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CERTIFICATION

Hewlett-Packard Company certifies that this product met its published specifica~
tions at the time of shipment from the factory. Hewlett-Packard further certifies
that its calibration measurements are traceable to the United States National Bu-
reau of Btandards, to the extent allowed by the Bureau's ecalibration facility, or to
the calibration facilities of other International Standards Organization members.

WARRANTY

This Hewlett-Packard instrument product is warranted against defects in material
and workmanship for a period of one year from date of shipment, except that in
the ease of certain components listed in Section 1 of this manual, the warranty
shall be for the specified period. During the warranty period, Hewlett-Packard
Company will, at its option, either repair or replace products which prove to be
defective.

For warranty service or repair, this produet must be returned to a service facility
designated by HP. Buyer shall prepay shipping charges to HP and HP shall pay
shipping charges to return the product to Buyer. However, Buyer shall pay all

shipping charges, duties, and taxes for produets returned to HP from another
country.

HP warrants that its software and firmware designated by HP for use with an in-
strument will execute its programming instructions when properly installed on that
instrument. HP does not warrant that the operation of the instrument, or soft-
ware, or firmware will be uninterrupted or error free,

LIMITATION OF WARRANTY

The foregoing warranty shall not apply to defects resulting from improper or inade-
quate maintenance by Buyer, Buyer-supplied software or interfacing, unauthorized
modification or misuse, operation outside of the environment specifications for the
product, or improper site preparation or maintenance.

NO OTHER WARRANTY I8 EXPRESSED OR IMPLIED. HP SPECIFICALLY DIS-
CLAIMS THE IMPLIED WARRANTIES OF MERCHANTABILTY AND FITNESS FOR
A PARTICULAR PURPOSE, :

EXCLUSIVE REMEDIES

THE REMEDIES PROVIDED HEREIN ARE BUYER'S SOLE AND EXCLUSIVE
REMEDIES. HP SHALL NOT BE LIABLE FOR ANY DIRECT, INDIRECT, SPECIAL,
INCIDENTAL, OR CONSEQUENTIAL DAMAGES, WHETHER BASED ON CON-
TRACT, TORT, OR ANY OTHER LEGAL THEORY.

ASSISTANCE

Produet maintenance agreements and other customer assistance agreements are
available for Hewleti-Packard products.

For any assistance, contact your nearest Hewlett-Packard Sales and Service Office.
Addresses are provided at the back of this manual.




SAFETY SUMMARY

The following general safety precautions must be observed during all phases of op-
eration, service, and repair of this instrument. Failure fo comply with these pre-
cautions or with specific warnings given elsewhere in this manual viclates safety
standards of design, manufacture, and intended use of the instrument. Hewlett-
Packard Company assumes no liability for the customer's failure to comply with
these requirements.

GROUND THE INSTRUMENT

To minimize shock hazard, the instrument chassis and cabinet must be connected to
an electrieal ground. The instrument is equipped with & three-conductor ac power
cable. The power cable must either be plugged into an approved three-contact
electrical outlet or used with a three-contact to two-contact adapter with the
grounding wire {(green) firmly connected to an electrical ground (safety ground) at
the power outlet. The power jack and the mating plug of the power ecable meet
International Eleetrotechnical Commission (IEC) safety standards.

DO NOT OPERATE IN AN EXPLOSIVE ATMOSPHERE

Do not operate the instrument in the presence of flammable gases or fumes. Op-
eration of any electrical instrument in such an environment constitutes a definite
safety hazard.

KEEP AWAY FROM LIVE CIRCUITS

Operating personnel must not remove instrument covers. Component replacement
and internal adjustments must be made by qualified maintenance personnel. Do not
replace components with power cable connected. Under certain conditions, dan-
. gerous voltages may exist even with the power cable removed. To avoid injuries,
always disconnect power and discharge circuits before touching them.

DO NOT SERVICE OR ADJUST ALONE

Do not attempt internal service or adjustment unless another person, capable of
rendering first ald and resuscitation, is present.

DO NOT SUBSTITUTE PARTS OR MODIFY INSTRUMENT

Because of the danger of introducing additional hazards, do not install substitute
parts or perform any unauthorized modification to the insfrument,” Return the in-
strument to a Hewlett-Packard Sales and Serviee Office for service and repair to
ensure that safety features are maintained.

DANGEROUS PROCEDURE WARNINGS

Warnings, such as the example below, precede potentially dangerous procedures
throughout this manual. Instructions contained in the warnings must be followed.

WARNING

Dangerous voltages, capable of causing death, are present in this instru-
ment. Use extreme eaution when handling, testing, and adjusting.




SAFETY SYMBOLS

General Definitions of Safety Symbols Used On Equipment or In Meanuals.

WARNING

CAUTION

Note

Instruetion manuel symbol: the produet will be marked with
this symbol when it is necessary for the user to refer to the
instruetion manual in order to protect against damage to the
instrument.

Indicates dangerous voltage (terminals fed from the interior by
voltage exceeding 1000 volts must be so marked).

Protective conductor terminal. For protection against electri-
cal shoek in case of a fault. Used with field wiring terminals
to indicate the terminal which must be connected to ground
before operating equipment,

Low-npoise or noiseless, clean ground {(earth) terminal. Used for
a signal common, as well as providing protection against elec-
trical shock in case of fault. A terminal marked with this
symbol must be connected to ground in the manner deseribed
in the installation (operating) manual, and before operating the
equipment,

Frame or chassis terminal. A eonnection to the frame (chas-
sis) of the equipment which normally includes all exposed metal
struetures. '

Alternating current (power line).
Direct current (power line).
Alternating or direct current (power line).

A WARNING denotes & hazard. It calls attention to a pro-
cedure, practice, condition or the like, which, if not correctly
performed or adhered to, could result in injury or death to
personnel.

The CAUTION sign denotes a hazard, It calls attention to an
operating procedure, practice, condition or the like, which, if
not correctly performed or adhered to, could result in damage
to or destruction of part or all of the product,

A Note denotes important information. It calls attention to a
procedure, practice, condition or the like, which is essential to
highlight.




HOW TO USE THiIS MANUAL

The HP 42784 Operation Manuat provides the information required {c operate and test the
4278A. To adjust and repair the 4278A, the Mainterance Manual {PN 04278-90100) is re-
quired and must be ordered separately, _

This Operation Manual contains six sections plus several appendixes, organized for the
Convenience of the first time user. After you receive your HP 42784, begin with Section 1,
' you are a first time user of an already installed 4278A, begin with Section 2.

Section 1, Receiving and Getting Ready To Use Your HP 42784 :
Section 1 includes unpacking, initial inspection, and Preparation information Necessary
before you apply AC power. Do NOT connect the power cable before reading this
section,

Section 2, Familiarizing Yourseif with the HP 42784 :
Section 2 includes examples of basic aperation. Use this section to obtain "hands-on~
experience by following the examples given,

Section 3, Functions and Features :
Section 3 provides detailed 4278A function explanations, Read Section 2 before pro-
ceeding with this section.

Section 4, Interface Options :
Section 4 inciudes 4278BA interface Operation and interconnection information neces.
sary for designing a test system,

Section 5, General information :
Section 5 provides 42784 featuras, Capabilities, specifications, accessories, options,
option instaliation, and repacking information.

Section s, Performance Tests :
Section 6 provides information for checking whather YOur 42784 is within the specifica.
tions given in Section 9. This section is also for initial 42784 inspection, periogic per-
formance testing, and performance testing after repairs,

Appendix A, Backdating Changes :
Appendix A includes information tor modifying this manual to instruments manufac-
tured before the print date of this manual,

Appendix B, Softkey Tree :
Appendix B provides a flisting of the 4278A'¢ softkeys,

Appendix ¢, Display Messages :
Appendix C lists the 4278A's Comments and Error Messages.

Appendix D, Possible Problems and Their Solutions :
Appendix D lists several general problems that you may encounter, and telis you what
to do if they oceur.






CAUTIONS ON OPERATION

1. UNKNOWN (MEASUREMENT) TERMINALS

Do NOT apply DC voltage or current to the UNKNOWN terminals. Doing so will
damage the 4278A. Before you measure a capacitor, be sure the capacitor is fuily
dlscharged - .

2. MEMORY CARD

Use HP-specified n&erﬁory cards containing 4278A-specific data .only- If other memory
cards are used, the 4278A may be damaged. Non 4278A-specific data contained on a
memory c¢ard is not guaranteed, and data may be lost.

To insert a memory card into the MEMORY card slot, hold the memory card with the
label facing upward and with the contacts at the slot opening. insert the card into the
slot until it "glicks" in place.

To remove a memory card from the 4278A, press the UNLOCK button and remove the
card.

Do NOT remove a memory .card while LOADing or STORing data. Doing so may
damage the memory card and any data stored in the memory card may be lost,

Store memory cards in their furnished card cases when not in use. The card case
protects memory cards from contamination and electrostatic discharge. Also, store
memory cards under the following environmental conditions.
Storage Temperature Range: -30°C to +70°C
Storage Humidity Range: 30% to 85% (@+50°C)

Do NOT shock or stress memory cards.

When storing or moving your 4278A, be sure the memory card siot is empty (nb memo-
ry card inserted).

Do ‘NOT touch the connector contact surface of a memory card and do NOT use
chemical liquids to ciean the contacts.



3. HANDLER INTERFACE BOARD (OPTION 201)

If the +5Y internal voltage (pm 16, 17 or 18 of the handler interface connector) is not
ocutput, a fuse on the handier interface board (A32F1) has blown and must be replaced.

"~ Two replacement fuses are furnished with the 4278A option 201. Additional fuses are

available from Hewlett-Packard. Order PN 2110-0046.
To replace A32F1, perform the following procedure.

1. To remove the handler mtertace board (A32) perform procedure 1 through 7 on
‘ page 6- 2% '

2. Remove A32F1 (indicated in Figure A) from socket and carefully insert the new
fuse.

3. Replace the handler interface board, top shield plate, rear feat, and top cover.

It the handler interface continues not to output +5V. after A32F1 has been replaced
contact the nearest Hew!ett Packard office. ‘
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HP 4278A INTRODUCTION

Introduction

The HP 4278A 1kHz/1MHz Capacitance Meter is designed for capacitance and loss factor
(D, Q, ESR, and G) measurements on capacitor production lines, in quality assurance de-
partments, and in incoming/outgoing inspection.

Accurate

The 4278A’s capacitance measurement accuracy is £0.05% {(at 1MHz) and +0.07% {at 1kHz)
with 6 digit resolution in all measurement ranges, --- 1pF to 2048pF (at 1MHz) and 100pF to
100uF {(at 1kHz). Dissipation factor (D) accuracy is *0.0002 (at 1MHz) and *0.0005 {at
1kHz) with 10ppm resolution, without degrading measurement speed. The test signal level
can be selected from 0.1V to 1.0V in 0.1V steps.

High Speed

The 4278A can perform measurements as quickly as 6.5ms per measurement. Minimize
production test times by using the 4278A's bulilt-in comparator with the Option 201 handler
interface.

Built-in Comparator

The 4278A's built-in comparator allows you to sort comparison/decision results into a maxi-
mum of 10 bins. By using the interface options, the 4278A can easily be combined with a
component handler and a system controfler to fully automate capacitor testing, sorting, and
quality contro! data processing, resulting in increased production efficiency.

Error Correction

The 4278A’s zero offset capability compensates measurement results for the residual im-
pedance and stray admiltance of handlers and test fixtures. Also, the 4278A's standard
compensation function allows you to compensate for complex measurement errors that may
be induced at the point of test device connection.

Menu Driven Operation

The 4278~’s menu driven software uses five softkeys located to the right of the LCD. Soft
key labels can be selected by using the MENU, PREV, and NEXT softkey control keys.

Recallable Control Settings

The 4278A's control settings {measurement conditions and comparator settings) can he
stored and recalled easily by using the memory card feature. This feature allows you to
store control settings for a test on a memory card (one card per test), then simply insert the
memory card and press the LOAD key.



MANUAL CHANGES
HP 4278A | - —  MANUAL IDENTIFICATION ——

- 1kHz/IMHz CAPACITANCE METER Model Number: HP 4278A
: Date Printed: APR. 1989
Part Number: 04278-3006G0

This supplemen! conltains information for correcting manunl errora and for adapling the mansusl to newer instruments that contain improvements
or moditications not documaented in the exisling manual .

To use this supplement E
1. Make all EHRATA corrections
2. Make all appropriate serial-numberrelated changes Hsted bolow

SERIAL PREFIX OR NUMBER MAKE MANUAL CHANGES SERIAL PREFIX OR NUMBER  MAKE MANLAL CHANGES

28364 and above ' 1
P New Htem
» CHANGE 1

1. This contains the information needed to adapt HP 4278A’s manual to instruments with firmware
Version 3.10. ' : '

e Replace the following pages of your manual with attached pages in this supplement. (An
underlined page number indicates a changed page.)

3-18/14 CoBA7H8 . 32122 3-23/24
4.23/24 4-25/26 4-49/50 4.57/58- -
4.59/60 47172 6-7/8 6-13/14
B-3/4 | |

NOTE

Manual change supplements are revised as often as necessary to keep manuats as current and accurate as possible, Hewlett-Packard recormmends
that you periadically request the latest edition of this supploment, Froe coples are avallable from all HP offices. When reguesting coples, quote
the manual identtication’informatlon frem your supplement, or the model number and print date from the tille page of the manual,

) o HEWLETT
Date/Div: SEP. 1989/33 ﬂ/” PACKARD
Page: 10f1 : : '

PRINTED IN JAPAN



s Page 4.1, 4-2. OPTION 101 HP-IB INTERFACE

Add description of the CREJ command as follows.

CREJ SOFTKEY LABEL: LOW C LIMIT (in ‘COMPARATOR’)

‘The CREJ command sefs the Low C Limit mode.

SYNTAX:
PARAMETER:
The control parameter choices are:
_Control ' ~ Description
Parameter |
0 Set Low C Limit mode to OFF.
1 Set Low C Limit to 1% of the measurement range
2 Set Low C Limit to 2% of the measurement range
3 Set Low C Limit to 3% of the measurement range
4 Set Low C Limit to 4% of the measurement rangs -
5 Set Low C Limit to §% of the measurement range
6 Set Low C Limit to % of the measurement range

.The default setting is CREJO.
EXAMPLE:

QUTPUT 717;"CRE\}1 "I Set NPP BiIN to sort capacitors whose value are below 1%
of the current measurement range.



2. This contains the information needed to adapt HP 4278A’s manual to instruments with A32 handier
interface board (PN 04278.66532) of Option 201 Handier Interface.

e Replace the following pages of your manual with the attached pages in this supplement. (An
underlined page number indicates a changed page.)

Pink page 1-1/2 47172 4.75/76
47778 47980 4-81/82 4-83/84
4-85/86 4-87/88 5.5/6 6-21/22
6-23/24 |

3. This contains the information needed to adapt HP 4278A's manual to instruments with A33 handler
interface board (PN 04278.66533) of Option 202 Handler interface.

e Replace the PERFORMANCE TEST RECORD of pages 6-31 thru 6-34 with attached those of
pages (i) thru (iv). ' :

o Replace the following pages of your manual with the attached pages in this supplement.. (An
underlined page number indicates a changed page.)

4-89/30 4.91/92 - 4-93/94 4.97/98
4.99/100 4101/102 4-105/106 4.107/108

| 4-109/110 4-111/112 4-113/114 4-115/116
5.5/6 . 6-25/26 6-27/28 6-29/30 |

6-31/32 (Add page)
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SECTION 1

RECEIVING AND GETTING READY
TO USE YOUR HP 4278A

1-1. INTRODUCTION

This section covers the receiving and setting up of your HP 4278A. Figure 1-1 shows the
HP 42784 and its turnished accessories.

o i

L

Memory {ard

Power Cahble

Figure 1-1, HP 4278A and Furnished Accesscries

1-1



1-2. INITIAL INSPECTION

When shipped from the factory, the 42784 meets all of the specifications listed in Section 5.
When you receive your 4278A, inspect the shipping container for damage. If the shipping
container or cushioning material is damaged, it should be kept until the shipment has been
checked for completeness, and the instrument has been verified mechanically and electrical-
ly. The shipping container should contain everything shown in Figure 1-1. The procedures
for checking electrical performance are given in Section 6. If the shipment is incomplete, if
the instrument is damaged in any way, or if the instrument does not pass the Performance
Tests outlined in Section &, notify the carrier and Hewlett-Packard. Keep the shipping
materials for the carrier’s inspection. The HP sales office will arrange for repair or replace-
ment without waiting for the claim to be settled.

1-3. PREPARATION FOR USE
1-3-1. POWER REQUIREMENTS

The 4278A requires a power source of 100, 120, 220V AC £10%, or 240VAC +5% -10%, 48
to 66Hz, single phase; power consumption is 200VA, maximum,

i)

THIS IS A SAFETY CLASS 1 PRODUCT (PROVIDED WITH A PROTECTIVE EARTH
TERMINAL}. A NONINTERRUPTABLE SAFETY EARTH GROUND MUST BE
PROVIDED FROM THE MAIN POWER SOURCE TO THE 4278A°’S POWER INPUT
TERMINALS, POWER CORD, OR FURNISHED POWER CORD SET. IF THE SAFE-
TY EARTH GROUND BECOMES IMPAIRED, DISCONNECT THE 4278A AND
SECUHRE IT AGAINST ANY OPERATION. IF YOUR 4278A IS TO BE ENERGIZED
VIA AN AUTOTRANSFORMER FOR VOLTAGE REDUCTION, MAKE SURE THE
COMMON TERMINAL IS CONNECTED TO THE EARTH TERMINAL OF THE
POWER SOURCE.

1-3-2. LINE VOLTAGE AND FUSE SELECTION

CAUTION
BEFORE CONNECTING THE INSTRUMENT TO THE POWER SOURCE, MAKE

SURE THE CORRECT FUSE IS INSTALLED AND THE LINE VOLTAGE SELEC-
TION SWITCH iS SET TO THE CORRECT VOLTAGE,

Figure 1-2 shows the line voltage selector switch and the fuse holder, and provides instruc-
tions for line voltage and fuse selection. Fuse current ratings are printed on the rear panel
and are listed, along with the fuse's HP part number, in Figure 1-2.



CAUTION
USE ONLY THE CORRECT FUSE FOR THE LINE VOLTAGE SELECTED. MAKE
SURE THAT ONLY FUSES WITH THE REQUIRED CURRENT RATING AND OF

THE SPECIFIED TYPE ARE USED AS REPLACEMENTS. NEVER USE A MEN-
DED FUSE AND NEVER SHORT-CIRCUIT THE FUSE HOLDER.

100V/120V ~150V- __3;’\‘:‘7

Operation Line Voltage Selection

TR D Set the VOLTAGE SELECTOR switch to the
K/. required line voltage.

- 2ROV-

| aaoy- - _252;5_ Fuse Removal
Turn the fuse holder counterclockwise until #
giﬂe\;; :::} ‘;V OO ] pops out of the holder.
D - 120¥- - @ Line Voltage | Fuse Rating Part No.
L] azov- 100V/120V 3A Slow 2110-0381
1 2t _| 22071240V 2A Siow 2110.0303
2 AOY -

250v-

Figure 1-2. Line Voltage and Fuse Selection

1-3-3. POWER CABLE

To protect operating personnel, the National Electrical Manufacturer's Association (NEMA)
recommends that the instrument panel and cabinet be grounded. The 4278A is equipped
with a three.conductor power cabie that, when plugged into an appropriate AC power recep-
tacle, grounds the instrument. The offset pin on the power cable is ground.

To preserve the protection feature when operating the instrument from a two contact outlet,
use a three-prong to two-prong adapter (HP PN 1251-8196) and connect the green pigtail on
the adapter to the power-line ground.

CAUTION

THE POWER PLUG MUST BE PLUGGED INTO AN OUTLET THAT PROVIDES A
PROTECTIVE EARTH CONNECTION. DO NOT USE AN EXTENSION CORD OR
POWER CABLE THAT DOES NOT HAVE A PROTECTIVE GROURND.

Figure 1-3 shows the available power cords used in various countries. Also shown is the
standard power cord furnished with the instrument. HP par! numbers, applicabls standards
for power piugs, electrical characleristics, and the countries using each power cord are
listed in Figure 1.3. For assistance in selecting the correct power cable, contact the nearest
Hewletti-Packard sales office.



OPTION 320 United Kingdom

Farth
/

Newtrad

Plug : B5135%A, 250V
Cable : HP 8120~1351

OPTION 901 Australis/New Zeatend

/ Earth

-
T Natten]

Line

Plug s NZSS 198/A% C112, 250V
Cable s HP 8120-1348

OPTION @02 Buraopean Continent

Earth

Earth \

Plug « CEE-VII, 250V
Cable : HP 8120~ 1689

Neutrsl

OPTIGN 863 U.5./Canads

Plug: NIMA 5-15P, 125V, 15A
Cable: HP 8120~ 1378

OPTION 904 .S, /Conada

Eize |

‘*-.,
e 2 s d Earch

OPTION 905% Any country

Line

Neutral Egeth
Plug: NEMA 6-15P, 250V, 154 Plug: CEE 22-v1, 250V
Cable: HP 8120-0888 Cable: P 8126-1398
OPTION 906 Switzerland OPTION 912 Denmark
Neueni
L
o N
e Esth
Line / Nealru} Mf‘.srlh
Plug : SEV 1011.1950-24507 Type (2, 250V Plug: DHCR 167, 220¥
Cable t HP 8120-2104 Cgble: HP 8120-2856
QPTION 817 India/Republic of B.Alrica OPTION 918 Japan
Grouad-eorth
/ BaTth
tine ="
Neulral I \!-h'w
Plug: SAHS 184, 250V Piug: JIS C 8303, 125V, 15A
Cable: HP 8120-4211

Cable: HP 812¢-4753

NQTE: Tach option number includes &
family' of cords and connectors of various

materials and plug body configurations
(straight, 90 ° ete.).

Plug option 905 is frequently used for

interconnecting system components and
peripherals.

Figlre 1-3. Available {furnished) Power Cables
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SECTION 2

FAMILIARIZING YOURSELF WITH THE HP 4278A

2-1, INTRODUCTION

This section provides basic operating information in the form of practice exercises for first
time HP 4278A users. Read this section before operating your HP 4278A.

The WARNINGS, CAUTIONS, and NOTES given throughout this document must he carefully
followed to ensure the operaler's safety and the serviceability of the 4278A.

BEFORE TURNING THE 4278A ON, BE SURE ALi. PROTECTIVE EARTH TER-
MINALS, EXTENSION CORDS, AUTO-TRANSFORMERS, AND DEVICES CON-
NECTED TO THE 4278A ARE CONNECTED TO EARTH GROUND. ANY INTER-
RUPTION OF EARTH GROUND CONSTITUTES A SHOCK HAZARD WHICH MAY
RESULT IN PERSONAL INJURY.

ONLY FUSES WITH THE REQUIRED CURRENT RATING AND OF THE SPECIFIED
TYPE CAN BE USED. DO NOT USE A SUBSTITUTE FOR THE PROPER FUSE
AND NEVER SHORT CIRCUIT THE FUSE-HOLDER. DOING SO CONSTITUTES A
SHOCK AND FIRE HAZARD.

Before you turn your 4278A on, be sure to set the voltage selector to the line
voltage to be used, or the instrument will he damaged.

2-2. PANEL FEATURES

Figures 2-1 and 2-2 ideniity and briefly describe the purpose of each key, indicator, and
connector on the front and rear panels of the 4278A. Section 3 provides a detailed descrip-
tion of each 4278A control.
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LINE ON/OFF Switch

ON= key in, OFF= key out.

L.CD (liquid crystal dispiay)

Displays measurement resulls, test conditions, atc.

Soltkeys

Controls the 42784’s settings. The softkey function labels are displayed in
the softkey area of the LCD.

SCFTKEY Page Conirol Keys

These keys are used to change the displayed softkey labeis. The MENU key
returns the displayed softkey labels to the first page of the highest level. The
PREV and NEXT keys display the previous or next set of softkey labsls.

ENTRY Keys

These keys are used to enter numeric data into the 4278A. The ENTER key
terminates numeric input and enters the displayed value on the Input Line
{third line from the bottom of the LCD). The ENTER key is also used to
execute commands displayed on the LCD. The CLEAR key clears the Input
Line and the Message Line {bottom LCD line).

Figure 2-1. Front Pane! Features (Sheet 1 of 2)

2-2




(©)

{10

(1)

(12)

(13)

{14)

HP-iB Siatus Indicators

These indicators--BMT (remote}, TLK (talk), LTN (listen), and SRQ (service
recjuest)-.show the 4278A's status when interfaced to a controller via HP-IB.
These four indicators are valid only when the 4278A is equipped with an HP-
18 interface option.

LCL (iocal) Key

This key sets the 4278A to local control if an HP-IB Option is installed.

TRIGGER Key

This key triggers the 4278A when the 4278A is set to the MANual TRiGger
mode.

LOAD Key

The LOAD key loads controf seiting data from an instafled memory card.

MEMORY Card Slot and UNLOCK Button

The MEMORY card siot is for inserting memory cards. To eject a memory
card, press the UNLOCK button and remove the memory card.

CURSOR keys

These four arrow Keys move the cursor on the LCD in the direction of the
arrpw.

CONTRAST Adjust Control

This knob controls the contrast of the LCD.

UNKNOWN Terminals

These terminals are for connecting four terminal-palr test fixtures or fest
leads.

Guard Termina!

This terminal is tied to the instrument's chassis and can be used for mea-
surements that reguire guarding.

Figure 2-1. Front Panel Features (Sheet 2 of 2)




This iHustration shows the 4278A°s rear pansl with Options 101 and 201 instalied.

{1) Interface Connectors (Optional)

when interface options are installed, the interface connectors will be installed
as shown. On 4278A's not equipped with an interface option, blank covers
are installed.

{2) EXT TRIGGER Connector

A positive-going TTL pulse applied at this connector triggers the 4278A if the
trigger mode is set to EXTernal.

{3) ~ LINE Input Receptacle

AC power cord receptacle.

{4} ~ LINE Fuse Holider

The 4278A’s line fuse is installed in this fuse holder. Refer to Section 1 for
correct fuse ratings,

(5) ~ LINE VOLTAGE SELECTOR

This switch sets the appropriate AC operating voltage.

Figure 2-2. Rear Panel Fealures




2-3. BASIC OPERATION

The following paragraphs describe how to perform a basic capacitance measurement when
using a test fixture, and is intended for first time 4278A users. This procedure may not apply
to your specific application, but will help you understand the 4278A’s operation. -

2-3-1, MEASURING CERAMIC CAPACITORS
This example shows how to measure a 4700pF ceramic capacitor (HP PN 0160-4298} using

a direct-coupled HP 18047A test fixture. Prepare a test fixture and capacitor, not necessarily
those used here, then perform the following procedure.

1. Connect a direct-coupled test fixture to the 4278A's UNKNOWN terminals as shown
in Figure 2-3.

Figure 2-3. Test Fixture Connection

2. Without a memory card installed, turn the 4278A on,
3. When measurement resulls are displayed, adjust the CONTRAST knob for LCD
clarity.

Selecting and Setting Measurement Parameters

4. Press the ‘MEAS PARMTR’ sofikey. The marker ( » ) shows that Cp-D is the pres-
ently selected measurement parameler.
NOTE

In this manual, displayed 4278A softkey labels are indicated in bold text and are
enclosed in single quotes: e.g., ‘MEAS PARMTR’ softkey.



5.

6.

7.

The 1/2 in the lower righi-hand corner of the display indicales two pages of sofﬂ@ey
labels, and that page one is now displayed. Press the PREV or NEXT key to display -
additional softkey label pages.

To select a measurement parameter, press the corresponding softkey. The » marker
will be displayed next to the parameter you selected. Press the ‘Cp-G’ softkey.

Press the ‘return’ softkey. The initial softkey label page will be displayed.

Selting the Test Signal

8.

10.

11,

Press the ‘SIGNAL SOURCE’ softkey. From this page, you can set the frequency
and voltage of the test signal.

Press the ‘FREQ’ softkey. Confirm that 1kHz is the presently set frequency {cfefaﬁit
setting), and that 1kHz is displayed in the FREQ : field (top line of the LCD). Press
the ‘return’ softkey,

Prass the ‘0O8C (V)= softkey. The Input Line (third line from the bottom of the LCD)
displays "O8C LVL=_1.0V", and the OSC LVL : field {second line from the top) also
displays the the set test signal voltage.

For practice, change the test signal voltage to 0.9V by pressing the .9 numeric EN-
TRY keys, and by pressing the ENTER key. Confirm that "OSC LVL=_0.9V" is dis-
played on the input Line and in the 0SC LVL : field. You can also edit the test signal
voltage by using the ([ or (2]} CURSOR keys to position the curscr under the digit
you wish to change and by entering the desired vaiue.

Press the ‘return’ softkey.

Setling Measurement Conditions

12.

13.

14,

Press the ‘HI-ACC MODE’ softkey. Confirm that OFF @1MHz is selected (default
setting). Because the high accuracy mode is valid for {MHz measurements only, do
not change the high accuracy mode setting. Press the ‘return’ softkey.

Press the ‘MEAS RANGE’ softkey. Confirm that AUTO is selected (default setting)
and is displayed in the RANGE : field (fourth line from the top of the LCD). Press the
‘retur’ softkey.

Press the ‘MEAS TIME’ softkey, then press the ‘INTEG TIME’ softkey. Confirm that
LONG is selected (default setting} and is displayed in the INTEG : field {top LCD iine).
Press the ‘return’ softkey. ‘
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15.

16.

17.

18,

19.

20,

Fress the ‘AVG RATE’ softkey. The averaging rate is displayed in the AVG : field
(second line from the top of the LCD). Each time you press the ‘UP’ softkey, the
averaging rate doubles (fo a maximum averaging rate of 256), and inversely so by
pressing the ‘DOWN’ softkey. Set the averaging rate to 1. Press the ‘return” softkey.

Press the ‘DELAY (ms)=" softkey. This allows you to set the delay time from the
input of a trigger to the start of a measurement. The Input Line displays the set
delay time, and the delay time is also displayed in the DELAY : field (third line from
the top of the LCD). For this example, feave the delay time set to Oms as it is now.
Press The ‘return’ softkey.

Press the NEXT key to display the second page of softkey labels (2/4).

Press the ‘TRIG MODE’ softkey, then press the ‘MAN TRIG’ softkey to set the manual
trigger mode. The selected trigger mode is displayed in the TRIG : field (fourth line
from the bottom of the LCD).

Press the TRIGGER key., Note that a single measurement is performed each time
you press the TRIGGER key., Press the ‘retur’ softkey.

Press the ‘CABLE LENGTH’ softkey. Confirm that Om is selected (default setting)
and is displayed in the CABLE : field (fourth line from the bottom of the LCD). Press
the *retury’ softkey.

Compensating for Test Fixtures

21,

22.

23.

24,

26,

Press the ‘*COMPEN’ softkey.

With the fixture’s terminals open {nothing connected), press the ‘OPEN COMPEN’
softkey, and observe the display. The message "Open offset compen. completed”
will be displayed on the Message Line (the bottom line of the LCD), and the open
admittance data will be displayed on the Monitor Line (second line from the bottom).

Press the TRIGGER key and confirm that the measurement result is the same (or
almost the same) as the open admittance data.

Press the ‘OPEN ON’ softkey, then press the TRIGGER key. The measurement result
is compensated for, in accordance with the open admittance data, and is close to
zero in value. Press the NEXT key.

Connect a shorting bar to the test fixture as shown in Figure 2-4.

NOTE

The recommended shorting bar is described in the operation note for each test
fixture.



Figure 2-4. Shorting Bar Connection

26. Press the ‘SHORT COMPEN' softiey, and observe the display. The message "Short
ofiset compen, completed” will be displayed on the Message Line, and the short
compensation impedance data will be displayed on the Monitor Line.

27. Press the ‘SHORT ON’ and ‘return’ softkeys.

28. Remove the shorting bar and connect & ceramic capacitor as shown in Figure 2-5.

Figure 2-5. Ceramic Capacitor Connection
29. Press the TRIGGER key. The ceramic capacitor's capacitance and conductance
measurement results will be displayed.

30. To continue with the next practice exercise, leave the 4278As control seitings as
they are now, and proceed.



2-3-2. STANDARDS COMPENSATION

To compensate the 4278A tor performing measurements against a working standard, con-
firm that softkey label page 2/4 is displayed in the lower right-hand corner of the LCD, and
perform the following procedure.

Assuming that you used the capacitor mentioned at the beginning of the previous pro-
cedure, your measurement result should be approximately 4.7nF. Let's further assume that
you measured this capacitor as 4.8nF using another capacitance meter, and that this reading
is your working standard. The 4278A allows you to perform standards compensation to
match the 4278A's reading to that of your working standard. Perform the following pro-
cedure without changing the measurement seltings established in the previous procedure.

NOTE
When standards compensation is performed, 4278A capacitance measurement
results are referenced to the working standard, so 4278A measurement accuracy
is not applicable.
1. Press the ‘COMPEN’ softkey, then press the PREV key twice.

2. Press the ‘STD PARMTR’ and 'C-G’ softkeys. Press the ‘return’ softkey.

NOTE

In this example, assume that the working standard’s Cp-G measurement values
are 4.8nF and OusS.

3. Press the ‘STD ENTRY’ softkey. Press the ‘C=' softkey and press the 4.8 numeric
keys, Press the ‘nP softkey, then the ENTER key to enter the reference capacitance.

4. Press the ‘G=" softkey and enter the conductance reference value (OUS) as in step 3
above. Press the ‘retura’ softkey.

5. Press the PREV key and ‘STD COMPEN’ softkey, and observe the display. The
message "Sid. compensalion completed” will be displaved on the Message Line and
the working standard's measurement result will be displayed on the Monitor Line.

6. Press the ‘STD ON’ softkey and the TRIGGER key. The measurement result wili be
very close {¢ 4.8nF.

7. To continue with the next practice exercise, leave the 4278A’s control settings as
they are now, and proceed.
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2-3-3. USING THE COMPARATOR FUNCTION

The following procedure will give you practice using the 4278A’s comparator function. Per-
form this procedure without changing the measurement settings established in the previous
procedure.

10.

11.

. Press the MENU key to reset the softkey labels to the initial page.

Press the NEXT key twice.

. Press the ‘COMPARATOR’® and ‘LIMIT TABLE’ softkeys to display the limit table.

Press the ‘CLEAR LIMIT softkey and the ENTER key to inifialize the limit table.

. Press the ‘CHANGE PARMTR’ softkey. Press the ‘Cp-G’ softkey, then press the

‘returny’ softkey.

Observe the upper-left corner of the display and press the ‘REVERS PARMTR® sofl-
key. Note that each time you press the ‘REVERS PARMTR’ softkey, the primary and
secondary parameters switch positions. Reset the displayed parameters to Cp-G.

Press the ‘LIMIT MODE’ softkey. This aliows you to select from three sorting meth-
ods. For this example, leave the sorting method set to % TOL., as it is now. Basical.
ly, the % TOL methcd sorts capacitors into plus and minus percentages from a
NOMINAL vaiue that must be input by you. Refer to Section 3 for details. Press the
‘refurny’ softkey.,

Confirm that the cursor is in the Nom : field (top LCD line). Enter the NOMINAL
capacitance value (in this case, 4.8nF) using the numeric ENTRY keys, the ‘nF’ soft.
key, and the ENTER key.

The cursor automatically moves to the BIN 1 row of the limit table. Press the 1 key,
then press the ENTER key. The LOW and the HIGH limits of BIN 1 will bs set o -1%
and +1%, respectively, and the cursor moves to the BIN 2 row.

Set BIN 2 10 £2%, BIN 3 1o #5%, BIN 4 to *10%, BIN 5 t0 £20%, and BIN 6 {o
*50% in the same manner.

Confirm that the limit table is as shown in Figure 2.8, then press the ‘exit LIMIT
softkey.
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Cp~G Nom : 4 .8nF

BIN LOW HIGH COUNT CLEAR
1 -1% + 1% 0 LIMIT
2 -2% + 2% 0 o
3 - 5% + 5% 0 CHANGE
4 -10% +10% 0 PARMTR
5 -2 0% +20% 0 —
B - B 0% +50% 0 REVERS
7 0 PARMTR
8 0 e
9 0 LIMIT
Znd MODE

Re] cnt OoUT: 0

G REF=0g8 exit

C m: 4.70000nF G m: 0.20000a85  LIMIT

173

Figure 2-6. Limit Table Display

NOTE
Disregard any information displayed on the Input, Monitor, and Message Lines
{bottom three LCD lines) when confirming the Limit Table.
12. Press the ‘COMPTR ON’ softkey. The COMPTR : field (fifth line from the top of the

LCD} will display that the comparator is set fo on. Press the ‘return’ softkey.

18. To continue with the next practice exercise, leave the 4278A's control settings as
they are now, and procesd.
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2-3-4. SELECTING DISPLAY FORMATS

You can select from four 4278A display formats. To observe the available display formats,
confirm that softkey page 3/4 is displayed in the lower-right hand corner of the L.CD, and
perform the following procedure.

10.
i1.

12.

13.

14.

. Press the ‘DISPLY PAGE’ softkey, and the fouwr available format selections will be

displayed.

Press the ‘SORT PAGE’ softkey. This format displays bin sorting results.

. Press the TRIGGER key and observe the display. The bin number selected and the

capacitance and conductance measurement values for the capacitance measure-
ment you just performed will be displayed.

Press the ‘LIMIT PAGE’ softkay, and the Limit Table wili be displayed. From this
format, you can establish comparator limits, as explained in paragraph 2-3-3 (the
preceding procedure).

Press the ‘retwrr’, ‘*COMPARATOR?, and *COUNT’ sofikeys.

. Press the ‘COUNT ON’ softkey. Qbserve the COUNT column (right-most column) of

the Limit Table, and perform a measurement by pressing the TRIGGER key. The
count number for the bin a capacitor is sorted to, depending on measurement re-
sults, will increase by one for each measurement performed. This allows you to
keep track of how many capacitors are sorted o each bin.

Press the ‘RESET COUNT softkey. Note that all bin counts are reset to zero.

Press the ‘return’ softkey twice, then press the ‘DISPLAY PAGE’ softkey.

Press the ‘STATUS PAGE’ softkey and observe the display. This page disptays the
present compensation data status.

Press the *MEAS PAGE’ and ‘“return’ softkeys.

Press the ‘DISPLY CONTRL’ softkey.

Press the “No. of DIGIT’ softkey. This page allows you to select the number of dis-
play digits, and, therefore, displayed measurement resofution. Press the TRIGGER
key and note that measurement results are displayed to six digits. You can control
the number of displayed digits by pressing the corresponding softkey.

Press the ‘6 DIGITS’ and ‘retunn’ softkeys.

Press the 'DISPLY VALUE’ softkey. Because MEAS VALUE is selected {default set-
ting), capacitance measurement values are displayed as Cp.
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15.

16,

17.

18.
19,
21.

20.

Press the ‘TOL VALUE’ softkey. Observe the display and press the TRIGGER key.
The difference (in percent) between the measurement value and the NOMINAL vajue
established on the Limit Table is displayed as Cp.

Press the ‘MEAS VALUE’ softkey, and press the ‘return’ softkey twice.

Press the *VALUE MONITR’ softkey. The marker ( ® ), displayed at the ‘STD softkey
label, indicates the 4278A's monitor function is operating. This monitor function
automatically turns on whenever a compensatlion data measurement is performed.
in this example, the last compensation measurement was the working standard’s
measurement, so the STD monitor is on, and the working standard’'s measurement
resulis are displayed on the Monitor Line,

Press the *“MONITR OFF softkey to clear the Monitor Line.

Press the CLEAR key to clear the input and Message Lines.

Press the ‘return’ softikkey and the NEXT key.

To continue with the nexi practice exercise, leave the 4278A’s control settings as
they are now, and proceed.

2-3-5, STORING AND AUTO LOADING CONTROL SETTINGS

Te store control settings on a memaory card and to show the 4278A's auto loading feature,
perform the following procedure. Confirm that softkey label page 4/4 is dispiayed in the
lower right-hand corner of the LCD.

ark

. Insert a memory card into the MEMORY card slot until the card locks in place.

Press the ‘MEMORY CARD’ sofikey, the ‘STORE’ softkey, and the ENTER key.

The present conirol settings will be stored in the memory card and the message
"Storing completed” will be displayed on the Message Line.

Press the ‘return’ softkey, then press the ‘KEY LOCK’ softkey,

Press the ‘LOCK’ softkey. Confirm that all the front panel keys are disabled, except
for the ‘UNLOCK’ softkey.

Press the ‘UNLOCK’ softkey.
Turn the 4278A off.
With the memory card inseried, turn the 4278A on. Observe the display and note

that the message "Autc load completed” is momentarily displayed on the Message
Line. The control settings you siored in the memory card are now established.
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SECTION 3

FUNCTIONS AND FEATURES

3-1. INTRODUCTION

This section provides information about the functions and fealures of the HP 4278A 1kHz/
1MHMz Capacitance Meter. Read Section 2 belfore reading this section. Information unique
to the Option Interfaces is described in Section 4.

3-2. MEASUREMENT FUNCTIONS

The HP 4278A's measurement functions are classified by frequency into 1kMHz, 1MHz nor.
mal, ang 1MHz high accuracy measurement modes,

3-2-1. 1kHz MEASUREMENTS

The 4278A's 1kHz measurement function has seven measurement ranges -~ 100pF, 1nF,
10nF, 100nF, 14F, 10uF, and 100uF. Table 3-1 lists the maximum measurement values for
each of the measurement parameters. Table 3-1 also includes information on the data dis-

play format (position of the decimal point and unit). Maximum D and Q values are 9.99999
and 99999.9, respectively, and the display format for D and Q is fixed for all ranges.

Table 3-1. 1kHz Measurement Ranges

Range Cp/Cs G Rs (ESR)
100pF 200.000pF 0.62831u8 9.99999MQ
inF 2.00000nF 06.2831uS8 999,999k
10nF 20.0000nF 062.831uS 99.9999k(:
100nF 200.000nF 0.62831mS 9.99999K0
TUF 2.00000uF 06.2831m8 999.9990
1OuF 20.0000uF 062.831mS 99.99990
100uF 200.000uf 0.628318 9.999900

Leading zeros preceding the one's digit are place holders and will not be dis.
played. Measurement results which are greater than the values listed in the pre-

ceding table may be displayed.

When the number of display digits is set to less than six digits (4 or 5) the remain-

ing digits will not be displayed.
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3-2-2, 1MHz NORMAL MEASUBEMENTS

 The 4278A’s 1MHz normal measurement function has eleven measurement ranges -- 1pF,
2pF, 4pF, 8pF, 16pF, 32pF, 64pF, 128pF, 256pF, 512pF, and 1024pF. Table 3-2 lists the
maximum measurement values for each of the measurement parameters. The maximum
values for D and @ are 9.99909 and 99999.9, respectively, and the display format of D and Q
is fixed for all ranges.

Table 3-2. 1MHz Normal Measurement Ranges

Range ‘Cp/Cs G Hs (ESRA)
1pF 1.250000F 6.28319uS 998.999Kk0
2pF 2.50000pF 12.5664US 998.999kN
4pF 5.00000pF 25.1327US 99.8999k0
8pF 10.0000pF 50.2655u5 899 5993k
16pF 20.0000pF 100.531u8 99.2999k0

32pF 40.0000pF 201.062u8 9.99992k0
B84pF 80.0000pF 4021248 5.99099k0
128pF 160.000pF £.80425msS 0.99999k0

256pF 320.000pF 1.60850mS 999.9990

512pF 640.000pF 3.21699mSs 9999990

1024pF 1.28000nF 6.43398mS 998.9980

NOTE

Leading zeros preceding the one’s digit are place hoiders and will not be dis-
played. Measurement results which are greater than the values listed in the pre-
ceding table may be displayed.

When the number of display digits is set {o less than six digits (4 or 5) the remain-
ing digits will not be displayed,

The maximum length of test leads which can be used for 1MHz measurements is
2.5m. -

3-2-3, 1MHz HIGH ACCURACY MEASUREMENTS

The 4278A’s measurement range in the 1MHMz High Accuracy measurement mode is deter-
mined differently than it is for the other measurement modes. You can set the measure-
ment range, up to 2048pF, from the front panel, and can measure capacitance within the
measurement range you set, £30%. The measurement range is determined by the sum of
the capacitance value you enter and the open capacitance.

For example, if the open capacitance is 0.3pF and you enter 47pF as the range value, the
measurement range will be set to 47.3pF and you will be able to measure capacitance from
32.81pF to 61.19pF,

(100% - 30%) x 47.3pF - 0.3pF = 32.81pF
{100% + 30%) x 47.3pF - 0.3pF = 61.19pF



NOTE
Open capacitance is regarded as OpF if the Open Compensation function is set to
OFF when you enter the range value. Refer to paragraph 3-12-1 for details on
Open Compensation.
If the sum of the entered capacitance and open capacilance is < 2pF, the 4278A
measures capacitance at the range value, *C.6pF.
Maximum D and Q valugs are 0.050000 and 98989.¢, respectively, and the data format for D
and Q is fixed for all ranges.
Maximum conductance G, can be derived by using the following eguation.
Gmax = 0.05 X 2n x 1MHz x (Cp of the capacitor under tast)
Maximum Rs {ESR) value can be derived by using the following equation.

Rmax = 0.05/{21 x 1MHz x (Cs of the capacitor under test))

Table 3-3 shows the relationship between the range value and the data format {decimat point

positioning and uniis).

Table 3-3. 1MHz High Accuracy Measurement Display Ranges

Range Value Cp/Cs G Rs (ESR)
0.00pF to 2.00pF D.DDDDDRpF D.DDCDDUS DDD.LOEKD
2.01pF to 4.00pF D.DDDDDPF D.DDCDDUS DD.DDDDKO
401pF  to  16.00pF DD.DDDDpF D.DDDDDUS DD.DDDDKO
16.01pF o 64.00pF DDR.DDDDPF DD.DDDDUS D.DDDDDKO
64.01pF to 128.0pF DDD.DDDpF DD.ODDDUS D.0DDDDKN
128.1pF to  512.0pF DDD.DDDpF DoD.DDDUS DDD.DDDNO
512,1pF to  1024pF D.DDDDDNF ODD.DDDUS DDD.DDDO
1024pF to  2048pF D.DDDDDNF D.DDDDDMS DRD.DDEN

"D" in the table indicates one decimal digit.

NOTE

The maximum length of test leads which can be used for 1MHz measurements is

2.5m.
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3-3. MEASUREMENT PARAMETERS
The 4278A's measurement parameters and their relationships are described in the following
paragraph,
3-3-1. PARAMETERS
The 4278A measures parallel capacitance Cp or series capacitance €s, and one of the fol-
lowing parameters: Dissipation Factor D, Quality Factor Q, Conductance @ in parallel with
Cp, and Equivalent Series Resistance Rs in series with Cs. The measurement parameter
combinations which can be selected are Cp-D, Cp-Q, Cp-G, Cs-D, €s-Q, and Cs-Rs.

NOTE

The 4278A displays equivalent series resistance as Rs.

3-3-2. PARAMETER RELATIONSHIPS

D and Q@ are not dependent on the equivalent circuit model, so D in Cp-D and Cs-D are
equal, and @ in Cp-Q and Cs-Q are equal. The following equations show the relationship
between Cp and Cs, and between G and Rs. Cp and Cs are equal for the ideal capacitor,
where D=0. Cs will be greater than Cp if D is greater than 1. Figure 3-1 shows the relation-
ships among measurement parameters.

Cs =(D? + 1)Cp

1/ESR = ((1/D?) + 1)G

Cp
Cs ESR
G
Y=0G+jwCp Z =ESR + j(1/{wCs)}
b = G/{(wCp) D = ESRwWCs
Q=1/D Q=1/D
YZ=1

Figure 3-1. MeasLirement Parameter Relationships



3-4. TEST SIGNAL

A 1kHz and 1MHz sine wave signal is used as the 4278A’s test signal. The test signal volt-
age can be set from 0.1V¥rms to 1.0Vrms in 0.1V steps.

Test signal output impedance is very low, so the 4278A applies a constant test signal voltage
o the capacitor under test., This holds true for all measurement ranges except the 100UF
range at 1kHz: The low impedance of capacitors with values greater than 20uF tends to
degrade the test signal voltage.

3-5. MEASUREMENT TIME

The measurement time starls from the moment the measurement is triggered until the
42784 is ready to start the next measurement. The 4278A’'s measurement time s deter-
mined by INTEG TIME (A-D conversion time) setting, the AVG RATE (number of averaging)
setiing, the DELAY TIME (time delay between the trigger and the start of the measurement)
setting, and the DISPLY PAGE (display format) selection. Figure 3-2 shows measurement
times.

3-5-1, INTEGRATION TIME

When a capacitor is connected and the 4278A is triggered, the 4278A’s analog measurement
circuit generates a voltage proportional to the measurement results. integration time (INTEG
TIME) is the time required to convert the analog output voltage of the measurement circuit
into a digital value. Generally, greater conversion times result in more stable measurements
and more accurate measurement resulis. SHORT, MEDIUM, or LONG integration times can
be selected.

3-5-2. AVERBAGING

The 4278A’s averaging function arithmetically averages the resulis of two or more A-D con-
versions. The number of conversions averaged can be set to 1, 2, 4, 8, 16, 32, 64, 128, or
256,

3-5-3. DELAY TIME

The 4278A’s delay time function allows you to set a trigger delay so the 4278A will delay the
start of the measurement when a trigger is received. The trigger delay time can be set from

Oms to 1000ms in ims steps. This function is useful if a component handler triggers the
4278A before stable contact is made with the test capacitor,
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When averaging is set to 1

TRIGGER
.
DELAY Settiing INTEG Data Display
TIME Time TIME Processing Time
When averaging is set to more than 2:
TRIGGER
£ (;
DELAY Settling INTEG Walt INTEG Data Display
TIME - Time TIME Time TIME Processing Time

DELAY TIME: Settable from Oms to 1000ms in 1ms steps

Settling Time: approx. 1ms

Wait Time:; approx. 4ms

INTEG TIME Data Processing Time
SHORT 1.7ms approx. 4mg
MED 5.4ms approx. 4ms
LONG 13.6ms approx. 8ms
Disptay Page Format Display Time

STATUS

MEAS PAGE
LIMIT PAGE
SORT PAGE

PAGE

approx. 5.0ms

approx. 2.0ms

approx. 2.4ms
0

Figure 3-2. Measurement Times

NOTE

The 427BA does not require additional recovery time if a measurement is per-
formed on a shorted or an open capacitor. The analog measurement circuits will
recover within the alotted settiing time, ensuring measurement accuracy on suc-

ceeding measurements,

To obtain the highest measurement speed, set the dispiay format to the STATUS

PAGE format,
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3-6. DISPLAY

The foliowing paragraphs define the display fields and describe the display formats and data '
displayed on the LCD.

3-5-1. DISPLAY FIELD DEFINITIONS
The 4278A has a 40 character by 16 line LCD display.

The last six character spaces of each line are reserved for the softkey labels. This entire
area is referred to as the SOFTKEY field.

The jowest line of the softkey field displays the MORE field. This field indicates the number
of softkey pages available, and which softkey label page is presently displayed. For exam-
ple, if four levels of softkey label pages are available, and the first softkey Iahel page is dis-
played, 1/4 will be displayed, indicating page one of four pages. Pressing the PREV or
NEXT keys will display the previous or next set of softkey labels.

The row to the left of the softkey area is the MARKER field. A marker { » ) will be displayed
beside the selected softkey label.

The 4278A's setlings and measurement results are displayed on the rest of the display--33
characters wide, from the lefi-hand side of the LCD. The first five lines fram the fop is the
STATUS field. The fields for measurement frequency (FREQ : 1kHz or 1MHz), test signal
vpltage (OSC LVL :), setting of the 1MHz high accuracy maode (HI ACC : on or off), measure-
ment range (RANGE :), A-D conversion time settings (INTEG TIME : SHORT, MEDIUM or
LONG), number of measurements to be averaged (AVG 1), delay time (DELAY 3), and com-
parator setting (COMPTR : on or off) are displayed in the status area.

The next seven lines comprise the MEASUREMENT DATA field. Measurement results are
displayed in this field. The top and bottom of lines of the measurement data field are not
used.

The line immediately below the measurement data figld is also part of the STATUS field. The
trigger mode (TRIG : INT, MAN, or EXT) and cable length settings {(CABLE : Om, 1m, or 2m)
are displayed on this line.

The next line is the INPUT LINE (third line from the boltom of the LCD), and numeric data
input using the front panel keys will be displayed on this line.

The second line from the bottom of the LCD is the MONITOR LINE, and compensation data
will be displayed on this fine.

The bottom LCD line is the MESSAGE LINE, and comments and error messages will be
displaved here.

Figure 3-3 shows the display fields.
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Status Area

Softkey
Area

Measurement Data Area
. Mark

A——""T1 Area

Status Area

Input Line

Monitor Line
System Message Line 1 More
Area

Figure 3-3. Display Fields

3-6-2. MEASUREMENT PAGE FORMAT

On this page, measurement results are displayed in the measurement data field in large
characters, as shown in Figure 3-4, The time required 1o display each measurement result is
approximately 5ms. This format is useful when manually performing capacitor
measurements.

FREQ : IMHz INTEG : LONG
OS¢ LVL: 1.0V AVG T | PMEAS
HI ACC : off# DELAY : Oms PAGE
RANGE t AUTO —en
COMPTR: off LIMIT
PAGE
Cep: .98785 .F sort
PAGE
D : .01234 STATUS
_ PAGE
TRIG : INT CABLE : Om -
return

Figure 3-4. Measurement Page Format



3-6-3. SORTING PAGE FORMAT

On the SORTING page, comparison results (bin numbers) are displayed in the measurement
data field in large characters, and measurement results are displayed in normal characters,
as shown in Figure 3.5. The lime required fo display each measurement result is approxi-
mately 2.4ms. This format is useful when manually sorting capacitors to bins.

FREQ : 1MH=z INTEG : LONG
OSC LVL: 1.0V AVG : 1 MEAS
HI ACC : off DELAY : Oms PAGE
RANGE : AUTO _—
COMPTR: off LIMIT
PAGE
BIN 1 » SORT
Cp: 0.9876bnF D : 6.01234 B .
STATUS
FPAGE
TRIG : INT CABLE : Om return

Figure 3-5. Sorting Page Format



3-6-4. STATUS PAGE FORMAT

Open compensation admittance data, short compensation impedance data, working stan-
dard reference data, working standard actual measurement data for standards compensa-
tlon, and display offset data are diaplayed in the measurement data field of this page. This
format does not display the results of each measurement, so the time required to display
measurement results is saved. This format is useful when the 4278A is used in an automatic

capacltor test system.

OPEN Cp:0.01234pF G:90
SHORT Ls:0.01234xH R: 0
REF C:1000.00pF D:0
MEAS C:999.890pF D: 0O
OFS  A:OpF B:0

TRIG : INT CABLE

FREQ : 1MHz INTEG
OSC LVL: 1.0V AVG
HI ACC : off DELAY
RANGE : AUTO

COMPTR:

LONG

Oms

o f f

.00123,8
. 012340
L00308
.0041¢0

Om

MEAS
PAGE

LIMIT

FAGE
SORT
PAGE

»STATUS
PAGE

Teturan

Figure 3-6. Status Page Format
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3-5-5. LIMIT PAGE FORMAT

The Limit Table for the comparalor function is displayed on the LIMIT page, but measurs-

ment resuits will not be displayed. This format takes an additional 2ms {approximately) to
dispiay each measurement result if the comparalor and the comparator's counter function
are set to ON. This format is useful when the 4278A is combined with an automatic compo-
nent handler. '

Cp—-D Nom 1000pF
BIN LOwW HIGH COUNT MEAS
i - 194 + 1% o PAGE
b4 - 2% +29% ¢ e —
3 - 3% + 3% O PLIMIT
4 - 4 54 + 4 9% 0 PAGE
5 - 5% + 8§ % 0 e
5] - 6% + 6% 0 SORT
7 - 7% + 7% 0 PAGE
8 -8% + 8% 4] i
g -9% + 9% 0 STATUS
2nd 0 .0065 PAGE
Rej cont AUX : 0 OUT: 0 ———
return

Figure 3-7. Limit Page Format

3-6-6, DISPLAY DIGITS

Measurement results can be displayed with a maximum of six digiis of display resclution,
and values to £999999. Decimal point positioning (data format) is fixed, depending on the
measurement range. [f you do not require the last one or two display digits, you can set
display digit resolution to four or five digits.

3-8-7. DISPLAY VALUE SELECTION

When the comparator is set to off, the displayed measurement parameter is determined by
the measurement parameter setting.

When the comparalor is set to on, the displayed measurement parameter is determined by
the limit parameter sel in the comparator's Limit Table.

When the comparator is on, one of the tolerance limit modes is selecied, and the nominal
value for tolerance sorting is set in the limit table, the measurement value can be displayed
by the ratio of difference in percent. This selection is performed using the ‘MEAS VALUE’
and ‘TOL VALUE’ softkeys under the ‘DISPLY CONTROL’ soitkey.



3-6-8. NON-NUMERIC DISPLAY

The 4278A may display "UNBAL" Or "aensan “ in the place of the numeric measurement data,
When the impedance {or the admittance) of the capaciior excesds the range of the analog
measurement circuit's capability, "UNBAL" will be displayed. When the analog measurement
circuit can measure the capacitor, but the data format ({the number of display digits) is not
enough for the calculated result, "--mven " will be displayed and is called overfiow.

3-7. TREE STRUCTURE OF THE SOFTKEY LABELS
The 4278A's softkeys are nested to a maximum of four levels.

When you press a softkey which has lower levels of softkeys, the softkey labels automatical.
ly change to the next lower level. When you press the ‘return’ softkey, the softkey labels
change to the next higher level. When you press a softkey which doesn’t have lower levels
of softkeys, the function of the softkey will be seiecled or a function will be executed.

When two or more softkey pages are available, the order of the softkey page and the num-
ber of the same level softkey pages, divided by a slash (/) are displayed. By pressing the
PREV or NEXT key, the sotikey page and the softkey order number will be changed. When
you press the MENU Key, the softkey page is returned to the first softkey page.

NOTE

When editting the comparator function fimit table or when performing the self test,

the MENU key cannot be used. Press the ‘exit LIMIT or the ‘exit TEST® softkey
first.

The 4278A’s softkey tree is shown in Appendix B,
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3-8. DEFAULT SETTINGS AT POWER-ON

When the 4278A is turned on without a memory card inserted, the 4278A’s control setlings

are automatically set as listed in the following table. If a memory card is inserted, the
A278A's controis are set to the settings that were stored in the memory card using the auto-

load function.

Measurement Parameter
Test Signal Freguency
1MHz High Accuracy Mode
Measurement Range
Integration Time
Averaging Time

Trigger mode

Cable Length

Cpen Compensation
Short Compensation
Standard Compensation
Standard Parameter
Display Offset A

Display Offset B
Comparator

Limit Parameter

Limit Mode

Auxifiary Bin

Bin Count

Disptay Page Format
Number of Display Digit
Display Value

value Monitor
Keyboard Lockout

Cp-D

1kHz (1MHMz, if supplied with option 002)
OFF {Normab
AUTO

LONG

1

INT

Om

OFF

OFF

CFF

C-D

OFF

OFF

OFF

Cp-D

Percent Tolerance
OFF

OFF

Measurement Page
& Digils
Measurement Value (not devialion in percent)
OFF

UNLOCK

Settings with numeric data are as follows.

Test Signal Level 1.0Vrims
Measurement Range (1MHz High Accuracy) 256pF
Delay Time Ooms
Nominal Vaiue (Comparator Function) OuF
HP-IB Address 17°?

* The 4278A's HP-IB address is stored in internal nonvolatile memory. If you change
the address, the address you set will be retained. The 4278A's HP-IB address is set
to 17 when shipped from the factory, and it may be reset to 17 ¥ the 4278A is

repaired,



3-9. NONVOLATILE MEMORY

The 4278A uses two types of non-volalile memary: the internal EEPROM and the external
memory card,

3-9-1, INTERNAL MEMORY
The following data is stored in the 42784A's internal EEPROM.

Stray admittance data for OPEN compensation {Cp-G)
Residual impedance data for SHORT compensation (Ls-R)
_ Working standard reference data for STD compensation
Working standard actual measurement data for STD compensation
Offsel capacitance value for OFFSET A
OFFSET B parameter and value
HP-IB settings {Addressable/Talk only and Address)

NOTE

The contents of the EEPROM may change if the 4278A is repaired.

3-9-2. MEMORY CARD

The memory card is an EEPROM card that is approximately the size of a credit card. The
following single set of instrument setup data can be stored in a memory card. Memory card
data will be automatically recalled if the the memory card is inserted when the 4278A is
turned on, and when a memory card is inserted and the LOAD key on the front panel is
pressed.

Measurement Parameter (MEAS PARMTR)} selection
Test Bignal FREQuency selection

High ACCuracy Mode setting (ON or OFF)

Tast Signal Voltage {OSC LVL)

1kHz MEASurement RANGE Selection

1MHz MEASurement RANGE Selection

1MHz High Accuracy MEASurement RANGE Value
INTEGration TIME

Averaging Time (AVG RATE)

Trigger DELAY TIME

Trigger Mode

CABLE LENGTH Selection

OPEN COMPENsation {ON or OFF)

SHORT COMPENSsation (ON or OFF)
STanDard COMPENsation (ON or OFF)

Display OFFSET (ON or OFF)

All Comparator Settings (except for count data)
DISPLaY PAGE Format

Number of Display Digits

Dispiay Value (MEAS or TOL)

Value Monitor Selection

Memory Card ID Comment ?

' Refer to Paragraph 3-9-3.
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NOTE

If a power failure occurs, the 4278A will reset to the default setiings. it you require

control settings other than the default settings, store them in a memory card and

load them into the 4278A as required. Make a backup copy for memory cards

containing important data. Keep one as a master and one for normal use.
3-9-3. MEMORY CARD iD COMMENTS
You can store an 1D number on the memory card. When you press the ‘STORE’ softkey,
"COMMENT=" will be displayed on the Input Line. Enter an ID number using the numeric
keys, then press ENTER. The usable characters are zero to nine, the minus sign (-}, and the
period {}. ID numbers up to ten characiers can be stored in the memory card.
When the LOAD key is pressed with the card inserted, the |D number will be displayed on
the Message Line.
3-8-4, WRITE PROTECTION
The 4278A is equipped with a memory card write-protect switch, mounted internally. This
feature disables the 4278A’s STORE function, and is useful if you want to retain specific
4278A control settings for everyday use, e.g., on a production line where it is not necessary
to store any information on a memory card, thereby making it impossible to accidentally
erase or overwrite memory card data. The procedure for setting the write protection switch
to ON is as follows.

1. Turn the 4278A off and remove the power cable. Allow a few minutes for the internal
capacitors to discharge.

WARNING |
DANGEROUS VOLTAGE MAY BE PRESENT IN THE 4278A EVEN THOUGH THE
POWER SWITCH IS OFF. BE SURE TO WAIT A FEW MINUTES FOR THE INTER-
NAL CAPACITORS TO DISCHARGE.
2. Remove the two feet at the back of the top cover.
3. Fully loosen the screw that secures the top cover.
4. Pull the top cover towards the rear of the 4278A and lift up to remove.
5. Loosen the five screws that secure the top shield plate {larger one).

6. Slide the top shield plate forward then lift it off.

7. Remove the A7 board, Figure 3-8 shows the A7 board’s location.
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HP 4278A

LL:JJ [uwﬁ}' o

|
REBAR
FRONT
1
4 A7 Digital Control
Board with Black and
Viclet board extractors
o
| ° ]

Figure 3-8. A7 Digital Control Board L.ocation
CAUTION

Semiconductor components are instajled on the A7 board. When handiing the A7
board, be aware that etectro-static discharge may damage these components.
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8. Set A783-8 to the right-most position {ON) to disable the 4278A's STORE function {to
write-protect memory cards). Set A753-6 to the left-most position (OFF) to enable
storing. Refer to Figure 3-9. ‘

NOTE

Do not change any of the other switch settings on the A7 board.

Write Encbie ...

0D
Fd Dz
D
D+
aDs
(&Ds
D
CDs

mm

A7 Digital Control Boord

Component Side

o _ATS3
7

—»Write Protect

Figure 3-8. Write Protect Switch
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3-10. COMPARATOR

The 4278A's built-in comparator can sort capacitors into a maximum of ten bins (Bin 1 to
Bin 8 and one Out of Bins bin} using a maximum of nine pairs of primary parameter limits
and one pair of secondary parameter limits. Also, capacitors whose primary parameter
measurement result is within fimits, but whose secondary parameter measurement result not
within limits, can be sorted into an AUXiliary BIN. The comparator function is especially
useful when using the 4278A with a component handler (bandler interface option is
installed).

3-10-1. LIMIT PARAMETERS

Limit parameters are pairs of measurement parameters for bin sorting comparisons, Limit
parameters are estabilshed on the limit table and are independent from the sst MEASure-
ment PARHaMeTeR. The first limit parameter is the Primary Parameter, for which a maximum
of nine pairs of comparison limits can be sel. The last fimit parameter is the Secondary
Parameter, for which one pair of comparison limits can be set. Usually, Cp or Cs is set as
the Primary Parameter, and either D, Q, G, or ESR is set as the secondary parameter. When
the ‘REVRES PARMTR’ softkey is pressed, the primary and secondary parameters switch
positions. Figure 3-10 shows the fimit parameters.

Primary Secondary Primary Secondary
Parameter Parameler Parameter Parameter

O
A
(OIS B
O O U

o

k=

<Heverse Parameter>

- > 0
Cs \ N | Q>CS
Rs Hs

Figure 3-10. Limit Parameters

3-10-2. LIMIT MODES
There are two methods for specifying primary parameter limits, as follows.

Tolerance Mode: Speclfies comparison limits by the deviation from the specified
nominal value.

Sequential Mode: Specifies comparison limits as the absolute measurement value.
The limits must be set from smallest value to largest value,
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There are two methods used to specify the Tolerance Mode limits, the ratio in percent and
by parameter value. Refer to Figure 3-11,

Sequential Mode Tolerance Mode

Nominal Vzlue

0 L1 Hi H2 H3 0 L3 L2 LI H1  H2 H3
} 4 ; 4 } > + 4 4 et 4 —
i
BIN] e—g BINI iy
BINZ G BIN2 — é»————q
BIN3 ¢___.__? BIN3 0 ! o—e
; B -~ - P i G e
H
1

In: Lower limit of BINn
Hn: Higher limit of BINn

e : Includes the point o : Excludes the point

Figure 3-11. Limit Modes

NOTE

1. The limit values for Sequential Mode sorting must be placed in the order of the
fower fimits to the upper limits. If the reverse order is used, all of the compari-
son results will cause the components to be sorted OUT OF BINS, and no
error message will be dispiayed.

2. The limit values for Tolerance Mode sorting must be piaced in the order of the
narrower limits to the wider limits. If BIN 1 has the widest limits, all of the
capacitors will be sorted into bin 1.

3. In tolerance mode sorting, the lower limit doesn't have to be less than the
nominal value, and the upper limit doesn't have to be greater than the nominal
value. As you can see in the following illustration, there can be openings and
there can be duplications.

Nominal Value
0 LI HiI 12 L3 H?2 ; H3 L5 H5 Le L6 H6 H4

BINL &—d © | L 1
BIN2 :

BIN3
BIN4
BINS
BING

OUT OF BINS
€©—0 o0 Gy &b O3>

4
L)
i LI
i [
1 (I
bt
1 ‘

=

I
i
i ]
i i
! i
} 1
: i
; i
1 ]
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3-10-3. SECONDARY PARAMETER AND AUX BIN

How the secondary parameters affect the sorting results, and how the auxiliary bin works
are described in this paragraph.

When the secondary parameter limits are not specified in the limit table:

- Capacitors will be sorted according to primary parameter comparison resuits.

Secondary
Parameter
ouT CF BIN OuT OF
BINS Sorting BINS
>
Lower Highex Primary
Limit Limit Parameter

Figure 3-12. Primary Parameter Only

When the secondary parameter limits are set and AUX BIN are set to off:

Only capacitors within the secondary limits are sorted by the primary parameter result.
Capacitors not within the secondary parameter {imits are sorted OUT OF BINS even if the
capacitor's primary parameter is within limits.

Secondary ﬁ
Parameter
QUT OF BINS
Higher p-~--- ~ -
Limit QUT OF BIN OUT OF
BINS Sortlng BINS
Llower -7 —— -~ : i
N . H H
Limit OUT OF BINS
i i
i i o
N -
Lower Higher Primary
Limit Limit Parameter

Figure 3-13. With Secondary Parameter
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When the secondary parameter limits are set and the AUX BIN are set to on:

Capacitors whose primary parameter is not within limits are sorted as OUT OF BINS. Ca-
pacitors whose primary parameter is within limits, but whose secondary parameter is out of
limits are sorted inte the AUX BIN.

Secondary &
Parameter
AUX BIN
Higher [~~~ 77
Limit OUT OF BIN ouT QF
BINS Sorting BINS
Lower p~—-—---
Limit
AUX BIN
.
. e
Lower Higher Primary
Limit Limit Parameter

Figure 3-14. AUX BIN

3-10-4. BIiN COUNTER

The 4278A has bin counting capability, the number of capacitors sorted into each bin is
counied. The maximum count is 989999, and resets to zero when this value is exceeded.
When the ‘RESET COUNT® softkey is pressed, all counts will be reset to zero.

3-11. CABLE LENGTH SELECTION

The 4278A has three planes of calibration -- at the UNKNOWN terminal (Om), 1o the end of
the HP 16048A/B test ieads (1m), and to the end of the HP 16048D test leads (2m). Mea-
suremenl accuracy is specified at these three points. Select the cable length which cor-
responds to the length of cables you are using.

When you select Om, the four outer conduclors of the Hour, Heot, Lrot, and Leour leads must
be tied together at the UNKNOWN terminais. When you select 1m, the four outer conduc-
tors of the Hcur, Heor, Leot, and Leur leads must be tied together at the end of the 1m
leads. When you select 2m, the four outer conductors of the Hcur, Heor, Leot, and Lcour
leads must be lied together at the end of the 2m leads. In other words, the four-terminal
pair configuration must be terminated for the cable length selected. When an HP 18048A/8/
D test leads are used, use the furnished terminal piate at the end of the cable for easy
configuration.

NOTE

The maximum length of the test leads which can be used for IMHz measuremnts
is 2.5m.
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3-12. COMPENSATION

The 4278A has four compensation functions -- Open, Short, Standard, and Temperature.

3-12-1. OPEN COMPENSATION

The open compensation capability compensates for the stray admittance existing from the
calibration plane (depends on the CABLE LENGTH selection) to the connection contacts for
the capacitor. First, without connecting a capacitor, press the *OPEN COMPEN’ softkey to
measure the open admittance (capacitance and conductance), then press the ‘OPEN ON’
softkey to enable compensation calculations on subsegiient measurements. The open

admittance data is dependent on the frequency setting for the test signal. This data is stored
in nonvolatile memory.

3-12-2. SHORT COMPENSATION

The short compensation function compensates for the residual impedance existing from the
calibration plane {depends on the CABLE LENGTH selection) to the connection contacts for
the capacitor. First, short the capacitor contacls together, then press the ‘SHORT COMPEN?
softkey to make a short impedance (inductance and resistance) measurement, then press
the ‘SHORT ON’ softkey to enable the compensation caiculation. The short impedance data

is dependent on the frequency setting for the test signal. This data is stored in nonvolatile
memory,

3-12-3. STANDARD COMPENSATION

The standard compensation function is used to compensate for other errors by using the
transmission coefficient derived from the relationship between the working standard’s (pre-
measured) reference value and the actual (uncompensated} measurement value. First enter
the working standard’s (pre-measured) reference value. The reference value should be
premeasured value of the Cp-D or Cp-G parameter. To make this selection press the ‘STD
PARMTR’ softkey and either the ‘C-D’ softkey (for Cp-D parameter) or the ‘C-G’ softkey (for
the Cp-G parameter). Then connect the working standard as the DUT and press the ‘STD
COMPEN’ softkey. Then press the ‘STD ON’ softkey to execute the compensation calcula-
tion. The working standard’s reference data and its measurement data are dependent on
frequency setting of the test signal. These data are stored in nonvolatile memory.

3-12-4. TEMPERATURE COMPENSATION

The temperature compensation function is used to minimize the temperature induced mea-
surement error of the analog measurement circuit. When you press the ‘TEMP COMPEN’
softkey, the 4278A measures the key offset voltages in the measurement circuit and com.
pensates the measurement value on subsequent measurements. The compensalion data is
stored in volatile memory, so once you turn the 4278A off, the temperature compensation

data will be reset. Press the ‘TEMP COMPEN’ softkey when you are making accurate
measurements,

3-22



3-13. DISPLAY OFFSET

The 4278A also has a display value offset function that adds or subtracts a constant value
to/from the measurement result. Offsel A sublracts a pre-entered valus from the capaci.
tance measurement result. Offset B subtracts a pre-entered value from one of the following
pararmeters D, Q, G, and ESR (Rs). The pre-entered Offset B value is dependent on the
parameter. For example, assume that you have entered the offset B value when the Cp-D
parameter is selected and offset B is on. If the measurement parameter is changed {o a
parameter other than Cp-D or Cs-D, the offset B funciion is automatically turned off, be-
cause the second parameter () does not match.

3-14. VALUE MONITOR

The 4278A has a value monltar function which can be used to monltor open capacitance
and conductance for open cormpensation, short inductance, and resistance for short com.
pensalion, reference value (pre-measured) of a working standard, actual measurement vaiue

of a working standard, display offset values, and nominal value for tolerance mode sorting,
When a compensation measurement is made, the monitor will be automatically turned on.

3-15. TRIGGER MODE
The 4278A has three trigger modes -- INTernal, EXTernal, and MANual.

INT TRIG:

The 4278A continuously repeals measurements except during special operations, e.g., edit-
Ing the limit table.

MAN TRIG:

The 4278A performs a single measurement every time the TRIGGER key on the front panel
is pressed.

EXT TRIG:
The 4278A performs a single measurement every time a positive going TTL puise is applied
to the EXT TRIGGER connector on the rear panel. External triggering can be also be
achieved by momentarily swiiching the center conductor of the EXT TRIGGER connector to
chassis ground {(center conducior circult contains a pull-up resistor) . Figure 3-15 shows
the required TTL pulse.

NOTE

The 4278A ignores triggers that are applied while a measurement is in progress.
Trigger the 4278A after the measurement is compleled.

Select the EXT TRIG made when the 42784 is triggered via an optional interface,
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Viy

Tp ;

VIL = = e -\
input Voltage: 2.0V < Vi £ 5.0V
OV £ Vi < 0.5V
input Current; Max. 0.1mA (@ VI = 5.0V)
Max. -0.4mA {@ ViL = 0.4V)
Pulse Width; Tp = 100us

Figure 3-15. Exiernal Trigger Pulse

3-16. KEYBOARD LOCK-OUT

The 4278A has keyboard lock-out capability that disables all front panel operation except for
the power LINE switch, CONTRAST knob, and ‘UNLOCK’ softkey. This is useful when you
don’t want the control settings changed, for example, if the 4278A is performing bin sorting
for a large number of capacitors,

3-17. SERVICE FUNCTIONS

The 4278A has special service functions for checking operation, troubleshooting, and per-
forming cailbration. For detailed information on the service functions, refer to the 4278A’s
Maintenance Manual (PN 04278-90100).

3-24



SECTION 4

INTERFACE OPTIONS

4-1, INTRODUCTION

This section provides information on using interface Options 101, HP-IB interface, and 102,
Handler interface,

4-2. OPTION 101 HP-IB INTERFACE

4-2.1. HP-IB INTERFACE

You can use the HP 4278A's instailed option 101 can be controlled via the easy to use, high
performance HP-IB bus which links the 4278A to other instruments, desklop computers, and
rminicomputers to form an automated measurement system. HP-IB is Hewlett-Packard’s
implementation of IEEE Standard 488-1978, IEEE Standard 728-1982, Digital interface for
Programmable Instrumentation.

A4-2-2, HP-1B CONNECTION

With the HP-IB interface system, up to 15 HP-IB compatible instruments can be intercon-
nected {see Figure 4-1), The HP 10833 HP-IB cables have back to back male-female con-
nectors on each end so several cables can be connected to a single source without using
special adapters or switch boxes. System components and devices can be connected in
virtually any configuration as long as a path exists between each device and the controller.
if too many connectors are stocked together, their weight can produce sufficient leverage to
damage the connector mounting. Be sure that each connector is screwed firmly in place to
keep it from working loose during use. The HP 4278A uses all of the available HP-IB lines;
therefore, damage to any connector pin will adversely affect HP-IB operation. See Figure 4-
2.



HP—|B PIGGYBACK
CONNECTORS

Figure 4-1. Typical HP-IB System Interconnection

cauTiON

THE 4278A’S OPTION 101 CONTAINS METRIC THREADED HP-IB CABLE
MOUNTING STUDS. THE METRIC VERSION OF THE HP 10833A, B, C, OR D
HP-IB CABLE FASTENERS ARE DISTINGUISHED FROM THE ENGLISH VER.
510N BY COLOR. ENGLISH THREADED FASTENERS ARE SILVER; METRIC
THREADED FASTENERS BLACK. DO NOT ATTEMPT TO MATE SILVER AND
BLACK FASTENERS TO EACH OTHER. IF YOU DO, THE THREADS OF EITHER
OR BOTH WILL BE DAMAGED.
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LINE

Dia
D102
DI03
0104
0105
Digg
DiG?
DIoB
ECH

REN
DAV

NRFD
NDAC

IFC
SHQ
ATN

HP-IB Intercomnnect Cabies

} FPart Number Length
108334 1m 3.3 fi)
108338 2 m 66 f)
10833C 4 mi13.2 ft}

______ 10833D 0.5 m (1.6 f

SHIELD-CHASEIS GROUND
PO TWISTED PAIR WITHPING
PIO TWISTED PAIR WITH PIN 7

P/O TWISTED PAIR WITH PINS

THESE PINS
ARE

P/O TWISTED PAIR WITHPING ) ueipn
P/O TWISTED PAIR WITH PIN 10| GROUNDED
P/O TWISTED PAIR WITH PIN 11

ISOLATED DIGITAL GROUND

Figure 4-2. HP-IB Interfacing
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4-2-3. HP 427BA’S HP-IB CAPABILITY
Table 4-1 lists the 4278A’s |EEE Standard 488-1978, HP-IB capabilities and functions. These

functions provide the means for an instrument to receive, process, and to transmit, com-
mands, data, and status over the HP-1B bus.

Tabie 4-1. HP-IB Interface Capability

CODE FUNCTION

SH1 Complete Source Handshake capability

AH1 Complete Acceptor Handshake capability

T5 Basic Talker; serial poll; unaddressed if MLA; Talk-Only
L4 Basic Listener; unaddressed if MTA; no Listen Only
SR1 Complete Service Request capability

RL1 Complete Remote/Local capability

BCH1 Complete Device Clear capability

DT Complete Device Trigger capability

co No Controller capability

E1 Drivers are open-coliector




4-2-4, HP-IB DEFINITION

The HP-IB definition settings (addressable/taik only and HP-1B address number} are stored in
nonvolatile memory.

Addressable Mode:

The HP-1B address of the 4278A can be set from 0 to 30. The address set at the factory is
17. The procedure for setting the HP-1B address is as follows.

1. Press the MENU and the PREV keys.
2. Press the ‘HP-1B DEFINE’ and the ‘ADRSABLE’ softkeys.

3. Press the ‘HP«IB ADRS=’ softkey. "ADDRESS= (current address)” will be
displayed,

4, Enter the desired address using the front-panel numeric keys, and then press the
ENTER key.
NOTE

To see the current set HP-IB address, press the ‘HP-IB ADRS=' softkey and it will

be displayed on the input line.
Talk Only Mode:
The 4278A is set to the HP-IB talker mode, and outputs the measurement data 1o the bus.
When connected with a Listen-Only printer, an autoratic measurement data recording sys-

temn can be built without using an HP-IB controller. The output data is restricted to ASCII
characters. The output data format is shown beiow. Hefer to paragraph 4-2-7 for details.

DATA A DATAR BIN NO.

SN.NNNNNESNN . SN.NNNNNESNN . m M i

(N:Oto®, S +or-)

NOTE

BIN number data is vaiid only when the comparator function is set to on. When
the comparator function is set to off, the bin data is always zero.

In the talk-only mode, the 4278A doesn’t wait for the handshakes to be completad

betore starting next measurement. If the printer is slow and doesn’t print property,
use the trigger delay function to reduce the 4278A's measurement speed.
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4-2-5, HP-IB BUS COMMANDS

The 4278A will respond to the following bus commands. HP 200 series BASIC statements

are used in the description that follows.

1. ABORT /O (IFC):
ABORT /O halts all bus activity and causes the 4278A to become deselected.

ABORT 7

2. CLEAR LOCKOUT/SET LOCAL:
CLEAR LOCKOUT/SET LOCAL removes devices on the bus from the lockout
mode and returns them to local (front panel) control. The difference between this
and LOCAL is in the addressing method.

LOCAL 7

3. DEVICE CLEAR {SDC or DCL):
This command may be addressed (SDC: selected device clear) or unaddressed
(DCL.: clears all devices). The 4278A will initialize itself when this command is
received. It is good programming practice to begin  a program with  this
command.

CLEAR 7:clears all devices on port 7

CLEAR 717:clears the instrument addressed at 17

4. LOCAL (GTL):
LOCAL returns controt of a listening device to front panel control.

LOCAL 717

5. LOCAL LOCKOUT (LLO):
LOCAL LOCKOUT disabies the LOCAL key of ali devices on the bus. After this
command is sent you will be unabie to operale the 4278A from the front panel
Execute the LOCAL command to undo LOCAL LOCKOUT.

LOCAL LOCKOUT 7
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8. REMOTE:

This command is used to sel the 4278A to remote. When this command is sent

except for the LCL key the front panel will be disabled. If LOCAL LOCKOUT is
active then the front panel LCL key will aiso be disabled.

REMOTE 7: sets all devices on the port 7 to remote

REMOTE 717; sets the instrument addressed at 17 to remote.

7. SERIAL POLL:

This command places the status byte on the bus. The sight bits of the status
byte shows the 4278A's operating state. See paragraph 4-2-8 for more informa.
tion on the status byte.

Var=SPOLL{717}:  the instrument addressed at 17 is serially polled.

8. SERVICE BEQUEST:

The 4278A is capable of generating a SRQ (Service Request) control signal when
it requires the controlier to take action. A SRQ can be thought of as an interrupt
which informs the controlier that information is ready to be transmitted, and an
error condition exists in the instrument. When the 427BA issues an SRQO it also
sets Bit € of the slalus byte. Bit § is the RQS (Request Service) bit, sometimes
referred to as the "status bit" in connection with polling. When the 4278A is
serially poiled, it will clear the RQS bit and the SHQ line, which is one of the five
management control ines of the system interface. Any bit in the status byte can
initiate an SRQ. The siatus byte may be masked by the user to determine which
bits caused the 4278A to set the SRQ line. See paragraph 4-2-8 for more infor-
mation on the status byte.



8. TRIGGER{GET}):

Enables the 4278A to respond to a TRIGGER bus command. This command
may be sent to a selected device or to all devices addressed as listeners on the
HP-iB bus. The 4278A must be addressed fo listen before the trigger message is
sent. Refer to Bit 2 of the status byte in paragraph 4-2-8 for information on
proper friggering techniquses.

SEND 7; UNL MTA LISTEN 17

TRIGGER 7

UNL=UNLISTEN: unaddresses all listeners

MTA=MY TALK ADDRESS: seis the controiler to talk

LISTEN: sefs the instrument addressed as 17 to listen

NOTE
1. The 4278A does not have Parallel Poll capability.
2. See "BASIC interfacing Technigues for HP 200 Computers” for a fur-
ther description of HP-IB bus commands.
4-2-8, 4278A DEVICE DEPENDENT COMMANDS
Device dependent commands are used with Option 101 that are only used for the 4278A.
This section consists of three parts:
1. Command Index:
All commands in the command index are listed in alphabetical order.
2. Command Reference:
Each command is fully explained in the command reference.
3. Command Functional Order:

in the command functional order list, all commands are listed in their functional
order. This is convenient when you are writing a program.
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AQOFFO
AOQFF1
AlUXD
AUX1
AVE=

BIN2=
BIN3=
BIN4=
BIN5=
BING=
BIN7=
BINg=
BIN9=
BLIM=
BOFF0
BOFF1

CABLO
CABL1
CABL2
coou?
CLIM
CNO=
CNTD
CNT1
compPO
COoOMPH
COUN?
C38TD=

DATA?
DBIND
DBINT
DBIG4
DDIGS
DRIGE
DEND
DFMT1
DEMT2
DPAG1
DPAG2
DPAG3
DPAGA
DST
DSTD=
DTIM=

INDEX

-A-
OFFSET A OFF
OFFSET A ON
Auxiliary BIN OFF
Auxiliary BIN ON
Averaging Rate
-B-

LOW/HIGH Limit of BINT on the tolerance mode
LOW/HIGH Limit of BIN2 on the tolerance mode
LOW/HIGH Limit of BIN3 on the tolerance mode
LOW/HIGH Limit of BIN4 on the tolerance mode
LOW/HIGH Limit of BINS on the tolerance mode
LOW/HIGH Limit of BING on the tolerance mode
LOW/HIGH Limit of BIN7 on the tolerance mode
LOW/HIGH Limit of BIN8 on the tolerance mode
LOW/HIGH Limit of BINS on the tolerance mode
Boundary Limit on the sequential mode

OFFSET B OFF

OFFSET B ON e

Cable Length (Om)

Cable Length (1m)

Cable Length (2m)

BIN Count Query of the selected channel
Clear All Limits

Channel number selection

BIN Count OFF

BIN Count ON

Comparator OFF

Comparator ON

BIN Count Query

Reference data (C) of the working sid. capacitor

-D-

DATA CUTPUT query

Data Output (exclude the BIN number)
Bata Output (include the BIN number )
Dispiay Digit (4 digits)

Display Digit {5 digits)

Dispiay Digit (6 digits)

Pata Qutput Continuous End :

Data Transfer Format (ASCIH Mode)

Data Transfer Format (BINARY 64bit Mode)
Display Page (MEASUREMENT PAGE)
Display Page (LIMIT PAGE)

Display Page {SORT PAGE)

Display Page (STATUS PAGE)

Bata Qutput Continuous Start

Reterence data (D) of the working std. capacitor
Dejay Time
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4-14
4-14
4-14
4-14
4-15

415
4-15
4-15
4-15
4-15
4-15
4.15
4-15
4-15
4-18
4-16
4-16

4-17
4-17
4-17
4-18
4-19
4-19
4-20
4-20
4-20
4.20
4-21
4.22

4.22
4-23
4-23
4-24
4-24
4-24
4-24
4.25
4-25
4-27
4-27
4-27
4-27
4-28
4-28
4-29



DVAL1
DVAL2

ERR?

FREQH
FREG?

GSTD=

HIACO
HIACH

T
ITIM2
ITIM3

LMOD1
LMOD2
LMOD3
LOAD
LPAR1
LPAR2
LPAR2
LPAR4
LPARS
LPARS

MCOMO
MCOM1
MPAR1
MPAR2
MPAR3
MPAR4
MPARS
MPARS

Dispiay Value {(Measurement Valug)
Display Value {Tolerance Value)

-E-
Error Message Query
-F-

Measuremen! Frequency (1kHz)
Measurement Freguency {1MHz)

G-

Reference data (G) of the working std. capacitor

-H-

High Accuracy Mode OFF at 1MHz
High Accuracy Mode ON at 1MHz

-1
integration Time (SHORT)

Integration Time (MEDIUM)
Integration Time {(LONG)

Limit Mode (% Tolerance Mode)

Limit Mode (Absoluie Tolerance Mode)

Limit Mode (Sequential Mode)
Load from the memory card
Limit Parameter (Cp-D)

Limit Parameter {Cp-Q)

Limit Parameter (Cp-G)

Limit Parameter (Cs-D)

Limit Parameter (Cs-Q)

Limit Parameter {Cs-Rs)

M-

MULTI-COMPEN mode OFF
MULTI-COMPEN mode ON
Measurement Parameter {Cp-D)
Measurement Parameter {Cp-Q)
Measurement Parameter {Cp-G)
Measurement Parameler (Cs-D)
Measurement Parameter (Cs-Q)
Measurement Parameter (Cs-Rs)
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A-29
4.29

4-30

4-30
4.30

4-31

4-31
4-31

4-32
4-32
4-32

4-32
4-32
4-32
4-33
4-33
4-33
4-33
4-33
4-33
4-33

4-34
4-34
4-34
4-34
4-34
4-34
4-34
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NOM-=

OFFA=
OFFB=
OPENO
OPEN1
oPM?
08C=

RAO
RA1
RA2
RA3
RA4
RAS
RAG
RA7
AB0
RE1
RB2
RB3
RB4
RB5
RBB
RB7
RBS
RB9
RB10
RB11
RC=
BCNT
REVPD
REVP1

SHM?
SHORO
SHOR1
SLIM=
SPAR1
SPAR2
STDO
57D
STM?
STOR
STR?

-N-
Nominal Vaiue on the iolerance mode
-

OFFSET A Data

OFFSET B Data

OPEN Compensation OFF

QOFEN Compensation ON

OPEN Compensation Measured Value Query
OSC LEVEL (V)

AUTO RANGE at 1kHz
100pF at 1kHz

inF at fkHz

10nF at tkHz

100nF at 1kHz

TUF at tkHz

10UF at tkHz

100uF at tkHz

AUTC RANGE at 1MHz
1pF at 1MHz

2pF at 1MHz

4pF at 1MHz

8pF at 1MHz

16pF at 1MHz

32pF at 1MHz

B4pF at 1MHz

128pF at 1MHz

256pF at 1MHz

512pF at iMHz

1024pF al 1MHz
Range Value al 1MHz High Accuracy Mode
Count Reset

Reverse Parameter OFF
Reverse FParameter ON

-S.

SHORT Compensation Measured Value Query

SHORT Calibration OFF

SHORT Catibration ON

LOW/HIGH Limit of Secondary Parameter
Standard Parameter (C-D)

Standard Parameter (C-G)

STANDARD Compensation OFF
STANDARD Compensation ON

STANDARD Compensation Measured Value Query
Store the 4278A's controls to the memory card
STANDARD Compensation Reference Value Query
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4-35
4-36
4.-36
4.36
4-37
4-37

4-38
4-38
4-38
4-38
4-38
4-38
4-38
4-38
4-39
4-39
4-39
4-39
4-39
4-39
4-39
4-39
4-39
4-39
4-39
4-39
A4-40
4-40
4-41
4-41

4-41
442
4-42
4.42
4-43
443
4-43
4-43
4-44
4-44
4.45



TRIG1
TRIG2
TRIG3

VMONO
VMON1
VMON2
VMON3
YMON4
VMONS
VMGNG

Xorp
XSH
XSTD
XTNP

*CLS
*ON?
*LAN?
*OPT?
*RST
*SRE
*SRE?
*STB?
*TRG

Trigger Mode {Internai)

Trigger Mode (External)

Trigger Mode (Manual)
-U-
V-

Value Monitor OFF

Value Monitor (OPEN Measurement Vatue)
Value Monitor (SHORT Measurement Value)
Value Monitor (STANDARD Measurement Value)
Value Monitor (STANDARD Reference Value)

Value Monitor (OFFSET Reference Value)
Value Monitor (Limit Nominal Value)

“W-
-X-

Measure OPEN Compensation data
Measure SHORT Compensation data
Measure STANDARD Compensation data
Execute Temperature Compensation

Y-
.Z-
~-QTHERS-

Clear Status Byle

Identification Query

Learn Device Setup Query

Option fdentification Query

Heset the instrument

Mask the siatus byte

"SRE resister {masking number) Query
Read the status resister

Trigger command
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4-46
4-48
4-48%
4-46
4-46
4-48
4-46

4.47
4-47
4-47
4-47

4-48
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4-48
4-50
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COMMAND REFERENCE

All commands listed in this reference are fully explained and listed in alphabetical order. The
explanation of each command is patterned as foliows:

Command Name

Softkey Name carresponding to the command

Command Description

Syntax

Control Setting

Example {BASIC language for HP 8000 series 200)

AR e

To use sach command effectively, refer to this command reference.

4-13



AOFF SOFTKEY LABEL: OFFSET A ON/OFF (in *COMPEN’)

The AOFF command makes the offset A data valid or invalicl.

C AOFF )——> control ——{

PARAMETER:

SYNTAX:

The control parameter choices are:

Contral Description
Parameter
0 Make offset A data invalid.
1 Make oifset A data valid.

The default setting is AOFFO.
FOR EXAMPLE:

OUTPUT 717;"AOFF1"t Make offset A data valig

AUX SOFTKEY LABEL: AUX BN ON/OFF (in ‘COMPARATOR’)

The AUX command makes AUX_BIN valid or invalid.

C AUX )—» control -

PARAMETER:

SYNTAX:

The conirol parameter choices are:

Conirol Description
Parameter

Make AUX_BIN invalid.
1 Make AUX_BIN valid.

The default selting is AUX0.

FOR EXAMPLE:

QUTPUT 717;"AUX1"t  Make AUX_BIN valid
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AVE= SOFTKEY LABEL: AVG RATE <UP/DOWN> (in ‘MEAS TIME’)
The AVE= command sets the averaging rate.

SYNTAX:

( AVE= )—M:alue !

VALUE:
You can use one of the following nine averaging rates.
1,2, 4,8, 186, 32, 64, 128, and 256
The default setting is AVE=1,

EXAMPLE:

OUTPUT 717,"AVE=4" | Set the averaging rate to 4.

BiNn= SOFTKEY LABEL: NOT ASSIGNED

The BINn= command sets the low/high limit of BINn{n: 1~9) in the
tolerance mode,

SYNTAX:
( BIN H BiN NO. H = )--)] low limit value o
VALVE:

Both the low limit and high limit must be set. This command cannot
use either a unit {for example: F), or a sutfix (for example: p (pico) with
the limit value.

IMPORTANT POINTS:
Unit is % when the limit mode to % TOL MODE.

EXANPLE:

1} In the absolute {olerance mode:

QUTPRUT 717;"BIN1 =10E-12,12E-12"
! Set the BINT limit to 10pF-~12pF.

2) In % tolerance mode;

OUTPUT 717,"BIN2=-10,10"
I Set the BIN2 limit to -10%~10%.
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BLIM= SOFTKEY LABEL: NOT ASSIGNED

The BLIM= command sets the limit values in the sequential mode.

SYNTAX:
()
Ay
G
VALUE:

You can not use units (for example: F), or suffixs {for example: p
{pico)), with the limit value.

EXAMPLE:
QUTPUT 717;"BLIM=10E-12,12E-12,14E-12"
! Set the limit values of BIN1 to 10pF~12pF and
! set the limit values of BIN2 to 12pF-14pF.
BOFF SOFTKEY LABEL: OFFSET B ON/QFF (in ‘OFFSET")

The BOFF command makes OFFSET B data valid or invalid.

( BOFF )——» gontrol ——s3|

PARAMETER:

SYNTAX:

The contro! parameter choices are;

Control Description
Parameter
0 Make offset B datla invalid.
1 Make offset B data valid.

The default setting is BOFFO,
FOR EXAMPLE:

QUTPUT 717,"BOFF 1"l Makes offset B data valid.
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CABL SOFTKEY LABEL: Om/1m/2m (in "CABLE LENGTH’)

The CABL command sets the cable tength.

CABL control ——-3|

PARAMETER:

SYNTAX:

The control parameter choices are:

Control Description
Parameter
0 Set the cable length to Om.
1 Set the cabile length to 1m,
2 Set the cabile length 10 2m.

The default setting is CABLO.
EXAMPLE:

CUTPUT 717,"CABL1"! Set the cable length to 1m.
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cCcou? SOFTKEY LABEL: NOT ASSIGNED

CCOU? returns the BIN counts of the selected channel. This com-

mand can only be used when the option 301 scanner interface is
instatied.

SYNTAX:

COUNT OUTPUTS

!

ccou?

—

ASCH FORMAT ONLY X

L
i

bin counts {N: 0 to 9)

The bin counts are output in the following order:

1.

BINT 4. BIN4 7. BIN7 10, OUT_OF BINS

2. BIN2 5 BIN5S 8 BIN8 11, AUX_BIN
3. BIN3 6 BIN6 9. BIND

IMPORTANT POINTS:

The 4278A acknowledges the channel number on receiving a trigger
command { including the trigger command for compensation ). When
you use the trigger command for the selected channel, you must set
the bin count function to OFF. it you don't, the measurement resulting
from the trigger command for the selecled channel will be treated as
valid data, and the returned bin count data will include the count of the
measurement resuli due o the trigger command used to select the
channel.

EXAMPLE: The following program sets the compensation data to 3, and

10
20
30
40
50
60
70
70
80
20
100

enters and displays channe! 3's bin count.

BiM Crt(10)

QUTPUT 717,"MCOM1" ! Set the muiti compen mode to ON
OUTPUT 717;"COMP1" ! Sel the compensation to ON
OQUTPUT 717,"CNTO" | Set the bin count to OFF
QUTPUT 717;"CNO=3" | Set the compen. data no. t0 3
CUTPUT 717;"*TRG" | Set the channel

WAIT .1 | Waiting the channei setting

OUTPUT 717;"CCOU?" t Enter the bin counts

ENTER 717,Cnl{") { Enter the bin counts

PRINT Cnt("} ! Print the bin counts

END
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CLIM

CNO=

SOFTKEY LABEL: CLEAR LIMIT {in ‘COMPARATOR’)

The CLIM command clears all limit values in the limil tabie.

CLIM

SYNTAX:

EXAMPLE:

CUTPUT 717;"CLIM" Clear all limits

SOFTKEY LABEL: NOT ASSIGNED

CNO= sets the channel number. CNO= can only be used when the
Option 301 scanner interface is installed.

SYNTAX:
{ CNO= }— value 3
VALUE:;
O 1o 255

IMPORTANT POINT:

The 4278A acknowledges the channe!l number when the 4278A s
triggered or when the 4278A starts a compensation measurement. I
CNO= is oniy sent via HP-I1B, the 4278A does not acknowledge the
channel number set by CNO=, To set the channal number, first send
the CNO= command, and then irigger the 4728A, or start a compensa.
tion measurement. Running the following example program selects
and triggers the measurement at channel 10

EXAMPLE:

10 QUTPUT 717;"MCOM1" ! Set the MULTI COMPEN mode
20 QUTPUT 717;"CNQO=10" | Set the compen. data no. to 10.
30 OUTPUT 717, TRG" | Trigger the 4278A to set the channel
40 END
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CNT SOFTKEY LABEL: COUNT ON/OFF (in ‘COMPARATOR’)
The CNT command sets BIN count to ON or OFF.

SYNTAX:

CNT controf ——

PARAMETER:

The control parameter choices are:

Control Description
Parameter
0 Set BIN count to OFF,
1 Set BIN count o ON.

The default setting is CNTO.
EXAMPLE:

QUTPUT 717,"CNT1" Set BIN count to ON.

COMP SOFTKEY LABEL: COMPTR ON/OFF {in ‘COMPARATOR’)

The COMP command makes the comparator valid or invalid.
SYNTAX:

( compP }—+ control }——

PARAMETER:

The control parameter choices are;

Control Description
Parameter
0 Make the comparator invalid.
1 Make the comparator valid.

The detault setting is COMPO.
EXAMPLE:

QUTPUT 717;"COMP1"! Make the comparator vaiid,
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COUN? SOFTKEY LABEL: NOT ASSIGNED

The COUN? command returns all BIN counts.
SYNTAX:

COUNT NUMBER OUTPUTS (ASCII FORMAT ONLY):

Y
./

e BT s RV

bin counts (N: 0o 9)

The count outpuls are in the following order:

1. BiNY 7. BIN7

2, BINZ 8. BINS
3. BING 9. BINO
4. BING 10. OUT_OF_BINS
5. BINS 11. AUX_BIN
6. BING
EXAMPLE:

W0 DIMCnt(10)

20  OQUTPUT 717,"COUN?"t Return the BIN count,
30  ENTER 717;Cnt{«)! Enter the BIN count.

6G  PRINT Cni(+)! Display the BiN count.

70 END

When you run the above program, BIN counts are returned and
displayed.
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CSTD=

PATA?

SOFTKEY LABEL: C= (in “COMPEN’}

The CSTD= command sets the standard compensation reference value
(C}).

SYNTAX:

C CSTD= >—> vaiue [—|

VALUE:

You cannot use units (F) or suffixes {for example: p (pico)), with the
reference value.

IMPORTANT POINTS:
Unitis F.
EXAMPLE:

QUTPUT 717;"CSTD=10.2E-12"1 Set the CSTD to 10.2pF

SOFTKEY LABEL: NOT ASSIGNED

The DATA? commangd returns the measurement values. The data
output format is selected by DFMT command. .

SYNTAX:

IMPORTANT POINTS:

When "UNBAL" is displayed on the LCD, the output data returned is
2.00000E20. When "-----" is displayed on the LCD, the output data
returned is the measured value.

EXAMPLE:

10 OUTPUT 717;"TRIG2"1Set the trigger mode to EXT_TRIG
20 QUTPUT 717" TRG" Trigger the 4278A.

30 WAIT .11 Walt for the end of the measurement.

40  QUTPUT 717,"DATA?" Return the data.

50 ENTER 717;C,D! Enter the data

60  DISP C,D! Display the data.

70 END

When you run the above program, the 4278A is triggered, a measure-
ment taken and measurement data displayed.
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DBIN SOFTKEY LABEL: NOT ASSIGNED

The DBIN command selects the data with BIN NO or the data without

BIN NO when the DATA? command returns the data.
SYNTAX:

{ DBIN +— control +—

PARAMETER:

The control parameter choices are:

Contral Description

Parameter
4] Set to return the data without the BIN NO.
1 Setl to return the data with the BiN NO.

The defaull setting is DBINQ.

{1) Data output is as follows when returning the data without
the BIN NO.

[omn (O _mwms oo/

{2) Data output is as follows when returning the data with the
BIN NO.

B O TN O S LTINSy

BIN NO. returns the INTEGQER variable (0-10) as follows:

BiIN Number ‘BiN Name

OUT_OF BINS
BINT
BIN2
BIN3
BIN4
BINS
BING
BIN7
BINS
BINO

AUX_BIN

DO ®O~d PO bh N =0

k.

EXAMPLE:

QUTPUT 717;"DBINt"! Set to return the data with BIN NO.

4.23



DDIG

DEND

SOFTKEY LABEL: 4/5/8 DIGITS (in ‘DISPLY CONTRLY)
The DDIG command sets the number of digits displayed.

SYNTAX:

C DOIG )—) control —]

PARAMETER:

The control parameter choices are:

Control Description
Parameter

4 Set the 4 display digits
5 Set the 5 display digits
6 Set the 6 display digils

The default setting is DDIGE.

EXAMPLE:

QUTPUT 717,;"DDIG4" Set the 4 display digits.

SOFTKEY LABEL: NOT ASSIGNED

The DEND command ends the data continuous output mode.

IMPOHRTANT POINTS:

SYNTAX:

When "UNBAL" is displayed on the LCD, the output data returned is
2.00000E20. When "-----" is displayed on the LCD, the output data
returned is the measured value.

EXAMPLE:

10 OUTPUT 717,"TRIG2"l Set the TRIG_MODE to EXT_TRIG
20 OUTPUT 717;"DST"1 Start the data continuous mode
30 FOR 1=1 to 10

40 OUTPUT 717;"TRG" Trigger the 4278A

50 ENTER 717,C,D! Read the 4278A's dala

60 PRINT C,D! Display the readings

70 NEXTI

80  OUTPUT 717;"DEND"! End the data continuous mode
80 END

When you run the above program, data is returned and displayed ten
times.
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DFMT SOFTKEY LABEL: NOT ASSIGNED
The DFMT command sels the data output format.

SYNTAX:

( DFEMT }——) control —}

PARAMETER:

The control parameter choices are:

Control Description
Parameter
1 Set the data output format to ASCH format
2 Sel the data ouiput format to BINARY format

The default setting is DFMT1.
DIFFERENCE OF ASCH FORMAT AND BINARY FORMAT.:
The difference between the ASCIl and BINARY formats is as follows:
ASCH format
{1} When the data without a BIN no. are returned:
With a fixed length of 12 ASCII characters to display the

32-bit floating point numbers that are used for the data A
and B as foillows:

DATA A DATA B

menn | —{mmmemee | —feunea

{2) When the data with BIN NO are returned:

A fixed length of 12 characters to display 32-bit floating
peint numbers that are used for the data A and B, and a
fixed length of 6 characters thal are used to display 16-bit
infeger numbers that are used for the BIN number as
foilows:

DATA 4 DATA B BIN RO,

(S:t+or-, N:0to D
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DFMT

{cont.)

mw’
mm
1
nm
‘“nm
mm
1 m
mm

BIN NO refurns an INTEGER variable {0-10) as
foliows:
BIN Number BIN Name
0 OUT_OF_BINS
1 BiN1
2 BIN2
3 BIN3
4 BiN4
5 BINS
6 BING
7 BIN7
8 BINS
9 BINY
10 AUX_BIN

BINARY format

The BINARY format is a 64-bit floating point binary number specified in
IEEE Standard 728-1982. This is the same data format used by the

HP Series 200 computers. The syntax diagram
format is shown helow:

used for the BINARY

il H 12 l——ﬁL{ DATA BYTE }—

4 CRLFAEO! }—)

This is a block dala field initiaied by a unigu

e code, the number,

(#)sign. A second byte, (A), designates the data type. L1 and L2 is
the block (L1: high byte, 1L.2: low byte). The count inciudes all data

bytes and the terminator, CR/LF (2 bytes), if they

are used.

Data byte (8 bytes) for BINARY format is represented as follows:

EEEEMFFF FFFFFFFFF F
FFFFFFFF FFFFFFFFF F
Where:

S is the sign bit of the fractional part

E is the exponent part

M is the most significant bit of the fractional part.
F is an intermediate fractional bit

L is the least significant fractional bit
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DFMT (1} When data is returned without the BIN NO,
(cont.) the data byte loop is repeated twice.

{2) When data is returned with the BIN NOC, the data byte loop is
repeated iree times.

EXAMPLE:

QUTPUT 717,"DFMTZ2"1 Set to BINARY format.

DPAG SOFTKEY LABEL: MEAS/LIMIT/SORT/STATUS PAGE (in ‘DISPLY PAGE’)

The DPAG command sets the display page format.
SYNTAX:

( ppag Y control }—3

PARAMETER:

The control parameter choices are:

Control Description
Parameter
1 Set the display format o MEAS PAGE.
2 Set the display format to LIMIT PAGE.
3 Set the display format to SORT PAGE.
4 Set the display format ta STATUS PAGE.

The default setting is DPAGT.
EXAMPLE:

QUTPUT 717;"DPAG2"1Set {0 the LIMIT PAGE.
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DST

DSTD=

SOFTKEY LABEL: NOT ASSIGNED

The DST command starts the data continuous output mode.

SYNTAX: DST

IMPORTANT POINTS:

When “UNBAL" is displayed on the L.CD, the output data returned is
2.00000E20. When "----." ig displayed on the LCD, the output data
returned is the measured vaiue.

EXAMPLE:

10 OUTPUT 717;"TRIG2"! Set the TRIG_MODE to EXT_TRIG
20 QUTPUT 717;"DST"l Start the data continuous mode

30 FORI=1to 10

40 GUTPUT 717;".TR@"! Trigger the 4278A

50 ENTER 717,;C.D! Read the 4278A's data

60 PRINT C,D! Display the readings

70 NEXT

80 OUTPUT 717;"DEND" End the data continuous mode

90 END

When you run the above program data is returned and displayed ten
times.

SOFTKEY LABEL: D= {in ‘COMPEN")

The DSTD= command sets the standard compensation reference value
(B). '

SYNTAX:

L DSTD= }—a value 3}

VALUE:

You can not use a suffix (for example: m (milli)), with the reference
value.

EXAMPLE:

QUTPUT 717,"DSTD=0.0002" Set the DSTD to 0.0002
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DTiM=

DVAL

SOFTKEY LABEL: DELAY(mSs})= {in ‘MEAS TIME’)
The DTIM commangd sets the delay time.

SYNTAX:

C DTiM= value -—-;4]

VALUE:

You can not use a suffix (for example: m (milli)), or a unit {g) with the
delay time value.

IMPORTANT POINTS:
Unit is ms, and the setting range is 0~1000ms.
EXAMPLE:

QUTPUT 717;"DTiIM=360"| Set the delay time to 360ms.
SOFTKEY LABEL: MEAS/TOL VALUE (in ‘DISPLY CONTRL.}

This command selects either the MEAS VALUE display mode or the
TOL VALUE display mode.

{ PVAL )'—* coatrol ——->I

PARAMETER:

SYNTAX:

The contrcl parameter choices are:

Control Description
Parameter
1 Set the display mode to MEAS VALUE.
Set the dispiay mode to TOL VALUE,

The defaull setting is DVAL1.
IMPORTANT POINTS:

The DVAL2 command can not be used when the limit mode is set to
the SEQ MODE.

EXAMPLE:

QUTPUT 717;"DVAL2" Set the display mode to TOL VALUE,
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ERR?

FREG

SOFTKEY LABEL: NOT ASSIGNED

The ERR? command returns the error message number.
SYNTAX:

IMPORTANT POINTS:
When the error does not occur, 0 (zero) is returned.
EXAMPLE: {Returns and displays the error number.)
10 QUTPUT 717,"ERR?"t Return the error number
20  ENTER 717;A ! Read the error number
30  DISP A | Display the error number
40  END
SOFTKEY LABEL: 1kHz/1MHz {in "SIGNAL SOURCE")

The FREQ command is used to set the test frequency.
SYNTAX:

C FREQ }"’ control —

PARAMETER:

The control parameter choices are:

Control Description
Parameter
1 Set the test frequency to 1kHz.
2 Set the test frequency to 1MHz.

The default setting is FREQ1.
EXAMPLE:

CUTPUT 717,"FREQ2"! Set the test frequency to 1MHz
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GSTD=

HIAC

SOFTKEY LABEL: G= {in ‘COMPEN’)

The GSTD= command is used to set the standard compensation refer-
ence value (G).

CGSTD: >—° value —>

SYNTAX:

VALUE:

You cannot use a unit (8) or a suffix {for example: p {pico)), with the
reference value. :

IMPORTANT POINTS:
Unitis S.
EXAMPLE:

OUTPUT 717,"GSTD=10E-3"! Set the GSTD to 10mS
SOFTKEY LABEL: OFF/ON @ 1MHz {in ‘HI ACC MODE’)

The HIAC command is used to set the HI ACC MODE for fMHz
measurements.,

(  HaAC }—’ control p—>3}

PARAMETER:

SYNTAX:

The control parameter choices are:

Control Description
Parameter
0 Set the HI ACC MODE to OFF,
1 Set the HI ACC MODE to ON.

The defaull setting is HIACO.
IMPORTANT POINTS:
Whean the HIAC command is sent at 1kHz, this command is ignored.

EXAMPLE:

OQUTPUT 717;"HIAC1"! Set the HI ACC MODE to ON
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iTim SOFTKEY LABEL: SHORT/MED/LONG {in ‘MEAS TIME")
The ITIM command sels the integration time.

SYNTAX:

C ITIM = controf —>|

PARAMETER:

The control parameter choices are:

Control Description

Parameter
1 Set the integration lime to SHORT.
2 Set the integration time to MED.
3 Set the integration time to LONG.

The default selling is ITIM3.

EXAMPLE:

OUTPUT 717;"ITIM2" Set the INTEG.TIME to MED

LMOD SOFTKEY LABEL: % TOL/ABS TOL/SEQ MODE (in ‘COMPARATOR?)

The LMOD command is used to set the limit mode.

C LMOD )——’ contro! [—3

PARAMETER:

SYNTAX:

The control parameter ¢choices are:

Control Description
Parameter

1 Set the limit mode o % TOL MODE.
2 Set the limit mode o ABS TOL MODE,
3 Set the limit mode to SEQ MODE.

The default setting is LMOD1.
EXAMPLE:

OUTPUT 717,"LMQD2" Set the limit mode to ABS TOL MODE.
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LOAD SOFTKEY LABEL: NOT ASSIGNED

The LOAD command loads the setting conditions from the memory

card.
SYNTAX:
EXAMPLE:

OUTPUT 717,"LOAD" Load from the memory card,

LPAR SOFTKEY LABEL: Cp-D/Cp-Q/Cp-G/Cs-D/Cs-Q/Cs-Rs (in '*COMPARATOR')

The LPAR command sets the Hmit parameter.

( Lpar )y control —

PABRAMETER:

SYNTAX:

The control parameter choices are:

Control Pescription
Parameter

Set the limit parameter to Cp-D.
Set the limit parameter to Cp-Q.
Set the limit parameter o Cp-G.
Sel the limit parameter to Cs-D.
Set the limit parameter to Cs-Q.
Set the limit parameter to Cs-Rs.

Lo B4 I SN L I A

The default setting is LPART.
EXAMPLE:

OUTPUT 717,"LPAR2"! Set the limit parameter to Cp-Q.
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MCOM SOFTKEY LABEL: ON/OFF {in ‘MULTI COMPEN’ )

MCOM toggles the multi compensation mode ON and OFF. This com-
mang can only be used when the Option 301 scanner interface is

installed.
SYNTAX:
PARAMETER:

The control parameter choices are:

Control Description
Parameler

Set the MULTI_COMPEN mode to OFF.
1 Set the MULTI_COMPEN modse to ON.

The default setting is MCOMO.

EXAMPLE:

OUTPUT 717,"MCOM1"  Set the MULTI COMPEN mode to ON

MPAR SOFTKEY LABEL: Cp-D/Cp-Q/Cp-G/Cs-D/Cs-Q/Cs-Rs
{in ‘MIEAS PARMTR')

The MPAR command sets the measurement paramster.

SYNTAX:

C MPAR )——» control |

PARAMETER:

The control parameter choices are:

Control Description
Parameter

Set the measurement parameter to Cp-D.
Set the measurement parameter to Cp-Q.
Set the measurement parameter to Cp-G.
Set the measurement parameter to Cs-D.
Sel the measurement parameter to Cs-Q.
Set the measurement parameter {o Cs-Rs.

D W N

The default setting is MPAR1.

EXAMPLE:

QUTPUT 717;"MPAR3"! Set the meas. parameter to Cp-G.
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NOM= " SOETKEY LABEL: NOT ASSIGNED

The NOM= command is used to sat the nominal value in the tolerance
mode.

SYNTAX:

| ( NOM= )"‘)VBIUE >

VALUE:

You cannot use units (for example: F), or a suffix {for example: p (pico),
with the nominal value.

EXAMPLE:
QUTPUT 717;"NOM=10E-12"
I Set the nominal value to 10pf. j
OFFA= SOFTKEY LABEL: OFS A= {in ‘OFFSET’)
The OFFA= command is used to set the oifsel A data.

SYNTAX:

( OFFA= >—* value i

VALUE:

You cannot use units {for example: F), or suffixes (for examplie: p
{pico)), with offset A data.

IMPORTANT POINTS:
Unit is F.
EXAMPLE:

OUTPUT 717;"OFFA=10E-12"1Set the ofifsel A data to 10pF
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OFFB= SOFTKEY LABEL: OFS B= (in “OFFSET")

The OFFB= command is used to set the offset B data.

SYNTAX:

QOFFB: )—-) value o

VALUE:

You cannot use units (for example: S), or suffixes {for example: p
{pico)), with offset B daia.

IMPORTANT PCOINTS:

The Offset B dala unit depends on the measurement parameter when
this command is sent.

EXAMPLE:

OUTPUT 717,"OFFB=0.0001"1Set the offset B data to 0.0004

OPEN SOFTKEY LABEL: OPEN ON/OFF {in ‘COMPEN’)

The OPEN command makes open compensation data valid or invalid.

SYNTAX:
{ OPEN )“) control —>
PARAMETER:
The control parameter choices are:
Cantroi Description
Parameter
0 Make the open compen. data invalid.
1 Make the open compen. data valid.

The defauit setting is OPEND.

EXAMPLE:

OUTPUT 717,"0PEN1"1 Make the open compen. data valid
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oPM? SOFTKEY LABEL: NOT ASSIGNED
OPM? returns the open compensation measurament data { ASCIL for-
mat only . Running the following example program returns and dis-
plays the open measurement data.

SYNTAX:

EXAMPLE:
10 QUTPUT 717;"OPM7?" | Return the open meas. data
20 ENTER 717,C,G ! Read the open meas. data
40  PRINT C,G ! Display the open meas. data
50 END
OSC= SOFTKEY LABEL: OSC (V)= {(in ‘SIGNAL SOURCE’)

The OSC= command sets the OSC LEVEL.

( 0SC= )——> value i

SYNTAX:

VALUE:

You cannot use units (V) or suffixes (for example: m{miil)}, with the
05C LEVEL. The defaull setiing is O5C=1.0(V).

IMPORTANT POINTS:

The Unit is V. The 0SC LEVEL can be set from 0.1V to 1.0V in 0.1
steps.

EXAMPLE:

QUTPUT 717,"0SC=0.3"15¢e! the OSC level to 0.3V
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RA SOFTKEY LABEL: AUTO/100pF/1nF/10nE/100nF/1 iF/101F/1001LF
(in ‘MEAS RANGE’)

The RA command sets the measurement range to 1kHz.

Q RA )—* control 3

PARAMETER:

SYNTAX:

The control parameter choices are:

Contrgl Description
Parameter

Set the measurement range to AUTO.
Set the measurement range to 100pF.
Set the measurement range to 1nF.
Set the measurement range to 10nF.
Set the measurement range to 100nF,
Set the measurement range to 1UF.
Set the measurement range to 10uF,

~N P W bk O - O

Set the measurement range to 100uF.

The default setting is RAO.
EXAMPLE:

QUTPUT 717;"RA1"iSet the meas. range to 100pF.
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RB SOFTKEY LABEL: AUTO/1pF/2pF/4pF/8pE/16pF/32pF/64pF/128pF/256pF/
512pF/1024pF (in ‘MEAS RANGE’}

The RB command sets the measurement range to 1MHz (Hi ACC
MODE: OFF).
SYNTAX:

( RB H control

PARAMETER:

The control parameter choices are:

Control Description

Parameter
c Set the measurement range o AUTO.
1 Set the measurement range to 1pF.
2 Set the measurement range to 2pF.
3 Set the measurement range to 4pF.
4 Set the measurement range to 8pF.
5 Se! the measurement range to 16pF.
6 Set the measurement range o 32pF.
7 Set the measurement range to 64pF,
8 Set the measurement range to 128pF.
9 Set the measurement range to 256pF.
10 Set the measurement range o 512pF.
11 Set the meaasurement range to 1024pF,

The default setting s RBU.
EXAMPLE:

QUTPRUT 717;"RB1"1Set the measurement range to 1pF.
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RCNT

SOFTKEY LABEL: RANGE(pF)= (in ‘MEAS RANGE’)

The RC= command sets the measurement range to iMHz (Hi ACC

MODE: ON).
SYNTAX:
RC= value |}
VALUE:

You cannot use unites (F), or suffixes {for example: m {milli)}, with the
measurement range. The default setting is RC«=2.56E-10(256pF).

IMPORTANT POINTS:
The unitis F. The measurement range can be set from OpF to 2048pF.
EXAMPLE:

QUTPUT 717,"RC=2048E-12"1Set the measurement range to
2048pF

SOFTKEY LABEL: RESET COUNT (in ‘COMPARATOR’)

The RCNT command resets the BIN counts.
SYNTAX:

EXAMPLE:

QUTPUT 717,"RCNT"! Reset the BIN counts.
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REVP | SOFTKEY LABEL: REVERS PARMTR (in ‘COMPARATOR")

The REVP command can be used to reverse the limit parameters.

SYNTAX:

Q REVP )—o controf (o

PARAMETER:

The control parameter cholces are:

Control Description
Parameter

Set the originatl limit parameter,
Reverse the limit parameter.

The defaull setting is REVPQ,

EXAMPLE;

QUTPUT 717;"REVP1"! Reverse the imit parameter

SHM? SOFTKEY LABEL: NOT ASSIGNED

SHM? returns the short compensation measurement data ( ASCH for-
mat only ). Running the following example program returns and dis-
plays the short measurement data.

SYNTAX:

EXAMPLE:

10
20
40
50

OUTPUT 717;"SHM?" | Relurn the short meas. data
ENTER 717;L,R ! Read the short meas. data

PRINT L,R ! Display the short meas. data

END
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SHOR SOFTKEY LABEL: SHORT ON/OFF (in ‘COMPEN")

The SHOR command makes the short compensation data valid or
invalid.
SYNTAX:
C SHOR )—-) control |l

PARAMETER:

The control parameter choices are:

Control Description

Parameter
0 Make the short compen. data invalid.
1 Make the short compen. data valid.

The default setting is SHORO.

EXAMPLE:

QUTPUT 717;"SHORT " Make the short compen. data valid

SLIM= SOFTKEY LABEL: NOT ASSIGNED
The SLIM= command sets the highflow limit of the secondary
parameter.
SYNTAX:

( SLIM= )—» value F—j

VALUE:

You cannot use units (for example: F), or suffixes {for example: m
{milli}), with the iimit value.

IMPORTANT POINTS:

The unit of the secondary parameter depends on the limit parameter
when the command is sent,

EXAMPLE:

OUTPUT 717,;"$LIM=0.0001,0.0002"
1 Set the fimit of sec.para to 0.0001-0.0002.
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SPAR SOFTKEY LABEL: C.D/C-G (in *COMPEN"}
The SPAR command sels the parameter for standard compensation,

SYNTAX:

{ SPAR 3 CONtrol frmm—|

PARAMETER:

The control parameter choices are:

Control Description
Parameter
1 Set the parameter to C-D.
Set the parameter to C-G.

The default setling is SPART.
EXAMPLE:

QUTPUT 717,"SPARZ"t Set the parameter to C-G.

STD SOFTKEY LABEL: STD ON/OFF (in ‘COMPEN’}

The STD command makes the standard compensation data valid or
invalid,

SYNTAX:

( STD )—-» control f—-3|

PARAMETER:

The control parameter choices are:

Control Description

Parameter
0 Makea the std. compen. data invalid.
1 Make the std. compen. data valid.

The default setling is STDY.
EXAMPLE:

QUTPUT 717;"STD1™ Make the std. compen, data valid.
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sSTM? SOFTKEY LABEL: NOT ASSIGNED

STM? returns the standard compensation measurement data { ASCH
format only ). Running the following example program reiurns and
displays the standard measurement data.

SYNTAX:

10 OUTPUT 717,"STM?" ! Return the STD meas. data
20 ENTER 717;C,D | Read the 5TD meas. data

40  PRINT C,D ! Dispiay the STD meas. data

50 END

EXAMPLE:

STOR SOFTKEY LABEL: STORE (in ‘“MEMORY CARD")

The STOR command stores the setting conditions to the memory card,

OUTPUT 717,"STOR"t Store to the memory card.

SYNTAX:

EXAMPLE:
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STR? SOFTKEY LABEL: NOT ASSIGNED

STR? returns the standard compensation reference data { ASCHl format

only ). Running the following example program returns and displays
the standard reference data.

SYNTAX:

EXAMPLE:
10 OUTRUT 717;"STR?" | Return the Standard rel. data
20 ENTER 717:C.D | Read the standard ref. data
40  PRINT C,D ! Display the standard ref. data
50 END
TRIG SOFTKEY LABEL: INT/EXT/MAN TRIG (in ‘TRIG MODE’)

The TRIG command is used to set the trigger mode.

C TRIG )———» conlrol b3y

SYNTAX:

PARAMETER:

The control parameter choices are:

Conirol Description
Parameter

1 Set the trigger mode to INT TRIG.
2 Set the trigger mode to EXT TRIG.
3 Set the trigger mode to MAN TRIG.

The default setling is TRIG1.
EXAMPLE:

QUTPUT 717;"TRIGEZ" Set the trigger mode to EXT TRIG.
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VMON SOFTKEY LABEL: MONITR OFF/OPEN/SHORT/STD/STD REF/OFFSET/
LIMIT NOM (in 'VALUE MONITR")

The VMON command selects the monitor display on the monitor line.

( YMON )—” control ———»—)f

PARAMETER:

SYNTAX:

The control parameter choices are:

Control Description
Parameter

Set the monitor display to OFF,

Set the monitor display to OPEN data.

Set the monitor display to SHORT data.
Set the monitor display to STD meas data.
Set the monitor display to STD ref data.
Set the monitor display to offset data.

Set the monitor display to nominal vaiue.

s =2 IS I % LS

The default setling is VMON1.

EXAMPLE:

OQUTPUT 717,"VMONZ2"! Set the monitor dispiay to OFEN data
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XOP SOFTKEY LABEL: OPEN COMPEN {in ‘COMPEN’)
The XOP command is used to get the open measurement data.

SYNTAX:

XOP

EXAMPLE:

QUTPUT 717;"XOP") Measure the open data.

XSH SOFTKEY LABEL: SHORT COMPEN (in ‘COMPEN’)
The XSH command gets the short measurement data.

SYNTAX:

EXAMPLE:

CUTPUT 717;"X8H"! Measure the shori data.

XSTD SOFTKEY LABEL: STD COMPEN (in ‘COMPEN’)

The XSTD command gets the std measurement data.
SYNTAX:

EXAMPLE:

QUTPUT 717."XSTD"! Measure the sid measurement data.

XTMP SOFTKEY LABEL: TEMP COMPEN (in *COMPEN’)

This XTMP command minimizes error that may occur in the analog
measurement circuit due to temperature change.

SYNTAX:

EXAMPLE:

OUTPUT 717;"XTMP"! Minimize temperature induced error

4-47



*CLS SOFTKEY LABEL: NOT ASSIGNED

The *CLS command clears the status byte.

EXAMPLE:

SYNTAX:

QUTPUT 717,"*CLS"! Clear the status byte,

*IDN? SOFTKEY LABEL: NCT ASSIGNED

The *IDN? command returns both the instrument’'s model name and
the ROM version number as follows:

HEWLETTPACKARD,4278A,0000A00000,REVa.nn

Where:

REVn.nn is ROM version number.
SYNTAX:
EXAMPLE:

10 DIM A$[38]

20 OUTPUT 717,""IDN7?" Returns the identification
20 ENTER 717;A%! Read the identification

40  PRINT A$! Display the identification

50 END

When you run the above program, ths Instrument's identification is
returned and displayed.

4-48



*LRN?

SOFTKEY LABEL: NOT ASSIGNED

The *LRN? command returns the 4278A's current status.
SYNTAX:

RETURN FORMAT:

The curreni instrument’s conditions are returned as follows:

WO
NS

The order of the returnad cormmands is as follows:

Order | Cominand | Order | Command | Order | Command
1 MPAR 15 SPAR 27 CNT
2 FREG 16 CS8TD= 28 LPAR
3 05C= 171 DSTD= 29 REVP
4 HIAC or 30 L0D
5 RA GSTD= a1 AUX
8 RB 18 AOFF ag* NOM=
7 RC= 19 OFFA= BiNn=
8 ITIv 20 BOFF or
9 AVE= 21 OFFB= BLIM
10 DTiM 22 DPAG 33 SLIM
11 CABL 23 DDIG 34 TRIG
12 QPEN 24 DVAL 35 DFMT
13 SHOR 25 VMON 36 DBIN
14 STD 26 COMP

=

The returned command depends on the setting parameter
of STD compensation when the *LRN? command is sent.

*  The returned commands depend on the limit mode when
*LRN? command is sent.

EXAMPLE:

10 DinM Lrn${750]

20 CUTPRUT 717;"*LRN?" Returns the current conditions
30 ENTER 717;Lrn$! Read the current conditions

40  PRINT Lrn$! Display the current conditions

50 END

When you run the preceding pragram, the cumrent instrument's condi-
tions are returned and displayed.
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*LRN? {cont.)
NOTE

All commands returned by *LRN? command can be used as mullipie commands
by using semicolon {;).

For example: QUTPUT 717;"FREQZ;HIAC1;AVE=4"

*OPT? SOFTKEY LABEL: NOT ASSIGNED

The *OPT? command returns all option numbers as follows (ASCH
format only).

()
Ny
oplion no. (N: 010 )
SYNTAX:
EXAMPLE:

10 DIM Opt$[s0]
20 QUTPUT 717;"*OPT?"! Returns all option numbers
3C  ENTER 717;0pt$! Read all option numbers
40 PRINT Opt$! Display all option numbers
50 END
When you run the above program, all option numbers are returned and
displayed.
*RST SOFTKEY LABEL: NOT ASSIGNED

The *RBST command resets the 4278A, But the interface function
remains (for exampie: HP-IB remote condition remains).
SYNTAX:

EXAMPLE:

OQUTPUT 717;"*RST"! Reset the instrument
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*SRE SOFTKEY LABEL: NOT ASSIGNED
The *SRE command masks the SRQ (Service Reguest),
SYNTAX:

in the default instrument state the setting is *SRED {all zeros: all bits
masked). *S8RE ranges from *SREQ {o *SRE255. The *SRE command
must be set in accordance with the following table.

VALUE:

Status Bit " el

B7 {always O) - -
BB (RQS) Not maskabie
B5 (Erron Mask B5 enabie B5 SRQ
B4 (Always O} - -
B3 {End status) Mask B3 enable B3 SRQ
B2 {ignore trigger) Mask B2 enable B2 SRQ
B1 (End of Conversion) Mask B1 gnable B1 SRQ
BO (Meas. complete) Mask BO enable BO SRQ

For example;

*SRE Description

*SRE1 Enable B0 for SRQ

*SRE2 Enable B1 for SRQ

*SRE3 Enable BO and B1 for SRQ

*SRE4 Enable B2 for SRQ

*SRES Enable B3 for SRQ

*SRE32 Enable B5 for BRQ

*SRE45 Enable BO, B2, B3, B5 for SRQ

EXAMPLE:

QUTPUT 717;""RSE1" Enable BO for SRQ.
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*SRE? SOFTKEY LABEL: NOT ASSIGNED

The *SRET command returns the input value of the *SRE command.

EXAMPLE: (Returns and displays the input vaiue of the *SRE command.)

SYNTAX:

10 OUTPUT 717;""SRE?"! Returns the *SRE's input value
30  ENTER 717,A! Read the *SRE's input value

40 DISP Al Display *SRE's input value

50  END

*8TB? SOFTKEY LABEL: NOT ASSIGNED
The "STB? command returns the status byte without clearing the sta-

tus byte,
SYNTAX:

EXAMPLE: (Returns and displays the status byte.)
10 QUTPUT 717;""8TB7?" Returns the status byte
30  ENTER 717;A! Read the status byte

40  DISP A! Display the status byte
50 END

*“TRG SOFTKEY LABEL: NOT ASSIGNED

The *TRG command triggers the instrument when the trigger mode is
set to EXT_TRIG.
SYNTAX:

EXAMPLE: Triggers the 4278A once.
10 OUTPUT 717,"TRIG2"! Set TRIG MODE to EXT TRIG.

20 OUTPUT 717;""TRG"! Trigger the instrument
30 END
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COMMAND FUNCTIONAL ORDER
This tist covers all commands in their funclionai order as follows:

MEASUREMENT
COMPENSATION
OFFSET
DISPLAY
COMPARATOR
LIMIT TABLE
MEMORY CARD
DATA OUTPUT
SELF TEST
OTHERS

CRENDO RN

ik

NOTE

@ indicates a selected command as power-on default setling.
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1. MEASUREMENT

Funclion

Measurement Parameter: Cp-D
cp-Q
Cp-G
Cs-D
Cs-Q
Cs-Rs

Frequency: tkHz
1MHz

High Accuracy Mode: OFF
ON

Trigger: Internal
External
Manual

O5C LEVEL:

Range: AUTO RANGE at 1kHz
100pF at 1kHz

1nF at 1kHz

10nF at 1kHz

100nF at tkHz

1UF at 1kHz

10UF at 1kHz

100uF at 1kHz

AUTO RANGE at 1MHz
1p¥F at 1TMHz
2pF at 1MHz
4pF at 1MHz
8pF at TMHz

16pF at 1MHz

32pF at 1MHz

64pF at 1MHz

128pF at 1MHz

256pF at 1hMHz

512pF at 1MHz

1024pF at 1MHz

Range at 1MHz HI-ACC mode)

Integration Time: SHORT
MEDIUM
LONG

Average Rate:

Delay Time:

Cable Length: Om
m
2m

Code

MPAR1
MPAR2
MPAR3
MPAR4
MPARS
MPARG

FREQ1
FHEQ2

HIACD
HIACH

TRIG1
TRIG2
TRIG3

08C=

RAQ
RA1
RAZ2
RA3
RA4
HAS
RASG
RAY

RBO
RB1
RB2
BB3
RB4
RBS
RB6
RB7
RBS
RBS
RB10
RB11
RC=

ITitad
ITIM2
ITIM3
AVE=
DTIM=
CABLO

CABL1
CABL2



2. COMPENSATION

Function Code
OPEN: OPEN OFF OPENO0 @
OPEN ON OPEN1
OPEN MEAS Xop
OPEN MEAS Query OoPM?
SHORT: SHORT OFF SHORO @
SHORT ON SHOR1
SHORT MEAS XSH
SHORT MEAS Query SHM?
STANDARD: STD OFF ST @
STD ON STD1
STD MEAS X8TD
STD MEAS Query STM?
STD Parameter (C-D) SPARY @
STD Parameter (C-G) SPARZ
Reference Value (C) CSTD=
Reference Value (D) DSTD=
Reference Value (G) GSTD=
Reference Value Query STR?
Temperature Compensation: XTMP
Multi Compensatiom MULTI-COMPEN MODE OFF MCOMO @

MULTI-COMPEN MODE ON MCOM1
Channel Number Selection CNO=

3. OFFSET
Function Cotle
OFFSET A: OFF AOFF0 @
ON AOFF1
Input data OFFA=
OFFSET B: OFF BOFFO0 @
ON BOFF1
Input data OFFB=
4. DISPLAY
Function Code
Disptay Page: Measurement Page DPAGYT @
Limit Page DPAG2
Sort Page DPAG3
Status Page DPAG4
Display Digit: 4 digits DDIG4
5 digits DDIGH
6 digits DDIGE @
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4, DISPLAY Function

Display Value:

Vaiue Monitor:

5 COMPA

Function

Comparator:

BIN Count:

BIN Count Query:

Measurement Value
Tolerance Value

Monitor OFF

OPEN MEAS Value
SHORT MEAS Value
STD MEAS Value
STD Reference Data
OFFSET Data

Lirit Nominal Value

OFF
ON

OFF
ON

BIN Count Query of Selected Channel:

6. LIMIT TABLE

Function
Clear All Limits:

Limit Parameter:

Reverse Parameter:

Limit Mode:

Limit Value:

Cp-D
Cp-Q
Cp-G
Cs-D
Cs-Q
Cs-Rs

OFF
ON

% Tolerance Mode
Absolute Tolerance Maode
Sequential Mode

Nominal Value

BINT Limits in TOL MODE
BIN2 Limils in TOL MODE
BIN3 Limits in TOL MODE
BiIN4 Limits in TOL MODE
BINS Limils in TOL MODE
BING Limits in TOL MODE
BIN7 Limits in TOL MODE
BIN8 Limils in TOL MODE
BINS Limits in TOL MODE
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DVAL1 @
DVAL2

VMONO @
VMON
VMON2
VMON3
VMON4
VMONS5
VMONS

Code

COMPO @
COMP1

CNTO @
CNTT

COUN?

ccou?

Code
CLIV

LPAR1 @
LPAR2
LPAR3
LPAR4
LPAR5
LPARG

REVPO @
REVP1

LMOD1 @
LMOD2
LMOD3

NOM=
BIN1=
BIN2=
BIN3=
BIN4=
BINS=
BING=
BIN7=
BINS=
BINS=



6. LIMIT TABLE

{cont.}
Boundary Limits
in Sequential MODE BLIM-:
Limits of
Secondary Parameler SLIM=
7. MEMORY CARD
Function Code
Store to Memory Card: STOR
Load from Memory Card: LOAD
8. DATA OQUTPUT
Function Code
DATA Query: DATA?
DATA Format: ASCII format DFMT1
BINARY format DFMT2
BIN DATA Output: DATA without BIN No. DBIND
DATA with BIN No. DBIN1
DATA Continuously Output:
Start continuous mode DsT
End continuous mode DEND
9. SELF TEST
Funclion Code
Enter Self Test: TENT
Test NO.: TNO=
Self Test Start: 8T
Self Test Abort; : TAB
Test Data Query: TDA?
Self Test Eng: TEND

4-57



10. OTHERS
Function
Clear Status Byte:

ldentification Query:

Learn Device Setup Query:

Option identification Query:

Reset the instrument:
Masking Status Byte:
Masking Resister Query:
Read Status Byte:
Trigger:

Error Number Query:
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«CLS
JDN?
+LRAN?
LOPT?
AT
+SRE
+SRE?
«STB?
«TRG

ERR?



4-2-1. DATAIFORMAT AND DATA TRANSFER

The 4278A offers two data formats, ASCH and BINARY, to transfer data to the controller over
the HE.IB bus. The data transfer rate for each data format is different.

1. ASCIl Format:

ASCIll Format is the default data output format. When DFMT1 is active the 4278A trans-
fers data using the ASCII format.

NOTE
When "UNBAL" is displayed on the LCD, the output data returned is 2.00000E20,
When "-----" is displaved on the LCD, the outputl data returned is the measured
value.

There are two ASCIH formats, measurement data without a2 BIN number, and measure-
ment data with a BIN number.

{1) Measurement data without the a number:

This output data format uses a fixed length, 25 ASCH characters, as shown
below.

S:+or-, N: Q109
{2) Measurement data with a BIN number:

This output data format uses a fixed length, 32 ASCIl characters, as shown
beiow.

DATA A DATA B BIN NO.

SN.NNNNNESNN . SN.NNMNNESNN . 7 NRNNNN M

(Si+or-, N:Oto9)

The BiN number is returned as an integer (0~10) as follows.

BIN number BIN Name

OUT OF BINS
BIN1
BIN2
BING
BIN4
BiNS
BING
BINT
BINS
BIND

AUX_BIN

G~ b =0

—
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2. BINARY Format {(I{EEE 64 BIT Format):

The BINARY format is the 64-bit tloating point binary number as specified in IEEE Stan-
dard 728-1982. This is the same data format used by the HP Series 200 computers.

NOTE
When "UNBAL" is displayed on the LCD, the output data returned is >2.00000E20.
When "-.-.. " is displayed on the LCD, the output data returned is the mea-
sured value.

The syntax diagrams used for the BINARY Format are shown below.

L1 — L2 DATA BYTE / CRLFAEOI /La

l

4 bytes

This data field is initiated by a unique code, the number sign (#). A second byte, {A),
designates the data type. L1 and L2 are the block (L1: high byte, L2: low bytel. The
count includes ali data bytes and the terminator, CR/LF (2 bytes), if they are used.

Data byte (8 bytes) for BINARY lype is represented as follows.

SEEEEEEE EEEEMFFF FFFFFFFF FFFEFFFF
FFFFFFFF FFFFFFFF FFFFFFFF FFEFFFFL

Where:

S is the sign bit of the fractional part
E is the exponent part
M is the most significant bit of the fractional part
F is an intermediate fractional bit
L Is the least significant fractional bit
Real Numbers (RN) can be defined as follows.

1} If Exponent part >= {1 then

S Exponent part-1023
RN={-1) x 2( P b )x(1.Fraciional part)

2) It Exponent part=0 then
S -1022 ‘
RN=(-1) x 2 x {0.Fractional part)
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3) #f Exponent part=0 and Fractional part=0 then

RN=0

For example:

a) If the sign bit=0, the exponent part=all ones (1023) and the fractional
pari=all onhes this format represents ~ +2.0.

b) BINARY 64-bit data

o114+ 114+1 14114000 0000C0CC0CO CO00COO00Q
00000000 000C0O000 00000CCO0 C000C0GO000O

represents +1.5,

There are iwo BINARY formats, measurement data without a BIN number and measure-
ment data with a BIN number.

{1) Measurement data without a BIN number:
The data byte ioop is repeated twice, (for data A and data B)
(1} Measurement data with a BIN number;

The dala byte loop is repeated three times, {for data A, data B, and the BIN
number) '

As described previously, each data format has a different data transfer rate. Tabie 4-2
lists typical data transfer rates.
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Table 4.2, Typical Data Transfer Rale

1.

2. Data transfer rate using the TRANSFER command with an HP 9000 Series 300

Data transfer rate using the ENTER command with an HP 9000 Series 300 mode!

310 computer,

Format

Data Type

Transfer Rate

ASCH

Data without BIN ND.

Data with BIN NO.

approx. 7.8ms
approx. 8.5ms

BINARY

Data without BIN NG.

Pata with BIN NO,

approx. 4.8ms
approx. 5.2ms

model 310 computer.

Format

Data Type

Transfer Rate

ASCH

Data without BIN NO.

Data with BiN NO.

approx. 4.3ms
approx. 4.3ms

BINARY

Bata without BIN NO,

Data with BIN NO.

approx. 4.2ms
approx. 4.2ms
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4-2-8. STATUS BYTE

The status byte resister is an 8-bit word that the 4278A places on the HP-iB bus when it is

serially potled.

The value of each bit indicales the status of an internal 4278A function. Biis are set to 1"
and reset o "0". The individual bit assignments of the status byte are shown bslow,

Table 4.3, Status Byle Assighments

BIT Information Description
O{LSB} 0/1 Measurement Complete
1 0 End of Conversion
2 0N ignore Trigger
3 0N End Status
4 0 aiways ( (zero)
] 01 Error
6 on RQAS (Request Service)
7{MSB) 0 always 0 {zero)

A description for each bit follows:

BIT 0 (Measurement Complete):
Bit 0 is set when a measurement is completed.
BiT 1 (End of Conversion):

Bit 1 is set when an analog measurement is completed (the measurement data
does not become valid simultaneously with the setting of bit 1).

BIT 2 (lgnore Trigger):
Bit 2 is set under the following conditions.

1. When the instrument is sel to the External Trigger Mode, the exiernal trigger
signal is recieved during previous measurement and data output.

2. When the instrument is set to the Manual Trigger Mode, the TRIGGER key on
the front panel is pressed during previous measurement and data output.
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BIT 3 {End Status):
Bit 3 is set when the following operations are completed.
1. End of open/short/standard compensation measurement
2. End of the self test
3. End of the EEPROM operation
BIT 4 (aiways 0):
Bit 4 is always set to O (zero.

BIT 5 {Error):

Bit 5 reflects the logical OR of ali error conditions in the instrument. The error
conditions include all HP-IB, all hardware, and operation errors.

BIT § (RQS (Request Service)):

Bit 6 is set when the instrument puils the SRQ line low. This bit is cleared
when a serial-poll is performed and is non-maskabie,

BIT 7 (always 0):
Bit 7 is always 0 (zero).
NOTE

1. The status byie is cleared, set to O {(zerg), when the *CLS command Is
used, or when it is serially polied while bit 8 of the status byte is set to 1.

2. The stalus byle can be read by sending the *STB? query common com-
mand. The status byte will not be cleared by this command.

NOTE
Masking the Status Byte

A service request will be generated when any unmasked bit in the status byle is set.
The SRQ mask may be loaded by sending an *SRE command followed by an ASCII
mask byte. In the default instrument state the selling is *SREQ (all zero: all bits
masked). *SRE ranges from *SRE0 lo *SRE255.

For example: *SRE1 Enable BO for SRQ
*SRE?2 Enable B1 for SRQ
*SRE3  Enable BO and B for SRQ
*SRE4 Enable B2 for SRQ
*SRES Enable B3 for SRQ
*SRE32 Enabie BS for SRG
*SRE45 Enabie BO, B2, B3, B5 for SRQ
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4-2-9. SAMPLE PROGRAM

This paragraph contains sampie programs that can be run either on the HP 9000 Series 200

(BASIC) or HP 1000 (FORTRAN).

Sample Program 1 {For the HP 9000 Series 200)
This sample program demonstrates the ASCI format data fransfer,

1 ASSIGN 8Hp4Z78a TO 717
20 REMOTE @Hp4Z278a

30 CUTPYUT BHp4Z78a:; "+RST”
49 QUTPUT BHR4Z78a; "TRIG2"
Le BUTPUT BHp4278a;"+SRE!”
BE@ OQUTPUT @Hp4Z78a:; "LFMTT™ 4278A conlrol Se{ting
70 CUTFUT @Hp4l78a;"DBINT”
gd QUTPUT @BHp4Z78a; "COMPTT
L ON INTR 7 GDTO Meas_end
100 FOR I=t 7O 1@0

110 ENABLE INTR 732

120 QUTPUT @Hp4Z78a; "+#TRG"

120 Waiting:G0T0 Waiting Measurement

140 Meas_end:DISABLE INTR 7

150 S=SPOLL(@Hp4278a)

150 QUTRUT @Hp4Z70a; "BATAT®

170 ENTER @Hp4278a:0,D,B Data transfer and display
180 PRINT C,D,B

19¢ NEXT 1

2¢0 EnD

A description of each program line follows:

lines  10: Assign address 717 to the HP 4278A.
20: Put the HP 4278A into the REMOTE mode.
30: initialize the 4278A.
40: Set the trigger mode to EXT_TRIG.
50: Enable BO for SRQ.
80: Set the data output format to ASCH.
70: Set the data output with BIN number.
80: Set the comparator to ON. _
80: Go io the Meas_end label ling, on receiving an SRQ interrupt.
100: Repeat until the loop counter passes a specific value.
110: Enable the interrupt.
120: Trigger the HP4278A.
130: Wait for the end of the measurement.
140: Disable the interrupt.
150: Clear the status byte.
160; Read the data with a BIN number,
170: Enter the data with a BIN number.
180: Display the data with a BIN number.
180: Repeat until the loop counter is greater than the specified value.
200: End the program.
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Sample Program 2 {For the HP 1 OOO}

This sample program uses the HP 1000 to run the same as sample program 1. The LU
number is 25,

FIN7X, L
PROGRAM SVC
DIMENSION NAME(4),IPARM(5)
CHARACTER CDATA*32
DATA NAME/S,'SVC '/
IDLU=25
CALL RMOTE (IDLU)
WRITE (IDLU,'("*RST") ')
WRITE (IDLU,'{"TRIG2")')
WRITE (IDLU,'("*SRE1"}')
WRITE (IDLU,' ("DFMT1")')
WRITE (IDLU,'("DBIN1")')
WRITE (IDLU,' ("COMP1") ')
CALL SRQ (IDLU,1,NAME)
DO I=1,100
WRITE (IDLU, ' (“#*TRG")')
CALL EXEC (6,0,1)
CALL RMPAR (IPARM)
CALL STATS (IDLU,ISTATUS)
WRITE (IDLU,'{("DATA?")!)
READ (IDLU,200) CDATA
WRITE (1,200) CDATA
200 FORMAT (A32)
ENDDO
CALL SRQ (IDLU,1,0)
END
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Sample Program 3 (for the HP 9000 series 200)

This sample program demonstrates the BINARY format data transfer.
1@ INTEGER Header_1 ,Header_2

20 ASSIEN BHp4Z78s TO 717:FORMAT ON
30 AGSIGN @Binary TO 717;FORMAT OFF
46 REMOTE @Hp4Z78a

5¢ QUTPUT @Hp4Z78a; "#RST"

69 GUTRUT BHpdZ278a; "TRIG2™

74 QUTPUT @Hp4278a;"*SRET”

89 QUTPUT BHp4278a; "DFMTZ"

38 GUTPUT BHp4Z278a;"0OBINTT

100 QUTPUT BHp4l278a;"COMP1"

119 O INTR 7 BOTC Mess_end

128 FOR I=1 TG 10@

4278A control setling

130 ENABLE INTR 7:2

140 OUTPUT @Hp4Z78a; " »TRG"

150 Waiting:GOT0 Waiting Measurement

6@ Meas_end:DISABLE INTR 7

170 §=SPOLL (BHp4Z78a)

180 QUTPUT @Hp4278Ba; "DATA?”

190 ENTER @BinaryiHeader_1 Header_2,C,0.,B Data transfer and display
208 PRINT £.0 .8

2108 NEXT I

220 END

A description of each program line follows:

lines  10: Declare Header_1 and Header_2 as INTEGER variables.
20: Assign address 717 to the 4278A and set it to ASCIL
30: Assign address 717 to the 4278A and set it fo BINARY.
40: Put the 4278A into the REMOTE mode.
50: Initialize the 4278A.
80: Set the trigger mode to EXT_TRIG.
70: Enable BG for SRQ.
80: Set the data oulput format to BINARY.
§0: Set the data with BIN number.
100: Set the comparator ta ON.
110: Go to the "Meas_end" label line on receiving an SRQ interrupt.
120: Repeat uniil the loop counter is > the specified vaiue.
130: Enable the interrupt.
140: Trigger the 4278A.
150: Wail for the end of the measurement.
160 Disable the interrupt.
170: Clear the status byte.
180: Read the data.
180: Enter the data.
200: Display the data with the BIN number,
210: Repeat until the ioop counter is greater than the specitied value.
220: End the program.
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Sample Program 4 {For the HP 9000 series 200)

This sample program demonsirates setting up the 4278A and storing the 4278A's settings to

the memory card.
ASSIGN BHp4278a 1O 717

20 REMOTE #Hp427Ca
30 QUTPUT @Hp4278a;" #RET"
49 OUTPUT BHp4278a;"FRERZ”
58 QUTPUT @Hp42THa: "HIALH"
(51%] QUTPUT @Hpd4Z78ay "RC=iE-12"
7@ QUTPUT BHp4278a;*ITIMRY
82 QUTPUT @Hp4278a; "DTIM=5"
90 OUYPUT @Hp4zZ78a;"CABL2"
0@ OUTPUT @Hp4Z78a;"CLIM"
tig OUTPUT @Hp4278a:"LMODT"
120 QUTPUT BHp4Z78a; "AUXT"
138 OUTPUT BHp4Z78a; "NOM=1E-12"
148 GUTPUT @Hp4278a; "BINI=-2.01 ,0.81 "
he SUTPUT BHPA278a; "BINZ=-%.07 0,02
160 QUTPUT CHp4278a: "BIN3=-0.03 ,0.03"
179 ouUTPUT ®Hp4278a "BIN4A=-0 .04 ,0.04"
180 QUTPUT @Hp4278a; "BING=-0.05 6.05"
159¢ QUTPUT BHp4Z78a3 “BING=~3.10.,0.10"
200 guTPUT BHp4278a; "BINT=-0.20.,0.20"
218 ouTRPUT @Hp4Z278a; "BING=-0.50,0.50"
220 OUTPUT @BHP4Z78a; "BINS=-1.80,1.¢0"
23¢ CUTPUT @Hp4z78a;"SLIM=0,0.0002"
240 OUTPUT BHp4278a; "COMP 1"
256 QUTPUT @Hp4278a; "CNT1Y
268 CUTPUT @Hp4Z78a; "TRIGZ"
278 QUTPUT BHp4Z278a; "STOR®
280 END '

A description of each program line follows:

Lines 10: Assign Hp_4278a to 717.

20: Remote the 4278A.

30: Initialize the 4278A.

40: Set the test frequency to 1MHz.

50: Set the Hi ACC modse to ON.

60: Set the measurement range to 1pF.
70: Set the integration lime to LONG,

80: Set the delay time to 5ms,

90: Set the cable length to 2m,
100: Clear the limit table,
110: Set the limit mode to % tolerance mode.
120: Set the AUX_BIN to ON.

130: Set the nominal value to 1pF.

140: Set the Himit value of BINt to £0.01%.

220: Set the limit value of BING to £1.00%.

230: Set the limit value of AUX_BIN to 0 ~ 0.0002.
240: Set the comparator to ON,

250: Set the BIN count to ON.

260: Set the trigger mode to EXT_TRIG.

270: Store the 4278A’s setting to the memory card.
280: End this program.
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Sample Program 5 (For the HP 1000)

This sample program uses the HP 1000 to run the same program as sampie program 4. LU ~
number is 25,

FIN.7X,L

PROGRAM SVC3
IDLU=25

CALL RMOTE (IDLU)

WRITE (IDLU, ' ("*RST") *)

WRITE (IDLU, ' ("FREQ2") ')

WRITE (IDLU, ' ("HIAC1") )

WRITE (IDLU, ' ("RC=1E-12%) 1)
WRITE (IDLU, ! ("ITIM3") )

WRITE (IDLU, ' ("DTIM=5%) ")

WRITE (IDLU, ' ("CABL2") ')

WRITE (IDLU, ' ("CLIM")?)

WRITE (IDLU, ' ("LMOD1") ')

WRITE (IDLU, ' ("AUX1") 1)

WRITE (IDLU, ' ("NOM=1E-12")"')
WRITE(IDLU, ' ("BIN1=~0,01,0.01"
WRITE (IDLU, ' ("BIN2=~0.02,0.02"
WRITE (IDLU, ' ("BIN3=~0.03,0.03"
WRITE (IDLU, ' ("BIN4=~0.04,0.04"
WRITE (IDLU, ! ("BIN5=~0,05,0.05"
WRITE (IDLU, ' ("BIN6=-0.10,0.10"
WRITE (IDLU, ' ("BIN7=~0.20,0.20"
WRITE (IDLU, ' ("BIN8=~0.50,0.50"
WRITE (IDLU, ' ("BIN9==1.00,1,00"
WRITE (IDLU, ' ("SLIM=0,0.002") ')

. e e W wm e e

WRITE (IDLU,
WRITE (IDLU,
WRITE (IDLU,
WRITE (IDLU,
END

] (IICOMPB_") f)
l(llcNTlﬂ) ')
L] (IITRIGz “) l)
L {I!STOR") L) )
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4-3. OPTION 201 HANDLER INTERFACE

4-3-1. DESCRIPTION

When Handler interface Option 201 is used, the HP 4278A can easily be combined with a
component handier and a system controller to fully automate capacitor testing, sorting, and
quality control data processing to increase production efficiency.

4-3-2. SIGNAL LINE DEFINITION

The handler interface signals are divided into the three types as follows.

Comparison Output Signals:
{BINT~/BING, JAUX_BIN, /OUT_OF_BINS, /PHI {primary parameter high reject
signal), /PLO (primary parametar lOow rejact signal), /SREJ {secondary parameter
reject signal), /UNBAL (bridge unbalanced signal)
Control Qutput Signals:
ANDEX {Measurement compieted signal), /EOM (comparison data valid signal)
and /ALARM (instrument tailure signal)
Control Input Signals:
{EXT_TRIG (External trigger signal} and /KEY_LOCK (key eniry disable signai)
This handler interface signal input/output connector, a standard 36-contact female Amphe-
nol conneclor, is mounted on the 4278A's rear panel. The contact assignments and a brief
description of each signal are given in Table 4.4 and Figure 4-4. The timing diagram is
shown in Figure 4-5.

NOTE

The / (back slash} in the signal name means that the signal is asserted when
jow.
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Table 4-4. Contact Assignments (sheet 1 of 2)

Pin No Signal Name Description

1 JBIN Sort judgements. Each signal's output

2 /BINZ is open collector.

3 [BIN3

4 /BIN4

5 /BINS

6 /BING

7 JBIN7

8 /BIN8

9 /BING

10 JOUT_OF _BINS

11 JAUX_BIN

12 JEXT TRIG External Trigger:

13 JEXT_TRIG .
4278A is triggered on the rising edge of a pulse
applied to this pin when the trigger mode is set
to EXT_TRIG.

14 EXT.DCVZ Exiernal DC voltage 2:

15 EXT.DCV2
DC voltage supply pins for DC Isolated inputs {/
EXT _TRIG, /KEY_LOCK) and DC Isolated out-
puts {JALARM, /INDEX, /JEOM). Setling of inter-
nal jumpers must be changed when using an
internal voitage supply.

18 +5V Internal voltage supply

17 +5Y

18 +5V

19 JPHI Primary Parameter High Reject:
The measurement value is greater than the high
limit value of BIN1 ~ BIN9. (See Figure 4-3)

20 {PLO Primary Parameter Low Reject:
The measurement value is less than the low limit
value of BINt ~ BINS. {See Figure 4-3)

21 [SRE Secondary Parameter Reject:
The measurement value is not within the range of
the secondary parameter limit. (See Figure 4-3)

22 NC No Conneclion

23 NC No Conneclion
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Tabie 4-4. Contact Assignments (sheet 2 of 2}

Pin No. Signal Name Description

24 JUNBAL Unbalance:

The bridge is unbalanced.

25 JKEYLOCK When this line is asserted, ali of the 4278A’s front
panei keys are disabled,

26 NC No Connection

27 EXT.DCV1 External DC Voltage 1:

28 EXT.DCVH
DC voltage supply pins for DC isolated open
collector cutputs, ./BIN1 - /BIN9, JAUX_ BIN, /
OUT_OF BINS, [PHI, /PLO, /SREJ, JUNBAL.
The setting of internal jumpers must be changed
when using the internal voltage supply.

2% JALARM This signal is asserted LOW when a SELF TEST
FAIL, POWER FAIL, or SPECIFIC CIRCUIT FAIL
occurs. When a POWER FAIL only occurs the /
ALARM signal is asserted low during the POWER
FAIL.

30 ANDEX The /INDEX signal is asserted when a measure-
ment is complete and the 4278A is ready for the
next DUT to be connected to the UNKNOWN
terminals. Measurement data, however, is not
valid until the /EOM signal is asseried. (See
Figure 4-5).

31 J/EOM End of measurement:

This signal is asserted when the measurement
data and comparison results are valid. {See
Figure 4-5)

32 COoM2 Common for EXT.DCV2

33" com2

34 COM1 Common for EXT.DCVH

35 CcCOoM1

36 COM1
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Figure 4-3. /PHI, /PLO, /SREJ Signal's Area Example

7BIN 1}
/BIN 2

FBIN 3
/BIN 4
/BIN 5
/BiN 6
/BiIN 7
/BIN B
/BIN

/0UT OF BIN
FAUX_BIN

/EXT TRIG {

JEXT.DCV2 {;

esv {

LI4)

>

FPH |
/PLO
/SREJ

}N.C

FUNBAL
/KEY LOCK
N.C

}£XT.DCV§

/ALARM
/INDEX
/ECM

}cowsa

}(ZOMi

Figure 4-4. Pin Assignment For Handier Interface Connector




Tl T2

T3 T4
D P feode ]
7 | A
/EXT_TRIG \ i 1\ |
i
! 1
¢
/ INDEX ul wﬁ -
! : '
| i |
/EOM ! ! \
i
; i (I
| [ 14
DATA Previous Data Valid X Date Valid
] i i
t | !
TIMING /3]/3\\/’ i
Delay Settling  Analog Calculation
Time Time Measurement and Binning
Time Time
Time Minimum Value Maximum Value
T1 | Trigger Pulse Width 1Hs -
T2 | Measurement Start
Delay Time 1 Display Time *+200us
T3 | JEOM Delay Time
After Data Quiput Tus -
T4 | Trigger Wait Time

After /JEOM Output Ous e

3

2

The settling time is changed by setting the delay time.

The display time for each display format is as follows:

MEAS TIME 4ms
LIMIT PAGE Oms
SORT PAGE 2ms

STATUS PAGE Oms

Figure 4-5. Timing Diagram
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4-3-3. ELECTRICAL CHARACTERISTICS
. DC isolated Outputs {Optocoupied):

Each DC output (pins 1 through 11, pins 19 through 24, pins 29 through 31), is isolated by
using an open collector optocoupier. The output voliags of sach line is set by mounting a
puli-up resistor on the handler interface board. The puli-up resistor can be connected to the
internally supplied voltages (+5V and +12V), or to an external voltage (EXT.DCV.1: +5V ~
+24V, EXT.DCV.2: +5V ~ +15V) by the setting jumpers, (refer to paragraph 4-4-4).

The electrical characteristics of the DC isolated outputs are divided inte twe types, (See
Tabie 4-5).

Since the power source for the Comparison output and Control sutput signals are different,
two circuit commons (COM1, COM2} are available.

Table 4-5. DC Isolated Qutput Electrical Characteristics

Voitage Qutput Maximum
Qutput Signals Rating Current Circuit Common
Low High
Comparison
Signals
JBINT~/BING Internal puli-up
JAUX_BIN voltage: 4278A
JOUT_OF_BINS | 0.5V 5V-~24Y 6mA cirouit common
fPHI
/PLO External voltage
JUNBAL . {(EXT.DCV.1): COM1
Control Signals
JINDEX internal pull-up
JEOM <0.5v 5V-15V 5mA voltage: 4278A
JARARM circuit common
External voltage
{EXT.DCV.2): COM2

The simpie diagram of the cutput signals is as shown in Figure 4-6 {Comparison Signals)
and Figure 4-7 (Cantrol Signals).
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HANDLER INTERFACE BOARD

+BYV HZV
4
W?Tf,w

i

HANDLER
INTERFACE
CONNECTOR

N

>34} ExT.DEV

@ I + > > << 7BIN1
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> > 2L¢¢| rBiN2
cze} :
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E 1
b ]
i o] !
> > ({{ /BIND
4z
St 2
3 : 3yt | /OUT_OF BIN
3 >—L Ll mux_BIN
‘@4’
> 2L spm
G | =
—— . ¢
I
t ]
} |
E I
24
] >!> <<{| /unBAL
7
N 34,35 /( COM 1
Fay 36 Y
wi o e’
4278A

CIRCUIT COMMON

! Factory shipped jumper setting

Figure 4-6. Simple Diagram of The Comparison Ouiput Signals
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HANDLER INTERFACE BOARD

'HANDLER
INTERFACE
cqgQFCTon

*EV*TV > >—2K d ExT.DCV 2
. i5 ’

.
PULL-UP RESISTOR,

N
N

22 7ALARM

2944 7 INDEX

N
v
/

N

31 G 7EOM

L L L]
oy

~—

32
= {3 CoOM?P

N

wa

427BA
CIRCWIT COMMON

* Factory shipped jumper setting

Figure 4-7. Simple Diagram of The Control Qutput Signals

DC isolated Input (Optocoupled):
The electrical characteristics of the DC isolated input is divided into two types.

1. [EXT_TRIG

The JEXT_TRIG signal (pin 12 and 13) is connected to the cathode of an LED in
the optocoupler. The 4278A is triggered on the rising edge of the /EXT_TRIG
puise. The ancde of the LED can be powered using the internal 5V and 12V

supplies, or by an external voltage source (EXT.DCVZ}.

NOTE

To limit the trigger current, the jumper (W9, W10, and W11} must be seiected

considering the optocoupler anode voltage being used. See paragraph 4-3-4,
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2. [KEY_LOCK

The /KEY_LOCK signal (pin 25) is connected to the cathode of the LED in an
optocoupler. All of the 4278A's front panel keys are disable when the /
KEY_LOCK signal is asserted. The anode of the LED can be powered using the
internal 5V and 12V supplies, or by using an external voltage source (EXT.DCV2),
which is connected to pin 15 or 16 on the handler interface connector.

The off state voliage (high level) of the /KEY _|LLOCK (pin25} and /EXT_TRIG (pin12, 13)
signals depends on the pull-up voltage selected using jumpers (W5, W8, and W7).

A diagram for the input signals is shown in Figure 4-8.

The electrical charactsristics of the signals are listed in Tabie 4-6.

HANDLER INTERFACE

CONNECTOR HANDLER INTERFACE BOARD
) " -
H2V +5V
Extoovel e .,
77775 (& o1 IWTIwe|ws
3
wo  Jisa
ZEXT_TRIGK, \ F12 , WIO  5iin
13 m\z Wi KR
H 'I T
/KEY.LOCKI W J25 7308 i
Fivd NN b
v
i
\_/ |
* Factory shipped jumper setting
NOTE

If the internal puil-up voltage is selected, COM2 circuit common must be connect-
ed to the 4278A’s circuit commaon by jumping W8,

Figure 4-8. Handler Interface Input Signat Diagram
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Table 4-6. Typica! Electrical Characteristics

Signal Input Voltage Input Current (Low) Circuit Commen
Pull-up Voltage

LOW | HIGH 5v 12v 15V

Internal pull-up
Voliage: 4278A
circuit common
JEXT_TRIG <1V [ BV~15V { 11.4mA | 10.BmA 13.5mA
External puli-up
Voltage: COM2

Internal puli-up
Voltage: 4278A
circuit common
/KEY LOCK| <1V {5BV~15V | 5.2mA | 14.5mA 18.5mA
External pull-up
Voltage: COM2

4-3-4, SETTING UP THE HANDLER INTERFACE BOARD
in selecting the signal outputs (Open coilector, Internal voltage outputs, or External voltage

outputs), jumpers on the handler interface board must be set. A description of each of the
eleven jumpers (W1 - W11}, is given in Table 4-7, and'their location is shown in Figure 4-9,
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Table 4-7. Internal Jumper Settings

Jumper No. Shorted Jumper Signals
w1 bDC Isolated outputs are not isolated. JBINT ~ /BIND
COM1 is connected to 4278A circuit JAUX_BIN
common. (When W1 is open fQUT_QOF BINS
DC isolated outputs are isolated.) JPHI ~ JUNBAL
wa? The open coilector cutputs are pulied

up to the internai 5V.

w3 The open collector outputs are pulled
up to the internal 12V,

w4 The open collector outputs are pulted
up to the JEXT.DCV1(BV-~24V).
W5 *® The open collector outputs are puiled JINDEX
up to the internal +5v, [ECM
JALARM
W6 The open collector culputs are pulled /EXT_TRIG
up to the internal +12V, /KEY LOCK
W7 The open collector outputs are pulled

up to the EXT.DCV2(5V~15V).

w8 DC Isolated outputs are not isolated.
COM2 is connected 1o 4278A circuit
common. (When W8 is open

DC I1solated outputs are isolated).

wg?* Trigger current limiting resister JEXT_TRIG
is 31600. W9 should be shorted
when EXT.DCV2 is between 5V to 6V
or W5 is jumped.

W10 Trigger current limiting resister
is 511Q. W10 should be jumped
when EXT.DCV2 is between 6V to 9V,

W11 Trigger current limiting resister

is 1k2. W11 should be shoried

when EXT.DCV2 is between 9V {o 15V
or W8 is jumped.

W2, W3, and W4 must be left open, or only one of them can be jumped at a
time. When the instrument is shipped from the factory, W4 is jumped.

W5, W8, and W7 must be left open, or one only one of them can be jumped at a
time. When the instrument is shipped from the factory, W7 is jumped.

* W9, W10, or W11 must be jumped. When the 4278A is shipped from the factory
W11 is jumped.
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NOTE

When the internal 5V (pin 16~18) of the handler interface connector is used by the
handier, either W1 or W8 must be jumped, and either COM1 or COM2 must be
used as the +5VY comman.

HANDLER INTERFACE BOARD

Figure 4-9. Jumper Locations

To set up the jumpers and pull-up resistors, perform the following steps.
Procedure:

1. Disconnect the power cable from the 427BA and allow time (a few minutes}, for
internal capacitors to discharge.

wamn)

DANGEROUS ENERGY/VOLTAGE EXISTS WHEN 4278A IS IN OPERATION AND
JUST AFTER IT IS POWERED DOWN. ALLOW A FEW MINUTES FOR THE INTER-
MNAL CAPACITORS TO DISCHARGE.
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2. Disconnect the two rear feet which lock the top cover and rear panel together.
3. Fully loosen the top cover retaining screws located on the rear of the top cover,

4. Slide the top cover towards the rear and lift it off. The top shieid plate will be
visible.

5. Remove the top shield plate to expose the PC boards.
6. Disconnect the fiat cable connected o the handler interface board.
NOTE
The handler interface board is the one with the black and orange extractors. See

Figure 4-1C.

7. Reinsiall the handler interface board.

Front J Rear

— : \ )|

Handler IfF board

Figure 4-10. Handler Interface Board Locations

8. To set the jumpers for the comparison output signals, follow the following flow
chart.
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START

(1)

{1} Use the iniernal voltage
{2} Use the external voltage

The pull-up voltage of the output signals:

Pull-up voltage:

{1) Use +5V
(2) Use +12V

M

(2)

Pull-up resistors:

{1} Mount on the handier i/F
board
{2) Mount on the handier

M {2)

Setting 1

Setling 2

Setling 3

Setting 4

9. Set the jumpers in accordance {o Table 4-8, (Ses Figure 4-11).

10. Mount the pull-up resistors for the comparison output signals when pull-up resis-

tors are called for in Table 4-8.

Table 4-8. Jumper Setting 1

Setting Jumper Setting Circuit Puil-up Pull-up
Number Wil w2l w3 | wa Common resistor voltage
1 S |8 (0 |0 4278A's COM Reguired internal+5V
2 S |0 |8 O 4278A's COM Required internal+12Vv
3 O |0 0 |8 COM1 Required EXT.DCV.A
{5V -~24V)
4 O |0 |C |O COomM1 Not requlred -
C: OPEN
S: SHORT
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NOTE

Use the following equation to determine the value of the puli-up resistors.

REkee ~od

3

Where,
Vp: Pull-up voltage
R: Puli-up resistor

The typical pull-up resistors are as follows:

Pull-up voltage Pull-up resistor HP Part number
5V 1.78k02 PNQ757-0278
12v 3.18kQ PN0698-3154
24v 8.25kQ PNO757-0441

HANDLER INTERFACE BOARD

o

Z]

- |o
o

§a.u.

&

Figure 4-11. How to Set Up the Handier Interface Board 1
12. To set up the jumpers for the control output signals, follow the fiow chart given

in step 8.

13. Set the jumpers in accordance to Table 4-9, (See Figure 4-12).
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Table 4-8. Jumper Settings 2

Setting Jumper Setting Circuit Pull-up Puli-up
Number WH W6 | W7 W8 Common resistor voltage
1 S [©O |0 S8 4278A's COM Reguired internal+8V
2 O |8 {0 |S 4278A's COM Required: internal+12Vv
3 O [0 IS8 |0 coM2 Required EXT.DCV.2
(5V-15V)
4t 0 O (0 10 comz2 Not required .
0O: OPEN
S: SHORT

' When input signais are used, only W7 is jumped, (a pull-up resistor is not

required),

14. Mount the pull-up resisiors for the control output signals when the pull-up resis-
fors are required in Table 4.9,
NOTE

Use the following eqguation to determine the vaiue of the pull-up resistors.

Vel

Rlk(}= Y

Where,
Vp: Pull-up voltage
R: Puil-up resistor

The typical pull-up resistors are as follows:

Pull-up voltage Puil-up resistor HP Part number
5v 1.78k$2 PNQO757-0278
v 3.16k2 PNQ757.0279
12V 4.22k0 PNOG98-3154
15V 511k PNO757-0438
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HANDLER INTERFACE BOARD

Figure 4.12. How to Set Up the Handler Interface Board 2

15. Set the jumpers tor the input signals in accordance with Table 4-10 (See Figure
4-13).

NOTE
The drive voltage of the input signals uses the pull-up vaoltage for the control

signals.

Tabie 4-10. Jumper Settings 3

Drive Voltage Jumper Setting Circuit
wg w10 { W11 Common

internal +5v S O O 4278A's circuit common
Internal +12v O C S 4278A’s circuit common
EXT.DCV.2 (5-6V) ) O O CoOM2
EXT.DCV.2 (6~8V) @] ] 0] COM2
EXT.DCV.2 (9~15V) O C S COoOM2

O: OPEN

5: SHORT
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HANDLER INTERFACE BOARD

Figure 4-13. How to Set Up the Handler intertace Board 3

16. Replace the handler interface board, top shield plate, rear feet, and top cover.
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4-4. OPTION 202 HANDLER INTERFACE

4-4-1. OPTION 202 DESCRIPTION

The Option 202 Handler Interface can be configured to physically and electrically interface
the HP 4278A to the following handlers:

¢ Palomar Model M16 Handier
* Paiomar Model M11 Handler
s Q-Corporation RTR2 Handier
¢ Isumeca 83 Handler

o EA Modei MO15 Handler

By configuring the Option 202 Handler Interface Board { determining and installing the
jumpers as required for your handler, see Table 4-14 ),
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4-4-2, INTERFACE SIGNAL DEFINITIONS

Option 202 uses three types of handler interface signais, control input, controf guiputs, and

binning results. The following describes the function of, and gives the pin assignments for
the Cption 202 Handler Interface 1/0 signals. .

NOTE

A back slash " /", in front of the signal name means the signal is asserted when it
is LOW.

Conirol input:
The control inpul signal is:

START IN Trigger signal sent to the 4278A to start a measurement. Rising
and falling edge triggering signals are handied by instaliing
jumper W12 or W13 on the Option 202 Handler Interface board.

Control Output:
The control output signals are:

EOC An opto-isolated signal output by the 4278A fo tell the handler
when the end of conversion occurs. Al the End Of Conversion
the 42784 enters the compensation, caiculation and comparison
phase and the handler is free to ready the next DUT for testing.
The assertion level for EOC is selected by installing jumper W3,
W4, or W5 on the Option 202 Handler Interface board.

BUSY An opto-isolated signal ocutput by the 4278 telling the Handler
that the 4278A is busy performing a measurement, comparison,
or calculation. The assertion level of BUSY is controlied by
installing W6 or W7 on the Option 202 Handler Interface board.

Binning Resull Output:

/BING - /BIN10 Output signals from the 4278A telling the handler the compari-
son resuits. The handler sorts the capacitors based on this
information.
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Table 4-11. Pin Assignments

Pin Signal Name Description
No.
1 Common igotated Common
2 Bin 0 Bin sorting resuits Opto-isolated
3 Bin 1 apen collector output
4 Bin 2
5 Bin 3
6 Bin 4
7 Bin §
8 Bin 6
9 Bin 7
10 Bin 8
11 Bin 9
12 + 5V OUT + 5V for external use.
13 System Ground Instrument Logic Ground
i4 START IN Trigger Input (Signal from Handler)
15 EOC End of Conversion A/D oulput
16 Bin 10 Bin 10 Sorting result (same as BIN 0 - 9}
17 + 5V oulput when jumper W1 is installed
18 BUSY BUSY (conversion, catculation) output
19 °-36 No Connection

BINO: QUT_OF BINS
BIN10: AUX BIN
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15-~-36
18 fBINS NO CONNECTION

08) /BINIG 3
(i) NC(+5YV WHEN W1 JUMPERED)
(®) BUSY

Figure 4-14. Handler Interface Connector Pin Assignments

4-91
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Ve i3 fem i fosjent
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w4,10,13 : | ;
¢
START IR ) -
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- i 1 | .
18,13 i \
or 1 L
w9,10,12 ; -
j i
T

L

} T
BIN DATA Provious Bin Data Valid X Bin bata VYalid
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t | i
TIMING ¥ ! ]
¥ 1 '
b : '
T
Anaiog Calculation and

Delay Yime f Measurement Rinning Time
Settling Time
Tima

Time Descriplion in. Max.
Ti Trigger Pulse Width Sus (W11 Open)
501s (W11 Instalied)
T2 Measurement Delay Time Dispiay Time
+ 200us
T3 EQC Delay Time after ius

Comparison Data output

T4 Trigger Wait Tirme Ous
after EOC output

NOTE

The wait time before settling varies with the defay time selected. When the delay time
is set to O sec. then the walt time is 0 sec,

Figure 4-15. Timing Diagram
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4-4-3. ELECTRICAL CHARACTYERISTICS AND TIMING
Opto-lsolated Input:

The START IN input trigger signal can be opto-isolated by installing jumpers W8 and W10
while leaving jumper position W8 open. When this input is used as an opto-isolated input it
is current driven and requires 5 ~ 80mA for proper operation. For TTL level trigger input
signals, install jumper W8 and eave jumper positions W9 and W19 open.

Opto-isolated Ouiputs:

The outputs from the 4278A are Opto-Isotated for added interfacing fiexibility and to increase
reliability through reduced noise pickup. Provisions have been made for mounting pull-up
resistors connected to + 5V on board for systems using TTL logic tevels, otherwise the sup-
ply voitage { 24V maximum ), and the pull-up resistors are iocated in the handler ( the com-
bination of puli-up resistor and pull-up supply voltage used must result in a current through
the opto-isolator of less than 80mA ). The opto-isolator common supply path can be con-
nected to or isolated from the 4278A’s system ground with jumper W2, Installing jumper W2
connects the opto-isolator common to the 4278A’s system ground.

Tabie 4-12. Electricai DG Characteristics of Opta-Isotated Outputs

Output Signals Voltage Output Level Maximum
Current

Low High

Binning Signals

/BINO ~ /BIN1O < 0.5V 5~ 24y 80mA

Control Signals
EOC < 0.5V 5.-24y " 80mA

BUSY < 0.5V 5 .24y 80mA

! Depends on the value of pull-up voilage used. The pull-up voltage on the handler
interface board is + 5V, and up to 24V can be used from an external source ( from
the handler }.
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Figure 4-16. Simplified Binning Output Schematic
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/BINDEX
BINDEX

BEOM

/BEOM

HANDLER INTERFACE BOARD
CONTROL OQUTPUT

+5V
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@
Ri3
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N ¢ 4 SYSTEM
gaiz” 2 13T MY GROUND

Figure 4-17, Simplified Control Output Schematic
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Opto-isolated Inputs:

w8
o
+5V HANDLER
! Wi INTERFACE
8l l7 CONNECTOR
8

U4 | JIA q

OPTO- r———)———‘ START IN
. ISOLATOR 5 s o 14 —

w9

;

A
COMMON i > > D} COMMON
+5V e’
IK 3 RIS
3 o
i Wil
c3 c2

é 0.1uF ;L 1000pF

/EXTTRG €

HANDLER INTERFACE
CONTROL INPUT

Figure 4-18. Handler Interface input Schematic
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Table 4-13, Typical tnput Electrical Characieristics

input Signal inrput Carrent

Low High
START IN (Opte-isolated) ¢ ~ 230uA

5 - 60MA

Input Voltage

2.0V ({ Input Current= 5mA )

input Threshoid Voltage

Low High

START IN {TTL Level) 0.6V 1.6V

Input Current

Low High

-0.4mA 201LA

T Schmitt-Trigger input, hysteresis = 0.8V.

Z Do not use less than 5mA, oplo-isolator must have 5mA minimum for proper
aperation.
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4-4-4. CONFIGURING THE OPTION 202 HANDLER INTERFACE BOARD

Setting up the Option 202 Handier interface board consists of instaliing jumpers and pull-up
resistors as required. Tabte 4-14 lists the jumpers and pull-up resistors to install for various
handiers on the markel. Figure 4-20 shows the locations of the handler interface jumpers,
Figure 4-21 shows the locations of the puil.up resistors on the handler interface board, and
Figure 4-22 shows the location of the handler interface board in the 42784,

Table 4-14_ Internal Jumper Setlings

Handler EOC | BUSY | STARTIN | +5, GND Note

Default w4 W Wwa, 10, 13 Default jumpers
installed at the
factory

PALOMAR M16 | W5 W6 weé, 13 Wi, 2 Mount 1.78KQ pull-up

resisiors at

tocations R101 - R113
for BIN 0 ~ BIN 10,
EOC, and BUSY.

PALOMAR M11 | W4 W6 W8, 12 w1, 2 MOUNT 1. 78K pull-up
resistors at

locations R101 ~ R113
for BIN § - BIN 10,
EQC, and BUSY.

Q Model RTR2 W4a Wo W9, 10, 13 w1, 2

ISUMECA w4 W6 we, 10, 11
and W13

EA Model 015 W4 We Wwe, 10, 12
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Table 4-15. Jumper Definitions

Jumper Detinition When installed

W1 +5V is supplied to pin 17,

W2 CONMMON is connected to the system ground. When + 5Y from the
handler interface is used, this jumper must be instalied.

w3 EQC is asserted LOW when the measurement is completed and the
4278A is ready for the next DUT.

w4 EOC is asserted HIGH when the measurement Is completed and the
4278A is ready for the next DUT.

W5 EOQC is asserted LOW while the measurement data and comparison
resulis are Invalid,

w6 BUSY is asserted HIGH while the measurement data and comparison
results are invalid.

w7 BUSY is asserted LOW while the measurement data and comparison
resuits are invalicl.

ws Sets the START IN input {o operate at TTL levels. W9 and W10 must
be ieft open,

w9, W10 Opto-isolates the START IN input, both W9 and W10 must have

jumpers instalied and W8 must be left open.

w11 Adds a 0.1UF capacitor to filter out noise on the START IN input,

w12 Sets the 4278A to trigger on the falling edge of the START IN input
signal { Optoe-isolator ).
Sets the 4278A to trigger on the raising edge of the START IN input
signal { TTL).

w13 Sets the 4278A to trigger on the raising edge of the START IN input

{ Cpto-lsolator ).

Sets the 4278A 1o trigger on the falling edge of the START IN input
signal { TTL ).
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If you are using one of the handiers listed in paragraph 4-4-5 perform steps 1 through & of
the following general configuration procedure, and then go to the setup example for your
handler and install the pull-up resistors and jumpers as directed. Use the foliowing pro-
cedure 1o configure the Option 202 Handler interface Board for a handler not listed in para-
graph 4-4-5. The general timing diagram is shown in Figure 4-19.

3 T4
-! ,L.:ii
w8,12 il
i
].wg 101\__][ : \ 7
START IN |
l}
wa 13 !
1
I

WJ 10,12

f
TIMING :
Il

////bj Analog Calculation and
Mcasurement Binping Time
Settling Time

Time

- O ”

H

!
i

. | '

) |

. I

1 I

BIN DATA Previous Bin Data Valid x: Bin bata valid

1

!

:

H

t

Delay Time

Figure 4-19. General Timing Diagram
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General Configuration Procedure;

1.

10.

11.

12.

13.

14,

Disconnect the 4278A's power cord and allow enough time ( a few minutes ) for the )
internal supply tilter capacitors to discharge.

. Disconnect the two rear feet which lock the top cover and rear panel togsther.
. Fully loosen the top cover retaining screws located at the rear of the top panel.

. Siide the top cover towards the rear and lift it off to expose the top shieid plate.

Remove the top shield plate to gain access to the PC boards.

Cisconnect the flat cable connected to the handler interface board.

NOTE

The handler interface has Brown and Orange exiraciors. Refer to Figure 4-22 for
the location of the handler interface board.

- It the comparison output signals are TTL levels signals and these signals are not

pulled up by the handler, determine the puli-up resistor value (1.78K is
recommended } and refetring to Figure 4-21 for the locations of the BIN pull-up resis-
tors, install the pull-up resistors.

i the control outputs { EOC, BUSY } are to be TTL level signals and these signals are
not pulled up by the handler, determine the pull-up resistor value (1.78K is
recommended ) and referring to Figure 4-21 for the locations of R112 (EOC ) and
R113 { BUSY } install the pull-up resistors. '

. Refer to Table 4-15 to determine which jumpers to install to configure the EOC and

BUSY outputs.
Use Figure 4-20 to locate the location of the required jumpers and install the jumpers.

Refer to Table 4-15 to determine the jumpers required to configure the START IN
input.

Use Figure 4-20 to find the location of the reguired jumpers and install the jumpers.
Install the contigured handler interface board into the 4278A.

Replace the top shield plate, rear feet, and top cover.
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Figure 4-21. Pull-Up Resistor Locations
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Figure 4-22. Handler Interface Board Location
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4-4-5. CONFIGURATION EXAMPLES
Setup example information consisting of handler interface board configuration, timing dia-

grams, list of signals used, logic levels used, and other special information pertaining to the

handler under discussion will now be given. Setup examples are given for the following
handiers:

e Default Configuration 4-105
s Palomar Model M16 4-107
s Palomar Model M1t 4-109
s Q-Corporation RTR2  4-111
s lsumeca 83 4-113

» EA Model MO15  4-115
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» DEFAULT CONFIGURATION

The Standard setting is the configuration of the Option 202 handler interface board as it is
shipped from the factory. The timing for the defaull setup is shown in Figure 4-23 for

reference.

START 1IN
Raising
Edge
Trigger
EOC
BUSY
BIN DATA

Figure 4-23. Timing for Default Setup
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Standard Configuration:

1. Conftigure the following interface signals by installing the jumpers as shown in Figure
4.24,
START IN  instail jumper at W9, W10 and W13
BUSY install jumper at W6
EOC install jumper at W4

Figure 4-24. Default Jumper and Pull-Up Resistor Locations

2. Install the configured handler interface board into the 4278A.

3. Replace the top shield plate, rear feet, and top cover.
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e PALOMAR MODEL M15

Have you performed steps 1 through 6 of the general procedure given in paragraph 4-4-4 7
if not, do so now, then return to this procedure. The Palomar M16 timing diagram is shown

in Figure 4.25 for reference.

EOC

START 1IN
Falling o
Edge
Trigger

BUSY

Figure 4.25. Palomar M18 Timing
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Palomar M16 Configuration Procedure:

1. Configure the following interface signals by instaliing the jumpers as shown in Figure
4.28.

START IN  Install jumper at W8 and W13
BUSY Install jumper at W6
EOC Install jumper at W8

Figure 4-26. Palomar M16 Jumper and Pull-Up Resistor Locations

2. All YO signals are TTL level so you must install all pull-up resistors to + 5V (install

pull-up resistors R101 ~ R113). Refer to Figure 4-26 for the pull-up resistor
locations. :

3. Bring 1 5V oul through pins 12 and 17 of the handler interface rear panel connector
{ install a jumper at W1 for + 5V and at W2 for the COMMON connection ). Refer to
Figure 4-26 for the locations of W1 and W2.

4. Install the configured handler interface board into the 4278A.

&, Repiace the lop shield plate, rear feet, and top cover.
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s PALOMAR MODEL M11

Have you performed steps 1 through 8 of the general procedure given in paragraph 4-4.47 =
If not, do so now, then return and continue with this procedure. The Palomar M11 timing
diagram is shown in Figure 4-27 for reference.

Raising
Edge
Trigger
START IN
BUSY

Figure 4-27. Palomar M11 /O Timing
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Palomar M11 Configuration Procedure:

1. Configure the following interface signals by instailing the jumpers as shown in Figure
4.28,
START IN  Install jumper at WB and W12
BUSY install jumper at W6
EOC Install jumper at W4

Figure 4-28. Palomar M11 Jumper and Pull-up Resistor Locations

2. Al /O signals are TTL leve! so you must install all pull-up resistors 1o + 8V { install

pull-up resistors R101 ~ R113}. Refer to Figure 4-28 for the pull-up resistor
locatiaons.

3. Bring + 5V out through pins 12 and 17 of the handler interface rear pane! connector
{ install a jJumper al W1 for + 5V and at W2 for the COMMON connectlion ). Refer to
Figure 4-28 for the locations of W1 and W2.

4. install the configured handler interface board into the 4278A.

5. Replace the top shield plate, rear feel, and top cover.
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= Q-CORPORATION RTR2

Have you performed steps 1 through 6 of the general procedure given in paragraph 4-4-4 7
if not, do so now, then return and continue with this procedure. The RTRZ2 timing diagram
is shown in Figure 4-29 {or reference.

START IN
Raising
Edpce
Trigger
BUSY

Figure 4-29. RTR2 1O Timing
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Q-Corporation RTA2 Configuration Procedure:

1. Configure the following interface signals by installing the jumpers as shown in Figure
4.30.
START IN Install jumper at W8, W10, and W13
BUSY install jumper at W6
ECC Install jumper at W4

Figure 4-30. RTR2 Jumper and Puli-Up Resistor Locations

2. Bring + 5V out through pins 12 and 17 of the handler interface rear panel connector
( install a jumper at W1 for + 5V and at W2 for the COMMON connection ). Refer to
Figure 4-30 for the locations of W1 and w2,

3. Install the configured handier inlerlace board into the 4278A.

4. Replace the top shield plate, rear feet, and top cover,
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& ISUMECA 83

Have you performed steps 1 through 6 of the general procedure given in paragraph 4-4-4 7
If not, do so now, then return and continue with this procedure. The isumeca 83 timing

diagram is shown in Figure 4-31 for reference.

Raising
Edge ‘
Trigger
START IN
BUSY ‘—m

Figure 4-31. Isumeca 83 /O Timing
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Isumeca 83 Configuration Procedure:

1. Configure the following interface signais by installing the jumpers as shown in Figure
4-32.
START IN  install jurnper at W9, W10, Wit, and W13
BUSY Install jumper at Wé
EOC Install jumper at W4

Figure 4-32. Isumeca B3 Jumper and Pull-Up Resistor Locations

2. Install the configured handier interface board into the 4278A.

3. Replace the top shield plate, rear feet, and top cover.
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= EA MODEL MO15

Have you performed steps 1 through 6 of the general procedure given in paragraph 4-4-3 7
If not, do so now, then return and continue with this procedure. The MO15 timing diagram

is shown in Figure 4-33 for reference.

START 1IN
Falling
Edge
Trigger
BUSY J

Figure 4-33. EA MO15 170 Timing

[ =
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EA MODEL MO15 Contiguration Procedure:

1. Configure the following interface signals by installing the jumpers as shown in Figure
4-34,
START IN  Install jumper at W39, W10, and W12
BUSY Instalt jumper at Wé
EOC install jumper at W4

Figure 4-34, EA M0O15 Jumper and Pull-Up Resistor Locations

2. Instail the configured handler interface board into the 4278A.

3. Replace the top shield plaie, rear fes!, and top cover.
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4-5. OPTION 301 SCANNER INTERFACE
4-5-1. DESCRIPTION

The 4278A with the Option 301 Scanner Interface can have up to 256 sets of the compensa-
tion measurement dala ( OPEN, SHORT, STANDARD ), and any of these 256 sets of com-
pensation dala can be used for each measurement, { The compensation data is frequency
dependent ). The 4278A can compensate for stray admittance, residual impedance, and
other errors for each channel from the calibration plane { depends on the CABLE LENGTH
selected } {0 the connection contacts for the capacitor. Therefore the 4278A with the Option
301 can accurately measure capacitance and dissipation factor values without any degrada-
tion on repeatability, or difference between channels. Timing synchronization is also
provided,

The 4278A when equipped with Option 101 HP-IB interface and Option 301 scanner inter-
face, store in sequential measurement order up o 500 sets of data { measurement results
and comparison results }, and transfer the stored data to the controller all at once using the

DATA? command. This technique greally reduces the dafa transmission time via HP-1B data
transfer.

4-5-2. SCANNER INTERFACE SIGNAL INPUT/OUTPUT CONNECTOR
The scanner interface 1/O connector, a standard 14-contact female Amphenol connector, is

mounted on the 4278A's rear panel for interconnaction between the 4278A and your scan-
ner. The scanner interface (/O signals are divided inio three types as follows,

Channel Selection Input Signals:

These signals are used to select the compensation data which corresponds to a
channel number of the scanner,

fCHO 1o /CHTY Channel Setection { 8-bit binary input )
JCH_VALID Channel Valid

Control Dulput Signals:

These signals are used 1o control the timing beiween the 4278A and the scanner.
JINDEX Measurement Complete
JECM Comparison Data Valid
Control Input Signal:

This signal triggers the 4278A on the rismgj edge of a pulse when the trigger mode is
set to the EXT_TRIG mode.

EXT_TRIG External Trigger
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NOTE
The / { back slash ) in the signal name means that the signal is asserted when low.

The scanner interface {/O connector pin assignments are shown in Figure 4-35, and the
contact assignments and a brief description of each are given in Table 4-16.

JCHO /CHI1
{CH2 /CH3
/CH4 /CHS
/CHB /CH?
J/CH _VALID EXT_TRIG
/ INDEX /EOM
EXT.DCV COMMON

Figure 4-35. Control Assignments
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Table 4-16. Contact Assignments

Pin No. Signal Name Description

1 JCHO

2 JCHZ2 Channe! Selection Signals { input )

3 /CH4

4 [CHE

5 [/CH_VALID Channel Vaiid Signal { input Signal}. This signal
makes the channel selection signais valid or
invalid,

6 JINDEX Measurement Complete Signal (Ouiput). /[
INDEX is asserted when a measurement is com-
pleted and the 42784 is ready for the next DUT
to be conmected to the UNKNOWN terminals.
The measurement data is not valid until JEOM is
asserted.

7 EXT.DCv External DC voltage.

8 JCH1

g JCH3 Channel Selection Signal { Input )

10 JCH5

11 JCHY

12 EXT.TRIG External Trigger Signal ( Input ).

13 JEOM End of Measurement Signal ( Output). This
signal s asseried when the measurement data
and comparison results are valid.

14 COMMON Common for EXT.DCV.
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When the input/output control signals are used as follows, the scanner system will operate
more efficiently.

1. Set the scanner channel CHANNEL 0, the first scanner channel.

2. Set the channel selection signals ( /CHO to /CH7 ) and the channel valid signal (/
CH_VALID ) to compensate CHANNEL 0.

3. Trigger the 4278A by supplying a trigger pulse through the scanner input/output
cannector on the rear pansl. The 42784 will acknowledge the channel number
as CHANNEL 0, and then measure the capacitor connected 1o scanner channel 0
using the compensation data for channel 0.

4. Disassert [CH_VALID after /INDEX goes HIGH.

5. Set the scanner channel, channel selection signals, and the channel valid signal
to the next channel to be measured when /INDEX goes LOW.

6. After /JEOM goes LOW trigger the 4278A to make the measurement.

7. Repeat steps 4 trough 6.

The timing chart for the preceding procedure is shown in Figure 4-36.
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Figure 4-36. Timing Chart
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The scanner system setup for the preceding procedure is shown in Figure 4-37.

SCANNER
/CHO /CHY CONTROLLER Channel
JCH_VALID Sclection

. Channel Sclcctcr_—gﬁ——————~i\£—w-——~———"w
SCANNERT, TRDEX A
/¥ ey

4278A /F Control Timing SCANNER

CONRECTO
J
UNKNOWR —} Trigger Generator

Measurement Cahle

Figure 4-37. Scanner System Example
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4-5-3. SIGNAL ELECTRICAL CHARACTERISTICS

The electrical characteristics of the 1/O signals are as follows.

Channel Selection input Signals { Optocoupled )i

The JCHO to /CH7 and /CH_VALID signals are optocoupled to isolate inpuls at dc. Each
signal is connected to the cathode of an LED in the optocoupler which is current driven and
requires 5 mA to 20 maA for proper operation. The off stale voltage { high level ) of each
signal depends on the pull-up voltage { EXT.DCV } used. EXT.DCV can be set from 5V to 15
V. The selecior switches must be set according fo the EXT.DCV used ( Refer to Tablg 4-17 ).

External Trigger Input Signals { Optocoupied 2

The EXT_TRIG signal is an optocoupled dc isolated input. This signal is connected to the
cathode of an LED in an optocoupler which is current driven and requites 6.3 mA 10 15 mA
for proper operation. The off state voltage { high level ) of each signal depends on the pull-
up voltage ( EXT.DCV ) used. EXT.DCV can be set from 5 V to 15 V. The bit selector

switches must be set according to the EXT.DCV used ( Refer o Table 4-17 ).

Table 4-17. Electrical Characieristics

Input Signal Voltage input Rating Maximum Current
LOW HIGH

fCHO to fCH7 <tV 5Vto 15V 5 mA to 20 mA

JCH_VALID

EXT_TRIG 1V 5Vio 15V 6.3 mAte 15 mA

A diagram of the input signals is shown in Figure 4-38.
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Figure 4-38. Simple Diagram of the Inputs Signals
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Control 0ut;5ut Signals { Optocoupled ):
The /INDEX and /EOM signals have open collector outputs. Each oufput optocoupled. The”

combination of pull up resistor and pull-up voltage must result in a current through the
optocoupler of less than 6 mA ( Reler to Table 4-18 ).

Table 4.18. Output Signal Electrical Characteristics

Signal Name | External Pull-up Voitage Maximum Current
INDEX 15 V max. 6 mA
{fEOM

A schematic of the /INDEX and /EOM ouiput circuits are shown in Figure 4-39.

SCANNER INTERFACE BOARD
+5VY +5Y
3 404 3464
SCANNER T/F
CONNECTOR
us 1 6/\
1 6
> > ¢! /INDEX
2 ¥ s
3 ® 14 13
3> 4 ¢ /EOM
4 # ( 13
14
> > < ¢} COMMON
o

Figure 4-38. Simplified Diagram of the Cutput Circuits
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4-5-4. SETTING UP THE SCANNER INTERFACE BOARD

When you use the rear panel scanner {/O connector two switches on the scanner interface
board must be set according to the external dc voltage (EXT_DCV) used. Perform the
foliowing steps.

PROCEDURE:

1.

Disconnect the power cable from the 4278A and aflow time { a few minutes ) for
the internal capacitors to discharge.

DANGEROUS ENERGY/VOLTAGE EXISTS WHEN THE 4278A IS IN OPERATION
AND JUST AFTER IT 1S POWERED DOWN, ALLOW A FEW MINUTES FOR THE
INTERNAL CAPACITORS TO DISCHARGE.

2.

3.

Disconnect the two rear feet which lock the top cover and rear panel together.

Fully loosen the fop cover relaining screws located on the rear of the top cover,

. Slide the top cover towards the rear and lift it off. The top shield plate will be

visible.
Remove the top shield plate to expose the PC boards.

Disconnect the flat cable connected to the scanner interface.

NOTE

The scanner interface board is the one with the BLACK and YELLOW extractors
{ See Figure 4-40 ).
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{
SCANNER I/F board

Figure 4-40. Scanner Interface Board Location

7. Remove the scanner interface board.

8. Set switches SW1 and SW2 in accordance with Table 4-19. The location
swilches SW1 and SW2 are shown in Figure 4-41.

9. Replace the scanner interface board, top shield plate, rear feet, and top cover.
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Figure 4-41. SW1 and SW2 Switch Locations
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Table 4-19. SW1 and SW2 Settings

EXT _DCV SWi SW2
o[ o[ )
= (G
=] =
S5V ~ BY = —3
. =l —
Factory shipped = E—
Setting | = : e~
=] =l

OFF = ON OFF =——— 0N
oL T L] =N
=) -
=i BE]
= 3
OV ~ 8V = —
= 3
3 -3
—=

OFF =—————— ON OFF == ON
L] = oD ]
B ] 5
=] =]
=3 3
8V ~ gV =0 I
&3 ——3
=] 3
=] =

OFF = ON OFF oo ON

o= o[55]

=] =
B O
gy ~ 15V @[&:::1 E:':]m
= [ —
£
(=N =]

OFF =———— ON OFF mtem——m ON
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4-5-5. OPERATION
The following procedures are discussed in this paragraph:

» Compensation Data Selection

» Compensation Methods

+ Displaying Compensation Data

¢ Block Data Transfer via HRP-IB
When the preceding functions are used with the scanner interface, the multi-compensation
mode must be set 1o ON even if only the block data transfer is used. Perform the following
steps to set the multi-compensation mode to ON.

1. Press the MENU and NEXT keys.

2, Press the ‘MULTI COMPEN’ softkey.

3. Press the *ON’ softkey,

NOTE
When the multi-compensation mode is set via HP-IB, use the MCOM command.

MCOMO command:  Set the muiti.compensation mode to OFF
MCOM1 command:  Set the muiti-compensation mode to ON
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[ COMPENSATION DATA SELECTION |

The compensation data for each scanner channel is stored in the scanner interface’s internal
p

memory, and each set of compensation data is assigned a channel number. To select com-
pensation data, the channel number must be set using the JCHE to /CHT signals, and the
/CH_VALID signal on the rear panel connector, or the CNO= command via HP.IB,

NOTE

When the 4278A is triggered or when the 4278A starts a compensation data mea-
surement ( for example: when the ‘OPEN COMPEN' softkey is pressed ), the
4278A acknowledges the channel number. So if "CNO=10" is sent via HP-IB, the
42784 will not set the channel number to 10 until the 4278A is triggered or until
the 4278A starts a compensation data measurement.

1. When the rear panel scanner inlerlace conneclor is used
The channel number { compensation data selection ) can be selected with the
channel selection signals (/CHO to /CH7 ) and the channel valid signal {/
CH_VALID ). The JCHO to /CHY signals are the 8-bit binary signals. JCHD is the
LSB, and /CHY is the MSB.

For example,

JCHO /CH1 /CH2 /CH3 /CH4 /CH5 (CH6 /CH7  CHANNEL No.

1 0 0 0 0 0 0 3 1
0 1 0 0 ¢ 0 0 0 2
(0] 0 1 0 0 0 0 0 4
0 0 0 1 0 0 0 0 8
0 0 0 0 1 0 0 0 16
0 0 0 0 0 1 0 0 32
0 0 0 0 0 0 1 0 64
0 0 0 0 0 0 0 1 128

1: LOW

0: HIGH

# JCH_VALID is set to HIGH when the channel number is set using the /CHQ to
[CHT7 signals, the 4278A cannot acknowledge the channel number, and the
4728A will use the currently specified compensation data.

2. When the HP-IB interface { OPTION 101 } is used

The channel number used to select the compensation data can be set using the
CNG= command via HP-IB. The channel number is set from 0 10 255 in steps of
1. For example, the sample program for the channel number=20 is as follows.

10 QUTPUT 717,"MCOM1" | Set the mulli compen, mode to ON
20 QUTPUT 717,"CNO=20" ! Set the CH. N¢ 1o 20

30 QUTPUT 717;"TRG" t Make the 4278A accepled the CH.NO
40 END
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[ COMPENSATION METHODS |

To use the OPEN, SHORT, STANDARD compensation function for each scanner channe! for ~
muiti compensation, perform the following steps.

OPEN Compensation

Perform the following steps to use the OPEN compensation function for each scanner

channel.

1. Select the scanner channel (select the channels in sequence starting with
CHANNEL O ).

2. Set the 4278A's channel number equal to that selected in step 1. _

3. Open the selected scanner channel measurement contacts.

4. Press the ‘“OPEN COMPEN’ soitkey or send the XOP command via HP-IB. Wait
for the end of open compensation measurement.

5. Increment the scanner channel and the 4278A's channel number by one to the
next channel humber, and repeat steps 1 through 4 until this procedure has been
performed for all channels.

6. Press the ‘OPEN ON’ softkey or send the HP-IB OPEN1 command to enable
compensation calculations for subsequent measurements.

SHORT Compensation
Perform the following steps to use the SHORT compensation function for each scanner
channel.

1. Select the scanner channel (select the channels in sequence starting with
CHANNEL 0).

2, Set the 4278A's channel number equal to that selected in step 1 to store the
selected channel’s compensation data.

3. Short the séiected ¢channels measurement contacts.

4. Press the ‘SHORT COMPEN’ softkey or send the XSH command via HP-IB. Wait
for the end of short compensation measurement.

5. Increment the scanner's and the 4278A’s channel numbers by one to the next
chanrnel number, and repeat steps 1 through 4 until this procedure has been
performed for all scanner channels.

6. Press the ‘SHORT ON’ softkey or send the HP-IB SHOR1 command to enable the

compensation calculations for subsequent measurements.
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STANDARD Compensation

Perform the following steps to use the STANDARD compensation function for each scanner

channel.

1.

Prepare a capacitor to use as the reference standard { premeasured values for
the Cp-D and Cp-G parameters ).

Fress the ‘STD PARMTR’ softkey and press either the 'C-D’ or *C-G' softkey 0
selgct the parameter. When the HP-IB is used, send either the 8PART command
for C-D parameter or the SPAR2 command for C-G parameter.

Enter the standard’s ( premeasured ) reference value using either the *C=’, ‘D=’
or ‘G=" goftkeys, or the C=, D= or G= commands via HP-IB ,

Select the scanrer channel ( select the channels in sequence starting with
CHANNEL O ).

Set the 4278A’s channel number equal to that selected in step 1 to store the
selected channel's compensation data.

Connect the standard to the selected channel.

Press the '‘STD COMPEN’ softkey or send the HP-IB XSTD command. Walt for
the end of standard compensation measurement,

increment the scanner's and the 4278A's channel number by one to the next
channel number, and repeal sleps 4 through 7 until this procedure has been
performed for all scannear channels,

NOTE

Reference data for only one standard reference can be stored at any one time.
The standard reference data is common for each channel. Therefore, you must
connect the same standard to each scanner channel and perform the
compensation.

9.

Press the *‘STD ON’ softkey or send the HP-IB 8TD1 command {o enable com-
pensation calcutation for subsequent measurements.
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[ DISPLAYING COMPENSATION DATA ]

When you want to display the compensation data for a channel, perform the following steps.

1. Select the channel you want to read.
2. Press the MENU key and press the NEXT key twice.
3. Press the ‘VALUE MONITR’ softkey.

4. Press the ‘OPEN’ softkey to display the open compensation data on the monitor
tine.

5. Press the ‘SHORT’ softkey to disptay the short compensation data on the monitor
line.

6. Press the *STD’ softkey to dispiay the standard measurement data on the monitor
line.

7. Press the NEXT key and ‘STD HEF softkey to display the standard reference
data on the monitor line. ( The standard reference data does not depend on
which channel is selected }.

NOTE

A channeis compensation data is only displayed on the monitor line when the
multi-compensation mode is set to ON. If the display page is set to the STATUS
PAGE, the OPEN, SHORT, STANDARD compensation on/off indicators are dis-
played instead of the compensation dala. The standard reference and offset data
are dispiayed on the status page because reference data for only one standard
reference can be stored at a time, and only one set of ofise! data can be stored
( the standard reference data and the offset data are commaon to all channels ).
Wnen you want 1o display the compensation data for all channels, use the value
monitor function.

NOTE

When the value monitor function is used, and the channe! number is changed,
the monitor value displayed on the LCD will change according to the channel
selected. The measurement time is increased by the amount of time required to
dispiay the compensation data of the channel. During normal measurements the
value monitor function is set to OFF.
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When you want to read the compensation data for any channel via HP-IB, use the foiiov{ring
HP-IB device dependent commands. -

OPM? command  QPEN compensation data query

SHM? command  SHORT compensation data query

STM? command  STANDARD compensation measuremeant data query
STR? command STANDARD comperisation reference data query

To read a channei’'s compensation data via HP-B, use the following procedure and sample
program as a guide.

1. Set the 4278A's HP-IB address to 17.

2. Load BASIC and input the following program. { This program can be used with
HP 9000 series 200 or 300 computers ).

1@ ASSIGN @Hp_4278a TO 717
20 REMDTE @Hp_4278a

30 QUTPUT 717;: "MCOML”

40 GUTEUT 717; "CNO=108"

50 QUTPUT 717; "*TRG" Channel Selection
1] WATIT .1

70 QUTRUT 717; 7 0PHT"
BO ENTER 717:0pen_c.0pen_g OPEN
5@ PRINT "OPEN: Cp="i0pen_c,"G="10pen_g
106 QUTPUT 717; "SHM?”

110 ENTER 717;Shori_l,Shori_r SHORT
12¢ PRINT “SHORT: Ls=";Shori_1,"R=";Short_r
130 QUTPUT 7174"STH?"

146 ENTER 717:5td_meas_c,S5td _meas_d STD (Meas)
156 PRINT "S7TD_MEARS: C="i5td_meas_c,"D=";51td_meas_d
150 QUTPUT 717 "STR7"
178 ENTER 717:S5td_ref_c,Std_ref_d STD (Ref)
160 PRINT "STO_REF: C=";5td_ref_c,"0=";5td_ref_d
150 ENDG

NOTE

In this example channel 10 is selected. if you want to select a different channel,
change the "CNG=10" statement in line 40 to the channel you want to read. For
example, to read the compensation data for the channel 20, use "“CNO=20" in
place of "CNO=10".

3. Run the program. The compensation data for channe! 10 will be displayed on
the computer as foliows. ‘

OPEN: Cp= 4.67824E-14 G= 3.10898E-5
SHORT: Ls= 3.063034E-8 K= 176588
STD_MEARS: C= 4.GBO34E-10 0= .200572326
STO_REF: C= 4.6804E-10 0= .@003
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{ BLOCK DATA THANSFER VIA HP-IB ( OPTION 101) )

When Option 101 and Option 301 are installed in the 4278A, up to 500 measurements values
{ measurement and comparison results } can be stored in the data buffer in sequential mea-
surement order. All measurement data stored in the data buffer can be transferred at oncs
using DATA? command. The data buffer is structured as a queue, so if the data buffer is full
{ SO0 measurement and comparison results are already stored in the data buffer } and the
4278A performs one more measurement, the first measurement data will be lost when the
new data is stored Into the last measurement data position in the buffer.

NOTE

A block data transfer cannot be performed by using the DST command.

NOTE
CLEARING THE DATA BUFFER
The measurement result data buffer is cleared when any of the foliowing actions
take place. If the controller tries to get the measurement data using DATA? com.

mand when the data buffer is empty, the error message “Query error will be
displayed { error number is 32.)

1. When the controller gets the measurement data using DATA? command.
2. When *RST command is sent via HP-IB
3. When *CLS command is sent via HP-IB

4. When the one of any 4278A control settings is changed

The 4278A offers two block data formals for HP-IB data iransfer to the controller, ASCH and
BINARY.
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* ASCIl FORMAT

When the 4278A transfers a block of data in the ASCII {formal, DATA A, DATA B and BIN NQ,
data are repeated for as many sets of daia are in the buffer ( 500 sets of data maximum ).
The measurement data with the BIN NO. is only transferred when the DBINt command is
sent. The ASCI| format syntax diagram is shown in Figure 4-42,

N
N

DEING
command

DATA A DATA B

_.L,' CRLFAEDI;

SNLANNNNESNN

; SN NNNANESNN

BIN NO.

; . NANNRN
DBINI

command

DATA A: C measurement data
DATA B: B/Q/G/Rs measurement data
BIN NO.:  Bin sorting resuit

Detault Setting

Figure 4-42. ASCII Format Syntax

A sample BASIC program for ASC! block data transfer is shown in Figure 4-43. This sample
program can be run on the HP 9000 series 200 or 200 computers. When the sample pro-
gram is run, the 4278A is triggered five hundreds times, and all measurement data and
binning resulls are transferred as a block, and displayed. The BLOCK DATA transier rate for
this sample program with an HP 9000 series 200 { 8816 ) computer is approximately 3.3
seconds.
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12

DIM Result{1:506,1:3)

20 ASSIGN BHp4278a TO 717

38 REMOTE BHp427Ba

40 DUTPUT BRp4278a; =RET"

50 OUTPUT @Hp4278a; " TRIGZ®

B0 QUTPUT @Hp4Z78a; " »SREL"

Te QUTPUT @Hp4Z78a; "DFMTL" Control Settings
80 OUTPUT @Hp4278a; "DBINL"

980 OUTPUT 8Hp4278a; "MCOML"

100 QUTPUT BHp4Z78a; "COMPL"

110 ON INTR 7 GOTD Meas_end

126 FoR I=1 TO 540

130 ENABLE INTR 7,2

140 OUTPUT @Hp4278a; " *TRG "

150 Waiting:60T0 Waiting Measurement
160 Meas_end:S5=SPOLL(8Hp4278a )

170 NEXT I

180 OUTPUT BHpdz785, "DATAT
[198  ENTER BHp4278a;Result(s) |Data Transfer
Z6¢  PRINT Resulii®)

210 END

A description of each program line foliows:

Lines 10
20
30:
40:
50:
80:
70
80:
890:

100:
110:
120:
130
140:
150:
160:
170:
180;
190:
200:
210,

Dimension the data array

Assign address 717 to the Hp4278a

Put the 4278A into the REMOTE mods

initialize the HP 4278A

Set the trigger mode to EXT_TRIG

Enable BO for SRQ

Set the output format to ASCII

Set the data output with BIN number

Set the multi compensation mode to ON

Set the comparator to ON

Go to the Meas_end label line, on receiving an SRQ interrupt
Repeat until the loop counter passes a specific value,
Enable the interrupt

Trigger the HP 4278A

Wait for the end of the measurament

Clear the status byte

Repeat until the loop counter is graater than the specified value
Read the block data

Enter the block data

Display the block data

End the program

Figure 4-43. Sample ASCH Format Program
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s BINARY FORMAT

When the 4278A transfers block data using the BINARY format, DATA A, DATA B and BIN’
NO. data are repeated for as many sets of data are in the buffer (500 sets of data
maximum ). The measurement data with BIN NO. is only transferred when the DBIN1 com-
mand is sent. The BINARY format syntax diagram is shown in Figure 4-44.

DRIND
conmand
DATA A DATA B
DATA PATA )
_'"@'"@— L1 .2 BYTE & BYTE {CR“"EO",;
N N . p BIN KO,
| DATA
4 bytes 8 bytes § bytes  DBINI BY'TE
command \——l————/
8 bytes

DATA A: C measurement data
DATA B: D/Q/G/Rs measurermnent data
BIN NO.: Bin sorting result

Default Setting

Figure 4-44. BINARY Format

The BASIC sample program for block data transmission in the ASCIH format is shown in
Figure 4-45. This sample program can be run on the HP 8000 series 200 or 300 computers.
When the sample program is run, the 4278A is lriggered five hundreds times, and all mea-
surement data and binning resuits are transferred as a binary block of data, and displayed.
Then the BLOCK DATA iransmission in the sample program with HP 2000 Serigs 200
( 9816 ) computer is approximately 0.8 seconds.
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Lines

16 DIM Resuli(1:500,1:3)

20 INTEGER Header_l,Header_2’

3@ ASSIGN ®Hp4278a TO 717;FORMAT ON

40 ASSIGN BBinary TO 717;FORMAT OFF

50 REMOTE @Hp4278a

60 ODUTPUT BHp4Z7Ba; “#AST"

7o QUTPUT 8&Hp4278a; "TRIGZ"

80 QUTPUT @Hp4278a; "+SREL"

80 QUTPUT @Hp4278a; "0DFMTE2" Control Settings
1908 OUTPUT ®©Hp4278a: “DEINL"

110 OUTPUT @Hp4278a; "MCOML”

120 QUTPUT @Hp4278a; "COMPL"

13@ ON INTR 7 5070 Meas_end

140 FOR I=i 7O 508

158 ENABLE INTR 7;2

160 OUTPUT @Hp4R78a; "«TRE"

170 Waiting:G0TO Waiting Measurement
180 Meas_end:S=5P0LL(BHp4R78a )

150 NEXT T
{288  CUTFUT @HpdciBa: "OATA?"

218 ENTER BBinary;Header_1,Header 2,Result(*) Pata Transfer
228 PRINT Result(*;

238 END

A description of each program line follows:

10:
20:
30:
40:
50:
60;
70;
80:
20:
100:
110;
120:
130:
140;
150:
160;
170:
180;
190:
200:
210:
220:
230:

Dimension the data array

Declare Header_1 and Header_2 as INTEGER variable
Assign address 717 to the Hp4278a and set it to ASCI
Assign address 717 to the Binary and set it to BINARY
Put the 4278A into the REMOTE mode

Initialize the HP 4278A

Set the trigger mode to EXT_TRIG

Enable BO for SRQ

Set the output format to BINARY

Set the data output with BIN number

Set the multi compensation mods to ON

Set the comparator to ON

Go to the Meas_end label line, on receiving an SRQ interrupt
Repeat until the loop counter passes a specific value.
Enable the interrupt

Trigger the HP 4273A

Wait for the end of the measurement

Clear the status byte

Repeat untii the loop counter is greater than the specified value
Read the block data

Enter the block data

Display the block data

End the program

Figure 4-45. Sample BINARY Format Program
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SECTION 5
GENERAL INFORMATION

5-1. INTRODUCTION

This section covers the specifications, supplemental performance characteristics, installation,
and other information about the HP 4278A.

5-2. SPECIFICATIONS

Table 5-7 lists complete 4278A specifications. These specifications are the performance
standards or limits against which the instrument is tested. When shipped from the factory,
the 4278A meels the specifications listed in Table 5.7. Section 6 contains the procedures for
veritying the 4278A's specifications. Tabile 5.8 fists supplemental performance characteris-
tics. Supplementai performance characteristics are not specifications but they are typical
characteristics included as additional information for the operator,

5-3. COMPONENTS NOT COVERED BY WARRANTY

The memory card is not covered under the 4278A's warranty. If the memory card becomes
defective aven within the warranty pericd of the 42784, the cost of the memory card must
be paid.

5-4. SAFETY CONSIDERATIONS

The 4278A conforms to the safety requirements of the Internationat Electromechanical Com-
mittee, (IEC), Safety Class | instruments and is shipped from the factory in a safe state.

5-5. INSTRUMENTS COVERED BY THIS MANUAL

Hewlett-Packard uses a two-part nine characler serial number which is stamped on the serial
number plate (see Figure 5-1) attached to the instrument's rear panel. The first four digits
and the ietter are the serial prefix and the last five digits are the suffix. The letter placed
between the two sections identifies the country where the instrument was manufactured.
The prefix is the same for all identical instruments; it changes only when a change is made
to the instrument. The suffix, however, is assigned sequentially and is different for each
instrument. The contents of this manual apply to instruments with the serial number pre-
fixes listed under Serial Numbers on the title page.

" [} YOKGRAUA HEWLE F T-PACKARD
., SERIAL NO.

L MIADE G JAPAN

Figure 5-1. Serial Number Plate
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An instrument manufactured after the printing of this manual may have a serial number
prefix that is not listed on the title page. This unlisted serial number prefix indicates the
instrument is different from those described in this manual. The manual for a new instru-
mert may be accompanied by a yellow Manual Changes supplement or have a different
manual parl number. The Manual Changes supplement contains "change information” that
explains how to adapt the manual to newer instruments.

In addition to change informaticn, the supplement may contain information for correcting
errors (Errata) in the manual. To keep this manuat as current and accurate as possible,
Hewlett-Packard recommends that you periodically request the latest Manual Changes sup-
plement. The supplement for this manual is identified by this manual's printing date and its
part number, both of which appear on the manual's title page. Complimentary copies of the
supplement are available from Hewleti-Packard. If the serial prefix or number of an instru-
ment is lower than that on the titie page of this manual, see APPENDIX A, BACK DATING
CHANGES.

For information concerning a serial number prefix that is not tisted on the title page or in the
Manual Change suppiement, contact the nearest Hewiett-Packard office.

Listed on the title page of this manual is microfiche part number. This number can used to
order 4 by 6 inch microfilm transparencies of the manual pages. Each microfiche contains
up to 80 photo-duplicates of the manual pages. The microfiche package also inciudes the
latest manual changes supplement as well as all pertinent service notes. To order an addi-
tional manual, use the part number listed on the titie page of this manual,

5-6. OPERATING ENVIRONMENT

Temperature The 4278A may be operated in ambient temperatures ranging from 0 to
55°C.
Humnidity The instrument may be operated in environments with relative humidities

up to 95% at 40°C. The 4278A, however, should be protected from tem-
perature extremes which could cause condensation within the instrument.

5-7. INSTALLATION OF OPTIONS 907, 908, AND 909

The 4278A can be rack mounted and used as a component of a measurement system.
Information for rack mounting the 4278A is provided in Figure 5.2,
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Option Description Kit Part Number

807 Handie Kit HP PN 5061-8690
808 Rack Flange Kit HP PN 5061-9678
909 Rack Flange & Handle Kit HP PN 5061-9684

2

W

W

1. Remove the adhesive-backed trim strips 1 from the left and right front sides
of the 4278A.

2. HANDLE INSTALLATION: Altach the front handles 3 to the sides using the
screws provided and attach the trim strip 4 {0 the handie.

3. RACK MOUNTING: Attach the rack mount flange 2 to the left and right front
sides of the 4278A using the screws provided.

4., HANDLE AND RBACK MOUNTING: Attach the front handle 3 and the rack
mount flange 5 together on the left and right front sides of the 4278A using
the screws provided.

5. When rack mounting the 4278A (3 and 4 above), remove all four feet {lift bar
on the inner side of the foot, and slide the foot toward the bar).

Figure 5-2. Rack Mount Kits




5-8. STORAGE AND SHIPMENT

5-8-1. ENVIRONMENT

The 4278A should be stored in a clean, dry environment. The following environmental
limitations apply for both sterage and shipping:

Temperature: 2010 60°C
Humidity: up to 95% {at 40°C)

To prevent condensation from forming on the inside of the 42784, protect the 4278A against
temperature extremes.

5-8.2. ORIGINAL PACKAGING

A container and packing materials identical to those used in factory packaging are available
through your closest Hewlett-Packard sales office. if the instrument is being retlrned to
Hewlett-Packard for servicing, attach a tag indicating the service required, the retum ad-
dress, the model number, and the full serial number. Mark the container FRAGILE to help
ensure careful handling. In any correspondence, refer to the instrument by model number
and its full serial number,

5-8-3. USING OTHER PACKING MATERIALS

The following general instructions should be used when repacking with commercially avail-
able materials:

1. Wrap the 4278A in heavy paper or plastic. When shipping to a Hewlett-Packard
sales office or service center, attach a tag indicating the service required, return
address, model number, and the fuli serial number.

2. Use a strong shipping container, A double-walled carton made of 350 pound test
material is adequate.

3. Use enough shock absorbing material (3 to 4 inch layer) around all sides of the
instrument to provide a firm cushion and to prevent movement inside the container.
Use cardboard to protect the control pans!.

4. Seal the shipping container securely.

S. Mark the shipping container FRAGILE to help ensure careful handiing.

6. In any correspondence, refer to the 4278A by model number and its full serial
number.

CAUTION |

Do NOT package the 4278A with a memory card inserted.
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5-8. ELECTRICAL OPTION MODIFICATIONS

Electrical options can be added or deleted after you receive the 4278A. Tables 5-1 through
5-6 list the necessary parts, and the maodification procedures are given in the Maintenance
Manual.

NOTE
The part numbers listed below and the part numbers listed in the Maintenance
Manual may need to be changed when circuil enhancements are made. Con-

tact your nearest Hewleit-Packard service center to confirm the part numbers
before ordering parts.

Table 5-1. Parts Necessary to Add the 1TMHz Test to Option 001 Units

HP Part Number Description QTy.

04278-66503 1MHz Transducer Board Assembly
04278-61608 Coaxial Cable Assembly "B"
04278-61604 Craxial Cable Assembly "D"
04278-61612 Coaxial Cable Assembly "H”
0427861613 Coaxial Cable Assembly "I"

IS NN S S S

Table 5-2. Parts Necessary to Add the 1kHz Test to Option 002 Units

HP Part Number Description QTy.

04278-68504 1kHz Transducer Board Assembiy
04278-61607 Coaxial Cable Assembly "A”
04278-61605 Coaxial Cable Assembly "C”
04278-61603 Coaxial Cable Assembly "E”

P . e

Table 5-3. Parts Necessary to Shift the Test Frequency by 1%

HP Part Number Description QTy.
1813-0551 Crystal Oscillator Module 8.08MHz 1
5080-3152 "04278-66572" Label 1

Table 5-4. Parts Necessary for not shifting the Test Frequency

HP Part Number Description : QTy.

1813.0550 Crystal Osclllator Module 8.00MHz 1
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Tabte 5-5. Parts Necessary to Add Option 101 HP-IB Interface

HP Part Number Description Qry.
G4278-66520 #101 HP-IB Board Assembly 1
04278-00210 HP-IB Connector Panel 1
04278-61621 Flat-cable Assembly 1

2190-0577 Washer 2

Table 5-6. Parls Necessary to Add Option 201 Handler interface

HP Part Number Description GTY.
04278-668530 #201 Handler Interface Board Assembly 1
04278-00211 Handler interface Connector Panel 1
04278-61622 Flat-cable Assembly 1

0515-1551 Screw M3-L 10 P-H 2
0535-0031 Nut Hex W/ locker 2
Tahle 5-6-1. Parts Necessary to Add Option 202 Handler Interface

HP Part Number Description QTy.
(4278-66531 #202 Handier interface Board Assembly 1
04278-00213 Handler interface Connector Panel 1
04278-61622 Flat-cable Assembly 1

0515-1551 Screw M3-1. 10 P-H 2
0535.0031 Nut Hex W/ locker 2

Table 5-6-2. Parts Necessary to Add Option 301 Scanner interface

HP Part Number Descripiion QTY.
04278-68540 #301 Scanner Interface Board Assembly 1
04278-00216 Scanner Interface Connector Panel 1
04278-61632 Fiat-cable Assembly 1

0515-.1551 Screw M3-L 10 P-H 2
0535-0031 Nut Hex W/ locker 2

The Option 301 scanner interface can only be installed in instruments with ROM

NOTE

version 3.0 and above.
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Table 5.7. Specifications {Shest 1 of 17)

GENERAL

OPERATING ENVIRONMENT:
Temperature: 0°C to 55°C

Relative Humidity: £95% RH @ 40°C.
Condensation must be avoided.

STORAGE ENVIRONMENT:
Temperature: -20°C to +60°C
Relative Humidity: <85% RH @ 40°C.
SAFETY:
Based on IEC-348, CSA-BULLETIN-556B and UL-1244
POWER REQUIREMENTS:
line Voltage: 100, 120, and 220VAC 210%, 240VAC +5% -10%
Line Frequency: 48 to 66Hz l
Power Consumption: 200VA max.
DIMENSIONS:
Approximately 426W by 177H by 498D {mmy)
WEIGHT:
Approximately 15kg (33ib., standard)
DISPLAY:
Dot-matrix liguid crystal display (LCD}. Displays measurement values with a

resolution of 4, 5, or 6 digits (max. 999999 counts), front panel control set-
tings, comparator limits, and the comparator's decision output.
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Table 5-7. Specifications (Sheet 2 of 17)

BASIC SPECIFICATIONS

PARAMETER MEASURED:
Cp-1, Cp-Q, Cp-G, Cs-D, Cs-Q, and Cs-ESR
Where:

Cp is the capacitance in paraliel circuit mode
Cs is the capacitance in series circuit mode
D is the dissipation factor
Q is the guality factor (=1/D}
G is the conductance in the parallel circuit mode
ESR is equivalent series resistance
TEST SIGNALS:
Freguency. 1tkHz and 1MHz, £0.02%
Signal Level: 0.1Vrms to 1vrms, £10% (C<20UF), in 0.1Vrms sleps

Output Impedance:  1.50), 200, and 1004}, set automatically in accordance
with the capacitance range used.

MEASUREMENT CIRCUIT MODE:
Parallet equivalent circuit (Cp-D, Cp-Q, and Cp-G)
Series equivalent circuit {€Cs-D, Cs-Q, and Cs-ESR)
MEASUREMENT TERMINAL:
Four-terminal pair, guarded
RANGING:
Auto and Manual
TRIGGER MODE:
internal, External, and Manual
TEST CABLE LENGTH:

Selection of Om, 1m, and 2m
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Table 5-7. Specifications (Sheet 3 of 17)

MEASUREMENT TIME MODE:
integration Time: SHORT, MEDIUM, and LONG

Measurement Times

Mode SHORT MEDIUM LONG

Time * 6.5x0.5ms | 10.0ttms | 21.0¢1ms

* Measurement time includes Settling, Integration
{analog measurements), Calcuiation, and Compari-
son times.
Averaging:
Displays or outputs the averaged value as the measurement data. The
average rates which can be selected are -- 1, 2, 4, 8, 16, 32, 64, 128,
and 256.
Delay Time:
The time delay between the trigger and the start of a measurement can
be set between O to 1000ms, in 1Tms steps.
NOTE
No additional measurement time is required for measurements per.
formed in an overload (shorted capacitor) condition.
CAPACITANCE MEASUREMENT RANGE:
1kHz Measurement.  100pF to 100uUF full scale, 7 decade ranges
Can measure up to 200% of full scale at D<0.5
iMHz Measurement:
Normal Mode:  1pF to 1024pF full scale, 11 decade ranges
Can measure up to 125% of full scale at D<1
High Accuracy Mode: max. 2048pF (D<0.03)
In the 1MHz High Accuracy Mode, capacitance ranges are user-
definable. That is, the capacitance value you enter will be the CENTER
of the range, and the range covered will he £30% of that value. For

example, if you enter 10DOpF, the capacitance range will be 700 to
1300pF,




Table 5-7. Specifications (Sheet 4 of 17}

MEASUREMENT RANGE & RESOLUTION:

PARAMETER tkHz TMHz

€p, Cs 0.001pF  to 200.000uF | 0.00001pF to 1280.00pF
0.000C1pF to 2662.40pF

D 0.00001 to 9.90999 t 0.00001 to 9.99989
000001 to  .999999

Q 0.1 to 99999.9 | 0.1 to 99999.9

1.0 to 99989.9
G < 0.63 x Crdg mS <063 x Crdg 8
<0.31 x Crdg 8
ESR <16/Crdg Q < 16/Crdg mQ

< 8/Crdg m}

Q is displayed as the result of 1/0. The € ranges apply when D<05 at
1kHz, D<1 at 1MHz Normal Mode and D<0.05 at 1MHz High Accuracy
Mode. The ESR and G ranges depend on the measured value of € {Crdg is
reading of C in WUF).

Ranges at 1MHz represent for: Normal Mode
High Accuracy Mode

MEASUREMENT ACCURACY:

Specitied at the front pane! UNKNOWN connectors or at the ends of the stan-
dard 1m or 2m test leads when all of the following conditions are satisfied.

{1} Warm up time > 10 minutes

(2) Ambient temperature 23°C*5°C: rate of temperature change <C.2°C/
minute

{3} Test cable length settc 0, 1 or 2m (HP 16048A/B/D)

{4} OPEN / SHORT compensation and temperature compensation have been
performed.

Accuracies are relative to the calibration standards. Absolute accuracy is

given as the sum of the relalive measurement accuracy plus the calibration
uncertainty.
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Table 5-7. Specifications (Sheet 5 of 17)

1kHz MEASUREMENT:

Tabies A-1 and A-2 lists the 1kHz measurement accuracies, when all of the
following conditions are satisfied.

(1} B0

{2) 0<o=1.0 at the 100pF range through 10uF range, and 0.2<a at the
100UF range (when 1<a<2, apply 1 to o) where o=Crdg/Cf

Crdg: Reading of C {in WUF)
Cf: Full scale value of C range (in LF)

{38} The open admittance {Yopen) and the short impedance {Zshort) before
performing the OPEN/SHORT compensation are:

Zshort<0.1/ydut
Yopen<0.1/Z2dut

Where Ydul: Admittance of DUT
Zdut: impedance of DUT

(4} Test signal level (Vosc): 0.3V < Vosc £ 1V
{Multiply 1/3 to the marked term(*) when test signal level is 0.1 to

0.3V.)
Table A-1, 1kHz Measurement (C, D)
C Measurement Parameter
range Cp. Cs D
O pF
I aF | (0.33+ D08/ ko) %+ (0.06 +*0.25/ ko) & (0.13+ 003/ ko) % + (6001 +%0.005 (ko) /e
10 nF | (0.08+0.02/ke) %+ (0.03+70.02/ko)% (0.08+0.02/ ko) % + (0.00064 % 0.0004/ ke )/t
100 nF | (0.04+9.01/ ko) B+ (0.015 +*0.01/ ko) % (0.04+ 0.01 / ko) % + (0.0003 +%06.0002/ ke /@
1 uk
10 #F
[ (003 + 006 / ko) &+ (0.55 +7313/ ko) ea?q | (0.13+ 0.06/ ko) %+ (0.006 +70.031 /Ko)»«
100 2F | €0.08 +0.05 / ko) %+ (0.05 + 025/ ko) waig (0.084 .05/ ko) %+ (0.0005+*0.6025 [ ko)
(0.04 +008 / ko) B+ (013 + *0.13/ ko) e % (0.0440.03 / ko) %+ (6.0013+*0.0013) ko)




Table 5.7. Specifications (Sheet 6 of 17)

Table A.2. 1kHz Measurement (G, ESR)

C Measurement Parameter
range G ESR
100 pF
Inf | [(7T.9-+"L6/ke) + (31-+% 16 kol e} Crdg #S [ {{0.2 +*0.04/ ko) + (0.0B+*0.4 fko)fdi-g__iﬁ:a
10 nF | 106 +7L3 ko) + (1.9 +™ 1.3 ko) e}~ Crdg £5 | {(D.134%0.03/ ko) + (005 +*0.08/ ko)l }- iz £
100 oF | [(2.6 -+ *083 ko) + (0844 *063/ ke )}/ @) Crdg 25 [ {006 +70.02/ ko) + (0.02-+% .02 kodie } - oo 2
1 aF
10 #F me e e —an
{79 +%387 ko) + (35 +*196/ko)ea}  Crig 8 [ {(0.2 +*0.1 [ ko) +{0BE+* 5 fkodeabele D)
0 uF | ({5 +*3 1/ ked+ (31-+7* 16/ko)-¢)-Crdg £S5 {(G.13+*G.08!ko)+{0.08+*0.4/ka)-a}-ﬁﬁzn
(25 +*16/ko) + (T.9-+*7.9/ko)-2}-Crdg £S5 | {(D06+*0.04/ ko) + (0.2 +%0.2 r[ko)'ct}"cl“{é 0

For the temperaiure range between 0°C and 18°C, or between 28°C and

53°C, the measurement accuracy is given by multiplying the values shown
in Tabie A by two. In the 100pF range at 28°C to 55°C, the measurement
accuracy is given by multiplying the vaiues shown in Tahie A by three.

Accuracies are read as:

C: £{% of reading + % of full scale)

D: £{% of reading + absolute D value)

G: t{absolute G value)
ESR: f{absolute ESR value)

Accuracies in the table represent;

' o= Crdg/Cf
ko = Vosc/1V
Crdg: Reading of C (in uF)

.Ct. Full scale value of C range (in uf)

Vosc: Test signal level {in V)

SHORT MODE
MEDIUM MODE
LONG MODE
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Table 5.7. Specitications {Sheet 7 of 17)

1MHz MEASUREMENT:
Normal Mode:

Tables B-1 and B-2 lists the measurement accuracies for the 1MHz normal
mode measurement when all of the following conditions are satisfied.

(1) D<O.1
(2) 0<ci<1.25 at the all measurement range.
where o=Crdg/Cf

Crdg: Reading of C (in pF}
Cf: Full scale value of C range {in pF)

(3) Copen << Cdut

Where Copen: Capacitance of measurement terminal with no con-
nections, before performing the open compensation.

Cdut:  Capacitance of the DUT after performing the open/
short compensation.

Table B-1. 1MHz Normal Mode Measurement (C,D)

C range Measurement Parameter
[plF] Cp, Cs 3]
0.3% + (0.8 [ kal® 0.3% + (0.006/ked/«
i 0.2% + (067 k)% 0.22% + (8,003 +0.001/ke)fe
0.05% + (0067 kel% 0.1% + (0,001 /ke)/ 2
0.3% + 0.4 [ k)%
2 0.2% + (0037 k)%
0.06% -+ (003! ked% 0.3% + (0.005/ke)/w
4 0.2% -+ (0.0015+0.0005)ke)/ ¢
8 0.3% 4+ (0.4 [ k)% 0.1% -+ (0.0005/kel/w
16 0.2% + (0.02/ ko)%
32 0059 + (0027 ko)
&4
128 .
256 0.3% + (0.4 / ko)%
512 0.2% + (0027 ke)®
1024 0.1% + (0.02/ ke)%&
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Table 5.7. Specifications (Sheet 8 of 17)

Table B-2. 1MHz Normal Mode Measurement (G, ESR)

C range Measurement Parameter
[pF G ESR
0.3 %+(0.009+0.05 /kfa)Crdg a8 03 %+ (90 / ko) 0
P 0.2 %+ (0.01340.003 ko /) Crdg 4| 0.2 %+ (480 +160/ko)- L - Né%’d—g o
0.05 %+ (0.003 +0.003 /ko / @)+ Crdg £S5 0.1 %+ (150 / ko)» mCidg Q
0.3 %+ (0.019+0.025 /ko /) Crdg S
9 | 0.2 %+ (0.0134 0.002 /ke { @) Crdg 45 L
& JRE S S
0.05 %+ (0.003 + 0.002 fka ( )+ Crdg x8| &3 #+ (480 [ ko) e O
: 0.0 %+ (20480 ko) o+ 0 0
8 0.3 %+ (0.018 + 0.025 /ko / «)» Crdg 45 rdg
16| 0.2 %+ (0.013+0.00 /ko [2)-Crdg #8| 0.05%+ ( 80 / ko) — E%d_g a
32 | 0.05%+ (0.003 +0.001 /ko /@)- Crdg S
54
128
- T
256 03 %+ (480 k) e mrp O
512 0.2 % + (200+80) ko) 7+ Frp O
1024 01 %+ (80 [ ko) ez 0

For the temperature range between 8°C and 18°C, or between 28°C and
38°C, the measurement accuracy is given by multiplying the values shown
in Table B by twe. For the temperature range between 0°C and 8°C, or
between 38°C and 55°C, the measurement accuracy is given by muitiply-
ing values shown in Table B by three.

Accuracy is read as:

C: £{% of reading + % of full scale)

D 2% of reading + ahsociute D value)

G: £{% of reading + absolute G value)
ESR: £{% of reading + absolute ESR valug)

Accuracies in the table represent: SHORT MODE
MEDIUM MODE
LONG MODE

o = Crdg/Ct

Kg = Yosc/1V

Crdg: Reading of C {in pF)
Cf. Full scale vaiue of C range (in pF)
Vosc: Test signal level (in V)
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Table 5-7. Specifications {Sheet 9 of 17)

High Accuracy Mode:

Tables C-1 and C-2 lists the measurement accuracies for the 1MHz high
accuracy mode measurements when all of the following conditions are

satisfied.

{1) D<0.05

{2) 07513 at Cre>2pF.

Crc-0.6pF<Crdg<Crc+0.6pF at Cres2pF.

Where o=Crdg/Crc

Crdg:
Cre:

{3) Copen << Cdut

Where Copen:

Cdut:

Reading of C {in pF)
Nominal value entered for C range (in pF)

Open capacitance of the measurement terminal with
no  connections, before performing the open
compensation.

capacitance of DUT after performing the open/short
compensation

Table C-1. 1MHz High Accuracy Mode Measurement (C, D)

Entry Value

Measurement Parameter

Cp.Cs

D

0.2% +

0.08% +

(G002 /ku)pF
0.1% +  (0.0004/ ko) pF

(0.0004/ ko) pF

{0,004 + 0.004 ko) Trdp

(0. 00124 0. 0004 / ke~ 6_1:5%

L
(00006 / ko) - &g

(0.2 4+0.2 ko) %
61% +
0.06% +

£0.0004 / ko ) PF
(0.0004 { ke ) pF

0.002 +0.002 [ ke
0.G006 + 0. 0002 { ko
0.0001 4 0.0002 / ke

4 <Cre< 256

(6.2 +02 (ko) %
(6.1 + 001 ke %
(0.04+ 001/ ko) B

0.002 +0.002 /ke
0.0006 + 0. 0001 / ko
0.0001 + 0.0001 / ke

266<Cre< 1024

(0.2 +0.2/%)%
0.1 + 0.0/ ko) %
(0.064+ 001 /ko) %

0.002 +0.002 / ke
0.0006 + 0. 0001 / ke
0.0002 + 0. 0001 / ke

1024 <Cres2048

(6.2 +0.2 ke %
(Gt + 000 ke) %
(0.1 +001 ke &

0.002 +0.002 ke
0.0006 -+ 0. 0001 / ke
0.0003 + 0.0001 / ke




Table 5-7. Specifications (Sheet 10 of 17)

Table C-2. 1MHz High Accuracy Mode Measurement (G, ESR)

Entry Value Measurement Parameter
Crc(pF) G ESR
0.013 - Crdg -+ 0.013 / ko 45 (640 + 640 / ko) / Crdg® O
0sCres? 0.0038 - Crdg -+ 0.0025/ ko s {180 + 64/ ke) / Crdg* O
0.0038/ ko #S {96/ ke ) /Crdg® 0
(0.013 +0.083 [ ke) +Crdg 28 (320 + 320 / ko) / Crdg ]
2<Crcs4 0.0038 - Crdg + 0.0025 /ke as (96 + 32/ ko) / Crdg 0
0.0006 -Crdg +0.0025 Jke 8 (16 + 32/ ko) | Crdg N
(0.013 +0.013 / ke}+ Crdg 25 (320 + 320 / ko) / Crdg &
4 <Crc 266 (0.0038 + 0.0006 / ko) - Crdg  #S (96 + 16 / ke} / Crdg O
(0.0006 + 0.0006 / ko) » Crdg  £8 (16 + 16/ ke)! Crdg Q-
(0.013 +0.013 [/ key- Crdg #S (320 + 320 / ko) / Crdg 0
256 <Cros 10241 (0.0038 +0.0006 / ke - Crdg 28 (96 + 16/ ko) / Crdg o)
C0.0013 +0.0006 / ko)« Crdy 28 (32 4+ 16/ k) / Crdg L
(0013 +0.013 / ko) Crdg 4§ (320 + 320 / ko) / Crdg Q.
1024<Crcs:20480 (0.0038 + 0.0006 / ko) » Crdg 25 (96 + 16/ ko) / Crdg Q
(0.0019 + 6.6006 / ko) - Crdg 28 (48 + 16/ k) !/ Crdg Q

' For the temperature range between 8°C and 18°C, or between 28°C and
38°C, the measurement accuracy is given by multiplying the values shown
in Table C by two. For the temperature range between 0°C and 8°C, or
between 38°C and 55°C, the measurement accuracy is given by muttiply-
ing the values is shown in Table C by three.

Accuracies are read as:

C: £{% of reading + absolute C vaiue)
D *{absolute D value)

G t(absolute G value)

ESR: *(absolute ESR vajue)

Accuracies in the table represent: SHORT MODE
MEDIUM MODE
LONG MODE

' kg, = Vosc/1V
Crdg: Reading of C (in pF)
vosc: Test signal level {in V)
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Tabis 5-7. Specifications {Sheet 11 of 17)

CALIBRATION UNCERTAINTY:

Calibration uncertainty when the 4278A is shipped from factory is
shown in the following tables.

C range Uncertainty C range ( IMHz) Uncertainty
{1kHz) C D Normal Mode] Hi.Acc. C D
100uF 512pF - 1024pF| = 512pF 0.1% 0. 0002

0.03% 0. 0003
104F 1pF - 256pF | < 512pF 0.05% (. 2003
14F {t. 0003
100nF
0. 0062
10nF 0.026 %
InF
0. 0601
100pF

Note: 7o obtain he absolute accuracies for G and ESR, the following equa-
sions are added to each of the relative accuracy.

G 2w x {frequency) x {measured C value) x (uncertainty of D) [S]

ESR: (uncertainty of D)

2 x {frequency) x {measured C value)

(€2

COMPENSATION:

CPEN Compensation:
The open compensation function compensales for the stray admittance
{C, G} of the test fixture.
Compensation Range: GL20US, unlimited for C

SHORT Compensation:
The short compensation funclion compensates for the residual im-
pedance (L., R) of the test fixture.
Compensalion Range: R<20Q, unlimited for L

Note: OFPEN and SHORT compensat;on can be performed at 1kHz and
1MHz independently.

Standard Compensation:
The standard compensation function is used 1o compensate for other

errars by using the working standard’s reference value and the actual
measurement value.
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Table 5-7. Specifications (Sheet 12 of 17)

Temperature Compensation:
The temperature compensation function is used to minimize the tem-
perature induced measurement error portion of the analog measurement
error.

OFFSET FUNCTION:
Arithmetic compensation for measurement offset errors is performed by
entering the proper compensation value,
AVAILABLE FUNCTIONS

COMPARATOR:

10-bin sorting for the primary parameter, and go/no-go testing for the sec-
ondary parameters. Usually the primary parameter is capacitance and the
secondary parameters are D, Q, ESR, or G, but this can be changed.

Sorting Modes:

Sequential sorting into un-nested bands with absoiute limits, and toler-
ance sorting into nested bands with absolute or percentage limits.

Decision Quiput:
Bin number, out of bins, stalus information are displayed. Also output
via handier interface and HP-IB interface, if these interface Options are
installed.

8Bin Counts:
A maximum of 999,899 for each bin.

Monitor:

Displays all limits with bin counts or decision outputs with the measure-
ment values can be displayed.

MEMORY CARD:

External memory for storing and recalling control settings, and comparator
limits data.

KEYBOARD LOCK-QUT:

Disables all front panel operation except for resetting KEYBOARD LOCK-
OUT.

SELF TEST:

Checks basic instrument operation,
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Tabie 5-7. Specifications (Sheet 13 of 17)

OPTIONS

COMMON OPTIONS:
Option 001 .- 1kHz Test Frequency Only:
All capabilities/functions available except for 1MHz measurements.
Qption 002 .- 1MHz Test Frequency Only:
All capabilitiesffunctions avallable except for 1kHz measurements.
Option 003 -- 1% Frequency Shift:
Test frequency is 1% higher than the standard unit to prevent possible test
signal interference when the component test contacts are located close to
those of other test units,
DATA QUTPUT/REMOTE CONTROL OPTIONS:
Option 101 -- HP-IB Interface:

Remote control and data output (ASCH and binary) via the HP-1B. Based on
IEEE-STD488 and ANSI-MC1.1.

Remote Coniro! All the front panel controls except for the power line switch.

Data QOutput all of the conirol setting status, measurement values, seif test
results, comparator's limit values, decision output, and bin count data
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Table 5-7. Specifications (Sheet 14 of 17)

HANDLER INTERFACE OPTIONS:

Option 261 -- Handler Interface:

Output signal: Negative true, open collector, photo isolated.
Decision output Bin number, out of bins, and rejection status.
index: Analog measurement complete.

Measurement complete:
Full measurement compiete.

Alarm: Notification that a momentary power failure was
detected, or that an anomaly was detected during
self test or during an A-D conversion within a mea-
surement cycle,

tnput signak: Photo isolated.
Keylock: Front panei keyboard lockout
Exiernat trigger: Pulse width > 1us

Option 202 -- Handier Interface:

Output signals: Opto-isolated and Open coliector with internal pull-
up resistor { to + BV ), or external pull-up resistor and
pull-up supply voltage ( + 40V, BOma maximum ),

Decision output ; Bin number.

EOC: £nd Of Conversion A/D Output.

BUSY: 42784 is busy with conversion and calculation.
Input signal: Opto-isolated or Cpen collector TTL.

Opto-isoiated input is a current input { 5SmA - 60mA ),

TTL input is a schmiti-trigger input { hysterisis =
0.8V } with an internal 1K puil-up resistor.

START IN: input trigger to start measurement. Minimum re-
quired pulse width is > 5us { 50us with w11
instafled ).
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Table 5-7. Specifications (Sheet 15 of 17)

SCANNER INTERFACE CPTIONS:
Option 301 -- Scanner interface:
The scanner interface adds the following functions to the 4278A.

1. Timing synchronization between an external component scanner and
the 4278A.

2. After storing up o 500 sets of measurement data, block transfers the
stored data to the controller via HP-1B.

3. Independently compensate each channel of the scanner.

Option 301 is instalied only in instruments with ROM-based firmware 3.0 and
above.

Interface Connector: Amphenol 14 pin connector

Maximum Number of Channel; 256

input Signal:
JCHOQ to [CHT: 8-bit paraliel input signals for selecting the channei
number,
JCH_VALID: Signal valid or invalid for /CHO to /CHY.
EXT_TRIG: External trigger signal ( 1 bit)
Cutput Signal:
JINDEX: Anaiog measurement complete (1 bit ).
JEOM: Full measurement complete (1 bit },

Multi-Channel Compensation:

The multi channel compensation can store OPEN, SHORT, STANDARD com-
pensation daia for each channel independentiy, and compensate each
channel.

OTHER OPTIONS:
Option 307 -- Front Handle Kit
Option 908 .- Rack Flange Kit

Option 909 -- Rack Flange/Handle Kit
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Table 5-7. 8pecifications (Sheet 16 of 17)

ACCESSORIES
FURNISHED ACCESSORIES:
Memory Card HP PN 04278-85001, 1ea.
Power Cable Depends on what couniry the 4278A is being used

in. Refer to Table 2-2.

AVAILABLE ACCESSORIES:

Test Fixtures, Test Leads:
HP 16334A (1m, Tweezer-type for Chip Components)
HP 16047A (Om, Direct-coupled to UNKNOWN terminals)
HP 16047C {(Om, Direct-coupled to UNKNOWN terminals)
HP 18048A (1m, BNC)
HP 160488 (1m, SMC)
HPF 180480 (2m, BNC)

Memory Card:
HP PN 04278-89001 Memory Card, 1ea.
HP 18470A Memory Card Sel, 10ea.

HP-IB Interconnection Cables for Option 101:

HP 10833A HP-IB Cable, 1m
HP 108338 HP-IB Cable, 2m
HP 10833C HP-1B Cable, 4m
HP 108330 HP-IB Cabig, 0.5m
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Table 5-7. Specifications (Sheet 17 of 17)

Handter Interface Connector for mating with Option 201:

HP PN 1251-0084 Connector 36 pin (AMPHENOL)

impedance Standards:

HP 18380A Standard Air Capacitor Set

{1,10,100, and 1000pF)
HP 18380C Capacitance Standard Set (0.01,0.1, and 1uF)
HP 16074A Calibration R-1. Standard

(0.1, 1, 10, and 1000 and 1, 10, and 100k®)

Mainienance Accessories:

HP PN 04278-65001
HP PN 04278-61635
HP PN 04278-85301
HP PN 04278-66596
HP PN 04278-66597
HP PN 04278-66398
HP PN 04278-90100

Handler Simutator {for Option 201, 202)
Cable {tor Option 202}

Scanner Simutator (for Cption 301)
Extender Board {Half size board)
Extender Board (Digital board)
Extender Board {Analog Board)

Maintenance Manual
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SUPPLEMENTAL CHARACTERISTICS

Tabile 5-8. Supplemental Performance Characteristics {sheet 1 of 3)

STABILITY:

Applies to measurement time LONG at constant temperature.

C: <0.01%/day
D: <0.0001/day

TEMPERATURE COEFFICIENTS:
For measurement time LONG and temperature range 23°C25°C.
C: £0.01%/°C
D: £0.00004/°C (@ 1MHz High Accuracy Mode)
D: <0.0001/°C (@ 1kHz and 1MHz Normal Mode)

MEASUREMENT RECOVERY TIME:

Within 1ms after an overload condition {due to a shorted capacitor connect.
ed {o the UNKNOWN) is removed. Measurement time under overload is the
same as the specified measurement time.

SETTLING TIMES:

Typical settiing time for test signal or range selection.

Test frequency: 100ms
Signal level:  100ms
Range: 100ms {(Manual and Remote)

INPUT PROTECTION:

Internal circuit protection against a capacitor discharging into the UN-
KNOWN terminals. The maxirmum capacitor voltage is given as:

Vmax=/2/C (Vmax<1kV)
where: C is capacitance in farads.

MEASUREMENT TIME:
MEASUREMENT MEASUREMENT TIME
TIME MODE SETTLING ANALDG DIGITAL TOTAL
SHORT ims 1.7ms 4ms 8.510.5ms
MEDIUM ims 5.4ms 4ms 10xtms
LONG ims 13.6ms 6ms 21xims
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‘Table 5-8. Supplemental Performance Characteristics (sheet 2 of 3)

NOTE

(1} SETTLING: Settling time.
ANALOG: Analog measurement time.
DIGITAL: Calculation and comparison.

(2} Individual times for settling, analog measurement, calcuiation and comparison
are supplemental performance characteristics (not specified).

(38) Display time is additional to measurement time and dependent on display page
as given below:

DISPLAY PAGE DISPLAY TIME
MEAS PAGE 5.0ms
LIMIT PAGE 2.0ms
SORT PAGE 2.4ms

STATUS PAGE 0.0ms

{4) For data transfer time, refer to supplemental characteristics of the interface
oplions.

ACCURACY AT D<{.1:

Multiply the following parameters to obtain the accuracy values shown in
Tables A, B, and C.

AC/C: J1+D?%

AD: 1+0

AG: JTHGIWC) 2
AR: STHWwXCXR)*

Where, C, D, G, R is the measurement reading.
(@ 1kHz, 1Mz Normal Mode Measurement)

HP-iB (OPTION 101}
Data output: Max. 75 bytes/ms, depending on the controller being used.

Handshake: Typical 2 to 3ms (when used with an HP 9826/9836), depend-
ing on the controller being used.
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Tabie 5-8. Supplemental Performance Characteristics {sheet 3 of 3)

SCANNER INTERFACE (OPTION 301):

Electricat Characteristics:

(1) Input signal characteristics: photo isolate, hegative true

Signal Name Input Voitage Rate External input Current
High Low Pull-Up Voltage

JCHO o /CHY? Pull-Up Y Stoisv 5 to 20 mA

{CH_VALID Voltage

EXT_TRiG Pull-Up 1V to 15V 6.3 to 15 mA
Voltage

() Output signal ch

aracteristics: Opto-isolated, Open Collector, Negative True

Signal Name External Pull-Up Voltage Maximum Current
/INDEX max. 15 V 6 mA
JEOM

Measurement time:

When mulli channel compensation is performed, the {ollowing times are added
to the measurement time.

Test
Freq.

Compen. Data
Switching Time

Calcuiation Time
and Binning Time

Measurement Time

1 kHz
1 MHz

+approx. 0.8 ms
+approx. 0.8 ms

+approx. 0.6 ms
+approx. 1.5 ms

+appProx. 1.4 ms
+aDPTox. 2.3 ms

note: 1. Add the compensation data swiiching time to the measurement time
when delay lime =~ 0 ms.

2. The value monitor functich: OFF
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SECTIONG6

PERFORMANCE TESTS

6-1. INTRODUCTION

This section provides the test procedures to verify that the HP 4278A meets the specifica-
tions listed in Table 5-7. All tests can be performed without accessing the interior of the
instrument. Performance tests are used to perform incoming inspection and to verify that
the 4278A is within its performance specifications atter troubleshooting or adjustment have
been perfarmed. If the performance tests indicate that the 4278A is not within specifica-
tions, check your test setup, then proceed to Adjustments or Troubieshooting as reguired.

NOTE
Allow the 4278A to warm up for at least 10 minutes before you execute any of the
performance tests.
NOTE
Performance tests are valid only when performed in an ambient temperature of
23°C 25°C.
6-2. TEST EQUIPMENT
Table 6-1 lists the test equipment required to perform the tesls described in this section.
Use only calibrated test instruments when pertormance testing the 4278A. If the recommen.-
ded test equipment is not avallable, equipment with specifications equat to or surpassing
those of the recommended equipment may be used.
NOTE
Components used as standards must be (1) calibrated using an instrument whose
specifications are traceable 1o the National institute of Standards and Technoiogy
(NIST) or an equivalent standards group, or (2} calibrated directly by an authorized

calibration organization, such as NIST. The calibration cycle depends on the
stability specification of each compaonent.
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6-3. PERFORMANCE TEST RECORD

Record the results of each performance test in the Performance Test Record located at the
end of this section. The performance record lists each test, parameters tested, and accept-
able tolerance limits. Keep a record of past performance test resuits for comparison pur-
poses to help indicate any possible areas of developing trouble.

NOTE

The fest limits indicated in each performance test do not take into account the
measurement errors induced by the test equipment used. Be sure to consider this
when determining whether the 4278A meets its indicated specifications,

6-4. CALIBRATION CYCLE

The 4278A requires periodic performance verification. How often you verify performance
depends on the operating and environmental conditions. Check the 4278A using the perfor-
mance tests described in this section at least once a year. To minimize instrument down-
time and to ensure optimum operation, perform preventive maintenance and calibration at
least twice a year.

Table 6-1. Recommended Test Equipment {1 of 2)

Equipment Requirements Recommended Model

Electronic Frequency: 1kHz to 1MHz HP 5314A

Counter Accuracy: <<0.02%

RMS Frequency:1kHz to 1MHz HP 3400A

Voltage Accuracy: <1.0%

Meter Voliage range: 0.1Vrms to 1.0Vrms

Standard Capacitance Range: 1pF to 1WF HP 16380A

Capacitor Frequency : 1kHz, 1MHz HP 16380C
Calibration Accuracy:<0.01%

Resistance OPEN reference HP 16074A

Standard SHORT reference Standard
0 standard resistor Resistor Set

100 standard resistor

Adaptor BNC(f)-to-BNC(f}, 4ea. HP PN 1250.0080

Cable BNC{m)-to-BNC{m), 30cm HP PN 8120-1838 |
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Table 8-1. Recommended Test Equipment (2 of 2)

Equipment Requirements Recommended Model
Test Leads Cable Length, (1m) HP 16048A

Cable Length, {(2m) HP 16048D
HP-1B HP-{B cable, 1m HP 10833A
Cable
Computer HP Technical Computer HP 9826
Memory (furnished accessory) HP PN 04278-89001
Card
Handier HF PN 04278-65001
Simulator
Cable HP PN 04278-61635
Scanner HP PN 04278-65301
Simulator
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6-5. TEST FREQUENCY ACCURACY TEST
This test verifies that the accuracy of the 4278A's test signal frequency is within £0.02%.
NOTE

If the 4278A is equipped with Option 001, pértorm steps 1 through 3. if the 42784
is equipped with Option 002, perform steps 1, 2, 4, and 5.

HP4278A

BNC to BNC Cable

Figure 6-1. Test Frequency Accuracy Test Setup

EQUIPMENT:
Electronic Counter HP 5314A
BNC(m)-to-BNC{m) Cable, 30cm HP PN B120-1838
PROCEDURE:

1. Connect INPUT B of the 5314A to the 4278A's Hcur terminal as shown in Figure
6-1.

2. Set the conirols of the 42784 as foliows:

Test Frequency 1kHz
OSC ievel 1.0Vims
Other Controls Initial Seftings

3. Confirm that the frequency is 1kHz %0.2Hz.
4. Set the test frequency to 1MHz.

5. Confirm that the frequency is 1MHz *200Hz.
NOTE

If the 4278A is equipped with Option 003, the test limits are 1.01kHz *0.202Hz at
tkHz and 1.01MHz £202Hz at 1MHz,
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6-6. TEST SIGNAL LEVEL ACCURACY TEST

This test verifies that the 4278A's test signal level is within the specified level accuracy of

*10%.

NOTE

If the 4278A is equipped with Option 001, perform steps 1 through 3. If the 4278A
is equipped with Option 002, perform steps 1, 4, and 5.

HP4278A
34004
AR
©
O &
BNC to BNC Cable
Figure 6-2. Test Signal Level Accuracy Test Setup
EQUIPMENT:
RMS Voltage Meter HP 3400A
BNC(m)-to-BNC(m) Cable, 30cm HP PN 8120-1838
PROCEDURE:

1. Connect the 3400A to the 4278A as shown in Figure 6-2.

2. Set the 4278A's controls as follows:

Test Frequency 1kMz
Measurement Range 10uF
Other Controls fnitial Settings
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. Set the OSC level in accordance with Table 6-2, and confirm that the output leve!
of the 4278A is within the test limits given in Table 6-2.

. Change the 4278A's controls as follows:

Test Frequency 1iikiz
Measurement Range 1024pF
Other Controls Initial Settings

. Repeat step 3.

Table 6-2. Test Signal Level Test Limits

OSC Level Test Limits
0.1V 0.0V 1o C.11V
0.2v 0.18V to 0.22v
0.3V 0.27V to 0.33v
0.4V 0.36V to D.44V
0.5v .45V to 0.55V
0.6V 0.54V to 0.66V
o7V 0.63V to 0.77V
0.8v 0.72V {0 0.88V
c.ov G.B1V to 0.88V
1.0V 0.90V to 1.10V
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6-7. TkHz CAPACITANCE ACCURACY TEST
This capacitance test verifies the 4278A's measurement accuracy at 1kHz. Capacitance
accuracy checks are macte by connecting a standard capacitor to the 4278A and comparing
measurement results with the calibrated values of the standard. Accuracies for dissipation
factors near zero are also checked during this test.

NOTE

If the 42784 is equipped with Option 002, proceed to paragraph 6-8.

HP4278A

£

P
o

1T
’ v
&)
. .‘ I
h PN ‘ .
&  psoaaigaom
T o

OPEN, SHORT reference
or
Standard Capaciter

Figure 6-3. Capacitance Accuracy Test Set Up 1

EQUIPMENT:
100pF Standard Capacitor ' HP 16383A HP 16380A
1000pF Standard Capacitor HP 16384A
0.01uF Standard Capacitor HP 16385A
0.1uF Standard Capacitor HP 16386A J HP 16380C
1uF Standard Capacitor HP 16387A
00 standard resistor
100 standard resistor HP 16074A
OPEN reference Standard resistor set

SHORT reference

Test Leads HP 18048A
HP 16048D
BNC(f)-to-BNC{f) Adapter HP PN 1250-0080 {4ea.)



PROCEDURE:
1. Connect the OPEN reference to the 42784°s UNKNOWN terminals.

2. Set the 4278A's gontrols as follows:

Test Frequency tkHz
Measurement Parameter Cp-D
Measurement Range 100pF

OSC Leve! 1.0vrms
INTEG TIME LONG
Trigger Mods MAN TRIG
Cable Length Om

Cther Controls Initial Settings

[0m Open Compensation]
3. Press the MENU Key.
4. Press the NEXT key.
5. Press the ‘COMPEN’ softkey.

6. Press the ‘OPEN COMPEN softkey. Wait for the complstion of the
measurement.

7. Press the *OPEN ON’ softkey.

[Om Short Compensation]

8. Disconnect the OPEN reference, and connect the SHORT reference o the UN-
KNOWN terminals.

8. Press the NEXT key.

10. Press the ‘SHORT COMPEN’ softkey. Wait for the completion of the
measurement.

11. Press the ‘SHORT ON’ softkey.

{Temperature Compensation}

12. Press the NEXT key three times, then press the ‘TEMP COMPEN’ softkey.
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[Range Change Accuracy Check]

13. Disconnect the SHORT reference, and connect the 100pF standard capacitor to
the UNKNQWN terminals.

14. Press the TRIGGER key.
15. Confirm that Cp and D are within the test limits in Table 6-3.

16. Set the standard capacitor and the measurement range in accordance with Table
6-3, and repeat steps 14 and 15.

17. Set the O8C level to 0.3V,

18. Repeat steps 14 through 16.

Table 6-3. 1kHz Capacitance Accuracy Test limits 1

Setting Test Limits
Standard Measurement Cp D
Capacitor Range
100pF 100pF C.V. 2C.100pF +0.00080
(C.V. £0.102pF) {£0.00062)
1C00pF 1nF C.V. £0.00100nF +0.00060
{C.V. £0.00102nF) {£0.00062)
0.01uF 10nF C.v. £0.0100nF *3.00070
{C.V. £0.0102nF) {+0.00072)
O0.1uF 100nF C.V. £0.100nF £0.00070
{C.V. £0.102nF} (+0.00072)
1uF 1uF C.¥. £0.00100uF +0.00080

(C.V. t0.00102UF) | (£0.00082)

C.V. : Calibration value of each standard capacitor.
Cp and D limit values in parenthesis only apply for the O0SC LEVEL 0.3V
setling.

19. Disconnect the tUF standard capacitor, and cannect the 002 standard resistor {0
the UNKNOWN terminals.

20. Change the 4278A's controls as follows:

Measurement Parameter Cs-Hs
Measuremeant Range 100uF
Osc Level 1.0vims



21. Press the TRIGGER key.
22. Note the value of Rs as RO {).

23. Disconnect the 00 standard resistor, and connect the 100 standard resisior 1o
the UNKNOWN terminals.

24. Press the TRIGGER key.
25. Note the value of Rs as R10 ().
28. Calculate the following formula:
R=R10- RO
27. Confirm that the calculated value for R is within the range of C.V. $0.01348 (Q).
[tm Open Compensation]

28. Disconnect the 100 standard resistor, and connect the OPEN reference using the
16048A test leads as shown in Figure 6.4,

HP4278A

OPEN, SHORT reference
or
Standard Capacitor

Figure 6-4. tkHz Capacitance Accuracy Test Setup 2

29. Change the 4278A's controls as follows:

Measurement Parameter Cp-D
Measurement Range 100pF
Cable Length im

30. Press the MENU key, the NEXT key, and the ‘COMPEN’ softkey.

31. Press the ‘OPEN COMPEN’ softkey. Wait for the completion of the measure-
ment. Confirm that ‘OPEN ON’ is set to ON.
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[1m Short Compensation]

32. Disconnect the OPEN reference, and connect the SHORT reference to the test
leads.

33. Press the NEXT key.
34, Press the ‘SHORT COMPEN’ softkey. Wait for completion of the measurement.
Confirm that *SHORT ON’ is set o ON.
{Cable Length Compensation Accuracy Check]

35. Disconnect the SHORT reference and connect the 100pF standard capacitor to
the test leads.

36. Press the TRIGGER key.

37. Contirm that Cp and D are within the test limits in Table 6-4.

[2m Open/Short Compensation and Cable Length Compensation Accuracy Check]
38. Disconnect the 160484 test leads and the 100pF standard capacitor. Connect
the OPEN reference using the 160480 test teads.
NOTE
Make sure there is a good connection between the 4278A’s front panel ground ter-
minal (next to the UNKNOWN terminals) and the 160480D's ground lead. The ground
lead of the 16048D's end of cable should be connected to nothing.

39. Set the cable length to 2m.

40. Hepeat steps 30 through 37.

Table 6-4. tkHz Capacitance Accuracy Test Limils 2

Setting Test limits
Cable Length Cp (]
im C.V. 20.100pF *G.00060
2m C.V. £0.100pF +0.00060

C.V. : Calibration value of the 100pF standard capacitor
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6-8. 1MHz CAPACITANCE ACCURACY TEST

This test verifies capacitance measurement accuracy at 1MHz. Capacitance accuracy
checks are made by connecting a standard capacitor to the 4278A and comparing the mea-
surement results with the calibrated values of the standard. Measurement accuracy of dis-
sipation factors near zero are also checked in this test.

NOTE

if the 4278A is equipped with Option 001, proceed to the next test.

HP4278A

S N I o |
' %Wma:amcnimzaam o

?

OPEN, SHORT reference
or
Standard Capacitor

Figure 6-5. 1MHz Capacitance Accuracy Test Set up 1

EQUIPMENT:
1pF Standard Capacitor HP 16381A
10pF Standard Capacitor HP 16382A
100pF Standard Capacitor HP 16383A | HP 16380A
1000pF Standard Capacitor HF 16384A
OPEN reference HP 16074A
SHORT reference Standard Reslistor Set
Test |eads HP 18048A
HP 16048D
BNC(f)-to-BNC(f) Adapter HP PN 1250-0080 {4ea.)
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PROCEDURE:
i. Connect the OPEN reference to the UNKNOWN terminals.

2. Set the 4278A’s controls as follows:

Tes! Frequency 1MHz

HI ACC Mode ON
Measurement Parameter Cp<D

INTEG TIME LONG
Measurement Range 1pF

OSC Level 1.0Vrms
Cable Length om

Trigger Mode MAN TRIG
Other Controls initial Settings

{Om Open Compensation]
3. Press the MENU key.
4. Press the NEXT key.
5. Press the ‘COMPEN’ softkey.
8. Press the ‘OPEN COMPEN’ softkey. Wait for the measurement 1o finish,

7. Press the ‘OPEN ON’ softkey.

{Om Short Compensation]

8. Disconnect the OPEN reference, and connect the SHORT reference to the UN-
KNOWN terminals.

9. Press the NEXT key.
10. Press tha *‘SHORT COMPEN’ softkey. Wait for the measurement to finish.

11. Press the ‘SHORT ON’ softkey.

[Temperature Compensation]

12. Press the NEXT key three times, then press the ‘TEMP COMPEN’ softkey.
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[Range Change Accuracy Check]

13. Disconnect the OPEN reterence, and connect the 1pF standard capacitor to the
UNKNOWN terminals. ‘

14. Press the TRIGGER key.
15. Confirm that Cp and D are within the test limits in Table 6-5.
16. Set the standard capacitor and the measurement range in accordance with Table

6-5. Repeatl steps 14 and 15,

Table §-5. 1MHz Capacitance Accuracy Test limits 1

Setting ' Test Limits
Standard Measurement Cp D
Capacitor Range
ipF 1pF C.V, 20.0017pF +0.0009
10pF 10OpF C.v. x0.010pF +0.0005
100pF 100pF C.V. t0.10pF +0.0005
1000pF 1000pF 1.0003*C.V. £1.0pF 0.00004 £0.0006

C.V. : Calibration Value of each standard capacitor at 1kHz

NOTE
The 16380A standard capacitor set is calibraled at 1kHz. Each calibration vaiue at
iMHz of 1pF, 10pF, and 100pF standard capacitor can use the calibration value at
1kHz. But the 1000pF standard capacitor's Calibration value at 1MHz must use
. the calibration value at 1kMz plus 0.03%. (Refer to the 18380A Data Sheet).
[High Accuracy Mode Accuracy Check]

17. Disconnect the 1000pF standard capacitor, and connect the 10pF standard ca-
pacitor to the UNKNOQWN terminals. :

18. Set the measurement range to 8.32pF.

19. Press the TRIGGER key.
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20. Confirm that Cp and D are within the test limits in Table 6-6.

21. Set the measurement range in accordance with Table 6-6. Repeat steps 19 and
20. :

Table 6-6. 1MHz Standard Capacitance Accuracy Test Limits 3

Setting Test limits
Measurement Cp D
Range
8.32pF C.V. £0.010pF +0.0005
12.16pfF C.V. £0.010pF +0.0005
15.04pF C.V. 20.010pF +0.0005

C.V. : Calibration Vaiue of the 10pF Standard Capaciior at 1kHz

{Integration Time Change Accuracy Check]
22. Set the 4278A's controls as follows:

HI ACC Mode OFF
Measurement Rangs 8pF

23. Press the TRIGGER key.
24, Confirm that Cp and D are within the test Iimits in Table 6.7,

25. Set the INTEG TIME in accordance with Table 6-7. Repeat steps 23 and 24.

Table 6-7. 1MHz Standard Capacitance Accuracy Test Limits 4

Selling Test Limits
INTEG TIME C D
LONG C.V. £0.0116pF +0.0007
MED C.V. £0.0286pF +0.0019
SHORT C.V. t0.067pF +0.0043

C.V. : Caiibration value of the 10pF Standard Capacitor at 1kHz
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[tm Open Compensation]

26. Disconnect the 10pF standard capacitor, and connect the OPEN reference using
the 16048A test ieads as shown in Figure 6-6.

HP4278A

[:gr b T«”’E '3[53;33 a e “_«_-,. '

16G48A/D

LLAMN

gppn OPEN, SHORT reference

I _,,,___: or

Standard Capacitor

Figure 6-6. 1MHz Capacitance Accuracy Test Setup 2

27. Set the 4278A's controls as Follows:

Hi ACC Mode ON
Measurement Range 100pF
Cable Length im
INTEG TIME LONG

28. Press the MENU and NEXT keys, then the ‘COMPEN’ sottkey,

29. Press “OPEN COMPEN’ softkey. Wait for the completion of the measurement.
Confirm that ‘GPEN ON’ is sel to ON.

[1m Short Compensation]

30. Disconnect the QOPEN reference. Connect the SHORT reference to the test
leads.

31. Press the NEXT key.

32. Press the ‘SHORT COMPEN’ softkey. Wait for completion of the measurement.
Confirm thal ‘SHORT ON’ is set 1o ON.
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[Cable Length Compensation Accuracy Check]

33. Disconnsct the SHORT reference. Connect the 100pF standard capacitor to the ~
test leads.

34. Press the TRIGGER key.

35. Confirm that Cp and D are within the test limits in Table 6-8.

Table 6-8. IMHz Standard Capacitance Accuracy Test Limits 5

Setting Test Limits
Cable Length Cc D
1m C.V.10.10pF +0.0005
2m CV.20.10pF +0.0005

C.V. : Calibration value of the 100pF Standard Capacitor at 1kHz

{2m Open/Short Compensation and Cable Length Compensation Accuracy Check]

36. Disconnect the 16048A test leads and the 100pF standard capacitor. Connect
the 16048D iest leads to the UNKNOWN terminais. Connect the OPEN reference
to the test leads.

NOTE
Make sure there is a good conneclion belween the 4278A's front panel ground
terminal (next to the UNKNOWN terminals) and the 16048’s ground lead. The
ground lead of the 160480's end of cableshould be connected to nothing.

37. Set the cable length to 2m.

38. Repeat sleps 28 through 35.
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6-9. STORE AND LOAD FUNCTION TEST

This test verifies the 4278A's ability to store information 1o, and load information from a
memory card,

EQUIPMENT:

Memoary Card HP PN 04278-89001

PROCEDURE:

1. insert the memory card into the MEMORY card slot.

2. Set the 4278A's controls as foliows:

Display Page Format STATUS PAGE
Measurement Parameter Cp-G
Integration Time MED
Averaging Time 4

QOther Settings Initial Settings

3. Execute the following key sequence:
[ MENU ] key
[ PREV ] key
[ ‘MEMORY CARD’ | softkey
[ ‘STORE' ] softkey
{ ENTER ] key
4. Remove the memory card.
5. Turn the 4278A off.
6. Turn the 4278A on.

7. Reinsert the memory card,

8. Press the LOAD key,

9. Confirm that the 4278A’s Display Page Format, Measurement Parameler, integra-

tion Time, and Averaging Rate are the same as the control setlings established in
step 2.
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6-10. HP-1B INTERFACE TEST (OPTION 101 ONLY)

This test verifies the 4278A'S HP.IB function.

HP-IB

HP4278A

Figure 6-8. HP-1B Interface Test Setup

EQUIPMENT:
Personal Technical Computer HP 9826
HP-1B Cable HP 10833A
PROCEDURE:

1. Set the 4278A’s HP-IB address to 17.

2. Set up the equipment as shown in Figure 6-8. Use the HP 9826's interface Se-
lect Code (7).

3. Load BASIC and input the folliowing program (do not RUN the program yet,
however).

10 DIM A$[38]

20 OUTPUT 717;"IDN?"
30 ENTER 717;A$

40 PRINT A$

50 OUTPUT 717;"*SRE32"
60 OUTPUT 717;"ABC"
70 PRINT SPOLL{717)
80 END

4, Press the HP 9826A's STEP key three times to single step to line number 20.

5. Confirm that the LTN and RMT lamps are lit and that the softkey label page
cannot be changed by pressing the NEXT key.
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10.

11.

Press the LCL key on the 4278A.

Confirm that the LTN lamp stays lit, the RMT lamp goes out, and the softkey
label page can be changed by pressing the NEXT key.

Press the STEP key on the HP 9826 to execute line 30 and confirm that the TLK
lamp is {it.

Step to line 40 and confirm that the following message is displayed on the
HP 9826.

"HEWLETTPACKARD,4278A,0000A000C00,REVn.nn”
n.nn . ROM-based firmware version
Step {o line 60, and confirm that the SRQ, LTN, and BRMT iamps are lit.

Step to line BQ and confirm that the status byte value displayed on the HP 9826
is greater than 96.
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6-11. HANDLER INTERFACE FUNCTION TEST (OPTION 201 ONLY)

This test verifies option 201 handier interface functions.

EGUIPMENT:

Handler Simulator HP PN 04278-65001

PROCEDURE:

1.

Disconnect the power cable from the 4278A and allow enough time (a few
minutes ), for the internal capacitors to discharge.

DANGEROUS ENERGY/VOLTAGE EXISTS WHEN THE 4278A 1S IN OPERATION
AND FOR A TIME AFTER IT iS POWERED DOWN, ALLOW A FEW MINUTES FOR
THE INTERNAL CAPACITORS TO DISCHARGE.

2.

3.

4.

Disconnect the two rear feet which lock the top cover and rear panel together.
Fully foosen the top cover retaining screws located on the rear of the top cover.

Slide the top cover towards the rear and lift it off. The top shield plate will be
visible.

Remove the top shield plate to expose the FC boards.
Disconnect the flat cable connected te the handler interface board. The handiler

interface board is the one with the BLACK and ORANGE extractors { See Figure
8-9 ).

= e vmm““”m
) gy LELp e
Front L) _] Rear

oy

|

7 ° B!

Scanner I/F Board Handler UF Board

Figure 6-9. Interface Board Location
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7. Remove the handier interface board.

NOTE

Before performing step 8, note the jumper settings in order to return them to the
same setting at the end of this function tesl.

8. Set the jumpers on the handler interface board the same settings as when the
board is shipped from the factory referring to Figure 6-10.

OPEN T W1, W2, W3, W5, We, W8, W9, w10
SHORT T W4, W7, Wi
OPEN (remove) : Ri101 thru R121

¢
g
6
9
d
&

Figure 6-10. Jumper Settings

9. Replace the interface board, top shield plate and top cover.

10, Turn the 4278A on.
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11. Connect the handier interface connector on the 4278A's rear panel to the handler

simulator as shown in Figure 8-1

1.

HP4278A

0ea

HANDLER SIMULATOR

12
13
14
15

16

17.

Figure 6-11. Handler Interface Test Setup {Option 201)

. Press the MENU ksay,
. Press the PREV key.
. Press the ‘SVC FNCTN’ softkey.

. Press the ‘SELF TEST softkey.

. Press the ‘TEST NO.=' softkey, the 1 and 4 numeric ENTRY keys, and the EN-
TER key {o establish the "TEST No.14 HANDLER I/F TEST".

Press the ‘TEST START’ softkey.
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18. Confirm that the LEDs on the handler simulator board light in the sequence
shown in Figure 6-12.

1

9]

2,

i -

3 e

L I~ i ELL.
§><E~ | ' [+ T TN T [ TR IR (Y RN S TR
IO 2824 & Hom =prerss23pdzs
et Rhor i ol g E e S % o wd I ::AAHMMHﬁmm
(SRS E Y] < k= 1] [ [GENY < O MMM
(IR e o BN 0000 ] o0 COO0 ODOO0O0O OO0 O

Figure 6-12. Handler Interface Function Check (Option 201)

19. Press the ‘exit TEST’ softkey.

DO NOT EXECUTE ANY SELF TEST EXCEPT FOR THE HANDLER I/fF TEST OR

THE 4278A WILL BECOME INOPERATIVE. THE REMAINING SELF TESTS ARE
FOR SERVICE USE ONLY.

20. Replace the jumpers and resisters to previous setting.

21. Replace the top shield plate, rear feet, and top cover.
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6-12. HANDLER INTERFACE FUNCTION TEST (OPTION 202 ONLY)

This test verifies option 202 handler interface functions. When this test is performed the
following LEDs WILL NOT turn ON because the signals they represent are not usad by the
Option 202 handier interface board.

PHi-, PLO-, SREJ-, UNBAL- and ALARM-

EQUIPMENT:
Handier Simuiator HP PN 04278-65001
Cable HP PN Q4278-61635
PROCEDURE:

1. Perform steps 1 through & described on page 6- .

2. Disconnect the flat cable connected to the handler interface board. The handler
interface board is the one with the BROWN and DRANGE exiraciors ( See Figure
6-9 ).

3. Remuove the handler interface board.
NOTE
Before performing step 4, note the jumper settings in order to return them 1o the

same setting at the end of this function test.

4. Set the jumpers on the handier interface board the same settings as when the
board is shipped from the factory referring to Figure 6-13.
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OPEN W, WA, W5 WT, WE, Wi, w2
SHORT T W2, W3, W6, Wo, Wi0, W13
OPEN {remove) :R101 thru R113

Figure 6-13. Jumper Setlings

- Replace the handler interface board, top shigld plate and the top cover. -
. Tum the 4278A on,

. Connect the handler interface connector on the 4278A’s rear panel to the
handler simulator as shown in Figure 6-14,

HP4278A

e

HANDLER STMULATOR

Figure 6-14. Handier Interface Test Setup {Option 202)
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8. Press the MENU key.
9. Press the PREV key.
10. Press the ‘SVC FNCTN’ softkey.

11. Press the ‘SELF TEST® softkey.

12, Press the ‘TEST NO.=’ softkey, the 1 and 4 numeric ENTRY keys, and the EN-
TER key to establish the "TEST No.14 HANDLER I/F TEST".

13. Press the ‘TEST START’ softkey.

14. Confirm that the LEDs on the handler simulator board fight in the sequence
shown in Figure 6-15.

™
Z S
. =
-
[ gm
N’
Pl 93] !
s s oy U
B0 —E
awo [ =]
=[5 =
[« 1 — {1,
o [ 1 [~~2'er TN [ T R [N N B SR B
-t MY N o~ G 43 o+ < =y WO~ O <t N
WL < o X o m M EZZEEE R
jov i il w2 e O % oo s s TSSO S D R WL Y e L i A e
(R ESEERE < L U R O <L O e N Mm@ e M
000 0 cCese [0} CCoO SI9 890 GO0
,’Mﬂ
e e o e e e e e e e e 4
O = LED OFF
@ = LED ON

Figure 6-15. Handler Interface Function Check {Option 202)

15. Press the ‘exit TEST® sofikey.

DO NOT EXECUTE ANY SELF TEST EXCEPT FOR THE HANDLER I/F TEST OR

THE 4278A WILL BECOME INOPERATIVE. THE REMAINING SELF TESTS ARE
FOR SERVICE USE ONLY.

16. Replace the jurnpers and resisters to previous setting.

t7. Replace the top shield pi'ate, rear feet, and top cover.
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6-13. SCANNER INTERFACE FUNCTION TEST (OPTION 301 ONLY)

This iest verifies oplion 301 scanner inlerface functions.

EGUIPMENT:

Scanner Simulator HP PN 04278-65301

PROCEDURE:

1. Perform steps 1 through 5 described on page 6- .

2. Disconnect the flat cable connected to the scanner interface board. The scanner

interface board is the one with the BLACK and YELLOW extractors ( See Figure
6-9 ).

3. Remove the scanner interface board.

4. Set SW1 and SW2 on the scanner interface board to the same settings as
when the board is shipped from the factory referring to Figure 6-16.
NOTE

Before performing step 4, note the switch settings in order to return to
the same settings at the end of this function test.

i g
Fr 2 Fa 32
- R B8
R 4 I—
[ & —=3s
[ 6 e
i 7 P | -
swy | s e
\ e AN
o
(s’ 00000

TPY TP2 TP3 TP4 TPE
EXT EXT COM V0O GND

o d R

‘iiiﬁii?ﬁ%ﬁi}” . :

SCANNER INTCRFACE BOARD

Figure 6-16. SW1 and SW2 settings
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Replace the scanner interface board and reconnect the flat cable.

NOTE

Step 6 supplies +5 V 1o the scanner simutator.

Use the appropriate power leads and clips to apply +5 V to the scanner simula-
tor, by raking connections between TP2{ GND } on the scanner simulator and
TPS{ GND ) on the scanner interface board. Connect between TP1( 5 V) on the
scanner simulator, and TP4{ VCC ) on the scanner interface board, Figure 6-16
shows the location of TP4 and TP5 on the scanner interface board.

Turn the 4278A on.

. Connect the cable furnished with the scanner simulator to the scanner {/O con-

nector on the rear panel of the 4278A. Refer to Figure 6-17.

Scanner
Simulator

10.
11,
12.

13.

14,

Figure 8-17. Scanner Simulator Connections

Prass the MENU key.
Press the PREV key.
Press the ‘SVC FNCTN’ softkey.
Press the ‘SELF TEST' softkey.

Press the "TEST NO=' scftkey, the 1, 7 numeric ENTRY keys, and the ENTER key
to establish the "TEST NO.17 SCANNER KF 1/0 test”.

Press the ‘TEST START’ softkey.
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15. Watch the scanner simulator to confirm that the 4278A’s settings displayed in the
message area are the same as the signal output.

16. Press the ‘exit TEST softkey.

CAUTION |

DO NOT EXECUTE ANY SELF TEST EXCEPT FOR THE ABOVE SELF TESTS OR
THE 4278A WILL BECOME INOPERATIVE, THE REMAINING SELF TESTS ARE
FOR SERVICE USE ONLY!

17. Set SW1 and SW2 on the scanner interface board to their settings before this
test.

18. Replace the top shield plate, rear feet, and top cover.
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PERFORMANCE TEST RECORD

Hewlett-Packard 4278A Tested by
tkHz/1MHz Capacitance Meter Dats
Serial No.
Test Results
Minimum Actual Maximum

6-5. TEST FREQUENCY ACCURACY TEST

Test Freguency: 1kHz 998.8Hz 1000.2Hz
1MHz 009.8kHz _ 1000.2kHz

Option C03

Test Frequency: TkHz 1009.798Hz o 1010.202Hz
1MHz 1008.798kHz 1010.202kHz

6-6. TEST SIGNAL LEVEL ACCURACY TEST

Freq.. 1kHz

O8C level: oV 0.09v 0.1V
0.2V 0.18v g.22v
0.3v 0.27v 0.33v
0.av 0.36V i 0.44V
0.5v 0.45v 0.55V
a.6v 0.54v 0.68V
0.7v 0.63v - 0.77v
0.8V 0.72v .88V
0.9V 081V o 0.99v
1.0V 0.60v 110V

Freqg.. 1MHz

OSC levetl: 0.1v 0.08v SR ERY
0.2v 018y o p.2zv
0.3v 0.27v — 0.33v
0.4V 0.36V 0.44Y
0.5v 0.45v o 0.55v
0.8V 0.54v 0.66V
0.7v 0.63v Q.77v
0.8V 0.7z2v 0.88v
0.9V c.81v . ) 0.99v
1.0V 0.0V 1.10V

6-31



Test

Results

Minimum

Actual

Maximum

6-7. 1kHz CAPACITANCE MEASUREMENT ACCURACY TEST

[Range Change Accuracy Check]

OSC level=1V
Meas. Range:100pF

inF

10nF

100nF

1uUF

O8C level=0.3V
Meas. Range: 100pF

inF

10nF

100nF

1UF

R =R10- RO

O o O o 0

O O

o

O 9 O O g U O o O 9]

v/

CV.-
0.100pF
-0.00060

CV.-
G.00100nF
-0.00080

CV..
0.0100nF
~0.00070

C.V.-
0.100nF
-0.00070

C.V.-
0.00100uF
-0.00080

CV.-
0.102pF
-0.00062

CV.-
0.00102nF
-0.00062

CV.-
0.0102nF
-0.00072

CV.-
0.102nF
-0.00072

CVv.-
0.00102uF
-0.00082

CV.
0.013480

|

]

CV+
0.100pF
0.00080

CV.+
0.06100nF
0.00060

CV.+
0.0100nF
0.00070

CV.+
0.100nF
0.00070

C.V.+
0.00100uF
0.00080

C.V.+
0.102pF
0.00062

CV.+
0.00102nF
0.00082

CV.+
0.0102nF
0.00072

C.V.+
0.102nF
0.00072

C.V.+
0.00102uF
0.00082

CV.+
0.013480Q
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Results

Test
Minimum Actual Maximum
{Cable Length Compensation Accuracy Check]

Cable Length: 1m . c CVv.- CVa
0.100pF 0.100pF
D -0.00060 0.00060

Cable Length: 2m C CV.- C.V.+
0.100pF 0.100pF
D -0.00060 0.00080

6-8. TMHz CAPACITANCE MEASUREMENT ACCURACY TEST

[Range Change Accuracy Check)

Meas. Range: 1pF Cp CV.- CV.+
0.0017pF o 0.0017pF
D -0.0009 0.0008
Meas. Range: 10pF Cp CV.- Cva+
0.Q10pF 0.010pF
D -0.0005 0.0005
Meas. Range: 100pF Cp CV.- CV.+
0.10pF Q.10pF
D -6.0005 o 0.0005
Meas, Range: 1000pF Cp 1.0003xC.V. 1.0003xC.V.
-1.0pF +1.0pF
D -G.0006 0.0006
[High Accuracy Mode Accuracy Check]
Meas. Range: 8.32pF Cp CV.- C.V.-
0.010pF 0.010pF
D -0.0005 o -0.0005
Meas. Range: 12.16pF Cp CV.- CV.-
0.010pF 0.010pF
D -0.0005 -0.0008
Meas. Range: 15.04pF Cp CV.- C.V.-
0.010pF ) 0.010pF
D -0.0005 -0.0005
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Test Results
Minimum Actual Maximom
[integ Time Change Accuracy Check]
Integ.Time: LONG C GCV.- CV.+
0.0118pF 0.0116pF
D -0.0007 0.0007
Integ.Time: MED C C.V.- CVv.+
0.0266pF 0.0266pF
D -0.001% o 0.0019
Integ.Time: SHORT C C.V.- CV.+
, 0.067pF 0.087pF
D -0.0043 o 0.0043
[Cable Length Compensation Accuracy Check]
Cable Length: 1m C CV.- CV.+
0.10pF —— D.10pF
D -3.0005 0.0005
Cable Length: 2m C C.V.- C.V.+
0.10pF 0.10pF
D -0.0005 0.0005
6-9. STORE AND LOAD FUNCTION TEST
PASS FAIL
6-10. HP-IB INTERFACE TEST (OPTION 101 ONLY)
PASS FAIL

6-11. HANDLER INTERFACE FUNCTION TEST (OPTION 201 ONLY)

PASS

FAIL

6-12. HANDLER INTERFACE FUNCTION TEST (OPTION 202 ONLY)

PASS

FAIL

6-13. SCANNER INTERFACE FUNCTION TEST (OPTION 301 ONLY)

PASS

FAIL
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APPENDIX A

MANUAL CHANGES

This appendix contains information for adapting this manuai to HP 4278A's to which the
content of this manual does not directly apply.

To adapt this manual to your 4278A, refer to Table A and make all of the manual changes
listed opposite your 4278A's serial number.

If your 4278A’s serial number is not listed on the titie page of this manual or in Table A, it
may be documented in a yellow MANUAL CHANGES supplement, For additional informa.
tion on serial number coverage, refer fo INSTRUMENTS COVERED BY THIS MANUAL in
Section §.

Table A. Manual Changes by Serial Number

Serial Prefix Make Manual Changes
or Number
2725400473 and below 1, 2,3, 4
2725400564 and below 1,2,3
2830401114 and below 1,2
2830J0115¢ and below 1




CHANGE 1
The followings are changes to adapt this manual o instruments with
firmware version 2.0 and below,
Page 4-1, paragraph 4-2. OPTION 101 HP-IB INTERFACE
The following HP-1B device dependent commands cannot be used.

OPM? command. OPEN Compensation Measured Value Query
SHM? command: SHORT Compensation Measured Value Query
STM? command: STANDARD Compensation Measured Value Query

STR? command: STANDARD Compensation Reference Value Query

Thus delete the description for these commands on the foilowing pages.

Page 4-37, 4-55 OPM? command
Page 4-41, 4-55 SHM? command
Page 4-44, 4-55 STM? command
Page 4-45, 4-55 STR? command
CHANGE 2

The followings are changss to adap! this manual to instruments with
firmware version 2.1 and below.

Page 4-1, paragraph 4-2. OPTION 101 HP-IB INTERFACE
The following HP-1B device dependent commands cannot be used.

CCOU? command: BIN Count Query of the selected channel
CNO= command : Channel number selection
MCOM command: MULTI-COMPEN mode OFF/ON

Thus delete the description for these commands on the following pages.

Page 4-18, 4-56 CCOU? command
Page 4-18, 4-55 CNO= command
Page 4-34, 4-55 MCOM command

Page 4-63, paragraph 4-2-8. STATUS BYTE
Change the description of the bit 1 of the status byte, as follows.

BIT 1 (always 0) : This bit is atways set to O (zero).
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Page B-2, APPENDIX B, SOFTKEY TREE

Change the figures of ‘Softkey Page 2 of 4’ and 'Softkey Page 4 6t 4’, as follows.

. TRIG MODE

- CABLE L,ENGTH'T‘

:

"~ COMPEN

prev

[3:E

previ—

next

prey i

fexi

prev

next

‘- OFFSET

prove

nexty—

Softiey Page 2 of &
INT PRI
EXT TRIG
MAN TRIQ

felurn

CPEN ON
QPEN OFF
CPEN COMPEN
return

SHORT ON
SHORT OFF
SHORT COMPEN
refurn

STD ON

STD OFF

STD COMPEN
return

STD PARMTR

return

STD ENTAY =
C-0

[

1T

eghan

STD ENTRY C=
c-0)

T

o retuen

refurn

TEMP COMPEN

raturn

QOFFSET A ON
QFFSET A OFF

OFS A= uF
nF
pF

C

retarn
welurn
QFFSET B ON
OFFSET B OFF
OF3 B ———1- §
&) I~ m3
— us

— raturn
OF8 Bs ————=~ k(}
{Rs} — $i

[~ m{x

- refurn

return

F
Bnf’
pF

return

uf
nF
pF

fefurn
s

mS
us

relurn

Soltkey Page & of 4

- MEMORY C»\HG“E: STORE

]

— HPAR AQRS.
relurn

Fatarmn

" HP-B DEFINE ADASABLE

TALK ONLY

™ SVYC FHCTN - SELF TEST ——T

L

{

L

T

T

oreturn

= KEY LOCK ~~——1= UNLOCK
" LOTK

¥

W gt

otker menu

TEST Ng.w =—moy

i

et TEST

tkHz DATA

17717

TMHZ DATA ey

thHz CAL.

Mz GAL.

it CAL

TEST STARY
TEST ABORT

TEST MENU

oxil TEST

MEMORY STORE

axit TABLE

MEMORY STORE

exil TABLE

rglurn

relurn



CHANGE 3

The followings are changes to adapt this manual to instruments with
firmware version 3.0 and below.

Page 4-48, *IDN? command
Change the description of *IDN? command as follows.

The *IDN? command returns both the instrument's model name and the ROM
version number as foliows:

HEWLETTPACKARD,4278A,0000A69000,REVn.n

Where:  REVn.n is ROM version nurber.

CHANGE 4

The following changes adapt this manual t¢ instruments with firmware
version 3.01 and below,

Page 4-82, Table 4-2, Data Transfer Rate
Change the table as follows.

1. Typical data transfer rate using the ENTER command with an HP 9000 Series
200 (9818} computer.

Format Data Type Transfer Rate

ASCH Data without BIN NO. approx. 8.78ms
Data with BIN NO, approx. 9.82ms

BINARY Data without BIN NO. approx. 5.23ms
Data with BIN NO, approx. 6.02ms

2. Typical data transfer rate using the TRANSFER comrmand with an HP 9000
Series 200 (2816) computer.

Format Data Type Transfer Rate

ASCH Data without BIN NO. approx. 5.23ms
Data with BIN NO. approx. 5.24ms

BINARY Data without BIN NO. approx. 5.18ms
Data with BIN NO. approx. 5.19ms

Page 5-25, Table 5-8. Supplemental Performance Characteristics,
HP-IB (OPTION 101):

Change the daia as foliows.
Data outpui: Max. 100 bytes/ms, depending on the controller being used.
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APPENDIX B

SOFTKEY TREE

This appendix shows the HP 4278A's softkey tree. Bolded softkey labels indicate default
settings.
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f

MEAS PARMTR=—r~
prev -

([

next

SIGNAL SOURCET

1

HI-ACG MODE

MEAS RANGE—T
{1z} -

proy

{

nexif—

MEAS AANGE
{1z Normal] [

previe
next

pray

next

MEAS HANGE —~
{10Hz Hi-Acc)

MEAS THAE ——

Softkey Page 1ot 4

Cp-0
Cp-Q
Co-G

raturn

Os-D
Cs-Q
Cs-As

raturn

FREQ 1kiz
TMHZ

rafurn
OSC {Vi=

return

ON @ tMHZ
OFF @1MHz

welun

AUTO
100pF
inF
0Nk
raturn

100nF
fuF
TORF
100RF
refurn

AUTO
1pF
2pF
ApF
ralurn

BpF
18pF
32pF
B4pF
return
128pF
2560F
H12pF
1024pF
returmn

RANGE {pF)=

retun

INTEG TIME ——1= SHOHRT
r LONG

— relurn

AVG RATE — 1~ UP
 DOWN

raturn
LELAY {msj-

relurn

I MEDIUR

g

- TRIG MODE —

= CABLE LENGTH-p~

|

- MULTI COMPEN

- GOMPEN -

prey

noxi

PIsv

Y

prev

T
al

next ;

-

3

prev

nexl

- OFFSET ————p

prev =

r

next i~

Softkay Page 2 of 4
INT TRIG
EXT TRIG
MAN TRIG
relwre
om
tm
2m

edthsn

O
DFF

etum

OFEN ON

OPEN OFF
OPEN COMPEN

relurn

SHORT ON
SHORT OFF

- BHORT COMPEN

relurm

STD OGN
SY0 OFF
STD COMPEN
relusn
STD PARMTR ~rmee £l
]
~ rpturn
S5TD ENTHRY e S oo
@0
- oo
e rpturn
STO ENTRY G
-3
b G
= rgtarn
rekan
TEMP GOMPEN
- retorn
QFFSET A OK

QFFSET A OFF

OFS At e "
;‘ "

E pF

return

return

QFFSET B ON

OFFSET B OFF

OF§ Ba —rrmm——r §

@} b ms
L
= oreturn

OFS Bo -

(Rs) -
i

Torelurn

feturn

uF
nF
PF

relurn

uF
nf
pF

" rature

5
ms
us

return



Saltkey Page 3ol 4

- COMPARATOR-—— COMPTR ON
I~ COMPTR OFF
f LIMIET TABLE wee—u GLEAR LIMIT
F CHANGE PARMTRT Cp-i}
— Co-O
— Cp-G
prev—
(: - return
~ Cs-D
next = Cs-0
- Cs-fis
~ return
[~ AEVERS PAHMTR
— LIMIT MOODE - Y% TOL
— ABS TOL
I— SEQ MODE
prev = feturn
( W= gxit LIMIT
— AUX BN ON
aaxt— AUX BN OFF
previ— MEMORY STORE
C ~ et LIMIT
- back SP
next = MiN/MAX
[ uF {SHMB L )
[ nF (MS) (kQ}{ }
ORF WS D)}
— QDUNT RESET COUNT
COUNT ON
COUNT OFF
return
— telurn
r— DiSPLY PAGE ~+1— MEAS FAGE
= LIMIT PAGE
- SORT PAGE
F— STATUS PAGE
~- relurn
DISPLY CONFRLYT— No. of DIGIT 4 CIGITS
5 DIGITS
E QTS
refusn
F— DISPLAY YALUE MEAS VALUE
TOL VALUE
rgtumn
= relurs
T VALUE MONITH MONITR OFF
OPEN
SHORT
fod 31D
( return
STD REF
nexi— OFFSET
LIMIT NOM
raln

R -

~ MEMORY GARD T~

- §TD yf ——

FrTTs

 BVE ENEEN

— KEY LOCK

T

Sofiney Page 4 af 4

STOAE

raturn

ADRSABLE

TALK ONLY

HE.I8 ADRS=

exit DEFINE

SELF TEST————7— other menu
- TEST NQ»*E
i b
E__ L.
“ pxdl TEST

CAL..

T

el

uNLOCK
LGCK

el

1kHz DATA T

E

HE DATA -

Ty

TkH2 CAL. -

T 011

Mz CAL,

axit CAE.

TEST BTART
TEST ABORT

TEST MENU

axit TEST

MEMORY $TORE

exit TABLE

HEMORY SYORE

axit TABLE

retan

return
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APPENDIX C

DISPLAY MESSAGES

This appendix explains the HP 4278A's display messages.

The condition of the 4278A is displayed on the LCD Message Line. Display messages con-
sist of Comments, Error Messages, and Error Messages of Power.on Self Test. Comments
Instruct the operator what to do, and informs the operator when the 4278A has completed a
special cperation {compensation, eic.). Error Messages indicates an operator error or &
memory card read/write error. Error Messages of Power-on Self Test indicates an hardware
tailure.

Comments and error messages of power.on self test are listed in alphabetical order. Error
messages are listed in the numerical order of the error numbers.

COMMENTS

Comment Meaning

auto load complete This message will be displayed
when the 4278A is furned on with a
memory card inserted. Auto load-
ing from the memory card was
successtully completed.

Loading completed This message will be displayed
after the message "Now loading ...”
is displayed. Loading from the
memory card was successfully
completed.

Now ioading... This message will be displayed
when the LOAD key is pressed to
load the control seltings from the
memory card.

Now storing... This message will be displayed
when the ‘STORE’ softkey is
pressed t¢ store the conirol set-
tings 1o the memory card.

Open offsel compen. completed This message wiil be displayed
after the compietion of a success.
ful open compensation data ac-
guisition measurement.
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Comment

Meaning

Press ENTER key to clear limits

This message will be dispiayed
when the ‘CLEAR LIMIT’ softkey is
pressed. This is a confirmation
inquiry to determine if the operator
raally wants to clear the limits.

Press ENTER to store

This message will be displayed
when the °STORE’ softkey is
pressed. This is & confirmation
inquiry to determine if the operator
really wants to update the contents
of the memory card,

Short offset compen. compieted

This message will be displayed
after the successful completion of
a short compensation data acguisi-
tion measurement,

Std. compensation completed

This message will be displayed
afier the successful completion of
a standard compensation data
acquisition measurement.

Storing compieted

This message will be displayed
after the "Now storing ..." message
is displayed. Storing to the memo-
ry card was successiully
completed.

Temp compensation compieted

This message will be displayed
after the “TEMP COMPEN’ softkey
is pressed. Temperature compen-
sation data acquisition measure-
ment was successfully completed.
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Comment

Mearning

verA.AA BBCC opT-DDD, EEE

This message is displayed when
the 4278A is turned on. "4.44"
indicates the firmware version.
"BR" indicates the last two digits of
the firmware release year. "CC"
indicates the week that the firm-
ware was released.

When "DDD" is "+«" the 4278A is
not supplied with Options 001 or
002. When "DDD" is "001" or
"002", the 4278A is suppled with
Options 001 or 002, respectively.

When "EEE" is "«as" the 4278A is
not supplied with Option 003.
When "EEE" is "003", the 4278A is
supplied with Option 003.

Warning, Compen data out of range

The compensation data measure-
ment result is excessive, but will
still be effective,

Warning, Limit Table is empty

The comparator function was
turned on when the limit table was
not set,

C-3




ERROR MESSAGES

NOTE

Use the ERR? command to read error numbers via the HP-IB bus. The operation
that caused the error message will be ignored and the 4278A will not be affected
by the operation.

No.

Error Message

Meaning

1

Command error

This message will be displayed
when an unspecified remote control
command is sent. The command is
ignored.

Syntax error

This message will be displayed
when a syniax error exists in the
entered value or the remote control
command. The command s
ignored.

Auto load failed

This message will be displayed
when the 4278A is turned on with a
memory card inserted and auto
loading failed. The 4278A Is set o
the default settings.

Out of parameler range

This message will be displayed
when the entered value is out of the
seftable range. The command is
ignored.

Hi-Acc not allowed at 1kHz

This message will be displayed
when the ‘ON @1MHz’ softkey is
pressed while the test frequency is
sef to 1kHz.

Incorrect tolerance setting

This message will be displayed
when the ‘TOL VALUE’ softkey is
pressed and the limit mode is *SEQ
MODE’.

Store failed

This message will be displayed
when the storing control seiting to
the memary card failed.

C4




NOI

Error Message

Meaning

ltegat device

This message will be displayed
when the LOAD key was pressed
without a memory card being insert-
ed or when a non-HP specified
memory card is inserted. This will
he displayed also when un-initialized
memary cards are used.

Load faited

This message will be displayed
when the lcading of control settings
from a memaory card failed.

10

Limit data already set

This message will be displayed
when the operator tried to change
the limit table without first clearing it.

11

You must enter the units

This message will be displayed
when limit data Is enlered into the
fimit table without the units being
specified.

12

Improper high/low limits

This message will be displayed
when the low limit is greater than
the high limit, or vice versa.

13

A2 B'd is hot installed

This message will be displayed
when you execute the A2 board self
test without the A2 board being
instalied,

14

A3 B'd is not installed

This message will be displayed
when you execuie the A3 board self
test without the A3 board being
installed.

15

A4 B’d is not installed

This message wil be displayed
when you execute the A4 board self
test without the A4 board being
installed.

15

A5 B’d is not installed

This message will be displayed
when you execute the A5 board self

. test without the A5 board being
" installed.

17

A6 B'd is not installed

This message will be displayed
when you execute the AS board self
test without the A6 board being
instalied.
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No.

Error Message

Meaning

18

Numeric overtlow

This message will be displayed
when you try to send numeric data
that Is not of the |EEE-32 bit format
via HP-I1B.

19

Compensation daia is
unmeasurable

The measurement circuit
was unable to measure the OPEN,
SHORT, or STANDARD data.

20

A6 B’d is not working

This message will be displayed
when the A-D converter on the A6
board is not working properly.
Hardware problem,

21

Out of range

The value entered intc the limit table
is out of range.

22

MIN/MAX not allowed for Nominal

The ‘MIN/MAX’ softkey is not usable
for the nominal value when using
the tolerance sorting mode.

23

MENU not allowed in Limit Tabie

The MENU key is inhibited when
editing the limit tabie data. Press
the ‘exit LIMIT softkey first,

24

MENU not allowed in Self Test

The MENU key is inhibited during
the self {est operation. Press the
‘exit TEST’ softkey first.

25

MENU not allowed in Calibration

The MENU key is inhibited during
the calibration operation.

26

Operation not ailowed

This message will be displayed
when you try to perform an opera-
tion that is inhibited in the instru-
ment's current state.

27

MEMORY CARD is write protected

The ‘STORE’ softkey was pressed
when the write protect switch, inside
the 4278A, was set to the write
protect position,

28

Different parameters of OFS B

The ‘OFFSET B ON’ softkey was
pressed when the B parameter was
not the same as the entered offset B
value.
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Nao.

Error Message

Meaning

29

Check the connectlion & standard

This message will be displayed
when the raw measurement data for
calculaing the analog calibration
data cannot be measured.

30

Standard data table is
incomplete

The calibration cannat be performed
if alt of the standard's calibration
values aren’t entered Into the stan-
dard data table.

31

EEPROM write failed

This message wil be dispiayed
when the 4278A fails to wrile the
anaiog calibration data to the
EEPROM.

32

Query Error

This message Is displayed when the
MULTI_COMPEN mode is set to ON
and the DATA? command is sent
when the data bufier empty.
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ERROR MESSAGES OF POWER-ON SELF TEST

When a hardware failure is detected on the power-on self test, the following error messages

will be displayed. Refer lo the HP 4278A Maintenance Manual (HP PN 04278-90100) for
detalis.

Error Messages Meaning

AB B'dis not working This message is dispiayed when the A-D con-
verter's End Of Conversion signal from the A8
board is not output,

A40 B'd EEPAOM CSUM ERROR This message is displayed when the EEPROM for
the scanner interface is incorrect. The back-up
data { compensation data etc. ) in this EEPROM
is lost.

ANALOG TEST (1kHz) FAILED This message is displayed when the boards used
for the 1kHz measurement have failed.

ANALOG TEST (1MHz) FAILED This message is displayed when the boards used
for the 1MHz measurement have failed.

EEPROM CSUM ERROR NO=0 This message is displayed when the check sum
of EEPROM { G ) is incorrect. The calibration
data in the EEPROM is lost.

EEPROM CSUM ERROR NO=1 This message is displaved when the EEPROM
#1 check sum is incorrect. The back-up data {
compensation data etc. ) in the EEPROM is Jost.

HAM TEST ERROR This message is displayed when the RAM read/
write test fails,

ROM CHECK SUM ERROR NO=xx | This message is displayed when the check sum
of any of the programmed ROMSs is incorrect.
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APPENDIX D

POSSIBLE PROBLEMS AND THEIR SOLUTIONS

The default control settings were not achieved when the 4278A was turned on.

Make sure that a memory card is not installed, because the 42784 will toad the
stored settings from the memory card if it is inserted when the 4278A is turned on.
No characters appear on the LCD,

Check thal the CONTRAST control knob is not turned fully COCW or CW.

"fllegal device" message appears when the LOAD key is pressed.

Remove and reinsert the memory card, and press the LOAD key. If this message
reappears, press the '‘STORE’ softkey. Then try to LOAD again. If LOAD still falls,
the memory card is defective.

Front panel keys are inactive,

Check for the following:

The KEY LOCK function is off.

The KEY LOCK handler interface line is not active.

The HP-IB RMT status indicators are not lit.

MEAS PARMTR cannot be changed.

Check that the comparator function is not on. While the built-in comparator function
is on, the measurement parameter is determined by the comparator's limit table, and
not by the ‘MEAS PARMTR’ softkay.

Measurement speed is slower than the Specification data.

Change the display format to the status or limit format {COUNT is off). The measure-
ment page and the sorting format take time to change the displayed values.
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"UNBAL" is displayed on the LCD.

Set the measurement range for the capacitor under test. If you don’t know what
capacitance range to use, change the test frequency to 1kHz and set the Ranging
Mode to AUTO.

Ynrmwnn " is displayed on the LCD.

Turn off the correction and offset functions. Change the MEAS PARMTR to Cp-G.

"Memory card write protected” is displayed.
The 4278A's memory protect function is implemented with a switch in the 4278A

rather than on the memory card. Refer {o the Maintenance Manual for more
information.
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