz and below, display resolution is 4% digits,
while the usable resolution is reduced to 2% digits above
100kHz (the unit will still display 4% digits, however, above
100kHz). Consequently, instrument accuracy is not as good
with sampling rates above 100kHz as it is below that value
(refer to the specifications at the front of this manual for
actual figures). Thus, if accuracy is of paramount impor-
tance, you should select a sampling rate of 100kHz or less
and =32,768 samples, unless other factors such as
measurement speed override this consideration.

3.6 TRIGGERING

A trigger stimulus is used to initiate a Model 194A
measurement sequence. The duration of that sequence and
the number of samples taken during the sequence will de-
pend on previously selected rate and sample parameters.

TRIGGER BUTTONS

( TRIGGER SOURCE A SLOPE '\
L] ] oo
XY TRIG XY DATA
SGL/CONT DELAY LEVEL
ol Ja [ [
k XY MODE XY PAN XY ZOOM J

The unit can be triggered with the front panel TRIGGER
button, the input signal, from a pulse applied to the ex-
ternal trigger input jack, or from the other channel (the
instrument can also be triggered over the IEEE-488 bus,
as discussed in Section 4). When triggering from the in-
put signal, you can define slope and trigger level
parameters. From the front panel, these modes are pro-
grammed with the various trigger buttons, as described
in the following paragraphs.




OPERATION

3.6.1 Trigger Source

The trigger source is selected by pressing the SOURCE key.
The instrument will display one of the trigger sources, as
summiarized in Table 3-3. To select a different source, press
uprange or downrange repeatedly until the desired trig-
ger source is displayed. The new trigger source is saved
once the source is displayed. To return to the previous
mode, press SOURCE.

Note that the SOURCE key is inoperative when the instru-
ment is in the dual-channel display mode.

NOTE
When you select external, input signal, or other
channel triggering, you must first arm the A/D
converter by pressing the TRIGGER button. The
measurement sequence will then begin when the
appropriate trigger stimulus occurs.

Table 3-3. Trigger Source Display Messages

Message Selected Trigger Source

IMMEDIATE TRIGGER button or IEEE trig-
ger (X, GET, etc.)

EXTERNAL Pulse applied to TRIGGER IN
jack.

INPUT SIGNAL Input signal, depending on

selected slope and levels.
OTHER CHANNEL |Second channel when 1944A
option installed.

TRIG ON TALK IEEE talk command
TRIG ON X IEEE X command
TRIG ON GET IEEE GET command

3.6.2 Single/Continuous Arming Modes

A/D arming can be set up to operate in two different ways:
in continuous or single modes. In a continuous mode, the
unit will automatically re-arm the A/D converter after each
measurement sequence. The unit will then perform
another measurement sequence when it receives the ap-
propriate trigger stimulus (as selected with the SOURCE
key). In the single mode, however, the A/D converter must
be manually re-armed after each measurement (the A/D
converter can be re-armed from the front panel by press-
ing TRIGGER).

Single/continuous arming selection is performed by press-
ing the SGL/CONT button to select the desired mode; the
appropriate indicator will then display the selected mode.

When the instrument is in the dual-channel display mode,
the SGL/CONT button and associated indicators are
inoperative.

NOTES:

1. If the instrument is in the immediate (TRIGGER button),
continuous mode, it will process measurements con-
tinuously without requiring additional triggers.

2.1If the selected trigger source is the input signal, exter-
nal trigger, or other channel, the unit will require a
separate trigger stimulus for each measurement
regardless of whether the unit is in the single or con-
tinuous armed modes.

3. When going from the single, immediate mode to the
continuous, immediate mode, it will be necessary for
you to press the TRIGGER button to begin processing
measurements.

4. The decimal point in the display (between second and
third digits from the right) will turn on to indicate that
the A/D converter is armed and waiting for a trigger.

Discussion

Basically, there are two steps needed for initiating a
measurement sequence. First, the A/D converter must be
armed, so that it is running and processing data. Second-
ly, the unit must be triggered by the appropriate trigger
stimulus (determined by the selected source) before it will
perform a measurement sequence. The only exception to
this two-step process is when the immediate, front panel
mode is selected. In this situation, pressing TRIGGER per-
forms both steps simultaneously so that the A/D converter
is armed and the measurement is initiated with a single
action.

There are two fundamental reasons why the A/D converter
must be running before a measurement sequence takes
place. First, when input signal triggering is in effect, the
A/D converter must supply input signal amplitude data
to the digital comparator circuits so that they can trigger
a measurement when the programmed trigger threshold
is reached. Secondly, when using pre- or post-trigger, the
unit must continuously store data so that it can later flag
the beginning of the measurement relative to the pro-
grammed trigger point.

3.6.3 TRIGGER Button Operation

The Model 194A can be triggered by the front panel TRIG-
GER button, if the immediate mode has been selected as
the trigger source (paragraph 3.6.1). Once activated, press-
ing TRIGGER will initiate a single or continuous sequence
of measurements, depending which of those two modes
was selected with the SGL/CONT button.
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The TRIGGER button is also used to arm the remaining
trigger modes. For example, suppose you select input
signal triggering with the SOURCE key. You must then
press TRIGGER to start the A/D converter so it can pro-
cess samples to determine when the input signal has
crossed the programmed trigger threshold. Once the trig-
ger occurs, the instrument will begin the measurement se-
quence in the usual manner.

NOTE
Pressing TRIGGER will alternately arm and
disarm the A/D converter when in the continuous
mode.

Note that TRIGGER is operational in the dual-channel
display mode, as well as in the CH1-CH2 and CH1+CH?2
modes.

3.6.4 Trigger Delay

The DELAY key can be used to program the location of
the beginning of a measurement relative to the trigger
point. The delay value can be entered either in units of
time, or in number of samples. The limits for the delay
parameter are -65,536 to +10” seconds or -65,536 to +10’
samples. The input data is alternated between time and
sample units by pressing the FREQ/TIME key.

When negative values are entered, pre-triggering is in ef-
fect. Post-triggering is in effect when positive delay values
are entered. Both post- and pre-triggering are available
with all trigger sources.

NOTE
If pre-triggering is selected, and the A/D converter
is armed, any previous stored measurements will
be overwritten even if the next measurement se-
quence has yet to be triggered.

The basic keystroke sequence to enter a trigger delay is:
DELAY, data, ENTER or time units. If an incorrect
parameter is entered, an appropriate error message will
be displayed. During the entry process, you can press
CANCEL to restore the display to the previous value.

When entering the delay parameter in time units, it is
possible that you might enter a value that is not an integer
multiple of the sampling interval. Under these conditions,
the instrument will automatically adjust the entered delay
to the nearest valid value.

Whether delay is entered in time or sample units, the in-
strument will “remember” which units were previously
in effect. Thus, pressing DELAY will give you a display
of the delay parameter in previously programmed units.
Also, if you enter the delay in time units, and then change
the sampling rate, the instrument will maintain the same
delay time by recalculating the number of samples to delay.
However, no such recalculation is performed if you enter
the delay parameter as a number of samples.

Example 1: Program a 50msec positive delay.

1. Program a Ims sample interval as follows. Press RATE,
FREQ/TIME (if necessary to display time units), 1, ms.

2. Press DELAY to enter the delay entry mode. The instru-
ment will display the presently programmed value, for
example: 0 DELAY.

3. If necessary, press FREQ/TIME to display the delay value
in time units. ‘

4. Press: 5, 0, +/— (only necessary if negative value is cur-
rently displayed), ms. The new trigger delay period is
now programmed.

Example 2: Program a 25msec negative delay period.

1. Press DELAY to place the instrument in the delay entry
mode. The unit will display the previously programmed
value.

2.Press: +/—, 2, 5, ms. The new delay value is now
programmed.

Example 3: Program an 80 sample positive delay.

1. Press DELAY to enter the delay entry mode.

2. Press FREQ/TIME to change the display to show
number of samples.

3. Press 8 0, +/—, ENTER. The new value is now
programmed.

Example 4: Automatic recalculation of delay number of
samples.

If the sampling interval is changed after programming the
delay, the instrument will automatically recalculate the
delay number of samples, as in the following example.

1. Press DELAY to enter the delay entry mode.

2. Press FREQ/TIME to display the delay in time units.

3. Program a 50msec positive delay as follows. Press 5, 0,
+/— (only necessary if a negative value is displayed), ms.

4. Press DELAY then FREQ/TIME and note that the delay
is programmed as 50 samples.
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5. Change the sampling interval to 5msec as follows. Press
RATE, FREQ/TIME (if necessary to display time units),
5, ms. The sampling interval has now been changed to
Smsec.

6. Press DELAY to program delay period. If necessary, use
the FREQ/TIME key to display the number of samples.
Note that the number samples to delay has been
changed from 50 to 10 because of the change in sampl-
ing interval from Imsec to Smsec.

Discussion

The trigger delay parameter tells the instrument where to
begin storing readings relative to the trigger point. If the
parameter is zero, no delay occurs, and the trigger point
is assumed to be the same as the first buffer sample.
However, if the delay parameter is non-zero, the first sam-
ple location will be moved in accordance with the pro-
grammed delay parameter.

Figure 3-1 will help to demonstrate the basic concept
behind delayed triggering. In Figure 3-1(A), the delay is
zero, so the measurement begins at the trigger point. In
(B), which shows a positive delay, the measurement se-
quence begins some time after the trigger occurs. That time
period is, of course, determined by the programmed delay
value.

In Figure 3-1(C), a negative delay is shown, with the first
measurement occuring ahead of the trigger stimulus. The
amount of delay is again determined by the programmed
delay parameter.

MEASUREMENT STARTS HERE

A
N
- t
TRIGGER
A. ZERO (NO) DELAY
} MEASUREMENT STARTS HERE
\
)
DELAY
> t
TRIGGER
B. POSITIVE DELAY (POST TRIGGER)
MEASUREMENT STARTS HERE
DELAY
A ! '
T
TRIGGER

C. NEGATIVE DELAY (PRE TRIGGER)

Figure 3-1. Trigger Delay
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3.6.5 Trigger Slope

The SLOPE key can be used to program the instrument
to trigger either on the positive or negative-going edge of
the input signal. The instrument can be toggled between
these two modes by repeatedly pressing SLOPE. The ac-
tive mode is indicated by the indicators adjacent to the
SLOPE key.

If the instrument is in the dual-channel display mode, or
if the selected trigger source is not the input signal, the
SLOPE button and associated indicators are inoperative.

3.6.6 Trigger Level

The programmed trigger level can be entered into the unit
by using the LEVEL key. This feature applies only when
the selected trigger source is the input signal. When LEVEL
is first pressed, the instrument will display the currently
programmed trigger level. A new level can then be pro-
grammed with the data entry keys.

The allowable range for the trigger level is +200V. Program-
ming values above or below this range will result in an ap-
propriate error message. If the programmed value is below
the resolution of the A/D converter (10xV), the unit will
round the value to the nearest allowed value.

Note that xV levels can be programmed with the us key.

When the instrument is in the dual-channel display mode,
the LEVEL button is inoperative.

Example 1: Program a +5V trigger level.

1. Press LEVEL to enter the level entry mode. The instru-
ment will display the presently programmed trigger
level. For example, the display might show:

2.55V.

2. Press: 5, V. The unit will now briefly display the pro-
grammed value and return to the previous display mode
with a 5V trigger level programmed.

Example 2: Program a -300uV trigger level.

1. Press LEVEL and note that the presently programmed
trigger level is displayed.

2. Press: ., 3, +/-, mV. The new trigger level of -300uV is

now programmed.

Discussion

The level and slope operating modes determine when the
instrument is triggered from the applied input signal. If
a positive slope is selected, triggering will take place when
the input signal rises to the preset level that was pro-
grammed with the LEVEL key. If a negative slope is
selected, triggering will occur when the signal level drops
to that preset level.

Figure 3-2 will help to demonstrate slope and level trig-
gering. In (A), the instrument is programmed for a positive
slope with a level of +2.5V. When the input signal reaches
the 2.5V threshold going in a positive direction, the in-
strument is triggered to begin the measurement sequence.

In (B), a similar situation exists, except that the unit is now
programmed for a negative slope with a level of +1.5V.
In this case, the unit is triggered once the input signal
drops to the 1.5V level.

€——— TRIGGER POINT

t
A. POSITIVE SLOPE TRIGGERING

f — — —— c— — —

&—— TRIGGER POINT

B. NEGATIVE SLOPE TRIGGERING

Figure 3-2. Level and Slope Triggering
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3.6.7 External Triggering

The TRIGGER IN jack can be used to apply a trigger pulse
to the instrument to initiate a reading sequence. In a similar
manner, the instrument will feed an output pulse out the
TRIGGER OUT jack when it is triggered by some other
stimulus.

TRIGGER JACKS

ouT IN

TRIGGER

TRIGGER IN is a BNC connector that requires a negative
going pulse to trigger the instrument. The specifications
for the trigger pulse are shown in Figure 3-3. Before exter-
nal triggering is active, the instrument trigger source must
be programmed for that mode with the SOURCE key.

TRIGGERS ON LEADING EDGE

TTL HIGH (2V-5V)

TTL LOW (=<0.8V)

j— > 1 ysec =

Figure 3-3. TRIGGER IN Pulse Specifications

CAUTION
The outer rings of both TRIGGER jacks are
connected to chassis ground and cannot be
floated.

NOTE
Shielded cable should be used ‘for TRIGGER
signal connections to minimize the possibility of
EMI radjiation.

Whenever the instrument is triggered, it will generate an
output pulse via the TRIGGER OUT jack, with the
specifications shown in Figure 3-4. The trigger pulse will
be generated regardless of the selected trigger source, in-
cluding input signal, external trigger input, other chan-
nel, or immediate modes (TRIGGER button or IEEE bus
triggers).

TRIGGER — END
POINT 4 J' OF MEASUREMENT
TTL HIGH
(3.4V TYPICAL)

44— TTLLOW
(0.25V TYPICAL)

— T —>

T = MEASUREMENT DURATION
(250p SEC MINIMUM)

Figure 3-4. TRIGGER OUT Pulse Specifications

3.7 INPUT COUPLING

The CPLG key allows you to select AC, DC, or ground
coupling modes that are analogous to those found on an
oscilloscope. The LEDs associated with the CPLG key in-
dicate AC and DC coupling modes, while ground coupling
is indicated by both LEDs being off. You can toggle the
instrument between these three modes by repeatedly
pressing the CPLG key.

CPLG KEY

4 D

SCAN

I

AC CPLG DC
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When DC coupling is selected, a straight-through DC
signal path is established to the input section of the in-
strument. When AC coupling is in effect, the instrument
low-frequency response rolls off (see specifications). Thus,
DC coupling would be used when measuring DC signals
or very low frequency AC signals, while AC coupling is
useful for removing the DC component of the input signal.

When ground coupling is selected, the signal voltage is
disconnected from the input amplifier, and the input
amplifier terminals are shorted.

3.8 RECALLING DATA

The RECALL key allows you to recall any of the individual
samples that are stored within the measurement buffer.
Naturally, the number of buffer locations that contain valid
data will depend on the programmed number of samples.

RECALL KEY

4 )

I R

RECALL

]
]
L RESET )

When the recall mode is enabled, the RECALL indicator
will be on, and the display will show the data at the
selected location, the buffer location and the channel, as
in the example below.

2500001

In this example, a value of 25V is being read from the first
(0) buffer location of channel 1.

While in the recall mode, you can random access data at
any of the buffer locations by keying in the desired buffer
location and then pressing the ENTER key. If an incorrect
location is entered, an error message will be displayed.

For example, if you program a sample location higher than
the programmed number, a NMBR TOO LARGE message
will be displayed.

Alternately, you can increment or decrement buffer loca-
tions by using the Uprange or Downrange keys, respec-
tively. If either of these buttons is held down for one se-
cond, the button will autorepeat.

Depending on whether the instrument is in the single or
continuous mode, the samples in the various buffer loca-
tions may or may not be changing as you access them. In
the single trigger mode, the samples will be updated only
when the instrument is triggered. In the continuous trig-
ger mode, however, buffer samples will be updated at a
rate dependent on the selected sampling rate and interval.

When recalling data, the trigger point is indicated by the
letter “T” in the display as in the example below:

25.000 478 T1

In this example, buffer location 478, which is the trigger
point for the measurement sequence, is being displayed.
For quicker access to the trigger point you can use the
waveform mode, as discussed in paragraph 3.14.

To return the instrument to the normal display mode,
simply press the RECALL button a second time. The unit
will then return to the previous display mode.

Example: Random and sequential buffer access.

Use the example below to demonstrate buffer access.
Before using this example, program the instrument for a
1ms sampling interval and 1000 samples with the RATE
and SAMPLES keys. Set the instrument for the single trig-
ger mode and apply a time-varying signal such as a 60Hz
sine wave to the VOLTAGE INPUT jack on the rear panel.
Select AC coupling with the CPLG key.

1. Press the RECALL button. The display will enter the
recall mode and display the sample at the selected buf-
fer location (0).
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2. Select a random buffer location by keying in a value with
the data entry keys and then pressing ENTER. For ex-
ample to view the 56th location, press: 5, 6, ENTER. The
data at that location, along with the buffer location will
then be displayed. For example, the display might show:

16.17 56 1

3. Use the Uprange and Downrange keys to sequentially
increment and decrement buffer locations. Note that the
buttons will autorepeat after being held down briefly.

4. Press the RECALL key to return to the normal operating
mode.

3.9 DUAL CHANNEL OPERATION

When the optional Model 1944A A/D Converter Module
is installed in the CARD 2 location, the Model 194A is
equipped with two identical channels that operate virtually
independently of one another. Aside from sharing the
display and control buttons, each channel can be inde-
pendently programmed for various operating modes. The
following paragraphs describe dual-channel operation of
the Model 194A.

3.9.1 Channel 2 Connections

As shown in Figure 3-5, the connections for the CARD 2
module are identical to those for CARD 1. The purpose
of each connector is briefly described below. The paragraph
where more detailed information may be found is also
indicated.

CARD 2 MODU\LE

\\:——
Lo <= OOIOOOD
(o]
Lo~ o0 @
/.

/
CARD 1 MODULE

Figure 3-5. Rear Panel Showing Channel 2 Installed

VOLTAGE INPUT—AIl analog input signals are applied to
this isolated BNC connector (paragraph 2.5).

CAUTION
The maximum input voltage is 250V peak, 2 x
10’ VeHz. The unit may be damaged if this value
is exceeded.

WARNING
The maximum common-mode voltage is 30V.
Exceeding this value may create a shock
hazard.

REAL TIME OUTPUT—Provides binary data from the A/D
converter at the sampling rate (paragraph 3.20).

TRIGGER OUT—Provides an output pulse to trigger other
instrumentation when channel 2 is triggered for a measure-
ment sequence (paragraph 3.6).

TRIGGER IN-—Allows channel 2 to be triggered from an
external source. This mode is available only when properly
programmed with the SOURCE key (paragraph 3.6).

CAUTION
Digital common is internally connected to
chassis ground and cannot be floated.

NOTE
Shielded cable should be used for all input and
output connections to minimize the possibility of
EMI radiation.

3.9.2 Channel Selection

The channel to be accessed is selected by using the CHAN-
NEL button.

CHANNEL BUTTON
(" )

LOCAL

]

CHANNEL

]
\___ Y,
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Pressing CHANNEL does two things:

1. It toggles the display between channel 1, channel 2, and
the dual-channel display mode. Table 3-4 shows typical
displays for each of the three formats. For the two single-
channel formats, the channel number appears in the
right most digit. In the dual channel display mode, chan-
nel 1 is on the left, and channel 2 is on the right.

2. It allows you to access a particular channel for program-
ming remaining parameters. To change channel
operating modes, the display must be in the single chan-
nel mode of that particular channel. For example, to pro-
gram the rate on channel 1, you must first use the
CHANNEL button to display only that channel. Similar-
ly, if you wish to change the range on channel 2, you
must first display channel 2 by pressing CHANNEL and
then use the appropriate range button to change the
range.

Table 3-4. Display Format

Display Mode
1.2345V DC 1 Channel 1 Display
—-2.3156V DC 2 Channel 2 Display
0.2141 1.6789 Dual-Channel Display

3.9.3 Speed Considerations

Each channel has its own A/D converter, 64K bytes of
memory, and clocking circuits. As a result, each channel
can be independently programmed for the maximum
(IMHz) sampling rate without affecting sampling rate of
the other channel. However, the overall reading rate will
be reduced if both channels are sampling simultaneously.

3.9.4 Cross Channel Triggering

Either channel can be triggered by the other channel to
begin its measurement sequence. To do so, program each
channel for the appropriate trigger mode, as required.
Paragraph 3.6 covers triggering in detail.

As an example, assume that channel 2 is to be triggered
by channel 1, and that channel 1 is to be triggered by a
positive-going input signal at a threshold of 4.6V,

1. Using the CHANNEL button, select the channel 2
display mode.
2. Press the SOURCE button and then uprange or

downrange repeatedly until the following message is
displayed: OTHER CHANNEL.

3. Press the CHANNEL button, as required, to select the
channel 1 display mode.

4. Select input signal triggering with the SOURCE and
uprange keys.

5. Using the SLOPE button, program channel 1 to trigger
on the positive-going edge.

6. Press the LEVEL button and key in a trigger level of
+4.6V. To do so, press: 4, . ,6 , V.

7. Arm both channels by pressing TRIGGER in the dual-
channel display mode.

8. With this programming, channel 1 will be triggered
when the input signal rises above 4.6V. Channel 2 will
in turn be triggered by channel 1.

3.10 USING ZERO

The zero mode allows a stored offset value to be subtracted
from subsequent readings. The stored offset can be ob-
tained from an applied signal, or directly keyed in with
the data entry keys. Once the baseline is stored, the zero
mode can be enabled or disabled by pressing the ZERO
button. When the zero mode is enabled, the ZERO in-
dicator will be on.

ZERO KEYS
( ZERO N

[ Jo

ZERO VAL

FILTER
[ Je
\. J

When the instrument is in the dual-channel display mode,
the ZERO button and associated indicator are inoperative,
although the instrument will remain in the selected zero
mode if already so programmed when entering the dual-
channel mode. The unit must be in a single-channel

display mode to change or indicate the mode presently in
effect.

The zeroed reading can be as small as the resolution of
the instrument (10xV), or as large as full range. Some
typical examples include:

Zeroed Reading  Applied Signal Displayed Value
+10.500V +18.600V +8.100V
+2.566V +1.8000V -0.7560V
-12.600V +4.5000V +17.100V
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3.10.1 Zeroing From an Applied Signal

To store the zero offset value from an applied signal, per-
form the following procedure.

1. Select the desired channel.
2. Cancel the zero mode if presently enabled.

3. Select a range that is consistent with the anticipated
measurement.

4. Connect the signal that is to be used as an offset value
to the VOLTAGE INPUT jack of the selected channel.

5. Press the ZERO button to enable the zero mode. If there
is no valid reading on the display, the zero mode can-
not be enabled.

6. Disconnect the offset signal from the instrument and
connect the signal to be measured in its place. Subse-
quent measurements will be the difference between the
suppressed value and the applied signal.

WARNING
The voltage on the input terminals may be
larger than the displayed value. For example, if
a 175V zero offset is stored, an applied voltage
of 200V will result in a displayed reading of on-
ly 25V.

7. To cancel the zero mode, simply press ZERO a second
time. The stored value will be retained for use by the
zero value mode discussed below.

3.10.2 Keying In the Zero Value

The zero feature may also be used by keying in the zero
offset from the front panel. This mode is entered by press-
ing SHIFT ZERO VAL and then using the data entry keys
to key in a new value. Once the value is entered, the zero
mode will remain in effect until zero is disabled with the
ZERO key. The ZERO indicator will be on when the zero
mode is enabled.

The allowable range for the entered zero parameter is be-
tween -200 and +200V. Exceeding these values will result

in the appropriate error message. Also, the instrument will
display a NMBR TOO SMALL error if you attempt to pro-
gram a zero value smaller than the resolution of the A/D
converter (10xV).

As with the ZERO key, ZERO VAL is inoperative when the
instrument is in the dual-channel display mode.

Program a zero value from the front panel as follows:

1. Press SHIFT ZERO VAL to enter the front panel zero
mode. The instrument will prompt with the presently
programmed value.

2. Using the data keys, key in the desired value. For ex-
ample, program a zero value of 255mV as follows. Press
12,55 mv.

3. The new zero value will be programmed, and the ZERO
indicator will be on.

4. To cancel the programmed zero mode, simply press the
ZERO key. The presently programmed zero value will
be retained for use when ZERO VAL is pressed again.

3.10.3 Zero Mode Considerations

The display can show up to +99999 counts in the zero
mode, unlike a normal non zeroed reading, which is
limited to —32,768, +32,767 counts. For example, if a zeroed
value is —600mV, and the applied signal is +300.00mV, the
display will show .90000V.

If the instrument is in the autorange mode, it will move
up range if the +99,999 count limit is exceeded. Once zero
is enabled, setting the range lower than the zeroed value
will create an overrange condition. The Model 194A will
display the OFLO message in this case. Note that the in-
strument must be triggered to effect a range change.

When using zero with a mathematical function, the zeroed
value is subtracted from the reading after the mathematical
operation is performed.
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3.11 FILTERING

The Model 194A has two single-pole, low-pass analog
filters with appropriate -3dB points of 50kHz and 500kHz.
These filters are useful in situations requiring attentuation
of high frequency noise or interference. The filters can be
accessed by pressing the front panel FILTER button. Each
time uprange or downrange is pressed, the display will
indicate the selected filter mode, as summarized in Table
3-5. The filter mode is selected as soon as the appropriate
message is displayed. If either the 50kHz or 500kHz filters
are enabled, the FILTER indicator will be on. To return to
the previous mode, press FILTER a second time.

Table 3-5. Filter Display Messages

Message Description

FILTER OFF Both filters disabled.

FILTER 500KHZ | Filter with —3dB point of 500kHz
enabled.

FILTER 50KHZ | Filter with —3dB point of 50kHz
enabled.

FILTER BUTTON
( ZERO \

[ Jo

ZERO VAL

FILTER
[ Je
\. J

Typical curves for the two filters are shown in Figure 3-6.

Although filtering can be beneficial in the form of de-
creased noise, it does increase the response time to
changes in input signal. Table 3-6 summarizes response
times to within 10%, 1%, 0.1%, and 0.01% of final value
for each of the two available filters.

Table 3-6. Filter Response Times

Filter Response
Response to Within: 50kHz 500kHz
10 % 7.33usec | 0.73usec
1 % 14.66usec | 147usec
0.1 % 21.99usec | 2.2 pusec
0.01% 29.32usec | 2.93usec
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Figure 3-6. Typical Filter Response Curves
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3.12 USING THE ANALOG OUTPUT

The analog output of the instrument can be used to drive
display devices such as oscilloscopes, CRTs, plotters and
strip chart recorders. The Y output provides the amplitude
information, while the X output provides horizontal posi-
tion information for the graphing devices requiring such
information. The Z output provides a blanking or pen lift
signal, depending on the type of graphing device.

The following paragraphs describe the various operating
modes of the analog output, including programming and
output connections.

XY BUTTONS
4 TRIGGER SOURCE A SLOPE ;
[ ] L] e e
XY TRIG XY DATA
SGL/CONT DELAY LEVEL
ol Je  [J [
\_ XY MODE XY PAN XY ZOOM )

3.12.1 Analog Output Connections

The analog output has three jacks, which are shown in
Figure 37. The X output provides position or time infor-
mation in the CRT or plotter modes, the Y output provides
amplitude information in all three modes, and the Z out-
put provides a blanking signal in the CRT mode, a pen
up signal in the plotter mode, and a trigger signal in the
oscilloscope mode.

The Y output is unipolar, with the amplitude varying be-
tween 0 and the programmed full scale value (default,
10V). The minimum Y output (O0V) corresponds to a minus
full range input, while the maximum Y output is equal

to a plus full range input. For example, on the 320mV

range, a —327.68mV input voltage will yield a Y output
value of approximately 0V, while a +327.68mV input will
give the full scale value.

The X output is also unipolar with OV corresponding to
the position of the first sample, and the programmed full

scale value corresponding to the position of the last
sample.

The Z output is factory programmed so that low is OV and
high is 5V. The high level can be changed to +15V as
discussed in paragraph 7.10.

l ] ooD
Co— o_o_|gxc

ANALOG OUTPUT JACKS &

Figure 3-7. Rear Panel Showing ANALOG OUTPUT
Jacks

Typical connections for using the analog output in the plot-
ter mode are shown in Figure 3-8. In this instance, the in-
strument is driving a plotter. Note that the X output is con-
nected to the X input of the plotter, the Y output is con-
nected to the Y plotter input, while the Z output is con-
nected to the pen up input of the plotter. Typical connec-
tions for using the analog output in the oscilloscope and
CRT modes are shown in Figures 3-9 and 3-10.

CAUTION
Analog output common (outer ring) is con-
nected to chassis ground and cannot be
floated.

NOTE
Shielded cable should be used for analog output
connections to minimize the possibility of EMI

radiation.

Y z

N—

| l\c{ 00 U
E— -0

Lo <93I o9 ] =

AY
MODEL 194A X

!

5 5

X INPUT Y INPUT PENUP

XY PLOTTER

Figure 3-8. Typical Plotter Connections
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Figure 3-9. Typical Oscilloscope Connections
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Figure 3-10. Typical CRT connections

3.12.2 Entering the XY Mode (XY MODE)

The XY MODE key is used to place the instrument in the
XY mode (SHIFT must be pressed before pressing XY
MODE). Repeated pressing of uprange or downrange
causes the instrument to scroll through the various modes,
as indicated by the display messages summarized in Table
3-7. When the associated message is displayed, the instru-
ment immediately goes into that mode. Pressing XY
MODE a second time will return the unit to the previous
mode.

Table 3-7. XY Mode Display Messages

XY Function
Key Message Description
XY MODE |XY OFF XY Mode
Disable
XY CRT CRT Mode
Selected
XY SCOPE Oscilloscope
Mode
Selected
XY SLOW PLOT Plotter Mode
Selected
XY STRIP CHT Strip Chart
Mode
Selected
XY DATA MEASMNT BUFFER Channel
Measurement
Buffer
MEASMNT RAM 64K Measure-
ment Buffer
READINGS Readings
from Selected
Channel
IEEE-488 BUF IEEE Output
Buffer
XY ZOOM (XYZOOM = 1.0* Scaling Factor
ZY PAN XYPAN = 1* Window
Location

*Depends on programmed value.
Types of graphing devices include:

CRT: In the CRT mode, the X output drives the horizon-
tal axis of the CRT while the Y. output is used to drive the
vertical axis. The Z output is used to provide a blanking
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signal during the CRT retrace period. In the CRT mode,
only 100 points will be graphed. However, all samples in
the measurement will be scaled. The output rate is Imsec
per point. 4

Oscilloscope: The Y axis is used to drive the vertical in-
put while the Z output is used to trigger the oscilloscope.
Only 100 points are displayed in the oscilloscope mode;
a measurement will be scaled in accordance with the scal-
ing factor. Again, the output rate is Imsec per point.

Plotter: The Y and X output are used to drive the Y and
X inputs of the plotter, while the Z output acts as a pen
lift signal. A maximum of 4096 points are graphed in the
plotter mode. If more than 4096 samples are in the
measurement, the instrument will automatically scale it.

Strip Chart: Only the Y output is used in this mode. Each
time a reading is completed, the value will appear at the
Y output and remain at that level until a new reading is
ready. The number of points that can be graphed is equal
to the number of samples in the measurement. Thus, this
mode will give you the best resolution.

NOTES:

1. The analog output should be left disabled (XY OFF)
when not in use, in order to allow other functions am-
ple microprocessor time to operate normally.

2. The Model 194A should be placed in the single trigger
mode when using the analog output in order to speed
up XY processing.

3. In the CRT and oscilloscope modes, analog output alias-
ing can occur if the measurement contains substantial-
ly more than 100 samples (the number of points plot-
ted in these two modes). To avoid such aliasing, pro-
gram the unit for no more than 100 samples per
measurement.

3.12.3 Analog Output Data Source (XY DATA)

By using the XY DATA key, you can select the data source
for the analog output. To select the source, you need only
press XY DATA (remember to press SHIFT first) once and
then press uprange or downrange until the appropriate
message is displayed (Table 37). The displayed data source
is placed into effect immediate. Press XY DATA again to
return to the previous mode.

Available data sources include:

1. Measurement buffer for the currently selected channel.
2. Readings from the presently selected channel.

3. Entire 64K sampling buffer regardless of measurement
size.

4. IEEE Reading Output Buffer.
Each of these sources is further described below.

Measurement Buffer: When this data source is selected,
the measurement for the selected channel will be placed
in the analog output buffer. If the programmed number
of samples is larger than 100 (the size of the analog out-
put buffer), and the unit is in the CRT or scope mode, the
measurement will be automatically scaled so that a plot
or screen display reflects all the samples in the measure-
ment. If no measurement is available, no data will be
transmitted.

Channel Readings: Selection of this mode empties the
analog output buffer and allows new readings from the
selected channel to be stored in the buffer as they become
available. As readings become available, they will be
transmitted via the analog output to your graphing device.
In this manner, you could apply a variety of different math
functions to a single measurement and then graph the
results on a single plot.

64K Measurement RAM: This mode graphs the entire 64K
RAM memory regardless of the programmed number of
samples. Thus, all samples plotted by this mode may not
be from the current meaurement. For example, eight 8K
sample measurements could be displayed on a single plot.
This data could be from previous single-channel
measurements.

IEEE Reading Output Buffer: The 100 reading IEEE-488
output buffer that is controlled with the Q command is
the source for the analog output in this mode. Each reading
will reflect the entire associated measurement except for
the waveform mode which only displays the trigger point.

NOTE

For dual A/D channel units, the selected A/D channel is
the source for the analog output.
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3.12.4 Triggering the Analog Output (XY TRIG)

By using XY TRIG, you can start and stop the analog out-
put. In this manner, you can stop the analog output, load
the plotter with paper, and then initiate the plotting se-
quence. In addition, you can halt the plotting process at
any time simply by pressing XY TRIG. When halting the
plot in this manner, the pen will lift and return to the home
position. XY TRIG is also used in other XY modes to up-
date the analog output.

As with the remaining XY mode keys, you must press
SHIFT first to initiate the mode.

3.12.5 Scaling the Analog Output (XY ZOOM)

In most cases, a measurement buffer will be larger than
the analog output viewed data. In those cases, it may be
necessary to apply a scaling factor in order to get a better
resolution of the sampled measurement.

You can program a scaling factor to effectively increase the
magnification of the plot with the XY ZOOM key If the
scaling factor is 1, the complete measurement buffer will
be reflected in the analog output. If the scaling factor is
2, only half the measurement will appear, and so on.

The minimum value for the scaling factor is 0.1, and the
maximum value is 1000. The resolution of the scaling fac-
tor is 0.1, thus it is possible to program a scaling factor of
14. For example, the total number of samples reflected in
the output would be */,.,. With 900 samples, the number
of samples reflected in the output would be 900/1.4 =642.

Program a scaling factor by using the following procedure:

1. Press SHIFT XY ZOOM. The instrument will then
display the presently programmed scaling factor. For
example, the display might show:

XYZOOM = 1.0

2. You can change the scaling factor in one of two ways.
Either press the desired numeric key and then ENTER,
or use the Uprange or Downrange keys to increment
or decrement the displayed value. In this case, it is not
necessary to press ENTER, as the value is entered
automatically. During the entry process, you can press
the CANCEL key to return to the previous value.

3. If you enter an invalid parameter, the instrument will
display an error message.

Discussion

Figure 3-11 demonstrates how using XY ZOOM can help
zoom in on a portion of a plotted waveform. In (A), a scal-
ing factor 4 is applied, with the result that only 100 of the
400 samples are reflected in the analog output sequence.
In (B), a scaling factor of 1is applied, so the entire measure-
ment buffer is plotted. In this instance, only every fourth
sample is reflected in the final signal. Thus, an appropriate
scaling factor can be used to effectively increase resolution
in cases where only a portion of a measurement requires

graphing.

If the XY ZOOM parameter is less than 1, you will be ef-
fectively zooming out from your graph. In this case, other
portions of the 64k RAM buffer not associated with the
measurement will become visible in the plot.
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Figure 3-11. How Scaling Factor Affects Viewed
Data

3.12.6 Controlling the Analog Output Viewed
Data (XY PAN)

By using the XY PAN key, you can select the first measure-
ment buffer sample to be placed in the analog output buf-
fer, thus effectively moving the viewed data left or right.
For example, if the measurement buffer contains 400
readings, 300 readings will not be seen, assuming the scal-
ing factor set with XY ZOOM is 4. By using XY PAN, you
can control which of those 100 samples you wish to see.
This key is active only if the XY data source is a measure-
ment buffer, and is inactive otherwise.

The smallest permissible value is —65,535, and the max-
imum value is: 65,535 (64k).

Program the analog output window as follows:

1. Press SHIFT XY PAN. The instrument will prompt with
the presently programmed value of the first buffer loca-
tion to appear at the analog output. For example, the
display might show: XYPAN = 100. Under these condi-
tions, samples 100-199 will be transmitted out the analog
output, assuming a scaling factor of 1.

2.To change the value, key in the new digits with the
numeric keys and press ENTER, or increment or decre-
ment the displayed value with the Uprange or
Downrange keys. If you use Uprange or Downrange, it
is not necessary to press ENTER to enter the new value.

3. If an invalid value is entered, the instrument will display
an error message.

Discussion

We can demonstrate how the XY PAN key can be used to
move the analog output viewed data with the help of
Figure 3-12. In all cases, the scaling factor is 4, and 400
samples are stored in the buffer. These samples are
numbered 0-399.

In Figure 3-12(A), the XY PAN parameter is zero, with the
result that samples 0-99 are included in the viewed data,
while samples 100-399 are excluded from the viewed data
and 100-399 do not appear at the analog output. In (B),
the window begins at sample 100 and extends through
sample 199. Figures 3-12(C) and 3-12(D) demonstrates
viewed data placement for XY PAN parameters of 200 and
300, respectively.
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Figure 3-12. Moving Analog Output Viewed Data with XY PAN
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3.12.7 Setting Maximum Analog Output Levels

The maximum output levels of the X and Y outputs can
be programmed to values between 1 and 10V, and the Z
output blanking level can be set to high or low by using
the OTHER key, as described in the following paragraphs.
The full scale values can be changed at any time without
affecting other operating modes. Table 3-8 summarizes
keystroke sequences and display messages for each of
these programming modes.

OTHER BUTTON

\
—J
1
L1 1
\I_l l_j)

X Output Level Programming—The full scale X output can
be programmed to values between 1 and 10V with 1uV
resolution. To program the X output level, perform the
following sequence.

1. Press: SHIFT, OTHER, 4, or SHIFT, OTHER, A, A, A,

A, ENTER. The instrument will prompt with the
presently programmed full scale value. For example, the
display might show:

X FS = 10.000000 V.

2. To change the value, use the numeric keys and press
ENTER. For example, to program 1.25V, press: 1, ., 2,
5, ENTER. During the entry process, you can return
to the previous value by pressing CANCEL.

3. If you attempt to program an incorrect level, an error
message will be displayed.

Y Output Level Programming—Like the X output, the Y
output full scale value can be set to values between 1 and
10V in 1xV increments. Program the Y output full scale
value as follows:

1. Press: SHIFT, OTHER, 5, or SHIFT, OTHER, A, A, A,
A, A, ENTER. The instrument will prompt with
presently programmed Y output full scale value. For
example, the display might show:

Y FS = 10.000000V

2. Key in a new value if desired, and press ENTER. For
example, to program a 5.1V value, press: 5, ., 1.,
ENTER

3. If you attempt to program an incorrect level, an error
message will be displayed.

Table 3-8. XY Mode Level Programming

Mode Range | Keystroke Entry Display Message

X Output Full Scale Value’| 1V-10V | SHIFT, OTHER, 4 X FS = 10.000000V

Y Output Full Scale Value | 1IV-10V | SHIFT, OTHER, 5 Y FS = 10.000000V

Z Output Blanking Level | Low or |SHIFT, OTHER, 6 Z BLANK = LOW
High
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Z Output Blanking Level—The Z output blanking level can
be set to one of two levels: OV (LOW) or 5V (HIGH)
nominal (also, a provision is made on the I/O board for
15V nominal). The purpose of the blanking pulse will de-
pend on whether the instrument is in the CRT, plotter, or
oscilloscope modes.

If the instrument is programmed for the CRT mode, the
blanking level is intended to blank the beam during the
beam retrace period. If the instrument is being used in the
plotter mode, the Z output blanking level can be used to
tell the plotter to lift the pen and return to the home posi-
tion. In the oscilloscope mode, the Z output blanking pulse
can be used to trigger the oscilloscope to begin the horizon-
tal sweep cycle.

Program the Z output blanking level as follows:

1. Press SHIFT, OTHER, 6. The unit will display the
presently programmed blanking level (HIGH or LOW)
as in this example:

Z BLANK = LOW

2. Use the Uprange or Downrange key to toggle the
display between LOW and HIGH levels.

The blanking level is placed into effect immediately.
4. Press CHANNEL to return to previous mode.

w

Discussion

Figure 3-13 demonstrates the operation of the blanking
pulse. In (A) a HIGH level is assumed, while (B) shows
a blanking pulse with a LOW level. Note that one pulse
is essentially the inverted form of the other.

During the transmission of data through the XY outputs,
the Z output is at the non-blanking level (OV when pro-
grammed for HIGH blanking, 5V when programmed for

LOW blanking). After each transmission sequence, the Z
output assumes the programmed blanking level. Note that
the transmission sequence is recurrent in the CRT and
oscilloscope modes, but it occurs only once with each XY
trigger in the plotter mode.

BLANK BEAM (CRT MODE)
PENUP (PLOTTER MODE) NEXT
TRIGGER SCOPE (OSCILLOSCOPE MODE) / BLANKING

r~—
HIGH (5V) — —— PULSE

LOW (0V)

——
/ DATA TRANSMISSION
PLOTTER SEQUENCE

STARTS HERE

A. HIGH BLANKING LEVEL

DATA TRANSMISSION

"
HIGH (5V)
LOW (0V) ————
— ——
PREVIOUS BLANKING BLANK BEAM (CRT MODE)
PULSE

PENUP (PLOTTER MODE)

TRIGGER SCOPE
(OSCILLOSCOPE MODE)

B. LOW BLANKING LEVEL

Figure 3-13. Output Blanking Levels
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3.13 MATHEMATICAL FUNCTIONS

The Model 194A has a number of built in mathematical
functions that can be used to analyze a measurement.
These functions include:

AVG (Average)

TRMS (True Root Mean Square)

PEAK (Positive and Negative Peak Values)
PK TO PK (Peak to Peak)

STD DEV (Standard Deviation)

INTEGRAL

WAVEFORM (Display sample at trigger point)

MATH BUTTONS

( )
. 7 8 9 (o] MHz
L J 1 L]
CH1+CH2 CH1-CH2 OTHER WAVEFORM kS
4 5 6 + kHz
O CO O O 3w
PK TO PK STD DEV  INTEGRAL SETUP ms
1 2 3 . Hz
J J 0J L1 L
\_ AVG TRMS PEAK S _J

The keys associated with the mathematical functions are
operational only when the instrument is in the single-
channel display mode. However, either channel may be
programmed for a particular function before placing the
instrument in the dual-channel mode. To do so, use the
CHANNEL button to display the desired channel and
select the desired function. Once the function is selected,
place the unit in the dual-channel display mode with the

CHANNEL button.

These mathematical functions operate on the samples cur-
rently stored in the measurement buffer. Samples are
numbered 0 through n-1, where n is the programmed
number of samples in the measurement. If the instrument
is in the single-trigger mode, selecting a function will cause
that function to operate on the most recent measurement
sequence. Thus, by taking a single measurement sequence,
you can apply a variety of differerent math functions to
a single measurement. Note, however, that only one func-
tion can be in operation at any given time; selecting a new
mathematical function will cancel the previously selected
function. It is not possible, for example, to take the integral
of the standard deviation.

Once a function is selected, you can perform that particular
function a number of times for different measurements
simply by triggering the instrument. Each time the unit
is triggered, the measurement buffer will be updated, the
selected mathematical operation will be performed on the
new measurement, and the result will be shown on the
display.

If the zero mode is in effect for a particular channel, the
zero baseline value will be subtracted from the reading
after the function is performed. In every mode, the result
will be overrange if one or more samples is overrange.

Display messages associated with the various math func-
tions are summarized in Table 3-9. The indicated values
are, of course, typical, and will depend on the measure-
ment on which the particular function is being performed.
If a valid measurement is not present in the buffer, the
reading portion of the display will contain dashes.

NOTE
The display update rate may vary depending on
the selected math function.

Table 3-9. Math Function Display Messages

Function Display Message* Description
AVG -1.2345V AVG 1 Average of Readings
TRMS 1.2345V RMS 2 True RMS of Readings
PEAK 1.2345V PK+2 Display positive peak value.
PEAK 1.2345V PK-1 Display negative peak value.
PKTOPK | 1.2345VP-P1 Peak-to-Peak Value.
STD DEV 0.1012V STD 1 Standard Deviation

’ INT 4.0315E000 VS 2 Integral of Measurement
WAVEFORM | 2.5931V DC T2 Display sample at trigger

point.

*Displayed value depends on applied signal.
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3.13.1 Average

The average of the samples in the measurement buffer can
be displayed by pressing SHIFT AVG (or simply AVG if
not in the data entry mode). The instrument will then
display the average of the samples in volts stored in the
measurement buffer in accordance with the following
formula:

n-1
E V,'
i=0

VAVG =
n

Where: V; = voltage amplitude of individual sample
i = individual sample number (0 through n-1)
n = number of samples in the measurement

Thus, the average is determined simply by adding up all
the samples and then dividing by the number of samples
in the measurement.

Typically, the display might show:
1.2235 V AVG 1

In this case, the average of samples in channel 1 is being
displayed.

The average function can be applied to measurements of
any size, although taking the average of a single-sample
measurement sequence makes no sense because the
average is the same as the sample.

Example:

As an example, assume that the data listed in Table 3-10
has been taken during a measurement sequence. The
average value is simply the sum of the samples divided
by the number of samples (11). Thus, the average of this
measurement would be:

VAVG = 130.65/11
VAVG = 11.877V

3.13.2 True RMS

The true RMS value of a voltage waveform is that value
which would produce the same heating effect as an equal

DC voltage. For a sine wave, the TRMS value equals 0.707
times the peak value.

To determine the true RMS value of the measurement,
press SHIFT TRMS (or simply TRMS if not in the data en-
try mode). The instrument will respond by displaying the
TRMS value in volts of the samples in the measurement
buffer. Although TRMS can be applied to measurements
of any number of samples, it is usable only for
measurements of two or more samples.

A typical display in the TRMS mode is as follows:
2.9875 V RMS 2

In this instance, the TRMS value of the channel 2 measure-
ment buffer is being displayed.

TRMS values are calculated as follows:

[n=-1

VTRMS = \

Where: V; = voltage amplitude of individual sample
i = individual sample number (0 through n-1)
n = number of samples in measurement

Example:

As an example, let us determine the TRMS value of the
measurement with samples listed in Table 3-10. We can first
determine the sum of the squares of all 11 samples as
follows:

i=n-1
Y = 1576.5825
i=0

The TRMS value can then be easily calculated by using
the above value as follows:

1576.5825

TRMS —

11

Virrus = 11.97V
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Table 3-10. Data For Mathematical Function

Examples
Sample Number Amplitude
0 106 V
1 27V
2 138V
3 14.25V
4 139V
5 124V
6 11V
7 105V
8 108 V
9 106 V
10 100 V

3.13.3 Peak

The peak mode allows you to display positive and negative
peak values in volts for the selected channel. Again, this
function is only usable for readings with two or more
samples.

Positive and negative peak values are defined as follows:

Positive Peak: the most positive sample stored in the
measurement buffer.
Negative Peak: the most negative sample stored in the
measurement buffer.

You can display positive and negative peak values as
follows:

1. Press SHIFT PEAK (or PEAK if not in the data entry
mode). The instrument will then display the positive
peak value, as in this example:

1.2345 V PK+1

2. You can toggle the unit between the + PEAK and -PEAK
values by using the PEAK button. For example, the
negative peak value might be as follows:

-24451 V PK-1

3. To cancel the peak mode, select another mathematical
function.

Example:

From our example measurement in Table 3-10, we can easily
determine the positive and negative peak values. The most
positive sample is number 3, which has an amplitude of
14.25V. The most negative (least positive) sample is number
10, with a signal level of 10V.

3.13.4 Peak-to-Peak

The peak-to-peak value of the selected channel can be
displayed by pressing SHIFT PK TO PK (or PK TO PK if
not in data entry mode). A typical display for this mode
might be:

12.503 V P-P 2

In this case, the peak-to-peak value of the channel 2
measurement is being displayed.

Peak-to-peak values are calculated as follows:
Vp—p = |V+P _V—PI

Where: Vp, = peak-to-peak value in volts
V +p = most positive sample in the measurement
V_p = most negative sample in the measurement

This function is valid for measurements of any size, but
when selected for a single-sample measurement, a reading
of zero will be displayed.

Example:

As an example, assume the instrument is displaying the
peak-to-peak value of the measurement shown in Table
3-10. The most positive sample is number 3, which has an
amplitude of 14.25V. The most negative sample has an
amplitude of 10.0V (number 10). Thus, the instrument
would calculate and display the peak-to-peak value as
follows:

Vpp = 14.25 - 100
Vpp = 4.25V
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3.13.5 Standard Deviation

Very often when dealing with a group of samples, it is
necessary to know how much the data varies from the
average of the measurement (group of samples). A com-
mon term used to describe this “spread” of data is the stan-
dard deviation. The Model 194A includes a standard devia-
tion function to help you analyze data in this manner.

To obtain the standard deviation of the measurement,
simply press SHIFT STD DEV (or simply STD DEYV if not
in the data entry mode). The instrument will then display
the standard deviation of the measurement, as in the ex-
ample below:

1.0001 V STD 1

This display would indicate that the standard deviation of
samples in channel 1 is being displayed.

The Model 194A calculates the standard deviation as
follows:

n-1
E (V,'—VA VG)2
i=0
VSTD =

n

Where: Vs, = standard deviation of the measurement

in volts
i = the number of an individual sample (0
through n-1)
n = the number of samples in the measurement
Vave = the average of the samples in the
measurement

Example:

For example, assume we can calculated the standard devia-
tion of our sample data from Table 3-10 as follows:

248165
VSTD =
jil
VSTD = 1.502V

3.13.6 Integral

Pressing SHIFT INTEGRAL (or simply INTEGRAL if not
in data entry mode) will display the integral of the
measurement in volt-seconds. A typical display in the in-
tegral mode might be:

4.0315E001 VS 2

In this case the integral of the channel 2 measurement is
displayed. Note that the VS indication in the display
depicts that volt-second units are being shown. Note that
the exponent of the integral is included in the display (E001
in this example).

The integral function may be applied to measurements of
any sample size; however, usable readings are returned
only for readings of two or more samples.

The Model 194A calculates the integral by summing areas
associated with individual samples under a curve. Thus,
the value returned by the integral function is an approx-
imation of the area under the entire curve. The boundaries
of this curve are defined by the measurement duration,
as well as the amplitude of the signal being measured, as
shown in Figure 3-14. Thus, the integral is calculated:

n-2
fvdt=[%V,+ % V., + Z V]t
i=1

Where: | Vdt = the integral of the signal with respect to
time
n = total number of samples in the measurement

Because each calculated curve area is only an approxi-
mation, the resulting integration process is only approx-
imate. For maximum accuracy, choose the largest number
of samples per measurement possible.

Example:

For example, using the formula above with the example
data from Table 3-10, we have:

n-2
fVdt=[%Vo+ %V, + ZV,]t,
i=1
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[ Vdt = [5.3V + 5V + 110.05V ] 0.001

§ Vdt = 0.12035 VOLT - SECONDS

SAMPLE AMPLITUDE

0 1 2 34 5 6 7 8 9 10 TIME(

SAMPLES |

(t) 10msec
Figure 3-14. Integration by Approximate Area
Summation

3.13.7 Waveform Mode

The waveform mode can be used to display the buffer sam-
ple that occurs at the trigger point. If it is not possible to
display the trigger point location, the instrument will
display the location as close as possible to the trigger point.
The RECALL button can be used to view samples stored
at other buffer locations.

A typical display in the waveform mode might be:
1.5467V DC T1

In this instance, the reading is 1.5467 and T indicates that
the trigger point is being displayed.

3.14 RATIO AND DIFFERENCE

When the optional Model 1944A is installed, the Model
194A can be programmed to display the ratio or difference
between channels 1 and 2, as discussed in the following

paragraphs.

RATIO & DIFFERENCE BUTTONS

\

kllL?l?lll__lJ

Display messages associated with these modes are sum-
marized in Table 3-11. Note that the instrument displays
the following message if one of these mode buttons is
pressed with no channel 2 module present:

NO A/D IN CH2.

Most other front panel buttons are inoperative when in
the ratio or difference modes.

Table 3-11. Ratio and Difference Display Messages

Message*
1.2345E01 XX 1-2

Description

Display difference between
channels 1 and 2 (see below for
XX units).

Display ratio of channel 1 to
channel 2 (see below for XX

1.2345E-3 XX 1/2

units).
NO A/D IN CH2 | 1944A option not installed.
XX= Description
blanks Dimensionless
VS Volt-seconds
v Volts
S Seconds
Us Reciprocal seconds
?? Invalid units

*Displayed values depend on calculated result.

3.14.1 Difference Mode

By pressing the CH1-CH2 key, you can display the dif-
ference between the channel 1 reading and the channel
2 reading. A typical display in this mode might be:

1.2567E-3 V 1-2
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This display indicates that the channel 2 reading is being
subtracted from the channel 1 reading. Note that the
displayed value has 4% digit resolution and includes an
exponent and appropriate units.

If one or both channels are programmed for mathematical
functions, those functions are performed prior to the
algebraic subtraction process. For example if channel 1 is
programmed for the average function, and channel 2 is
programmed for the TRMS function, the display will show
the difference between the channel 1 average and the chan-
nel 2 RMS value.

Any combination of math functions for the two channels
is valid, with the restriction that units must match. For ex-
ample, you cannot subtract volts from volts seconds.

If either channel is in the waveform mode, the sample that
is normally displayed will be applied to the CH1-CH2
mode. If either channel is in the overflow condition, the
result of the subtraction will be overflowed.

3.14.2 Ratio Mode

The Model 194A can be programmed to display the ratio
of channel 1 to channel 2 by pressing the CH1+CH2 but-
ton. The instrument will then display the ratio of the two
channels. A typical display might be:

2.3451EQI V 1/2.

Again, the displayed value has 4¥: digit resolution and in-
cludes an exponent along with appropriate units.

Any previously selected mathematical operations will be
performed before the division process is completed. When
in the waveform mode, the instrument will use the nor-
mally displayed waveform reading as input for the ratio
calculation. Any combination of math functions for the two
channels is valid.

If the channel 2 reading is zero, the OFLO message will
be displayed.

3.15 STATUS

By pressing the STATUS key, you can obtain and display

the status of the channel 1 A/D converter, as well as the
A/D converter in channel 2. To check status of a particular
channel, you must be in the single channel display mode
for that channel.

STATUS BUTTON
- )
]

[:]D

STATUS

]

|

k RESET )

When STATUS is pressed, the instrument displays the
status of various operating parameters in the following
order:

Zero value

Filter mode

Trigger source

Trigger mode

Delay (in time or number of samples)

Trigger level (if source is the input signal)

Sample rate

Measurement size (in elapsed time or number of samples)
Maximum sampling rate for 16-bit resolution
Maximum sampling rate for 8-bit resolution

Once the status mode is entered, the unit will scroll
through and display the various status parameters at a rate
of one per second. Table 3-12 shows typical display
messages. To terminate the status mode, press any other
front panel key. For example, you might wish to press
CHANNEL, which will return the instrument to the
previous mode.
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Table 3-12. Typical Status Mode Display Messages

Mode Typical Display Message
Zero Value OV

Filter FILTER OFF
Trigger Source IMMEDIATE
Trigger Delay ODELAY

Trigger Level O0uV

Sampling Rate 166.7us

Number of Samples 100 SAMPLES
16-Bit Maximum Rate 16 BIT 100kHz

8-Bit Maximum Rate 8 BIT 1IMHz

3.16 SETUP MODE

Through use of the setup mode, you can store two different
instrument configurations in non-volatile RAM. These con-
figurations will be retained for future recall even if the
power has been turned off. Setup 0 also allows you to
return to factory default configuration.

SETUP BUTTON

(" )
&0 &8a O

+

] . .

(.

SETUP

kI:]I:]l:]l:l[:!J

Stored parameters include the following:

Zero Mode (if enabled or disabled, and zero value)
Filter (Enabled or disabled)

Trigger Arming Mode (single/continuous)

Trigger Source

Trigger Delay (samples or time)

Trigger Slope

Trigger Level

Selected Range

Autorange (on or off)

Sample Rate (interval or frequency)

Measurement Size (number of samples or duration)
Input Coupling

Mathematical Function

IEEE-488 Primary Address

Display messages associated with the setup mode are sum-
marized in Table 3-13. Note that the contents of the
measurement buffer are not saved by the setup mode.

NOTE
If the unit is in the dual-channel display mode,
pressing SETUP will result in a SETUP WHICH?
message. At this point, you should use the CHAN-
NEL key to select which channel to recall.

Table 3-13. Setup Mode Display Messages

Message

RECALL SETUP n
STORE SETUP n
WHICH CHANNEL?
NMBR TOO SMALL
NMBR TOO LARGE
CAN'T STORE 0

Description

Setup recall mode.

Setup store mode.

Unit in dual-channel mode.
Setup parameter too small.
Setup parameter too large.

Improper setup position.

3.16.1 Recalling Setups

Three setup positions (0-2) may be recalled by using the
basic procedure below. Setup position 0 is permanently
programmed at the factory for the configuration shown in
Table 3-15, while the configurations stored in setup posi-
tions 1 and 2 can be programmed as discussed in
paragraph 3.16.2. Note that the instrument assumes the
SETUP1 configuration upon power up or when RESET is
used.

1. For instruments equipped with two A/D modules, select
the desired channel to be recalled with the CHANNEL
button.

2. Press SETUP to enter the setup mode. The instrument
will then display the selected configuration, for example:

RECALL SETUP 0

3. To recall the presently displayed setup, simply press
ENTER at this point.

4. To access a different setup than the one displayed, key
in the new digit (0-2) and press the ENTER key.

3.16.2 Saving Setups

Two different instrument configurations may be stored in
NVRAM by using the store aspect of the setup mode. Note
that you cannot store a setup at position 0 as that position
is permanently programmed with factory defaults.

1. If your unit has two A/D modules, use the CHANNEL
button to select the channel to be configured.
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2. Select the various operating modes for the configura-
tion to be saved using the appropriate front panel
buttons.

3. Press SETUP twice in succession. The instrument will
then display the following message:

STORE SETUP 1

4. To store presently selected setup, simply press ENTER.

NOTE
The SETUP 1 configuration is used for power on
and RESET conditions.

5. To store the configuration at a new position, key in the
digit (1 or 2) and press ENTER. The unit will then store
the new configuration. To return to the previous
operating mode, press CHANNEL.

6. If you attempt to store a configuration at the SETUP 0
position, the unit will display the following message:

CAN'T STORE 0

3.17 FRONT PANEL PROGRAMS
(OTHER KEY OPERATION)

Miscellaneous modes include programming the IEEE-488
address, self test, digital calibration, NVRAM storage of
calibration constants, X output full scale value, Y output
full scale value, and Z output blanking level. These modes,
along with display messages are summarized in Table 3-14.

OTHER BUTTON

\[7ll|lllll)

These various programs can be accessed by pressing
OTHER (SHIFT will be necessary if in the data entry

mode). The instrument will then respond with the
message for the IEEE-488 address program:

0 IEEE- 488 ADR

At this point, you can key in a single digit number to select
the desired program, (in which case ENTER is not
necessary), or use the A or V¥ key to scroll through
available modes. Once the desired program is displayed,
press the ENTER key to actually enter the selected

program.

The various programs associated with the OTHER key are
covered in detail in appropriate paragraphs of this manual
as follows:

Program 0 (IEEE-488 address): paragraph 4.5.

Program 1 (self test): paragraph 7.8.

Programs 2 and 3 (digital calibration and NVRAM storage):
paragraph 7.5.

Programs 4, 5, and 6 (Analog output levels): paragraph
3127

Table 3-14. Front Panel Programs

Program| Description Display Message
0 IEEE-488 Address 0 IEEE-488 ADR
1 Self Test 1 SELF TEST
2 Digital Calibration 2 DIGITAL CAL
3 NVRAM Storage of 3 CAL TO
Calibration Constants NVRAM
4 X Output Full Scale 4 X OUTPUT FS
5 Y Output Full Scale 5Y OUTPUT FS
6 Z Output Blanking Level] 6 Z BLANK
LEVL
3.18 RESET

Pressing SHIFT RESET returns the instrument to power-
on default (SETUP 1) operating conditions. The factory
default reset conditions are listed in Table 3-15. Note that
these will be different if you modify the SETUP 1
configuration.
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Table 3-15. Factory Default RESET (SETUP 1)

Conditions
Mode Status
Range Auto
Zero Disabled
Filter Disabled
Trigger Mode Continuous
Trigger Source Immediate (TRIGGER button)
Trigger Delay 0
Trigger Slope off
Trigger Level o
Sample Rate 166.7psec
Input Coupling DC
Measurement Size 101 samples
Reading Function Average

NOTE
These conditions are also restored by SETUP 0.

3.19 EXTERNAL CLOCK

The CLK IN and OUT jacks may be used to connect two
or more Model 194As together for synchronous operation.
To do so, connect the CLK OUT jack of the master unit
to the CLK IN jack of the slave unit, as shown in Figure
3-15.

CAUTION
Digital common is internally connected to
chassis ground and cannot be floated.

NOTE
Shielded cable should be used for the clock in-
put and output connections to minimize the
possibility of EMI radiation.

C ]ooo-DO
o
[Co©——— ©00] ¢ ©@

MASTER UNIT

{ ] o 00
o —=7 oagD

SLAVE UNIT

Figure 3-15. Synchronous Operation

Up to 16 units may be daisy chained together by using the
same basic connecting scheme. Figure 3-16 shows five such
units connected together: one master, and four slaves. Ex-
ternal clock operation is automatic; the instrument will
automatically switch to the external clock when the pro-
per signal is detected.

CLK IN may also be used to apply an external time base
at TTL levels (low, 0-0.8V, high 2.4-5V). The time base can
be in the range of IMHz to 10MHz; however, programm-
ed sampling rates assume that a 10MHz signal is used.
Thus, sampling rates must be adjusted accordingly if a
non-standard clock is applied. For example, if the clock
rate is 5SMHz, the instrument will sample at exactly one-
half the programmed rate.

NOTE
Both A/D modules (dual-channel units) use the
same time base. Thus, any signal applied to CLK
IN will affect both A/D modules.
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———— Nooou c————— No ooU} — R
————— ClocK O C———— COX O — CocK O
MASTER SLAVE #1 SLAVE #2

c————— N o oO0uT NG o207
CLOCK O cLocK O
— —
SLAVE #4 SLAVE #3

Figure 3-16. Synchronizing Five Units by Daisy Chaining

3.20 REAL TIME OUTPUT

Each A/D module has a real time output port that can
transmit A/D data to an external device such as a computer
on a real time basis.

Data can be taken a byte at a time (8 bits) or a word at a
time (16 bits). The transmission rate will, of course, de-
pend on the selected sampling rate. For example, if you
program a 100kHz sampling rate, transmission will occur
at that frequency.

3.20.1 Signal Lines

The pin out diagram for the real time connector is shown
in Figure 3-17. Signal lines are listed in Table 3-16. Figure
3-18 shows a typical timing diagram for the real time
output.

Figure 3-17. Real Time Output Connector

Table 3-16. Real Time Output Signals

Pin 1942 Cable
Number Signal Line Assignment*
1 Digital Common | Black, coaxial shield
2 MEASURING
3 OVERRUN
4 NEW CONVERSION
5 HIGH BYTE
6 D8
7 D9
8 D10
9 D11
10 D12
11 D13
12 D14
13 D15
14 ABORT* White wire
15 SAMPLE TRIGGER*| Coaxial cable center
conductor
16 Not Used
17 LOW BYTE
18 DO
19 D1
20 D2
21 D3
22 D4
23 D5
24 D6
25 D7

*Used with external sample control. See paragraph 3.21.
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CAUTION
Digital common is connected to chassis ground
and cannot be floated.

NOTE
Shielded cable should be used with the real time
output in order to minimize the possibility of EMI
radiation.

Real time output signal lines include:

Data lines (D0-D15)—These lines have non-inverted A/D
converter data. DO is the least significant bit, and D15 is
the most significant bit. Note that converter data has 16
bits at sampling rates of 100kHz and lower (and if the pro-
grammed number of samples is <32,768). Above 100kHz
(or if the number of samples is >32,768), the converter
operates in the 8-bit mode. In this case, relevant data is
located only on DO through D7.

NEW CONVERSION—This signal line will go high when
converter data has been latched into the real time output
data latches and is ready for transfer.

LOW BYTE—This line should be set low to enable the
DO0-D7 data lines. Note that the data lines D0-D7 will be
in the high-impedance state when LOWBYTE is high.

HIGH BYTE—This line should be set low to turn on the
D8-D15 data lines. D8-D15 will be in the high-impedance
state when HIGHBYTE is high.

OVERRUN-—This flag bit will be set high if data made
available by a previous conversion was not taken. One or
more data words will have been lost under these
conditions.

MEASURING—This line will be high when the instrument
is performing a measurement sequence; in other words,
the triggering condition has been met.

3.20.2 Reading Real Time Data

The exact method used to transmit data will depend on
the particular application; however, the procedure below
gives the basic sequence for transfer of data. The sequence
assumes the instrument is processing samples (MEASUR-
ING high). A flow chart of this sequence is shown in
Figure 3-19.

1. Monitor the NEW CONVERSION line and observe
when it goes high. When NEW CONVERSION goes
high, the data byte or word has been latched into the
output data latches.

2. Test the state of the OVERRUN flag. If it has been set
high, you have missed one or more words of data. To
correct an overrun condition, either increase the reading
rate of the external equipment, or program a slower
sampling rate.

e L LT LT LT LT L

LO, HI BYTE

NEW CONV —-'_LI

12

LI
L

]

. EOC goes true, setting NEW CONVERSION
. same as A
same as B

.same as B

ST IeMMUO®>

OVERRUN
AB C D E F G H |
DATA (DO-D15) XX o
VALID VALID  VALID

LOWBYTE and/or HIGHBYTE go true, clearing NEW CONVERSION
EOC goes true while NEW CONVERSION is still true, setting OVERRUN
EOC goes true with NEW CONVERSION false, setting NEW CONVERSION and clearing OVERRUN

. EOC goes true while LOWBYTE and/or HIGHBYTE are still true, setting OVERRUN, NEW CONVERSION does not get set
EOC goes true after LOWBYTE and HIGHBYTE have gone false, clearing OVERRUN and setting NEW CONVERSION

Figure 3-18. Real Time Output Timing
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3. If data is to be transferred in low byte, high byte fashion,

first pull LOW BYTE low and read the D0-D7 data lines.
Next, pull HIGH BYTE low and read the D8-D15 data
lines.

4. If all 16 bits are to be transferred at the same time, simply
pull both LOW BYTE and HIGH BYTE low
simultaneously and read DO through D15 at the same
time.

5. Test the state of the MEASURING line. If it is high, the
instrument is still sampling, and steps 1-4 above can be
repeated for the next sample. If MEASURING is low,
the sequence has been terminated and no new data will
be made available.

NEW
CONVERSION
HIGH?

NO

3.20.3 Computer Interfacing

PULL LOW
BYTE LOW
The exact nature of the interface will, of course, depend
on the computer being used. In this paragraph we will
discuss computer interfacing in general terms. y
READ DO-D7

Figure 3-20 shows a simplified block diagram of a typical
computer interface. At the left side of the diagram, typical

computer bus lines are shown, including the data bus \L
(D0-D7?), the address bus, as well as bus clock and reset
lines. The interface itself is shown in the center part of the PULL HIGH
diagram, while Model 194A components of note are shown BYTE LOW
on the right.

The address decoding circuitry partitions the interface cir-

cuitry into three unique addresses as follows: READ D8-D15

STATUS: A read-only location that allows you to determine
the conditions of the MEASURING, NEW CONVERSION
and OVERRUN flags in the Model 194A.

FLAG ERROR

LOW BYTE: A read-only location that returns the low byte
of instrument data.

HIGH BYTE: A read-only location that returns the high
byte of the real time data.

MEASURING
HIGH?

The tri-state buffer is the interface between a number of
interface and Model 194A status lines, including SHIFT
COMPLETE, OVERRUN, MEASURING, and NEW CON- NO
VERSION. Status of these lines can be checked by reading
the STATUS location and then masking off the appropriate
bit to determine the state of that particular line.

END

Figure 3-19. Flow Chart for Reading Real Time
Data
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Figure 3-20. Simplified Block Diagram of Real Time Computer Interface

3-41



OPERATION

Reading Real Time Data

Real time data can be read by performing a read opera-
tion to the low and high byte locations in sequence. The
exact memory locations will, of course, depend on the ad-
dress decoding scheme used. For example, assume that
the interface is located at four memory locations begin-
ning at address $DF00, with the three locations decoded
as follows:

STATUS: $DF00
LOWBYTE: $DF02
HIGH BYTE: $DF03

Further assume that the three status signals are assigned
the following data bus lines:

OVERRUN: D1
NEW CONVERSION: D2
MEASURING: D3

The following source code gives a simple example using
6502 assembly language on how to go about accessing real
time data and storing it in computer memory. The program
accesses 256 bytes (128 words) of instrument data and
stores them in a memory buffer beginning at location
$C000.

SOURCE CODE

COMMENTS

START
LOOP

PASS

LDX #300
LDA $DF00

AND #%04
BEQ LOOP
LDA $DF02
STA $C000,X

INX

LDA $DF03
STA $C000,X
LDA $DF00
AND #$08
BEQ PASS
INX

BNE LOOP
RTS

Clear memory pointer.
Load interface status
into accumulator.
Mask off NEW CON-
VERSION bit.

If no conversion,
branch back and wait.
Load low byte into
accumulator.

Put low byte in
memory location with
offset X.

Increment memory
pointer.

Load high byte into
accumulator.

Put high byte into
memory location with
offset X.

Get interface status.
Mask off MEASUR-
ING bit.

If no longer measur-
ing, end routine.
Increment memory
location pointer.
Branch back for next
reading.

Return to calling
routine.
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Speed Considerations

The interface discussed in this paragraph uses memory-
mapped I/O. Thus, the limiting factor for the rate of data
transfer lies in the speed of the processor involved. For
a 6502 running at IMHz, for example, we are looking at
a byte transfer rate of 20-25usec per byte--a speed that is
much slower than the fastest (IMHz) sampling rate of the
Model 194A. Even with a much faster 16-bit processor, it
is doubtful whether the MPU could keep up with the
available data at these extremely high rates.

Thus, for more rapid data transfer, the interface discussed
here would have to be modified to incorporate a DMA
(Direct Memory Access) controller IC. This arrangement
would allow the interface to take data bytes as they come
from the instrument and dump them directly to computer
memory, bypassing the bottleneck of the MPU. Of course,
this added speed would come at the expense of both soft-
ware and hardware complexity.

3.21 EXTERNAL SAMPLE CONTROL

This paragraph contains information on connections, con-

trol signals, and basic operation of the Model 194A using
the external sample trigger feature.

3.21.1 Connections

In order to use external sample triggering, the optional
Model 1942 cable must be connected to the REAL TIME
OUTPUT of the appropriate A/D module, as shown in
Figure 3-21. The black and white wires are intended to
apply the internal/external trigger select signal, while the
coaxial cable is to be used to apply external SAMPLE TRIG-
GER pulses, as discussed below.

Table 3-16 summarizes the REAL TIME OUTPUT terminal
assignments for those who wish to construct their own
cables. Note that the white wire is connected to pin 15,
while the black wire connects to digital common (pin 1).
In a similar manner, the shield of the coaxial cable should
also be connected to digital common, while the center con-
ductor is to be connected to pin 14. Figure 3-22 shows these
connections in detail.

— /
7
® \
3 |lle ®
CARD 2
C D) C D)
L\VOLTAGE inpuT REAL_TIME_OUTPUT
® s::::ls:::ux I— ® IEEE COMMON o @
@ T%%ﬁz%ﬂ ﬂﬂﬂﬂﬂ 00000000 TRIGGER o w
J ~ cARD 1\
© /
— N\ 1
|
DB-25 CONNECTOR
CONNECT TO
REAL TIME OUTPUT

IGH = INTERNAL
WH”E}ABORT {N CLOCK USED

BLACK LOW = EXTERNAL

SAMPLE TRIGGER
(DIGITAL COMMON)
{‘sr\}lsm (SAMPLE TRIGGER INPUT)
SHELL CONNECTED TO

DIGITAL COMMON

Figure 3-21. External Sample Triggering Connections
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MALE DB-25 CONNECTOR

BLACK
(DIGITAL COMMON)

1

2

12 11 1
o O

25 24 23 22 21 20 1918 17 16 15
O OO0 00O 0 OO0 O0OO0

Ow

—

09 8 7 6 5 4 3 2 1
O O 0 0O 00 O 0O o

4

WHITE
(ABORT)

@

/vL

CONDUCTOR
(SAMPLE TRIGGER)

\

SHIELD

CABLE

COAXIAL —/\

%:’4— BNC CONNECTOR

Figure 3-22. External Sample Cable

3.21.2 Control Signals

The two control signals that govern external sample trig-
gering are the ABORT and SAMPLE TRIGGER lines. The
ABORT signal is applied between the white and black
wires, while the SAMPLE TRIGGER signal is applied to
the BNC coaxial cable. The characteristics of these two
signals are discussed below.

Internal/External Sample Triggering Selection (ABORT)

The logic level on the ABORT line selects between inter-
nal and external sample triggering signals, as shown in
Figure 3-23. An open circuit or TTL high logic level on
ABORT (white wire), referenced to digital ground (black
wire), selects internal sample rate operation. Placing
ABORT at TTL logic low, or shorting it to ground (black
wire) selects external sample triggering, with samples
taken at a rate determined by the signal applied to SAM-
PLE TRIGGER (see below). If ABORT is returned to TTL
high during a measurement, data collection will continue
using the internal sample trigger pulses at the programmed
rate.

In most cases using external sample triggering, the black
and white wires can be simply connected together. For con-
venience, a switch can be connected between the white
and black wires allowing easy selection of internal or ex-

ternal sample triggering. When the switch is open, the in-
strument will process samples based on the internal clock;
when the switch is closed, external sample triggering will
be in effect.

TTL INTERNAL
HIGH SAMPLE
(2V-5V) TRIGGERING
EXTERNAL TTLLOW
SAMPLE (<0.8V )
TRIGGERING

Figure 3-23. ABORT Input Specifications

External Sample Trigger Input (SAMPLE TRIGGER)

The SAMPLE TRIGGER input is a BNC terminated coax-
ial cable, which is compatible with TTL or open collector
drive circuits, as shown in Figure 3-24. Pulses on this line
must be at least 100nsec in duration for reliable operation.
Note that each sample is triggered on the low-to-high tran-
sition of the SAMPLE TRIGGER line when ABORT is low.

3-44



OPERATION

SAMPLE
TRIGGERS ON
RISING EDGE
v
TTL HIGH
(2V-5V)

TTLLOW

(<0.8V ) :<—> 100ns &

Figure 3-24. SAMPLE Input Pulse Specifications

The programmed rate (selected from the front panel with
RATE or programmed with the S command over the
IEEE-488 bus) controls the re-arm period between samples.
Total re-arm time is typically the sampling interval deter-
mined by the programmed rate. For example, if the pro-
grammed rate results in a sampling interval of 1usec, the
re-arm time between samples will be approximately 1usec.

In order to ensure that the instrument responds to each
and every SAMPLE TRIGGER pulse, you must make cer-
tain that the interval between pulses is at least equal to
the re-arm time discussed above. Pulses that occur dur-
ing acquisition of an individual sample will be ignored,
as the instrument will not trigger a new sample until
re-armed.

3.21.3 External Sample Trigger Considerations

In most respects, the Model 194A operates the same
whether using either internal or external sample trigger-
ing. Basically, you will still be required to program the
number of samples, sampling rate, trigger mode, and so
on. However, there are a couple of constraints that shculd
be kept in mind, as discussed in the following paragraphs.

Minimum Sampling Duration

Regardless of the programmed sampling rate and number
of samples, the Model 194A will always attempt to collect
at least 200usec worth of samples. For this reason, extra
samples may be collected. As an example, assume that the
unit is programmed to take one sample at the 1usec rate.

In this situation, 200 samples would be collected, and the
last 199 samples would be discarded.

When using external sample triggering, you must make
certain that sufficient samples are taken to satisfy the
200usec minimum in order to complete the measurement.
Two ways to do so are:

1. Supply sulfficient trigger pulses through the SAMPLE
TRIGGER input to complete the 200usec minimum
measurement duration.

2. Set the ABORT line high after valid samples are taken.
Doing so will complete the measurement at the pro-
grammed rate using the internal rather than external
sample triggering.

Negative Trigger Delay

Negative trigger delays should not be used with external
sample triggering. For negative trigger delays, the instru-
ment waits the programmed time before enabling the trig-
ger. When using external sample triggering, there is no way
to verify that the specified number of samples are taken
before the trigger is enabled. For that reason, invalid data
will be added to the beginning of the desired samples if
negative delay settings are used.

Sample and Measurement Triggering

It is important to differentiate between sample triggering
and measurement (waveform) triggering. Sample trigger-
ing is performed by the pulses applied to the SAMPLE
TRIGGER input on the DB-25 connector (when external
sample triggering is selected). In this situation, one sam-
ple per trigger pulse is taken (assuming sufficient re-arm
time is allowed between triggers).

The measurement trigger initiates the acquisition of a set
of samples, with the trigger stimulus depending on the
programmed trigger source. (If external triggering is
selected, the measurement trigger comes from the EXTER-
NAL TRIGGER INPUT). Since a measurement must
always be triggered, you must still arm the A/D converter
and apply the appropriate measurement trigger stimulus
(as determined by the SOURCE key or IEEE-488 T com-
mand) before applying the sample triggers.

3.21.4 Instrument Programming

The following paragraphs discuss the fundamental pro-
cedures for taking data using external sample control and
then reading that data.
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Taking Data 3.22.1 Ground Loops

Ero;lessmgthdata undefr external samp lel Cf[)ﬁtrgl is very  Ground loops that occur in multiple-instrument test set-
S d ar to ef p ﬁoces.s or internal control. The basic pro- ups can create error signals that cause erratic or erroneous
cedure 15 as lolows: measurements. The configuration shown in Figure 3-25 in-

troduces errors in two ways. Large ground currents flow-
1. Connect the Model 1942 Sample Cable to the REAL ing in one of the wires will encounter small resistances,

TIME OUTPUT jack of the appropriate A/D module.  gher in the wires, or at the connecting points. This small
Connect the BNC cable to the external sample trigger  yegjstance results in voltage drops that can affect the
source. Keep in mind that the SAMPLE TRIGGER in-  1o,gyrement. Even if the ground loop currents are small,
put requires TTL-compatible signal levels (see Figure magnetic flux cutting across the large loops formed by the
3-24). ) test leads can induce sufficient noise voltages to disturb
2. Select vgncc)lus operating modes such as range and filter,  sensijtive measurements.
as required.
3. Select the SGL trigger mode and trigger source, as re-
quired. In many cases, you will probably use the im-  To prevent ground loops, instruments should be connected
mediate trigger mode, but other sources can be used,  to ground only at a single point, as shown in Figure 3-26.
if desired. Experimentation is the best way to determine an accept-
4. Using the RATE and SAMPLES keys, program the able arrangement. For this purpose, measuring instru-
desired sampling rate and number of samples in the ~ ments should be placed on the lowest ranges. The config-
measurement. Keep infmind that the rate should be the lllrfa’?olr': ttl:l?:lt ;esultsdm the lowest noise signal is the one
highest expected rate for the sample trigger pulse in- at sno € used.
tefval. Thepnumber of samples, ofIZoursg,g wil{) depend
on the required measurement size.

5. Set the ABORT line low to select external sample con- SIGNAL LEADS
trol (or simply short the black and white wires together).
6. Connect the signal to be measured to the INPUT jack NSTRUMENT NSTRUMENT NSTRUMENT
of the appropriate A/D module. A B C
7. Press the TRIGGER button to arm the A/D converter, o o
then begin applying the sample trigger pulses (if a trig- ‘[ f ‘] ~[‘ )
ger mode other than immediate was selected, you must —
also first apply the appropriate measurement trigger). < R
The unit will then process one sample per pulse. Be sure 4 &{5 'SCE/;L (:GUR,%%N?. ';(ESVF:, \
to apply sufficient pulses to complete the measurement IN A SIGNAL LEAD 7
(or set ABORT high after the desired samples are taken). . <
8. To begin a new measurement sequence, press TRIGGER | POWER LINE GROUND =
to re-arm the A/D converter, then apply sample trigger ~
pulses.
Figure 3-25. Multiple Ground Points Create a
Evaluating Data Ground Loop
Once the measurement is complete, sample data can be
evaluated with any of the usual methods. To view in-
dividual samples on the front panel, simply press the INSTRUMENT INSTRUMENT INSTRUMENT
RECALL key and scroll through data, as required (over the A B c
bus, use the F0 and B commands to obtain sample data). O _ R o

T 7 —7

Other possible analysis methods include selecting a math
function, or viewing/plotting data through the analog out-
puts. See paragraphs 3.12 and 3.13 for details.

POWER LINE GROUND

3.22 MEASUREMENT CONSIDERATIONS

The following paragraphs describe a number of considera- Figure 3-26. Eliminating Ground Loop
tions to be taken into account when using the Model 194A.
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3.22.2 RFI

Radio Frequency Interference (RFI) is a general term fre-
quently used to describe electromagnetic interference over
a wide range of frequencies across the spectrum. RFI can
be especially troublesome at low signal levels, but it may
also affect higher level measurements in extreme cases.

RFI can be caused by steady-state sources such as TV or
radio broadcast signals, or it can result from impulse
sources, as in the case of arcing in high voltage en-
vironments. In either case, the effect on instrument per-
formance can be considerable if enough of the unwanted
signal is present. The effects of RFI can be seen as an
unusually large offset, or, in the case of impulse sources,
sudden, erratic variations in the displayed reading.

RFI can be minimized by taking one or more of several
precautions when operating the Model 194A in such noisy
environments. The most obvious method is to keep the
instrument and measured source as far from the RFI source
as possible. Shielding the instrument, source, and test
leads will often reduce RFI to an acceptable level. In ex-
treme cases, a specially constructed screen room may be
necessary to attenuate the troublesome signal.

In many cases, the internal 50kHz or 500kHz filters may
provide sufficient attentuation of any RFI signals. In more
difficult situations, it may be necessary to use external
multiple-pole notch or band-stop filters, tuned to the of-
fending frequency range. Keep in mind, however, that such
filtering may have detrimental effects (such as increased
response time) on the measurement.

3.22.3 Instrument Loading Effects

The input impedance of the Model 194A is 1.1IMQ (IMQ,
200V range) in parallel with less than 47pF. The resistive
component of the input impedance is sufficiently high so
as to have a negligible loading effect on most sources. For
sources with high internal resistance, however, the finite
input resistance of the instrument can have a detrimental
effect on measurement accuracy.

To see how instrument loading can affect the measure-
ment, let us review the equivalent circuit in Figure 3-27.
Eg and Rg are the source voltage and source resistance
respectively, the instrument input resistance is Rj, and the
voltage seen by the meter is V).

SOURCE INSTRUMENT
e N
. |
| NN\s | T |
| l | |
| -_— £ I l |
L= L Ri |
! | l |
l l |
| ! | |
| ' l |
e e e J | o
EgR|
VM=
Rs+R|

Figure 3-27. Loading Effects

Rg and Rj form a voltage divider that attenuates the in-
put signal as follows:

EgR;

VM =
Rs + Rp

Thus, if Rg has a value of 100k, and Ry is IMQ (the in-
put resistance of the instrument), the actual voltage
measured by the Model 194A with a 10V source will be:

10 x 1IMQ
Vwm=_

™MQ + 100kQ
VM = 9.09V

Thus, we see that the effects of instrument loading with
high source resistances can be substantial, resulting in an
error of almost 10% in this case.

For any given source resistance, we can calculate the per-
cent error in the measurement from the following formula:

Rg
%ERROR = x 100%

Rg + IMQ

For example, assume that Rg has a value of 1kQ. The er-
ror due to instrument loading is:
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1kQ
%ERROR =
1kQ + 1IMQ

x100%

%ERROR = 0.0999%

3.22.4 Input Capacitance Effects

Virtually any circuit has at least a small amount of
distributed capacitance that can slow down measurement
response time, especially if the Model 194A is being used
at very high sampling rates. Even if the circuit itself has
minimal capacitance, cable or instrument capacitance ef-
fects can be noticeable.

As an example, assume that the Model 194A is being us-
ed to measure the circuit shown in Figure 3-28. The source
voltage and resistance are represented by Eg and Rg, the
input capacitance is Cj, and the voltage is V). For the pur-
poses of this discussion, we will ignore the effects of the
input resistance.

Rs

_-]: AAAY

— Es

:

A. CIRCUIT

L — —) - —
(N

VM =+

0.632 Eg

RgC

B. EXPONENTAL RESPONSE

Figure 3-28. Input Capacitance Effects

When Eg is first applied, the voltage across the capacitance
(and thus, at the input of the instrument) does not rise
instantaneously to its final value. Instead, the capacitance
charges exponentially as follows:

Note that Rg is given in ohms, C is in farads, while t is
in seconds.

Because of the charging action of Cj, the input voltage
follows the exponential curve shown in Figure 3-28. At the
end of one time constant (RsCy), the voltage will reach ap-
proximately 63% of its final value. At the end of two time
constants (2RgCy), the voltage will reach 86% of its final
value, and so on. Table 3-17 summarizes voltage and per-
cent error values for ten different time constants.

The response time will, of course, depend on the relative
values of Rg and Cj. For example, if Rg has a value of 1k,
and Cj has a value of 1000pF, a time constant of lusec
results. Thus, to allow the reading to settle to within 0.1%,
approximately 7usec must be allowed.

While input capacitance does increase response time, it
can help to filter out some of the higher frequency noise
present in the signal by effectively limiting instrument
bandwidth. If we assume that all input capacitance is
lumped into a single element, the half-power (-3dB) point
of the circuit in Figure 3-25 will be:

1
f-3db =

27Rg(Cy

Thus, if Rg has a value of 1k, and Cj has a value of
1000pE, the half-power point will be 159kHz.

Table 3-17. Voltage and Percent Error For Various
Time Constants

Time* VM %Error
T 0.632 Eg 36 %

27 086 Eg U %
37 095 Eg 5 %
47 0.982 Eg 18 %
57 0.993 Eg 0.674%
6r 0.9975 Eg 0.25 %
7T 0999 Eg 0.09 %
87 0.99966Eg 0.033%
97 0.9999 Eg 0.012%
107 0.99995E¢g 0.005%

*r = RgC
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3.22.5 AC Frequency Response
Considerations

The strength of the Model 194A lies in its ability to analyze
complex waveforms. The following paragraphs discuss a
number of considerations to keep in mind when measur-
ing AC signals, including low frequency response limits,
as well as volt-hertz product considerations.

Low Frequency Response

When DC coupling is in effect, the instrument measures
down to DC levels (0Hz). Thus, no consideration as to the
reponse of the instrument at low frequencies need be given
when using DC coupling. :

If AC coupling is in effect, however, the instrument
response rolls off at low frequencies. Thus AC coupling
should not be used in cases where this attenuation factor
might lead to significant errors in the measurement of low
frequency signals, unless AC coupling is necessary to
remove the DC component of an applied signal.

Volt-Hertz Considerations

With almost any measuring instrument, there exists a limit
as to the maximum volt-hertz product that can be
measured. Simply stated, the volt-hertz product defines
the maximum peak voltage that can be measured at a given
frequency.

For example, the maximum normal-mode input that can
be safely applied to the Model 194A is 2 x 10’ VeHz. From
this value, you can easily determine the maximum fre-
quency at a given peak voltage by dividing the volt-hertz
product by that voltage. For example, the maximum fre-
quency at 20V peak would be:

2 x 107VeHz

fmax = ——
20
fMAX = IMHz

Note that other factors such as input amplifier frequency
response and sampling rate affect measurement accuracy
of higher frequencies.

3.23 TYPICAL APPLICATIONS

Applications for the Model 194A are many and varied and
will depend largely on your particular needs. Basically, the
Model 194A operates much like an ordinary DMM in that
it measures DC voltages. However, special characteristics
such as high sampling rates, a large measurement buffer,
and built in math functions allow application of the instru-
ment to measurements not possible with more ordinary
units.

In the following paragraphs, we will discuss some typical
applications for the Model 194A High Speed Voltmeter.
Keep in mind that these examples are only representative
of Model 194A capabilities, and by no means even begin
to exhaust the possible uses for the unit.

3.23.1 Periodic Waveform Analysis

Probably one of the more obvious situations for the Model
194A is in cases calling for rapid sampling of the input
signal, as is the case when analyzing periodic waveforms.
The type of analysis, of course, will depend on the
waveform as well as your particular requirements.

For example, assume that a 50kHz sine wave like the one
shown in Figure 3-29 is to be analyzed. Our first task would
be to set up the instrument to properly sample the
waveform at hand. Operating modes such as range, sam-
pling rate and interval, and trigger mode would be set up
in accordance with our knowledge of the waveform being
sampled.

Since the nominal peak-to-peak value of the waveform is
+10V, we could place the instrument on the 32V range.
With a frequency of 50kHz, the waveform has a period of
1/50kHz = 20usec. Thus, to capture at least one complete
cycle of the waveform, we would have to choose a sam-
pling interval of 20usec. The maximum number of samples
per cycle would then be 20 since the minimum sampling
interval is 1usec.

If the instrument is left in the continuous trigger mode,
the measurement sequence will be repeated on a con-
tinuous basis. The various mathematical functions could
then be used to provide important information such as the
peak-to-peak, RMS, and average values.
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Figure 3-29. Periodic Waveform Analysis

3.23.2 Long Term Measurements

Although the Model 194A is primarily designed for high
sampling rates, its large measurement buffer makes it
suitable for any application requiring a large number of
samples--even on a long term basis.

Long term drift analysis of power supplies is one area
where such measurements may be required. The Model
194A could be programmed to sample the power supply
voltage at specific intervals. Once the measurement cycle
is completed, the peak-to-peak variations as well as the
long-term average power supply voltage could then be easi-
ly obtained with the Model 194A mathematical functions.

For example, assume you desire to monitor the output
voltage of a power supply at one second intervals. You
would then program the instrument for this interval by
entering information with the RATE key. The number of
samples to be programmed would then depend on the
duration of the test. With a one-second interval, a total of
7,200 samples would be required for a two-hour measure-
ment period.

3.23.3 Digital Storage Oscilloscope

Oscilloscope analysis of recurrent or periodic waveforms
is fairly routine since the scope can be triggered repeated-
ly to generate the required trace. Transient waveforms are
another story, however, as it is generally difficult, if not

impossible, to view such waveforms on an ordinary oscillo-
scope. The Model 194A, however, can give you digital
storage oscilloscope capabilities when used with an exter-
nal display device such as a plotter, CRT, or a basic
oscilloscope.

Consider the transient waveform shown in Figure 3-30.
When the Model 194A is performing a measurement se-
quence, it will measure all or part of the waveform, as
determined by the sampling window. The relative size of
this sampling window depends on the programmed rate
and samples, as well as such trigger parameters as delay,
slope, and level. Since the measured waveform is transient
in nature, careful selection of these parameters is necessary
to ensure proper triggering and measurement.

SAMPLING

WINDOW
A

Figure 3-30. Transient Waveform

Once the waveform has been digitized and stored in the
buffer, the XY mode can be used to graph the data. Three
basic graphing modes are available: CRT, oscilloscope, and
plotter.

The XY analog output is used to drive the graphing device
regardless of the plot mode selected. Figure 3-31 shows
typical connections for the oscilloscope and plotter modes.
With the oscilloscope mode in (A), the Y output is used
drive the vertical input of the scope, while the Z output
is connected to the external trigger input. With the plotter
in (B), the X and Y outputs drive the X and Y inputs of
the plotter, while the Z output provides a pen up signal
for the plotter.
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Figure 3-31. Typical Digital Oscilloscope
Connections

3.23.4 Dual-Channel Voltmeter

The Model 194A can be equipped for dual-channel opera-

tion by adding an optional Model 1944A A/D Module.
When the instrument is equipped in this manner, each
channel operates independently from one another, with
the exception of the display, front panel controls, and
IEEE-488 bus. Since each channel can be independently
programmed, the Model 194A can be set up to make two
entirely different types of measurements at the same time.

For example, assume a periodic waveform is to be sampled
and analyzed on channel 1, while a DC voltage is to be
monitored for drift with channel 2. Figure 3-32 shows the
basic configuration for this measurement. Each channel
could be programmed for appropriate rate, samples, and
trigger mode. With the periodic waveform, a rapid sampl-
ing rate would probably be required, while a much slower
rate would be required for long-term drift analysis.

1
l

|
1 ]

PERIODIC INPUT DC INPUT
SIGNAL I T SIGNAL
|
' | |
CHANNEL| |CHANNEL -—
> =
|
|

|

Figure 3-32. Dual Channel Operation

Once data is sampled and stored in the independent chan-
nel buffers, mathematical functions could be performed
on each channel independently. For example, you may
wish to obtain the RMS value of the waveform sampled
on channel 1, and the average of the DC voltage measured
on channel 2.

3.23.5 Catch a Falling Pulse

The Model 194A lends itself readily to pulse analysis due
to its high sampling rates. Its buffer storage capabilities
allows the instrument to catch rapid pulses and retain them
for additional analysis.

Common pulse measurements include pulse duration, as
well as rise and fall times. Generally, the rise time is de-
fined as the period of time required for the pulse to rise
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from 10% of maximum value to 90% of full value. Con-
versely, the fall time is defined as the time period required
to fall from 90% of maximum value to 10% of maximum
value.

Assume we wish to analyze the fall time of a typical pulse
like the one shown in Figure 3-33. This pulse has a peak
amplitude of 10V, and a duration of approximately 30msec.

To properly analyze the fall time, we must choose correct
operating parameters such as sampling interval and rate,

as well as such triggering parameters as slope, level, and
single/continuous mode. For example, if we know that fall
time is approximately 10msec, we might choose a sam-
pling duration of 15msec, allowing a certain amount of
margin for error. With a 15msec duration, the maximum
number of samples we can take is 15,000, since the instru-
ment can sample at rates up to IMHz. Above 100kHz,
however, the A/D converter operates with 8-bit resolution
instead of the 16-bit resolution in effect for sampling rates
of 100kHz and less. Thus, if accuracy is a requirement, we
may wish to settle for 1,500 samples, which would give
us a 10usec sampling interval.
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Figure 3-33. Pulse Rise and Fall Times
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Once the sampling rate and duration values are chosen,
the next thing we must consider is the triggering
parameters. Since we are in effect catching a single pulse,
these parameters must be chosen carefully to place the
sampling window on the appropriate segment of the
pulse--in this case, on the falling edge.

The first aspect we must determine is whether to trigger
on the negative or positive slope of the input waveform.
Since we are attempting to measure the falling edge, we
would obviously opt for negative slope triggering. The next
aspect to consider would be the trigger level. In the exam-
ple of Figure 3-33, we have chosen a trigger level of 9.5V.
Thus, the instrument measurement sequence will be trig-
gered when the pulse amplitude drops to 9.5V when go-
ing in the negative direction.

One final triggering aspect to be considered is whether to
place the instrument in the single or continuous trigger
mode. If a one-shot pulse is to be measured, naturally we
would use the single trigger mode. However, the con-
tinuous trigger mode could be used if a train of identical
pulses is to be measured.

Once the pulse has been captured, and the resulting data
is stored in the measurement buffer, we can then use the
recall mode to determine the 10% and 90% amplitude
points. In the case of the pulse in Figure 3-33, these are
simply 1V and 9V amplitude values. The fall time can then
be determined from the relative buffer locations and the
programmed sampling interval as follows:

te = (L% — Logow) X ts

Where:
tg= fall time
L10% = buffer location number at 10% amplitude
Loy, = buffer location number at 90% amplitude
ts = sampling interval.

For example assume that the 90% and 10% buffer location
points are 150 and 900 respectively, and that the sampling
interval is 10usec (100kHz sampling frequency). The fall
time under these conditions is:

te = (900-150) x 10 x 10-6
t = 7.5msec

3.23.6 Reducing Noise in the Measured Signal

Very often 50 or 60Hz noise can creep into a DC input

signal, resulting in erratic or erroneous readings. Such un-
wanted signals can be induced as normal mode noise (ap-
pearing between input high and input low), or common
mode noise (appearing between input low and chassis
ground). While the Model 194A has more than adequate
noise rejection for most situations, additional noise reduc-
tion may be required in more difficult cases.

Figure 3-34 shows a sinusoidal noise signal riding on a DC
level. If we assume that the noise signal waveform is sym-
metrical about the DC level, its average value will be zero;
thus, such noise can be effectively cancelled by taking a
number of samples and then taking the average of the
samples.

For optimum noise rejection when using this method, the
sampling sequence duration should be exactly equal to (or
exact multiples of) the period of the noise waveform. The
period of a 60Hz noise signal is 16.667msec. Thus, we might
choose a sampling interval of 10usec, and program the in-
strument for 1667 samples, resulting in a duration of
16.667msec per sampling sequence. The period of a 50Hz
waveform is 50msec, so a total of 2000 samples would be
programmed with a 10usec interval to obtain the required
20msec sampling sequence duration.

Once the signal is connected for measurement, use the
average function to display the average of the measure- .
ment. The degree of noise reduction will depend on the
symmetry of the noise signal, as stated earlier. If the
superimposed noise signal is not perfectly symmetrical,
its DC or average value will not be zero, resulting in a DC
level shift in the final reading. The amount of shift will
depend on the noise amplitude and the degree of

non-symmetry.

NOISE SIGNAL

-

DC LEVEL

Figure 3-34. Noise Superimposed on DC Signal
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3.23.7 Noise Analysis

In some cases, it may be necessary to analyze noise, rather
than attempt to eliminate it. Peak-to-peak or RMS noise
values are the quantities most often required when analyz-
ing noise. The Model 194A can be used to perform such
noise analysis in a manner similar to that described in the
last paragraph for noise reduction.

Once again, let us consider the AC noise signal riding on
a DC level (Figure 3-34). The first thing we must do is
separate the noise signal from the DC level for proper
analysis. By using AC coupling on the input, the DC signal
will be effectively eliminated.

Once the DC signal has been eliminated, the next con-
siderations are the sampling duration and rate. The dura-
tion, of course, will depend on the length of the time span
required for the analysis in question. The sampling rate
depends on the expected noise spectrum. Again, a good
yardstick is to choose a sampling frequency at least twice
as high as the noise frequency, assuming that the noise
signal is basically sinusoidal in nature.

Once a measurement sequence has been initiated, peak-
to-peak or RMS values of the noise can be obtained by us-
ing the appropriate mathematical function. The instrument
will then calculate and display the corresponding noise
characteristic.

3.23.8 Mechanical Vibration Testing

Most equipment manufacturers perform some sort of
vibration tests on their equipment in order to get some idea
as to how well it will hold up in the real word. As with
any test procedure, data is meaningful only if the test con-
ditions are precisely controlled. The parameters of note
with vibration testing are displacement, instantaneous
velocity, and acceleration. The Model 194A can be used
with external equipment to perform such tests with relative
simplicity.

The basic instrument configuration for performing these
tests is shown in Figure 3-35. Additional equipment re-
quired besides the Model 194A include the vibration table
itself, an accelerometer, and the charge amplifier. The
charge amplifier is necessary to convert the output of the
piezoelectric accelerometer into a DC voltage that can be
measured by the Model 194A.

When the equipment is being tested, the acceleration
measured at the table will be converted into a voltage and
measured by the Model 194A. The resulting data is then
stored in the buffer of the instrument for further analysis.
Data can be recalled as required to determine the accelera-
tion at any instant of time.

The velocity can be found by integrating the acceleration
as follows:

v=~%adt

The integral function of the Model 194A could be used to
perform the necessary conversion from acceleration to
velocity. Specific transient waveforms could also be plot-
ted using the analog output, if required.

VIBRATION TABLE

Y

ACCELEROMETER
CHARGE
AMPLIFIER

MODEL 194A

Figure 3-35. Vibration Testing

3.23.9 External Sample Triggering

Typical applications for external sample triggering are
discussed below.

Potentiometer Linearity Testing

With minimal external equipment, the Model 194A can be
used to test for linear change in resistance of poten-
tiometers. Figure 3-36 shows the basic setup for such
testing. In addition to the Model 1944, a current source,
optical encoder, and motor, attached to the potentiometer
shaft, will be necessary to perform the test. The current
from the source flows through the potentiometer, develop-
ing a voltage, which is measured by the Model 194A. The
optical encoder provides the SAMPLE TRIGGER pulses
to take the individual samples.
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Figure 3-36. Potentiometer Testing

In order to run the test, the current source is set to the
desired value, and the motor rotates the potentiometer
shaft. As the shaft rotates, the optical encoder generates
SAMPLE TRIGGER pulses at precise increments of rota-
tion (typically 1 to 2 degrees). Once all samples are col-
lected, it is a simple matter to determine the resistance
from the voltage stored at each rotational position and the
sourced current. Note that it is not necessary to rotate the
shaft at a constant rate because the exact position of each
voltage reading is accurately determined by triggering each
Model 194A sample with the optical encoder.

Manual Sample Triggering

In some situations, it may be necessary to manually trig-
ger individual samples. For example, an operator may be
testing a number of individual components, in which case
a separate sample would be required for each component.

For such manual testing, a suitable switch (such as a foot
switch) can be connected to the sample trigger cable. In
order to eliminate the effects of contact bounce, a suitably
long sampling interval should be programmed; a 50msec
interval should be sufficient in most cases. Note that it is
not necessary to add a pull-up resistor as SAMPLE TRIG-
GER is internally pulled up to +5V.

Multiple Component Testing

The Model 194A can be used in conjunction with a scan-
ner to test multiple components. For example, assume that
the equipment shown in Figure 3-37 is to be used for batch
testing of resistors. Again current is supplied by the source
to develop a voltage across the resistor under test. The
scanner, of course, is used to select the device under test,
and it also provides the SAMPLE TRIGGER for the Model
194A through the CHANNEL READY output.

For complete automation, all the equipment is connected
to a computer through the IEEE-488 bus. At the start of
the test, the source is programmed for the desired current,
and the scanner is then triggered to connect the first
resistor for testing. At the end of the settling time, the scan-
ner triggers the Model 194A measurement to take a sam-
ple, and then sequences to the next resistor. The process
repeats, one sample per resistor, until the voltage across
all resistors is measured and stored in the Model 194A
measurement buffer.

At the end of the test, the individual samples could be read
into the computer for further data processing. Alternate-
ly, a Model 194A math function such as standard devia-
tion, average, or peak-to-peak could be applied to the data
to determine resistor uniformity.
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Figure 3-37. Automated Multiple Component Testing
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SECTION 4
IEEE-488 PROGRAMMING

4.1 INTRODUCTION

This section contains information on programming the
Model 194A over the IEEE-488 bus. Detailed instructions
for all programmable functions are included; however, in-
formation concerning operating modes presented
elsewhere is not repeated here. Refer to Sections 2 and 3
for information not found in this section.

A detailed overview of the IEEE-488 bus is located in Ap-
pendix G. Device-dependent commands are summarized
on pages 4-17 through 419 and in Appendix E.

Section 4 contains the following information:

4.2 A Short-cut to IEEE-488 Operation: Gives a
simple step-by-step procedure for getting on the
bus as quickly as possible.

43 Bus Connections: Shows typical methods for
connecting the instrument to the bus.

44 Interface Function Codes: Defines IEEE standard
codes that apply to the instrument.

45 Primary Address Selection: Tells how to program
the instrument for the correct primary address.

4.6 Controiler Programming: Demonstrates simple
programming techniques for typical IEEE-488
controllers.

4.7 Front Panel Aspects of IEEE-488 Operation:
Describes the operation of the LOCAL key and bus
status indicators, and summarizes front panel
messages that may occur during bus operation.

4.8 General Bus Command Programming: Outlines
methods for sending general bus commands to the
instrument.

4.9 Device-Dependent Commands: Contains
descriptions of most of the programming com-
mands used to control the instrument over the
bus.

410 Using the Translator Mode: Describes an alter-

nate programming method of using easily

recognized user-defined words in place of device-
dependent commands.

4.11 Bus Data Transmission Times: Lists typical times

when accessing instrument data over the bus.

4.2 A SHORT-CUT TO IEEE-488 OPERATION

The paragraphs below will take you through a step-by-step
procedure to get your Model 194A on the bus as quickly
as possible and program basic operating modes. Refer to
the remainder of Section 4 for detailed information on
IEEE-488 operation and programming.

Step 1: Connect Your Model 194A to the Controller

With power off, connect the Model 194A to the IEEE-488
interface of the controller using a standard interface cable.
Some controllers such as the HP-85 include an integral
cable, while others require a separate cable. Paragraph 4.3
discusses bus connections in more detail.

Step 2: Select the Primary Address

Much like your home address, the primary address is a
way for the controller to refer to each device on the bus
individually. Consequently, the primary address of your
Model 194A (and any other devices on the bus, for that
matter), must be the same as the primary address specified
in the controller’s programming language, or you will not
be able to program instrument operating modes and ob-
tain data over the bus. Keep in mind that each device on
the bus must have a different primary address.

The primary address of your Model 194A is set to 9 at the
factory, but you can program other values between 0 and
30 by pressing SHIFT, OTHER, ENTER, and then using
the data entry keys to change the primary address. Once
the desired value is displayed, press ENTER to program
the value.

More detailed information on primary address selection
is located in paragraph 4.5.
Step 3: Write Your Program

Even the most basic operations will require that you write
a simple program to send commands and read back data
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from the instrument. Figure 4-1 shows a basic flow chart
that a typical simple program will follow. The two pro-
gramming examples below follow this general sequence.
These programs will allow you to type in command strings
to program the instrument and display data on the com-
puter CRT.

START

PLACE UNIT
IN REMOTE

N

PROGRAM
OPERATING
MODES

j

REQUEST DATA
FROM 194A

L

DISPLAY DATA

END
PROGRAM?

HP-85 Programming Example—Use the simple program
below to send programming commands to the Model 194A
and display the data string on the computer CRT.

PROGRAM
16 REMOTE 789
20 DISF ¢ 5 COMMAND? *;

COMMENTS

Send remote enable.
Prompt for command
string.

Input the command string.

@ IMPUT CF
48 [

UTPUT 73 CF Send command string to
194A
58 EMTER FE3: A% Get a reading from the
instrument.
&8 DISF Af Display the reading.
7E GOTO 26 Repeat.
28 EMID

Model 8573 Programming Example—Add the lines below
to the modified declaration file (see Model 8573 Instruc-
tion Manual or paragraph 4.6.3 of this manual) to program
instrument operating modes and display data on the com-

puter CRT.

PROGRAM

COMMENTS

1@ %=1 :CAHLL IBSRE
CBRDEN . LD

28 IMPUTS ¥ COMMAMD® *
JCHDE

ZE IF CHMO$=¢sERIT?
THEH S&

48 CALL TBHRET
OS24 CHIDE D

S8 ROF=SFPACEF{Z25)

&8 CALL TERD
CM194X s ROED

3 PRIMT RL#

B GOTO 2a

Lk=0:CAaLL TBOML

DAL RREE R W

A3 CALL TROML
CERTEX s L0

N I B |
]

Do)

—
—

]
—

Send remote enable.

Prompt for command
string.

Type in EXIT to end
program.

Send command string to
194A.

Define reading input
buffer.

Get reading string from
194A.

Print reading string.
Repeat.

Close the instrument file.

Close the board file.

Figure 4-1. Typical Program Flow Chart
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Step 4: Program Model 194A Operating Modes

You can program instrument operating modes by sending
the appropriate command, which is made up of an ASCII
letter representing the command, followed by one or two
numeric parameters separated by commas for the com-
mand option. Table 41 summarizes the most often used
Model 194A commands.

A number of commands can be grouped together in one
string, if desired. Also, you must terminate the command
or command string with the X character in order for the
instrument to execute the commands in question.

If you are using the programming examples from Step 3
above, simply type in the command string when prompted
to do so. Some example strings are given below.

CIX: select channel 1.

FOROX: program waveform function, autoranging.
FINO,1200X: program average function, 1200 samples per
measurement.

IIR3F7X: program AC coupling, 32V range, integral
function.

NOTE
Many controllers, including the HP-85 and IBM-
PC, use commas to delimit their BASIC INPUT
statements. When using the above programs, use
different delimiter such as / or <space> in dual-
parameter commands. For example, use N0/100X
instead of NO,100X.

Step 5: Get Readings from the Model 194A

Usually, you will want to obtain one or more readings from
the Model 194A. In the example programs above, a single
reading is requested and displayed after each command.
In other cases, you may wish to program the instrument
configuration at the beginning of your program, and then
obtain a whole series of measurements.

The basic reading string that the Model 194A sends over
the bus is in ASCII characters of the form:

NDCV-1.2345E+0, CH1

where: N indicates a normal reading (O would indicate
an overflow),

DCV shows the math function in effect (in this case,
waveform),

-1.2345 is the mantissa of the reading data,

E+0 represents the exponent.

CH1 is the channel number (1 or 2)

Note that a variety of both ASCII and binary data formats
are available, as discussed in paragraph 4.9.

4.3 BUS CONNECTIONS

The Model 194A is intended to be connected to the
IEEE-488 bus through a cable equipped with standard:
IEEE-488 connectors, an example of which is shown in
Figure 4-2. The connector is designed to be stacked to allow’
a number of parallel connections at one instrument. Two
screws are located on each connector to ensure that con-
nections remain secure. Current standards call for metric
threads, which are identified with dark colored screws.
Earlier versions had different screws, which were silver col-
ored. Do not attempt to use these type of connectors on
the Model 194A, which is designed for metric threads.

==

T IR

Figure 4-2. IEEE-488 Connector

A typical connecting scheme for a multiple-instrument test
setup is shown in Figure 4-3. Although any number of con-
nectors can be stacked on one instrument, it is recom-
mended that you stack no more than three connectors on
any one unit to avoid possible mechanical damage.
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Table 4-1. Summary of Most Often Used IEEE-488 Commands

Mode Command | Description
Execute X Execute other device dependent commands.
Function (Fn) FO Waveform (sample at trigger)

F1 Average

F2 TRMS

F3 +Peak

F4 —Peak

F5 Peak to Peak

Fé6 Standard deviation

F7 Integral

F20 CH1-CH2
F21 CH1/CH2

Range (Rn) RO Auto

R1 320mV

R2 3.2V

R3 32v

R4 200V

R12 Cancel auto, stay on range.
Rate (Sn,m) SO,m | Take 1 sample every m sec.

S1,m Take samples at m Hz frequency.

Number of Samples| NOm | Take m samples per measurement.
(Nn,m) N1,m Measurement duration=m sec.

Trigger (Tn,m) T0 Continuous, talk
T1 Single, talk
T2 Continuous, GET
T3 Single, GET

T4 Continuous, X
T5 Single, X
T6 Continuous, external

T7 Single, external
T20,m | Continuous, +Slope using trigger level m volts
T21,m | Single, +Slope using trigger level m volts
T22,m | Continuous, —Slope using trigger level m volts
T23,m | Single, —Slope using trigger level m volts

T24 Continuous, other channel

T25 Single, other channel

T26 Continuous, TRIGGER button

T27 Single, TRIGGER button

T30 Start plotting

T31 Stop plotting

Input Coupling (In) I0 DC coupling
nn AC coupling
2 Ground coupling

Channel (Cn,m) C1 Channel 1
C2 Channel 2

NOTES:
1. The following characters may be substituted for the comma delimiter. ! @ #$ % & * () =/ \ < >
? <space>

2. A complete table of device-dependent commands is located on pages 4-17 through 4-19.
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INSTRUMENT

INSTRUMENT

INSTRUMENT

CONTROLLER.

NOTE
The IEEE-488 bus is limited to a maximum of 15
devices, including the controller. The maximum
cable length is 20 meters, or 2 meters times the
number of devices, which ever is less. Failure to
observe these limits may result in erratic bus
operation.

Figure 4-3. IEEE-488 Connections

Connect the Model 194A to the IEEE-488 bus as follows:

1

Line up the cable connector with the connector loca-
ted on the rear panel of the instrument. The connector
is designed so that it will fit only one way. Figure 4-4
shows the location of the IEEE-488 connector on the
instrument.

. Tighten the screws securely, but do not overtighten

them.

. Add additional connectors from other instruments, as

required.

. Make certain that the other end of the cable is properly

connected to the controller. Most controllers are
equipped with an IEEE-488 style connector, but a few
may require a different type of connecting cable. Con-
sult the instruction manual for your controller for the
proper connecting method.

Custom cables may be constructed by using the informa-
tion in Table 4-2 and Figure 4-5. Table 4-2 lists the contact
assignments for the bus, and Figure 4-5 shows the contact

configuration.

IEEE-488 common is connected to chassis

CAUTION

ground and cannot be floated.

Table 4-2. IEEE Contact Designations

l_ IEEE 488 INTERFACE _I
ADDRESS ENTERED WITH
FRONT PANEL ““SHIFT 90"

Figure 4-4. IEEE-488 Connector Location

Contact | IEEE-488
Number | Designation Type

1 DIO1 Data

2 DIO2 Data

3 DIO3 Data

4 DIO4 Data

5 EOI (24)* Management
6 DAV Handshake
7 NRFD Handshake
8 NDAC Handshake
9 IFC Management
10 SRQ Management
11 ATN Management
12 SHIELD Ground

13 DIO5 Data

14 DIO6 Data

15 DIO7 Data

16 DIO8 Data

17 REN (24)* Management
18 Gnd, (6)* Ground

19 Gnd, (7)* Ground
20 Gnd, (8)* Ground

21 Gnd, (9)* Ground
22 Gnd, (10)* Ground
23 Gnd, (11)* Ground

24 Gnd, LOGIC Ground

*Numbers in parentheses refer to signal ground return
of referenced contact number. EOI and REN signal
lines return on contact 24.
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CONTACT 12 CONTACT 1
{ ¥ —
w> 2 O
“““““ 3
AN
CONTACT 24 CONTACT 13

Figure 4-5. Contact Assignments

4.4 INTERFACE FUNCTION CODES

The interface function codes, which are part of the
IEEE-488 standards, define an instrument’s ability to sup-
port various interface functions, and they should not be
confused with programming commands found elsewhere
in this manual. Interface function codes for the Model 194A
are listed in Table 4-3 and are listed for convenience on the
rear panel adjacent to the IEEE-488 connector. The codes
define Model 194A capabilities as follows:

SH (Source Handshake)—SH1 defines the ability of the
Model 194A to properly handshake data or command bytes
when the unit is acting as a source.

AH (Acceptor Handshake)—AH1 defines the ability of the
Model 194A to properly handshake the bus when it is ac-
ting as an acceptor of data or commands.

T (Talker)—The ability of the Model 194A to send data over
the bus to other devices is defined by the T function. Model
194A talker capabilities exist only after the instrument has
been addressed to talk.

L (Listener)—The L function defines the ability of the
Model 194A to receive device-dependent data over the bus.
Listener capabilities exist only after the instrument has
been addressed to listen.

SR (Service Request)—The SR function defines the ability
of the Model 194A to request service from the controller.

RL (Remote-Local)—The RL function defines the capabili-
ty of the Model 194A to be placed in the remote or local
modes.

PP (Parallel Poll)-The Model 194A does not have parallel
polling capabilities.

DC (Device Clear)—The DC function defines the ability of
the Model 194A to be cleared (initialized).

DT (Device Trigger)—The ability for the Model 194A to have
its readings triggered is defined by the DT function.

C (Controller)—The Model 194A does not have controller
capabilities.

TE (Extended Talker)—The Model 194A does not have ex-
tended talker capabilities.

LE (Extended Listener)—The Model 194A does not have
extended listener capabilities.

E (Bus Driver Type)—The Model 194A has open-collector
bus drivers.

Table 4-3. Model 194A Interface Function Codes

Code | Interface Function
SH1 | Source Handshake Capability
AH1 | Acceptor Handshake Capability

T6 Talker (Basic Talker, Serial Poll, Unaddressed
To Talk On MLA)

14 Listener (Basic Listener, Unaddressed To
Listen On MTA)

SR1 | Service Request Capability

RL1 | Remote/Local Capability

PP0 | No Parallel Poll Capability

DC1 | Device Clear Capability

DT1 | Device Trigger Capability

CO0 | No Controller Capability

El Open Collector Bus Drivers

TEO | No Extended Talker Capabilities

LE0 | No Extended Listener Capabilities

4.5 PRIMARY ADDRESS SELECTION

The Model 194A must receive a listen command before it
will respond to addressed commands over the bus.
Similarly, the instrument must receive a talk command
before it will transmit its data. These listen and talk com-
mands are derived from the primary address of the instru-
ment, which is set to 9 at the factory. Until you become
more familiar with your instrument, it is recommended
that you leave the address at this value because the pro-
gramming examples in this manual assume the instrument
is programmed for that address.

The primary address can be programmed for any value
between 0 and 30. However, each device on the bus must
have a unique primary address-- a factor that should be
kept in mind when setting the primary address of the
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Model 194A. Most controllers also use a primary address;
consult the controller instruction manual for details.
Whatever address is used, it must be the same as the value
specified as part of the controller’s programming language.

To check the presently programmed primary address, or
to change to a new one, proceed as follows:

1. Press SHIFT, OTHER, ENTER. The instrument will re-
spond with the presently programmed primary address:

IEEE ADDR = 09

2. In this example, the default value (9) is being displayed.

3. To exit without changing the address at this point, simp-
ly press the CHANNEL key.

4. To modify the address, key in a new value (0-30) with
the numeric data keys.

5. Once the desired value is displayed, press the ENTER
key. The new address will be programmed, and the in-
strument will return to the previous operating mode.
If you key in an incorrect value, a NMBR TOO SMALL
or NMBR TOO LARGE error will be displayed.

6. To permanently store the new address, press the follow-
ing: SETUP, SETUP, 1, ENTER.

4.6 CONTROLLER PROGRAMMING

A number of IEEE-488 controllers are available, each of
which has its own programming language. In this section,
we will discuss programming languages for two typical
controllers: The Hewlett-Packard HP-85, and the IBM PC
equipped with a Keithley Model 8573 IEEE-488 interface.

4.6.1 Controller Handler Software

Before a specific controller can be used over the IEEE-488
bus, it must have IEEE-488 handler software installed. With
some controllers like the HP-85, the software is located in
an optional I/O ROM, and no software installation is
necessary on the part of the user. In other cases, software
must be loaded from a diskette and initialized, as is the
case with the Model 8573 interface.

Other small computers that can be used as IEEE-488 con-
trollers may not support all IEEE-488 functions. With some,

interface programming may depend on the particular in-
terface being used. Many times, little “tricks” are necessary
to obtain the desired results.

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

4.6.2 BASIC Interface Programming
Statements

Most of the programming instructions covered in this sec-
tion include examples written both in HP-85 BASIC, and
IBM PC BASIC utilizing Model 8573 programming
statements. These computers and interfaces were chosen
for these examples because of their versatility in control-
ling the IEEE-488 bus. A partial list of statements for the
HP-85 and the Model 8573 is shown in Table 4-4.

HP-85 statements have a one or three digit argument that
must be specified as part of the statement. The first digit
is the interface select code, which is set to 7 at the factory.
The last two digits of those statements requiring a 3-digit
argument specify the primary address. In the examples
shown, the default Model 194A address (9) is shown. For
a different address, you would of course change the cor-
responding digits in the programming statement.

Some of the statements have two forms, with the exact con-
figuration depending on the command to be sent over the
bus. For example, CLEAR 7 sends a DCL command over
the bus, while CLEAR 709 sends the SDC command to
a device with a primary address of 9.

The Model 8573 statements listed in Table 4-4 take on a
somewhat different form. These statements use the IBM
BASIC CALL statement, with the various variables passed
as shown in the table. The command words such as IBCLR
(Interface Bus Clear) and IBSRE (Interface Bus Send
Remote Enable) are, in fact, BASIC variables themselves,
which must be initialized at the start of each BASIC pro-
gram. In addition, you must remember not to use these
keywords for any other purpose in your BASIC program.

47
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Table 4-4. BASIC Statements Necessary to Send Bus Commands

Model 8573 Statement

Action HP-85 Statement
Transmit string to device 9. | ODUTFUT 7a%:n¥
Obtain string from device 9. | EMTER 783; A¥

Send GTL to device 9.
Send SDC to device 9. CLEAR TE

Send DCL to all devices. CLEaR 7
Send remote enable. FEMOTE 7
Cancel remote enable. LocaL 7
Serial poll device 9. SPOLL CFE5s

LOCAL LOCKOUT 7
TRIGGER 7@3%
HEORTIOT

Send local lockout.
Send GET to device.
Send IFC.

CALL TEMRET CM194%s CHDE

CALL TERD CM194%, RD#

CALL TELOC CM1S43s

CALL TECLE CcM1345:

CHD#=CHE$(&H14»: CALL IECMIDCERDEY CHIF:
L=1:CALL IESEE CBRDEN . LK

L=8: CALL IESREE CBRDGAN. LI

CALL IESRF cM194%s SEXD
CHMIFE=CHRE$FC&H11»:CALL IBCHMD CBRDEXs CHIFH
CALL IETRG ©M1945)
CALL IESIC CERDEN:

4.6.3 Model 8573 Software Configuration

Before using the Model 8573 examples throughout this sec-
tion, you must configure the software with the procedure
below. Note that the binary handler file GPIB.COM and
the system configuration file CONFIG.SYS must be pre-
sent on the DOS boot disk, as described in the Model 8573
Instruction Manual.

1. Boot up your system in the usual manner and enter
BASICA.

2. Load the Model 8573 software file called “DECL.BAS”.
Modify the program by changing the XXXXX values in
lines 1 and 2 to 16000.

3. Add the following lines to the declaration file:

Maf=¢ s GPIBE** : CHLL IBFIMDCHAE: BRTA=

MEgE=s s DELSE* * CALL TRFIMDCHAS M19450

Wi=3:CALL TEPADCHLI D4R, LD

4. Now save the modified declaration file for use with the
programming examples in this section. Remember that
you must load and run this short program before us-
ing the programming examples in this section. Also, do
not use the BASIC NEW or CLEAR commands after
running this program.

LY R |

4.7 FRONT PANEL ASPECTS OF IEEE-488
OPERATION

The following paragraphs discuss aspects of the front panel
that are part of IEEE-488 operation, including front panel
error messages, IEEE-488 status indicators, and the LOCAL
key.

4.7.1 Front Panel Error Messages

The Model 194A has a number of front panel error
messages associated with IEEE-488 programming. These
messages are intended to inform you of certain conditions
that may occur when sending device-dependent com-
mands to the instrument, as summarized in Table 4-5.

Table 4-5. Front Panel IEEE-488 Messages

Message
NOT IN REMOTE

Description

Instrument programmed with

REN false.

IDDC Ilegal Device-Dependent
Command

IDDCO Illegal Device-Dependent Com-
mand Option

NO A/D IN CH 2 | F20 or F21 command sent with
no channel 2.
Scanner command sent with no

scanner*

NO SCANNER

*Future 194A option.

The following paragraphs discuss each of these messages
in detail. Note that the instrument may be programmed
to generate an SRQ (paragraph 4.9.16), and the Ul error
word can be checked for specific error conditions
(paragraph 4.9.15) if any of these errors occur.

4-8
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Not In Remote Error

A not in remote error will occur if the instrument receives
a device-dependent command and the REN (Remote
Enable) line is false. In this instance, the following error
message will be displayed on the front panel:

NOT IN REMOTE

The error condition can be corrected by placing the REN
line true before attempting to program the instrument.

HP-85 Programming Example—To demonstrate the NO
REMOTE error message, type in the following lines:

LacaL 7
CUTFUT FE59; sfR1k??

Note that the NOT IN REMOTE error message is briefly
displayed when the second statement above is executed.

Model 8573 Programming Example—Enter the statements
below to demonstrate the NO REMOTE error message:

L= CALL TESRECERDEYN LN
CHOFE=¢ sR1X* " CALL TBHET CM134%s CHIOED

Note that the NOT IN REMOTE error message is displayed
when the second statement above is executed

IDDC (Illegal Device-Dependent Command) Error

An IDDC error occurs when the unit receives an invalid
command over the bus. For example, the command string
E1X includes an illegal command because the letter E is
not part of the instrument’s programming language. When
an illegal command is received, the instrument will brief-
ly display the following error message:

IDDC

To correct the error condition, send only valid commands.
Refer to paragraph 4.9 for device-dependent command
programming details.

HP-85 Programming Example—Io demonstrate an IDDC

error, use the following statements:

FEMOTE v&3
OUTFUT FE5; s6E1R" "

Note that the IDDC error message is briefly displayed
when the second statement above is executed.

Model 8573 Programming Example—Demonstrate an
IDDC error with the following statements:

We=1:CALL IBSRECERDEN S LN
CHDF=sE1x" * :CALL TBMRETOM124% CHDF

Note that the IDDC error message is briefly displayed
when the second statement above is executed.

IDDCO (Illegal Device-Dependent Command Option
Error)

Sending the instrument a legal command with an illegal
option that cannot be automatically scaled within bounds
will result in the following front panel error message:

IDDCO

For example, the command Y65X has an illegal option (65)
that is not part of the instrument’s programming language.
Thus, although the command (K) itself is valid, the op-
tion (9) is not, and the IDDCO error will result.

To correct this error condition, use only valid command
options, as discussed in paragraph 4.9.

NOTE
Programming channel 2 (C2X) with no channel 2
module will result in an IDDCQO error.

HP-85 Programming Example—Demonstrate an IDDCO
error with the following statements:

REMOTE TE4
OUTFUT 7ES; 68 YESs

n

Note that the IDDCO error message is briefly displayed
when the second statement above is executed.

4-9
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Model 8573 Programming Example—Use the statements
below to demonstrate an IDDCO error:

LW=1:CALL IBSRECERDEN LXK
CHOfF=% s ¥E5K* * s CALL TRURTOM1 945 CHIED

Note that the IDDCO error message is displayed when the
second statement above is executed.

4.7.2 |IEEE-488 Status Indicators

The REMOTE, TALK, and LISTEN indicators show the
present IEEE-488 status of the instrument. Each of these
indicators is briefly described below.

STATUS INDICATORS

5 | O TALK ’
} | O REMOTE '

TALK—This indicator will be on when the instrument is
in the talker active state. The unit is placed in this state
by addressing it to talk with the correct MTA (My Talk Ad-
dress) command. TALK will be off when the unit is in the
talker idle state. The instrument is placed in the talker idle
state by sending it an UNT (Untalk) command, address-
ing it to listen, or with the IFC (Interface Clear) command.

LISTEN—This indicator will be on when the Model 194A
is in the listener active state, which is activated by address-
ing the instrument to listen with the correct MLA (My
Listen Address) command. LISTEN will be off when the
unit is in the listener idle state. The unit can be placed in
the listener idle state by sending UNL (unlisten), address-
ing it to talk, or by sending IFC (Interface Clear) over the
bus.

REMOTE—As the name implies, this indicator shows when
the instrument is in the remote mode. Note that REMOTE
does not necessarily indicate the state of the REN line, as
the instrument must be addressed to listen with REN true
before the REMOTE indicator will turn on. When the in-
strument is in remote, all front panel keys except for the

LOCAL key will be locked out. When REMOTE is turned
off, the instrument is in the local mode.

4.7.3 LOCAL Key

The local key cancels the remote mode and restores local
operation of the instrument.

LOCAL KEY

LOCAL \

—

]
- v

Since all front panel keys except LOCAL are locked out
when the instrument is in remote, this key provides a con-
venient method of restoring front panel operation. Press-
ing LOCAL will also turn off the REMOTE indicator and
return the display to the normal mode if user messages
were previously displayed with the D command.

Note that the LOCAL key will also be inoperative if the
LLO (Local Lockout) command is in effect.

4.8 GENERAL BUS COMMAND
PROGRAMMING

General bus commands are those commands such as DCL
that have the same general purpose regardless of the in-
strument. Commands supported by the Model 194A are
summarized in Table 4-6, which also lists HP-85 and Model
8573 statements necessary to send each command. Note
that commands requiring a primary address assume that
the Model 194A primary address is set to 9 (its factory
default address). If you are using Model 8573 programm-
ing examples, be sure to use the declaration file, as describ-
ed in paragraph 4.6.3.

4-10



IEEE-488 PROGRAMMING

Table 4-6. General Bus Commands and Associated BASIC Statements

HP-85
Command | Statement Model 8573 Statement Effect On Model 194A
REN REMOTE 7 x=1:CALL IBSRECERDEY L1% Goes into effect when next addressed.
IFC AEORTIO? CALL IBSIC CERDAN Goes into talker and listener idle states.
LLO LOCAL LOCEQUT 7 CHD#=CHRE${&H11>:CALL IBCHMD | LOCAL locked out.
CM194%s CHIDED
GIL |LOCAL Fa9 CALL TELOCCM1450 Cancel remote, restore front panel
operation.
DCL CLEAR 7 CHMD$=CHRE#C%H14 2 : CALL IECHMD | Returns to default conditions.
CM194%s CHMDED
SDC CLEAR va3 CALL IBCLRE CM194%) Returns to default conditions.
GET | TRIGGER 7a9 CALL IETRG CM194%, 2 Triggers measurement in T2 and T3
modes.

4.8.1 REN (Remote Enable)

REN is a uniline command that must be asserted by the
controller to place the Model 194A in the remote mode.
Simply setting REN true will not actually place the instru-
ment in remote; instead, the unit must be addressed to
listen after REN is set true.

Generally, remote enable should be asserted before at-
tempting to program the instrument over the bus. Once
‘the instrument is in remote, all front panel controls except
LOCAL will be inoperative. Normal front panel operation
can be restored by pressing the LOCAL key.

To place the Model 194A in the remote mode, the controller
must perform the following sequence:

1. Set the REN line true.
2. Address the Model 194A to listen.

HP-85 Programming Example—Place the Model 194A in
remote with the following statement:

REMOTE 7&'3

When the END LINE key is pressed, the Model 194A
should be in the remote mode as indicated by the REMOTE
annunciator light. If not, check to see that proper bus con-
nections are made, and that the instrument is programmed
for the correct primary address (9).

Note that all front panel controls except LOCAL (and, of
course, POWER) are inoperative while the instrument is
in remote. You can restore normal front panel operation
by pressing the LOCAL button.

Model 8573 Programming Example—To place the Model
194A in the remote mode, type the following lines into the
computer:

Wi=1:CALL IBSRECERDEN 1%
CHMDF=¢ 82 s CALL TEURT CM194% . CHDF )

Note that the instrument goes into the remote mode when
the return key is pressed the second time. Front panel con-
trols (except LOCAL) will be inoperative. The instrument
can be returned to the local mode by pressing the LOCAL
key.
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4.8.2 IFC (Interface Clear)

The IFC command is sent by the controller to place the
Model 194A in the talker and listener idle states. The unit
will respond to the IFC command by cancelling front panel
TALK or LISTEN lights, if the instrument was previously
placed in one of those modes.

To send the IFC command, the controller need only set
the IFC line true for a minimum of 100xsec.

HP-85 Programming Example—Before demonstrating the
IFC command, place the instrument in the talker active
state with the following statements:

REMOTE 7@
ENTER 7E3; A%

At this point, the REMOTE and TALK indicators should
be on.

The IFC command can be sent by typing in the following
statement:

ABORTIOY

Note that the TALK indicator turns off when the END
LINE key is pressed.

Model 8573 Programming Example—Place the instrument
in the remote and talker active states with the following
statements:

LWH=1:CALL IBSRECERDEN . LI
CHDF=CHREF C&:H43 2 CALL TBCMIDCERDES  CHIE

After the return key is pressed the second time, the in-
strument should be in the talker active state, as indicated
by the respective indicators.

To send IFC, enter the following statement into the IBM
PC:
CALL IBSICCERDEN:

After the return key is pressed, the instrument will return
to the talker idle state.

4.8.3 LLO (Local Lockout)

The LLO command is used to lock out operation of the
LOCAL key, thereby completely locking out front panel
operation of the instrument (recall that the remaining con-
trols are locked out when the instrument is placed in
remote). Operation of the LOCAL key can be restored by
usirig the GTL command, as described in paragraph 4.84
below.

The instrument must be in remote to respond to LLO.
However, if you send LLO with the unit in local and REN
true, it will go into local lockout when next placed in
remote. To permanently cancel LLO, REN must be set false.

To send the LLO command, the controller must perform
the following steps:

1. Set AIN true.
2. Place the LLO command byte on the data bus.

HP-85 Programming Example—To verify LLO operation,
enter the following statements:

REMOTE FE3
LOCAL LOCEQUT 7

After the second statement is executed, the LOCAL key
will be locked out.

Model 8573 Programming Example—Enter the following
statements into the IBM PC to demonstrate the LLO
command:

=1 :CALL IBSRECERDEN L%

CHDE=E 6 CALL IBHRTOM194%s CHDED
CHDF=CHREFC&H11: CALL IBCMDCEBRIES s CHDE

After return is pressed the second time, the LOCAL key
will be locked out.

4.8.4 GTL (Go To Local)

The GTL command is used to take the instrument out of
the remote mode and restore operation of the front panel
keys.
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To send GTL, the controller must perform the following
sequence:

1. Set ATN true.
2. Address the Model 194A to listen.
3. Place the GTL command byte on the data lines.

HP-85 Programming Example—Place the instrument in the
remote and LOCAL lockout modes with the following
statements:

REMOTE 7@9
LOCAL LOCEQUT 7

Verify that the instrument is in remote and that LOCAL
is locked out.

Send GTL as follows:

LOCAL FE3

Note that the instrument goes into the local mode, and
that operation of the front panel keys has now been
restored.

Model 8573 Programming Example—Place the instrument
in the remote and LOCAL lockout modes with the follow-
ing statements:

Ls=1:CALL IBSRECERDEN  LI% D
CHDE=¢ ¢ : CALL TEHMRETOM1 945 CHDED
CHMOF=CHRE$(&:H112: CALL IBCHMOCEBRDE: s CHIE

Verify that the instrument is now in remote, and that the
LOCAL key is locked out.
Now send GTL with the following statement:
CALL IELOCCMI=94%
After the above statement is executed, the instrument will

revert to the local mode, and operation of the front panel
keys will be restored.

4.8.5 DCL (Device Clear)

The DCL command may be used to clear the Model 194A
and return the unit to default conditions. Essentially, this
command will perform the same function as the front

panel RESET key, in that the instrument will return to the
SETUP 1 configuration. Table 4-7 lists factory default con-
ditions for the instrument after it receives a DCL.

NOTE
The primary address is not changed by DCL or
SDC.

Table 4-7. Power On, DCL, or SDC Default

Conditions
Mode Command | Status
Function* F1 Average
Range* RO Autorange
Rate* S0,166.7 | 166.7usec
Samples* NO,101 | 101 samples
Trigger Mode T26 Continuous,
immediate
Delay* W0,0 0 Samples
Data Format G2 Single reading,
prefix on, suffix on
Analog Output o0 Disabled
Buffer Pointer BO Waveform cleared
Reading Buffer Qo Disabled
Filter* PO Filter off
Zero* 20 Disabled
Input Coupling* 10 DC Coupling
SRQ MO Disabled
Channel 1 Channel 1
EOI and Bus Ko Both Enabled
Hold Off
Terminator Y<1310>| CRLF
Primary Addresst 9

*These modes are deteremined by the SETUP 1 (Al)
configuration.
tPrimary address is not affected by DCL/SDC.

To send the DCL command, the controller must perform
the following steps:

1. Set ATN true
2. Place the DCL command byte on the data bus.

HP-85 Programming Example—Using several front panel
buttons, alter instrument configuration from the factory
default value and enter the following statement into the
keyboard:

CLEAR 7

When the above statement is executed, the instrument
returns to default conditions.
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Model 8573 Programming Example—Alter instrument con-
figuration from the factory default value with several front

panel controls and enter the following statement into the
IBM PC keyboard:

CHOfF=CHRFCLEH14 : CALL IBCHDCERDEY  CHMOE

When the return key is pressed, the instrument returns
to default conditions.

4.8.6 SDC (Selective Device Clear)

SDC is an addressed command that performs essentially
the same function as the DCL command. However, since
each device must be individually addressed, SDC provides
a method for clearing only a single, selected instrument
instead of clearing all devices simultaneously, as is the case
with DCL. When the Model 194A receives the SDC com-
mand, it will return to the default configuration. The fac-
tory default configuration is shown in Table 4-7, but many
modes except for the primary address may be different if
you change the SETUP 1 (Al) configuration.

To transmit the SDC command, the controller must per-
form the following steps:

1. Set ATN true.
2. Address the Model 194A to listen.
3. Place the SDC command byte on the data bus.

HP-85 Programming Example—Using several front panel
controls, alter instrument modes from the factory default
configuration. Send SDC with the following statement:

CLEAR FE2

When the above statement is executed, the instrument
returns to the default configuration.

Model 8573 Programming Example—Alter instrument con-
figuration with several front panel controls and enter the
following statements into the IBM PC:

CALL IECLECM1345

When the return key is pressed, the instrument returns
to default configuration.

4.8.7 GET (Group Execute Trigger)

GET may be used to initiate a Model 194A measurement
sequence if the instrument is placed in the appropriate trig-
ger mode (see paragraph 4.9). Once triggered, the instru-
ment will perform the measurement sequence in accor-
dance with previously selected rate and sample
parameters.

To send GET, the controller must perform the following
sequence:

1. Set ATN low.
2. Address the Model 194A to listen.
3. Place the GET command byte on the data bus.

HP-85 Programming Example—Type in the following
statements to place the instrument in the correct trigger
mode for purposes of this demonstration:

REMOTE Va3
OUTPUT FES; s TIe e

Now trigger the measurement sequence by sending GET
with the following statement:

TRIGGER FEs

When the END LINE key is pressed, the measurement se-
quence will be triggered.

Model 8573 Programming Example—Type in the follow-
ing statements to place the instrument in the correct trig-
ger mode for this demonstration:
Wi=1:CALL IBSRECERDEN LD
CHMDE=§§ TZH** :CALL TBURTOM194%, CHDE

Trigger the measurement sequence by sending GET with
the following statement:
CALL TETREGCM194%

The measurement sequence will be triggered when the
above statement is executed.
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4.8.8 Serial Polling (SPE,SPD)

The serial polling sequence is used to obtain the Model
194A status byte. The status byte contains important in-
formation about internal functions, as described in
paragraph 4.9.16. The serial polling sequence can also be
used by the controller to determine which instrument on
the bus has asserted SRQ (Service Request).

The serial polling sequence is generally conducted as
follows:

1. The controller sets ATN true.

2. The controller then places the SPE (Serial Poll Enable)
command byte on the data bus. At this point, all active
devices are in the serial poll enabled mode and waiting
to be addressed.

. The Model 194A is then addressed to talk.

. The controller sets ATN false.

5. The instrument places its status byte on the data bus

to be read by the controller.

6. The controller then sets ATN true and places the SPD

(Serial Poll Disable) command byte on the data bus to
end the serial polling sequence.

B> W

Once instruments are in the serial poll mode, steps 3
through 5 above can be repeated by sending the correct
talk address for each instrument.

HP-85 Programming Example—The HP-85 SPOLL state-
ment automatically performs the sequence just described.
To demonstrate serial polling, type in the following
statements:

FEMOTE va%
5= SPOLL £ 7@
DISF S

When the above statements are executed, the Model 194A
is serial polled, and the decimal value of the status byte
is displayed on the computer CRT.

Model 8573 Programming Example—Serial poll the Model
194A from the IBM PC computer as follows:

Ux=1:CALL IBSRECERDEY Ui)
CALL IBRSF(M1594%: SEX)
PRIMT SEX

When the statements above are executed, the instrument
is serial polled and the decimal value of the status byte
is displayed on the computer CRT.

4.9 DEVICE-DEPENDENT COMMAND
PROGRAMMING

IEEE-488 device-dependent commands concerned with the
Model 194A are the most important commands associated
with the instrument because they control most instrument
operating modes. All front panel modes (such as rate and
samples), as well as some modes not available from the
front panel (like SRQ and terminator) can be programmed
with these commands.

Command Syntax

Each command is made up of a single ASCII capital letter
followed by one or more numbers representing an option
or numeric parameter of that command. For example, the
range can be set over the bus by sending the letter “R”
followed by a number representing the range option.

Some commands have two parameters that must be
separated by commas. For example, a typical sampling rate
is programmed with the following command string:
S0,100E-6X. The first parameter in this case (0) is a com-
mand option that instructs the instrument to program the
sampling rate in seconds, while the second parameter (100)
is the actual programming data. In this instance, a sampl-
ing rate of 100usec is being programmed.

NOTE
The following characters may be used in place of
acomma: ! @#% % N&()=\/<>7?:;
<space>.

Those commands which require numeric data can be pro-
grammed in either floating point or scientific notation.
Thus, the following sets of commands are equivalent:

Programmed Floating Scientific
Mode Point Notation
Buffer pointer B1,100X B1,1E2X
Delay WO0,10000X WO,1E4X

4-15



IEEE-488 PROGRAMMING

Multiple Commands

A number of commands can be grouped together in one
command string, which is generally terminated by the “X”
character. This character tells the instrument to execute the
command or command string, as described in paragraph
4.9.1. Commands sent without the execute character will
not be executed at that particular time, but they will be
stored within an internal command buffer for later execu-
tion when the execute character is finally received. Note,
however, that multiple commands using the same com-
mand letter and contained within one string must each
be terminated with X as in this example: 04,6X05,5X

NOTE
Command strings must be less than 60 charatcers
long.

Invalid Commands

If an invalid command is sent as part of the command
string, that command will not be executed (valid com-
mands in the string will be executed, however). Under
these conditions, the instrument may or may not display
a front panel error message (IDDC or IDDCO), as covered
in paragraph 4.7, and it can be programmed to generate
an SRQ (Service Request), as discussed in paragraph 4.9.16.

NOTE
The instrument does not check the validity of com-
mands until the X character is received.

Some typical examples of valid command strings include:

ROX Single command string.

RIUO0P1X Multiple command string.

Q 1IX Space is ignored

NO,100X Dual-parameter command string (parameters
separated by comma)

S0/250E-6X dual-parameter command delimited by /.

Typical invalid command strings include:

E1X Invalid command, as E is not one of the instrument’s
valid commands.

Y65X Invalid command option because 65 is not an op-
tion of the Y command.

NOI00E-6X Dual parameter command without the
necessary separating comma or other legal delimiter.

The list below details which device-dependent commands
will generate the IDDCO error message, and those com-
mands which incorporate auto bounding. Auto bounding

is when the unit automatically changes the option to
within the valid range. For example, U20X will be changed
to U12X, while U-1X will be changed to U0X.

Device-Dependent

Command(s) Action
J,EB T, L M D No IDDCO, no autobound
QPIA No IDDCO, autobound 0-2

G No IDDCO, autobound 07

K No IDDCO, autobound 0-3

H No IDDCQO, autobound 0-38

U No IDDCO, autobound

C No IDDCO, 2-8 gives NO SCAN-
NER, 12 gives NO A/D IN CH2

F No IDDCO, no autobound, 20, 21
give NO A/D in CH2, if ap-
propriate. 9-19 are ignored.
No IDDCO, 12 disables autorange,
other values autobounded 0-3.

S No IDDCO, freq converted to time
(if appropriate) then autobounded
1usec-Isec.

N No IDDCO, time converted to

#samples (if appropriate), then
autobounded 1-65,535.

w No IDDCO, time converted to
#samples (if appropriate), then
autobounded 32,768-107 (16-bit),
65,536—107 (8-bit)

V4 No IDDCO, autobound first
parameter 0-5 autobound second
parameter —250V to +250V.

Y IDDCO if not valid terminator, no
autobound.
©) No IDDCO, first parameter 0, 1, 9

(no second) parameter. First
parameter 2-8, (no autobound).

Device-Dependent Command Summary

Device-dependent commands that control the Model 194A
are summarized in Table 4-8, which also lists the pertinent
paragraph where each command is covered in detail. As
listed, all command letters are in upper-case format;
however, you can substitute corresponding lower-case let-
ters, if desired. For example, you can use 11X in place of
RIX.

NOTE
The X (execute) character must be in upper case.

Note that you can also use the translator mode to
customize your programming language. The translator
mode is discussed in detail in paragraph 4.10.
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Command Hierarchy DERPLSNTWZL.

Device-dependent commands are not necessarily executed

in the order received. Instead, the instrument processes  Of course, you can dictate the desired order simply by plac-
them in a specific order once the X (execute) character is  ing the X character after each command or command
received. The 194A device-dependent command execution  grouping to force a particular sequence.

orderis (first tolast): C, J, G, K, Q H, A, U,B,O, M, Y,

Table 4-8. Device-Dependent Command Summary

Mode Command| Description Paragraph
Execute X Execute other device dependent commands. 49.1
Function (Fn) FO Waveform (Individual samples) 492

F1 Average

F2 TRMS

F3 +Peak

K4 —Peak

F5 Peak to Peak

Fé6 Standard Deviation
F7 Integral

F20 CH1-CH2

F21 CH1/CH2

Range (Rn) RO Auto 493
R1 320mv
R2 3.2v
R3 32V
R4 200V
R12 Cancel auto, stay on present range
Rate (Sn,m) SOm |Take 1 sample every m seconds (1IE-6<m=<1). 494
S1,m | Take samples at m Hz frequency (1=m <1E6).
Number of Samples NO,m |Take m samples per measurement (1 <m <65,535). 4.9.5
(Nn,m) N1, m |Measurement duration=m sec (0 <m=<65,534).
Trigger (Tn,m)* T0 Continuous, talk 4.9.6

T1 Single, talk

T2 Continuous, GET

T3 Single, GET

T4 Continuous, X

T5 Single, X

T6 Continuous, external

T7 Single, external
T20m | Continuous, +Slope using trigger level m (—200<m+200).
T21,m |Single, +Slope using trigger level m (—200<m+200).
T22,m | Continuous, —Slope using trigger level m (200 <m+200).
T23,m |Single, —Slope using trigger level m (—200 <m+200).

T24 | Continuous, other channel

T25 Single, other channel

T26 | Continuous, immediate

T27 | Single, immediate

T30 Start plotting

T31 Stop plotting :

Delay (Wn, m) WOm |Wait +m samples relative to trigger (—65,536 <m <1E7) 497
WL,m |Wait +m sec relative to trigger (—65,536 <m <1E7)

NOTE: Following characters may be used as delimiter in place of comma: ! @ # $ % A& ()=\/<>7?:; <space>
Descriptions of T0 through T27 show arming, trigger source.
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Table 4-8. Device-Dependent Command Summary (Cont.)

Mode Command| Description Paragraph
Data Format (Gn) #Readings 498
ASCII/Binary to Terminator ~ Prefix Suffix
GO ASCII 1 On Off
Gl ASCII 1 Off Off
G2 ASCII 1 On On
G3 ASCII n On Off
G4 ASCII n Off Off
G5 ASCII n On On
Gé6 Binary n Off Off
G7 Binary n(Byte count) Off Off
Analog Output o0 Abort Plotter 499
o1 Test analog output (all outputs = full scale)
02,0 |XY Mode off
02,1 |[CRT Mode
02,2 |Scope Mode
02,3 |Future Expansion
024 |Slow plot (XY analog plotter)
02,5 |Strip chart
03,0 [Measurement Buffer
03,1 |[64K RAM Buffer
03,2 |Display Readings
03,3 IEEE-488 Reading Buffer
0O4,m |m=X Output Full Scale Voltage (1=m =<10)
O5m |m=Y Output Full Scale Voltage (1=<m =<10)
O6,m |m=Z Output Blanking Level (1=High, 0=Low)
O7m |m=XY Zoom Value (0.1 <=m <1000)
O8m |m=XY Pan Value (0=m=65,536
09 Start Plotter
Buffer Pointer BO Clears waveform output, decrement reading buffer pointer. 4.9.10
(Bn,m) Bl,m |Set measurement buffer start pointer to value m.
B2,m |Set measurement buffer end pointer to value m.
B3,m | Set reading buffer start pointer to value m.
Buffer Control (Qn) Qo Buffer off 4.9.11
Q1 Linear buffer
Q2 Circular buffer
Filter (Pn) PO Analog filter off 49.12
P1 500kHz on
P2 50kHz filter on
Zero (Zn,m) Z0 Disable zero 4.9.13
VA Enable zero
Z2 Take next measurement and store as baseline.
Z3,m |Take value (m) and store as baseline (—200<m =< +200).
Z4 Take next measurement as baseline and enable zero.
Z5,m |Take value (m) as baseline and enable zero (—200<m =< +200).
Input Coupling (In) I0 DC coupling 4.9.14
nn AC coupling
12 Ground coupling
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Table 4-8. Device-Dependent Command Summary (Cont.)

Mode Command| Description Paragraph
Status (Un) uo Send machine status for current channel. 4915
U1 Send error status for instrument.
U2 Send data status for instrument.
U3 Send Z parameter (value).
U4 Send W parameter (delay).
U5 Send N parameter (number samples).
U6 Send S parameter (sampling rate).
U7 Not used
Us Send trigger level value.
U9 Send measurement buffer start pointer.
U0 |Send measurement buffer end pointer.
Ull | Send reading buffer start pointer.
UlL2 Send list of Translator words (same as LIST).
SRQ (Mn)* MO SRQ disabled 4.9.16
M1 Overflow
M2 Data condition
M4 Button pressed
M8 Reading done
M16 |Ready to accept commands
M32 | Error
Channel (Cn,m) C1 Channel 1 A/D module 4917
C2 Channel 2
C12 | Select composite channel (no parameter changes allowed).
EOI and Hold Off KO EOI and hold off on X enabled. 4.9.18
(Kn) K1 EOI disabled, hold off on X enabled.
K2 EQOI enabled, hold off on X disabled.
K3 Both EOI and hold off on X disabled.
Terminator (Yn, m) Ym Program m as single termin.tor (m=ASCII value of character). 4.9.19
Yn,m |Program mn as two terminators (n, m=ASCII value of character).
YX No terminator
Save (Ln,m) L1 Save setup 1. 4.9.20
L2 Save setup 2.
[4,m |Calibrate using value m (—200<m < +200).
L5 Store cal in NVRAM.
Recall (An) A0 Recall factory default setup. 49.21
Al Recall setup 1.
A2 Recall setup 2.
Hit Button (Hn) Hn Act as if button n (1-38) has been pressed. 4.9.22
Display Daaa |Display ASCII characters aaa (14 maximum). 49.23
DX Return display to normal.
Self Test 1 U0 self test bytes = 01; pass 4.9.24

*Multiple SRQ conditions can be programmed by adding command option numbers. For example, M6X programs unit
to SRQ on data condition and button pressed.
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Programming Examples

Throughout the following paragraphs, numerous program-
ming examples show how to send the various commands
using two typical [EEE-488 controllers: the Hewlett-Packard
Model 85 computer, and the IBM PC computer equipped
with a Keithley Model 8573 IEEE-488 interface. Note that
all these examples assume that the instrument’s primary
address is at its factory setting of 9. If you change the
primary address of the instrument, you must modify the
various programming examples accordingly.

In order to send a device-dependent command, the con-
troller must perform the following sequence:

1. Set ATN true.

2. Address the Model 194A to listen. The actual listen com-
mand byte is derived by ORing the primary address
with $20.

. Set ATN false.

4. Send the command string over the bus one byte at a
time.

w

NOTE
REN must be true when sending device-
dependent commands to the instrument or it will
ignore the commands and display a front panel
error message.

General HP-85 Programming Example—Device-dependent
commands may be sent from the HP-85 with the follow-
ing statement:

OUTEUT 7E9; &

A$ in this case contains the command letters representing
the command string.

General Model 8573 Programming Example—Device-
dependent commands can be sent from the HP-85 using
the following statement:

CALL TEMRET CM194%s CHIE

Again, CMD$ contains the letters of the command string.

NOTE
Instead of typing in complete programming ex-
amples in this section in the direct mode, you can
use the example programs in paragraph 4.2.

4.9.1 Execute (X)

The execute command is implemented by sending an
ASCII “X” over the bus. Its purpose is to direct the Model
194A to execute other device-dependent commands such
as F (function) or R (range). Generally, the execute
character will be the last character in the command string;
however, there may be some cases where it is desirable
to send a string of command characters at one time, and
then send the execute character later on.

Commands or command strings sent without the X
character will not be executed at that time, but they will
be stored within the command buffer for later execution
when the X character is finally received. Once the execute
command is finally given, the stored commands will be
executed, assuming that all commands are valid.

4.9.2 Function (F)

The function command allows you to select the type of
mathematical function applied to the samples located in
the measurement buffer. Options of the F command con-
trol such operating modes as waveform, TRMS and
average, as summarized in Table 4-9. Once all samples are
stored in the measurement buffer, the selected math func-
tion is performed to form a reading. This reading is then
displayed and stored in the reading buffer at the present
cursor location, if the reading buffer is enabled (Q
command).

Upon power up, or after a DCL or SDC command, the
instrument will be in a mode determined by the SETUP
1 configuration (factory default, F1 average).

NOTE
When in the FO (waveform) mode, individual
samples will be transmitted when data is re-
quested over the bus. To cancel waveform output
after changing functions, either request all samples
in the measurement or send a BO command.
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Table 4-9. Function Commands

Command| Description*

FO Waveform (single samples)**

F1 Average of measurement.

F2 TRMS of measurement.

F3 +Peak of measurement.

F4 —Peak of measurement.

F5 Peak-to-peak value of measurement.

Fé6 Standard deviation of measurement.

F7 Integral of measurement.

F20 Channel 1 reading minus channel 2
reading.

F21 Channel measurement divided by chan-
nel 2 reading.

*Result of math function is placed in the next available
reading buffer location when buffer is enabled.
**Each request for data accesses subsequent sample.

NOTES:

1. Only one mathematical function can be used at a time.
It is not possible, for example, to take the standard devia-
tion of the average reading.

2. Ratio and difference modes are available only if the
Model 1944A option is installed in the channel 2
location.

3. If the reading buffer is disabled (Q0), the most recent
reading from either channel (dual channel units) will
be placed into the output buffer, and will be the chan-
nel reading sent as a result of the next data request.

HP-85 Programming Example—Type in the following lines
to program the instrument to take the average of the
measurement buffer:

FEMOTE va2
OUTPUT F@s;: sspimr

When the END LINE key is pressed the second time, the
instrument displays the average of the samples located in
the measurement buffer.

Model 8573 Programming Example—Type in the follow-
ing statements to display the average of the samples in the
measurement buffer:

WS=1:CALL IESRECERDEN. LU%)

CHDFE=¥fF14** s CALL IBURT M1 94% s CHDED

Note that the instrument displays the average of the
samples after the return key is pressed the second time.

4.9.3 Range (R)

The range command, and its options, give you control over
the measurement sensitivity of the instrument. Essential-
ly, this command performs the same functions as the front
panel AUTO, Uprange, and Downrange buttons.

Range command options are listed in Table 4-10. Resolu-
tion values for the four ranges for both eight and 16-bit
modes are also given. For sampling rates above 100kHz
(interval less than 10usec or if more than 32,768 samples
are programmed), the A/D converter operates in the 8-bit
mode, resulting in reduced resolution. Paragraph 3.3 covers
instrument ranges in more detail.

Upon power up, or after a DCL or SDC command, the
instrument will assume a range determined by the SETUP1
(A1) configuration. Factory default is RO (auto).

Table 4-10. Range Commands

Resolution

Command Range 8-Bit 16-Bit

RO Auto

R1 320 mV 2.56mV| 10 pV

R2 32 V 256 mV| 100 uV

R3 32 V 256 mV ImV

R4 200 V 256 V| 10mV

R12 Cancel auto*

*Instrument stays on present range when autorange is
cancelled.

HP-85 Programming Example—Using the front panel
AUTO button, cancel autoranging, if enabled, and type
in the following statements:

EEMOTE 73

OUTFUT FE9; s iRExt e

Note that the instrument changes to the autorange mode
when the second statement above is executed.

4-21



IEEE-488 PROGRAMMING

Model 8573 Programming Example—Cancel autorange (if
enabled) by using the AUTO button and type in the follow-
ing statements:

We=1:CALL IBESRECERDEY s LN
CrDFE=¢ima="* : CALL TEMRETCM124% CHOE

Note that the instrument goes into the autorange mode
when the above statements are executed.

4.9.4 Rate (S)

The rate (S) command allows the sampling rate to be pro-
grammed over the bus. This command performs the same
operation as the front panel RATE button except that in-
formation can only be entered in units of sec (interval) or
Hz (frequency). Note that the A/D converter operates with
8-bit resolution for sampling rates less than 10usec.

The rate command general format is shown in Table 4-11.

Sampling rate in seconds: S0,m, where m is in sec.
Sampling frequency: S1,m, where m is in MHz.

Upon power up, or after a DCL or SDC command, the
rate parameter will assume a value determined by SETUP
1 (Al). Factory default is 166.7usec.

Table 4-11. Rate Commands

Allowable
Command| Mode Range
SOm |1 sample every m sec | 1E-6sec to 1sec
S1,m | Sample at m Hz 1Hz to 1E6Hz

HP-85 Programming Example—Enter the statements below
to program a 100usec rate:

OUTPUT 7PES;: 558 1BBE-&8* 7

When the second statement above is executed, the instru-
ment is programmed for a sampling interval of 100usec.

Model 8573 Programming Example—Type in the follow-
ing statements to program a sampling rate of 100usec:

L=1:CALL IBSRECERDE  LIX D
CHDE=¢ 58y 18BE-81" " : CALL TBWRT CM1945 s CHMDED

Note that the instrument assumes a sampling interval of
100usec when the second statement above is executed.

4.9.5 Number of Samples (N)

The N command allows you to program the number of
samples to be taken during a measurement sequence, or
in measurement duration in a manner similar to that used
with the SAMPLES key on the front panel. The general
format for this command is shown in Table 4-12. Note that
the maximum number of samples that can be programmed
depends on whether the A/D converter is operating in the
8 or 16-bit mode. For sampling rates above 100kHz (less
than 10usec), or for more than 32,768 samples, the con-
verter operates in the 8-bit mode.

When using the N1 command to program measurement
duration, the resulting number of samples will be one
more than you might expect. For example, programming
a duration of 100msec with a sampling interval of Imsec
will result in 101 samples.

Upon power up, or after a DCL or SDC command, the
instrument will assume a value determined by the SETUP
1 (Al) parameter. Factory default is 101 samples.

Table 4-12. Number of Samples Commands

Allowable
Command | Description Range
NO,m Take m samples per 1-32,767
measurement (16-Bit)
1-65,535
(8-Bit)
N1,m Measurement duration=m |0-65,534sec
sec. (8-bit)
0-32,766
(16-bit)

HP-85 Programming Example—Type in the following
statements to program the instrument for 1000 samples:

REMOTE FE%
TR FENEs 1BE6E:R 1

OUTPUT

When the second statement above is executed, the instru-
ment will be programmed to take 1000 samples.
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Model 8573 Programming Example—Program the instru-
ment to take 1000 samples per measurement sequence with
the following statements:

Wx=1:CALL IBSRECERDEAN S LIXD
CHD#F=% s HOs 1888%° * : CALL TBHMRTCM134%, CHDF:

After the second statement is executed, the Model 194A
will be programmed to take 1000 samples.

4.9.6 Trigger Mode (T)

The trigger mode command programs the type of trigger
stimulus to be used to initiate a measurement sequence.

A number of different methods can be used to trigger the
instrument, as summarized in Table 4-13. All but three of
these modes (talk, GET, and X) are available from the front
panel, as described in paragraph 3.6.

Upon power up, or after a DCL or SDC command, the
instrument will be in the T26, continuous immediate mode.

Before the measurement sequence can take place, the A/D
converter must be armed so that it is running and process-
ing data. Basically, there are two ways to arm the A/D con-
verter: single or continuous. In a single mode, the A/D
converter must be armed before triggering each measure-
ment sequence. Over the bus, the A/D converter is armed
by sending the instrument the command for the trigger
mode in question. In a continuous mode, however, the
A/D converter is automatically re-armed after each
measurement. Thus, in this situation, the trigger mode
command would only be required once.

Regardless of whether the single or continuous mode is
used, the instrument must still receive the appropriate trig-
ger stimulus for each measurement (the only exception to
this rule is when the continuous, immediate mode has
been selected and triggered by pressing TRIGGER).

Table 4-13. Trigger Commands

Command | Single/Continuous**| Trigger Stimulus Mode

T0 Continuous Talk Command A/D

T1 Single Talk Command A/D

T2 Continuous GET Command A/D

T3 Single GET Command A/D

T4 Continuous X Command A/D

T5 Single X Command A/D

T6 Continuous External Trigger A/D

T7 Single External Trigger A/D
T20,m* Continuous +Edge of input signal| A/D (-200<m+ <200V)
T21,m* Single +Edge of input signal| A/D (-200=<m+ <200V)
T22, m* Continuous —Edge of input signal| A/D (-200<m+ <200V)
T23,m* Single —Edge of input signal| A/D (-200=<m+ <200V)

T24 Continuous Other Channel A/D

T25 Single Other Channel A/D

T26 Continuous Immediate A/D

T27 Single Immediate A/D

T30 Trigger Command Start plotter

T31 Trigger Command Stop plotter

*m is trigger level at which unit is triggered.

**Refers to single or continuous arming of A/D converter. Unit must still receive one

trigger per measurement regardless of selected mode (except T26, T27).
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As an example, let us compare the T2 (continuous, GET)
and T3 (single, GET) modes. Sending T2X will arm the A/D
converter, at which point the unit will be processing data,
waiting for the GET trigger stimulus. When GET is re-
ceived, the unit will process a single measurement, re-arm
the A/D converter, and then wait for another GET com-
mand before taking another measurement. Note that it is
not necessary to send T2X again before triggering another
measurement. In contrast, you must send a T3X command
before every GET when using that trigger mode. The same
general rule applies when comparing the remainder of the
trigger modes listed in Table 4-13.

A number of the trigger modes, including external, input
signal, and other channels are also available from the front
panel. When using these modes over the bus, it is not
necessary to press TRIGGER to arm the A/D converter as
arming takes place when the command in question is
received.

A/D Trigger Modes

The trigger modes for the A/D modules are paired accor-
ding to the type of trigger stimulus as follows:

Talk (T0 and T1): The measurement will be triggered when
the unit is addressed to talk over the bus.

GET (T2 and T3): The IEEE-488 multiline GET command
provides the trigger in these two modes.

X (T4 and T5): The X (execute) character triggers the
instrument.

External (T6 and T7): An appropriate pulse, applied to the
external trigger input jack, triggers the unit (see paragraph
3.67).

Positive Slope (T20,m and T21,m) The unit will be triggered
when the input signal rises to a level programmed by the
m parameter. Note that m is given in volts.

Negative Slope (T22 and T23): The instrument will be trig-
gered when the input signal drops to a level programmed
by the m parameter. Again, m is given in volts.

Other Channel (T24 and T25): Triggering takes place when
the other channel is triggered. The method used to trig-
ger the other channel depends on its programmed trigger
mode. This mode is available only if the Model 1944A
module is installed in the channel 2 location.

Immediate (T25 and T27): Sending these commands will
provide the necessary stimulus in these two modes.

Plotter control: T30 and T31 provide methods to initiate and
stop plotting via the analog output. The appropriate ac-
tion will take place when the command is received.

NOTES:

1. Omitting the trigger level parameter, m, in the T20-T23
command strings will result in a trigger level of OV.
2. The talk, X, and GET trigger modes can be verified from
the front panel with the SOURCE key (press LOCAL
first to cancel REMOTE). The instrument will then
display one of the following messages, as appropriate:

TRIG ON X
TRIG ON TALK
TRIG ON GET

Note that these trigger sources are available only over
the bus; if you continue to press uprange/downrange,
you will change the trigger source.

3. Programming the A/D converter (for example, chang-
ing range) after it has been armed will disarm the con-
verter. To re-arm the converter under these conditions,
send the appropriate trigger command. For example, in-
stead of T3XROX, send ROXT3X. You can program non-
A/D parameters such as SRQ without disarming the
converter.

HP-85 Programming Example—Place the instrument in the
single, GET trigger mode with the following statements:

REMOTE F&13
QUTPUT FE5; feTER?

The instrument can now be triggered by sending GET with
the following statement:

TRIGGER Fa2

When the above statement is executed, the instrument will
perform a single measurement sequence.

Model 8573 Programming Example—Place the instrument
in the single, GET trigger mode by using the following
statements:

Wk=1:CALL IBSRECERDEN LK
CHOF=# ¢ TER®* : CALL TEHRT CM1345 CHDE
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Trigger a reading sequence by sending GET in the follow-
ing manner:

CALL IBTRGOMIS4E:

The instrument will perform a single reading sequence
when the above statement is executed.

4.9.7 Delay (W)

The W command programs a positive or negative delay
value for the start of the measurement sequence relative
to the trigger point. Thus, this command performs essen-
tially the same function as the front panel DELAY key,
which is covered in detail in paragraph 3.6.

The general format for the delay command is shown in
Table 4-14. The two variations of the delay command are
detailed below. Note that the range of the pre-trigger varia-
tion is much smaller than that of the post trigger mode.

WO, +m: The delay period is programmed in samples.

W1, +m: The delay period is programmed in sec.

Upon power up, or after a DCL or SDC command, the
instrument will assume a delay progammed by SETUP 1
(Al). Factory default is 0 samples.

HP-85 Programming Example—Type in the following lines
to program a post trigger delay of 250 samples:

FEMO IT
DUTFUT FE9; ¢ 6 LEs 2501

TES

The 250 sample post trigger delay period will be pro-
grammed when the second statement above is executed.

Model 8573 Programming Example—Use the following
statements to program a post trigger delay period of 250
samples:

Ux=1:CALL IBSRECERDEN LK)

CHMOF=¢ & LEs 258" " CALL TEHMRTOMLIS45 CHDE

The 250 sample post trigger delay period will be pro-
grammed when the second statement above is executed.

Table 4-14. Delay Commands

Allowable Range

Command| Description
WO,m | Wait +m samples relative to
trigger before storing first
sample.
W1l,m | Wait +m sec relative to
trigger.

-32768 <m <1E7 (16 Bit)
-65536 <m <1E7 (8-Bit)

-32768 <m <1E7 (16-Bit)
—65536 <m <1E7 (8-Bit)

4-25



IEEE-488 PROGRAMMING

Table 4-15. Data Format Commands

Number*
Command | ASCII/Binary | Readings| Prefix| Suffix| Reading Separator**
GO ASCII 1 On | Off | <CR LF> and EOI
Gl ASCII 1 Off | Off | <CR LF> and EOI
G2 ASCII 1 On | On | <CR LF> and EOI
G3 ASCII n On | Off | <, >; <CRLF> and EQI (at end)
G4 ASCII n Off | Off | <, >; <CR LF> and EOI (at end)
G5 ASCII n On | On | <, >; <CR LF> and EOI (at end)
Gé6 Binary n Off | Off | <CR LF> and EOI (at end)
G7 Binary n Off | Off | EOI only (at end)
(Byte Count)t

*number of readings between EOI and terminators.
**Default terminator (carriage return, line feed) shown.
tByte count does not include four-byte status word.

4.9.8 Data Format (G)

The G command gives you control over the format of the
data that is transmitted by the instrument over the
IEEE-488 bus. Table 4-15 lists the data format command op-
tions and the parameters controlled by each command.

Upon power up, or after a DCL or SDC command, the
instrument will be in a mode determined by SETUP1. Fac-
tory default is G2.

Basically, this command allows you to control the follow-
ing aspects of the data format:

1

ASCII or binary data transmission: In the GO through
G5 modes, the ASCII format is used. Transmission is
done in binary form in the G7 and G8 modes.

. Number of readings. In G0, G1, and G2, only a single

reading will be sent before the terminator or EOL. In the
G3, G4 and G5 modes, a number of readings may be
sent from a buffer (if enabled) before the terminator and
EOIL The number that will be sent can be controlled with
the buffer pointer (B) command, as discussed in the next

paragraph.

. Prefix control: The prefix indicates the type of measure-

ment, as discussed below. Various modes omit the prefix
as summarized in Table 4-15.

. Suffix control: The suffix shows the channel number

and buffer location being transmitted. Various G modes
omit the suffix, as indicated in Table 4-15.

. Reading separators: The terminator and EOI sequence

marks the end of the transmission sequence regardless
of whether single or multiple readings are transmitted.
The default terminator sequence is the commonly-used
CR LF (carriage return, line feed) sequence, but other
terminators can be programmed with the Y command
(paragraph 4.9.19). For multiple readings, the individual
readings and channel and buffer numbers will be
separated by commas, except for the binary modes.

NOTES:

1.

EQOI will be asserted (if enabled) after each reading
in G0-G2. In G3-G7, EOI will be asserted only at the
end of buffer transmission.

. The byte count sent in the G7 mode excludes the four

bytes in the binary status word, and the two count
bytes. Thus, the total number of bytes transmitted will
always be six more than the byte count.

When both A/D converters are running (dual channel
units), readings for each channel will be made available
to the IEEE-488 bus as thay are completed. To eliminate
data output from a channel, place that channel in an
unused single trigger mode (for example, T3).

If the unit is in the waveform (F0) mode, data will come
from successive measurement buffer locations.

If the reading buffer is enabled (Q command) data will
be sent from the reading buffer, as requested. The
reading suffix shows the number of readings left in the
buffer.

To dump the complete measurement buffer in the
G3-G7 modes, place the unit in waveform (F0) mode.
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7. If a buffer is not enabled (QO or any function but F0),
only one reading will be sent in G3-G7.

8. If accessing the reading buffer in the G7 mode, the byte

individual sample number, 0-65,535. The buffer suffix
will be omitted if the reading buffer is disabled (Q0)
and if the unit is not in the waveform mode.

count will show the number of readings left in the

reading buffer.

9. The buffer suffix always indicates CH1 in ratio
(CH1/CH2) and difference CH1-CH2).
10. The most negative value possible in the G6 and G7
binary data formats is —32,767 instead of —32,768.

ASCII Data Format

When the instrument is placed in the GO through G5
modes, the data string is made up of ASCII characters with
the general fromat shown in Figure 4-6. The various sec-

tions of the data string include:

1. Prefix (GO, G2, G3, and G5): Indicates the type of
measurement function in effect (for example, TRMS).
The prefix is omitted in the G1 and G4 modes.

NOTE
When requesting waveform measurements in G6
or G7 data formats, raw binary data in offset binary
will be sent. In any other function the data format
will be in 16 bit two's-complement form.

Binary Data Format

When the instrument is operated in the G6 and G7 modes,
it will transmit data in raw binary form with the general
format shown in Figure 4-7. The main advantage to using
the binary data format is that fewer bytes are involved, so
data transmission is more rapid than when using the
ASCII data format. Note that no terminator is sent in the
G7 mode, and that the byte count excludes the four bytes
in the status word.

2. Mantissa: A 4%, digit (+32,767 counts) signed value
representing the instrument reading. Note that usable

resolution is only 2% digits (+128 counts) for sampl-
ing rates above 100kHz, or for more than 32,768

samples.

S

Exponent: Indicates a multiplier for the mantissa.

4. Suffix: Indicates the channel number and the remain-
ing number of reading buffer locations remaining when
the correct format mode is in effect. When in the
waveform mode, the buffer location suffix indicates the

The two binary modes include a 4-byte status word as
shown in Figure 47(c). These bytes indicate the following:

Byte 1: Overflow, zero, 16/8-bit mode, invalid numeric
value, waveform present in measurement buffer.

Byte 2: Range and channel.
Byte 3: Function
Byte 4: Exponent in 2s complement form.

Lrl L|J DEFAULT
N=NORMAL MANTISSA|  CHANNEL TERMINATOR=CR LF

PREFIX BUFFER EOI ASSERTED
(GO G2, G3, Gb) SUFFIX (G2, G5) WITH LF

— — |

N DCV +1.2345 E+0, CH2 , BOO50 TERMINATOR

RAT=CH1/CH2
DEV=STANDARD DEVIATION
P-P=PEAKTO-PEAK
INT=INTEGRAL
DCV=WAVEFORM
RCL=RECALL MODE

0=0VERFLOW NUMBER
Z=ZEROED
READING EXPONENT
|=INVALID
MEASUREMENT
RMS=TRMS NOTE: BUFFER LOCATION SHOWS
AVG=AVERAGE SAMPLE nnnnn IN WAVE
+PK=+PEAK FORM MODE
—PK=-PEAK
DIF=CH1-CH2

Figure 4-6. ASCIl Data Format (GO to G5)
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A. G6
1 2 3 4 BYTE 1 BYTE 2 BYTE3 | —| —| BYTEn | TERMINATOR
& EOI
I I| J
I [
STATUS WORD 4 BYTES 8-BIT MODE: EACH BYTE IS A SEPARATE SAMPLE.
SEE BELOW 16-BIT MODE: BYTE 1 IS MOST SIGNIFICANT BYTE, BYTE 2 LEAST
SIGNIFICANT BYTE.
B. G7
EOI
I
MSB| LSB 1 2 3 4 | MSB| LSB | MSB | LSB| MSB| LSB| MSB | LSB | o o o MSB | LSB
I Il Il Il Il I | | |
I I I I I | I
BYTE STATUS WORD SAMPLE SAMPLE SAMPLE SAMPLE SAMPLE
COUNT (4 BYTES) 1 2 3 4 N
(1-64K) SEE BELOW (1 BYTE PER SAMPLE IN 8-BIT MODE)
C.
BYTE 1 BYTE 2 BYTE 3 BYTE 4
31? \24 2{ \16 1[ \8 7 [ \ 0
: : : : RANGE CHANNEL NOT USED FUNCTION EXPONENT
: : : : (SEE BELOW) (SEE BELOW) (SEE BELOW) (2s COMPLEMENT)
1=NUMERIC _J |_1=16-B'T MODE
RESULT INVALID 0=8-BIT MODE
1=BUFFER 1=ZEROED
INVALID
1=0VERFLOW 1=WAVEFORM IN BUFFER
RANGE CHANNEL FUNCTION
DECIMAL BINARY DECIMAL BINARY
(o] 0000 320mVv 0001 1 (o] 0000 WAVEFORM
1 0001 3.2v 0010 2 1 0001 AVERAGE
2 0010 32v 0011 3 2 0010 TRMS
3 001 200V 0100 4 3 0011 +PEAK
0101 5 4 0100 —-PEAK
0110 6 5 0101 PEAK-TO-PEAK
om 7 6 0110  STANDARD DEVIATION
1000 8 7 om INTEGRAL
8 1000 RECALL
BYTE 1
INVALID NUMERIC: 1=READING IS INVALID
BUFFER INVALID: 1=MEASUREMENT BUFFER CONTAINS INVALID SAMPLE
OVERFLOW: 1=READING SAMPLE OVERFLOWED
WAVEFORM IN BUFFER: 1=MEASUREMENT BUFFER CONTAINS A WAVEFORM
8/16 BIT MODE: 1=16-BIT; 0=8-BIT
ZEROED: 1=ZERO IS ENABLED

Figure 4-7. Binary Data Formats
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Obtaining Data

Before the instrument will transmit its data string, it must
be properly addressed to talk by the controller. The basic
controller sequence for requesting data is as follows:

1. The controller sets the ATN line true.

2. The Model 194A is addressed to talk by placing the ap-
propriate talk command byte on the data lines. For the
default primary address (9), the correct talk command
byte is $49.

. The controller places the ATN line false.

4. The controller then begins its input sequence and in-
puts data bytes in succession until all are taken. General-
ly, the sequence will cease when the terminator is
detected. Some controllers terminate on EOIL.

w

Generally, data is placed into a string or numeric variable
as the bytes are received. For example, a typical sequence
for the HP-85 computer is:

ENTER 783, f%

In this instance, the complete reading string is placed in
the A$ variable. In cases where numeric input is required,
the instrument should be operated in a mode without a
prefix and suffix (G1 or G4, for example). Under these con-
ditions, readings can be placed directly into a numeric
variable as in the example below:

EHTER FE'3; A

A is the variable into which the numeric value is placed.
If the prefix and suffix are not eliminated with the correct
G command, an incorrect value may be placed into the
numeric variable.

In the G6 and G7 (binary modes), data bytes can be placed
into a string variable in a similar manner. However, some
form of algorithm must be used to convert data into
displayable form. Consult your controller’s instruction
manual for details.

NOTE
This discussion assumes single channel operation.
See paragraph 4.12 for more information on ob-
taining data with dual channel units.

HP-85 Programming Example—Use the following program
to obtain and display an instrument data string.

PROGRAM COMMENTS
18 REMOTE 7% Place instrument in
remote.

Z8 OUTPUT VB9 ¢ $GEF1TER? * Select data format,
average mode.

Get reading from
instrument.

Display the reading.

i+

8 EMTER YE9: A%

DISP A%
EHI

i) I %
[ A |

In this program, the instrument is first placed in remote
(line 10), and several operating modes are then pro-
grammed. The instrument is placed in the GO data for-
mat, average, and correct reading modes (line 20), and data
is then requested (line 30) and displayed (line 40). Note
that data with prefix, without suffix is displayed because
the instrument is in the GO mode.

Model 8573 Programming Example—Add the following
lines to the modified declaration file paragraph (4.6.3) and
run the resulting program to obtain and display an instru-
ment data string.

PROGRAM COMMENTS
18 UN=1:CALL IBSRECERDE:. %y Place 194A in
remote.

28 CHMDF=**GCAF1TEX** : CALL IEBMRT Set data for-
CH194k . CHDE S mat, average
mode.
Define reading
input buffer.
Get reading
string from
instrument.
Display
reading string.
Close instru-
ment file.
Close board
file.

H

28 RIDF=SPACEFCZ25

48 CALL TERDCM1945RIOF

)]
[ax ]

FRIMT RI#

o)
[

Wk=0:CALL TBOMLCM1945 s XD

=]
XN

CALL TEOML CERTE W%

In the above program, the instrument is placed in remote
(line 10) and then programmed for data format, waveform,
and reading modes (line 20). A reading is then requested
(line 40) and then displayed (line 50).
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4.9.9 Analog Output (O)

Options of the O command control plotting or graphing
through the analog output. The majority of these com-
mands perform the same function as the front panel XY
mode buttons such as XY MODE, XY TRIG, and XY DATA.
Full details on using the analog output may be found in
paragraph 3.13.

The general format of the O command is:
On,m

where n and m are command options as indicated below:

Command Description

o0 Abort plot if presently active.

o1 Test Analog Output (set outputs to full
scale).

02,0 XY Mode Off (Power on, DCL/SDC).

02,1 CRT Mode

02,2 Oscilloscope Mode.

023 Future Expansion.

024 Slow Plot (XY Analog Plotter).

02,5 Strip Chart.

03,0 Measurement Buffer.

031 64K RAM Bulffer.

03,2 Display Readings.

033 IEEE-488 Reading Bu