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ABOUT THIS MANUAL. ..

This manual contains:

« [Instructions for operating the 371 with the
front-panel controls or through the GPIB interface

= [nstallation and GPIB configuration instructions

< A complete quide to GPIB commands and
queries

e [etailed functional-check and
operator-familiarization procedures

« Step-by-step demonstrations of typical
measurements

« Listings of the specifications and operating
characteristics of the 371

« _A list of all standard accessories, optional
accessories, and instrument options.
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SAFETY SUMMARY

SAFETY TERMS

The foliowing terms may be found in this manual or printed on
the 371 and its accessuries,

In This Manual:

CAUTION statements identify conditions or practices
that could result in damage to the equipment or cther

property.

WARNING statements identify conditions or practices
that could result in personal injury or loss of life.

As Marked on Equipment:

CAUTION indicates a personal injury hazard not
immediately accessible as one reads the marking, ora
hazard to property including the equipment itseif.

DANGER indicates a personal injury hazard immediately
accessible as one reads the marking.

xiii
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SYMBOLS

The foliowing symbols may be found in this manual or ¢n the 371
ang its accessories.

In This Manual:

This symbof indicates where applicabie cautionary or
other information is 1o be found.

As Marked on Equipment:

; DANGER ~High voltage
Protective ground (earth) terminat

A ATTENTION — Refer to manual

xiv
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l WARNING I

Power Source

This instrument aperates from a single-phase power source and
has a detachabie three-wire power cord with a two pole,
three-terminal grounding-type plug. The voltage to ground
(earthj from either pole of the power source must not exceed the
maxirnum rated operating voitage {250 voits rms).

Grounding

Before making connection fo the power source, make sure that
the instrument is set for the power source voltage and is
equipped with a two-pole, three-terminal, grounding type plug.

This instrument is safety class 1 equipment (JEC1 designation).
All accessible conductive parts are directly connected through
the grounding conductor of the power cord to the grounding
contact of the power piug. Therefore, the power plug must anly
be ingerted in a mating receptacle with a grounding contact. Do
not defeat the grounding connection. Any interruption of the
grounding connection can create an electric shock hazard.

For electric shock protection, connect the instrument to graund
hefore connecting to the instrument input or output terminas.

Exposing Dangerous Voitages

The 371 provides output voitages up to 3 kV, which can be
dangerous if the device under test is connected directly i the
text fixture connector on the 371, without using the Test Fixture
Unit. Always use the Test Fixture Unit.

if an item 10 De tested does not fit under the plastic protective
cover, external test fixturing may be required. Refer construction
of externat test fixtures to a qualified service technician.
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| WARNING I

Heat

Prolonged use of the 371 at high power settings can make the
device under test, Test Fixture Unit, or Protective Cover hot
enough ta cause injury. Avoid touching any of thase items until
cooled.

CAUTION

Line Voltage Settings

To prevent damage to the instrument, always check the settings
of the Line Voltage Selector on the rear pane! of the 371 before
connacting the instrument to the power source.

Heat

Prolonged use of the 371 can cause high temperatures which
may damage the instrument or device under test. When applying
current in the 3 kKW range of the Peak Power Waltts setector, test
time should be limited to 4 minutes, followed by at least eleven
minutes of cooling,

Test Adapter Terminals

To prevent equipment damage, do not short together the
collector and emitter terminals on the Test Adapters.




SECTION 1

GENERAL INFORMATION

This section:

L]

&

Describes the features of the 371
Provides instaliation and inspection instructions

Provides repackaging instructions for transporting
the 371

Specifies the performance requirements for the
371

1-1
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DESCRIPTION

Tha 371 is a high-power curve tracer for measuring static
characteristics of samiconducior devices. It enables
measurement, display, evaluation, and analysis of characteristics
for a variety of devices with two or three leads, incluging diodes,
bipolar transistors, MOSFETS, thyristors, and IGBTSs.

MDisplay Modes

Characteristic curves can be displayed in Non-Store (reai-time)
mode or in Store made from the digital memory. In Store mode,
a readout of the cursor position provides the current, voltage, DC
and small signal 3, and resistance at any point on the
characteristic curve. The Non-Stare display mode is useful for
capturing characteristics viewing rapid variations.

WThe Collector Supply

The 371 is designed for measurerment of both high-voitage
fow-current device characteristics {in High Voltage mode) and
low-voltage high-current device characteristics (in High Currant
made).

In High Voltage mode, the maximum collector {drainfanode)
supply output i 3 kV in the open state, and a minimum of 40 mA
{30 W) when the output circuit is closed.

in High Current mode, the corresponding figures are 30 V and
400 A {3 kKW).

BMThe Step Generator

The step generator that provides the base or gate signal can
operate as either a current source or voltage sowree, supplying
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up to 20 mA or 50 V in High Voltage mode, and up 10 20 A puises
or 50 V inn High Current mode.

MDisplay Axes

Collector current is displayed on the vertical axis with a sensitivity
range of 10 pA/division to § mA/division in High Voltage mode
and 500 mA/division to 50 A/division in High Current mode.

Collector voltage is displayed on the horizontal axis with
sensitivity selectable from 50 V/division 1o 500 V/fdivision in High
Voltage mode and 100 mv/division 10 5 Vidivision in High Current
mode.

Base voltage can also be displayed on the horizontal axis, with
sensitivity selectable from 100 mV/division to 5 V/division.

BMeasurement Modes

In addition to the continucusly-displayed Repeat Measurement
mae, Single and Sweep modes can be selected.

Single Measurement mode can be used t0 avoid the device
overheating which may occur with Repeat Measurement mode.

Sweep Measurement mode automnatically varies the collector
voltage or step generator output, displaying a curve formed of a
continuous series of dots rather than the single dot normally
obtained in High Current mode.

EStorage

The 371 provides storage for characteristic curves, user-entered
text, and front~panel settings (setups).




371 General Information

Characteristic Curves

Up to 16 characteristic curves, together with their parameter
setups, can be stored in a 128K-byte magnetic bubble memory
and recalled for display at any time. A stored characteristic curve
can be displayed along with the real-tima curve for comparison.

Text

The 371 provides storage for alphanumeric characters and
symbols so additional information, such as device names and
measurement conditions, can be stored together with
characteristic curve data or setips.

Setups

Sixteen independent sets of front-panel settings, called setups,
can be stored in the bubbie memaory and recalled at any time.

HExternai Interfaces

The 371 provides a standard GPIB interface for transfer of
measurement data and resulls read by cursor operations, and for
remote control of front-panel functions. The GPIB interface may
also be used for an HPGL-compatible piotter when the 371
address is set to 31.

Screen displays can be hard-copied directly t0 an
MPGL-compatible platter via the Plotter Interface Port without
using a controller.

Plotters used with the 371 must be equipped with an 8K-byte
input buffer.
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INSTALLATION

Tre following information explains how to:

» Inspect a new instrument

+ Set the 371 Line Voltage Selector to match local power
= Determing which line cord is appropriate

« Determine proper operating temperature

«  Connect the Test Fixture Unit to the 371

Minitial Inspection 2

The 371 High Power Curve Tracer was thoroughly inspected for -
mechanical and electrical defects hefore shipment. it should be
free of mars or scratches and meet or exceed ail electrical
specifications. To confirrn this, inspect the instrument for
physical damage incurred in transit and test the electrical
performance by following the First-Time Operation instructions in
Section 3, Operating Instructions.

Fora complete verification of electrical performance, refer a L
qualified service technician 1o the Performance Check section of

the 371 Service manual. if a discrepancy is found, contact your

local Tekironix Field Office or representative or refer a qualified

service technician to the Adjustment section of the 371 Service

manual.

BPower Source Information

This instrument operates from & single-phase power source
having a neutral at or near ground (earth) potential. It is not
intended far operation from two phases of a multi-phase system,
nor across legs of a single~-phase, three wire system. This
instrument can be operated from sither a 100-volt, 120-volt,
200-volt, or 240-valt nominal supply scurce of 48 10 63 Hz, The
line voltage setting of the instrument is indicated by a screw on
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the rear panel {see Figure 1-1). Table 1-1 pontains a listing of

ling voltage ranges, line frequency range, and power
consumption.
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Figure i-1. Location of the Line Voltage Indicator.
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TABLE 1-1
Line Voltage Ranges
Line Voitage Ranges Fuses
Norminal Range Main Collector
240V 216 V-250V 250V, 1A 250V, 2A
slow-blow  slow-blow
200V 180 V-220V
120V 108 V-132V 250V, 2A, 250V, 4 A
siow-blow  slow-blow
00V o v-110V
Lineg Frequency 48 Hz-63 Hz
Maximum Power 400W, 45 A

CAUTION

To prevent damage to the instrument, always check the
position of the line voltage indicator located on the rear
panel of the 371 befora connecting the instrument to a line
voltage source.
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MPower Cord Information

A power cord with the appropriate plug configuration is supplied
with each instrument. The color-coding of the power cord
conductors appears in Table 1-2,

TABLE 1-2
Power-Cord Color Conductor identification _— T T e
Conducior Coior Alternate
Ungrounded (Line) Brown Black
Grounded (Neutral) Light Blue White
Grounded {Protective Ground) Green/Yeliow Green/
Yellow
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i WARNING I

This instrument operates from a single-phase power
source, and has a detachable three-wire power cord with
a two-pole, three-terminal grounding-type plug. The
voltage to ground (earth) from either pole of the power
source must not exceed the maximum rated operating
voltage (250 volts rmis).

Before making connection to the power $Qurce, make sure
that the instrument is set for the power source voltage, and
is equipped with a suitable plug (two-pole, three-terminal,
grounding type).

This instrument is safety class 1 equipment (IEC
designation}. All accessible conductive parts are directly
connected through the grounding conductor of the power
cord to the grounding contact of the power plug.
Therefore, the power plug must only be inserted in a
" mating receptacle with a grounding contact. Do not defeat
the grounding connection. Any interruption of the
grounding connection can create an electric shock
hazard.
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Refer to Table 1-3 if a power-cord plug other than the one
supplied is required.

TABLE 1-3
Power-Cord and Plug identification Information
Nominal
Plug AC Line Reference Option
Configuration Usage Voltage Standarg Number
North 20V ANSI C73.11 Standard
America NEMA 5.15-P
120 V/15 A EC 83
Universal 240V CEE (7). 0, At
Buropean W, Vi
220 V16 A EC 83
UK 240V B8i 1363 A2
240 V13 A IEC 83
Australia 240 V AS C112 A3
240 V10 A
Narth 240 ¥ ANSI C73.20 Ad
America NEMA 6-15-F
240V/i5 A IEC 83
Switzerland 220V SEV AS
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BMOperating Temperature

The 371 can be operated where the ambient air temperature is
between +10°C and +40°C, and can be stored in ambient
temperatures from -40°C to +65°C, After storage at
{emperatures outgide the operating limits, allow the chassis
ternperature to reach the safe cperating limits before appiying
power,

The 371 is cooled by air drawn in through the air filter on the rear
panel and biown out through holes in the side panels. For proper
instrument cooling, provide adequate clearance of at least two
inches on the rear and sides of the instrument to ensure free air
fiow and dissipation of heat away from the instrument.

CA

Prolonged use of the 371 can cause high temperatures

~which may damage the instrument or device under iest,
When applying current inthe 3 kW range of the Peak Power
Wails selector, test time should be limitec to four minutes,
followed by at least 11 minutes of cooling.

l WARNING I

Prolonged use of the 371 at high power settings can make
the device under test, Test Fixture Unit, or Protective Cover
hot enough to cause injury. Avoid touching any of these
items until cooled.
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MConnecting the Test Fixture

Beforg switching on the 371, connect it 1o the Test Fixture Unit as
shown in Figure 1-2. Device measurements are performed using

this Test Fixture Unit.

! WARNING I

The 371 provides output voltages up to 3 KV, which can be
dangerous if the device under test is connecied directly to
the test fixture connector on the 371, without using the Test
Fixture Unit. Always use the Test Fixture Unit.

s CAUTION

Wheniniserting the Test Fixture Unit plug into the connector
or the 371, be certain the plug is parallel to the connector
surface so the connecting pins will be inserted straightinto
the connector.
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6839102

. Figure 1-2. Connection of the 371 and Test Fixture Unit

Measurements are made by installing the following Test Adapters
on the Patch Panel of the Test Fixture Unit:

A1002 In-line Lead (standard accessory)
A1003 T0-3/T0-66 {standard accessory)
A1004 Offset Lead (aptional accessory)
A1005 Axial Lead Diode (optional accesscry)

See The Patch Panel and Test Fixture Unit in Section 3 for details
an making connections on the Patch Panel.

An optional Fleid Wiring Cable is also available for creating
custom test fixtures {see Accessories, later in this section).
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REPACKAGING FOR SHIPMENT

If this instrument is shipped long distances, we recommend that
the instrument be repackaged the same as when it arrived. The
cartons and packaging material in which the instrument was
shipped should be saved and used for this purpose.

i the instrument is shipped to a Tektronix Service Center for
service or repair, attach a tag to the instrument showing the
following:

«  QOwner of the instrumant (with address)

« Name of a person at your firm to contact

« Instrument type and instrument serial number
+ Description of the service required.

If the original packaging is unfit for use ar not available, package
the instrument as follows:

1.

Obtain a corrugated cardboard shipping carton with a
375-pound test strength and inside dimensicns at least six

-inches greater than the instrument dimensions,

Surround the instrument with polyethylene sheeting to
protect the finish.

Cushion the instrument on ali sides by tightly packing
dunnage or urethane foam batween the carton and the
instrument, alfowing three inches on all sides.

Seal the carton with shipping tape or with an industrial
stapler,

Write the address of the Tektronix Service Center and your
return address on the carton in one or mare prominent
locations.
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SPECIFICATION

This section specifies the electrical, mechanical, and
environmental performance requirements of the 371.

MPerformance Conditions

The following efectrical and envirormental characteristics are
valid for instruments operated at ambient temperature hetween
+10°C to +40°C, after an initial warm-up pericd of 20 minutes
and when previously calibrated at a temperature between +15°C
to +25°C.

The performance of all stimulus outputs {Collector High Current,
Collector High Voitage, Step Gen Current, Step Gen Volitage)
should be verified on the Test Fixture Unit, which is provided as a
standard accessory.

1-~16
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TABLE 1-4
Electrical Specification
Characteristic Performance Supplemental
Requirement Information
COLLECTOR SUPPLY
Collector Supply Selected by the
Polarity Collecicr Supply
POLARITY button,
NPN -+ Positive pulse for
300 W/3 kW Peak
Power Watis.
Positive rectified sine-
sauared wave for
30 W/3 W Peak Power
Watis.
PNP - Negative pulse for

300 W/3 kW Peak
Power Watts,

Negative rectified sine-
squared wave for

30 W/3 W Peak Power
Watts.
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TABLE 1-4 {cont.)
Electrical Specification

Characteristic

Parformance
Requirement

Supplemental
Inforination

COLLECTOR SUPPLY (cont.)

Peak Power Watls 3 KW, Selected by the PEAK
Range 300 W, POWER WATTS
30 W, buitons.
3w Derived from nominal
peak open circuit col-
lector voltages and
nominat series resis—-
tance value,
Callector With a shorted load in
Peak Current the Test Fixture Unit.
3 kW range 400 A Puised Coliector
Supply
300 W range 40 A Pulsed Coliector
Supply
" 30 W range 40 mA, -20%, +20%  Sine wave
Collector Supply
3 Wrange 4 mA, -20%, - 20% Sine wave

Collector Supply

Maxirmum Peak
Voltage

Peak open circuit
voltage

At 100% Coliector
Supply VARIABLE,

3 kW range

30V, +10%, -5%

Pulsed Collector
Supply
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TABLE 1-4 (cont.)
Efectrical Specification

Performance
Requirement

Characteristic Supglemental

information

COLLECTOR SUPPLY {cont.)

300 W range 30V, +10%, -5% Pulsed Collector

Supphy

30 W range

3KV, +10%, -0%

Rectified sine-
squared wave
Callector Supply

3 Wrange

3 kY, +10%, -0%

Rectified sing-
squared wave
Caollector Suppiy

Collector Supply
Variable

0 to 100.0%.

% of maximum peak
veltage value is dis-
played in the CRT
readout area.

Provides uncalibrated
vatiable control of the
colfector supply
ampiitude from C to
W00% in 0.1%
increments.

Looping
Compensation

Valid for High
Voitage made.

Cancels stray capaci-
tance between the
collector terminal and
ground at Collectar
Supply PEAK POWER
WATTS 30 W3 W.

Sweep Stant
Voltage

Less than -~ 10%,

~10% of peak volt.

Valid for High Voltage
mode
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TABLE 1-4 (cont.}
Electrical Specification

Characteristic

Performance
Requirement

Supplemental
Information

COLLECTOR SUPPLY (coni.)

QUTPUTS Lights when all out-
Indicater puts {COLLECTOR
SUPPLY, STEP GEN-
ERATOR output ter-
rminals) are enabled.
Puised Collectar Pulse amplilude is Available in High
Supply controlled by the Current mode
Collector Supply . {PEAK POWER
VARIABLE. WATTS 3 kW/300 W).
Repetition Rate One-fourth {.25X} At 3 kW PEAK
line frequency. POWER WATTS.
One-half {(1.5X) At 300 W PEAK
line frequency POWER WATTS.

- Pulse Width
{Half Amplitude)}

250 us +10%, -10%

More than 30% of the
Coilector Supply
VARIABLE at open
circuit.

150 uS to 250 us

5% to 30% of the
Collector Supply

VARIABLE at

open circuit,
Risa Time/ 40 psto 120 us With Coliector Supply
Fall Time VARIABLE at 50%.
Overshoot/ Less than 5% of the More than 5% of the
Urdarshoot otal autput. Caltectar Suppiy

VARIABLE at open
circuit.
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TABLE 1-4 (cont.)
Electrical Specification

Characteristic Performance Supplemental
Requirement Information

STEP GENERATOR

Accuracy (Curent

or Voltage Steps,

including Offset)

incremental Within 2% between Without STEP MULTI
any two steps. L1X enabled.
Within 5% between With STEP MULTT .1X
any two steps. enabled,
Absolute Within 2% of total Without STEP

auiput + 3% of MULT! .1X enabied
STEP/OFFSET
AMPLITUDE setting
+10nAor2mv
Within 4% of total With STEP
output + 5% of MULTI .1X enabled
STEP/OFFSET
AMPLITUDE setting
+~ 10 nA or 2 mv

Offget Control Variabile, O to Same polarity as

Range 5 times STEP/ step signal.
OFFSET AMPLI- Contral resolution is
TUDE setting. 1%.

Number of Steps Otos

Steo Polarity Positive, Negative, Corresponds to the

Collector Supply
POLARITY when

Step Generator
INVERT s disabled.

1-21




37t General Information

TABLE 1-4 (cont.)
Electricat Specification

Characteristic Performarnce Suppiemental
Requirement information

STEP GENERATOR (cont.}

Pulsed Current When pulsed Collector
Steps Supply (PEAK
’ POWER WATTS
3 KW/B00W) is

selected, the step
current autormatically

becomes pulsed.
Pulse Width 800 us, +10%, With 1 k(2 load,
~10%. 1 mA/step
Rise Time Less than 40 us With 1 k{2 lead,
1 mA/steg
Fall Time Less than 40 ys With 1 k() load,
1 mA/step
T Qvershoot/ Less than 10% With 1 k(2 load,
Undershoot 1 mA/step and zero
COLLECTOR
SUPPLY VARIABLE.

1-24




371 General information

TABLE 1-4 {cont.)
Electrical Specification

Characteristic Performance Suppiemental
Requirement information

VERTICAL DEFLECTION SYSTEM

Collector
Current (ic}
Range 1 ADIV 1o Wity PEAK POWER
50 AJDWV WATTS set to 3 kW
500 mA/DIV to With PEAK POWER
5 ADIV WATTS set to 300 W
100 nA/DIV to With PEAK POWER
5 mAJDIV WATTS setto 30 W
10 pA/DIV to With PEAK POWER
500 pA/DIV WATTS setto 3 W
Accuracy Within Q.1 division
of the vertical
- graticule fines.
Cursor Accuracy Within 1.5% of In Store mode (use
the readout + the DOT cursor).
0.1 division of the
CURRENT/DIV setting.

HORIZONTAL DEFLECTION SYSTEM

Callector Suppiy

Range Voits (Vee): With PEAK POWER
100 mV/DIV to WATTS set to
5ViDVina 1-2-8 3 kW/300 W
sequence.
50 V/DIV to With PEAK POWER
S80C VDWW ina WATTS setto
1-2-5 sequencea, 30W/3W
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TABLE 1~-4 {cont.}
Electrical Specification

Chavacteristic Performance Supplemental
Requirement information

HORIZONTAL DEFLECTION SYSTEM(cont.)

Step Generator

Volts (Vee)
Hange 100 mV/DIV to 5 VDIV
ina 1-2-5 sequence.
Accuracy Within 0.1 division.
Gursor Accuracy Within 1.5% of the Chiecked with the Dot
readout + CLISOF,
0.1 division of the
HORIZONTAL
VOLTS/DIV setting.
Af 100 mv/DIV COL-
LECTOR:
Within 5% of the
readout + 0.2 division
of the HORIZONTAL
] VOLTS/DIY setting.
CRT AND READOUT
CRT
Type Electrostatic deflaction
Phosphor P31
Screen Size 7-inch diagonal,

internal graticule
and scale factor.
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TABLE 1-4 (cont.)

Electrical Specification

Characteristic Performance Supplemerntal
Requirement information
CRT {cont.}
Orihogonality 80°, within 0.6°
Trace Rotation At teast -3¢

Geometry 0.5 minor division or
less of tilt or bowing
0.78 minor division or
tess of keystone effect.
TEXT DISPLAY
Alphanumeric ASCIH character set GPIB-accessible with

Character Set (1) except double the TEXt command.
quots (")
{u is recognized as )
Alphanumeric space, A, B ... Z, Accessible with the
Character Set {2) space, m, &, N, P, VERTICAL CURRENT/
-0,1...9, -/, DIV and
)= HORIZONTAL
VOLTS/DIV controls.
Maximum Text 24 characters.
String Length
Character Size Approximately
3 mm height,
2 mm width.
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TABLE 1-4 {cont.}
Electrical Specification

Characteristic

Parformance Requirement

POWER SOURCE
iine Voltage Ranges Fuses
Nominal Range Main Coilector
240 ¥ 216 V-250 ¥V 2BOV, 1A 280V, Z2A,
slow-blow  slow-Diow
200V 180 V220V
120V 108 V-132 ¥V 250V, 2A, 280V 44,
siow-blow  slow-bilow
100V 90 V-110V
Line Frequency 48 Mz-83 Hz
Maximum Power 40 W, 45 A
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TABLE 1-5
Mechanicat Specification

Characteristic

Specification

Weight Approximately 79.3 Ibs. (36 kg)
Height Approximately 13.1 inches (333 mm)
Wiih feet and handles removed:
Approximately 12.2 inches (310 mm)
Width Approximately 16.8 inches (428 mm)
Depth Approxirmately 24.1 inches (638 mmj)
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TABLE 1-8
Environmental Specification

Characteristic Performance Requirement
Temperature

Non-Operating -40°C to +85°C.

Operating +~10°Cto +40°C.
Adtitude

Non-Operating 0 50,000 feet

Operating 10 15,000 feet

Maximum operating temperature
decreases 1°C each 1,000 feet

above 5,000 feet.
Humidity
Non-operating/ MH.-T-288000 paragragh 4.5.5.1.1.2.
Operating (5 days humidity with terperature cycling)
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TABLE 1-8 (cont.)

Environmental Specification

Characteristic Performance Requirement
EMC
{Electromagnetic
compatibility)
Conducied
Emigsions CEO3 MIL-STD-4618 Part 4, Curve 1
DIN 57871/VDE 0871/6.78 Class B
Susceptibility €806 MIL-STD-461B Part 5 pius
additional requirements:
CS01 MIL-STD-4818 Part 7
CS02 MIL-STD-4618 Part 4
Radiated
Emissions REO2 MIL-STD-4618 Part 7
FCC Part 15, Subpart J, Class A
T DiIN 5781/VDE 1871/6.78 Class B
Susceptibility RSO3 MIL-STD-461B PART 7 Limit to
1 GHz
RSOt MIL-STD-4618 Pant 4
characterization only
Electrostatic Mainframe; 15 k¥
Discharge Bubble Cassette; 5 kV
Adapter Socket: 5 kV
Safety UL1244"

(Standard for electrical arnd electronic
measuring and testing equipment)

CSA Electrical Builetin No. 556

'Not applicable when the 37t is rackmounted.
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TABLE -6 {cont.)
Environmental Specification

Characteristic

Performance Requirement

Vibration {operating)

MIL-T-288008 Section 4.5.5.3.1

Shock (non-operating}

MIL-T-288008 Section 4.5.5.4.1

Bench Handling

MIL-T-288008, Section 4.5.5.4.3.

Packaged Transportation
Drop

ASTM D775-61 Method 1, Paragraph 5

Package Transportation
Vibration

ASTM D999-75 Methad A, Paragraph 7.1
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INTERFACE CHARACTERISTICS

BITIE1H1413421110 3 8 7 6 5 4 3 2 {

.20 30 343032 31 302928 27262524232221 2049

£830-103

Figurg 1~3. Plotter Interface Port.

TABLE 1-7

Plotter Interface Port Pin Assignment

Signai Return Signal Direction Description

Pin No. Pin No.

1 19 STROBE(L) OUT An active low strobe
qualifies data. Data may
be latched on STROBE low
ar may be clocked on
positive transition of
STROBE.

2 20 BATA 1 ouT INPUT DATA LEVELS: A
logic one is represented by
a high level.

3 21 DATA 2 ouT

4 22 DATA 3 ouT
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TABLE 1-7 {cont.)

Piotter interface Port Pin Assignment

Signal Return Signal Direction Description

Pin No. Pin No.

5 23 DATA 4 ouT INPUT DATA LEVELS: A
logic one is represented by

8 24 DATA S ouT a high leved.

7 25 DATA 8 ouT

8 26 DATA 7 ouT

2] 27 DATA 8 ouT

10 28 JACKNLGIL) N An active iow strobe that
flags the host that a
transaction is complete.

11 28 BUSY IN A high signal indicates that
the plotter is not ready for
data.

12 30 PE IN Paper Empty — A low signal

. indicates that the paper is
not set.

13 - SLCT - Not used.

14 - NC - Net used.

18 - NC - Not used.

16 - NC - Not used.

17 - FG - 371 chassis GND. Inthe
371, the chassis GND
and the logic GND are
isctated from each other.

18 - -8V ouT +5V

19-30 - GND - Twisted-pair return

signal, GND level.
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TABLE 1-7 {cont.)

Piotter Interface Port Pin Assignment

Signal Return Signaf Direction Description

Pin No. Pin No. ‘

31 - INITIL) our Low for Plotter initialize.

32 - FAULT(L) N The 371 aboris data
transmission when the
FAULT signal is low.

33 - NG - Not used.

34 - NC - Not used.

35 - NC - Not used.

38 - NC - Not used.

M Plotter interface Cabie Characteristics

The piotter cable is a Centronics-type 36-pin I/F cable.

All input/output signals are TTL-compatible.

{lol= 20 mA)
{loh=-10 mA)
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MGPIB interface Functions

The IEEE-488-1978 (GPIB) standard defines the GPIB interface
functions and the allowed subsets of those functions. Table 1-8
shows how the standard functions are implemented in the 371.

TABLE 1-8
GPIB Functions

Function Impiemented As
Souree handshake SH1
Acceaptor Handshake AR
Tatker 6
Listener L4
Service request SR1
Remuote Loca! RL2
Paraflel poll PPO
{Not implemented)
Device clear DCA
Device trigger D70
(Not implemented)
Controiler CCO (Not implemented)
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ACCESSORIES

Standard accessories are shipped with your 371, Optional

accessories are available through your nearest Tektronix Field

Office or representative.

B Standard Accessories

Test Fixture Unit
Operators Manual
Fuses:
250V, 1 A, Slow blow
250V, 2 A, Slow blow
250V, 4 A, Slow blow

" Bubble Cassette

Power Cord

Test Adapters:
In-line Adapter
TO-3/TO-66 Adapter

Patch Cords {with two banana piugs)
Patch Cords {(with one banana piug

and one ailigator clip)

EOptional Accessories

Service Manual
Field Wiring Cable
Rackmounting Kit
Centronics Cable
GPIB Cable
Tast Adapters:
Blank Adapter
Offset Lead/Power Adapter
Axial Lead Adapter
Camera Adapter, C50AP
Camera Adapter, C5C opt. 01
Camera Adapter, C4 opt. 02

Revised DEC 1087

016~-0908-00
076-6839-00

158-0260-00
159-0259-00
159-0281--00
020-1310-00
161-0066-XX

Al002
A1003
188-5621-00

188-5622-00

070-6840-00
198--5628-00
016-0930-00
{112-0555-00
12-0991-00

A1001
A1004
A1005
016-0244-06
016-0357-M
016-0357-01
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SECTION 2

CONTROLS, INDICATORS,
AND CONNECTORS

This section:

Describes the function of all controls, indicators,
and connectors on the front panei, rear panel,
and Test Fixture Unit of the 371

Provides iflustrations to help locate front panel,
rear panel, and Test Fixture Unit items

Describes the display areas on the 371 CRT
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INTRODUCTION

The controtls, indicators, and connectors for the 371 are located
on the front and rear panels. The connectors for the device un-
der test are iocated on the Patch Panel of the Tast Fixture Unit.

Setup status and measurament results are indicated in readout

areas on the CHTY display.

Using the 371 efficiently will require a clear understanding of the
functions and meanings of these controls, indicators, connec-
tors, and readout dispiays.

The front-panel controls, indicators, and connectors are shown
in Figure 2-1.

The rear-panel controls, indicators, and connectors are shown
in Figure 2-2.

The Patch Panel conngctors on the 371 Test Fixture Unit are
shown in Figure 2-3.

The display areas of the 371 CRT are shown in Figure 2-4,
The descriptionsg in this section are preceded by index numbers

maftching numbers on the fold-out #Hustrations, The descrip-
tions are presented in numerical order.
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Display Controls
A
4 A
}9 13 W 35 2[] 'iﬁ 17 ‘EB Coliector
2 Supply
Setup Control
Controls
; o, Measuremant
Controis
Coliector
Supply
Control
CRY
Contrcls
Step
/- Generator
Controts
g Bubble
- — femory
3 @ Comirols
Signal
Gutpui
Conirols
@ Collestar
et Supply
Controis
Sy CAUTION
GPB and Curgor Power
Plotter Controls
Controls
1201 5838

Flgure 2~1. The front-pansl controls, indicators, and connectors.,
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CRT CONTROLS

INTENSITY

NON STORE/STORE
The NON STORE/STORE Intensity knob controls the
waveform dispiay intensity in Non Store and Store
modes.

VIEW
The VIEW Intensity knob controls the waveform and
Dot cursor display intensity in View mode.

READOQUT/CURSOR -
The READOQUT/CURSOR Intensity knob controis the
intensity of the readout, f Line cursor, and Window
cursor on the display.

FOCUS
The FOCUS knob controls the focus of the CRT
display.

GRAT ILLUM
The GRAT ILLUM knob controls the illumination level
(brightness) of the CRT graticule.

POSITION

The POSITION controls are screwdriver adjustments
which control the vertical and horizontal position of
the display.
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TRACGE ROTATION

The TRACE ROTATION control is a screwdriver
adjustment which adjusts the siant of the display in
reference 1o the dispiay graticule,
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MEASUREMENT CONTROLS

REPEAT

Pressing the REPEAT button causes the Step
Gernerator to generate a repeated set of step signals
and the measurament is performed repeatedly.

@ SINGLE

Each time the SINGLE button is pressed, the Step
Generator generates one set of step signals and the
measurement is performed once.

SWEEP

Fressing the SWEEP button causes the Collector
Supply {or Step Generator) to autcmatically sweep
the output from the value set by the Coilector Supply
VARIABLE contral (or Step Generator ampiitude +
offset} 10 zero,

The measurement is performed as step signals are
ganerated repeatedly over the sweep range.

Sweep mode is available when Display mode is set
1o Store or Cornpare.
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BUBBLE MEMORY COMPARTMENT,
CONTROLS, AND INDICATORS

In Store and View modes, the characteristic curve displayed on
the screen and the front-pane! settings can be stored in a
magnetic bubble memory cassette.

A bubble memory cassette can stare up to 16 curve displays and
16 gets of front-panel settings (setups),

Bubble Memory index Display

The Bubble Memory index Dispiay indicates one of
the 16 [ocations in the bubble memaory cassette.
When the Enter, View, Save, Recall, and Compare
functions are used, data can be stored in or recalled
from the indicated location.

The index number can be increased or decreased by
the two arrow buttons (<, #} to the right of the
display.

Bubble Memory Compartment

A bubble memoory cassette is inserted into the
Bubble Memory Compartment. The cassette is
remaved by pressing the latch button, located o the
left of the cassette, while firmily pulling on the
cassetite.
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SETUP CONTROLS

Mast front-panel settings can be stored in and recafled from
hubble memory.

The front-panel settings that cannot be stored are:

CRT controis:
INTENSITY
FOCUS
GRAT ILLUM
POSITION
TRACE ROTATION
LOOPING COMPENSATION
GPIB
USER REQUEST/ID
RESET TO LOCAL/ADDR
PLOTTER ALL/CURVE

SAVE/ERASE

Pressing the SAVE buttan stores the front-pane!
settings in bubble memory.

Pressing the SAVE butten while halding down the
Cursor SHIFT button, then pressing the ENTER
bution changes the button function to ERASE, which
erases the entire bubble memory cassette. if the
ENTER button is not pressed within a few seconds
after pressing the SAVE/ERASE and Cursor SHIFT
buttons, the erase operation is canceled.

RECALL/DIRECTORY

Pressing the RECALL button sets the frant-panal
settings according to the setup information stored in
bubble memory. The location from which the setup
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is recalled is determined by the setting of the Bubble
Memory Index. When a setup is recalled, the bubble
memory index number is indicated at the bottom of
the 371 display.

Pressing the RECALL button while holding down the
Cursor SHIFT button changes the button function to
DIRECTORY, which causes a plotter (connected to
the rear-panel Plofter interface Port) 1o print a
directory of the contents of the bubble memory
cassette.
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DISPLAY CONTROLS AND INDICATORS

NON STORE

Pressing the NON STORE button provides a
real-time device characteristic display on the 371.

STORE/CAL FULL

Pressing the STORE button displays a digitized
device characteristic curve,

Fressing the STORE buiton while holding down the
Cursor SHIFT button changes the button function to
CAL FULL, which displays a dot in the top right
corner of the screen. The dot will appear in the lower
left corner if Display INVERT is enabled or the
Collector Supply POLARITY is set to PNP. I both
INVERT and PNP are enabled, they cancel each
other's effect and the dot is positioned in its normal
pasition in the upper right corner of the graticule.

The CAL FULL dot provides a reference for checking
the CRT deflection at the 10th graticule lines {vertical
and horizontal).

While in the calibration mode, “CAL" is displayed in
the upper right corner of the display graticule.

COMPARE/CAL OFF

Pressing the COMPARE button displays the digitized
(Store) curve and a curve from bubble memory
(View) on the screen. The setup and measuremant
data of the digitized {Store) curve are displayed in
the readout area of the screen.
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Prassing the COMPARE hutton while pressing the
Cursor SHIFT button changes the button function to
CAL OFF, which cancels the CAL FULL and CAL
ZERO functions.

VIEW/CAL ZERO

Pressing the VIEW button recalis a device
characteristic curva from bubbie memaory and
displays it on the screen. An index number is
displayed at the bottom of the screen indicating the
location in bubible memary from which the curve was
recalied.

The Digplay mode automatically changes to Store if a
tront-panel setting is changed while the 371 isin
View mode.

Pressing the VIEW button while holding down the
Cursor SHIFT button changes the button function to
CAL ZERQ, which displays & dot in the bottom left
carner of the screen. The dot will appear in the
upper right corner if Display INVERT is enabied or
the Collector Supply POLARITY is set to PNP. if both
INVERT and PNP are enabled, they cancet each
other's effect and the dot is positioned in its normal
position in the lower left corner of the graticuie.

The CAL ZERO dot provides a reference o check the
CRT deflection at the zero point on the vertical and
horizontal graticule lines. '

Whiie in the calibration mode, "CAL" is displayed in
the upper right corner of the display graticule,
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ENTER/TEXT

Pressing the ENTER button stores the currently
displayed device characteristic curve in bubble
memory. The display cannot be stored when in the
Non Store or Compare modes.

Fressing the ENTER butten while holding down the
Cursor SHIFT button changes the button function to
TEXT, which places the 371 in the Text Edit mode.
The Text Edit mode provides text eniry 10 the Text
Area of the display and revision of existing text.

To enter text, select the character position in the Text
Area with the HORIZONTAL VOLTS/DIV cantral and
select each character from the pre-defined set of
characters with the VERTICAL CURRENT/DIV conirol.
The Text Area will dispiay up to 24 characters.

The available characters are listed below in the order
in which they are presented by the VERTICAL
CURRENT/DIV control:

space, A, B,.. . Z, space, mp,np, ., 0, 1,...89 =
LG

To edit text, use the HORIZONTAL VOLTS/DIV
controt to position the cursor on the character to be
changed. Use the VERTICAL CURRENT/DIV coniral
{0 overwriie the character or the NON STORE button
o delete all of the text.

To exit the text edit mode, press the ENTER/TEXT
button while holding dawn the the Cursor SHIFT
button.



371 Controls, Indicators, and Connectors

HORIZONTAL VOLTS/DIV

The HORIZONTAL VOLTS/DIV knob selects the
source (COLLECTOR or STEP GEN) and adjusts the
sensitivity {volts/division). The sensitivity is displayed
in the HORIZ/DIV readout on the screen.

Rotating the knob clockwise lights the COLLECTOR
(Vcey indicator, located above the control, 1o show
that the Collector Supply is selected as the source.

COLLECTOR (Ver) sensitivity is set in terms of the
collector-to~emitter voltage {in 8 1-2-8 sequence of
steps) on the horizontal axis as follows:

in High Current mode: 100 mv/division to
5 V/division

In High Voltage mode: 50 V/division to
500 V/division

Rotating the HORIZONTAL VOLTS/DIV control
courterclockwise from the Collector positions tights
the STEP GEN {Vee) incicator, located above the
control, to show that the Step Generator is selected
as the source on the horizontal axis.

The STEP GEN (Vee) selection sets the
base-to-emitter voitage and has selections in the
range of 100 mV/divisian to 5 V/division, ina 1-2-5
sequence of steps.

VERTICAL CURRENT/DIV

The VERTICAL CURRENT/DIV control sets the
sensitivity on the vertical axis.
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The selection range depends on the COLLECTOR
SUPPLY PEAK POWER WATTS setting as follows:

PEAK POWER WATTS CURRENT/DIV Range

3 kW i Afdiv to 50 A/div

300 W 500 mA/div to 5 Aldiv
30w 100 pA/div to 5 mA/div
3W 10 wA/div to 500 pA/div

INVERT

Pressing the INVERT button inverts the curve in the
horizontal and verticat directions relative to the
center point of the internal graticule.

Display INVERT affects both real-time (Non Store)
and digitized (Store) digpfays. In Compare mode,
only the digitized (Store) curve i inverted; the curve
recalled from memory is not. Supply polarities are
not changed when the digplay s inverted.

Revised DEC 1887
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COLLECTOR SUPPLY CONTROLS AND
INDICATORS

POLARITY

Pressing the Collector Supply POLARITY button
selects the polarity of the Collector Supply and
simuitanegusly switches the polarity of the Step
Generator.

Each polarity setting, NPN + and PNP- for High
Voltage and NPN+ and PNP- for High Current, has
an indicator which is illuminated when that setting is
selectad.

The Collector Suppiy output automatically goes to
0% when the polarity is switched. The Step
Generator output level remains unchanged {except
for the reversed polarity).

PEAK POWER WATTS

The PEAK POWER WATTS butions select the
maximurn power output of the Coliector Supply. The
four Peak Power Watt selections, 3 W, 30 W, 300 W,
and 3 kW, are split between twao Coillector Supply
modes: High Current and High Voltage.

Pressing either the 3 kW or 300 W button places the
Collector Suppiy in High Current mode, where the
cutput consists of 250 us pulses and the peak
voltage available is 30 V.,
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Pressing either the 30 W or 3 W buttons places the
Collector Supply in High Voltage mode, where the
autput is a full-wave rectified sine wave and the
maximum voitags available is 3 kV.

The Collector Supply output automatically goes to
0% when a PEAK POWER WATTS seiection causes
the Coillector Supply o switch between the High
Current and High Voltage modes.

VARIABLE

Rotating the Collector Supply VARIABLE knob varies
the Collector Supply voltage output. The output
voitage is indicated in the % OF PEAK VOLTS area of

the display as a percent of the peak voltage
available.

LOOPING COMPENSATION

Adjusting the LOOPING COMPENSATION control
compensates for stray capacitance in the 371 and
Test Fixture Unit when the Collector Supply is in
High Voltage mode.

Revised DEC 1987
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STEP GENERATOR CONTROLS AND
INDICATORS

INVERT

Pressing the Step Generator INVERT bution inverts
the polarity of the Step Generator. Because the Step
Generator polarity is automatically changed when
the Collectar Supply poiarity is changed, the Step
Generator INVERT button is necessary to reverse the
polarity changa.

The INVERT indicator, located beside the button, is
lit to indicate inverted polarity.

SOURCE

Pressing either the CURRENT or VOLTAGE huttons
sets the Step Generator output to either a current
step signal or voltage step signal.

NUMBER OF STEPS

Tha NUMBER OF STEPS huttons (e, =) select the
number of steps produced by the Step Generator,
The number of steps is selectable from §to 5, and
when G is selected, the Step Generator output
consists of offset only.

STEP/OFFSET AMPLITUDE

Rotating the STEP/QFFSET controf sets the
amplitude of the generated steps and the range of
the offset.
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The step ampiitude is selected in a 1-2-5 sequence
of steps in the following ranges:

Current steps:

When the Collector Supply is in High Voltage
maode:
Step waveform, 1 pA/step to 2 mA/step.

When the Collector Supply is in High Current
mode:
Pulse waveform, 1 mA/step to 2 A/step.

Voitage steps:
200 mV/step 1o & V/step

Oifset amplitude is set by using the STEP/OFFSET
AMPLITUDE contral together with the OFFSET
buttons described next.

OFFSET

The OFFSET buttons (=, =) control the offset added
to the step signal. The offset has the same polarity
as the step signal and the amount of offset can be
selected in 1% steps from 0% to 500% of the step
amplitude.

Changing the step amplitude with the STEP/OFFSET
AMPLITUDE control causes the offset amplitude to
change proportionately. In this way the offset
amplitude, as a percentage of step amplitude,
remains constant.

When the step signal is a puise signal, the offset is

added as a pulse. The selected amount of offset is
displayed in the OFFSET readout area of the CRT.
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Holding down the Cursor SHIFT autton while
pressing either of the OFFSET buttons causes offsat
changes o be in larger increments.

Simultaneously pressing the OFFSET = and =
buttons sets the offset to zero.

STEP MULT! .1)/DISABLE

2-22

Pressing the STEP MULTI . 1X button reduces the
step signal amplitude by a factor of ten without
affecting the offset amplitude. The indicator above
the STEP MULT! .1X button lights when the Step
Multi function is enabled.

Pressing the STEP MULTI .1X button while holding
down the Cursor SHIFT button changes the button
function to DISABLE, which disables the output and
readout display of the Step Generator.
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CURSOR CONTROLS AND INDICATORS

Cursor Selection

Praessing the Cursor Seiection bulions (-, =)
selects one of the three types of cursor; DOT, f
LINE, or WINDOW.

DOT Cursor
The Dot cursor is a high-intensity dot displayed on
the trace. The voltage, current, and DC 8 at the Dot
cursor position are indicated in the CURSOR readout
area. The Dot cursor can be positioned with the four
Cursor Position buttons (=, =, 4, $).

if the Dot cursor is positioned off-screen, the
corresponding part of the readout {vertical or
horizontal) blinks.

in Compare display mode, the Dot cursor is
displayed only on the digitized {Store) curve. In Non
Store mode, the Dot cursor is not displayed.

f LINE Cursor
The f Line (functional line) cursor is a straight line
which passes through the Dot cursor position at a
siope that can be changed by the four Cursor
Position buticns (=, =, §, $). The slope is indicated
in the CURSOR (f:1/gradient) area of the readout.

The point at which the f Line cursor intercepts the
horizontal axis is indicated in the CURSOR
{f:intercept) area of the readout, giving the horizontal
coordinate value,
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The f Line cursor can be used to measure the “on”
rasistance or horizontal intercept voltage of the
device.

The f Line cursor is not available in Non Store mode
and appears only on the digitized (Store mods, or
“live") trace in Compare mode.

WINDOW Cursor

The Window cursor is displayed as a rectangle and

can be used in any dispiay mode as a reference for
visual checks. It can aiso be used to measure smail
signat B (Hre).

The Window cursor has two modes, depending on
whether the base point is at the top right {1} or
bottom left (L1} comer. Cursor movement and the
cursor readout display are referenced to this base
point.

Cursor Position Buitons
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The four Cursor Position buttons (=, =, §, #) move
the cursor or change the slope of the f Line cursor.

Holding down the Cursor SHIFT button while
pressing any of the Cursor Position buttons
increases the rate of change (i.e., causes the cursor
to move faster).

The Cursor SHIFT button is also used to change the
function of other buttons on the 371 front panel. The
aiternate functicn is printed in biue below each
button .
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Table 2-1 shows the buttons with which the SHIFT
button operates, and the effect the SHIFT button has
on those butions,

TABLE 2-1
The Cursor SHIFT Button Used With Other Butions

Bution Effect of Pressing the SHIFT button

SAVE Changes the button function to ERASE, which
erases the contents of the bubble memaory cas-
sette.

RECALL Changes the bution function to DIRECTORY,

which plots a directary of the contents of the
bubble memory cassetts.

STORE Changes the button function to CAL FULL,
’ which displays a dot 1o check the deflection
accuracy of the CRT.

COMPARE Changes the button function to CAL OFF,
which turns off the Cal Full or Call Zero display.

VIEW Changes the button function to CAL ZERO,
which displays a dot 1o check the deflection
accuracy of the CRT.

ENTER Changes the button function to TEXT, which
places the 371 in Text Edit mode for text entry
and revision.
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TABLE 2-1 (cont.)

The Cursor SHIFT Bution Used With Other Butions

Button Effect of Pressing the SHIFT bution

Cursor Increases the rate of cursor movement.

Position

(=, =, 4 )

RESET TO Changes the button function to ADDR, which

LOCAL reads in the setlings of the rear-panel
Configuration Switch Bank and displays them
on the CRT,

USER Changes the button function to 1D, which

REQUEST displays the firmware version on the CRT.

ALL Changes the button function to CURVE, which
plots only the curve {without the graticule,
cursors, text, and readout).

CFESET Increases the rate of offset increase or

(@, =) decrease.

STEP Changes the button function to DISABLE,

MULTI 11X which disables the Step Generator output.
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GPIB AND PLOTTER CONTROLS AND
INDICATORS

RESET TO LOCAL/ADDR and the REMOTE Indicator

When the 371 is in remote {GPIB controlled) mode,
as indicated by the REMOTE indicator, pressing the
RESET TO LOCAL button switches the 371 back to
local (front-panel) control.

When the Remcte Enable (REN) signal has been
sent over the GPIB and My Listen Address (MLA) is
received, the 371 goes into remote mode and the
REMOTE indicator is lit. In remote mode, the 371
executes interface messages and device-dependent
messages received via the GPIB.

Pressing the RESET TO LOCAL button while holding
down the Cursor SHIFT button changes the button
function to ADDR, which causes the 371 to read the
(GPIB address and message terminator sefections on
the rear-panel Configuration Switch Bank, Once
received by the internal processor, the selections are
displayed on the CRT.

USER REQUEST/ID and the SRQ Indicator

Pressing the USER REQUEST button causes the 371
to send a service request (SRQ) signal over the bus.

The SRQ indicator, located above the USER
REQUEST button, lights to incicate that a service
request is being sent. The SRQ indicator goes off
when a serial poll is executed and the controller
acknowtedges the service request.
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Pressing the USER REQUEST button while holding
down the Cursor SHIFT button changes the bution
function o 1D, which displays the 371°s firmwars
version number on the screer.

ALL/CURVE and the BUSY indicator
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Pressing the ALL bution in Store or View mode
sends the displayed curve, cursor, text, graticule,
and setup information to a plotter connected to the
PLOTTER INTERFACE PORT or GPIB connector on
the 371 rear panel.

The GPIB address switch salects one of the two
rear-panel connectors for the output as follows:

Address 0 through 30: PLOTTER
INTERFACE PORT
Address 31: GP1IB connector

The BUSY indicator lights while the data is
transierred. When the data transfer is compiete, the
BUSY indicator goes off and the 371 sends a service
request (SHQ) on the GPIB.

Error messages and the bubble memory index
number displayed in View mode are not sent 1o the
plotiar,

Qutput to the plotter via the GPIB connactor can be
halted by pressing the ALL button. However, the ALL
button does not halt data transfer via the PLOTTER
INTERFACE PORT.
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Pressing the ALL button while holding down the
Cursor SHIFT button changes the button function to
CURVE, which sends only the curve (without text,
oursor, graticule, and setup information) to the
plotter.
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SIGNAL OUTPUT CONTROLS, INDICATORS,
AND CONNECTORS

Collector Supply Breakers

The Collector Supply circuit breakers, HIGH
VOLTAGE and HIGH CURRENT, enable or disable
Collector Supply output. Overcurrent automatically
trips the breakers to disable cuiput.

When the breaker disabies the ocutput, the Collector
Supply VARIABLE, and therefore the output, is reset
to (0%. After re-enabling the output, the Collector

Supply VARIABLE must be reset to the desired level.

Test Fixture Connector

The Test Fixture Connector pravides interconnaction
between the the Test Fixture Unit and the 371,

QUTPUTS Indicaior

The QUTPUTS indicator lights when the Collector
Supply and Step Generator outputs are enabied.

The QUTPUTS indicator wilt go off if one of the
following conditions occcurs:

= The Test Fixture Unit is not connected

« The Test Fixture Unit protective cover ig open
= The Collector Supply peak power is exceeded
s The cuiput is disabled for any other reason

When the QUTPUTS indicator is off, both the output
and sense connectors are gpen circuits.
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POWER

The POWER switch connects and disconnects tha
371 from its power source.

Ground Connsclor

The front-panet ground cornector, located beside
the POWER switch, is used to connect the 371 to
an axternal ground level.
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Figure 2-2. The rear-pansl controls, indicators, and conneciors.
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REAR PANEL CONTROLS, INDICATORS, AND
CONNECTORS

GPIB TERMINATOR and ADDRESS Switch

The GPIB TERMinator and ADDRESS switch sets the
371 GPIB address and selects the message termina-
tor.

The left switch sets the terminator and the other five
set the 371’s address on the GPIB. New settings
become effective when the RESET TO LOCAL/ADDR
button is pressed while hoiding down the Cursor
SHIFT bution,

{EEE STD 488 PORT
IEEE STD 488 PORT is the GPIB interface connector.

PLOTTER INTERFACE PORT

The PLOTTER INTERFACE PORT provides a
Centronics-type interface for a plctter.

AC INPUT

The AC INFUT connector is for the power cord.

Revised DEC 1987
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LINE FUSE

The MAIN fuse receptacle contains the power line
fuse and and the COLLECTOR fuse receptacle con-
taing the coilector supply fuse.
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TEST FIXTURE UNIT AND
PATCH PANEL CONNECTORS
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&8

Figure 2-3. The Test Fixture Unit and Palch Panel comnectors.
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COLLECTOR SUPPLY HIGH VOLTAGE

The COLLECTOR SUPPLY HIGH VOLTAGE connec-
tor is the Coliector Supply output in High Voltage
mode (when the PEAK POWER WATTS setting is

3 Wor 30W).

A rectified sine wave with a maximum amplitude of
3 kV is available at this connecior.

COLLECTOR SUPPLY HIGH CURRENT

The COLLECTOR SUPPLY HIGH CURRENT connec-
tor is the Collector Supply output in High Current
maode {(when the PEAK POWER WATTS sefting is
300 W or 3 kW).

A voltage puise with a maximum amplitude of 30V
and a width of 250 us is available at this connector.

COLLECTOR SUPPLY HIGH CURRENT SENSE

The COLLECTOR SUPPLY HIGH CURRENT sense
connector is the collector voitage kelvin sense con-
nector in High Current mode (when the PEAK
POWER WATTS setting is 300 W or 3 kW).

@ COMMON

The COMMON connector is the signal common for
the COLLECTOR SUPPLY and STEP GENERATOR
ouiputs.
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COMMON SENSE

The COMMON SENSE connector is used as the
cormmon for kelvin sensing.

STEP GENERATOR VOLTAGE

The STEP GENERATOR VOLTAGE connector is the
output for the Step Generator signal in Voitage
Source mode.

The maximum output voitage at this connector is
506 v.

STEP GENERATOR CURRENT

The STEP GENERATOR CURRENT connector is the
cutput for the Step Generator signal in Current
Source mode.

The output can either be a puise with a maximum
amplitude of 10 A, offset of 10 A, and width of

500 us, or a staircasa signai with a maximum ampli-
tude of 10 mA and offset of 10 mA. Which of these
two outputs is available depends on whether the Cal-
lector Supply is in High Voliage or High Current
mode.

STEP GENERATOR CURRENT SENSE

The STEP GENERATOR CURRENT SENSE connec-
tar is the kelvin sense input for base voltage (Vas)
measurements in Current Source mode.
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COLLECTOR/DRAIN/ANCDE

The COLLECTOR/DRAIN/ANQDE connector is con-
nected internally to the Collector {or equivalent) ter-
minal of the Test Adaptor Connector,

COLLECTOR/DRAIN/ANODE SENSE

The COLLECTOR/DRAIN/ANQDE connector is con-
nected internally to the Collector Sense terminai of
the Test Adaptor Connecior.

EMITTER/SOURCE/CATHODE

The EMITTER/SOURCE/CATHQODE connector is con-
nected internally to the Emitter (or equivalent) termi-
nal of the Test Adaptor Connecior.

EMITTER/SQURCE/CATHODE SENSE

The EMITTER/SQURCE/CATHODE connector is con-
nected internally to the Emitter Sense terminat of the
Test Adaptor Connector.

BASE/GATE 1 kO

The BASE/GATE 1 k{1 connector is connected inter-
nally through a 1 k( resistor to the Base terminal of
the Test Adaptor Connector.

BASE/GATE

The BASE/GATE connector is connected internaliy to
the Base terminal of the Test Adaptor Connector.
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BASE/GATE SENSE

The BASE/GATE SENSE connector is connected
internally to the Base Sense terminal of the Test
Adaptar Connector.

Test Adapter Connector

The Test Adaptors plug into the Test Adaptor Con-
nector.

Revised DEC 1887
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READOUT

The dispiay graticule and readout areas, with their titles (VERT/
DIV, HORIZ/DIV, ete)), are etched into the 371's CHT faceplate.
The illumination {(brightness) of these markings is adjusted with
the front~panel GRAT ILLUM controt,

Figure 2-4 shows the readout areas on the CRT. The informa-
tion given in each area is described on the following pages.
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@ Setup Area

The Setup area of the display provides numaric
readout under the tities VERT/DIV, HORIZ/DiV, PER
STEPR, OFFSET, CURSOR {vertical and horizonzal
coardinate values), 8 OR gm/DIV, and % OF COL-
LECTOR PEAK VOLTS,

In View mode, these values are read from bubbie
memaory and dispiayed.

Text Area

The Text Area is located within the top graticule divie
sion of the display and is provided for user-entered
text.

Messages of up to 24 characters in length can be
entered for display in the text area. This text can
also be stored along with the display in bubble mem-
ary.

The 371 recognizes the lower case “u” as the Greek
lener aa i,k.”

Error Message Area

This area displays error messages such as "OPERA-
TION ERROR,” “i/O ERROR,” and “EMERGENCY
ERROR."

Error messages are cleared from the display by
changing any front-panet setting.
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Setup/Curve 1D Area
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The bubble memory location of the curve currently
displayed is identified by pressing the VIEW or COM-
PARE buttons. This bubble memory index number is
cailed the Curve ID.

The bubble memory location of the setup information
for the currently displayed curve is identified on the
display by pressing the RECALL button. This bubble
memory index number is the Setup 10.

The Curve ID and Setup ID are removed from the
display when a front-panel satting is changed. 8



SECTION 3

OPERATING INSTRUCTIONS

This sectior:

&

Frovides an overview of 371 operation

Confains detailed procedures to check the
functionality of the 371 and to familiarize the
first-time user with the controls and features

Includes general operating instructions

Demonstrates typical measurements with
Step-by-step examples

3-1



371 Operating Instructions

SECTION 3 CONTENTS

Overview of iInstrument Operation .................
Collector SUpply .. .. . e
Step Generator ... ... ... e
Detector Amplifier ............ ... ... ... ...

First-Time Operation .........ccceiiinicacnnennos
Powering Upthe 371 ................ e
CRYCOMIOIS ... . e
Posttioning the Display . ...... .. ..ot

Making Connections on the
Test Fixture Unit Patch Panel ... ... ... ... ....

Setting Verlical and Horizontal Sensitivity ... .......
Collector Supply High Current Mode .. ........ ...,
Collector Supply High Voltage Mode .. ... .. ...
Step Generaion ... ... ..ot e
Setting Up Witha Test Adapter ...............
Setting Up Without a Test Adapter . ...........

Making Transistor Measurements in
CurrentMode . ... .. i

Changing the Test Adapter Setup .............
Changing the Setup Without a Test Adapter .. ..

Making Power MOSFET Measuremenis in
VoltageMode . ... il i,

Measuring Power MOSFET Forward Admittance .
TextBdHING ... e e
Plotting Curves and the Bubble Memcry Directory . ..

Plotting Curves ... ... . o i,

Plotting & Bubble Memory Directory ...........
Erasing the Bubble Memory Cassefte .............



371 Operating Instructions

SECTION 3 CONTENTS (cont.)

General Operation ........ccncvsvscnnacocoesnces
TheDisplay .. ... i it
CRY e
Readout........ e e
Setting Display Intensity .. ........... e
Setting Display Focus ......................
The Digital Starage and Bubble Memary System . . ..
BubbleMemory ....... ... ... ..
Handling of Bubble Memory Cassettes . ........
Savingin Storeand View Made . ..............
SavingDatainSwesp Mode .................
Display and Measurement in Compare Mode ...
Saving and Recalling Front-Panel Settings .....
NonStoreMode ... ..o it
CUrsOMS . e e
Usingthe Window Cursor ...................
Usingthe Dot Cursor . ... ... .. .. ... ..
Usingthe fLineCursor . ....................
TextEditing ... oo
Entering Text EditMode . . ...................
Emteringand Editing Text ... .. ... ... ......

Erasing Text and Exiting the Text Editor
Without Changes .......... ... ..y

SavingEdited Text ......... ... ...,
Printing a Directory of Stored Text . ...........
Vertical Axis Measurement and Sensitivity ... ......
Horizontal Axis Measurement and Sensitivity . .... ..
MeasurementModes ....... ... ... ...

3-3



371 Operating Instructions

SECTION 3 CONTENTS (cont.}

The Step Generator . . ... i i 3-58
Selecting Voltage or Current Qutput .. ... ... .. 3-58
Selecting the Numberof Steps ............... 3-58
Setting Step Amplitude ... . L 3-58
Setting Offsat ... ... .. i i i 3-59
SettingPolarity ............ .. ... it 3-89

The Collector SUpply . .. ... i i e e e 3-80
Selecting Peak Power .. ...... ... ... ....... 3-60
SetfingPolarity ............. . . il 3-61
Adjusting Looping Compeansation . ............ 3-61

The Patch Panel and Test Fixture Uit . ... ... ..., .. 3-62

Kelvin Sensing ... ... i i 3-68

Measurement Examples .. .......cociviiincrnncnas 3-68

Measuring Breakdown Voltage . . ....... ... ..... 3-70

Measuring Common-Emitter Characteristics ....... 3-73

Measuring Saturation Voltage ......... ... .. ... .. 3-76

Measuring MOSFET Characteristics .............. 3-78



371 Operating Instructions
Overview of instrument Operation

OVERVIEW OF INSTRUMENT OPERATION

The 371 Migh Power Curve Tracer is a microprocassor-controlied
tester for measuring and displaying static characteristics of a
variety of high-power semiconductor devices. A collector supply
circuit and step generator apely voltage or current (o the device
under test, and a detector amplifier measures the resulting effect.
Measuramend results are displayed on a CRT as one or more
characteristic curves.

WCollector Supply

The Collectar Supply provides a voltage signal with a positively
ar negatively rectified sine-squared wave, or a pulse waveform.
Ampilitude is contralled by the Collector Supply VARIABLE knob.
This signal is applied to the collector (or equivalent terminal) of
the device under test.

MStep Generator

The Step Generator supplies one voltage or current step, or
putse, for each signal cycle from the collector supply. The
amplitude of the voltage or current is set by the STEP/OFFSET
AMPLITUDE knob and the number of steps by the NUMBER GF
STEPS selection buttons. The signal from the Step Generator
can be applied to the base or emitter (Or an equivalent terminai)
of the device under test.

WDetector Amplifier

The Detector Ampilifier is connected to the device under test to
measure the effect of the application of signals from the Collector
Supply and Step Generator. The measurement result is amplified
and the voltage obtained is applied to the CRT deflection plates.
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Sensitivity of the amplifier is set by the VERTICAL CURRENT/DIV
and HORIZONTAL VOLTS/DIV knobs.

Figure 3-1 is a block diagram showing how these circuits and the

device under test are connected in a general measurernent

configuration.
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Figure 3-1. Basic 371 block diagram.
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FIRST-TIME OPERATION

The following proceduras will familiarize the first-time user with
the functions and use of the 371's front-panel controls, and wilt
also provide practice in the display of characteristic curves for
transistors and diodes,

These procedures can also be used to check the functionality of

the 371. To verify that the 371 satisfies the specifications given in
Section 1, refer a qualified service technician 1o the Performance
Check and Adjustment procedure in the 371 Service rmanuat.

NOTE

Several illustrations of displayed waveforms are
provided in the following procedures. When attempiing
to dupficated the displays in the course of the
procedure, remember that device characteristics differ
and the displays depicted herein will likely be different
than the ones on your 371 for your device under test.
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W Powering Up the 371

These steps demonstrate inftialization of the front-panef setiings
and the storage of these settings in bubble memory for future
use.

NOTE

See the installation instructions in Section T for power
and Test Fixture Unit connections.

i. Set the Collector Supply HIGH VOLTAGE and HIGH
CURRENT breakers to the DISABLED position.

2. Setthe 371 POWER switch to ON.

The 371 automaticaily begins performing a self-test routine.
During this routine the front-panel indicators will tight in the
following sequence:

{1} The Collector Supply POLARITY indicators light in
sequence and the message “SELFTEST START” is
displayed at the bottom of the graticule.

{2} The Collector Supply PEAK POWER WATTS indicators
light in sequence. The cycle is repeated four times.

The self tast lasts less than ten seconds. f no error is
detected, the message "SELFTEST PASS” is displayed and
the 371 is set to its initial state. The settings in the initiat state
are histed in Table 3-1.
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TABLE 3-1
initial State Settings of the 371
Control Setting
Measurement Mode REPEAT
Memary index 1
Display
Mode STORE
VERTICAL CURRENT/DIV 1A
HORIZONTAL VOLTS/DIV COLLECTOR (Vce), 1V
INVERT OFF
Cursor Mode OFF
Collector Supply
PEAK POWER WATTS HIGH CURRENT 300 W
POLARITY NPN
VARIABLE 0.0%
Step Generator
SOURCE CURRENT
AMPLITUDE 1 mA
INVERT OFF
NUMBER OF STEPS 2
OFFSET 0.00 mA
STEP MULTI .1X QOFF
GPIB SRQ ON
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NOTE

The CRT and LOOPING COMPENSATION controls are
ot initialized.

3. Let the 371 warm up for several minutes.

4. Take a blank bubbie memory cassette from ity plastic case

and write-enable it (see Figure 3-2).

WRITE ENABLE

WRITE PROTECTED,

B8I9-302

Figure 3-2. The hubble casselte write-protect key.

310
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5. Open the doar of the bubble cassette compartmenrt in the
371. Insert the cassette with the label side up (see Figure
3-3), pushing it in firmly until it clicks into place,

EJECT BUTTON

6839-303

Figure 3~3. Inserting & bubble cassetie.

6. Press the Setup SAVE button. Observe that "SAVE
COMPLETE" is displayed on the screen.

The 371's front-panel settings have now been stored in
bubble memory location 1 and will be recalled for later use.

When the Setup SAVE button is pressed, the pravious
contents of the memoly location are replaced by the new
front-panel settings.
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EBCRT Controls

These steps demonstrate adfustment of the dispfay for optimum
viewing.

1.

Rotate the NON STORE/STORE INTENSITY knab clockwise.

A dot will be displayed in the lower ieft corner of the display
graticule.

Rotate the FOCUS knob fully counterclockwise and
clockwise, then adjust it for optimum dot focus.

Rotate the READQUT/CURSOR INTENSITY knob clockwise.
The readout display will gradually brighten.

Set this knob to the position that provides the easiest to read
display.

The readout display indicates the following initial values:

VERT/DIV ..o 1A
HORIZ/DIV ..ottt 1 Ao
PER STEP ..ottt 1 mA
OFFSET oottt 0.00 mA
BORGMDIV ..o e 1k
% OF COLLECTOR PEAKVOLTS .......ooovvnnnn... 0.0

Rotate the GRAT ILLUM knob clockwise.

The graticule lines and readout labels on the screerr will
graduaily brighten.

Set the GRAT ILLUM knob to the position that provides most
comfortabie viewing.
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MPositioning the Display

These steps demonstrate the use of the CAL ZERC and CAL
FULL features for display calibration, and the use of the Display
invert mode.

1. Press the VIEW bution while holding down the Cursor SHIFT
button. This changes the VIEW bulton function to CAL
ZERO.

2. Rotate the vertical POSITION control to align the displayed
dot with the bottom graticule line.

3. HRotate the horizontal POSITION control to afign the displayed
dot with the left graticule horder.

4. Press the STORE button while holding down the Cursor
SHIFT button. This changes the STORE button function to
CAL FULL,

5. Observe that the dot is displayed at the upper right corner of
the dispiay graticule.

6. Press the COMPARE button while hoiding down the Cursor
SHIFT button. This changes the COMPARE button function
to CAL OFF.

7. Press the Digplay INVERT bution.

8. Observe that the dot is displayed in the upper right corner of
the display graticuie.

9. Press the Display INVERT button again 10 resume normal
operation.
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MMaking Connections on the Test Fixture Unit
Paich Panel

The steps In this procedure contain setup instructions which will
be used in the following procedure. These setup instructions
demonstrate use of the Patch Panel and Test Adapters.

If the optional AT005 Axial Lead Test Adapter is not available, this
procedure provides instructions for an alternate setup.

1. Open the protective cover an the Test Fixture Unit and attach
an A100% Axial Lead Test Adapter {optional accessory} into
the Test Adapier connector,

2. Atiach a resistor with a rating of 1 ) and at least 4 W to the
A1005 Axial Lead Test Adapter on the Patch Panel.

NOTE

If an A70085 Test Adapter is niot avaifable or a resistor
cannot he attached, remove the Patch Panel (to provide
additional space in the enciosure) and use alligator
patch cords instead.

For details about the Paich Panel, see the discussion
under The Patch Panel and Test Fixture Unit /ater in this
section.

Connect the COLLECTOR SUPPLY HIGH CURRENT and
COLLECTOR SUPPLY HIGH CURRENT SENSE to one
end of the resistor, and the COMMON and COMMON
SENSE to the remaining end of the resistor.
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3. Connect the patch cords between conneciors on the Test
Fixture Patch Panel as foliows:

« COLLECTOR SUPPLY HIGH CURRENT to
COLLECTOR/DRAIN/ANODE

* COLLECTOR SUPPLY HIGH CURRENT SENSE to
COLLECTOR/DRAIN/ANOQDE SENSE

«  COMMON to EMITTER/SOURCE/CATHODE COMMON

¢« COMMON SENSE to EMITTER/SOURCE/CATHODE
SENSE

4. Close the protective cover on the Tast Fixture Unit.
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W Seiting Vertical and Horizontal Sensitivity

These steps demornstrate the purpose and operation of the
vartical and horizontal sensitivity controfs. They use the setup
made in the preceding procedure.

1. Setthe Collector Supply HIGH CURRENT breaker to the
ENABLED position.

2. Slowly rotate the Collector Supply VARIABLE knob
clockwise,

3. Observe that the dot on the screen moves along a diagonal
line from the bottom tefi corner 1o the top right corner of the
display graticute.

4. Rotate the Collector Supply VARIABLE knob
counterclockwise to move the dot 1o the center of the
display.

With the present setup, the display center is at 5 A vertical
and 5 V horizontal.

5. Rotate the VERTICAL CURRENT/DIV knob clockwise,
increasing vertical sensitivity.

6. Observe that the dot moves upward.

7. Rotate the VERTICAL CURRENT/DIV knob counterclockwise
until the sensitivity is set to 5 A/DIV.

8. OChbserve that the dot moves downward.

9. Return the VERTICAL CURRENT/DIV knob to the 1 A/DIV
setting.

10. Rotate the HORIZONTAL VOLTS/DIV knob clockwise,
increasing horizontal sensitivity.
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11,

12

13.

14.

18,

186.

17.

18.

Ohserve that the dot maves to the right.

Turn the HORIZONTAL VOLTS/DIV knob counterclockwise
until the sensitivity is set to 5 V/DIV.

Observe that the dot moves to the left.

Return the HORIZONTAL VOLTS/OIV knob o the 1 V/DIV
setting,

Press the Display INVERT button,

Ohserve that the red INVERT indicator is lit and that the dot
rmoves to the upper right corner of the display graticule.

Rotate the Collector Supply VARIABLE knob clackwise.

QObserve that the dot moves toward the lower left when the
knob is turned clockwise and toward the upper right when
the knob is turned counterciockwise.

The origin of the graticule is now in the upper right corner
and the direction of dot movernent is the inverse of normal.
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WCollector Supply High Current Mode

These steps demonstrate the use of the Dot and f Line cursors
to measure the forward resistance characteristics of a diode.

1. Qbserve that the Memory Index is set to 1, then press the
Setup RECALL button.

This initiafizes the 377 settings by reading the settings
stored previously in memory location 1. Initialization
prevents seflings associated with previous measuremaents
from interfering with the present measuremerit.

2. Rotate the Coilector Supply VARIABLE knab to move the dot
o the approximate center of the screen.

3. Press the Coilector Supply PEAK POWER WATTS hutton to
select 3 kW.

4. Observe that the dot moves toward the u’pper rigiht as
compared to its previous position for the 300 W (defauit)
getting.

5. Set the Coilector Supply HIGH CURRENT breaker to the
DISABLED position, then apen the protective cover.

6. Remove the 1 O resistor from the Test Adapter and attach a
diode with a rating of at least 1 A

7. Connect the ancde lead of the diods to the COLLECTOR
connactor.

8. Giose the protective cover.

9. CObserve that the Memory Index is set to 1, then press the
Setup RECALL hutton to initiglize the 371.
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10.

11.

12.

Set the 371 controls as follows:

VERTICAL CURRENT/DIV and
HORIZONTAL VOLTS/OIV .. .. ... ... To appropriate values
{depending on the forward
current and forward voitage
rating of the diode).
STEPGENERATOR ... ... ... . Disabled

The Step Generator is disabled by pressing the STEP MULT!
J1X button while holding down the Cursor SHIFT button.
{This changes the STEP MULT! .1X button function to
DISABLE)

Set the Collector Supply MIGH CURRENT breaker to the
ENABLED position.

Ratate the Coilector Supply VARIABLE knob slowly
clockwise.

The dot will trace the forward characteristic of the diode.
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13. Set the Collector Supply VARIABLE kniob so that forward
current flows through the diode, then press the Measurement
SWEEF button.

The previousiy-set Collector Supply voitage is reduced to
0%, rasulting in & series of dots representing the forward
characteristic of the diode (see Figure 3-4).

14, Use the Cursor selection buttons (= or =} to select the DOT
cursor.

A high-intensity dot will be displayed on the characteristic
curve. If the dot does not appear, adjust the NON
STORE/STORE intensity control.

VERT DLY

SO0mA

/ CURSOR

HCGRIZ/DIV
20Cmv
ZURSHR

it A - PR )
/ b J—
‘/ OFFSET

ﬁz 8 or gm/Div

/‘“, % OOF CBLLECTOR
PEAK WELTS

i // r 0.3

8835-304

Figure 3-4. Sweep mode display of the forward characieristics of a
dioda.
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15. Lise the Cursor position butions (=, «, ¢ and #) ta move
the dot cursor inte the on-state region.

16. Use the Cursor selection buttons (= or =) 10 select the
f LINE cursor.

if the f Line cursor does not appear, adjust the
READOQUTICURSOR INTENSITY control.

17. Use the Cursor position (=, <, §, and $) buttons to change
the slope of the f line cursor undit i is tangent 10 the curve.

The CURSOR (f:1/grad} readout indicates the on-state
resistance of the diode.
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10. Rotate the Collector Supply VARIABLE knob farther
clockwise to make breakdown current flow,

11. Use the Cursor selection butions {« or =) to select the DOT
cursor, and use the Cursor position buttons (=, =, &, and #)
to move the cursor 1 the desired breakdown current fevel.

The vertical CURSOR readout gives the current level and the
horizontal CURSOR readout gives the breakdown voltage
{see¢ Figure 3-5).

! YERT/DIV
i 15uA
CURSGR

tii

| : - -30. duh

T pdbE

HORTZ/DTV

00 v

CURSDH

=70 W

PER STES

OFFSET

B oor gm/liv

AP Db bbb

2 OF COLLECTOR
PEAK ¥OLTS

27,3

pdet §

6839308

Figure 3-5. Diode breakdown voltage and current level.
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EStep Generator

These steps demonsitrate the Step Generator modes and how
they are used to measure transistor characteristics, as well as
how to store data and use the Display modes.

Two setups are provided: one requires the use of a Test Adapter
and the other requires alligator patch corgs.

Sefting Up With a Test Adapter

1.

2.

Obtain a high-power bipolar transistor.

Set the Collector Supply HIGH VOLTAGE breaker to the
DISABLED position, then open the protective cover.

Disconnect the pateh cord from the COLLECTOR SUPPLY
HIGH VOLTAGE connector and connect it to the
COLLECTOR SUPPLY HIGH CURRENT connector.

Connect the connectors on the Patch Panel with patch cords
as follows:

« COLLECTOR SUPPLY HIGH CURRENT SENSE to
COLLECTOR/DRAIN/ANODE SENSE

+« COMMON SENSE to EMITTER/SOURCE/CATHODE
SENSE

e  STEP GENERATOR CURRENT to BASE/GATE

* STEP GENERATOR CURRENT SENSE to BASE/GATE
SENSE

« COMMON to EMITTER/SOURCE/CATHODE

Select the A1002 or A1003 Test Adapter (standard
accessory), whichever is suitable for the type of transistor
used, and plug it into the Test Adapter connector on the Test
Fixture Patch Panel.

Insert the transistor into the Test Adapter.
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NOTE

If the transistor shage or size does not fit the Test
Adapter, remove the Patch Panel to provide more space
in the enclosure and perform the instructions for Setting
Up Without a Test Adapter.

Setting Up Without a Test Adapier

1.

2.

Obtain a high-power bipolar transistor.

Using two red alligator paich cords, connect the plug end of
ane cord to the COLLECTOR SUPPLY HIGH CURRENT
conrector, and the plug and of the other cord to the
COLLECTOR SUPPLY HIGH CURRENT SENSE connectar.

Connect the alligator ends of hoth red paich cords to the
cottector lead of the transistor.

Using two black alligator patch cords, connect the piug end
of one cord to the COMMON connector and the plug end of
the other cord to the COMMON SENSE connector.

Connect the alligator ends of both black patch cords to the
emitter lead of the transistor.

Using two blue alligator patch cords, connact the plug end of
one cord to the STEP GENERATOR CURRENT connector
and the plug end of the other cord to the STEP GENERATOR
CURRENT SENSE connector.

Connect the aliigator ends of both blue patch cords to the
base lead of the transistor.
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8. Close the protective cover and check the location of the

transistor leads 10 assure that no short circuits exist to other
leads or the inside of the Test Fixture Unit.

Making Transisior Measurements in Current Mode

Thase sleps use either of the preceding twa setups.

1.

Observe that the Memory Index is set to 1, then press the
Setup RECALL button.

This initializes the 377 settings by reading the settings
stored previously in memory location 1. Initialization
prevents settings associated with previous measuremenis
from interfering with the present measurement.

Set the 371 contrals as follows:

Collector Supply

POLARITY .............. NPN+ or PNP- (depending
on the transistor type)
VERTICAL CURRENT/DIV . .. .. .. .. About 1/10 of the rated

collector (pulse) current
Step Generator
NUMBERCF STEPS . ... ... ... . . .. 1

Qbserve that the % OF MAX PEAK VOLTS readout is 0, then
set the Collector Supply HIGH CURRENT breaker to the
ENABLED position.

Rotate the Collector Supply VARIABLE knob slowly clockwise
until the lowest dot intercapts the horizortal axis at about
ten divisions.

Rotate the STEP/OFFSET AMPLITUDE knob until the dots are
separated by about 1 or 2 divisions.

Press the NUMBER OF STEPS & hutton four times.
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10.

11.

12

13.

14,

15.

16.

Observe that the number of dots displayed increases each
time the bution is pressed.

Prass the STEP MULT! .1X button and observe that the
collector current decreases as the step amplitude is reduced
to one~tenth of its previous setting.

Prass the STEP MULT! .1X button again to resume normal
operation.

Press the Measurement SWEEP button,

In about fifteen seconds the collectar current vs.
collector-emitter voltage characteristic will be displayed
(see Figure 3-6).

Change the Memory Index to 2, then press the Display
ENTER button.

Observe thai “ENTER COMPLETE” is disptayed on the
sereern,

The characteristic curve on the screen is now stored in
bubble memory location 2.

Use the Cursor selection buttons (e, =) 10 select the I
Window cursor.

Use the Cursor posiion buttons {=, =, ¢, §) (0 position the
bright dot, in the lower left corner of the cursor window, at
any point on the characteristic curve.

Use the Cursor selection buttons (=, =) to select the [J
Window cursor.

Press the ¢ Cursor position bution to narrow the Cursor
window into a straight vertical line.
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Figure 3-8. Display Sweep mode characteristic curves whern the Col-
lector Supply is In High Current mode,

17.

18.

14,

Use the = or = Cursor position buttons to position the
cursor's bright dot on an adjacent characteristic curve (see
Figure 3-7).

The figure now displayed in the 8 o/ gmiDIV readout is the
Hee of the device under test,

Change the following 371 settings:

Cursor
Mode ... ... OFF
HORIZONTALVOLTS/DIV . ... ......... 100 mV STEP GEN

Retate the Collector Supply VARIABLE control until a
coitector current vs, base-emitter voltage characteristic curve
is displayed by dots.
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Figure 3-7. Measuring Hee with the Window cursor.

20. Press the Measurement SWEEP bution.

The 371 will display a characteristic curve of collector
current vs. base-emitter voltage (see Figure 3-8).

Changing the Test Adapter Setup

If the Patch Panel was removed and alligator paich cords used
earlier, use the instructions, Changing The Setup Without A Test
Adapter, which follow these insiructions.

1. Obtain an N-channel enhancement-type power MOSFET.
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[RNEE HRSSE T ERE SRS ST W

5839308

Figure 3-8. Collector current vs. base—emitter voitage characteristic
curve for a bipolar transistor.

2. Set the Collector Supply HIGH CURRENT breaker to the
DISABLED position, then open the protective cover.

3. Remove the patch cord between the STEP GENERATOR
CLIRRENT SENSE and BASE/GATE SENSE connectors.

4. Remove the patch cord between the STEP GENERATOR
CURRENT and BASE/GATE connectors, and connect it
between the STEP GENERATOR VOLTAGE and BASE/GATE
1 KQ connectors,

5. Remove the bipolar transistor and mount the MOSFET in its
place.
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Changing the Setup Without a Test Adapter

1.

2.

Obtain an N-channel enhancement-type power MOSFET,

Attach the two red alligator patch cords {previousiy
connected to the collector lead of the transisior} to the drain
lead of the MOSFET.

Aftach the two black alligator patch cords {previously
connected to the amitter lead of the transistor) to the source
lead of the MOSFET,

Remove the two alligator patch cords that were cannecied to
the base lead of the fransistor.

Connect an afligator paich cord between the STEP
GENERATOR VOLTAGE connector and the gate lead of the
MOSFET.

3-32



371 Operating Instructions
First-Time Operation

Making Power MOSFET Measurements in Voltage Mode

These steps use either of the two preceding setup procedures.

1. Making sure that the Memory Index is set to 1, press the
Setup RECALL button to initialize the 371.

2. Set the 371 controls as follows:

Collector Supply
PEAK POWER WATTS .. 3 kW or 300 W {depending on

the MOSFETY power rating)

Step Generator
SOURCE .. ... ... VOLTAGE
NUMBEROFSTEPS ... ... ... ... iiio... o
STERP MULTEAX . e On
STERP/OFFSET AMPLITUDE . ... ... ... ....... 500 mv

{with STEP MULT! . 1X on)

VERTICAL CURRENT/DIV . . .. About 1/10 of the rated drain
{pulse) current

HORIZONTALVOLTSDIV ... ............ 2V COLLECTOR

3. Use the Cursor Seiection buttons (= or ) to select the DOT
cursor.

4. Making sure that the % OF MAX PEAK VOLTS readout is 0,
set the Collector Supply HIGH CURRENT breaker 10 the
ENABLED position.

5. Hotate the Collector Supply VARIABLE knob slowly clockwise
and move the dispiayed dot about ten divisions 1o the right.

6. Press the QFFSET = button until there is a change in the
vertical CURSOR readout, indicating the onset of drain
current flow,

7. Press the NUMBER OF STEPS « hutton five times.
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8. Qbserve that the number of dots displayed increases each
time the bution is pressed.

9. Press the Measurement SWEEP bution.

i about fifteen seconds the drain current vs. drain source
voltage characteristic will be displayed (see Figure 3-9).

: ] VERT/DTY
; T i A
CURGLR

i
i z
i : - 508 A
HORTZAOIV
2 v
CURSCR

26,80 v

'.!. seopdopriachiod e ‘_'Z ik gttt PeR STEP

j T EE0my
i LFFSET

BBO W

6835309

Figura 3-9. Drain current vs. drain source voltage characteristics for
a Power MOSFET.

10. Change the bubble Memory Index setting to 3, then press the
Display ENTER button to store the display for later use.

11. Press the Display COMPARE button.

12. Use the Step Generator OFFSET = buttan to increase the
OFFSET readout value by 250 mV.
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13. Press the Measurament SWEEP butiorn.

14, Increase the Coliector Supply VARIABLE setting until the
drain current vs. drain-source voltage characteristic curve is

displayed (see Figure 3-10).

a E :
iy
r :

VERT/IY
1A
CLRSOR
Q.04 &
HORTEAGTY
2w
CLREIR
18, 00 ¥

PER STEF

F00mY

AFESET

383 v

8836310

Figure 3-10. Compare mode display of drain current vs. drain-

source voitage characteristics.
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Measuring Power MOSFET Forward Admitiance

These steps uss the same patch cord and Paich Panel setup as
the previous procedure.

1. Set the Memory index 10 1, then press the Setup RECALL
‘button to initialize the front-panel settings.

2. Change the following 371 settings:

Collector Supply
PEAK POWER WATTS .. 3 kW or 300 W {depending on

the MOSFET power rating)
HIGH CURRENT Breaker .. .............., ENABLED
Step Generator

SOURCE ... .. . i i, VOLTAGE

NUMBER OF STEPS ... .. ... . i 0
STEP/OFFSET

AMPLITUDE ... . 2V

VERTICAL CURRENT/DIV . ... About 1/10 of the rated drain

{pulse} current
3. Select the DOT cursor with the Cursor selection buttons.

4. Watching the vertical CURSOR readout, turn the Collector
Suppily VARIABLE krob and press the Step Generator
QFFSET button in turn until the drain-source voltage and
drain current attain the forward transfer admittance
measurement condition values. If necessary, adjust the
VERTICAL CURRENT/DIV and HORIZONTAL VOLTS/DIV
controis t0 change the display sensitivity.

5. Set the HORIZONTAL VOLTS/DW conirol to the STEP GEN
{Vse) range.

6. Press the OFFSET = button to increase the gate-source
voltage.

7. Press the Measurement SWEEP button.
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The offset signal awutornatically sweeps to frace the drain
currernt vs. gate-source voltage characteristic curve (see
Figure 3-11).

VERT DIV
i H
CURSUR

B.01 A

/ HORTY DIV
P
* / CURSOR
r / 650 ¥
| RS R W I pes e
/ 7
v / OFFSET
¥ B2z v
/ § o gn/oly

i 1.2 S
/EI % OF COLLECTOR

T PEAK YOLTS
/ L 3.3

6836311

Figure 3-11. Forward transfer curve, lo=8 A.

8. Use the Curscr position buttons (=, &, ¢, #) to move the
Dot cursor until the drain current readout attains the forward
transfer admittance measurement condition value.

9. Use the Cursor Selection buttons (=, =) t0 select the f LINE
Cursor.

10, Press the Cursor position buttans (=, =, §, &) 1o adjust the
slope of the f Line cursor until it is tangent to the curve (sse
Figure 3-12}.
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Figure 3-12. Using the F line cursor to measure forward transfer ad-
mittznce. In this example, grs = 5.006 S.

11. The CURSOR (f:1/grad) readout indicates the forward
transfer admittance.
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BText Editing

These steps demonstrate how text is entered and saved in the
371. User-entered text is useful for identification of displays
which will be stored in a bubble memary cassetta for later use.

1. Fress the ENTER button while holding down the Cursor
SHIFT button. This changes the function of the ENTER
button to TEXT.

The massage “TEXT EDIT MODE" is displayed at the bottom
of the display and the text edit cursor is displayed as a box
at the top of the display.

2. Rotate the VERTICAL CURRENT/DIV knob clockwise and
obiserve that characters are displayed at the cursor position
in the following sequence:

space, A B ... Z space.m, 1w, n,p, ., 01 .. 8 - L% ()

Once displayed, characters remain in place untif written over
or erased.

3. Rotate the HORIZONTAL VOLTS/DIV knob clockwise and
counterclockwise, and observe that the cursor moves without
altering the display.

4. Use the HORIZONTAL VOLTS/DIV and VERTICAL
CURRENT/DIV knobs to enter any desired text, consisting of
up to 24 characters.

5. Press the Display NON STORE button and observe that the
previously-entered text is erased.

8. Enter another group of text.

7. Press the ENTER bution, while holding down the Cursar
SHIFT button, to exit the Text Edit mode.
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The "TEXT EINT MODE" message and the text cursor will
disappear from the display. The text remainsg in place.

8. Change the Memory index number to 4 and press the
Display ENTER button.

The entered text and the displayed lo-Ves characteristic
curve are both stored in bubble memory.

9. Change the Memory Index setting 10 1 and press the Setup
RECALL buiton to initigiize the 371 settings.

10. Observe that the entered text is cleared from the display.

11. Change the Memory Index number back o 4, then press the
Display VIEW button.

12. Observe that the Ip-Ves curve and previously stored text are
displayed.

13. Set the Coliector Supply MIGH CURRENT breaker o the
DISABLED position, then open the protective cover and
remove the MOSFET.
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B Plotting Curves and the Bubble Memory
Directory

These steps demonstrate the 371's ability to use a plotter to
create a hard copy of its display or a directory of the bubbie
memory cassette.

Piotting Curves

1. Connect a HPGL-compatible plotter (with an input buffer of
at least 8K} to the GPIB connector or PLOTTER INTERFACE
PORT on the rear panel of the 371. Choose the connector
that matches the plotier's interface.

2. Set the GPIB address switch on the rear panel of the 371 as
follows, depending on which interface the plotter is
connected to:

0130 ... ... PLOTTER INTERFACE PORT
5 GPIB Connector

3. Press the GPIB RESET TO LOCAL button while hoiging down
the Cursor SHIFT button. This changes the RESET TO
LOCAL button function to ADDR.

This loads the selected GPIB address into the 377.
4. The display can be plotted in two different moctes:

« To plot the entire display: Display a characteristic
curve, then press the Plotter ALL butten on the front
panel.

« To plot the characteristic curve only: Display a
characteristic curve, then press the Plotter ALL button
while holding down the Curser SHIFT button. This
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changes the ALL button function 1o CURVE.

Flotter output will begin when the Plotter ALL button is
pressed. [If the Plotter ALL buiton is pressed again during
data output via the GPIB interface, the output 1o the piotter
wilf stop.

The BUSY indicator on the front panel is on during data
oulput o the plotter.

Plotting a Bubbie Memory Directory

8. Press the Setup RECALL hutton white holding down the
Cursor SHIFT button. This changes the RECALL button
function to DIRECTORY,

A directory of the text stored in each bubble memory

location is produced by the plotter (see Figure 3-13). Space
is provided on the directory plot for hand-written commanis.
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Figure 3-13. Sample bubble memory directory.
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EErasing the Bubble Memory Cassette

. CAUTION

The following operation ERASES ALL DATA stored in the
bubble memory cassette, not just the data under the
current index number. Do nat perform this operation if
there is any important data stored in the bubble memory
cassetie.

Press the Setup SAVE button while holding down the Cursor
SHIFT button. This changes the SAVE button function to
ERASE.

The message “PRESS ENTER" is displayed for about five
seconds.

if the Display ENTER button is pressed during this interval,
the bubble memory cassette is erased and the message
“ERASE COMPLETE" is displayed.

if the Dispiay ENTER buttorr is not pressed, the erase
function is canceled and the message “ERASE CANCELED”
is displayed.
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GENERAL OPERATION

This information describes the features of the 371 and how it
performs measurements, stores data, and displays information.
These descriptions are general in nature and de not contain
detailed demaonstrations. The previous potion of this section,
First-Time Operation, contains procedures to demonstrate these
principles in greater detail.

BThe Display

The 371 display consists of the Cathode-Ray Tube (CRT) and its
display areas, which are defined in some cases by reagout labels
giched on the CRT screen and in others by location within the
graticule area.

CRT

The CRT of the 371 has graticule markings etched into #s inner
surface. This internal graticule provides a 10x10 grid, the
brightness of which can be controlled by the front-panel GRAT
HiUM knob. A fitter mounted on the CRT improves the contrast
of the screen.

Readout

The readout area of the display (which aiso gives setup
information) is divided into two parts: (1) the readout information
itself, cansisting of alphanumeric characters; and (2) the readout
labels.

The alphanumeric readout infermation includes numbers and
units, such as 5 mA and 2 V, which indicate the state of the
front-panel settings. The readout labels define the meaning of

3-45



371 Operating Instructions
General Operation

the readout information with words such as VERT/DIYV and PER
STEP etched into the CRT.

The READOUT CURSOR knob controis the intensity of the
readout ard the GRAT ILLUM knob contrals the intensity of the
labels. The READQUT CURSOR knob also controls the intensity
of other information displayed on the screen, which may include
text, error messages, setup Ds, and curve 1Ds. See Aeadout, in
Section 2, for a detailed description of this information.

Setting Display Intensity

The intensity of characteristic curves displaved in Non Store or
Store mode is controiled by the NON STORE/STORE INTENSITY
knoby, This knob should be set to the lowest intensity at which
the curves can be clearly seer on the screen. Avoid high
intensity settings, especially when a dot or spot is displayed on
the screen.

. CAUTION

An extremely intenise dot can burn the phosphor coating
on the CRT screen, causing damage which cannot be
repaired, excapt by replacement of the CAT.

The intensity of characteristic curves displayed in View mode is

controlied by the VIEW INTENSITY knob. The intensity of the

cursor and readout information, except for the Dot cursor, is
controlled by the READOUT CURSOR INTENSITY knob. The
intensity of the DOT cursor is controlled by the NON
STORE/STORE INTENSITY knob wher in Store or Compare
made, and by the VIEW INTENSITY knob when in View mode.
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Setting Display Focus

CRT focus is adjusted for the sharpest display with the FOCUS
knob

BWThe Digital Storage and Bubble Memory System

Characteristic curve data stored in tha digital storage (Store)
mode is displayed as a bright trace without flicker. The curve is
stored in the main internal memcry as digital data, then converted
o an analog signal and displayed on the CRT, Digital storage
mode can be selected by pressing the STORE button, and the
intensity of the dispiay is adjusted with the NON STORE/STORE
INTENSITY knob.

Bubble Memory

The 371 has a built-in bubble memaory system that can store
characteristic curve data, text, front-panel setiings, and other
information in a bubble memory cassette. A singie cassette has
a capacity of 128K bytes, encugh to hold up o 16 characteristic
curves and 16 sets of front-panel setup information. Data stored
in bubble memary can be transferred 1o external devices via the
GPIB interface. See Section 4 for more information about GPIB
functions.

NOTE

Although a single bubble memory cassette can store
data from both a 371 and a 370, the 371 cannot read 370
data and vice versa.
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Handling of Bubble Memory Casseties

Bubble memory cassettes are easy to handle and store, but the
following precautions should be taken to protect the cassette and
the integrity of the data stored within it.

« Always store bubble memory casseftes in their plastic
case, which has been treated o prevent damage from
static discharge.

« Do not drop the bubble memory cassetig.

« Do not place a bubble memory cassette near a strong
magnetic field, or near any strongiy ferromagnetic
material that can be easily magnetized. A strong
magnetic field can destroy the magnetically-stored
information in the cassette,

Saving in Store and View Mode

In Store or View mode, pressing the ENTER button stores the
characteristic curve, the displayed setting and readout values,
anct any displayed text in bubble memory. See Setup Controls, in
Section 2, for a list of information that cannot be stored in bubble
Memory.

Information stored in bubble memory can he displayed by
pressing the VIEW button. The intensity of 4 characteristic curve
displayed from bubble memory is controlled with the VIEW
INTENSITY knob.

Curves displayed from bubble memary cannot be inverted by
pressing the Display INVERT button.

Saving Data in Sweep Mode

While in Sweep mode, pressing the ENTER bution stores all
captured data in bubble memory. The stored data can be
displayed by pressing the VIEW button.
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Display and Measurement in Compare Mode

Pressing the COMPARE buiton simultaneously displays the
characteristic curve stored in main memory (the Store mode
display} and the characteristic curva stored in bubble memory
{the View mode dispiay). Measurements in this mode are
performed with respect to the characteristic curve stored in main
memoery (the Store maode, or “live,” display); the curve stored in
bubhie memary is displayed only for comparison. (Changing
front-panei settings in View mode removes the siored
charactaristic curves from the display; this does not happen in
Compare made.)

Saving and Recailing Front-Panel Settings

Front-panel setting information and user-enterad text is saved in
bubble memory by pressing the SAVE button. Pressing the
RECALL buiton resets front-panel settings according to the
stared information.

Pressing the SAVE button in Sweep mode saves the Sweep
mode settings in bubble memory, The initial vaiue of the
Collector Supply or Step Generator output is also stored.

All data stored in bubble memory is erased by pressing the Setup
SAVE button while hotding down the Cursor SHIFT button
(changing the button function to ERASEY}, then pressing the
ENTER button.

. CAUTION

Pressing the SAVE button whife holding down the Cursor
SHIFT button, then pressing the ENTER button, erases
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all clata stored in the cassette, not just the data under
the current index number.

Data stored in any bubble memoty location is written
over when new data is stored to that location.

BMiNon Store Mode

The 371 alsa has a Non Store display mode. In this mode the
characteristic curve data is not stored in main memaory but
displayed directly on the screen, This mode can be used to
observe rapid variations in the waveform.

The intensity of the characteristic curve displayed in Non Store
mode is controlied by the NON STORE/STORE INTENSITY knob.

WCursors

Cursors allow easy, precise measurements, The 371 has three
types of cursors: Window, Dot, and f Line. Only the Window
cursor is available in Non Store mode.

Using the Window Cursor

The Window cursor is displayed as a rectangie with a bright dot
in either the lower 'eft or upper right corner, as selected by the
Cursor maode selection butions. The current and voltage values
at the paositicn of the bright dot are cdisplayed in the CURSOR
readout area. The Cursor position buttons move the brignt
cursor dat and change the size of the window.

Unlike the Dot cursor and f Line curscer, the Window cursor can
be used in Non Store as well as Store mode, and can be
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displayed at any point on the screen. 1t is typically used o check
for characteristics of a device under test 1o be within a certain
range. It can aiso used (0 measure the Hre on the curve of the
coltector currert vs. collector-emitter voltage characteristics of a
transistor . When the vertical side of the curseor is positioned
between two adjacent curves, the Hee vaiue is displayed in the

B o gm/DiV readout area.

Using the Dot Cursor

The Dot cursor is a high-intensity spot displayed on the
characteristic curve. The current and voltage values at the cursor
posiion are given in the readout area.

Using the f Line Cursor

The f Line cursor is a straight line that passes through the Dot
cursor position at a slope that can be varied by the four Cursor
position butions (=, =, §, and #).

When COLLECTOR (Veg) is displayed on the horizontal axis, the
CURSOR (f:t/grad) readout indicates the resistance (Ves/k),
while the CURSOR (f:intercept) readout indicates the voltage
value at which the f Line cursor intercepts the horizontal axis.

Whernt STEP GEN (Vee) is displayed on the horizontal axis, the
CURSOR (f:1/grad) readout indicates the forward transfer
admitiance (lo/Ves), while the CURSCR (f:intercept) readout
indicates the voltage value at which the f Line cursor intercepts
the horizontal axis.

The f LINE cursor is useful for measuring the cn-state resistance
of a device and for measwring the forward transfer admittance of
FETSs.
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WText Editing

Text, consisting of letters, numbers, and symbols, can be
displayed at the top of the 371 CRT graticuie. The text may be
used to label characteristic curves with identification information
or to note measurement conditions. The text is stored in bubbie
memory along with the characteristic curve or setup information.

Erntering Text Edit Moda

To enter the Text Edit mode, press the ENTER button while
noiding down the Cursor SHIFT button. {The Cursor SHIFT
button changes the function of the ENTER button to TEXT, as
noted in blue below the button.) The “TEXT EDIT MODE”
message is displayed at the bottom of the graticule and the Text
Edit cursor is displayed at the top, indicating that the 371 is ready
for text entry.

Entering and Editing Text

The character to be entared is selected with the VERTICAL
CURRENT/DIV knob, and the position at which it is displayed is
selected with the HORIZONTAL VOLTS/DIV knob, Only the
functions of these two controls change in the Text Edit mode; the
furictions of other knobs and buttons remain the same.

A maximum of 24 text characters can be entered. Available text
characters (in the order in which they are presented by the
VERTICAL CURRENT/DIV knob) are:

space, A, B...2Z space, m, u, NP O 1L 8 - LN ()

Erasing Text and Exiting the Text Editor Without Changes

While in Text Edit mode, pressing the NON STORE button erases
the text entered up to that point and the edit curscr moves to the
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left side of the text area. Pressing the STORE, COMPARE, VIEW,
INVERT, or RECALL button in Text Edit mode causes the 371 1o
axit Text Edit mode, erase the text data entered so far, and
display the “TEXT CANCELED” message.

Saving Edited Text

When the texi is satisfactorily edited, again press the ENTER
button while holding down the Cursor SHIFT button. The Text
Edit ends and the 371 returns to normal operation.

Text may he saved in the following ways:

» To save the edited text along with the characteristic
curve in bubble memory, press the ENTER button,

« To save the text along with front-panet setup information,
press the SAVE hutton.

= Text is saved autormatically when Texa Edit mode is exited
if the text was entered from View mode.

Printing a Directory of Stored Text

The text stored in bubble mernory can be printed on a plotter as
a directory table by pressing the RECALL button while hoiding
gdown the Cursor SHIFT button. The Cursor SHIFT bution
changes the function of the RECALL button to DIRECTORY, as
labeied in blue below the bution.

If the stored text describes or otherwise identifies the data stored
in each location of the bubble memory cassette, the piotted text
will be a directory of the bubble memory contents,
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BVertical Axis Measurement and Sensitivity

The vertical axis on the screen displays the current (ic) flowing at
the COLLECTOR/DRAIN/ANODE connector of the Test Fixture
Unit. The sensitivity of the display is set by the VERTICAL
CURRENT/DIV knob. The range of available settings depends on
the setting of the Collector Supply MAXIMUM PEAK POWER as
follows:

MAXIMUM PEAK VERTICAL CURRENT/DIV
POWER Setting Setiing Range

3 kw 1 ADIV to 50 A/DIV

300 W 500 mADIV o 5 A/DIV

30 W 100 p&A/DIV to B mAJ/DIV
SW 10 wA/DIV to 500 pA/DIV

The selected vertical sensitivity is displayed on the screen in the
VERT/DIV fieid.

MHorizontal Axis Measurement and Sensitivity

The horizontal axis on the screen displays the voltage (Vee)
hetween the COLLECTOR/DRAIN/ANODE connector and
COMMON connector, or the voitage (Vee) between the STEP
GENERATOR cornector and the COMMON connector.

The selection between the two modes is made with the
HORIZONTAL VOLTS/DIV knob. When turned clockwise, this
knob selects the COLLECTOR {Vceg) measurement and sets the
sensitivity in one of the following ranges:

MAXIMUM PEAK HORIZONTAL VOLTS\DIV
POWER Setting Setting Range

3 kW/300 W 100 mV/DIV to 5 V/DIV
0WIEBW 50 VDIV to 500 V/DIV

When the HORIZONTAL VOLTS/DIV knob is turned
counterclockwise, it selects the STEP GEN (Vae) measurement
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and sets the sensitivity in the range of 100 mv/DIV to 5 VDIV,
The selected horizonial sensitivity is displayed on the CRT in the
HORIZ/DIV readout field.

MMeasurement Modes

The 371 has three measurement modes: Fapeat, Single, and
Sweep.

Hepeat

Hepeat mode is the measurement mode automaticaily selected
whan the 371 is powered up or initialized. In Repeat mode, the
Collector Supply and Step Generator cutput are continuous.

Single

in Single mode, the Collector Supply and a set of staircase
waves, or pulse signal, is output by the Step Generator aach time
the Measurement SINGLE button is pressed. Single mode is
useful when device overheating is a concern.

Sweep

In Sweep moede, a continuous series of dots is displayed when
the Collector Supply is in High Current mode —a situation which
would normaily produce only a single dot on the display. Two
different Sweep made outpuls are available, Collector Supply and
Step Generator, depending cn the setting of the HORIZONTAL
VOLTS/DIV controt.

Collector Supply Sweep mode sweeps the Collector Supply
output from the value selected by the Coliector Supply VARIABLE
control to 0%, if the SWEEP button is pressed with the 371 set as
foitows:
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Collector Supply

VARIABLE ................... Any sefting except 0%

PEAKPOWERWATTS ................ 300 W or 3 kW
Display

Mede ... .. ... o STORE or COMPARE

HORIZONTAL VOLTS/DIV . ... COLLECTOR (Vee) range

The Step Generator output is continuous in Coliector Supply
Sweep mode.

Step Generator Sweep mode sweeps the Step Generator output
from its peak value (step amplitude + offsetj o 0 A or 0 V when
the 371 is set as follows:

Coltectar Supply

PEAKPOWERWATTS ............... 300W OR 3 kw
Display
Mode ... . ... ... .. ... ... STORE or COMPARE
HORIZONTAL VOLTS/DIV .. .. .. STEP GEN {Ves) range
Step Generator
STER/OFFSET AMPLITUDE .. .. ..., Any setling except
Vv {or A

The Collector Supply output is continuous in Step Generator
Sweep mode.

The Sweep voltage or current is displayed in the QFFSET readout
area of the CRT, where the initial value displayed is the sum of
the peak amplitude and offset. The Step Generatar Number of
Steps is auiomatically set 1o 8 in Sweep mode, 80 it must be
reset for other measurements.

Reducing the Distance Between Displayed Dots. In either
Step Generator or Collector Sweep mode, a curve with
one-fourth the normal distance between dots may be displayed
by pressing the SWEEP button with the Cursor SHIFT button held
down. In this mode the sweep time is increased by a factor of
faur.
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Defeating Sweep Mode. In Sweep mode, the Measuremeant
maode witl automatically revert to Repeat if any front-panel
controls are changed excent the following:

Setup

SAVE
Memory

Index Selection buttons
Display

ENTER

COMPARE

STORE N

Cursor
Muode selection buttons
Position bufions
GPiB
RESET TO LOCAL
USER REQUEST
Piotter
ALl

Saving Sweep Mode Settings. If Setup SAVE is pressed during
ihe sweep, the Sweep mode settings and the initial value of the
Collector Supply or Step Generator are saved in bubble memory.
The stored sweep can then be reactivated at any time by
pressing the Setup RECALL button (with the Memory Index set to
the proper location).

Saving Data. If the Display ENTER button is pressed during the
sweep, all data captured up to that point is stored in bubble
memaory and the sweep continues.
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B The Step Generator

The Step Generator supplias the current or voltage applied 16 the
base (gate) or emitter of the device under test. The output of the
Step Generator is either a staircase current or voltage waveform
with fixed increments, or a pulse current waveform. The outputs
fram the Step Generator and collector supply circuit are appiled
to the device under test 1o produce a characteristic curve on the
dispiay for a given number of steps.

Selecting Voitage or Current Qutput

VOLTAGE autput or CURRENT oulput is selected with the
SQURCE buttons. The type of waveform produced by the Step
Generator is determined by the SOURCE setting and the
Collectcr Supply PEAK POWER WATTS setting. When the
SOURCE is CURRENT and the PEAK POWER WATTS is set to

3 kW or 300 W, the Step Generator output is pulsed. In ali other
cases the Step Generator outpul is a staircase waveform.

Selecting the Number of Steps

The number of steps in the staircase waveform can be selected
within the range of 0 to § with the NUMBER OF STEPS buttons.

Setiing Step Amplitude

The step amplitude setting is selected by the STEP/OFFSET
AMPLITUDE knob. The setting ranges are:

« 1 uAto 2 mA for staircase current outputs
= 1TmAto 2 A for pulsed current ouiputs
s 200 mV o 8V for voitage outputs.

The selected step amplitude is displayed on the CRT in the PER
STEP readout field.
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Pressing the STEP MULTI .1X button reduces the step amplitude
by a factor of 10.

Setling Otfset

An offset can be added to the step signal by pressing the
QFFSET buttons {= or =). The offset is of the same polarity asg
the Step Generator signal. When the step signal is a staircase
waveform, the offset is 2 DC voltage or DC current. When the
step signal is a current pulse, the offset is also a current puise.

The offset amplitude can be set within the range of 0% to 500%
of the step arnplitude with 1% resclution. The selected offset
amplitude is indicated on the CRT in the OFFSET readout fisld.

NOQTE

The offset is independent of the STEP MULTI . 1X setting
and ihe Measurement mode. The amplitude of the
selected offset is always at a constant value.

Setting Polarity

The polarity of the Step Generator signal is switched together
with the polarity of the Collector Supply, so that when the
Collector Supply POLARITY setting is NPN +, the Step Generator
polarity is POS +, and when the Coilector Supply POLARITY
setting is PNP-, the Step Generator potarity is NEG-. To set the
polarity of the Step Generator signal to the oppasite of the
Collector Supply, press the Step Generator INVERT button.

3-59



371 Cperating Instructions
General Operation

EThe Collecior Supply

The Collector Supply circuit supplies cperating voitage to the
collectar (or drain or ancds} of the device under test.

Selecting Peak Power

The pesk power of the Collector Supply can be setto 3 W, 30 W,
300 W, or 3 kW with the PEAK POWER WATTS buttons. Thess
buttons salect internai series resistors in the coflector supply
circuit which limit the avallable power.

When aither the 3 W or 30 W PEAK POWER WATTS button is
pressed, the 371 cperates in High VYoltage mode ang a rectified
sine-squared voltage cutput is pravided to the COLLECTOR
SUPPLY HIGH VOLTAGE connector of the Test Fixturg Unit.

When seither the 300 W or 3 kW PEAK POWER WATTS hutton is
pressed, the 371 operates in High Current mode and voltage
pulses with a width of approximately 250 ps are produced at the
COLLECTOR SUPPLY HIGH CURRENT connector of the Test
Fixture Patch Panel,

The PEAK POWER WATTS setting also determines the maximurm
pealk voltage, which is approximately 3 kV in the open state in the
High Voitage mode and approximately 30 V in the open siate in
the High Current mode.

The output voltage can be varied, within the range determined by
the maximum peak voitage, by rotating the Collector Supply
VARIABLE knob. The selected value is indicated in the % OF
MAX PEAK VOLTS readout area as a percentage of the maximum
peak voltage.

if the Collector Supply is switched between tha HIGH VOLTAGE
mode and HIGH CURRENT mode, the Collectcr Supply output is
automatically reset to zero.
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Setilng Polarity

The polarity of the output can be selected by the Collector
Supply POLARITY button, When POLARITY is switched the
output is automatically reset to zero.

Adjusting Looping Compensation

in High Voltage maode, the characteristic curve displayed on the
screen oceasionally takes the appearance of a loop—a

phenomenon known as looping. Looping may occur when the
voltage or current is extremely low or extremely high.

The usual cause of looping is the internal fioating capacitance of
the 371 and Test Fixture Unit, or the capacitance of the device
under test, but looping can alsa result from heat emitted from tha
device under test. Looping caused by the 371 or Test Fixture
Unit can be reduced with the front-panel LOOPING
COMPENSATION conirol. It isn't possible to completaly
compensate for capacitance in the device under test in this way;
however, some compensation can be achieved for floating
capacitance in a smali diode or voltage-driven three-iead device.
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BThe Paich Panel and Test Fixture Unit

The row of connectors on the Test Fixture Unit {ahave the Patch
Panelf} carry signals to and from the 371. The top row of
connactors on the Patch Panel are linked internally to the
connectors of the Test Adapter connector, When a measurement
is performed, the connectors in the top row must be connected
o connectors in the next row with patch cords. Figure 3-14
shows connection examples.

$ CAUTION £

Whern making High Voitage measurements, do not make
connections belween the COLLECTOR SUPPLY HIGH
CURRENT SENSE connector and
COLLECTOR/DRAINIANODE SENSE connector, or
between the COMMORN SENSE connector and the

- EMITTERISCURCE[CATHODE SENSE connecior.
Resulting voltage and current measurements may be
incorrect

The Test Adapter connector permits use of the Test Adapters
listed in Table 3-2 and shown in Figure 3-15. The A1002 and
A1003 Test Adapters are provided as standard accessories.
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Figure 3-14. Connections for measuring common-ermitier charac-
teristic of a fransistor and common-source characteristics of a
power MOSFET.
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6839-118

Figure 3-16. Removing the Patch Panel
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MOSFET

6838317

Figure 3~17. Connsctions for measuring the common-source char-
acteristics of a FET,
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M Kelvin Sensing

The SENSE connecior on the patch panel is for kelvin sensing of
voltage in High Current mode. In kelvin sensing, the
voliage-detection connector is independent of the power supply
connector. This improves the accuracy of measuremenis
because it eliminates any voltage drop due to contact resistance.

Voltage can be measured without connecting the device to the
SENSE connector but, for high precision measurement, the
SENSE connector should be used.
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MEASUREMENT EXAMPLES

The following examples will demonstrate how 10 measure:

« The coilectar-emitter breakdown voltage of a bipolar
transistor with the 371 in High Voltage Made

= The common-~-emitter characteristics of a bipolar
transistor with the 371 in High Current mode
The saturation voltage of an NPN bipoclar transistor

= The common-source characteristics of a power MOSFET
with the 371 in High Current mode

Each of these examples includes a list of all 371 contral setiings
and an iifustration of Patch Panel connections. An illustration is
aiso given of a typical 371 display under the same setup.

Connections on the Patch Panel should be made with the patch
cords provided as standard accessorias to the 371. Connections
between the device under test and the Test Adaptar connector
should be made with a Test Adapter suited to the shape of the
device under tast.
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M Measuring Breakdown Voltage

This exarmple measures the collector-emitter breakdown voltage
of an NPN bipoiar transistor with a BVceo rating of 1506 V.

Use the front-panel LOOPING COMPENSATION control 1o
compensate for any displayed loaping. See the discussion under
The Coitector Supply eariier in this section for details about
looping.

1.

2.

initialize the 371 settings.

{Use patch cords to make the foliowing Patch Panel
connections (see Figure 3-18):

e« Between the COLLECTOR SUPPLY HIGH VOLTAGE and
COLLECTOR/DRAIN/ANODE terminals

+ Beatween the COMMON and
EMITTER/SOURCE/CATHODE terminals.

Set the 371 controls as follows:

- Collector Supply

PEAK POWERWATTS ... .. ... ..o vt 3w

HIGH VOLTAGE Breaker ................. ENABLED
Display

HORIZONTAL VOLTS/DIV ... ..., 200V COLLECTOR

Siowly increase the Collector Supply VARIABLE until device
breaxkdown is indicated on the 371 disglay.

Set the Memory Index to an empty memory location.
Press the Display ENTER button to store the BVeso curve.

Set the Collector Supply HIGH VOLTAGE breaker to
DISABLED.
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{The dashed-iine connection Is not made untif step 8.)

€839-318

Figure 3-18. Patch Panel connections for measuring BVceo of a bipo-
lar transistor,

8. Use a paich cord o connect the COMMON and the
BASE/GATE terminals on the Patch Panel, as indicated by
the dashed line in Figure 3-18.

8. Set the Collector Supply HIGH VOLTAGE breaker to
ENABLED.

10. Slowly increase the Collector Supply VARIABLE until
breakdown cccurs,

11. Use the Cursor Selection butions {« or =) to select the DOT
CUrsor.
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12, Use the Cursor Position buttons {e, =, §, §) to move the

Dot cursor into the breakdown region,

13. The breskdown voltage (BVces) is displayed in the HORIZ/DIV

CURSOR area of the CRT.

14, Press the Display COMPARE button to include the stored
BVceo curve in the display, as shown in Figure 3-19.

51 1ol

feb i § I

SnAEnnsRER

1

VERT/OIV
L0QLA
TURSOR
2800wA
HORIZADIV
200 ¥
CURSOR

TR0 W

PER GTEP

OFFSET

B o gm/DIY

% OF TOLLECTSR

PEAK VOLTS
T2 8

6808-319

Figure 3-19. Compare mode display of the BVYcgo and BVces break-

down measurements.
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MMeasuring Common-Emitter Characteristics

This example measuras the commaon-emitter characieristics of
an NPN bipolar transistor with an lc rating of 15 A.

The kelvin sensing feature of the 371 is used in this example to
ensure accurate megsurement when a large amount of current is
flowing to the device under test. For details about the keivin
sense feature, see Kelvin Sensing earlier in this section.

1. Initiatize the 371 settings.

2. Make the paich cord connections illustrated in Figure 3-20.

=

oLt §
even | A soven

S ——-
e e

- "o llo] o
S ©0 —
|

N Yk T Ty
b H

-

6836--320

Figure 3-20. Patch Panel connections for measuring the common-
emitier characteristics of a bipolar transistor.
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3. Setthe 371 as follows:

Coliector Supply

HIGH CURRENT . ... ... .. . i ENABLED
Display

VERTICAL CURRENT/ODIV ... .. . e 2A

HMORIZONTAL VOLTS/DIV ... ... 2V COLLECTOR

4. Use the Collector Supply VARIABLE 1o move the dot(s) to the
lower rigitt corner of the display (20 Ves).

5. Press the Step Generator NUMBER OF STEPS = button for
five steps.

8. Increase the STEP/OFFSET AMPLITUDE setting until the dot
representing the fifth step is near the 16 A graticule line.

7. Press the Measurement SWEEP hutton 10 display a
characteristic curve similar to that shown in Figure 3-21.
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Figure 3-21. Typlical display of the common-emitier characteristics

of a bipolar transistor.
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EMeasuring Saturation Voltage

This example measures the saturation voltage of an NPN bipolar
transistor at 10 Afcand 2 A fa.

1.

2.

Initialize the 371 settings.
Use the patcn cord connections iilustrated in Figure 3-20.
Set the 371 as follows:

Collector Supply

HIGH CURRENT Breaker ................. ENABLED
Step Generator

NUMBEROFSTEPS ... .. e 0

STEP/OFFSET AMPLITUDE . . .......... 500 mA/STEP
Display

VERTICAL CURRENTIDIV ... ... ... .. .. ... 2A

HORIZONTAL VOLTS/DIV ..., .. 200 mv COLLECTOR

Use the Step Generator OFFSET butions (=, +) to set the
QOFFSET readout (is) to 2000 mA.

‘increase the Collector Supply VARIABLE setting until the dot

rises above the 10 A graticule line, which is the center
horizontal graticule tine.
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6. Press the Measurement SWEEP button to display a curve
similar to that shown in Figure 3-22.

VERT/ QLY
2 A
EZLRSTR

10.00 A

HORLZ/DTY
200my
CURSOR

TIEmv

bt M fed bbb
////’ T PER STEP
- 500mA

OFFSET
Z000mA

b b e ] g e

B or gmelv
3.0

% OF COLLECTOR
PEAK VOLTS

/ :

6839322

Figure 3-22. Ve san measurement for 2 bipolar transistor.
7. Use the Cursar Selection buttons (=, =) to select the DOT
cursar.

8. Use the Cursor Position buttons (=, =, 4, $) to move the
Dot cursor to the 10 A level on the curve,

9. Read the Vce san value in the HORIZ/DIV CURSOR readout
area.
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BMeasuring MOSFET Characteristics

This example measures the common-source characteristics of
an N-type power MOSFET with ar Io rating of 10 A.

Ag in the previous example using a bipolar transistor, keivin
sensing is used in this measuremant bacause of the high current
levels flowing through the device under test. The 1 k(i resistor on
the Patch Panel is used 1o prevent oscillation,

1. Initialize the 371 settings.

2. Make the patch cord connections illustrated in Figure 3-23.

6839323

Figure 3-23. Patch Panel connections for measuring the common-
source charactaristics of a power MOSFET.
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Set the 371 as follows:

Collector Supply

HIGH CURRENT treaker ... .............. ENABLED
Step Generator

SOURCE ... .. VOLTAGE

STEPMULTI 1Y . e On

STEP/OFFSET AMPLITUDE . ................. 500 mY

NUMBER OF STEPS ... .. . i 5
Display

VERTICAL CURRENT/DIV .. .. ... .. ...vviinnn. 2A

HORIZONTALVOLTS/DIV ........... 2V COLLECTOR

Use the Collector Supply VARIABLE to move the dot to the
mid-paint of the bottom graticule line,

Use the Step Generator OFFSET -« bution 1o increase the
gate bias until six dots appear on the display.

increase the OFFSET until the lowest dot begins to move
upward,

. Use the Collector Supply VARIABLE controt to move the dots
o the right.

Press the Measurement SWEEP button to display a curve
simitar to the one shown in Figure 3-24.
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Pulpe Teow Pulse Yige = 250ue, Duiy Cyole ¢ 0.5

VERTAOIV
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OFFSET
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Figure 3-24. Typical display of the common-source characteristics
of a power MOSFET.
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SECTION 4

GPIB

This section:

&

®

&

Reviews GPIB principles

Summarizes the interface capabilities of the 371

Explains how to configure and control the 371 in a
GPIB system

Explains device~dependent messages and for-
mats

Provides an alphabetical listing of all 371 com-
mands and queries with definitions and syntax

Explains Service Requests for the 3771
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REVIEW

Tne General Purpose Interface Bus, or GPIB, is a standardized,
digital interface for interconnecting up to 15 self-contained instru-
ments, controllers, and other devices. The instruments may be
units such as the 371 High Power Curve Tracer, signal genera-
tors, digital multimeters, or digital oscilloscopes. The ANSIT and
IEEE? standards define two aspects of the interface: the hardware
and a hasic communication protocok.

Hardware

The hardware consists of a set of interface circuits in each
device, along with standard 24-conductor cabling for intercon-
necting the devices in a system. Sixteen of the 24 wires are used
for signaling: eight for addresses or data, three for handshaking
during data transfers, and five for interface management. Most
data is transferred as a series of eight-bit bytes over the eight
data lines.

Communication Protocol

The basic communication protocol specifies a set of pre-defined
interface messages for system organization and housekeeping,
but only indicates the basic requirements for cormmurnicating
other information such as setup commands and measurement
results. The protocol does net define the meaning or format of
the measurement results, which are termed device-dependent
massages.

Meaningful messages for each instrument are specified by the
instrument manufacturer and are usually defined in the instrument
manual. Tekirgnix has standardized on a higher level protocol for
all its GPIB instruments, called Tektronix Codes and Formats.

TANSI - Arnerican National Standards Institute
AEEE - Institute of Electric and Electronic Engineers, inc.

4-5




371 GRIB
Review

A typical GPIB systermn will include a controller and one or more
instruments, such as the 371 High Power Curve Tracer. Some
instruments are talk-only of listen-only devices while others can
both talk and listen. The 371 does both. Linking a cantroller to
the 371, and possibly other instruments, provides operation in
four major task areas:

« Program development
o Systern control

= [ata processing

= Display and storage

These four task areas are discussed in the following paragraphs.

MProgram Development

Program development includes writing, editing, and debugging
the programs needed to control the instrurnents in the system.
MSystem Conirol

While running a program, the controller assigns tasks to instru-

ments in the system, coordinates communication, handles error
conditions, and monitors the system’s progress.
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This instrument control task can be further divided into five func-
tions:

«  Addressing instrumerits

s Sending commands

« Transmitting and raceiving data
s  Handling interrupts

< Monitoring device status

Each of these systern controt functions are explained below.

Addressing Instruments

The controlier selects an instrument by addrassing it. Each in-
strument on a bus is assigned a unigue primary address in the
range O through 30. The controlter uses this address to set an
instrurmnent 1o talk or listen.

Sending Data and Commands

Device-dependent messages carry commands and data from the
controller to the 371 and return instrument status information and
measurement data. The ATN line (pin 11 of the GPIB) is asserted
while interface messages are sent {0 distinguish them from de-
vice~dependent messages (see Fig. 4-1).

Interface messages are commands that control interface func-
tions. The IEEE 488 standard specifies interface messages 80
that they are the same for ail devices.

There are two kinds of interface messages: uni-line and
multi-line, where “line” rafars 10 the 186 signal lines within the bus.
Multi-line messages can be further subdivided into universal
commands, addresses, and addressed commands. Figure 4-2
shows how the different types of GPIB messages are related and
indicates the standard three-letter symbols assigned to them.
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| e NTERFACE FUNCTIONS i

i | ATH | 5

INSTRUMENT INTERFACE MESSAGES | CONTROLLER

(eg 371} GPIE GFEB
§ INTERFAGE INTEREACE

ATE
DEVICE-CEPENDENT MESSAGES
|

! s 1

Th

e confrofier sends interface messages with Atfention (ATN)

asserted. These messages cantrol interface functions. Device-
dependent messages, sent with ATN unasserted, control instru-
mant functions and transfer data.

B838-401

Figure 4~1. GPIB messages.

Mutti-line interface messages are sent by placing a byte on the

gight data lines of the GPIB and asserting the ATN line. Universal
commands affect all devices on the bus while addresses and ad-

dressed commands affect only the addressed instruments.

Uni-ling interface massages are sent by asserting one of the five

individual interface signal lings of the GPIB:

L)

SRQA (service request)
ATN (attention)

IFC (interface clear)

REN (remote enabie)
END (EQI, end or identify)

Device-dependent messagas consist of commands or data that

control instrument function and communicate instrument status,

as we
roted

4-8

il as data from measurements and other information. As
before, the content and format of these messages has
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GPIE MESSAGES
i 3
DEVICE-DEPENDENT INTEAFACE
MESSAQGES MESSAGES
I
i ]
MULTI-LINE UNE-UNE
MESSAGES MESSAGES
i {ATN, SEQ, REN)
! { |
UNIVERSAL ADDHESSES ADDRESSED
COMMANDS COMMANDS
{UNT, UNL, SPE} (8D, GET, A1)

Messages sent over the GPIB can be divided into two general
types: interface messages and device-dependent messages. n-
{erface messages are further divided into universal muBti-fine
messages, addressed muiti-line messages, and uni-iine mes-
sages.

6839-402

Figure 4-2. GPIB message types.

been addressed with Tektronix Codes and Formats. Ail of these
message types are significant {or the 371.

Transmitting and Receiving Data

Mast instrumeants talk (send data) or listen (receive data) to the
gystem controfier, The 371 does both. In fact the 371 sends and
recaives two classes of data: instrument setups and measure-
ment resufts. There are various ways of coding such data. The
371, in keeping with Tek Codes and Formats, uses English
key-words for setup and status data and a combination of simitar
key-words and a farm of binary-coded numbers for measure-
ment data.
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Handling Interrupis

The 371 and other devicas in the system can generate interrupts
to inform the controfier of conditions warranting some sort of at-
tention, such as an error condition or the completion of an opera-
tion. The controller polls the devices on the bus to find the
source of the interrupt, reads its status, and takas appropriate
action,

W Data Processing

Stilf another major task of 2 GPIB system controller is processing
the data acquired from instruments. Examptles might he extract-
ing key parameters from a family of curves and deciding whether
some pass-fail criterion has been exceeded.

MDisplay and Storage

Once data has been sent 1o the controlier it can be siored or dis-
plaved, as well as processed. The controlier console screen is
one place data may be dispiayed.
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INTERFACE CAPABILITIES

'EEE Standard 488 defines a variety of possible interface capabili-
ties for differing needs among various controllers and instru-
ments.

Table 4-1 summarizes the capabilities realized in the 371. The
abbreviations are detailed in the IEEE standard.

TABLE 4-1
GPIB Interface Specifications

Function Subset Note
Source Handshake SH1 Complete capability
Acceptor Handshake AR Complete capability
Talker T6 Basic Tatker,

Serial Poll,

Talk Oniy,

Unaddress if MLA

Listener L4 Basic Listener,
Unacddress if MTA

Service Request SR Complete capability
RemateflLocal ALt Complete capability
Parallel Poil PP . No capahility
Deavice Clear DCH Complete capability
Device Trigger bTo No capability

Controller Co No capability

4-11




371 GPIB
Interface Capahbilities

Einterface Messages

The foilowing explaing how the curve tracer reacts to standard
interface messages. Abbrevigtions are from IEEE Standard 488.
As noted before, a uni-liine message is sent over a dedicated line
and a multi-line message is sent using the eight data lines while
the ATN line is asserted. In the following descriptions, uni-iine
messages are described as having the appropriate line assertad.
Muiti~line messages are described with their respective ASCI
code and decimai value for the eight-bit byte expressed on the
eight data lines.

Due 1o the set of interface functions required for the 371, not afl
of the possibie interface messages would be meaningful. The
371 does not respond to the foliowing:

GET Group executs trigger
FRPC Parallei poil configure
PR Parallel poll unconfigure
TCT Take control

It does respond to or use the following interface messages, as
daescribed.

My Listen and My Taik Address (MLA and MTA)

The 371's address is established by setting the address select
switches on the rear panel. When the 371 receives its own ad-
dress along with either of these commands, it responds Dy enter-
ing the appropriate state: ready to talk or ready to listen.

Attention (ATN)

With the ATN line asserted, data on the eight daia lines is inter-
preted as an address or interface message. With most controller
programming languages, operation of the ATN line is transparent
1o the user.
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Uniisten {UNL) and Untalk {(UNT)

When ths Unlisten (UNL) message (ASCH “?", decimal 63) is re-
ceived, the 371 listen function is placed in an idle (unaddressed)
state. In the idle state, the 371 will not accept messages over the
GPIB. The Talk function is placed in an idle state when the curve
tracer receives the Untalk (UNT) message (ASCH “_", decimal
a5}, in this state the 371 cannot transmit data via the GPIB.

interface Clear (IFC)

— When the Interface Clear (IFC) line is asserted, both the Talk and ' - —
3 Listen functions are piaced in an idle state. This produces the :

same effect as receiving both the Untalk and Unlisten commands.

it resets the imerface only, clearing the input and output buffer,

and does not affect any instrument functions. This can be used

0 restart communication with the 371,

Device Clear (DCL)

The Device Clear (DCL} message (ASCIl “Control T,"” decimal 20)
reinitializes communication between the 371 and the controller.

In response to Device Clear, the 371 ¢lears any input and output
messages as well as any unexecuted controt settings. Any errors
and events waiting to be reported, except power-up, are also
cleared. if the SRQ line has been asserted for any reascn other
than power-up, it becomes unasserted when DCL is received.

Selected Device Clear (SDC)
The Selected Device Clear (SDC) message (ASCH “Control D,”

decimal 4) performs the same function as DCL. However, anly
mnstruments that have been listen-addressed respond to SDC.
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Go To Locat (GTL)

The Go To Local (GTL) message (ASCH “Control A", decimal 1)
takes the 371 "off the bus” and turns off the from-panel REMOTE
indicator, just as the front-panel RESET TO LOCAL button does.

Remote Enable (REN)

When the Ramote Enable (REN) ling is asserted and the instru-
ment receives its listen address (MLA}, the 371 is placed in its
Remote State (REMS) and the front-panel REMOTE indicator is
turped o,

Service Request (SRQ)

The Service Request (SRQ) line is set by the 371 each tims it has
a change in status 10 report io the controlier, or when an opera-
tor presses the front-panel User Request button.

Serial Poll Enable and Disable {SPE and SPD}

Tha Serial Poll Enabie (SPE) message {(ASCH Control X, decimal
24} causes the 371 1o transmit its serial-poi status byte whan it is
talk addressed. The Serial Poll Disable (SPD) message (ASCH
Control Y, decimal 25) switches the 371 back to normal opera-
tion.

End or ldentify (END or EOQI)

The 371 or controller sets End Or Identify (EO1) simultanecusly
with the last byte of the command or data if LF {line feed/EOI is
currently selected as the message terminator. If LF alone is se-
lected, the message terminator is LF accompanied by EOl and
followed by a CR {carriage return).
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Local Lockout (LLO)

When a Local Lockout (LLO) message {ASCH "Control 0," deci-
mal 21) is received, the 371 enters the Lockout state.

NOTE

The 371 has no front-panel Lockout indicator to
indicate when Lockout is set. Once set, all subse-
quernt inputs from front-panef keys with corre-
sponding remote cormmands will be ignored.

EDevice-Dependent Messages

Device-dependent messages for the 371 are in three categories:
Commands and gueries, setup data, and measurament data.

Commands and Queries

Commands are sent to the 371 to initiate some action or change
its settings. Some commands may be as short as three charac-
ters. Other more complex commands may be much ionger.

A notable subcategory of commands is that of query commands
or queries. The 371 responds to a query by sending another
device-dependent message back to the controller. This re-
sponse commuricates the approgpriate instrument status, set-
tings, or measurement data. These messages may also vary
from a few characters to many characters in length.

Setup Data

Since most front-panel settings are programmabie, a series of
comimands can set-up the 371 far a particular measurement. In
fact, a group of individual settings or an entire front-panel setup
can be strung together and sent as a single message.




371 GPIB
interface Capabilities

Queries can be used, in turn, to send individual settings or com-
plete front-panei setups hack to the controlier. This means a
setting can be made manuaily and then stored using the bus
controiler, providing an alternative 0 storing the satting in the
bubbie memory.

Measurement Data

Usually the most significant data avaitable from the 371 are seis
of characteristic curves from devices being tested. For any given
measurement this data is packaged in two parts; a preambie and
a curve, Preambles and curves can be read from the 371 into the
controller either separately or combined. Later they can be
loaded back into the 371 for further use.

The preamble containg the information needed for interpreting,
scaling, and labeling the numeric information in the curve. This
preambie is coded in ASCH characters and is readable by the
operator without interpretation by the ¢ontroller.

The curve is a series of binary-coded numbers expressing the
X-Y coordinates of the 1024 digitized points representing the dis-
played curves. These binary-coded numbers are interpreted by
the controller.

Two other types of data that can be read out of the 371 are: the
coordingtes of a cursor located on the curves, and the text
shown in the text-display area of the screen.
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SETUP

The first steps in putting the 371 to work in a system are:

= Setting the bus address

= Choosing the message terminator
« Connecting ihe GPIB cable

e Powering up

These steps are discussed in the following paragraphs.

EConfiguration Switch Settings

The 371 has a configuration switch bank an the rear panel which
is used to set the bus address and message terminator (see Fig-
ure 4-3).

Setting the Bus Address

Each instrument connected to the bus must have a unique ad-
dress. This address is used by the controller to direct the flow of
data to and from that specific device.

When choosing a bus address for the instrument, remember:

*  The address of the 371 must be unique on the bus.

< Somae controllers reserve an address for themselves, For
instance, the Tektronix 4041 System Controller has a de-
fault address of 30, though it can be changed under pro-
gram conirol.

s The 371 enters Talk Only mode when set tg address 31.
in this mode, information can be sent to the plotter only
via the GPIB port by pressing the front-pane! PLOTTER
button,
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« The 371 uses primary addressing only. Sending a secon-
dary addrass will have no effect,

»  The addrass setting can be verified or changed by exam-

ining or setting the address switches located on the rear
of the 371 (see Figure 4-3).

iLForEeQ!

RN J
EO! Y
R g Bus Address (0 - 31}
Message Terminator

5839403

Figure 4~-3. Rear-panel configuration switch.

The address can also be verified by simultaneously pressing the
frort-panel Cursar SHIFT and GPIB ADDR keys. The message
terrinator and bus address appear in the error message area of
the 371 display.
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Choosling the Message Terminator

The terminator is used to indicate the end of a message transfer.
The two most common terminators are the EQ! (end or idendify)
signal line and the LF (line feed} character.

If EOf is selected, the 371 will assert the ECQ! line simultaneously
with the last data byte when sending a message, and wiil recog-
nize the EOH line as the terminator when receiving a message. If
LF is selected, a CR (carriage return} and LF (iine feed) are sent
following the last data byte. The EOI line is asserted simuitane-

ously with the LF character.

When recelving a message, the 371 will terminate the message
upon receiving either the LF character or the assertion of the EQ
fine.

The bhest way to determine which terminator to use is to look at
the specifications for the system controller and use the same
terminator. Far the Tekironix 4041 and the HP 200/300 Series,
this would be the EQI terminator.

The terminator can be set with the terminator switch on the
rear-panel configuraticn-switch bank (see Fig. 4-3).

Reading In the Switch Settings

The switch settings are read by the 371’s processor only at
power-up or when the message terminator and bus address are
displayed on the CRT. Thersfore, when switches are changed
while the power is on, simultanecusly press the Cursor SHIFT
and GPIB ADDR keys to make the switch change effective.

#MConnecting the GPIB Cable
Attach the 371 o the GPIB with a standard GPIB cable. A GPIB
system may be connected in two general configurations: star ar

line. While the star configuration is recommended, configurations
can be mixed as long as the total cable length does not exceed
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20 meters and the instruments are distributed on the bus accord-
ing to a few basic rules (see Fig. 4-4).

MIXED

6838404

Figure 4-4. Bus configurations.

First, no more than 15 total devices, including the controlier, can
be included on a single bus. In addition, to maintain proper slec-
trical characteristics, one device load must be connecied for
gvery two meters of cable. Generally, each instrument repre-
sents one device load on the bus. The 371 represents one device
load,

WPowering Up

With the 371 connected by GPIB cable to the system and the ad-
dress and message terminator has been set, the system is ready
to power up. Powering up the 371 as part of a GPIB system in-
volves special considerations, as detailed in the following para-
graphs.
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Remembier, when powering up a system with several GP1B instru-
ments on the bus, at least half of the ingtruments must be pow-
ered up before the controller is brought “on-ling”.

Self Test

To turn on the 371, press the front-panet POWER switch. The
471 performs a seli-test at power-up and initializes itseff to a
pre-defined state, after which it's ready to make measurements,
For details of the power-up test, see Appendix A, Diagnostic

Routines and Messages. The power-up default state for the 371 —_— —

is the same as for the INIt command described under Instrument
Parameter Commands in tha Command Reference portion of this
section.

Power-Up SRQ
Whan the power-up tests have been compileted, the 371 asserts

the GPIB line called SRQ. In the interface, the status byte is set
to 65.
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CONTROLLING THE 371 OVER THE BUS

As explained in the following discussicn, a controller can:

« Send commands to the 371

« Send gueries and receive responses

«  Comntrol 371 settings

 Store and transfer 371 data

« Move waveform data from the 371

= Load waveform data to the 371

« Transfer cursor and readout daia to and from the 371

ESending Commands o the 371

Most GPIB system cantrollers and their languages provide high
leve! staternents for sending device-dependent messages, such
as comimands, to any system instrument, including the 371.

These high-level statements usually consist of three pars:

1. Akey word (PRINT, OUTPUT, WRITE, stc.) which causes
the action (sending the message over the bus) to occur.

2. An address or logical unit number which directs the mes-
sage to a specific instrument.

3. The device-dependent message which is the actuat com-
mand, query, or data to be recognized by the instrument.
{Most controilers delimit the device-dependent message
with double quotes.)

The following examples show command strings for three contrgi-
lers and a representative language for each. The first is an 1BM
PC with a Tektronix GURU card (or National Instruments model
PC2 or PC2A card) running BASICA. The second is a Tektronix
4041 Instrument Controller running 4041 BASIC. The third isa
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Hewlett Packard 200 or 300 Series Scientific Computer running
Series 200 or 300 BASIC.

In these examples, the 371 device-dependent command WiNdow
(abbreviated as WIN} is used to set the window cursor to mig-
screen. In the second and third examples, the GPIB address of
the 371 is assumed ta be “8."

IBM PC: (The address is assigned sisewhere in the code.)

220 WRTS="WIN 250,250,7580,750" ‘ Crasate command
string. )
230 CALL IBWRT (DSO%,WRTS) ¢ Send command,

Tekironix 4041:

220 Print #8:"WIN 250,250,750,750" t Send command to
addrass §.

Hewleit Packard 200/300 Series:

220 QUTPUT 708;"WIN 280,250,750,750" ,END

A useful addressing variation assigns the 371 address to a vari-
able and uses that variable in place of the specific numeric ad-
dress. In the following examples, the address is set to "6." This
method works for ail three of the exampie controllers when run-
ning BASIC and allows the destination of several commands o
be altered by changing only the value of one variable: this is the
scheme used in the IBM PC with the GURU card, running
BASICA.

Tektronix 4041:

120 addr=6
T30 Print #addr:"WIN 250C,250,750,730"

Hewlett Packard 200/300 Series:

720 DEVICE=708
730 OUTPUT DEVICE;*"WIN 250,250,750,780",END
or
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720 ASSICGN @DEVICE TO 706
730 QUTPUT @DEVICE;"WIN 250,25C,750,780" ,END

A third way of addressing the instrument, with further advantages,
is to use a logical unit number (LUN). Following s an example
using an QPEN staierment in 4041 BASIC 1o set up a LUN associ-
aied with a particular 371 GPIB address, instead of using a vari-
able.

Logical unit numbers can conserve programming time, since it is
only necessary to specily a list of parameters (a stream specifica-
tion} once, From then o, in the program, it is only necessary to
refer to the logical unit number. In the following example, the
LUN is 0 and the instrument bus addrass is 2. Refer to the
Tektromix 4041 Programmer’'s Reference Manuai for more infor-
mation on logical units.

Tekironix 4041:

12¢ Open #0:"GPIHBOQ(pri=2}:"

400 Print #0:"WIN 250,250,750,780"

in this exarnple, note that any of the 371 commands listed in the
Command Reference gortion of this section may be substituted
insicde the quotation marks on line 400. Some command strings
will be as short as three characters; more eiaborate ones can be
280 characters, or gaven more.
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The examples in Table 4~2 show how the syntax of severai differ-
ent controllers can vary. in these exampies, the 371 is LUN 10,

TABLE 4-2
Controller Output Syntax

Controller Language Quiput Command

IBM PC with BASICA WRTS="string"
CALL IBWRT{(DEVS, WRTS)

Tek 4041 BASIC Print #10:"string®

HP 200/300 SERIES BASIC QUTPUT 710;"string",END

HEP 9825/200~SERIES HPL wrt 710,"string"

W Sending Queries and Receiving Responses

Commands with a question mark {?) are query commands which
solicit information from the 371. After the controller sends a
query command, it must acquire the resulting respaonse from the
371. Exampies using the HOR? guery command follow.

B PC:

150 WRTS="HOR?"

180 CALL IBWRT(DSC%,WRTS) ° Send query.
170 RDE=SPACES(100)

180 CALL IBRD(DSO%, 2DS) © Input response.

Tekironix 4041

15C Dim set3d to 100
180 Input 410 prompt "HOR? ":setd U gQuery LUN 10 and
input response.
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Hewlett Packard 200/300 Series:

150 DIM SETS(100)
180 QUTPUT 710;"HOR?",END
170 ENTER 710:SETS

In these examples, a string is dimensioned to 100 characters in
order 1o store the incoming information. The controller sends
HOR? over the bus to the 371 located at primary address 10.

The conirolier then assigns the instrumertt at address 1010 bea
talker and inpuis the characters into the target variabie, SETS.
The follawing shows a possible response, which is a 28 character
string. The variable, SETS, now contains this siring of characters
showing the current status of the horizonial controls:

HORIZ COLLECT:1E~-1

Most commands have a corresponding query command, See
the Command Reference portion of this section for examples.
Tabie 4-3 shows how query responses are input from a variety of
controliers.

TABLE 4-3
Controiier Input Syntax

Controiler Language input Command

180 PC with BASICA CALL IBRDS(DSC%,RDS)

Tek 4041 BASIC Input #10:53

HP 200/300 SERIES BASIC INPUT 710;5%,END

HP 9825/200-SERIES HPL red 710,5%
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Winstrument Setup Over the Bus

One popular use of the GPIB with the 371 is to store front-panel
settings for later recall. These stored settings are then used to
set up the curve tracer for repeating specific tests.  This is ac-
complished by using a query command to acquire from the 371
an ASCII string representing the front-panel setup. This string is
saved by the controller. Later, this same setup can be restored
by sending the stored string back over the bus ta the 371.

Storing Settings for the 371

When a setting is transferred, it must first be moved to the front
panel. From there it may be moved o the controlfer or to bubble
memaory. Figure 4-5 shows the transfer routes and the com-
mands.

To bring the 371 front-panel setting data into the controller, use
the SET? query and put the response into a string variable or
variables that can hold up to 400 characters. From there it can
be stored on any medium availabie 10 the controiler, such as
magnetic tape or disk.

IBM PC:

(BASICA is limited to a 255 character maximum string so the
IBRD command will have to be exacuted twice to take in the
full possible extent of the settings string.)

400 WHTS="3ET?" ° Sat up gquery
command string.
430 RD 3=SPACES {200} " Assign space for

a 200 character

response string.
420 RD2ZS«SPACE$(200) * Assign space for

a 200 character

response string.
430 CALL IBWRT(DSO%,WRTS) ° Send query.
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Individuat
Front-Panai 371
Setting
Commands! | SAVe
Front Bubble
Controller Panei Memory
SET? | RECall
6839405

Figure 4-5. Transfer of settings.

440 CALL_ZBRD(DSO%»RD$)

450 CALL IBRD{DSO%,RD2S)

Tekironix 404%:

400 Dim set$ to 400 f

410 Input #8 prompt "SEY?":setS !

428

- Input responsa

for first 200
characters.

© Input response

for remaining
characters.

Dimensicn string
variable.

Send query to
LUN & and input
the rasponse.
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Hewlstt Packard 200/300 Series:

400 DIM SETS(400)
410 CUTPUT 710;"SET?",END
420 ENTER 710;SETS

A settings string that is stored by the controler can, of course, be
modified. Use the appropriate string manipulation commands in
the controlier language 1o search for, modily, or replace parts of
the string. Be sure that the resulting string meeis the syntax re-
guirements of the 11 individual commands making up the whole
and that they are in the proper sequence. See the Command
Reference portion of this section for details.

To save the current front-panel setting in the bubble memaory,
choose an appropriate setting storage location number of 1
through 16, then send the command SAVe < number >, where
<number > identifies the setting storage location,

Loading Settings Into the 371

To reverse the above process for settings stored by the control-
ler, simply take the appropriate settings string from wherever it
has been stored and send the string back to the 371, There is no
need far any preface or other command since the settings string
is made up of the very commands that are needed. When it is
necessary to break the settings string, as in BASICA, the break
should occur where a semicolon would normally appear and that
semicolon should be dropped.

The following examples use the settings strings that weare saved
in the preceding set of examples.

4-29



371 GPIB
Controliing the 371 Over the Bus

iBM PC:

700 CALL IBWRT (DEV%,SETAS%)
710 CALL IBWRT (DEV%, SETBES)

Tektronix 4041;

700 Print #10;setd

Hewlett Packard 200/300 Series:

700 OUTPUT TiC:SETS END

If the setiings were stored in the bubble mernory, it's necessary
to know which of the 16 bubble-memory locations was used.
Then send the command RECall < NR1 =, where the number,
< NR1 ==, identifies tubble memory location,

While these procedures can change settings quickly and without
error, the operator may have to make a few manual settings (a.g.,
the Collector Supply circuit breakers and the positicn of the pro-
tective cover). One way to remind the operator what needs to be
done is to send a message using the text display area of the 371
screen. Send an appropriate message of up to 24 characters
using the TEXt <string > command.

MData Storage and Transter

Once the 371 has been set up 10 make a desired measurement,
the next step in realizing the advantages of digital storage is to
acquire and store the data with the 371. This in turn allows you
to plat it, if you have an attached plotter, or copy it into the con-
tretler or bubble memory. From the controller you ¢an store it on
other media, compare it with gther data, calculate with it, or dis-
play it. See Figura NO TAG for the possible routes for data trans-
fers.

In most cases, acguiring data with the 371 involves two parts,
koth done automatically by the instrument. The first is to code
the necessary scale factors and other parameters into a series of
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words and numbers. The words are English but are standardized
so they can also be read by a computer. This part of the data is
called the preamble.

The second part of data acquisition is 1o digitize and code the
dispiayed curves. This converts the curves to a series of binary
nurmbers representing the horizontal and vertical locations of a
sequence of points along the curves, This part of the data is
calted the curve. Together with the preambie it fully describes the
dispiayed curve,

Acquiring Data Within the 371

To acquire data, set the display function to Store mode. The
command 1o do this gver the bus is DiSplay STOre. At this point
the current set of parameters are recorded and the curves baing
shown are digitized. They can niow be copied over the bus 1o the
controller or 10 an attached plotter.

Data Struciure

The preambie and curve are each a string of eight-bit bytes. The
preamble is a string of ASCIl letters, numerals, and punctuation.
Each character is representad by one byte. The major part of a
curve is a sequence of binary-coded numbers, which is prefixed
by a 25 character ASCH string identifying the curve.

The curve data string represents the 371 display, where each
data point in the display is described as a 10-bit horizontal and
10-bit vertical position. The horizontal and vertical positions are
each coded as a pair of bytes in the data string. Thus, there are
four bytes for each data point. Since a display can have from 1
10 1024 data poinis, the curve data can include from 4 {0 4086
bytes. In addition, there are two bytes at the start of the string for
a byte count and one byte at the end for a checksum value, for &
maximum of 4099 bytes,

The numbers are coded in two’s-complement binary format. The
low~crder eight bits are stored in the second byte while the two
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high-arder bits are stored in the low-order pasitions of the first
byte. The sign bit fills the remaining bits in the high-order byte.

®Moving Waveform Data to the Controlier

Waveform data is transferred from the 371 to the controller in two
parts, the preamble and the curve data. As explained in the fol-
iowing discussiaon, these two parts can be transferred together or
separately.

Transferring the Preamble

To receive a waveform preambie from the 371, send the com-
mand query WFMpre? The response will be a string containing
17 parameters, each shown as a label and vaiue pair. See the
Waveform Transfer Commands in the Command Reference por-
tion of this section for detaiis. Follow the command query with
an instruction to the controller to input the response, allowing for
a string about 410 characters long.

Tekironix 4041.

300 Dim preamS(410)
310 Input #8 prompt "WFM?':preams$

Hewliett Packaed 200/300 Series:

300 DIM PREAMS(430)
310 QUTPUT 718;"WFM?", END
320 ENTER 718 PREAM3
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Transterring the Curve

When a waveform is transferred {0 the controller, it must first be
displayed. When a waveform is transferred from the contraller it
must go directly to the bubble memory. The routes and com-
mancis are shown in Figure 4-8.

WFMpre <index>

kY4
ENTer
Front Bubble
Controtler Panet Memary
WAVHm? VIEw

8838408

Figure 4~6. Transfer of waveforms.

To copy displayed data in Store or View mode to the contralier,
first send a WFMpre? guery to transfer the preamble. Then send
a CURve? query to transfer the curve.

To copy the data from bubble memaory to the controtler, first send
a DiSplay VIEw: <index > command to display the curve stored
at the index location. Then send a WFMpre? query ta transfer
the preamble from the display. Last, send a CURve? query to
transfer the curve from that location. Anather command,
WAVHmM?, combines the functions of WFMpre? and CURve?
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and returns the whole display, preamble plus curve, with an ASCII
semicolon between them,

For the curve data, in general, provisions will have to be made for
a string length of about 4125 bytes. The response will be a short
(25 hytes or characters) ASCI string identifying the curve, two
bytes giving the number {in binary) of data points 10 follow, the
4006 bytes representing the actual curve cata, and a checksum
{one binary byie).

Transferring the Waveform 1o Bubble Memaory

Another possibility for storing data under controf of the bus is 1o
put the waveform into a bubble-memory wavelform-storage ioca-
tion. Use the ENTer < NRt > command, where the number,

< MNRt >, is the storage location index.

MLoading Data From the Controfler

Moving display data from the controlfer to the 371 requires that
an unipcked bubble~-memory cartridge be in place.

NOTE

Data transfered from the 3771 in Store mode cannot
be refoaded to the 371.

Loading the Preamble

The command WFMpre <string>, where <string> isa
waveform preamble, will load that preamble into the 371. The
preamble will be stored in the bubble-memory lacation indicated
by the WFID INDEX portion of the string (see WFMpre in the
Command Reference partion of this section for details).
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Loading the Curve

When sending display data to the 371, the target is the bublzle-
memory location set by the preceding preambie transfer.

To send a curve from the cantroller o the 371, use the command
CURve <string >, where <string > consists of a short ASCH
string (CURVID) foliowed by a string of binary bytes. See
WEFMpre in the Command Reference portion of this section for
details,

MTransferring Other Types of Data

Alhough waveforms are the principal data deveioped with the
371, there are two other types of data: cursor readout and text.

Transferring the Cursor Readout

The point at which a dot cursor is located on the display can be
expressed in terms of display units. The data is requested with
the REAdout? command and the response is the word
READOQUT followed by a pair of numbers giving the cursor loca-
tion in terms of physical units: horizontal location in volts and
vertical location in amperes. With the f line cursor activated, the
response to the REAdout? query gives the cursor 1/gradient in
ohms abbreviated as “0", and the horizontal intercapt in voits,
The window cursor can be used similarly but the readout valug
depends on the last manual setting as to whether it comes from
the upper-right or lower-left corner of the rectangular window.

Transferring Text

Although it's not data in the same sense, information in the text
display area can be read over the bus with the TEXt? query com-
mand. Text can also be replaced in the dispiay with the TEXt
command, as described in the Command Reference portion of
this section.
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B Summary of Data Transfers

There are several kinds of data and, as dermonstrated in the previ-
ous paragraphs, they differ in content and format. There are &
number of ways to move these various kinds of data from place
to place, as shown in Figure 4-7.
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371 Curve Tracer

@ Current Location Index

Gusart DiSplay VIEw K N

i OiSplay
VIEw {N} 1%
B s> Current GCOMpara K Waveforms \
! Curve Preamble
/ ® S mole o \4
REAdout? ENTer K grli e ]
TEXH? CRT DISPLAY

RECH | 18Setups
K

<sahings L
(’_I—'_gjb Current Setup

Text
P Satiings

SAVe K
BUSBLE
FRONT PANEL MEMORY

SET? 157

WEMpre? [N}
CuRve? [N}
WAV (M)

vy

WFMpra < >

\ ClUfve < >

{N}: Implicit Location index
Controller K : Explicit Location Index

8835-407

Figure 4-7. Data transfars under GPIB control.
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DEVICE-DEPENDENT
MESSAGE FORMAT

Device-dependent messages travel both ways between the
instrument and controller, and are used to:

= Set instrument controls

¢  Heguest and return the instrument status

« Hequest, return, and send waveforms

«  Heguest and return results of other measurements

Most messages are sent a8 strings of ASCH characters; however,
data representing sets of curves are sent as series of binary-
coded numbers.

Commands are sent from the controfler to the instrument. Each
starts with a key word called a header which is usually folliowed
by ar argument to further detaill the ingtruction.  The key words
used for command headers and arguments are mnemonics re-
iated 0 specific ingtrument controls and functions. Multiple com-
mands can be sent in one message. Many command headers
can be issued with an attached question mark (7), identifying
them as queries which prompt the instrument for certain informa-
tion,

Responses to queries either contain information about instru-
ment status or measurement data. Generally, status messages
are made up of the same key words used for commands. The
only device-dependent messages nat made up of words ar parts
of words are those made up of curve data.

Each message ends with the message terminator, which was dis-
cussed earlier. In most cases the controller or its language takes
care of the message terminator and it is no longer a cencern
once it has been chasen and set.
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R Command Message Formats

Commands for the 371 Curve Tracer, like those for other
Tektronix GPIB instruments, follow the conventions of the
Tektronix Standard Codes and Formats. Each command starts
with a key-word header which is often followed by one or more
key-word arguments to further specify the action to be taken.
The key words for the commands were chosen 10 be as under-
standable as passible, while still allowing a familiar user to
shorten most of them to only a few characters. Syniax is also
standardized to make the commands easier to learn.

in most of this section, key words for headers and arguments are
listed in & combination of uppercase and lowercase leiters. The
instrument accepts any abbreviated header or argument contain-
ing at least all the characiers shown in uppercase. We show
them as uppercase for emphasis only. The 371 accepts upper
or iower case characters. In many cases, the commangs may
be expressed in a variety of valid ways.

The following are all valid versions of the INit command, which
resets the 371 to the initial state following power-up.

INI
INIT
Ini
Init
ini
init
inIT

The Command Reference portion of this section describes all the
371 commands and queries. In the Command Reference, the
elements of each command and query are fisted in tabular for-
mat. The first column lists the header key word, The second col-
umn lists arguments that may be associated with the commarnd.
A third column, if necessary, lists linked arguments, Brief descrip-
tions and examples are shown in the last column.
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Headers

Each command consists of at least a header.

<header>

Each command header is unique and in some cases is all that is
needed to invoke the command. For example:

INTt

NOTE

CURSor can be shortened only to four characlters.
The three characters CUR will be interpreted as
CURve.

Arguments

Many commands reqguire the addition of arguments to the header
ta descrive exactly what is to be done.  If there is more 10 the
command than just the header, the header must be followed by
at least one space. Otherwise, the 371 treats all spaces, line-
feeds, and tabs as “white space” and ignores them in analyzing
messages from the controller. For example:

<header> <argument>

in some cases, the argument is simply a single word gr a num-
her. For example:

CURSor OFF
RQSs on
PKPawer 3000
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Linked Arguments

in other cases, the argument itself requires ancther argument.
When an argument to an argument is required, a colon links the
two; hence the second is called a linked argumert.

<header> <argument>:<linked argument>

DISplay iNVert:ON
VERL COLlect:1.0E+0
WFMpre NR.PT:512

Queries

For most commands there is a correspanding query formed by
adding a question mark to the header key word. Do not put a
space betwaen the last character of the key word and the ques-
tion mark.

Queries for the 371 need only the header and question mark,
though the response will usually be mare involved.

<header>?

Dy
HOR?
DEB?
STPgen?

Query: STP?
Typical Response: STPGEN NUMBER: &,0FFSET: 0.00,
INVERT OFF,MULT:OFF,CURRENT:1.0E-3

Multiple Arguments

Where a header has multipie arguments, the successive argu-
ments (or argument pairs if the arguments have linked argu-
ments) must be separated by cormmas.
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<haaders <first argsz:<link arg>,<second arg>:<link arg>

STP CUR:2E~6,MUL:ON,NUM:&
LIS VIE:16,INV:ON

Numeric Argument Formats

Many commands have numeric argumenis. The numbers are
decimal (base 10) values. They are expressed in three different
formats, denoted <NR1>, <NFZ2>, and <NR3 >, These for-
mats are shown in Table 4-4.

TABLE 4-4
Numeric Argument Formats

Symbol Number Format Examples
<NR1 > integer +1, & -1, -10, O
< MR2 > Explicit decimal ~-3.2, +58.1, 1.2, .0, 0
point
<NR3 > Floating ooint, ~-12.3E-2, .QD5E-6,
exponential, or 0.000E-3
scientific natation 6.7E + 4, 2.35E-3, 0.E0,
125E-6
Generally:

¢ An <NRt1> argument must be sent to the 371 in that
format (i.e., without a decimal paint).

«  An <NA2> argument may be sent to the 371 1 either
<NR2> or <NR1> format.
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«  An <NR2> argument may be sentin <NR3 >,
<NR2> or <NR1 > format,

Examples of these argument formats are shown in Table 4-5,

TABLE 4-5
Argument Format Examples

Command Valid Forms
RECall <NR1>» REC 12
DISplay VIEw:<NR1> DIS VIE:7
VYERt COLlect:<NR3> VER COL: 2
VER COL:0.5

VERT COLlecti:1.85E-2

Muitiple-Command Messages

Multipie commands may be included in cne message by separat-
ing individual commands with semicolons. The command exam-
ples are shown in different formats to demonstrate the 371°s
indifference 1o upper and lower case.

<first command>;<second command>;<third commands>
PKPOWER 10:CSPOL NPN;MEASURE SINGLE

pkpow 10;cspol npn:meas single

FKP 10;C8P NFN;MEA SIN

CURSOR QOFF  HORIZ STPGEN:1.0E+0;STBGEN NUMBER:3

With multipie commands in the message, the message terminator
is needed only cnce, at the end of the message. Again, most
controllers and their languages take care of this.
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Other Messages

Besides receiving commands and queries the 371 can raceive
data and send responses 1o gueries. The data and responses
can he guite short (a word and a number) or fairly long (a fuli set
of front-panel setiings). Measurement information can also be
short (a word and a number} or lengthy (a fuli display).

ASCH strings. As mentioned beforg, the only device-dependent
messages naot sent as ASCH strings are the binary data used for
curves. All other messages, both to and from the 371, are ASCl
strings made up of numbers or key words pertaining to the appl-
cabie parameters.

Key-word messages. A sample, key-word exchange resulting
in a simple response is the following.

CGuery: PST?
Response: PSTATUS RUSY

Another exampile Tollows, his one resulting in 2 more lengthy
respanse.

Query: STP?
Response: STPGEN NUMBER:S, OFFSET:-1.5,
INVERT : OFF ,MULT : GFF , VOLTAGE : 2. OE~3

Number messages. Numbers other than thosa representing
curves arg sent as strings of ASCI characters. Some controliers
may require that these be expiicitly converted to numeric vaiues
for use in calculations. Other contrailers or languages may pro-
vide a more direct conversion, as the Tektronix 4041 does. For
examole, if a 4041 is used as the controller, the following ex-
change may occur:

Query: ves?
Response: YCSPPLY 50.0

4-44



371 GPIB
Device-Dependent Message Format

The 4041 can hardle this either of two ways.

The first method inputs the whole, 12-character response into a
string variable, vess$. To extract the numeric part would require
usa of the SEGS function and to convert that {0 a numeric valug
would require use ¢f the VAL function,

210 Input #8 prompt *VCS?7":vas$

The second method inputs the numeric value directly into an im-
piicit, short floating-point variable, veslev,

210 Input #8 prompt "VCS8T7":veslev

This requires na additional manipulation, as only the numeric por-
tion of the string is acknowledged.

Preambles

Preambles are necessary to interpret the numeric information in
the curve data that follows them. Within a preamble, 24 parame-
ters are specifisd. The first eight are unique 10 the 371 curve
tracer and are included as a sub-string linked to the WFID: label.
The other 16 pararmeters include ten that have fixed values and
six that vary with the particular data sent.

Within the WFID: sub-string the parameters are separated by
stashes, while the entire sub-string is delimited by a pair of dou-
bie quote marks. Maost of the WFID: string is rather strictly de-
fined, with each parameter value being right justified in a fixed
iength field. An exception is the BGM value, which may vary in
field tength.

The remainder of the preamble uses standard punctuation. A
colon links each parameter label with its corresponding value and
the individual label and value pairs are separated with commas.
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A complete preambile might look like this:

WFMPRE WFID:"INDEX 3/VERT SO00mA/HORIZ 1 V/STEP 3 ¥/
OFFSET 0.0C V/BGM 100mS/VCS 12.3/TEXT ", ENCDC:BIN,
NRE.PT:3,PT.FMT XY, XMULT:+1.0E~-2, XZEROQ: 0, XOFF:

12, XUNIT:V, YMULTY: +5,08-3, YZERO:Q, YOFF:12,YUNIT:A, 6 BYT/
NR:2 BN.FMT:HP,BIT/NR: 10, CRVCHK: CHKSMO, LN. FMT: DOT

Curves

Curve data sets are usually much longer than any other kind.
Typically a set of curve data will be about 4122 bytes long, with
most of the bytes being binary-coded numbers. Thus, most of
the string of data is not directly readable, but must be interpreted
by the contrailer,

An example might look iike this,

CURVE CURVID: "INDEX 9" BNNXZYYXIYY . . . XXYYC

This example breaks down as fcllows. It starts with an ASCH
string of 25 characters:

CURVE CURVID: "INDEX 6".%

Thig is followed by a series of binary bytes. The first of these is
iwo byles giving the number of data bytes to follow, plus one
{typically 4097}

NN

Then come the 4096 data bytes. Each of the 1024 data points on
the curve is represented by four bytes, 2 for the 10 bits of the X
coardinate and 2 for the 10 bits of the Y coordinate:

IXYYRXYY . . . XAYY

And finaily there is one byte which is the checksum for the pre-
ceding 4098 data bytes.
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FRONT-PANEL SETTINGS AND
CORRESPONDING GPIB COMMANDS

Most front-panel controls on the 371 can be set with GPIB com-
mands, and the settings of maost fromt-panel controls can be rg-
ported back over the bus to a controlier.

Table 4-6 contains a listing of all front-panel controls and the
associated commands and queries. The groups listed in the last
calumn of the table are explained in the Command Reference
portion of this section.

Table 4-7 contains general setting and command/guery informa-
tion.

TABLE 4-5
GPIB Commands and Queries for
Front Panel Conirols

371 Confrol Command  Query Group
CRY Controls

NON STCRE/STORE None Nore None
Intensity

VIEW Irtensity None Norne Ncn.e
READOUT intensity None None Nene
FOCUS | None None Maone
GRAT ILLUM None None Nore
POSITICN None None Nons
TRACE ROTATION Nore None None
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TABLE 4-8
GP!B Commands and Gueries for
Front Panel Controls (cont.)

371 Control Command  {uery Groupg

Measurement Controls

REPEAT MEAsure MEAsure? Miscellaneous
SINGLE MEAsure MEAsure? Misceilaneous
SWEEF MEAsure MEAsure? Miscellaneous

Bubble Memory

Bubble Mamory ' Selected oniy as an argument when saving
Location index and recailing setings or waveforms.
Setup Controls

SAVE SAVe m—— Misceflanecus
ERASE Norne Mone None
RECALL RECall —— Miscellaneous
DIHECTORY Nore Nere None

Display Controls

NON STORE Display DiSplay? Display
STORE DiSplay DiSplay? Display
CURve CURve? Waveform
Transfer

sumnnme WAVYImM? Waveform

Transter
CAL FULL Display DiSplay? Display
COMPARE DiSplay DiSplay? Display
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TABLE 4-86
GPIB Commands and Queries for

Front Panel Controls (cont.)

371 Controf Command  Query Group
Display Controls (cont.)
CAL QFF DiSplay DiSpiay? Display
VIEW DiSplay DiSplay? Display
CAL ZERQ DiSplay DiSplay? Display
ENTER DiSpiay DiSplay? Display
TEXT TEXt TEXI? CRT Readout
Transfer
HORIZONTAL HORiz HORiz? Display
VOLTS/DIV
VERTICAL VER: VERt? Dispalay
CURRENT/DIV
INVERT DISplay DiSplay? Dispiay
Collector Supply Controls
POLARITY CsPol CS5Poi? Coliector
Supply
PEAK POWER PKPower PKPower? Collector
WATTS Supply
VARIABLE VCSpply VCSpply? Cotlector
Supply
LCOPING Nornie Nene Nene
COMPENSATION

Revised DEC 1887
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TABLE 4-8
GPIB Commands and Queries for
Fronmt Panel Controls (cont.)

371 Control Command  Query Group

Step Generator Controls

INVERT STPgen STPRgen? Step
Genarator
SOURCE 8TPgen STPgen? Step
Generator
NUMBER OF STEPS STPgen 8TRgen? Siep
CGerarator
STEP/OFFSETS STEgen STPgen? Step
AMPLITUDE Generator
OFFSET STFgen STRgen? Step
Generator
STEP MULTI 11X STPgenn - STPgen? Step
Generator
DISABLE None Norne Step
Generaior

Cursor Conirois

Cursor Mode CURASor None Cursor
DoT None Cursor
WiNdow None Cursor
LiNe None Cursor
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TABLE 4-8
GPIB Commands and Queries for
Front Panel Conirols {cont.}

371 Condrol Command  Query Group

Cursor Controls {cont.)

Cursor Position — REAdo? CRT Readout
Transfer
noY DoTY? Cursor

Wikidow WiNdow? Cursor

LiMe LiNe? Cursor

GPIB and Plotter Controls

RESET TO LOCAL None None Nona

ADDR None None None

USER REQUEST None None None

D — D? instrument
Pararneters

ALL PLOE None Miscellaneous

CURVE PLOt None Miscellaneous

Signal CGutput Controls

Cotlector Supply None C80ur? Collector
Breakers Suppiy
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General Setting Information and
Helated GPIB Commands

TABLE 4-7

Setting Information Command or Query Group

Set the 371 controls INgt nstrumernt
to the power-up Parameters
default settings.

What are the current SET? Instrurnent
371 sedings? Parameters
What are the valid HELR? nstrument
command and qguery Paraimsters

neaders?
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COMMAND REFERENCE

The 371 has commands and gueries in nine functional groups:

« Collector Supply — Control and report Collector Supply
settings

»  CRT Readout Transfer — Read and write display text and
report the cursor readout

s Cursor—Contral and report cursor position and set
cursor mode

= Display--Controf and report display settings

« Instrument Parameter — Initialization, troubleshooting,
and staius reporting

s Miscellaneous - Contral and report measurement mode
and plotter awtput, report output connector
status, store and recall front-panet seftings

« Status and Event—Control and report service
requests and event codes

s Step Generaior - Controf and report Step Generator
settings

*  Wavelorm Transfer — Store and recall waveforms

Table 4-8 shows the nine groups and the commands within each
group.

The Command Index (following Table 4-8) lists all commands
and gueries alphabetically and gives the page on which they arg
described.

The nine command groups are presented aiphabetically in this

section, following the Command Index, with their commands and
queries presented alphabetically within the group.
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ECommand Index

This index alphabeticaliy lists all command and guery headers for
the 371. The page number for & full description is also given for
each command or guery.

Command or Query Page
BOM o e 4-66
L0518 11 4~58
CSPol ............. e e 459
POl e 4-60
CURSOr .. e e 471
CURYVE .. e e 4-115
CURYeY e 4-118
DEBUG .. . e 4-88
DEBUG Y ... e 4-89
DISDiaY . ... s 4-79
S plaY? 481
DO 472
DT e 473
BN . e 4-82
EVEaM D . e e 4-104
HEL D . e 480
HORIZ ... ... e 4-83
HORIZ? e 4-84
| 4-G1
INB e 492
LI T 474
LINEE e 4-75
M AU . .. . i e e 4-96
M ASUrET? . . e 4-97
O 4-105
OPC? 4-106
O pUIST 4-08
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Command Index (cont.)

Command or Query Page
PRPOWer . .. e 4-61
PP OWEr? . i e 4-62
B e s 4-99
PETalUS? ... . e e 4-100
REAdOUET ..o i i e e 4-67
BECal . ... e e s 4-101
1 4-107
OB e i 4-108
L R £ 4102
£ O 4-93
BT PgEN .. e 4-110
BTPgeN? . .. e 4113
TS e 484
L. 4-58
TR e 469
VEBRL ... e e 4-85
VERI?Z .. ... . e 4-86
VCS8pply ..o 4-63
MO EDDIY T e 4-64
WAV Y . i 4117
M e e e 4-118
WMLt e 4-120
WFRFMpre NR.PT ... . . i 4122
WFMpre? NELPT ... . e 4--123
WINdow ... e e 4-76
WINdOW? . e 4-77
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EWCollector Supply Commands and Queries

The Coliector Supply group of commands and queries sets and
reports the status of the Collector Supply polarity, mode, peak
power, and output level. They alsc query the 371 on the status of
the Collector Supply breakers, which are not settable via the
GPiB,

The commands and queries in this group include:

CSCut?
CSPol
CSPol?
PKPower
PKPower?
YCSpply
VCSpply?

An aiphabetical listing of all command and query headers is
given in the Command Index on page 4-55.

A cross reference for front-panel contrals and corresponding

GPIB commands and queries is given in Table 4-6 on
page 4-47.
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CS0ut?

Group: Collector Supply

Purpase: Queries the 371 for the current setting of the
Coliector Supply High Voltage and High Current
breakers.

Header Argument Definition and Syniax

CH0u?

Respond with the Coflector Supply breaker
status,

Response syntax:
CEOUT <mode>

where:

<miode> = BOTH or VOLTAGE o
CURRENT or OFF

and

BOTH = Both the High Voltage and High
Currert breakers are Enabled.

VOLTAGE = High Voltage breaker is Enabled
and High Cuwrrent breaker is Disabled.

CURRENT = High Current breaker is Enabled
and High Voltage breaker is Disabled.

OFF = Both the High Voltage and High Current
breaker are Disabied.
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CSPol

Group: Collector Supply
Purpose: Sets the Collector Supply polarity and mode.
Header Argument Definition and Symtax
C8Pol PN Select the Collector Suppiy polanty and mode.

POSitive

PP

NEGative

Command syntax:
C8Pol <mode>

where:
zmede> = NPN, POSkive, PNP, or NEGative
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CSPol?

Group: Collector Supply

Purpose: Queries the 371 for the current setting of the
Collector Supply polarity.

Header Argument Oefinition and Syntax

CEPol? Faspond with the Collecior Supply polarity.

Response synta:
CSPOL <mode>

whers:
<mode > = NPN or PNP
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PKPower

Group: Callector Supply
Purpose: Selects the Collector Supply Peak Power setting.
Header Argument Definition and Syntax
PKPower 3000 Set the maximum peak power, in wails,

300

30

3

Command syrmax:
BKPower <set>

whete:
<sget> = JO00 or 300 or 30 or 3
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PKPower?
Group: Coltector Suppiy
Purpose: Queries the 371 for the current setting of the

Collector Supply Peak Power.

Header Srgument Definition and Symtax

PKPower? Respand with the maximum peak power setting,
iy waits,

Resporise syrso:
PKPOWER <set>

where:
<set>= J000 or 300 or 3G or 3
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VCSpply
Group: Collector Supply
Purpose: Sets the Collector Supply output level.
Header Argument Definition and Syntax
YT Sppily <NAR2> Set the Collector Supply output level {Variable).

The argument is stated as a percentage with
alfowed increments of G.1%.

Command syntax:
VCSpply < datas>

where:
<datz> = 6.0 or G.1...99.9 or 100.6
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VCSpply?
Group: Coliector Supply
Purpose: CQueries the 371 for the current setting of the

Collector Supply output level.

Header Argument DRefinition and Syntax

VCSpply? Respond with the Collector Supply output fevel
{Varlable} setting.

Respornse syrba
VCSPPLY <data>

whare;
<dgis> = 0.00r .1 ...98.5 or 1000
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BCRT Readout Transfer Commands and Queries

The CRT Readout Transfer group allows the controller to read
horizontal and vertical cursor parameters from the 371, and to
read or write text in the text area of the 371 display graticule.

The commands and queries in this group include:

HBEM?
REAdout?
TEX:
TEXL?

An alphabetical listing of all command and query headers ig
given in the Command Index on page 4-58.

A cross reference for front-panel controls and corresponding

GPIB commands and queries is given in Table 4-8 on
page 4-47.
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BGM?
Group: CRT Readout Transter
Purposa: Qlueries the 371 for the B oR” gm/DIV readout.
Header Argument Definition and Symiax
BGMT Respond with the B or gryDIV readout from
e 371 display.
Fesponse gymia:
BGM <para>
wheare:

<para> is <NRi>
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REAdout?
Group: CHT Readout Transfer
Purpose: Queries the 371 for the vertical and harizontal
cursor parameter readoyls.

Header Argument Definition and Syntax
REAdowt? | default The default argument is STRing,

S$TRing

SClentific

Window cursor vakues are for the location of the
bright dot in the cormer of the window, and the
Window cursor used depends on the last
front-pane! Cursor mods seting.

The response can be specified (o be In either
string or scientific notation format.

If the cursor is offscreen, the returned values will
be preceded by question marks and are not
valid.

Note also the commands for curser positioning
in the Cursor Commands and Queries group.

Response syntax:
HEADQUT <xread>, <yread:>

where:
<xread> = horizortal reading in volts
<yread> = vertical reading in amperes

{or ohms for f LINE cursor).

When queried with the SClentific argument, the
responses <xread> and <vread> arg
<NR3>.
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TEXL
Group: CRT Readout Transfer
Purpose: Aliows the controller 1o write text on the 371 dis-

play.

Header Argument Definition and Syntax

TEXt <swing>  Disglay the text siring in the et display area
of the 371 CRT graticule.

Command syntas;
TEX: “<taxi>"

whera:
<taxt> = A message with a length of no more
than 24 characters,
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TEXt?
Group: CRT Readout Transfer
Purpose: Querias the 371 for any text displaved in the text
area of the CRT graticule. '
Header Argument Definition and Syntax
TEX®? Respond with the text curtently displayed in the

fext ares of the CRT graticule.

Although text may be stored in bubbie memory
along with the setlings, it can be sent over the
bus only with this query.

The SET? query does not send text over the bus.
Use the TEX(T query for this purpase.

Response syntax:
TEXT *<toxt>"

wherg:
<text> = The message from the CRT text
area, with no more than 24 characters.

4-69



371 GRIB
Command Reference - Cursor Commands

W Cursor Commands and Queries

The Cursor group selects Cursor mode and positions the
selected cursor on the display, or querias the 371 on the postion
of the cursor.

The commands and queries in this group include:

CURsor
BoT
DoT?
LiNe
LiNe?
Wibdow
WiNdow?

An alphabetical listing of all command and query headars is
given in the Command index on page 4-55.

A gross reference for front-panel controls and corresponding

GPIB commands and queries is given in Table 4-6 on
page 4-47.
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CURSor
Group: Cursor
Purpose: Sets the 371 Cursor mode to OFF,
Header Argument Definition and Syniax
CURSor OFF Set the Cursor mode 0 QFF,

Command syntax:
CURSor OFF

Also sea the REAdout? query in the CRT
Readowt Command Group for extracting data
values from the cursor.
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Group: Cursor

Purpose: Sets the 371 Dot Cursor position to a specific
point on the currently displayed curve.

Header Argument Definition and Syntax

DOT < NRi> Set the Dot cursor on the specified data point
in the current curve,

Command syritax:
BOT <data>

where:

<data> = jor2ord. .. 1024
{G is the beginning of the curve and 1024
is the end.)
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DOT?

Group: Cursor

Purpase: Queries the 371 for the location of the Dot cursor
an the currently displayed curve.

Header Argument Definition and Syntax

DOT? Respond with the Dot cursor position,

Fesponse syritax;
DOT <NR1>

Whera:

<HH1 > is & number between 0 and 1024
specifying the location of the Dot curser
an the currently-displayed curve. {0 is the
heginning of the curve and 1000 is
the end.)
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LINe
Group: Cursor
Purpose: Sets the f Line cursor intecept position on the

dispiay.

Header Argurnent  Definition and Syntax

Like <NR1>, Set the f Line cursor intercept position.
<NAT > This position must be a point on a sguars
arid whose lower left corner coordinates
are Q, 0 and upper right comaer coordinates are
1000, 1000,

Command syrias:
LiNe <datat>, <datad>

whera:
<datat> = §.. . 1000 horizontal position
«data2>» = & .. 1006 vertical position
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LiNe?
Group: Cursor
Purpose: Queries the 371 for the intecept position of the
f Line cursor on the display.
Header Argument Definition and Syntax
LiNe? Respond with the £ Line curser intercept

position,

This position is a pointon a square grid
whaose lower (eft corner coordinates are 0, @
and upper fight comer cocrdinates ars
100, 1000,

Responze syntax:
LINE <datat>,<data2 >

where: ‘
<datat> =90 . 1000 horizontal positior
<data2> =0 ... 1000 vertical position




371 GPIB
Command Reference — Cursat Commanas

WiNdow

Group: Cursor

Purpose: Positions and sizes the Window cursor on the
CRT graticule.

Header Argumant Definition and Syniax

Wikdow <NRi>, Setthe Window cursorio the specified posiion

2NAT>, an the CRT graticule.

= WAt >, The cursor window s defined by four pOiNts,

< WR1 > whiich ara specified in the argument porion of
cornmand,

Command syntax:
WiNdow <datail>, < daiaz >, <datad >,
< datad >

whetea:
<datai>=0. .. 000

Lower left horizontal position
cdatag>= 0 .. 100C

Lower left vertical position
cdaai>=0. .. 1000

Upper right horizontal position
cdatag>= 0. .. 1600

Upper right vertical position

Bt



. 371 GPIB
Command Reference — Cursor Commands

WiNdow?
Group: Cursor
Purpase: Queries the 371 for the position and size of the
Window cursor on the CRT graticule.
Header Argument Definition and Syntax
Wikdow? Respond with the Window cursor position,

The cursor window is defined by four paints,
which are specified in the argemen: ponion of
the respornse.

Response syntax;
WINDOW <NRI1>, <NRi>,<NRi>, <NR1>

where:
<datel>=0... 1000

Lower left horizonial position
<data2>=0... 1000

Lower left vertical position
<datad>= G6... 1000

Upper right horizontal position
<datag> = 0. .. 1000

Upper right vertical position
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MLisplay Commands and Queries

The Display group of Commands and Queries controls and
reports the status of the 371 display. 371 settings controlied by
this group incluge: mode, polarity, source, sengitivity, and
calibration mode. Also included i this group is a command to
send Store-mode displays to specified locations in bubble
mamaory.

The commands and queries in this group are:

DiSplay
BiSplay?
ENTer
HORiz
HORIz?
YERt
VERL?

An alphabetical listing of all command and query headers is
given in the Command index on page 4-55.

A cross reference for front-panel controls and corresponding

GPIB commands and queries is given in Table 4-6 on
page 4-47.
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DiSplay

Group: Display

Furposa: Set and change the 371 Display mode, polarity,

and calibration mode.
Header Argument Linked Definition and Syntax
Argument
DisSplay NSTore Select Non-Store mode.
8T0re Select Siore mode.

Command syntax:
DiSplay <mode>

where:
<mode> = NSTore or STOre

VIEw: <hNRi> Seiect View mode and display a
curve from the specified location.

Comrnand syntax;
DiSplay <mode>:<index>

where:

<mode> = ViEw

<index> =1... 16
(Bubble memary index)

COMpare: <NRi1> Select Compare mode and display
a curve from the specified location.

Command syntax;
DiSplay <mode>: <index>

where:

<mode> = COMpare

<index> =1 ...18
{Bubble memory index)

Revised DEC 1987
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DiSplay (cont.)

Header Argument Linked Definition and Syntax
Argument

DiSplay iNVert: ON Set the Display Invert mode,

{cont ) OFF

Command syntax:
DiSplay <« mode2 »: < status >

WHIBE
<mode> = INVert
< gtatus > = OK or OFF

CAL: ZERO Set the CRT Calibration mode.
OFF
FUL!

Cornmand syntax:
HSplay <medel >: <status>

where:
<mode> = QAL
< status> = ZERo or OFF or FULI

Reviseq DEC 1887
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Command Reference — Display Commands

DiSplay?

Group: Display

Purpose: Clureies the 371 for the current settings of
Display mode, polarity, and calibration mode.

Header Argurmnent  Definition and Syntax

DiSplay? Respond with the current Display settings.

Response syniax:
DISPLAY <model >, <modeZ>,
< mode3 >

where;
<modet > = NSTORE or
STORE or VIEW: <HNR1> or
COMPARE: <NR1>
<modez > = INVERT: OFF or
INVERT: ON
<mode3> = CAL: ZERO or
CAL: OFF or CAL: FULL

Revised DEC 1987
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ENTer

Group: Display

Purpose: Stores the display in bubbie memory.

Header Argument Definition and Syntax

ENTer <NRi= Store the displayed curve data in t;hé specified

bubble memory location

This command is valid only in Store or
Wiew rnode.

Command syntax:
ENTer <index>

where:
<ipndex> = 1...16
(bubble memory location)

Revised DEC 1287
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Command Reference — Display Commands

HORiz
Group: Display
Purpose: Sets the 371 horizontal display source and
sensitivity.

Header Argument Linked

Definition and Syntax

Argument
HORiz STPgen: <NH3> Seiect the horizontal display source
COllect: <NR3>  and sensitivity (voli/div).

Command syniax:
HORiz <source>:<voli>

where:
<source > = COLlect or $TPgen

When < source> is COLlect:
<volt> may be 5.0E-1 to
S5.0E + 0 if Peak Power Watts is
set 1o 3kW/300 W, and
S.OE+110 5.0E +2 if Peak
Power Watts is setto 30 W/3 W.

When <source> is STPgen:
<yoli> may be 1.08-1
to 5.0E+0.

Revised DEC 1987 .. ...
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Command Reference —Display Commands

HORiz?
Group: Display
Purpose: Cueries the 371 for the current horizontal source

and sensitivity settings.

Header Argument Definition and Syntax

HORiz? Respond with the horizontal display source and
sensiivity.

Response syntax:
HORIZ <sourca>: <voit>

whera:
< source> = STPGEN or COLLECT
<yoit> = sensitivity (voit/civy <NR3>

Revised DEC 1987
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Command Reference - Display Commands

Group: Display

VERt

Purpose: Sets the vertical sensitivity of the 371,

Header Argument Linked

Argument

Definition and Syntax

VERt COLlect:

<HR3I>

Set the vertical sensitivity (A/div}.

The source, COLlect, is required
as the argument.

Command syntax:
VERS COLlect: <armp >

where:
<amp> = LOE+Q0W05.0E+1
when Peak Power Watts is 3 kW
<amp> = 500.0E-3t0 5.0E+0
when Peak Power Watts is 300 W
<amp> = 1.0E-4 (0 5.0E-3
when Peak Power Watts is 30 W
<amp> = 1.0E-5to 5.0E-4
when Peak Power Watts is 3W.

Revised DEC 1987
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Command Reference — Display Commands

VERt?
Group: Display
Purpose: Gueries the 371 for the vertical sensitivity
seftings.
Header Argument Linked Definition and Syniax
Argument
VER? Respord with the vertical display

source and sensifivily.

COLLECT is always given as the
source in the argument portion of
the query.

Response syntax:
VERT COLLECT: <amp>

whers:
<amp> = sensitivity (A/div)
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Command Reference — Instrument Parameter Commands

Hinstrument Parameter Commands and Queries

The Instrument Farameter Commands and Queries group is help-
ful for determining the status of the 371 when problems are en-
counterect. The 371 can be queried for s firmware version, ail
current settings, a list of ail valid command and query headers,
and whether debug mode is enabled. A command is included in
this group to place the 371 into a known operating condition by
initializing most front-pane! settings.

For active troubleshooting, the 371 can be placed in debug mode
to display the last fifteen characters of a received string. A test
routine is availalle to report back ROM and RAM problems,

The commands and gueries in this group are:

DEBug
DEBug?
HELp?
10?7

Nt
SET?
TESt?

An alphabetical listing of all command and query headers is
given in the Command Index on page 4-55.

A cross reference for front-panel controls and corresponding

GPIB commands and gueries is given in Table 4-6 on
page 4-47.
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DEBug
Group: Instrument Parameter
Furpose: Sets the 371 debug mode.

Header Argument Definition and Syntax

DEBug O Enabile or disabile the debug feature.
OFF
When O, the 371 momeniarily displays the last
fifteen characters of the received string in the
error message area of the display.

Responge syntas:
DEBug <siatus>

where:
< gtatus> = ON or OFF
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DEBug?
Group: Instrument Parameter
Purpose: Cluerias the 371 for the status of the debug
mode.
Header Argument Definition and Symtax
DEBug? Hespond with the staius of the debug mode.
Response synta:

DEBUG < status>

where:
< status> = ON or OFF
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Command Heference - Instrument Parameter Commands

HELp?

Group: Instrument Parameter

Purpose: Asks the 371 for a list of all valid command and
guery headers,

Header Argument Definition and Syntax

HELp? Respong with a fist of all valid command and

guary headers.

Hesponse syrmax:

HELP READOUT, TEXT, LINE, DOT, WINDOW,
CURSOR, DISPLAY, HORIZ, VERT,
STEPGEMN, MEASURE, ENTER, RECALL,
SAVE, PLOT, PSTATUS, PKPOWER,
CSPOL, CSQUT, YCSPPLY, DUTPUTS,
WFMPRE, CURVE, WAVFRM, RQS, OPC,
EVENT, TEST, INIT, i}, DEBUG, SET
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Command Reference - instrument Parameter Commands

iD?

Group: Instrument Parameter

Purpose: Queries the 371 for its firmware version.

Header Argument Definition and Syntay

iy Respond with the 371's iD.

Response syriax:
10 SONY TEK/371, V811,
F<varsion:>

where:
<version > = current fifmware version
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Command Reference ~ Instrument Paramster Commands

INIt
Group: Instrument Parameter
Purpose: Initializes the 371 settings.

Header Argument Definition and Syniax

iRgit Inttialize the instument. Seitirgs are the same
ag at pOwer-up and are shown below,
Funetion it Value
DiSplay . .................... SYTORE
CURsor ...............covinul, OFF
DiSplay CAL: ................... OFF
DiSplay INV: . .................. OFF
STPCUR: .................... 1.0E-3
STROFF: . . . ... .. .00
STRINV: ., e QFF
PRPower .. ... ... ... ... ..... 300
CSPol .. .. NPN
HORECOL: ................. i.0E+ €@
OBC .. OFF
MEAsure .................. REFEAT
STPMNUM: ... . . ... ... 2
STRMUL: ... ... ... ..... ... OFF
VOSpply ... ... ... .. ... 0.0
VERICOL: .................. 1.0E+0
RQS ... ... ... ON
DEBug OFF
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SET?
Group: Instrument Parameter
Purpose: Queries the 371 for its current frant-pane! set-
tings.
Header Argument Definition
SET? Respond with the front-panel settings. Text

messages are not included.

HResponse syntax:

OPC <mode>;AQE <modex;
PEKPOWER <watis > CSPOL <polarity >
HORK <source:size>;

VERT COLLECT: <size>;

STEPGEN OUT: <« mode >,

RUMBER: < number >,

QOFFSET: <offset> ,INVERT: < mode >,
MULYT < mode >, < source:size »;
YCEPPLY < percent> ;MEASURE <mode>;
DISPLAY INVERT: <mode >,

CAL: <mede >, < display mode >
CURSOR <mode>

Response syntax (when the Measurerment
mode is SWEep or $5Weep):

OPC <mode>;AQS <mode>;
PKPOWER < watts > ;CSPOL < polarity >
HORIZ < source:size>;

VERT COLLECT: < size>;

STEPGEN QUT: < mode >,

NURBER: < number >,

CFFSET: <offset> INVERT: < mode >,
MULT < mode >, < source:size >
YCSPPLY < percent>>;

DISPLAY INVERT: < mode > ,CAL: < mode >,
< display mode > ;MEASURE SWEEP;
CURSOR <mode>
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Command Reference — instrument Parameter Commands

TES?

Group: Instrument Parameter

Purpose: Performs tests on the ROM and FAM.

Header Argument Definition and Syntax

TESt? Perform ROM and RAM checks and respond
with the result,
Response example (with no error Tound):
TEST ROM:00600,RAM:000G
ROTE
See the Service Manual for codes other
hait 0000,
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Command Beference — Miscellaneous Commands

EMiscellaneous Commands and Gueries

The Miscellaneous Commands and Queries group cortaing que-
ries for the status of the output connectors, measurement mode,
and plotter, as weil as commands 1o set the measuremeant mode,
start the plotter, and save and recall sets of froni-panel settings.

The commancs and gqueries in this group are:

MEAsuUre
MEAsure?
CUTputs?
PLOL
PSTatus?
RECali
SAVe

An alphabetlcal listing of alf command and query headers is
given in the Command index on page 4-55,

A cross reference for front-panel controls and corresponding
GPiB commands and queries is given in Table 4-6 on
page 4-47.

Revised DEC 1987
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Command Reference — Miscellanecus Commands

MEAsure
Group: Miscallaneous
Purpose: Selects the 371 Measurement mode.
Haader Argument Definition and Syntax
MEAsure REFeaat Select the Measurement mods.
SiNgle
SWEep
SSWeep
Comumnand syntax:
MEAsure <mode>
whare:
<mode> = REPeat or SiNgie or
SWEep or SSWeep
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Command Reference — Miscellanecus Commarids

MEAsure?

Group: Misceilaneous

Purpose: Queries the 371 for the current Measurement
mode setting.

Header Argument Definition and Syntax

REEAsure? ) Respond with the curent Measurernent mods
setting.

Response syntax:
MEASURE <mode>

where:
<mode > = REPEAT or SINGLE or
SWEEP or SSWEEP
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Command Heference - Miscellaneous Commands

OUTputs?
Group: Miscellanacus
Purpose: Qlueries the 371 for the status of the output con-
nectors.
Header Argument Definition and Syntax
OUTputs? Respond with the status of the output
CONNBctors.

Hesponse syntax:
QUTPUTS « siatus>

where:

< gtatus > = ENABLED or DISABLED

and

ENABLED = all connector outpuis enabled,
axcept interiock

DISABLED = all cannector outpuis disabled
except interlock
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Command Reference ~ Miscellaneous Commands

PLOt
Groum Miscellaneous
Purpose: Defines which data will be plotied and starts the
plot.
Header Argument Definition and Syntax
PLOG ALL Select the plotter interface mode, curve only orF
CURve curve plus readout and graticuls, and start the

cutput. to the plotter,

Cornmand syrtax:

PLOt <mode x>
whera:
<mode> = ALL or CURve
and
ALL = Curve with readout data and

graticute.
CUR = Curve only.
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Command Reference - Miscellaneous Commands

PSTatus?
Group: Miscellaneous
Purpose: Cueries the 371 for the status of the plotter inter-

face.

Header Argument Definition and Syntax

P8Talus? Hespond with the current status of the plotler.

Response statug:
PSTATUS < statusg >

wharea:

< gtatus > = READY or BUSY
and

READY = idle mode

BUSY = husy mode




371 GPIB
Command Reference — Miscellaneous Commands

RECall
Group: Miscellaneous
Purpose: Recalls a set of front-panel settings.
Header Argument Definitlon and Syntax
RECali <HNR1> Recall the front-panel setings from a

specified bubble memory focation,

Command syntax:
HECall <index>

wheye:
<index> = § . . 16
{bubble memory location)
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SAVe
Group: Miscellaneous
Purpose; Saves the current set of front-panel settings.

Header Argument Link Arg Definition and Syntax

SAVe <NAt > Save the currert from-panel setlings (setup) in
the specified bubble mermory location.

Command syniax:
SAVe <index>

where:
<ipdex> = 1...18
(bubbie memory location)
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W Status and Event Commands and Queries

The Status and Event Reporting group sets and reports the status
of Service Requests and Operation Complete Service Requests.
A query i also inciuded for the event code of the latest event.

The commands and queries in this group are:

EVENt?
OPC
OPC?
RQS
ROS?

An alphabeticai listing of all command and guery headers is
given in the Command Index on page 4-55.

A cross reference for front-panel controls and corresponding

GPIB commands and queries is given in Table 4-6 on
page 4-47.
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EVENt?

Group: Status ang Event

Purpose: Queries the 371 for the svent code of the most
recent event.

Header Brgument Definition and Syniax

EVEnt? Retum the event code for the most recent event.

Response syaax:
EVENT <code>

where:

<eoda> = Refer to Table 4-10, Siatus Bytes
and Event Codes, later in this section for
& list of event codes and definitions.
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ORC
Group: Status and Event
Purpose: Sets the status of Operation Complete Service
Request.
Header Argument Definition and Syniax
oarc ON Enabie or disable assertiont of Operation
OFF Completer Service Request upon complation of

an operation, a change in circuit breaker status,
or a change in the status of the interlock system.

Command syntax:
OPC < status >

Where:
< gtatus> = ON or OFF
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Command Heference = Status and Event Commands

OPC?

Group: Status and Event

Purpose: Queries the 371 for the status of Operation Com-
piete Service Reguest (OFC).

Header Argument Definition and Syntax

QRC? Respone with the cuirent status of the Operation

Camplete Service Request feature.

Response syniax:
OPC < stgtus >

where:
<statug> = ON for enabled or OFF for
disabled
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RGS
Groups; Status and Event
Purpose: Sets the status of Service Requests.
kHeader Argument Definition and Syniax
RQS O Enabile or disable assertion of service requests
OFF {SRGs).

Command syntax:
RQS < status>

where:
< statug> = ON or OFF

4-107



371 GPIB
Command Reference - Siatus and Event Commands

RQS?

Group: Status and Event

Purpose: Queries the 371 for the status of Service Re-
guest.

Header Argumnent Definition ang Syntax

ROS? Respond with the current status of Service

Request.

Response syritzax:
RQOS «siatus >

where:
< status > = ON for enabled or
OFF for disabled
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BiStep Generator Command and Query

The Step Generator Command and Query set and ask for the
status of the Step Generator settings.

The Step Generator group has one command and cne query:

§TPgen
8TPgen?

An aiphabetical listing of all command and query headers is
given in the Command index on page 4-55.

A cross reference for front-panet controts and corresponding

- GPIB commands and gueries is given in Table 4-6 on
page 4-47,
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Commang Reference— Step Generator Commands

STPgen

Group: Step Generator

Purpose: Sets the Step Generator source, step size,
numbear of steps, polarity, step multiplication,
and offset.

Header Argument Linked Definition and Syntax

Argument
§TPgen QLIT: ON Enable or disable the Step
OFF Gererator Gutput,

Cammand syntax:
§TPgen OUT: <mode >

where:
<mode> = ON or OFF

CURrent: <NR3> Set the Step Generator 1o

VOLliage: <NR3> provide current or voltage steps,
and set the step size in amperes
oF volis.

Cormmand syntax:
STRgen <source>: <val>

whera:

<source> = CUR or VOL

<val> = 1.0E-8 through
2.0E-3 when Pesk Power Watts
is 30 W3 Wand 1.0E-3 to
2.0E + 0 when Peak Power
Watts is 3 kW/300 W for current
step size (amp/div)

<val> = 2.0E-1 through
50E+0ina 1-2-5sequence
for voltage step size (voli/step).

Revised DEC 1887
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STRgen (cont)

Header Argument Linked Definition and Syntax
Argumerit

STPgen Exampie:

{cont.} STHgen CURrent: 1.0E-3

NURMBer: <hNR1> Set the number of steps o be
generated.

Command syntax:
8TPgen NUMbDer : <vai»

where:
cvat> =0, 1,2 ... 8

iNVert: ON Set the Step Generator Polarity.
OFF

Command syntax:
STPgen INVert: <« mode >

where:
<mode > = QN or OFF

MULL: ON Set the Step Generator Step Multi
OFF C.1X mode.

Command syntax:
S8TPgen MULL: <mode >

where:
<mode> = ON or OFF

Revised DEC 1987
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STPgen (cont.)

Header Argument Linked Definition and Syntax
Argument

STPgen OFFset: o1} Enable or disable the Step

{cont.} OFF Generator offset.

Command syniax:
STRgen OFF: <mode >

whiere:
<mode> = QN or OFF

OFFset: <NRAX > Set the offset of the Step
Generator.

Command syniax:
STPgen OFFset: <val>

<val> = with.step Muiti On,
0 1o 500 times the STEP/QFFSET
setting. With Step Muiti O#,
0 o 8§ times the STER/OFFSET
setting.

Reschution is 0.01%.

Revised DEC 1887
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8TPgen?

Group: Siep Generator

Purpose: Quaries the 371 for the current settings of the
Sten Generator source, number of steps, step
size, polarity, step multiplication, and offset.

Header Argument Definition and Syntax

8TPRgen? Respond with the Step Generatar source,
amps/step or volt/step, number of steps, offset,
polarity, multiplier mode, and output mode.

Hesponse syrtax:

STPGEN NUMBER: <num >,

OFFSET: < offset> INVERT: <invert>,
MULT: < muit>, <typ:size >, <mult>,
<typ:size >, <oulput>

where:
< pum> = pumber of steps, 0-5
<offset> = offset vaiue multiplier
<lpvert> = Invert mode status, ON or OFF
<muit> =Step Mull status, ON or OFF
<typisize> = CURRENT: size (A/step)

or VOLTAGE: size (Vistep)
<output> = ON or OFF
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Command Reference —Waveform Transfer Commands

EBWaveform Transfer Commancdls and Queries

The Waveform Transfer group allows curve or preamble data {or
both) 1o be stored in, or recalled from, bubble memory. There is
also & command 1o set the number of curve data points stored
and a reigted query t0 determine the length of a previcusly de-
fined waveform.

The commands and queries in this group are:

CURve

CURve?
WAVrm?
WFMpre
WFMnre?
WFMpre NR.PT
WFMpre? NR.PT

An alghabeticat listing of alt command and query headers is
given in the Command index on page 4-55.

A cross reference for front-panel controls and corresponding

GPIB commands and queries is given in Table 4-6 on
page 4-47. ‘
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CURve

Group: Waveform Transfer

Purpose: Store a curve.

Header Argument Definition and Syntax

ClURve <swring>  Load the curve into the specified bubble memory
focation.

Command syniax: -
CURve < siring>

whiere:

< string> = CURVID: <curvid>, %
< binary data >

where:

<curvid > = “INDEX <index>"
<binary data> = <count>
<first point> ... <last point>
<checksum >

where:

<index> = 1 ... 16 for bubble memory
storage location,

<count> = two bytes indicating the
number of data points plus one.

<point> = two bytes indicating the
X courdinate and two bytes indicating
the Y coordinate for a poim
(00 through FF).

< checksum> = one byte, the 2's
complement of the modulo-256
sum of the preceding binary data.
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Command Heference — Waveform Transfer Commands

CURve?

Group: Waveform Transfer

Purpose: Queries the 371 for curve ciata.
Header Argument Definition and Syntax

CLiRve?

Respond with tha curve data for the View curve
when in View mode, and with the curve data for
the current display when in Store mode.

Response syritax:
CURVE CURVID <ourvid >,
% < biftary data>

where:

<curvid> = “INDEX <index>"

<binary deta> = <eount> <first point>
.. .<last point> <checksum >

where:

<index> = for g Store mode curve, 1 .. . 16
for bubble memory storage location.

<eount> = two bytes indicating the number of
data points plus one.

< point> = two bytes indicating the X
coordinate and two bytes indicaling the Y
caordinate for a point (00 through FF).

<echecksum> = ong byte, the 2's complement
of the modulo 256 sum of the preceding
birary data.
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WAVrm?

Group: Waveform Transfer

Purpose: Queries the 371 for the curve and preamble data.
This query functions as a combination of the
WFMpre? and CURve? queries.

Header Argument Definition

WAV Respond with both the preamile and curve data
for the current waveform,

Ses the discussions for WFMpre? and CURve?
for details.

The preamble and curve data are separated by
a samicolon.
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Command Reference — Waveform Transfer Commands

WFMpre

Group: Waveform Transfer

Purpose: Stores the preamble data for the currently dis-
played waveform into a specified bubble memaory
location.

Header Argument Definition and Syntax

WFidpre < s¥ring >

Load the wavelorm preamble into the location
indicated by the current conent of the memaorny
index display. .

Command syntax;
WFMpre <string>

where:

<string> =
WFID: < wiid > ENCDG:BIN,
NR.PT: <point> PT.FMT:XY,
XMULT: <x muttl > XZERO:G,
XOFF: < xoff > XUNIT:V,
YIULT: <y multi > YZERO:0,
YOFF: < yoff > YUNIT:A,
BYT/NR:2,BN.FMT:AP,
BIT/MR:10,CRVCHK.CHKSMO,
LNFMT: < format >

where:

<wfid> = "INDEX <num>/
VERT <amp>/HORIZ <volt>/
STEP <step>/ OFFSET <offset>/
BGM <para>/VCS <percent>/
TEXT <txt>/HSNS <mode>"

where: ‘

<num> = display address: ¢ for CRT, 1 ... 18
for memory location, <NRT1>

<amp> = sensitivity, A/div <NRa>
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WFMpre (cont.)

Header Argument Definition and Syntax
Wrhipre <volf> = sensitivity, V/div <NA3>
{cont.) <step> = step amplitude, V or A/step <NR3 >

< offset> = step offset, VorA

< para> = beta or gm

< percent> = Collecior Supply Varable
setting, %

<tut = readout of text area

<mode > = horzontal source, YCE or VBE

< peint> = number of points in the curve
{1 through 1024)

<x¥ multi> = horizonial scale factor, <NR3>

«<x off> = horizontal offset, <NR1>

<y multl > = vertical scale factor, <MR3>

<y off > = vertical offset, <NRi>

< format> = VECTOR, DOT, or
SWEEF <cnt>

whera:
<ent> = sweepcount: 1. . . &
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WFMpre?
Group: Waveform Transfer
Purpose: Queries the 371 for the preamble data stored in a

specified bubble memory lgcation.

Header Arpument Definiion and Syntax

WFRhpre? Respand with the waveform preambie from the
specified memory focation.

Hesponse syntax:

WRFMPRE WFID: < wild > ENCDG:
BIN, NFLPT: < point> PT.FMTIXY,
XMULT: <x muiti =, XZERO:0,
HOFFE: < x off > HUNIT:V,
YRIULT: <y muitl > YZERQ:0,
YOFF: <y off > YURIT:A,
BYT/MR:2, BN.FMT:RP,
BIT/KR:10,CRVCHI: CHKSMO,
LMN.FMT: <format>

where:

<wiid> = “INDEX
<num>/VERT <amp>
HORIZ <voit>/STEP <step>
[OFFSET <ofiset>
/BGM < pars >
NCTS <percent> /[TEXT <txt>
/HSNS <mode>"

where:

<num> = display address: © for
CRT, 1. .. 16 for memory location
<NR1>

<amp> = sensitivity, A/div <NA3>

<volt> = sensiivity, Vidiv <NR3>

< step> = step amplitude, V or A/step <NR3>
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WFMpre? (cont.)

Headsr Argument Link Arg Definition and Symtax
WFMpra? <affset> = step offset, V or A
(cont) <para> = beta or gm

< percent> = Collector Supply

Yariable seting, %
<imi> = readout of text area
<mode> = horizomal source, VCE or VBE
<points > = number of points in curve

{1 through 1024)

<x multd> = horizontai scale factor, <NRA3>
<x off > = horizontal offset, <NRi>
<y muiti> = vertical scale factor, <NR3 >
<y off > = vertical offser, <NRf>
<format> = VECTOR, DOT, or

‘SBWEEP <ont>

wiherg:
<ept> = sweepcount 1... &

where:
<points> = 1. ., 1024
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WFMpre NR.PT

Group: Waveform Transfer

Purpose: Sets the iength of the waveform.

Header Argurnent Linked Definition and Syntax
Argument

WFMpre HR.PT: <MR1 > Set the number of points input for

the ClURve command.

Command syntax:
WFMpre NFLPT: < poinis >

where:
<poinis> = 1.,. 1024

Revised DEC 1987
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WFMpre? NR.PT

Group: Waveform Transfer
Purpose: Queries the 371 for the length of a waveform pre-
viously defined with the WFMpre NR.PT com-
mand.
Header Argument Definition and Syntax
WFiMpre? NRPT Respond with the NF.PT waveform preamnble
data.

Response syntax:
WEMpre? NR.PT: < points >

whera:
<points> = 1... 1024

Revised DEC 1987
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Service Fequests

SERVICE REQUESTS

The standard GPIB status and errar reporting system used by the
371 sends interrupt messages to the bus controiler by asserting
the Service Request (SRQ) line on the bus. This SRQ message
indicates that either an error or a change in status has occurrad.

MHandling Service Requests

To service an interrupt, the controfier “polis” the instruments on
the bus. The instrument asserting SRQ, the 371 in this case, re-
turns a status byte indicating the category of the event causing
the Service Reguest, Each Sarvice Request is automatically
cleared after responding to the poll. If thera is more than one
event to report, the instrument re-asserts SRQ until all pending
avents have been reported. A compiete list of status bytes that
can accur is found in Table 4-8.

After polling the 371 for the status byte, the controller can obtain
more detailed information about the Service Request avent by
sending the EVEnt? query. The response to an EVEnt? query is
an event code, which is a <NR1 > number corresponding to
certain conditions that may have occurred. Table 4-10 lists the
event codes returned by the 371,

The status byte and event code can be accessed later if they are
not read and cleared immediately. In the case of muitiple events,
only the latest status byte and the one pending are saved. Event
codes, however, are kept in a ten-deep Last-In-First-Out (LIFQ)
buffer for later recall,

The following program segments demonstrate how Services Re-
quests are handled along with the correspanding status byte and
avent code. The status byte and event code are printed on the
comntroller display to track instrument status.

{BM PC: (This is for use with the autc-serial-polt flag disabled in
the National Instruments GPIB card configuration file.)

30C REM ==« SIMPLE 5RQ HANDLER FOR 371 ik
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410 CALL IBRSF(BD%, SPRE%)

820 WRIS="EVENT?"

830 CALL IBWART(BD%,WRIS)

840 RD$=SPACES (100}

850 CALL IBRD(BD%,RD$)

860 PRINT "STATUS=",SPAi%, "EVENT=" RDS

Tektronix 4041:
BOG | R Simple SR@ Handler for 371 ok
810 Poll stb,dav ! Poll bus. Store
status byte in
tsth. "

820 Input #dev prompt YEVENT?":aevent
i Send "EVENT?"
Input responsa.
230 Print “STATUS= ”;sth:* EVENT= ":event
! Show status and
avent,

Hewlett Packard 200/300 Series:

800 REN ##x SIMPLE SRQ HANDLER FOR 371 ok ox
810 STE=SPOLL (DEV) Poll device

previously
defined.

$end "EVENT?"
query.

820 OUTPUT DEV;"EVENT?", ZND

830 ENTER DEVEVENTS Input responsa.
540 PRINT "STATUS= ",STB;" EVENT= ";EVENTS
! Show status and
event.

Masking Service Requests

The Qperation Complete Service Request (OPC SRQ) is a special
type of Service Request to communicate that certain instrurment
processes have been finished. These CPC Service Requests in-
dicate that the 371 has finished one operation and is ready to
proceed to the next.
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it may not always be desirable to interrupt the program with Serv-
ice Requests or OPC Service Reguests. Either type of Service
Request can be masked so that the 371 will not assert them until
the rmask is removed. This masking is accompiished with the
RQS and OPC commands.

FOS ON enables the 371 to assert an SRQ when it has an avent
to report. If this feature is turned off (RQS OFF), up to ten events
are still accumulated and can be retrigved with succassive

.. BVEN? gueries.

ORC ON enables the 371 to assert an OPC SRQ upon comple-
tion of an operation, a change in circuit breaker status, or a
change in the status of the interlock system.

NOTE

The response to RQS? and OPC? queries only in-
dicates whether the function is enabled (ON) or
disabled (OFF}. They do not give any other status
or event information.
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Status Bytes

Table 4-9
Status Byte Responses

8 7 6 5§ 4 3 2 1 Decimal Condition
0000000 O Na siatus to report
C100600CGO0 11 65 Power on
1000011 67 User recjuest
11000601 g7 Command error
1100010 98 Exacution error
9t 1 400011 98 Internal error
t 10000600 192 Device~dependent
errar
L‘iﬁ Four-bit status code
¥ Abnormal {1}/normal {0} condition
# SRQ asserted {depends on RGS
command}
No status to This status byte is set when there are no event
" report or device-~dependent events 10 report.
Power on This oceurs when the power is turned on, after

having been off.
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User Hequest

Command Error

Execution Error

Indernal Error

Device-~
dependent
avents

4-128

This status byte occurs when the front-panel
RQS key is pressed.

This status byte is set when a message cannot
be parsed or recognized.

This status byte is set when a message is
parsed and s recognized, but cannot be exe-
cuted. Forexample, if the bubble memaory cas-
sette is not in place when a SAVE command is
received, the 371 registers an execution error.

This status byte indicates that the 371 micro-
computer has discovered a malfunction that
could cause the ingtrument to operate incor-
rectly.

This status byle is set when there is an event
specific to the 371. Primarily, these avents
signify the completion of a process, such as
“PLOTTER QUTPUT COMPLETE.”
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Event Codes

TABLE 4-10
Status Bytes and Event Codes

Status Byte  Event Code  Meaning
SYSTEM EVENTS

#] 0 ‘ No error
65 401 Paower on
87 403 User request (RQS key)
COMMAND ERRORS
97 101 Command header error
97 103 Command argurnent error
97 108 Command syntax error
97 108 Checksum error
97 108 Byte count error
EXECUTION ERRORS
o8 201 Command not executabie
in lccal mode
98 203 Qutput buffer overflow;
remaining output lost
98 204 Setting conflicts
98 205 Argument out of range
98 206 Bubble YO error
88 256 Bubble O error
{UDC: undefined code)
o8 257 Bubble HQ error

{NHDHR: no header)
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Table 4~10 (cont.)
Status Bytes and Event Codes

Status Byte  Event Code  Meaning
DEVICE-DEPENDENT EVENTS (cont.)

192 752 Sweep measurement operation
complete
192 753 Plotter output complete
192 754 Collector Supply recovered
1892 755 interfock system changed
Add DEC 1987
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SECTIONS

INSTRUMENT OPTIONS

Nominal
Qgption Plug AC Line Reference
Number Configuration Usage Yoliage Standard
Standard L North 120V ANSIT C73.11
? America NEMAZ 5.15-P
. e 120 /15 A IEC? 83
Al Universal 240V CEE* (7), 1,
European W, Vi
220 VB A HEC 83
A2 UK 240 V BSI® 1363
240 V13 A iEC 83
A3 Australia 240 vV ASS G112
240 V10 A
Ad Northy 240 V ANSE C73.20
America NEMA 6-15-P
240 VA5 A IEC 83
AS e Swizerdand 220 V SEVT

YANST — American National Standards Inskitute

INEMA — National Electrical Manufacturer's Assoc/ation
EC — International Electrotechnical Commission

“CEE - International Commission on Rules for the Approval
of Efectrical Equipment

*8S/ - British Stangards Institute

SAS — Standards Association of Austrafia

?SEV - Schweizevischer Eleidrotechischer Verein






APPENDIX
DIAGNOSTIC ROUTINES
AND MESSAGES

This appendix:
e Explaing the four types of diagnostic routines

* Lists and explains all messages the 371 may
display on its CRT
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DIAGNOSTIC ROUTINES

The 371 has four diagnostic routines: Two types of power-up
gdiagnostic routines, a user-initiated diagnostic routine, and a
GPIB diagnostic routine.

®MPower-Up Diagnostic Routines

At power-up the 371 displays “SELFTEST START” in the error
message area of the CRT and runs the power-up diagnostic
routing, which executes the following tests:

= Systemn ROM check

= Systerm RAM check

« [lsplay RAM check

= Acquisition RAM check
+ Push button stack test
« LED check

After completing the power-up diagnostic routines, the 371
displays a “SELFTEST PASS” message in the error message arsa
of the CRT and sets the front-panel settings to their default
{inttial} state.

if the 371 POWER switch is turned ON while the Cursor SHIET
button is pressed, a more detailed power-up diagnostic routine
occurs in the following sequence:

»  System ROM check

« System RAM check

= Display BAM check

= Acquisition RAM check
« LED check

= Display quality check

= Push button stack test

Ta exit this diagnostic routing, press the Cursor SHIFT button.
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System ROM Check

After confirming that the systerm ROMSs are withoui fault, the 371
diagnoses the system ROMs by checksum. if a fatai error is
found in the system ROM (such as mis-insertion), the Memory
Index dispiay blinks 0 and 1 alternately.

if a checksum error is found, the error message is displayed in
the error message area of the CRT graticule and the 371 does not
advance to the next routine,

The message format is as follows:

ROM 000X

System RAM Check

The 371 checks the system RAM with read/write operations.
When a fatal systemn RAM error is found (such as a shorted bus),
the Memory index display blinks 0 and 2 alternately, and the 371
does not advance 1o the next routine. When read/write errors are
found, the error message is displayed in the error message area
of the CRT graticule and the 371 does not advance to the next
routine.

The message format is as follows:

RAM XKXXX ¥YYYYY
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Dispiay RAM Check

The 371 checks the Dispiay RAM with a read/write operation.
When a read/write error is found (such as a shorted bus), the
Memory Index display blinks 0 and 3 aiternately, and the 371
does not advance to the next routine,

Acquisition RAM Check

The 371 checks the Acquisition RAM with a read/write operatior.
When a read/write error is found {such as a shorted bus), the
Memaory index display blinks 0 and 4 alternately, and the 371
does not advance to the next routine.

Table A-1 shows the Power-Up Systern Error Messages
displayed in the Memory Index display.

TABLE A-1
Power-Up System Error Messages

Display Description

0/1 (blink) System ROM error (e.g., mis-insertion)
0/2 (blink) System RAM error (e.g., shorted bus)
0/3 (blink) Display RAM read/write error

{(e.g., shorted bus)

0/4 (blink) Acguisition RAM read/write error
(e.g., shorted bus)
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LED Checi

The 371 sequentially lights all front-panel LED's for 2 visual
check.

Display Quality Check

Tne 377 displays the SONY/TEKTRONIX logo and a pattern on
the CRT for adjustment of the CRT controls. When adjustment is
complete, press the Curser SHIFT button to exit the diagnostics.

Push Button Test

The push button test includes a push button stack test but does
not chieck the functionality of the pushbuttons. The Collector
Supply breakers and the Collector Supply VARIABLE control are
not tested in this routine.

If an error is found, the error message is displayed in the error
message area of the CRT. The error message is in the foliowing
format:

KEY ERROR <NUM>
<NUM> identifies the front-panel controf as listed in
Table A-2.
The following message also appears in the text area of the CRT.

PUSH SHIFT KEY TO GO CN.
The displayed error can be ignored and the test continued by

pressing the Cursor SHIFT button, but the front-panel controls
rnay not operate correctly.
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SECTION 5

INSTRUMENT OPTIONS

Mominat
Ogtion Plug AC Line Reference
Humber Configuration Usage Yoltage Siandard

North 120V ANSIF C73.11
Arnerica NEMAZ 5.15-P
120 VIS A IBC? 83

Standard

European v, VIi
220 VB A IEC 83

Al Q@g Universal 240 V CEE« (N, i,

A2 UK 240 v BS* 1363
240 V/13 A IEC 83
A3 . Australia 240V ASE C112
A 240 V/10 A
Ad o North 240 v ANSI C75.20
\x?\@ America NEMA 6-15-P
- 240 V/15 A IEC 83

Cirm
AS @“}g& Switzeriand 220 V SEVT

TANSI - American National Standards institute

INEMA - National Electrical Manufaciurer's Association
HEC -~ International Electrotechnical Commission

“CEE - international Commission on Rules for the Approval
of Electrical Equipment

*BSI - British Standards Institute

EAS - Standards Association of Australia

TSEV — Schwelzevischer Eleldrotechischer Verein






APPENDIX
DIAGNOSTIC ROUTINES
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This appendix:
« Explains the four types of diagnostic routines

e Lists and explains all messages the 371 may
display on its CRT
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DIAGNOSTIC ROUTINES

The 371 has four diagnostic routines: Two types of power-up
diagnostic routines, & user-initiated diagnostic routine, and a
GPIB diagnostic routine.

EPower-Up Diagnostic Routines

At power-up the 371 displays “SELFTEST START” in the error
message area of the CRT and runs the power-up diagnostic
routineg, which executes the foifowing tests:

= System RCOM check

« Systemn RAM check

¢ Dispiay RAM check

= Acquisition BAM check
= Push button stack test
= LED check

After comptleting the power-up diagnastic routines, the 371
displays a "SELFTEST PASS" message in the efror message area
of the CRT and sets the front-panel settings o their default
{initial) state,

If the 371 POWER switch is turned ON while the Cursor SHIFT
button is pressed, a more detailed power-up diagnostic routine
ocecurs in the following sequence:

= System ROM check

e Systam HAM check

= Display RAM check

= Acquisition RAM check
s LED check

« Display quality check

= Push button stack test

To exit this diagnostic routine, press the Cursor SHIFT bution.
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System ROM Check

After confirming that the system ROMs are without fault, the 371
diagnoses the systern ROMs by checksum. If & fatal error is
fourd i the system ROM {such as mig~insertion), the Memory
incex display blinks 0 and 1 alternately.

If 3 checksum error is found, the error message is displayed in
the error message area of the CRT graticule and the 371 does nat
advance to the next routine.

Tne message format is as follows:

ROM 000X

System HAM Check

The 371 checks the system RAM with read/write operations.
When a fatal system RAM error is found (such as a shorted bus),
the Memory Index display blinks 0 and 2 alternately, and the 371
does rat advance 1o the next routine. When read/write errors are
tound, the error message is displayed in the error message ares
of the CRT graticule and the 371 does not advance 10 the next
routing.

The message format is as foliows:

RAM XXXXX YYYYY

A-4
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Display RAM Check

The 371 checks the Display RAM with a read/write operation.
When a read/write error is found {such as a shorted bus), the
Memory Index display blinks 0 and 3 alternately, anc the 371
does not advance to the next routine.

Acquisition RAM Check

The 371 checks the Acquisition RAM with a read/write operation.
When a read/write error is found (such as a shorted bus), the
Memory Index display blinks 0 and 4 alternately, and the 371
does not advance 1o the next routine.

Tabte A-1 shows the Power-Up System Error Messages
displayed in the Memory index display.

TABLE A-1
Power-Up System Error Messages

Dispiay Description

0/t (blink) System ROM error (e.g., mis-insertion)
0/2 (blink) System RAM error (e.g., shored bus)
0/2 (biink) Display RAM read/write arror

{e.g., shorted bus)

B/4 (Blink) Acquisition RAM read/write error
(e.g., shorted bus)
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LED Check

The 371 sequentially lights all front-panel LED’s for a visual
chieck.

Display Quality Check

The 371 displays the SONY/TEKTRONIX logo and a paftern on
the CRT for adjustment of the CRT controls. When adjustment is
camplete, press the Cursor SHIFT button to exit the diagnostics.

Push Button Test

The push button test includes a push button stack test but does
not check the functionality of the pushbuttons. The Collector
Supply breakers and the Collector Supply VARIABLE control are
not tested in this routine.

If an error is found, the error message is displayed in the error
message area of the CRT. The error message is in the following
format:

KEY ERROR <NUM>
< NUM > identifies the front-panel control as listed in
Table A-2.

The following message aliso appears in the text area of the CRT.

PUSH SHIFT KEY TO GO ON.
The displayed error can be ignored and the test continued by

pressing the Cursor SHIFT button, but the front-pane! controls
may not operate correctly.
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W User-initiated Push Button Diagnostic Routine

Simultanegusly pressing the Cursor SHIFT and NON STORE
buttons beging the user-initiated diagnostic routing. This routine
displays & number or message that corresponds to the fast front
panrel control used. This feature can be used to determine
whether a front-panel controis is operating ncrmally,

Tabla A-2 lists the 371 controls and the corresponding numbers
or messages. To exit the routine, press both the Cursor SHIFT
button and the NON STORE button again.
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TABLE A-2
Key Error —Front Pane! Control identification

Control Number
Display SAVE 1
Display RECALL 2
Memory Index < 3
Memary Index = 4
Display NON STORE 5
Display STORE 6
Display COMPARE 7
Display VIEW 8
Display ENTER g
Display INVERT 10
Measurement REPEAT 11
Measurement SINGLE 12
Measurement SWEEP 13
GPIB RESET TO LOCAL 14
GPIB USER REQUEST 15
PLOTTER 16
Cursor Mode = 17
Cursor Mode = 18

| 18
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TABLE A-2 (cont.)
Key Error —Front Panet Control identification

Controf Number
- 20
¢ 21
- 22
Cursar SHIFT 23
Collector Supply POLARITY 24
PEAK POWER WATTS 3 kW 25
PEAK POWER WATTS 300 W 26
PEAK POWER WATTS 30 W 27
PEAK POWER WATTS 3 W 28
Step Generator INVERT 29
Step Generator CURRENT Source 30
Step Generator VOLTAGE Source X3
NUMBER OF STEPS = 3z
NUMBER OF STEPS = 33
Step Generator OFFSET = 34
Step Generator OFFSET = 35
Step Generator STEP MULTH 1X 36

VERTICAL CURRENT/DIV VERT SENSE 1-16
HORIZONTAL VOLTS/DIV HORIZ SENSE 1-16
STEP/OFFSET AMPLITUDE STEP AMP 1-18
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BGPIB Diagnostic Routine

When a controlter sends the TESt? query over the GPIB, system
ROM and RAM diagnostic routines are run by the 371. The 371
responds to the guery by returning systemn ROM and RAM
information to the cantroller as follows:

TEST ROM: 000X, RAM:YYYY
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MESSAGES

Typical messages displayad in the CRT arror message area while
the 371 is in operation are listed in Table A-3.

TABLE A-3
Messages
Message Description
BREAKER QOFF Coitector Supply breaker is off.

COL. DISABLED

Cotiector Supply is disabled. Wait until
the message “"COL. RECOVERED" is
displayed. If the error persists, contact
a qualified service person or the near-
est Tektronix Field Service Representa-
tive.

COL. FUSE BLOW

The Collector Supply fuse on the rear
panel is biowrn.

COL. OVERHEAT

Series resistor {Collector Supply) over-
heat. Wait until “COL. RECOVERED"
message is displayed.

COL. RECOVERED

The Collector Supply is recovered.

ENTER COMPLETE

The displayed curve is saved in the
bubbie memory.

ERASE CANCELED

Erasing the bubble memory is can-
celed.

ERASE COMPLETE

The bubble memery is erased.

OPERATION ERR.

Operation error

PLL UNLOCK

PLL unlcck
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TABLE A-3 (cont.)

Messages

Message Description

PLOT ABORTED Plotter output is aborted.

PLOTTER FAIL Piotter output 1O error. Confirm that
the plotter is properly connected.

SAVE COMPLETE The current front-panel setting is saved
in the bubble memaory.

SELFTEST PASS The 371 power-up diagnostic test is
successiul,

SELFTEST START The 371 has initiated the power-up
diagnostic routine.

TEXT EDIT MODE Text can be entered on the CRT using
the VERTICAL CURRENT/DIV and
HMORIZONTAL VOLTS/DIV controls,

TEXT CANCELED Text Edit mode is canceled; all text en-

tered is lost,

BUBEBLE EJECT

The bubble memory cassetle is ejected
whiie the 371 is in SAVE/RECALL or
ENTER/VIEW aperation.

BUBBLE NO DATA

The bubble memory has no data in the
location specified by the bubble mem-
ory index.

BUBBLE NOMEM

Bubble memory cassette not instafled.

BUBBLE WPRTE

Bubble memary cassette “write-pro-
tected”. Set write-protect key to "write
gnable” position.
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TABLE A-3 (cont.}

Messages
Message Description
BUBBLE BUS Internal bubble memory errors. To de-

BUBBLE BUSY
BUBBLE MDL
BUBBLE NHDR
BUBBLE PARITY
BUBBLE POVR
BUBBLE TXMIS
BUBBLE UCE
BUBBLE USCE

BUBBLE UDC

termine whether the problem is in

the bubibie memory cassette or in the
cassette drive, iry a new bubbie
memory cassette. Attempt to save or
recall & waveform or a setting. i the
cassette drive is at fault, contact

a Tektronix Field Service Represernt-
ative. The 371 can still be used,
aithough internal bubble memory
functions cannot be used.







