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Model 4280A

SECTION 1

SECTION |
GENERAL INFORMATION

1-1. INTRODUCTION

1-2. This operation and service manual
contains the information required to install,
operate, test, adjst, and service  the
Hewlett-Packard Model 4280A 1MHz C
Meter/C-V Plotter. Figure 1-1 shows the 4280A
and its supplied accessories. This section covers
specifications, instrument identification,
description, options, accessories, and other basic
information.

1-3. Listed on the title page of this manual is
a microfiche part number. This number ecan be
used to order 4x6 inch microfilm transparencies
of the manual. Each microfiche contains up to
60 photo-duplicates of the manual pages. The
microfiche package also includes the latest
manual echanges supplement as well as all
pertinent service notes. To order an additional
manual, use the part number listed on the title
page of this manuak,

1-4, DESCRIPTION

1-5. The Hewlett-Packard Model 4280A IMH2z
C Meter/C~V Plotter is a fully automatie, high
performance test instrument designed to
measure the C-V and C-t characteristics of
semiconductor devices and materiagls, Basie
measurement aceuracy is 6.1%, and
measurement resolution is IfF on the most
sensitive range. Measured capacitance and
conductance values are. displayed on the front
panel with 4-1/2 digit resolution (5-1/2 digits on
option 001 units). The 4280A has a precision
timer, a built-in de bias source, whose output
can be swept in a staircase manner, and an
automatic error correction funetion to ensure
aceurate, repeatable measurements. The high
speed C-t measurement capability of the 4280A
permits measurement of rapidly changing
capacitance, making it possible to analyze a
semiconductor's physical characteristics over a
wider range of energy levels, The 4280A is

4280A

16080A

P/N 1250-0929 (2 ea.)

e

P/N 8120-1378

Figure 1-1. Model 4280A and Accessories
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SECTION 1

capable of both grounded and floating
measurements. The test signal is a 1MHz sine
wave, and test signal level can be set to
30mVrms or 10mVrms to suit the characteristies
of the device under test. The measurement
terminals are a two-terminal pair configuration,
which, when properly connected to the device
under test, eliminates mutual induetance
between test leads and reduces the effects of
environmental noise. The two-terminal pair
configuration is ideally suited to measurements
requiring pulsed biasing,

The built-in de bias source has an output
capability of ¢ to £100V, with ImV setting
resolution on the most sensitive range. For C-V
characteristics measurements the bias voltage
can be swept in either a single staircase () or
double staircase (™ )fashion. Initial hold time
and step delay time from 3ms to 650s can be set
to allow the device under test to stabilize at
each voltage step before measurement is made,

For C-t characteristies measurements, time
intervals (time between readings) from 10us to
328 can be set to suit the characteristies of
virtually any semiconductor device. Since the
interval between adjacent measurements begins
at the mid point of one integration period and
ends at the mid point of the next integration
period, a true picture of the device's transient
characteristics can be obtained.

1-6. An important feature of the 42804 is its
ability to accurately measure fast capacitance
transients. With pulsed biasing from the internal
de bias source, transients as short as 10ms can
be measured. If an external pulse generator is
used, though, 10us transients can be measured.
Even minute changes in capacitance can be
measured with IfF resolution. Three MATH
funetions--A, %, A %--make it possible to
measure the relationship between a2 measured
value and a user-stored reference value—Caoy,
for example.

1-7.  The 4280A measures the capacitance, C,
and conductance, G, of the device under test as
functions of constant de bias, swept de bias, or
time after application of a bias pulse. Three
measurement functions—C-G, ¢, and G--and
three measurement modes—-C, C-V, and C-t-~can
be selected.

Measurement Functions:
C-G Function: 4280A measures both C and
G.

C Function: 4280A measures C only,
G Funetion: 4280A measures G only,
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Measurement Modes:

C Mode:
4280A measures the parameter(s) of the
selected funetion at a constant de biss
voltage supplied from either the internal
de bias source or an external source.

C-V Mode:
42804 messures the parameter(s) of the
selected funetion at each step of a swept
bias voltage supplied from the internal de
bias source,

C-t Mode:
4280A measures the parameter(s) of the
selected funetion at a programmed
interval after a bias pulse has been
applied from either the internal de bias
source or an external pulse generator,

1-8.  All instrument operations—measurement,
front panel control settings, ranging, triggering,
HP-IB, displays, self test, etc.—are controlled by
an MC§802 microprocessor. The built-in self
test function can be initiated at any time to
verify correct operation of the instrument's
basic capabilities.

1-9.  The Hewlett-Packard Interface Bus
(HP-IB) is standard on the 4280A. Al instrument
functions {except power ON/OFF, INT BIAS
switeh, and SMOOTHING switeh) ean be
remotely controlled from an HP-IB compatible
controller. Measurement data can be output in
two formats-—ASCII or binary--and two transfer
modes--standard or block. Block data transfer
mode significantly reduces data transfer time
for C-V and C-t measurements. When set to
TALK ONLY mode, the 4280A ean send
measurement data to an external device (a
printer, for example) without a controller. An
X-Y recorder can be connected to the 4280A's
RECORDER OUTPUTS to plot C-V or -t
characteristics.

1-10. SPECIFICATIONS

I~11. Complete specifications of the Model
4280A are given in Table 1-I. These
gpecifications are the performance standards or
limits against which the instrument is tested.
The test procedures for verifying the
specifications are covered in Section Iv,
Performance Tests. Table 1-2 lists supplemental
performance  characteristics. Supplemental
performance characteristics are not
specifications but are typical characteristies
included as additional information for the
operator, When the 4280A is shipped from the
factory, it meets the specifications listed in
Table 1-1.
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1-12. SAFETY CONSIDERATIONS

1-13., The Meodel 428GA has been designed to
conform to the safety requirements of an IEC
(International Fleetromechanical Committee)
Safety Class I instrument and is shipped from the
factory in a safe condition.

1-14. This operating and service manual
contains information, cautions, and warnings
which must be followed by the user to ensure
safe operation and to maintain the instrument in
a safe condition.

1-15. INSTRUMENTS COVERED BY MANUAL

1-18. Hewlett-Packard uses a two-section nine
character serial number which is stamped on the
serial number plate {Figure 1-2) attached to the
instrument's rear panel. The first four digits and
the letter 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 assighed sequentially and
is different for each instrument. The contents
of this manual apply to instruments with the
serial number prefix(es) listed under SERIAL
NUMBERS on the title page.

1-17. 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 ig different from the one deseribed in
this manual, The manual for this newer
instrument may be accompanied by a yellow
Manual Changes supplement or have & different
manual part number. This supplement contains
"shange information" that explains how to adapt
the manual to the newer instrument.

1-18. In addition to change information, the
supplement may contain information  for
correcting errors (called Errata) in the manual.
To keep this manual as current and accurate as
possible, Hewlett-Packard recommends that you
periodieally request the latest Manual Changes
supplement. The supplement for this manual is
identified with this manual's print date and part

Figure 1-2. Serial Number Plate
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number, both of which appear on the manual's
title page. Complimentary copies of the
supplement are  available from Hewlett-
Packard. If the serial prefix or number of an
instrument is lower than that on the title page of
this manual, see Section VII, Manual Changes.

1-19. For information econcerning a serial
number prefix that is not listed on the title page
or in the Manual Change supplement, contact the
nearest Hewlett-Packard office.

1-20. OPTIONS

1-21. Options are modifications to the standard
instrument that implement the user's special
requirements for minor functional changes. The
4280 A has five options:
Option 001 :
Option 907 ¢
Option 908 :
Option 909 :

C High Resolution
Front Handle Kit
Rack Flange Kit

Rack Flange and Front Handle
Kit

Option 910:  Extra Manual
1-22. QPTION 061

Option 001 equips the standard 4280A with a
high  resolution capacitance measurement
capability that increases display resolution to &
1/2 digits. Capacitance values up to 190pF can
be measured with 1fF resolution; eapacitance
values up to 1.2nF, with 10fF resolution.

1-23. OTHER OPTIONS:

The following options provide the mechaniceal
parts necessary for rack mounting and hand
carrying:

Option 907: Tront Handle Kit, Furnishes
carrying handles for both ends
of the front-panel.

Option 908: Rack Flange Kit. Furnishes

flanges for rack mounting.

Option 909: Rack Flange and Front Handle
Kit. Furnishes front handies
(Opt. 907) and rack flanges

(Opt. 908).

Installation instruetions for these options are
given in Seetion 1L

Option 810: Adds an extra copy of the

Operation and Service Manual.

i-3



SECTION 1 Model 4280A

Table 1-1. Specifications (Sheet 1 of 18)

SPECIFICATIONS

COMMON SPECIFICATIONS

Parameters Measured: Capacitanece, C, and conductance, G
Measurement Circuit Mode: Parallel ( oy }o )
Measurement Modes:

C Mode:
Measures C-G, C, or G with a constant bias voltage supplied from the internal de
bias source or an external source.

C~¥ Mode:
Measures C-G, C, or G as a function of swept (staircase) de bias voltage supplied
from the internal de biss source.

C-t Mode:
Measures C-G, C, or G at a programmed interval after a bias pulse has been
applied from either the internal de bias source or an external pulse generator,

Measurement Speed:
FAST, MED, or SLOW in C and C-V modes; FAST or MED in C-t Mode

Display: 4-1/2 digits, 5-1/2 digits on Option 001 units

Parameter Maximum Display
" ~-18000 to +19G00
G -12000 to +12000

Number of display digits depends on the test signal level and the measurement speed.,
For details, refer to Figures 3-5 and 3-6.

DIGIT SHIFT:
Number of display digits can be decreased by pressing a DIGIT SHIFT key (C » and
G w)
Measurement Terminals: Two-terminal pair configuration with guard terminal
Range Modes: Auto and Manual
Connection Modes: Fourteen selectable connection modes. Refer to Table A.

Test Signal:

Frequency: 1MHz+0.01%
Level: 30mVrmsz10%, or 10mVrms+10%

Test Signal Level is specified at the UNKNOWN terminals with both terminals open
terminated,
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Table 1-1. Specifications (Sheet 2 of 18)

SECTION I

FError Correction:
Provides ecompensation for measurement errors caused by the residuals and strays of
the measurement cables and the test fixture,

CABLE LENGTH Adjustment:

Om: Compensation for measurement errors caused by & direct connection type
test fixture (e.g., HP 16080A)

im: Compensation for measurement errors caused by HP 16082A Im test leads.

0-5m:
Compensation for measurement errors caused by test leads up to 5m long
made from standard coaxial cable (P/N: 8120-4195)

ZERC OPEN Adjustment:
Compensates for the stray capacitance and conductance (admittance) of the test
fixture.

MATH Functions: 4, %, and 4%

Measurement Ranges:
10pF/100:8, 100pF/1mS, InF/10mS3; maximum display value and maximum number of
display digits for each range depend on MEAS SPEED and SIG LEVEL. Refer to the
following table.

Measurement Range
o 100US imS 10ms
10mv
FAST 20mV 19.00pF/ 19G.0pF/ 1.900nF/
. 120.0u18 1.200mS 12.60mS
10mv*
MED 30mV
L0mv 19,000pF/ | 190.00pF/ | 1.9000nF/
120.00us 1.2000mS 12.000mS
SLOW
30mV

Maximum values given in the table above are uncorrected measurement values. They
apply only when the internal error correction is disabled.

When error correection is enabled, maximum values will decrease due to the strays of
the measurement circuit. For grounded connection modes, the 10pT/100uS range
cannot be used. Maximum capacitance values for the 100pF/lmS range and inF/10mS8
are approximately 50pF and 1760pF, respectively, because the stray capacitance of
grounded connection modes is approximately 140pF {not specified).

% Number of output digits via the HP-IB is 4-1/2. However, accuracy of the least
significant digit is not speeified.

SELF TEST: Verifies correet operation of the 4280A's basic functions.

1-5
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Table 1-1.

Specifications (Sheet 3 of 18)

Model 4280A

Internal DC Bias:

Output: 0V to £100V

Ranges: 1V, 10V, and 100V

Ranging Modes: Auto and Fixed

Range and Ranging Mode are determined by the V LIMIT value set in C Mode. When V
LIMIT = 0, Auto ranging mode is selected; when V LIMIT # 0, range is fixed at the
range most appropriate for the V LIMIT value. Output voltage resolution and aceuracy
depend on range. Refer to the following tables,

Auto Ranging Mode (V. LIMIT = 0):

Voltage Range Coverage Resolution Accuracy®
Range
1v 2(0.000 to 1.999)V 1mV £(0.2% + 0.01V)
10v £(2.00 to 19.893Vv 10mv #2(0.1% + 0.02V)
100V 20,0 to 100.03V| 100mv +H0O.1% + 0.1V)

* Aecuracy is caleulated as +(% of setting + offset).

Fixed Ranging Mode (V limit # 0):

V Limit Voltage Range COR\?:fzge
0.001 to 1.999 v (0.000 to V Limit)V
2.00 to 19,99 GV #{0.00 to V Limit)v
20.0 te 100.90 100v (0.0 to V Limit)y

Accuracy and resolution for each range are the same as those in Auto Ranging Mode.

External Bias:

Maximum voltage and current :
£42V, *100mA via EXT BIAS SLOW or EXT BIAS FAST

1-6
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Table 1-1. Specifications (Sheet 4 of 18)

SECTION |

HP-IB Interface:
Data output and remote control. Based on IEEE Std. 488 and ANSI-MCIL.1.

Interface Capabilities:
SH1, AH1, T3, L4, SR1, RLL, DCI, DTI, and El

Remote Conirol:
All front panel control settings (except LINE ON/OFI switch, INT BIAS limit
switeh, and REMOTE ON/OFF switch)

Data OQutput:
Measurement status, measured values, display status, and LEARN mode data.
Data ean be output in ASCII format or binary format. Data can be transferred in
standard mode or block mode.

Recorder Outputs:

C+G and G connectors:
DC voltage proportional to the number of counts on the C (or G) and G displays,
respectively. Full scale output is £10V, 10mV/count.

¥+t connector:
DC voltage proportional to time in C or C-t mode, or to the internal bias voltage in
C~-V mode. Full scale output is £10V, 20mV/trigger in C mode, 20mV/reading in
C-t mode, 20mV/step in C-V mode.

Accuracy:
+(0.5% + 20mV) for C connector and G connector outputs, and +(0.5% + 40mV) for
¥+t econnector output

PEN LIFT:
TTL level output for UP/DOWN control of an X-Y recorder's pen

SMOOTHING Switch:
Sets an initial wait time to allow the recorder's pen to move to the first plot point
before the PEN DOWN signal is sent and sets the time constant of the smoothing
filter.

Warm-up Time: 2z 30 minutes

Ambient Temperature:

0°Ctos5°C i o
However, if the 4280A is set to FUNCTION ¢ or G and FAST MEAS SPEED, the

Ambient Temperature Range is 0°C to 40°C,
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SECTION 1
Table 1-1. Specifications (Sheet 5 of 18)
Table A. Connection Modes
D¢ Bias : External Fast Pulse
égtgf};il Internal and External Generator*? and Inter- N
7 BC Bias Sources nal or External DC one
Sample Source - ‘
Bias Source
ONi0* CH:1 o612 [R5 K] CHi4 (;;\121* a
FLOATING
GROUNDED
BuUY LUT
H L [ i
A
iNT 143 EXT EXT iNT
AEAS T B\AS“E‘ SLOWT Blag

*1: Set when the FLOATING key is pressed.
*2: Set when the GROUNDED key is pressed.
*3:

*4: I~R measurement.
correction.

Used when test lead impedance is to be measured for

|
Used when delay time, td, for a high speed C-t measurement is Izess than 200us.

erroyr
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SECTION

Table 1-1. Specifications {(Sheet 6 of 18)

I

(1)

(2)

{3}

4)
(5)

(8)

{(7)

¢ MODE

Measurement Funetions: C-G, C, and G

Operatiopal Parameter: DC bias (DC V)

Connection Modes: CN10 to CN20

Trigger : Internal, External, Manual, or HP-IB remote control
Internal DC Bias Source Modes: == {dc bias) and OFF

Measurement Accuracies:

Sampie |Comnection Mode Accuracy

CN10 to CN12Z See Table 1.

PLOATING
CN13 and CN14 See Table 2.

GROUNDED | CN15 to CN20 See Table 3.

Accuracies given in the following tables are specified under the following conditions:

Warm-up time: 230 minutes

Ambient temperature:
23°C+5°C (at 0°C to 18°C and 28°C to 55°C temperature ranges, error
doubies)

CABLE LENGTHE is 0m or Ilm, ZERO OPEN has been performed, and
CORRECTION function is ENABLED (key indicator lamp is lit).

Capacitance between each measurement terminal ang the guard terminal is 0.

For C accuracy, D<0.05 (D<0.01 in C mode); for G accursey, C (display
counts)<Crs/100 S

D: G/2mx 108 x C)
Crs: full seale C value

When the 16082A (1m) test leads are used, add C {pF}/10000 [%] of C reading and
G {(m8)/50[%1 of G reading to the C and the G accuracies, respectively.

EXT BIAS FAST eonnector terminated with 508 1% for connection modes CN13
and CN14.
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Table 1-1. Specifications (Sheet 7 of 18)

When the measurement funection is C or G, the additionai errors listed in Tables B and
C must be added to the accuracies listed in Tables 1, 2 and 3.

Table B. Additional C FError (C Function)

Sample Connection Mode C Additienal Error

CN1O to CNIZ 0.05% of rdg + -2% counts*!

FLOATING

CN13 and CN14 0.2% of rdg + —2%— counts*?

GROUNDED | CNI5 to CN20 | (10 «+ —29(—}-) counts

G: Number of counts on the G display in C-G mode, without error correction

#1: At 0°C fo 18°C and 28°C to 55°C, error doubles and 0.1% of reading must be
added.

*2: Applicable only when the measured C value is less than 200pF.

*3: When MEAS SPEED is set to FAST, measurement accuracy is not specified if the
ambient temperature exceeds 40 ° C.

Table C. Additional G Error (G Funection)*1

Sample Connection Mode G Additional Error

CN1C to CNI12Z 0.05% of rdg + 3{45 counts

FLOATING

CN13 and CN14 0.2% of rdg + —5% counts

GROUNDED CNL> to CN2Q (10 + E%} counts

C: Number of counts on the C display in C-G mode, without error correction
*¥1: Table C is applicable only when the measured G value is less than 2mS.

*2: When MEAS SPEED is set to FAST, measurement accuracy is not specified if the
ambient temperature exceeds 40° C.
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Table 1-1, Specifications (Sheet 8 of 18)
Table I. C-G Accuracy {(CNI0 to CN12)
Measurement Range
S1G LEVEL | Parameter
10pF/100us H00pF/1ms InF/10mS
C +{0.1% of rdg + 5 counts) +(0.1% of rdg + 3 counts} t(0,1% of rdg + 3 counts)
30mVrms
G +(0.2% of vdg + 5 counts) ={0.2% of rdg + 3 counts) {1.2% of rdg + 3 counts)
¢ ££0.2% of rdg + 5 counts) #{0.2% of rdg + 3 counts] t{0.2% of rdg + 3 counts}
10mVrms
G {0, 3% of rdg + &5 counts) £{0.3% of rvdg + 3 counts) {1.2% of rdg + 3 counts)
Tgble 2. C-G Acecuracy {CN13 and CN14)
Measurement Range
SI6 LEVEL | Parameter
TOpF/ 10015 100pF/1ms nf/10msS
C £{0.4% of rdg + 20 counts) | £{0.4% of xdg + 13 counts) {(1.4% of rdg + 23 counts)
Smyrims
G £{(.5% of rdg + 20 counts) | (0.5% of rdg + 13 counts)| 2{2.5% of rdg + 23 counts)
C +{0.5% of rdg + 20 counts) | £(0.5% of vdg + 13 counts)| £{1.5% of vdg + 23 counts)}
10myrms - - 5
G L(G.6% of rdg + 20 counts) | 2{0.6% of vdg + 13 counts)| =(2.5% of rdg + 23 counis]
Table 3. C-G Accuracy (CN15 to CN20)
Measurement Range
S5IC LEVEL | Parameter
LOpFE/100us 100pF/imS 1nE/10mS
C +{0.3% of vdg + 30 counts) | *(0.3% of rdg + 10 counts)
30mVrms
G +(0.4% of rdg + 30 counts)| *(1.4% of rdg + 10 counts)
C £{0.4% of ndg + 30 counts)| 2(0.4% of rdg + 10 counts)
10mvVrms
G £(0.5% of vdg + 30 counts)| £(1.4% of rdg + 10 counts)
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SECTION 1 Model 4280A

Table 1-1. Specifications (Sheet 9 of 18)

C-V MODE

Measurement Functions: C-G-V, C-V, and G-V

Operational Parameters:
START V: Interual bias sweep start voltage. -100V to +100V
STOP V: Internal bias sweep stop voltage. 100V to +100V

STEP V: Internal bias sweep step voltage

STEP V Range Resoclution

ov to 3.999V ImV
4.00V to 39.99v 10mv
40.0V to 200.0V 100mv

When internal bias sweep starts, STEP V will be rounded to mateh the START
V/STOP V setting resclution.

HOLD TIME:
Hold time before and after the internal bias sweep. See Figures | and 2.

HOLD TIME Range Resolution

3ms to 65ms imS

0.07s to 99.99s 10mS

100.0s  to 650.0s 1006mS

STEP DELAY TIME:
Delay time for each internal bias STEP V, See Figures | and 2.

STEP DELAY TIME Range | Resolution

3ms to 65ms ims
0.07s to 99.99s 10ms
100.0s to 650.0s 100ms \

Connection Modes: CN18, CN1! and CNI12 for Floating measurements
CN15, CN1§ and CN20 for Grounded measurements
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Table 1-1. Specifications (Sheet 10 of 18)

Sweep Modes:

SINGLE: Performs the internal bias sweep measurement once,

B¥T: Performs the internal bias sweep measurement each time the instrument is
externally triggered.

REPEAT: Performs the internal bias sweep measurement repeatedly.

Internal Bias Modes:
 (single staircase sweep) and ¢ {double staircase sweep)

Measurement Accuracies: Same as those for C Mode,
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SECTION 1

Table 1-1. Specifications (Sheet 11 of 18)
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Table 1-1. Specifications (Sheet 12 of 18)

C-t MODE
Measurement Funetions: C-G-t, C-t, and G-t
Biag Modes:

INT:
C-t measurement with bias suppiied from the internal de bias source

EXT SLOW:
Slow C—t measurement with bias supplied from an external pulse generator

EXT FAST:
Fast C-t measurement with bias supplied from an external pulse generator

Integration Modes:

BURST:

One bias pulse is applied to the sample, then C and G are measured the specified
number of times (NO. OF READINGS) at a user-specified measurement interval
{td), See Figure 3.

SAMPLING:
A bias pulse is repeatedly applied to the sample and C and G are measured one
user-specified measurement interval (td) after each bias pulse.

In INT Bias mode, BURST integration mode is automatically selected. Integration
mode is automatically selected in accordance with the user-specified measurement
interval (td). It is also selectable via the HP-IB.

Operational Parameters:
DC V: Output from the internal de bias source

PULSE V: Bias pulse from the internal de bias source

MEAS V:

Output from the internal de bias source after PULSE V. C and G are measured at
this bias voltage.

NO OF READINGS:
Number of measurement point is 1 to 9999, in SAMPLING INTEGRATION MODE,
MAXIMUM NO OF READINGS is 5/td[sl.

th: Bias pulse width. The following table lists range and resolution.
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Table 1-1. Specifications (Sheet 13 of 18)

Model 4280A

th Range Resolution
10us to 65ms 10us
66ms to 1ls 500us
Is toc 10s lms
10s to 32s 10ms

Minimum and maximum th depend on Bias Mode and Integration Mode.
INT Bias Mode: 10ms to 33s
EXT SLOW Bias Mode: 5018 to 3%
EXT FAST Bias Mode: 105 to 32s

SAMPLING Integration Mode:
Maximum th depends on MEAS SPEED. Refer to the following table.

MEAS SPEED Maximum th
FAST 500-td
MED 200-td (C-t/G-t measurement)
100-td (C-G~t measurement)

td: Measurement interval. Resolution is the same as that of th.

BURST Integration Mode: td range is listed in the following table,

HP-IB Data Transfer Format
Measurement . Standard
Function MEAS SPEED BLOCK
BINARY ASCII*
C-t FAST 10ms to 32s | 20ms to 32s | 150ms to 32s
or
G-t MED
50ms to 32Zs 200ms to 32s
FAST
C-G-t
MED i00ms to 32s 250ms to 32s

HP-IB operation.

td range when the 4280A is in local operation is the same as that of ASCII
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Table 1-1. Specifications (Sheet 14 of 18)

SAMPLING Integration Mode:
EXT SLOW Bias Mode: 2008 to 58

EXT FAST Bias Mode: 10;s to 3s

Connection Modes:

Bias .
Modes Sample Connection Mode
FLOATING |CN10O, CN11, CNIZ
INT
GROUNDED | CN15, CN16, CNZO
FLOATING [CN11, CN12
EXT SLOW
GROUNDED | CN17, CN1®
FLOATING |CN13, CN14
EXT FAST
GROUNDED -

SWEEP MODE:

SINGLE:
Performs one C-t measurement cyele when the SWEEP/V OUTPUT key is pressed.

EXT:
Performs one C~t measurement cyele when the 4280A is externally triggered.

RE};Eegz;tedly performs the C-t measurement eycle until the SWEEP/V QUTPUT key
is pressed a second time.
INTERNAL BIAS Modes:
INT: 1r (pulse bias)
EXT SLOW: == (de bias)or OFF

EXT FAST: ==(de bias)or OFF
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Table 1-1. Specifications (Sheet 18 of 18)

Measurement Accuracies:
C-t Mode asccuracies are specified under the same conditions as those for C Mode

aceuracies.

BURST Integration Mode: Same as C Mode accuracies,

SAMPLING Integration Mode:
Add the errors in Table 4 to the BURST Integration Mode accuracy.

Table 4. SAMPLING Mode Additiongl Errors

SIG LEVEL Additional Errcr *
A0mVrms 5/te[% of rvdg] + (20 + 300/te) [counts]
1omVrms 5/te[% of »dg] + (20 + 900/ts) [counts]

*¥: tg in Table 4 is equal to k-td, where td is the user-specified
measurement interval (in ps) and k is an integer that represents a
measurement point {(between 1 and NO OF READINGS),

Note
Depending on the measurement time and the ambient temperature,

add the following error., t: is equal to ketd and its unit is in
seconds, Ignore this error if ti is less than 1s or the ambient

temperature is lower than 23 ° C.

1.5 x t1 x 2 Y10 [eounts]

AT = (Ambient Temperature) - 23 [° (]




SECTION 1 Model 4280 A

Table 1-1, Speecifications (Sheet 17 of 18)

OPTIONS

Option 001:
High resolution C measurement ecapability., Inereases C display resclution by one

digit, Applicable on the 100pF and InF ranges,
C-OFFSET:

MEASURED:
Automatically sets the displayed measured value as the offset capacitance

value.

MANUAL:
Offset capacitance value can be keyed in with the front panel numerie keys.
Offset capacitance values from 0pF to 1023pF can be get in increments of
IpF. Minimum and maximum allowable offset values depend on measurement
range and the capacitance of the device under test. Refer to the following
table. Conditions are listed below:

(1) The sample's capacitance must be measurable on the range listed in
column A.

(2) Sample's capacitance minus offset capacitance must be measurable on the
range listed in column B.

Allowagble Offset A B

o

0pF to 19pF 10pl Range | 10pF Range

20pF to 190pF 100pF Range 10pF Range

191pF to 1023pF InF Range | 100pF Range
Measurement Range:
C-G RANGE
MEAS SPEED | SIG LEVEL
100pF/ImS 1nF/10ms

30mVrms
SILOW )

10mVrms {.000pF to 190.000pF ! 0.00000nF to 1.20000nF*

‘ 0.006uS  to 120.00uS G.0000mS  to 1.2000mS

30mVrms
MED

10mVrms

0.00pF to 190.00pF 0.00060nF  to 1.2000nF*

e S0mVEms 1 00s to 120,048 0.000mS  to 1.200mS
FasT

10mVrms

*: Approximate value
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Table 1-1. Specifications (Sheet 18 of 18)

SECTION I

Option 907: Front Handle Kit (hp 5061-0090)
Option 908: Rack Flange Kit {hp 50610078}

Option 909: Rack Flange and Handle Kit (Combines Options 907 and 908)
{hp 5061-0084)

Option 91¢: Extra Operation and Service Manual

GENERAL SPECIFICATIONS

Operating Temperature: 0°C to 55°C
Relative Humidity: 70% at 40°C
Power Requirements: 90V to 132V, 198V to 250V. 48Hz to 66Hz
Power Consumption: 140VA max with option 001 installed
Dimensions:

Approx. 426 (W) x 177 (H) x 498 {(D)mm

Excludes feet, fan cover, terminals and keys

Weight: Approx. 15.3kgs. 15.6kgs. with option 001

ACCESSOQORIES SUPPLIED
Test Fixture:
16080A Test Fixture. Includes three kinds of contaet inserts.
BNC Shorting Cap: hp 1250-0929. 2EA.
Power Cord: hp 8120-1378
Line Fuse:

hp 2110-0304 (100V/1206V)
hp 2110-0360 (220V/240V)

ACCESSORIES AVAILABLE

HP-IB Cable:
HP 10833A {(1m) HP 10833C (4m)
HP 10833B (2m) HP 10833D (0.5m)

Test Fixtures and Test Leads:
Refer to Table 1-3.
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Table 1-2. Supplemental Performance Characteristics (Sheet I of §)

SUPPLEMENTAL PERFORMANCE CHARACTERISTICS

Supplemental Performance Characteristics are for reference purposes only. They are not
guaranteed specifications.

COMMON CHARACTERISTICS

Measurement Acecuracy when 1>D>0.05: Add D/10% of reading.
When the connection mode is CNILI3 or CN14, however, add D/2% of reading for
measurements made on the 10pF/100uS and 100pF/1mS ranges, and add D% of reading
for measurements made on the InF/10mS range.

Measurement Accuracy when D21:
Muiltiply the measurement aceuracies listed in Table 1-1 by (1 + D?)

G Accuracy when displayed C>Crs/100:
Add C/250 counts for measurements made on the 10048 and 1mS ranges, and add
C/180 counts for measurements made on the 10m8 range.

C: Counts on the C display
Crs: Full scale counts

Test signal Level:

Actual test signal level applied to the device under test depends on the capacitance of
the device and the length of the test leads. See Figure 1.

1~-R Measurement Function:
Measures the induetance and resistance of short-terminated test cables. (- )

Connection Mode: CN21, CN22 and CN23
Measurement Range:

L: -19.000uH to +19.000pH

R: -190.000 to +190.000

There are no unit indicator lamps for 1~R measurements.

Measurement Accuracy:
Measurement conditions are the same as C mode's,

L: £[0.5% of reading + (20 + Re/500) counts]
R: #[1.2% of reading + {10 + Le/500) counts)
Le and Re are C and G display counts, respectively.

Residual Impedance of 18080A Test Fixture:

Radial lead type contact inserts: Approx. 70nl, Approx. 50mf
Axial lead type contact inserts: Approx. 90nH, Approx. 50mQ
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Table 1-2, Supplemental Performance Characteristics {Sheet 2 of 6)

Connection Mode CN10

HEEN
£=5m
1.3 1,
£=3m
1.2 |
114
// o
1.0
1 1 ] i 1 | H ]
10 s S0 106G 200 500 1030 2600 {pF)

Connection Mode CN13

£=5m
A3

2=0m

i k ] 1 1 f 3 H
10 20 50 160 200 500 1080 2000 (pF)

Connection Mode CN15

1.2
£=bny
1.} £=3n
£=0m
1 L k [l I H L i
10 20 50 106 200 500 100G 2000 {pi]

Vertical axes of the graphs show the ratio between the actual signal level applied to DUT
and the specified signal level. Horizontal axes show capacitance of the DUT {Cur). & i
the length of the cable between the UNKNOWN HIGH terminal and the DUT,

The graphs for CN10 and CN13 are applicable only when Cuo is less than 100pF.

Figure 1
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Table 1-2. Suppiemental Performance Characteristics (Sheet 3 of 6)

Model 4280A

Additional error caused by Test Leads:
Figure 2 shows the additional C and G errors that result when the HP 16081 A cable

(2m long) or a lm, 3m, 4m or 5m cable made from 8120-4195 coaxial cable is used.

[y Cable Lengthgm,
- 4
I~ 1 3 3
[N
j
Lef
= c.|___—/
2
4
o
=2 &
E axk 1 n E i aal ir 1 iia1f
oo i0p D0p n
—_ ¢iF)
32 Cable Lenqth {m)
[ IE
: ‘__/2“6“‘“
“
Lt
g oy A—/
‘C'J
»
3
1e}| L 1 ey 1
= 00 00K im O
G(3)
Figure 2

Internal Error Correction Time:
Approx. 60ms {Approx. 30ms for a C only or G only measurement)

MATH (A, %, A%) Caleulation Time:
Approx. 20ms. (Approx. 10ms for a C only or only measurement)

Initial Setting Time: Approx. 650ms

Ranging Time: Approx. 100ms

Test Signal Level Settling Time: Approx. 40ms

Connection Mode Change Time: Approx. 110ms

Analog Cireuit Response Time:
Approx. 501s. In C-t mode, if elapsed time {(delay time X measurement point) is less
than 10ms when FAST MEAS SPEED is selected, or if less than 100ms when MED

MEAS SPEED is selected, response time is as short as s for EXT FAST bias mode and
61 for EXT SLOW bias mode.
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Table 1-2. Supplemental Performance Characteristics {Sheet 4of )

Maximum Offset Voltage:
+lmVY. For C-t measurements with external bias, =(10mV + lmVv/° C)

Maximum Input Resistance:
200. For C-t measurements with external bias, refer to the following table,

Measurement Range

10pE/100uS | 160pF/1nS | 1n¥F/10mS

During Hold Time 2080

During Measurement 2006 200 150

Maximum Allowable Current:
100mA. For C-t measurements with external bias, refer to the following table,

Measurement Range

10pF/100uS | 160pF/1mS | InF/10mS

During Hold Time 100mA

During Measurement G.3mA ZmA 20mA

Internal DC Bias:

Bias Voltage Settling Time:
Approx, (0.05 x AV + 1.T)ms. AV is the voltage change in volts.

Ranging Time: Approx, 10ms
Maximum Output Current: t6mA
Qutput Resistance: Approx. 10Q
SET/RESET Time: Approx. 120ms

Bias Voltage Setting Change Time:
Approx, 120ms in == mode when voltage is being output.
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Table 1-2. Supplemental Performance Characteristies (Sheet 5 of 6)

C MODE

Measurement Time:
Table 1 lists typical times. All times listed are in milliseconds,

Table 1. Measurement Time

Measurement Function
MEAS SPEED
C-G C G
FAST 30 (70} 10 (30} 10 (30)
MED 70 {110) 40  (60) 35 (55
SLOW 400 [440) | 270 (290) | 220 (240

When measured values are displayed on the front panel and the recorder outputs are
used, measurement times in parentheses apply.

C-v MODE

Measurement Time: Calculated as follows:

ISTOP V - START V|
STEP V

th x 2 + (td + C-G Measurement Time*') x ( v 1)?

*1: Refer to Table 1.
*2: Drop all digits to the right of decimal point.
Hold Time/Step Delay Time Accuracies:
£65ms: *(0.02% of setting + 100ns + internal bias settling time)
>65ms: +{(0.02% of setting + 10ms + internal bias settling time)
C-t MODE
Measurement Time:
Typical values are caleulated as follows:
BURST Integration Mode:

th +td x (NQO OF READINGS)
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Table -2, Supplemental Performance Characteristics (Sheet 6 of 6)

SAMPLING Mode:
Measurement time in SAMPLING Integration Mode increases with each reading,
and depends on pulse width, MEAS SPEED, and k-td, where td is measurement
interval and k is an integer representing a given measurement point. Refer fo
Figure 3 to calculate measurement time for C-t and G-t measurements.
Measurement time doubles for C-G-t measurements.

—— MEAS SPEED FAST
===~ MEAS SPEED MED

H0mp

Measurement Time {s)

10m

ketd (s}

k: Measurement Point. k =1, 2,-+*, N {(=NO OF READINGS}.
td: Measurement Interval

Numbers in the figure represent th {s).
Figure 3

th and k-td Accuracies:

<B5ms: +(0.02% of setting + 100ns* + internal bias settling time)
>65ms: +(0.02% of setting + 0.5ms + internal bias settling time)

#1018 for C-t measurements that use the internal de bias source

For C:G-t measurements in BURST integration mode, add 10 to 100ms delay for the
G measurement.

Lixternal Bias Response Time: Approx. 100us in EXT SLOW mode.
OPTIONS

Option 001:
ON/OFF Switching Time: Approx. 350ms

C-QFFSET Accuracy:
1 to 1023pF: (2% of setting + 0.5pF)
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1-24. ACCESSORIES SUPPLIED

1-25. The standard 4280A 1MHz C Meter/C-V
Plotter, along with its furnished accessories, is
shown in Figure I-1. 'The furnished accessories
are also listed below:

16080 A Test Fixture
{Refer to Table 1-3 for a brief deseription}

Power Cable sreresesnies «« HP P/N 8120-1378

BNC Shorting Caps e« HP P/N 1250-0929
2 ea.

}_}‘use AR AR RO IO RO R U NIRRT H:P P/N 211{}“83(}4

or 2114-0360

1-28
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1-26. ACCESSORIES AVAILABLE

1-27. In addition to the furnished 16080A Test
Fixture, two special purpose test leads are
available. Each is intended for a particular
measurement, and each was designed with
careful consideration to acecuracy, reliability,
ease of use, and compatibility with other HP
instruments. A brief deseription of each
available accessory is given in Table 1~3.
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SECTION 1

Table 1-3. Accessories Available (Sheet 1 of 2)

MODEL

DESCRIPTION

160680 A {furnished)

Test Pixture (direct attachment type) for
measurements of either axial- or radial-lead
ecomponents. Three kinds of contact inserts
are furnished:

@ For axial-lead components,

(P/N: 18061-70022)

@ For general radial-lead components,

(P/N: 16081-70021)

@ For radial short-lead components,

(P/N: 16047-55001)

DC bias up to £42V can be applied.

16081 A

Test Leads (two-terminal pair), double-
shielded, with BNC connectors for eonneeting
the 4280A to a wafer prober or a
user-fabricated test fixture. Supplied with a
connector plate {(P/N 16081-60000) and a
BNC-to-BNC ecable (P/N 16081-61500) for
REMOTE ON/OFF control of the internal de
bias source.
Cable Length: 2m

16082A

Test Leads {two-terminal pair} with BNC
connectors for connecting the 4280A fo a
wafer prober or a user-fabricated test
fixture. Supplied with a connector plate (P/N
16081-60000) and a BNC-to-BNC cable (P/N
16053-61003) for REMOTE ON/OFF control of
the internal de bias source,

Cable Length: Im
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Table 1-3. Accessories Available (Sheet 2 of 2)

MODEL DESCRIPTION

16083A Pulse Bias Noise Clipper. Eliminates baseline
noise from the output of an external pulse
generator {required for High-speed C-t
measurements), thereby minimizing
fluctuation of measurement results. The
16083A also provides puise bias voltage and
current monitoring capabilities.,
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SECTION H

SECTION il
INSTALLATION

2-1.  INTRODUCTION

9-2. This section provides installation instruc-
tions for the Model 4280A 1MHz C Meter/C-V
Plotter. It also includes information on initial
inspection and damage claims, on preparation for
using the 4280A, and on packaging, storage, and
shipment.

2-3. INITIAL INSPECTION

9-4, The 4280A 1MH=z C Meter/C-V Plotter,
when shipped from the factory, meets all the
specifications listed in Table I-1. Upon receipt,
inspect the shipping container for damage. 1f
the shipping container or cushioning material is
damaged, it should be kept until the contents of
the shipment Thave been  checked for
completeness and the instrument has been
checked mechanically and electrically. The
contents of the shipment should be as shown in
Figure 1-1. The procedures for checking the
general electrical operation are given in Section
I (paragraph 3-7 SELF TEST) and the
procedures for checking the 4280A 1MHz C
Meter/C-V Plotter against its specifications are
given in Seection IV. First, do the self test. If
the 4280A is eleetrically questionable, then do
the Performance Tests to determine whether the
4280 A has failed or not.

If the shipment is incomplete, if the contents
show any sign of mechanical damage or other
defects {seratehes, dents, broken switches, ete.),
or if the instrument does not pass the self test or
performance tests, notify the nearest
Hewlett-Packard office (see list at back of this
manual). The HP office will arrange for repair
or replacement without waiting for claim
settlement.

2-5, PREPARATION FOR USE
2-, POWER REQUIREMENTS
9-7,  The 4280A requires a power source of
100, 120, 220 Volts ac +10%, or 240 Volts ac

+5%-10%, 48 to 66Hz single phase; power
consumption is 140VA maximum.

WARNING

IF THE INSTRUMENT 1S TO BE
ENERGIZED VIA AN EXTERNAL
AUTOTRANSFORMER FOR VOLTAGE
REDUCTION, BE SURE THE COMMON
TERMINAIL IS CONNECTED TO THE
NEUTRAL POLE OF THE POWER
SOURCE.

2-8. LINE VOLTAGE ANB FUSE SELECTION

2-9. Pigure 2-1 provides instructions for line
voltage and fuse selection. The 4280A is shipped
from the factory with the fuse and LINE
VOLTAGE SELECTOR switeh setting
appropriate for the geographie area in which the
instrument will be used.

CAUTIONS

{1) BEFORE TURNING ON THE
4280A, VERIFY THAT THE LINE
VOLTAGE SELECTOR SWITCH IS
CORRECTLY SET FOR THE LINE
VOLTAGE BEING USED. USE A
FUSE PROPER FOR THE
SELECTED LINE VOLTAGE.

(2) USE ONLY REPLACEMENT
FUSES OF THE  CORRECT
CURRENT RATING AND OF THE
SPECIFIED TYPE. DO NOT USE
MENDED FUSES, AND DO NOT
SHORT CIRCUIT THE FUSE
HOLDERS.

2-10. POWER CABLE

2-11. To protect operating personnel, the
National Electrical Manufacturers Association
(NEMA) recommends that the instrument panel
and cabinet be grounded. The 4280A is equipped
with a three-conduector power cable whieh, when
plugged into an appropriate receptacie, grounds
the instrument. The offset pin on the power
cable is the ground wire,

2-12. To preserve the protection feature when
operating the instrument from a two contact
outlet, use a three prong to two prong adapter
(HP Part No. 1251-8196) and connect the green
grounding tab on the adapter to power line
ground,

2-1



SECTION 01

CAUTION

THE MAINS PLUG MUST ONLY BE
INSERTED IN A SOCKET OUTLET
PROVIDED WITH A PROTECTIVE
EARTH CONTACT. THE PRO-
TECTIVE ACTION MUST NOT BE
NEGATED BY THE USE OF AN
EXTENSION CORD {(POWER CABLE)
WITHOUT PROTECTIVE CONDUCTOR
{(GROUNDING).

2-13. Figure 2-2 shows the available power
cords for use in various countries including the
standard power eord furnished with the
instrument. HP  Part number, sapplicable
standards for power plug, power cord color,
electrical characteristics and countries using
each power cord are listed in the figure, I[f
assistance is needed for selecting the ecorreet
power gcable, contact the nearest Hewlett-
Packard office,

2-14. INTERCONNECTIONS

2-15. To interconnect the 4280A to an external
controller or peripheral deviece using the HP-IB
interface capability (IEEE Std. 488/
ANSI-MCL.1), connect an HP-IR interface cable
between the HP-IB connector on the rear panel
of the 4280A and the HP-IB connector on the
peripheral device, Refer to paragraph 3-164 for
details on the HP~IB,

Model 4280A

When external (pulse) bias is to be ysed, conneet
the external (pulse) bias source to the EXT BIAS
connectors (FAST or SLOW) and SYNC QUTPUT
connector. Refer to paragraph 3-102 for details
on external (puise) biasing,

When an external trigger device is used, connect
the trigger device to the EXT TRIGGER
conneetor.

To monitor the bridge waveform, econnect an
oseilloseope to the -V CONVERTER OUTPUT
and 7 AXIS conneetors,

When an X-Y recorder is used, connect the
RECORDER OUTPUTS connectors (located on
the 4280A's rear panel) to the X and Y axes
connectors of the X-Y recorder. If the X-Y
recorder is equipped with remote TTL pen lift
control, eonnect the 4280A's PEN LIFT
connector to the X-Y recorder's pen lift
terminal. Refer to paragraph 3-156 for details
on using an X~Y recorder.

2-16. OPERATING ENVIRONMENT

2-17. Temperature. The instrument may be
operated in temperatures from 8 °C to +55°C.

2-18. Humidity. The instrument may be
operated in  environments  with relative
humidities up to 70% at 40°C. However, the
instrument must be protected from temperature
extremes which cause condensation within the
instrument.

130V ~ 120V ~

~LINE r ’ ~LINE -

220V ~ 240V ~

VOLTAGE SELECTOR VOLTAGE SELECTOR

100V~ 120V~ 220V~ 240GV~

VOLTAGE SELECTOR

100V~ 120¥~ 220V~ 240V~

Fuse: L5AT 250V v Fuse: L5AT 250V A Fuse: T50mAT 250V~ Fuse :7530mAT 250V~
(HP P/N: 2110-0304) (HP P/N: 2110-0304) (HP P/N: 2110-0360) (1P P/N: 2110-0360)

~LINE v ~LINE
VOLTAGE SELECTO#

fa

|
00V~ 120Va 220V~ 240V~

100V~ 1200~ 220V~ 240V~

Figure 2-1. Voltage and Fuse Selection
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OPTION 900 United Kingdom

Plug : BS 13634, 250V
Cable : HP 8120-1351

OPTION 901 Australia/ New Zealand

/ Earth

— Neutral

Line

Plug: NZSS 198/AS Cl12, 250V
Cable: HP 8120-1369

OPTION 902 European Continent

garth

Eerth \
Neutrai

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

OPTION 903

{.8./Canada

Q / Earth
e \

Neutrel Line

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

OPTION S05%% Any eountry

Line

QOPTION 906 Switzerland

Neutral

OPTION 912

Neutral

Plug: DHCR 107, 220V

Neutral Earth
Plug: CEE 22-VI, 250V Plug: SEV 1011.1959-24507 Type 12, 250V
Cable: HP 8120-1396 Cable : HP 8120-2104
Denmark

Cable: HP 8120-2956

NOTE : Each option number includes a ' family *
of cords and connectors of various materials and

plug body configurations (straight, 90 ¢ ete.).

* In the U.S.A. a 230-volt mains might not
include a neutral conductor. In this case it is
recommended that the blue conductor of the
standard power cord be connected to the
terminal normally used for neutral {line 1).

** Plug option 905 is frequently used for
intereonnecting system components and

peripherals.

Figure 2-2. Power Cables Supplied
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2-19. INSTALLATION INSTRUCTIONS

2-20. The HP Model 4280A can be operated on a
benech or in a rack mount. The 4280A is ready
for bench operation as shipped from the factory.
For bench operation, the 4280A is equipped with
two retractable stands which are mounted on the
instrument's bottom cover. To use the stands,
puil each one away from the bottom cover untit
it locks into position.

2-21. Installation of Options 907, 908 and 909

2-22. The 4280A can be rack-mounted and
operated as part of a measurement system.
Rack mounting information for the 4280A is
given in Figure 2-3.

2-23. STORAGE AND SHIPMENT
2-24. ENVIRONMENT

2-25. The instrument may be stored or shipped
in environments within the following limits:

=53°Cto +75°C
to 95% at 40°C

Temperature
Humidity

The instrument must be protected from
temperature extremes which cause condensation
inside the instrument.

2-26, PACKAGING
2-27. Original Packaging. Containers  and

materials identical to those used in factory
packaging are available from Hewlett-Packard.

2-4

Model 4280 A

If the instrument is being returned to
Hewlett-Packard for servicing, attach a tag
indieating the type of service required, return
address, model number, and full serial number,
Also mark the container FRAGILE to assure
careful handling. In any correspondence, refer
to the instrument by model number and full
serial number.

2-28, Other Packaging., The following general
instruetions should be used for re-packing with
commereially available materials:

a. Wrap instrument in heavy paper or plastie. If
shipping to a Hewlett-Packard office op
service center, attach a tag indicating the
type of service required, return address,
model number, and full serial number.

b. Use a str{}ng' shipping  container, A
double-wail carton made of 350 pound test
material is adequate.

c. Use enough shock absorbing material (3- to
4-inch layer) around all sides of instrument to
provide a firm cushion and to prevent
movement inside the eontainer. Protect the
front panel with eardhoard.

d. Seal the shipping eontainer securely,

e. Mark the shipping container FRACGILE to
ensure careful handling,

f. In any correspondence, refer to the
instrument by model number and full serial
number,
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Option Description Kit Part Number
507 Handle Kit 5061-9690
908 Rack Flange Kit 5061-9678
909 Rack Fiange & Handle Kit 5061-9684

Remove adhesive-backed trim strips @
from side at right and left front of
instrument.

HANDLE INSTALLATION : Attach front
handle to sides at right and left front
of instrument with serews provided and
attach trim @ to handle.

RACK WMOUNTING @ Attach rack mount
flange to sides at right and left {ront of
instrument with serews provided.

HANDLE AND RACK MOUNTING
Attach frent hanciie@ and rack mount
ﬁange@ together to sides at right and
left front  of instrument  with  screws
provided,

When rack mounting {3 and 4 abovel,
remove ail four feet (lift bar at inner side
of foot, and slide foot toward the bar)

Figure 2-3. Rack Mount Kit
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SECTION HI

SECTION il

CPERATION
3-1. INTRODUCTION PROTECTIVE EARTH GROUNDED
SOCKET. ANY INTERRUPTION
3-2, Thig section provides all the information OF THE PROTECTIVE EARTH
necessary to operate the Model 4280A 1MHz C GROUNDING WILL CAUSE A
METER/C-V PLOTTER. Ineluded are POTENTIAL SHOCK HAZARD THAT
deseriptions of the front and rear-panel controls, COULD RESULT IN SERIOUS

displays, lamps and conneectors; discussions on
operating procedures and measurement
techniques for various applications; and
instructions on the instrument's SELF TEST
funetion. Warnings, Cautions, and Notes are
given throughout; they should be observed to
insure the safety of the operator and the
serviceability of the instrument.

WARNING

INSTRUMENT IS
SWITCHED ON, ALL PROTECTIVE
FEARTH TERMINALS, EXTENSION
CORDS, AUTO-TRANSFORMERS AND
DEVICES CONNECTED TO IT
SHOULD BE CONNECTED TO A

BEFORE  THE

PERSONAL INJURY.

ONLY FUSES OF THE CORRECT
CURRENT RATING AND OF THE
SPECIFIED TYPE SHOULD BE USED.
DO NOT USE REPAIRED FUSES OR
SHORTED FUSE-HOLDERS. TO DO
SO COULD CAUSE A SHOCK OR FIRE
HAZARD.

CAUTION

BEFORE THE  INSTRUMENT I8
SWITCHED ON, IT MUST BE SET TO
THE VOLTAGE OF THE POWER
SOURCE (MAINS), OR DAMAGE TO
THE INSTRUMENT MAY RESULT.

OPERATING

{paragraphs 3-3 through 3-57)

INSTRUCTIONS

o
C Mode C-V Mode C-t Mode
(paragraphs 3-58 through 3-69) {paragraphs 3-70 through 3-85} (paragraphs 3-86 through 3-1535)

Extended Capabilities

RECGRDER OUTPUTS
(paragraphs 3-156 through 3-160)

(paragraphs 3-161 through 3-163)

HP-IB

{paragraphs 3-164 through 3-224)

Interface

|
i
|
|
|
1
: C-High Resolution
|
|
]
|
|
|

R

Figure 3-1. Contents of Seection III




SECTION III

3-3. OPERATING INSTRUCTIONS

3-4. Operating instructions for the instrument’s
basic capabilities are given in paragraphs 3-3
through  3-57. Operating instructions for
Extended Capabilities (X~Y Recorder Outputs,
C-High Resolution  measurement, remote
operation via the HP-IB) are covered in
paragraphs 3-156 through 3-224.

Model 4280A

3-5. PANEL FEATURES

3-6. Figures 3-2 and 3-3 identify and briefly
describe the purpose of each key, indieator, and
connector on the front and rear panels,
respectively. Detailed information on front
panel displays and controls is given starting in
paragraph 3-7.
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(1) LINE OFF/ON;

Applies ac line power to the instrument
when set to the ON (=} position.
Removes ae line power when set to the OFF
{ B ) position.

(2) HP-I Status Indicators and LOCAL Key:

These four LED lamps—LTN, SRQ, TLK and
RMT (listen, service request, talk and
remote, respectively}—indicate the status of
the 4280A when it is interfaced with a
computer or a listen-only device {(printer,
for example) via the HP-IB. The LOCAL
key, when pressed, releases the instrument
from remote (RMT) HP-IB control, enabling
front panel control. The LOCAL key is
disabled (does not function) when the
instrument is set to "local lockout” by the
controller,:

(3) CONNECTION MODE:

These keys change the 4280A's internal
cireuitry to allow floating or grounded
measurements, FLOATING and
GROUNDED are the 4280A's basic
connection modes. Many more connection
modes are also possible. Refer to CONN
MODE and paragraph 3-31.

FLOATING:
Pressing  this key  automaticsally
configures the UNKNOWN terminals
@ for a floating measurement.
Connect the DUT as shown in the
drawing adjacent to the key,

When this key is pressed, the key
indicator lamp comes on and
O~ 10 (CONNECTION MODE 10)
appears on the V-t éisp}ay. {This
connection mode can be selected with
the CONN MODE (34) key also. The
FLOATING key indicator lamp comes
on and connection mode code appears
on the V-t display.)

GROUNDED:

Similar to the FLOATING key except
that the UNKNOWN terminals (27) are
configured for a grounded
measurement, CONNECTION MODE
15, and [ =~ !5 is displayed on the
Vet display. Conneet the DUT as
shown in the drawing adjacent to the
key.

3-9 Figure 3-2. Front Panel Features (Sheet 1 of 12)
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SECTION 1H

@ CORRECTION:

This key group provides internal correction
of measurement errors caused by the
parasitic elements of the measurement
eircuit, test fixture, and test leads.

ENABLE:
Enables internal correction
caleulations using stored constants and
ZERQO OPEN data. When the

correction mode is released (ENABLE

key indicator lamp off), internal
correction caleulations are not
performed, thus reducing

measurement time.

CABLE LENGTH:

Selects the nominal cable length for
use in the internsl ecorrection
roufines. The selected cable length
should agree with the test fixture or
test leads  connected to the
UNKNOWN  terminals . The
lighted indicator lamp shows the
selected cable length,

0(m}: Seleet this setting when using
a direct attachment type test fixture
{(for example, the furnished 16080A
Test Pixture).

1{m): Select this setting when using
the 18082A one meter test leads.

0-5(m): Select this setting when
using test leads that are shorter or
longer {up to 5m) than one meter (for
example, the 18081A two meter test

leads or test leads made from
PN: 8120-4195 coaxial cable).
CABLE LENGTH calibration must be
performed.

CAL and START:

This key and button function only
when the 0-5{m) cable length setting is
selected. Pressing CAL lights the key
indicator lamp and enables CABLE
LENGTH ecalibration. Pressing the
START button initiates the calibration
sequence, During calibration, the
4280A measures the capacitance of
the cable connected tg the
UNKNOWN HIGH terminal (27 and
stores the results (displayed on the C
and G displays) that will be used in the
correction ecaleulations. The cable
must be open terminated during

®

calibration. At the completion of the
calibration sequence, the CAL Kkey
indicator lamp will g0 off
automatically. After performing
ZERO OPEN (25) the ENABLE key
will funetion normaily.

Trigger Lamp:

This lamp comes on each time the

instrument is internally, externally, or
manually triggered. Trigger mode is set by
the TRIGGER keys é When INT
TRIGGER mode is selected, the ftrigger
lamp flashes at the internal measurement
rate.

C Display and Unit Indicators:

Displays measured values of capacitance,
the instrument's HP-IB address (at turn gn),
caleulation results (see MATH ),
caleulation reference valugs (see STORE
DISPL ‘ and C-REF (39), C-OFFSET
values f{option 00! only, see C-HIGH
RESOLN AND C-OFFSET ), and
yarious messages and error codes (SELF
TEST). Maximum number of display digits
and maximum display count depend on the
type of measurement being made, option
installation, and ecertain control settings.
The C display is turned off (blank) for G,
G-V, and G-t measurements. Unit
indicators (n¥, pF, %) show the appropriate
unit for the displayed value.

G Display and Unit Indicators:

caleulation results (see MATH },
ealeulation reference values (see STORE
DISPL and G-REF ), and messages
related o the X-Y RECORDER function
. Maximum number of display digits and
maximum display count depend on the type
of measurement being made, and certain
control settings. The G display is turned off
{blank) for C, C-V, and C-t measurements.
Unit indicators (mS, p8, %) show the
appropriate unit for the displayed value.

Displays measured values of conductae,

V+t Dispiay and Unit Indicators:

Displays bias voltage settings, time settings,
connection modes, error codes related to
illegal operation, and messages for special
measurements (for example, ~ & L for
CABLE LENGTH‘CAL,[] - - & for ZERO
OPEN). Unit indicators (V, s, ms) show the
appropriate unit for the displayed value.

Figure 3-2. Front Panel Features (Sheet 2 of 12}
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PARAMETER Select Keys and Indicators:

These keys seleet voltage and time
parameters for entey. The entered value of
the selected parameter (indicator lamp on)
ts displayed on the V-t display To
enter a parameter value, repeatedly press
the (&) or @] key until the indieator lamp
adjacent to the desired parameter is lit.
Then press the Blue key {key indicator
famp will come on) and kéy in_the desired
value with the Numerie keys @ Finally,
press the ENTER key . Parameter
selection depends on the ednnection mode
(see CONN MODE (34) and internal bias

mode (see INTERNAL™ BIAS (13). A brief
description of each parameter is given
below.

DC V (V):

Voltage output from the internal de
bias source~-used in C mode,

START V (V):
Start Voltage for bias sweeps made
with the internal de bias source-—used
in C-V mode,

STOP V (V):
Stop voltage for bias sweeps made
with the internal de bias source--used
in C-V mode.

STEP V (V):
Step voltsge for bias sweeps made
with the internal de bias source--used
in C-V mode.

HOLD TIME (s):
Hold time for the START and STOP
voltages of a bias sweep made with
the internal de bias source—used in
C-V mode

STEP DELAY TIME (s):
Delay time for each STEP voltage of a
bias sweep made with the internal de
bias source—used in C-V mode.

The following six parameters are labelled in
gray on the front panel and are selectable
only when the instrument is in C-t mode
(see FUNCTION (19).

DC V (V):
Voltage output from the internal de
bias source,

PULSE V (V):
Pulsed bias voltage output from the
internal de bias source.

MEAS V (V):
Voltage output from the internal de
bias source after the bias pulse
(PULSE V) is removed.

NGO OF READINGS:
Number of measurements.

th {s):
Duration of bias pulse {(internally and
externally supplied),

td (s):
Time between measurements,

ENTER Key:

This key must be pressed after a parameter
value, reference value, or connection mode
number has been keyed in with the Numeric
keys @

3-4

Figure 3~2. Front Panel Features (Sheet 3 of 12)
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SECTICN I

(i) Blue Key:

This key must be pressed to access functions
labelied in blue. Once pressed, the blue key
remains on {(key indicator lamp is 1lit) until a
blue funetion key and the ENTHER key
have been pressed, or until the blue key 1Is
pressed again.

SWEEP/V OUTPUT (Indicator and Key):

The V QUTPUT {red indicator) lamp comes
on when the 4280A is performing a biased
{internal de  bias source) non-sweep
measurement in C mode or a swept (bias or
time) measurement in C-V or C-t mede.
The SWEEP/V OUTPUT (gold-colored) key
{START/STOP-SET/RESET) starts and stops
swept measurements in C-V and C-t modes,
and sets {turns on) and resets (turns off) the
internal de bias source in C mode. Under
certain combinations of measurement mode
and conneetion mode, If INTERNAL BIAS
is set to OFF, this key does not funetion,
Operation of this key depends also on the
ep mode (see TRIGGER/SWEEP MODE
R

Note

The V QUTPUT lamp blinks on and off
when the current through the DUT
exceeds the output capability of the
internal de bias source.

WARNING

IF Vv OUTPUT LAMP BLINKS ON AND
OFF WHEN NOTHING S
CONNECTED TO THE UNKNOWN
TERMINALS, THE 4280A IS
MALFUNCTIONING AND
DANGFROUS VOLTAGE MAY BE
PRESENT AT THE UNKNOWN
TERMINALS.

INTERNAL BIAS Key and Indicators:

This key selects the function of the internal
de bias source and, in some respeects,
determines the measuremeant mode.
Seleetable functions depend on connection
mode. FEach function is briefly described
below.

A (Double Staircase Bias Sweep):
Sets the 4280A to C-V mode. The
internal de bias source will sweep its
output in an up-down staircase fashion
in accordance with the previously
entered sweep parameters.

+ (Single Staircase Bias Sweep):
Sets the 4280A to C-V mode. The
internal de bias source will sweep its
output in a single staircase fashion in
accordance  with  the  previously
entered sweep parameters.

=== {DC Bias):
Sets the 4280A to C mode (non
sweep), The internal dc bias source
wilt output the previously entered bias
voltage.

OFF:
Sets the 4280A to C mode {(non
sweep). Turns off the internal de bias
source.

The foliowing three functions are labelled in
gray on the front panel and are selectable
only when the ingtrument is in C-t mode
(see FUNCTION (19) ).

1r (Pulsed Bias):
The internal de bias source outputs a
puise whose height and width are
determined by the previously entered
PULSE V and th parameters,
respectively, and then outputs the
specified MEAS V voltage for the
remainder of  the  measurement|
sequence.

== (DC Bias):
This funetion is used for connection
modes requiring pulsed biasing from an
external voltage source. The internal
de bias source outputs the previousty
entered bias voltage after the bias
pulse period (determined by thh.

OFY:
Turns off the internal de bias source.

Figure 3-2. Front Panel Features (Sheet 4 of 12)
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MATH Keys:

These keys insiruct the 4280A to calculate
difference (A), percent {%), and percent
difference (A %). Once pressed, the key
remains on (key indicater lamp on} until it is
pressed again or until another MATH key is
pressed. When one of these keys ig pressed,
values displayed on the C éispiay@ and G
display é are caleulation results, not
measuredValues, '

A {difference):
Calculates the difference between the
measured value of the deviece under
test and a previously stored reference
value. The formula used is

A~ B

where A is the measured value of the
device under test and B is the stored
reference value.

% {pereent):
Computes the percentage relationship
between the measured value of the
device under test and a previously
stored reference value, The formula
used is

100 8
B X {0)

where A and B are as described above
in the explanation of the Akey.

A %(percent difference):
Computes the percent difference
between the measured value of the
device under test and a previously
stored reference value. The formula
used is

(15 DIGIT SHIFT Keys:

A-B
B

x 100 (%)

where A and B are as desecribed in the
exlanation of the Akey.

These keys are related to the 4280A% X-Y
RECORDER function. They reduce the
number of digits displayed on the C display
and G display to prevent the G and
-G recorder outputs in Figure 3-3)
from saturating. Refer {0 paragraph 3-156
for details.

Cos

Each time this key is pressed, the
least significant digit (right-most
digit) of the _number appearing on the
C display is deleted, The new
number is automatically rounded and
shifted one display position to the
right. Only digits to the right of the
decimal point can be deleted, The
complete number can be redisplayed
by repeatedly pressing this key until
the key indicator lamp goes off. This
key does not function when the C
display is turned off (FUNCTION
isset to G ).

G
Functions identically to the Cokey
(deseribed  above) for pumbers
appearing on the G display @ This
key does not function when the G
display is turned off {(FUNCTION
is set to C).

Figure 3-2. Front Panel Features (Sheet 5 of 12)
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SECTION III

STORE DISPL C-G Key:

Pressing this key stores the values displayed

on the C display (8)and G display( 7). The
stored values are uSed as reference values in
caleulations made by the 4280A's MATH
funetions (MATH ). Previously stored
reference values are erased and replaced
with displayed values each time this key is
pressed. If the C or G display is turned off
{FUNCTION @ is set to C or ) when this
key is presSed, the previously stored
reference value of the turned-off display is
not updated.

(7)) X-Y RECORDER Keys:

These keys are used when setting the lower
left, upper right, and absolute zero scaling
points on an X-Y recorder connected to the
recorder outputs (RECORDER OUTPUTS
11) in Figure 3-3) on the rear panel. They
function when TRIGGER é is set to
HOLD/MAN or when the 4280A isin, C-V or
C-t mode and is not measuring,

|__LlL{ower left):
When this key is pressed, -l0V is
output from eaeh recorder output
connector on the rear panel. The
lower left scaling point (X and Y
minimum) on the X-Y recorder can be
set.

ZERO (absolute zero):
When this key is pressed, 0V is output
from each recorder output connector
on the rear panel, The absolute
mid-point of the plot area on the X-Y
recorder can be set.

UR™ flupper right):
When this key is pressed, +10V is
output from each recorder output
conneetor on the rear panel. The
upper right sealing point (X and Y
maximum) on the X-Y recorder can be
set.

TRIGGER/SWEEP MODE Select Keys:

These Keys select the trigger mode for
non-sweep measurements (C mode) and the
sweep mode for swept measurements (C-V
and C-t modesh

INT:
This key selects internal triggering.
Measurement is made at a rate equal to
that of the internal trigger signal.

EXT:

This key selects external triggering, An
external trigger device or a TTL level
trigger signal must be connected to the
EXT TRIGGER connector ((3) in Figure
3-3) on the rear panel., MeadSurement is
made each time a positive-going TTL
level pulse is applied to the center
eonductor of the connector.

HOLD/MAN:
This key is for manual triggering.
Measurement is made each time this key
is pressed. Measurement data is held
until the key is pressed again,

:
When this mode is selected in C-V or C-t
mode, (swept) measurements are started
by pressing the SWEEP/V OUTPUT key
g%, and are repeated until the SWEEP/V
TPUT key is pressed again.

EXT]:
When this mode is selected in C-V or C-t
mode, single sweep measurement s
started by an external ftrigger signal
applied to the EXT TRIGGER connector
éﬁin Figure 3-3) on the rear panel.

[SINGLE] :

When this mode is selected in C-V or C-t
mode, single sweep measurement is
started by regsing the SWEEP/V
OUTPUT key .

Figure 3-2. Front Panel Features {Sheef 6 of 12)
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FUNCTION Select Keys:

These keys seleet the measurement funcetion

and, when the Blue key is on (key
indicator lamp is 1lit), ~ change the
measurement mode from C mode

{non-sweep) or C-V mode {bias sweep) to C-t
mode (time sweep) and back again. When
the instrument is in C mode or C-V mode,
the indicator lamp on the selected funetion
key lights continuously, and the funetions
labelled in black (C-G, C, and Q) are valid.
When the instrument is in C-t mode, the
indicator lamp on the selected funetion key
flashes off and on, and the functions
labelied in grey (C-G-t, C-t, and G-t) are
valid.

C-G, C, G
When C~G is selected, the 4280A
measures both capacitance, C, and
eguivalent parallel conductance, G.
When C or G is selected, only
capacitance or only conductance,
respectively, is measured., The 4280A
is in C mode when INTERNAIL BIAS
is set to=—or OFF; it is in C-V
mode when INTERNAL BIAS is set to
Mor .

C*G-t, C~t, G-t
These funections are available only
when the 4280A is in C-t mode {time

sweep). To set the instrument to C-t
mode, press the Blue key {key
indicator lamp should come on), and
then press the desired FUNCTION
key. The indicator lamp at the center
of the key will begin to flash, The
other two funetions ecan now be
selected direetly, without the Blue
key. To change back to C mode or
C-V mode, press the Blue key again,
and then press the function key whose
indicator lamp is flashing.

3-8
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C-G RANGE Keys and Indicators:

These keys select the ranging mode—-AUTO
or MANUAL~-and the measurement range.
The three adjacent indicator lamps show the
selected measurement range.

AUTO:
When the indicator lamp at the center
of this key is on, the 4280A is in
AUTO ranging mode and  will
automatically select the measurement
range that best suits the value of the
device under test.

MANUAL:

When this key is pressed, the AUTO
key indieator lamp will go off and the
measurement range will be fixed at
the selected range. To change
measurement range, press this key.
To return to AUTO ranging mode,
press the AUTO key.

C-HIGH RESOLN Key (Option 001 Only):

This key enables high resolution capacitance
measurements. It is used in eonjunection
with the CORRECTION ENABLE key
and the C-OFFSET keys Refer to
paragraph 3-161 for details.

@

SELF TEST Key:

This key initiates the instrument's SELF
TEST function. During SELF TEST (key
indieator tamp is on), eight tests that check
the basic operation of the instrument are
automatically performed. Nothing must be
connected to the UNKNOWN terminals @
during the test. SELF TEST is repeated
until this key is pressed again. If an
abnormality is deteeted, an error_code will
be displayed on the C display SELF
TEST error codes are described in paragraph
3-7. When SELF TEST is ecanceled, the
instrument is set to its initial control
settings. If this key is  pressed
unintentionally, control settings can be
maintained by quickly pressing this key
again, while 5 £ [ F is displayed on the C
and G displays. Refer to paragraph 3-7 for
complete details on SELF TEST.

SIG LEVEL Seleet Key and Indicators:

This key seleets the test  signal|
level--30mVrms or 10mVvrms. The adjacent
indicator tamps show the selected test
signal level.

MEAS SPEED Seleet Key and Indicators:

This key selects the measurement
speed--FAST, MED, and SLOW. Actual
measurement speed depends on the control
settings and the value of the device under
test. The adjacent indicator lamps show the
selected measurement speed.

Figure 3-2. Front Panel Features (Sheet 8 of 12)
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ZERO OPEN Button:

ZERO

offset
compensation of the stray capacitance and
conductance inherent in the test fixture,
test leads, and measurement circuit. When
this key is pressed, the test fixture or test
leads must be terminated open {(nothing
connected).

This  button is for

INT BIASA:

This slide switch and BNC eonnector are
safety features that, respectively, limit and
shut down the output from the internal de
hias source,

REMOTE ON/OFF:

This connector is used for remote
on/off control of the internal de bias
source when the adjacent slide switeh
is set to the =100V MAX position.
When the center conductor of this
connector is grounded {mechanically
or electrically), the internal de bias
source outputs the specified voltage.
When the center conductor is left open
or when a TTL level HIGH is applied
to it, output from the internal dc bias
source is shut down.

AcavTion
DO NOT APPLY AN EXTERNAL

DC BIAS VOLTAGE TO  THIS
CONNECTOR.

WARNING

DO NOT USE THE FURNISHED BNC
SHORTING CAP FOR GROUNDING
THE REMOTE ON/OFF CONNECTOR.

Limit Switeh:
This switeh limits the output voltage
from the internal de bias source, It
also functions as a mechanical stop
when set to the 100V MAX position,
preventing connection of test fixtures

designed for low voltage
measurements,
+100V MAX.:

Maximum output (x106V) from the
internal de bias source is possible.
Connection of HP test fixtures
designed for use at 242V and below is
made  physically impossible. The
center conductor of the REMOTE
ON/OFF eonnector must be grounded
to enable cutput from the internal de
bias source,

42V MAX.:
OQutput from the internal de bias
source is limited to 42 volts to
ensure operator safety.

Figure 3-2, Front Panel Features {Sheet 9 of 12)
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@) UNKNOWN Terminals A\ :

These two BNC connectors are the
4980A% measurement terminals. They
have a two-terminal pair configu-
ration: HIGH teeminal and LOW
terminal. Two-terminal pair test
fixtures, such as the furnished 160804,
connect direetly to these terminals.

AWARNING

WHEN BIAS VOLTAGE 8 USED
DANGERQUS VOLTAGE {(MAXIM UM
£100V) MAY APPEAR ON  THESE
TERMINALS,

Ground{ ok FMEAS CKT COMMON (% )
Terminals&:

The ground terminal (W } is tied directly to
the instrument's chassis and to the earth
terminal (offset pin) of the ~ LINE input
receptacle { in Figure 3-3) on the rear
panel. The MEAS CKT COMMON { &)
terminal is tied directly to the common of
the instrument's measurement eireuit and to
the outer _shields of the UNKNOWN
terminals . These terminals can be
interconnected with the attached shorting
strap.

AWARNING

THE GROUND-REFERENCED
POTENTIAL ON THE EXPOSED
OUTER SHIELDS OF THE UNKNOWN
TERMINALS AND ON THE MEAS CKT
COMMON TERMINAL (v ) CAN
BECOME DANGEROUSLY HIGH
WHEN THE GROUND (J.) AND
MEAS CKT COMMON TERMINALS
ARE NOT INTERCONNECTED.

Figure 3-2. Front Panel Features (Sheetl0of 12)
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Blue shift Funetions

The following functions are lsbelled in blue
on the front panel, They are available when
the Blue key is on {when the key
indicator lamp is Iit).

ms (millisecond) Key:

This key is used when entering time
parameters, Pressing this key after a time
value has been keyed in with the numeric
keys @ changes the time unit from seconds
to milliseconds. The ms unit indicator lamp
on the V-t dispiaywiil light,

V LIMIT/RNG HOLD Key:

This key is used to set the maximum
allowable output from the internal de bias
source during non-sweep constant bias
measurements (C mode). It also sets the
range {and therefore the resolution) of the
cutput voltage. To set the output voltage
limit, press the Blue key, press the V
LIMIT/RNG HOLD key (the previously set
limit o & ., & S will appear on the V-t
digpla ), key in the desired limit with the
numeric keys , and then press ENTER
. Refer to paragraph 3-62 for details.

@ Numerie Keys:

These keys--0 through 9, deecimal point and
minus sign—are used for entering parameter
values, MATH {function reference values,
and other numeric data. Press ENTER

to validate numeric data that has been
keyed in.

C-OFFSET Keys (Option 001 only):

These keys are_used with the C-HIGH
RESOLN key to enter capacitance
offset values. Réfer to paragraph 3-181 for
details,

MEASURED:
Pressing this key and then the ENTER
key (10 when the C-HIGH RESOLN
key is on (key indicator lamp is lit)
sets The mesgsured capacitance value
as the offset value.

MANUAL:
This key is used to manually set the
capacitance offset value with_ the

numerie key@ and ENTER key .

Figure 3-2. Front Panel Features (Sheet 11 of 12)
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values.

C~REF:

@ C-REF/G-REF Keys:

values for the MATH funetions (14) and to

These keys are used to store(sefereme
recall (display) previously stored reference

Pressing this key while the Blue
key is on displays the stored
reference values for capaeitance
and eonductance on the
display and G display \ ),
respectively. Also, = = F is
dispiayed on the V-t display

. A capacitance reference
value can be entgred with the
numerie  key @ and the
ENTER key (11l.

G-REF:
This key is for entering conductance
reference values. It functions in the
same manner as the C-REF key.

CONN MODE Key:

This key is used to seleet the coppection
mode with the numeric Kkeys and
ENTER key @ Refer to paragraph 3-31
for details.

Figure 3-2. Front Panel Features {Sheet 12 of 12}
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HP-II3 Connector:

Twenty-four pin connector. Connects the
instrument to  the Hewlett~Packard
Interface Bus for remote operation.

HP-IB Address Switches:

These rotary switches set the instrument's
HP-IB address (0 to 30) for ADDRESSABLE
operation, and the data delimiter (50:
CR/LF, and 51: ecomma) for TALK ONLY
operation, Refer to paragraph 3-164 for
details.

EX'T TRIGGER Connector:

This BNC connector is for triggering the
instrument with an external triggering
device or a TTL  level  signal.
TRIGGER/SWEEP MODE must be set to
EXT. Details are given in paragraph 3-54.

EXT BIAS ConnectorsA:

These BNC connectors—FAST and
SLOW--are used in measurements that
require an external bias source. Refer to
paragraph 3-100 for details.

@ SYNC OUTPUT Connector:

ACAUTION

DO NOT ALLOW DC BIAS CURRENT
APPLIED TO EXT BIAS CONNECTORS
TO EXCEED #100mA. DOING SO
MAY RESULT IN DAMAGE TO THE
4280A,

AWARNING

DO NOT ALLOW DC BIAS VOLTAGE
APPLIED TO EXT BIAS CONNECTORS
TO EXCEED 42V OR DANGEROUS
VOLTAGE MAY APPEAR AT THE
MEASUREMENT TERMINALS.

This BNC connector is used for C-t mode
measurements in which the bias pulse is
supplied from an external de bias source.
A TTL level HIGH is output from this
connector during the th period of the
measurement. Refer to paragraph 3-128
for details.

Pigure 3-3. Rear Panel Features (Sheet 1 of 2)
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(6) -V CONVERTER OUTPUT Connector:

This BNC connecter is for monitoring, with
an oscilloscope, the waveform of the
4280 A% analog measurement circuit.

(7) Z-AXIS Connector:

This BNC connector outputs & TTL level
signal which can be used to control the
intensity of an oseilloscope during the
sampling period of C-t mode (sampling
mode) measurements.

A LINE

Switches:

VOLTAGE SELECTOR

These switches set the instrument's line
voltage. Refer to paragraph 2-8.

@ ~ LINE FUSE Holder:

The main power-line fuse is installed in
this holder, Refer to paragraph 2-8.

~ LINE Input Receptacle:

The power ecord conneects to this
receptacle., Refer to paragraph 2-10.

(1) RECORDER OUTPUTS:

These connectors and this slide switeh are
for plotting the characteristics of the
device under test on an X-Y recorder.
Refer to paragraph 3-156 for a complete
explanation.

Figure 3-3. Rear Panel Features (Sheet 2 of 2)
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3-7. SELF TEST

3-8, The self test function checks most of the
instrument's basie capabilities and, when service
is required, assists the service techniecian in
troubleshooting, There are two different self
tests: (1} Power On 8Self Test, which is
automatically performed each time the
instrument is turned on, and (2) Standard Seif
Test, which the operator can execute at any
time by pressing the SELF TEST key on the front
panel or by sending program code "TEI" via the
HP-1B.

[Power On Self Test]

Fach time the 4280A 1is turned on, the
microprocessor starts the Power On Self
Test, Table 3-1 lists the contents of the
Power On Self Test, provides a brief
description of each self test element, and
shows the corresponding error codes. H error
eode “Hrr H1" (illegal HP-IB address} appears
on the C display after the DISPLAY TEST,
turn the 4280A off, set the HP-IB address
gswitehes to a valid addpess () ~ 30), and turn
the 4280A on again, (Refer to paragraph
3-174 for details on how to set the HP-IB
-address.) If a front panel lamp fails to light
during the DISPLAY TEST, or if error code
"Err PI, "Eer H2," or "Err 11" through "Err
15" is displayed on the C display, contact the
nearest Hewlett-Packard service office to
arrange for repairs.

Note

"Err H1" and "Err H2" are not fatal
errors., The 4280A will, in most cases,
operate nermally in LOCAL mode.
despite these errors, If "Err PIY or "Err
11" through "Errl3" occurs, however,
normal operation is impossible.

[Standard Self Test]

The standard Self Test can be executed at
any time from the front panel or under
remote control via the HP-IB {program code
TEL) to confirm normal operation of the
4280A's basie functions. When the operator
executes the Standard Self Test, the nine
tests listed in Table 3-2 are automasatically
performed. Self test is repeated until the
SELF TEST key is pressed again, If the
4280A fails a test other than the DISPLAY
TEST, the corresponding error code wiil
appear on the C display. To perform the self
test, conneet nothing to the UNKNOWN
terminals and then press the SELF TEST key.

3-16
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SELF will appear on the C and G displays for
about two seconds. Following this, all LED
lamps and display segments will be lighted for
about two seconds., Observe the front panel for
any inoperative lamps or display segments.
After the DISPLAY TEST, tests 1 through 8§ will
be sequentially executed. The test number is
displayed on the V-t display. After test 8, self
test 1is repeated starting with the DISPLAY
TEST. When self test mode iz released, the
microprocessor initializes all control settings
and clears the random-access-memory (RAM) of
reference values used for the MATH functions,
error correction information, and C offset data
(Option 080]1 oniy). Iaitial Control Settings are
given in paragraph 3-17. If the SELF TEST key
is accidentally pressed, quickly press the key
again while SELF is displaved on the C and G
displays. This cancels the self test before it
starts; thus, preventing instrument
initialization. If the instrument fails self test,
contact the nearest Hewlett-Packard service
office to arrange repairs.

3-9. MEASUREMENT FUNCTIONS AND
MEASUREMENT MODES

3~10. The 4280A has three measurement
funetions—C-G  funetion, C funetion and @&
funetion--and  three measurement modes—C
mode, C~V mode and C-t mode. Each
measurement mode and measurement function is
described below.

{Measurement Functions)

C-G  function: When this
selected, the 4280A measures both
capacitance, {, and conductance, G.
Measured C and G values are displayed on the
C display and G display, respectively.

funetion  is

C Function: When this function is selected,
the 4280A measures only ecapacitance, C.
Measured C values are displayed on the C
display. The G display will be blank.
Measurement speed is about double (not
specified) that of C-G funetion
measurements.

G funetion: When this function is selected,
the 4280A measures only conduectance, G.
Measured G values are displayed on the G
display. The C (display will be blank.
Measurement speed is about double (not
specified) that of C-G function
measurements,
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[Measurement Modes]

C Mode: When set to this mode, the 4280A
measures the device under test at a constant
{nonsweep) de hias voitage. The
measurement parameter (C~G, C, G) is
determined by the selected measurement
function. The indicator lamp on the selected
FUNCTION key will be lit.

C-V Mode: When set to this mode, the
4280A measures the device under test with
swept (staircase} de bias voltage. The
measurement parameter (C-G, C, G) Iis
determined by the selected measurement
function. The indicator lamp on the selected
FUNCTION key will be lit.

-t Mode: When set to this mode, the
4280A  measures the  capaecitance  or
conductance of the device under test as a
function of  time. The  measurement
parameter (C-G, C, G) is determined by the
selected measurement function, The
indicator lamp on the selected FUNCTION
key will blink off and on.

3-11. Measurement funetions are seleeted from
the front pane! by pressing the appropriate
FUNCTION key—C=G, C or G--or from a remote
controller by sending the funetion's program
code via the HP-IB. Program codes are given in
paragraph 3-180. In € and C-V measurement
modes, the indiecator lamp on the selected
FUNCTION key will remain lit (will not blink)
until another measurement function is selected.
In C-t mode, however, the selected FUNCTION
key indicator lamp will blink at a rate of about
1 Hz, ¢ measurement mode and G-V
measurement mode are set by the INTERNAL
BIAS key. When " or % is selected, C-V
mode is set; when == or OFF is selected, C
mode is set, C~t mode is set by first pressing
the blue key ({indicator lamp lights) and then
pressing the desired FUNCTION key. To exit
the C-t mode, first press the blue key and then
press the FUNCTION key whose indicator lamp
is blinking. This will set the 4280A to C mode.
Though it is possible to go directly to C-t mode

SECTION III

from C-V mode, it is not possible to de the
opposite. TFigure 3-4 shows how fo change
gireetly from one function/mode combination to
another. The table below lists all the possible
combinations of funetions and modes.

3-12. DISPLAYS

3-13. The 4280A has three f{front panel
displays—the C display, the G display, and the
V-t display. ‘These displays oprovide direct
readout of measured values, parameter setting
values, and other information intended for the
operator. Located to the right of each display
are three LED lamps that show the unit of
displayed numbers.

3-14, The C display provides direct readout of
measured eapacitance values, C reference values
for MATH operations, self test error codes,
overflow annunciations, and the HP-IB saddress
switeh setting. When G funetion (G, G-V or G-t
measurement) is selected, the C display is turned
off {blanked). Unit indicator lamps light to show
nF (nano-farad), pF, (pico-farad) or % (percent)
values. Maximum number of display digits,
maximum display value, and maximum display
resolution depend on control settings. Refer to
Figure 3-5.

3-15. The G display provides direct readout of
measured conductanece values, G reference
values  for MATH  operations, overflow
annunciations, and the setting of the
SMOQTHING switeh on the rear panel. When C
funetion (C, C-V or C-t) is selected, the G
display is turned off {(blanked). Unit indieator
lamps light to show m$S (milli-siemens), 8
(micro-siemens), or % (percent) values.
Maximum number of display digits, maximum
display value, and maximum display resolution
depend on control settings. Refer to Figure 3-8.

3-16. The V-t display has four digits and
provides direct readout of PARAMETER values
(voltage and time), operation error codes,
conneetion mode wode numbers, and
annunciations for special measurements and
operations. Unit indicator lamps light to show V
{volts), s {seconds), and ms (milliseconds) values.

C-G FUNCTION C FUNCTION G FUNCTION
C MODE C-G measurement C measurement G measurement
C-V MODE | C-G-V measurement C-V measurement | G-V measurcment
C-t MODE [ €G-t measurement C-t measurement | G-t measurement
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Table 3-1. Power On Self Test

Model 4280A

TEST Description EBrror Code
DISPLAY TEST Lights all LED lamps and 7-segment displays None
on the front panel for about two seconds.
(Confirm that all the lamps are 1it.)
ROM/RAM TEST Checks the contents of read-only memory (ROM) Err P1
and verifies correct operation of random
access memery [(RAM).
HP-EB TEST Verifies correct setting of the HP-IB Err H}
Address switch.
Verifies correct operation of the HP-IB Err H2
interface circuit.
TIMER TEST Verifies correct operation of the timer Err 11 thru
circuit. Err 15
Table 3-2. Standard Self Test
TEST Description Error Code
0 Lights all LED lamps and 7-segment displays on None
the front panel for about two seconds.
{Confirm that all the lamps are lit.)
1 Verifies correct operation of the timer circuit. Err 11 thru
Err 15
2 Verifies correct zero scale output from the vector Err 21
ratic detector (VRD).
3 Verifies correct full scale output from the vector Err 31
ratio detector (VRD).
4 Open Test for connection mode 10. Err 41
5 Open Test for connection mode 15, Err 51
6 Open Test for connection mede 18. Err 01
7 Open Test for connection mode 21, Err 71
8 Verifies corr ¢t operation of the C-OFFSET circuit. Err 81

{(Only on instruments equipped with option 0G01).

The UNKNOWN terminais must be open terminated {nothing connected)
during self test,
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Besired Setting
Present
Setting | € - G C G C-GVIC- V¥V G-V |CGt|C-1t |6t
C -G b C d N N f g h
C a c N d N f g n
G a b N N d f g h
C-G-Y e N N b o f g h
cC -V N e N a 9 f g h
G-V N N e a b f g h
G-t f N N N N § b,{g) | ¢c.(h)
-t N g N N N N a,(f) c,(h)
6 -1 N N h N N N a,(f) | b,(g)

Press the C-G FUNCTION key.

Press the C FUNCTION key

Press the G FUNCTION key.

Select INTERNAL BIAS /™y or .

Select INTERNAL BIAS == or OFF.

Press the blue key and the C-G FUNCTION key.
Press the blue key and the C FUNCTION key
Press the blue key and the G FUNCTION key.

Cannot be selected directly.

Figure 3-4. Interchanging Measurement Functions and Measurement Modes
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Maximum number of display digits,

resolution of the C display depend on measurement speed, signal level, measurement
range, and error corréction, Refer to the following tables,

maximum display value,

and maximum display

CORRECTION function turned of f (EN ABLE key indicator lamp not lit):

MEAS SPEED SLOW MED FAST
51G LEVEL
InF
€.G

RANGE | 1OUPF

10pF

CORRECTION function

turned on (ENABLE key indicator lamp Iit):

MEAS SPEED

SLOW

MED

FAST

SIG LEVEL

InF
C.G

RANGE | +00PF

1GpF

% or A % measurement:

C-HIGH SLOW MED FAST
RESOLN 30 10 30

OFF ;' 0 %

ON i o K

*Option 001, C High Resolution. Refer to paragraph 3-161.

Figure 3-5. Maximum Display Value, Display Digits, and Resolution for the ¢ Display
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Maximum number of display digits, maximum display value, and maximum display

resolution of the G display depend of measurement speed, signal level, measurement
range, and error correction. Refer to the foliowing tables.

CORRECTION function turned off {(ENABLE key indicator lamp not 1it):

MEAS SPEED S5LOW MED FAST
SI1G LEVEL 10 30 30 10
10mS i to to
C.G ¥ 3 3
RANGE 1mS ¢ to to
100uS : to ‘o
CORRECTION function turned on (ENABLE key indieator lamp lif):
MEAS SPEED SLOW MED FAST
SIG LEVEL 10 30 10 30 10
10mS to :
C.G s
RANGE ImS to
10018 to
% or A% measurement:
SLOW MED FAST

Figure 3-6. Maximum Dispiay Value, Display Digits, and Resolution for the G Display

3-21
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3-17. INITIAL
SETTINGS

PISPLAY  AND CONTROL

3-18. FHaech time the 4280A is turned on, the
Power On self Test is automatically executed. If
no fatal errors are detected, the WP-IB address
and the PLOT WAIT setting will appear briefly
on the C display and G display, respectively, as
shown below.

The above example shows the factory set HP-IB
address (17) and PLOT WAIT setting {(off). While
the HP-IB address and PLOT WAIT setting are
displayed, all front panel LED lamps (exeept
certain digit segments on the C and G displays)
will  be  lit, Measurement  will  begin
automatically. For more information concerning
PLOT WAIT and the HP-IB address, refer to
paragraphs 3-156 and 3-174, respectively.

3-19. Mitial control settings are established
each time the 4280A is turned on and after self
test is performed. itial control settings are
listed below.

FUNC’I‘ION .................... C_G

CONNECTION MODE +-- FLOATING,
CN10

INTERNAL BIAS sresreeserss 557

C+G RANGE rererireesseneses AUTO

MEAS SPEED ..... arrssrannsan ME]:_)

SIG LEVEL .................... SOmVI-mS

Ti{IGGER ............... sasssas INT

V O QUTPUT ssmsearersresssusesse RESET (7<)
V LIMIT/RNG HOLD - Auto

CABLE LENGTH reecceesees Om
CORRECTION ENABLE -~ ON
ZERO OPEN DATA eveeeer OpE/81S
DIGIT SHIFT C seernrocecene OFF
DIGIT SHIFT G ssesevsesesss OFF
NMEATTH wreonsrssvarsasoescssnrorcas OFF
C-REF sraeunteneas sesncnesarnas - OpF
G-REF reessrcasusans ctriannnreancs 015
SELE TEST serereviarn treseres OFF

For units equipped with option 0013

C-HIGH RESOLN s OFF
C-OFFSET DATA sereenenes OpF/018

3-22
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3-20, The initial settings of all PARAMETERS
are listed below. .

C mode
Dev (V) ........... Gesesasneee av
C-V mode
START V {V) eceseerens crenens 0y
STOP V (V) sereseas [ETTTYTYON (1A%
STEP V{V) ereeesrne veesssses 0y
HOLD TIME {g) seseer seesss 3MIS
STEP DELAY TIME {s) -+ 3ms
C-t mode
neov (V) ........ cerorresss [}V
PULSE V (V) seecens rersesascs ov
MEAS V (V) serercinsnssenvies {JV
NO OF READINGS s+ 100
th (S) somesasasas enaesveostsadva « 10ms

£3 (S) sonecsrreriiniiieniennecas 250Ms
3~21. ERROR CODES

3-22. Three types of error codes are displayed
on the front panel:s (1) self test error codes,
which are displayed on the C display; (2)
overflow annunciations, which appear on both
the C display and (i display; and (3} operation
error codes, which appear on the V<t display.
Tables 3-1 and 3-2 list the self test error codes
and provide a brief deseription of each, Refer to
paragraph 3-7 for details. Table 3-3 lists the
overflow annunciations, deseribes the meaning of
each annunciation, and provides one or two
possible remedies. Table 3-4 lists sgll the
operation error codes and explains the cause of
each. Many of the error codes listed in Table
3-4 will not be displayed on the V-t digplay, if
they occur. These HP-IB-related errors ean be
read only by a controller (computer) via the
HP-IB in LEARN mode, Refer to paragraph
3-218  for instruetions on LEARN mode
operation. Frror eodes common to both HP-IB
and manual (front panel keys) operations will be
displayed on the V-t display. These are
indiecated by an H and M in the right most
eolumn of Table 3-4. Also, in Table 3-4, nand v
following certain remote program codes indicate
an integer and a decimal number, respectively.
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Table 3-3. Overflow Aanunciations

SECTION III

Annunciation Meaning Remedy

QF-07

OF-01 through

The analog measurement
circults are saturated.
Refer to Table 8-8.

Select a higher C-G range.

OF-08

The result of a MATH

to display. reference value,

Select a higher C-G range
calculation is too large or change the MATH function

OF-01 through OF-07 appear on both the C display and G display, regardless
of which display caused the overflow.
the display causing the overflow.

QF-08, however, appears only on

Table 3-4. Operation Error Codes {Sheet 1 of 7)

Error-Code

Meaning

Operation

E - 1.0

An illegal program code was sent while the 4280A
was set to isolation mode {see paragraph 3-214).
180, I8i, ID?, MF?, CF?7, SET? and ERR? are the
only program codes permitted in isolation mode.

H

An illegal program code was sent during self test
(TE1). TEO, TEl, and ERR? are the only progran
codes permitted during self test., Sending program
code TEl restarts the self test.

H

A program code was sent during a ZERO OPEN,CABLE
LENGTH CAL, or C-OFFSET measurement. No program
codes may be sent during these measurements.

An illegal program code was sent during a swept
measurement (C-V or C~t mode). SWO and SW1 are
the only program codes permitted during a swept
measurement. SW1 is ignored if sent during a sweep,

An illegal program code was sent while the 4280A
was set to connection mode CN21, CNZ2, or CN23.
CNn, TRn, EBX ID?, MF?, CF?, SET? and ERR? are the
only program codes permitted.

Program code SW1 {sweep start) was sent while the
4280A was in C mode. Or program code EX was sent
while the 4280A was in C-V or (-t mode.

H

3-23
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Table 3~4. Operation Error Codes (Sheet 2 of 7)

Model 4280A

Error-Code

Meaning

Operation

E - 2.0

The CORRECTION ENABLE key was pressed or program

code CEl was sent, but error correction cannot

be done because the ZERC OPEN offset value is too
large or CARLE LENGTH CAL has been performed but

ZERO OPEN has not.

H, M

The CORRECTION ENABLE key was pressed or program
code CEl was sent, but error correciion cannot
be dene because CABLE LENGTH CAL offset value is
too large.

H, M

The ZERO OPEN button was pressed or program 70
was sent while CABLE LENGTH was set to 0-5(m),
but CABLE LENGTH CAL offset value is too large.

Program code CA was sent while CABLE LENGTH was
set to 0(m) or 1(m).

An illegal number was entered for connection
mode. CN10 through CN23 are the only valid
connection modes.

Conpection mode CN13 or CN14 was set while the
4280A was set to C-V mode. CNI3 and CN14 are
possible in C mode and C-t mode only.

The C-REF value specified in program code CR is

too large. Maximum allowable value is £199999E-12.

The G-REF value specified in program code GR is
too large. Maximum allowable value is *1999%E-6.

The STORE DISPL C-G key was pressed or program
code ST was sent while OF-n, ----- , OY a percent
was on the € display or G display.

The STORE DISPL C-G key was pressed or program
code ST was sent while a MATH function was set.
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Table 3-4. Operation Error Cades (Sheet 3 of 7)

SECTION I

Error-Code

Meaning

Cperation

E - 5.0

One of the optien 00l-related operations listed
below was attempted, but option 001 is not
installed.

(1) C-HIGH RESOLN key was pressed.

(2) € offset value was entered with the C-OFFSET
MEASURED key or C~OFFSET MANUAL key.

(3} Program code CHL, €5, or CLv was sent.

While the C-HIGH RESOLN function was turned off
{C-HIGH RESOLN key indicator lamp not 1lit}, an
attempt was made to enter a C offset value with
the C-OFFSET MEASURFD key and ENTER key or by
sending program code CS,

While the {-HIGH RESCGLN function was turned off
{C-HIGH RESOLN key indicator lamp not 1lit), an
attempt was made to enter a { offset value with
the C-0OFFSET MANUAL key, numeric keys, and
ENTER key or by sending program code CLv.

The C offset value entered with the C-OFFSET
manual key, numeric keys, and ENTER key exceeds
1024, Or the C offset value specified by program
code CLv is either negative or is greater than
1023, 5E~12.

H, M

Program code IB2 or IB3 was sent while the 4280A
was in C mode and connection mode CN13 or CN14
was set.

H

Program code IBl was sent while the 4280A was
set to conmection mode CN14. Or program code
182 was sent while the 4280A was in (-t mode and
connection mode CN13 or CN14 was set.

H

Frogram code IB3 was sent while the 4280A was in
C-t mode. Or program code IBO or IBl was sent
while the 4280A was in (-t mode and connection
mode CN1G, CN15 or CNI8 was set,

The DC V value (€ mode) entered exceeds the limit
set by the INT BIAS switch (£42V or *100V),

H, M

An illegal value was entered for V LIMIT (C mode).
Values from 0 to 100 can be entered from the front
panel, and values from -100 to 100 can be entered
via the HP-IB. However, any negative value {up

to -100) sent is interpreted as 0, thereby setting
RNG HOLD to AUTO.

H, ™

Program code VLv was sent while the 4280A was in
C-V or C-t mode.

Program code MS3 was sent while the 4280A was in
C-t mode.

3-25
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3-28

Table 3-4. Operation Error Codes (Sheet 4 of 7)

Model 4280A

Error-Code

Meaning

Operation

E~- 7.0

In € mode, the SWEEP/Y OUTPUT key was pressed or
program code VOl was sent while the INT BIAS limit
switch was set to %100V MAX and the REMOTE ON/CFF
connector was open terminated (center coductor was
HIGH), or while the INT BIAS limit switch was set
te 242V and the DC V value was higher than £42V.

H, M

In C mode, the REMOTE ON/OFF connector was open
terminated (center conductor was brought HIGH)
while the INT BIAS limit switch was set to =100V
MAX and V OUTPUT lamp was lit. Or, in C wode, the
setting of the INT BIAS limit switch was changed
from £100V MAX to 242V MAX while the V QUTPUT

lamp was 1it and DC V was higher than 42V,

M

In G-V mode or C-t mode, the SWEEP/V CUTPUT key

was pressed or program code SW1 was sent while (1)
the INT BIAS 1imit switch was set to 100V MAX

and the REMOTE ON/OFF connector was open terminated
{center conductor was HIGH), or {2) the INT BIAS
limit switch was set to %42V MAX, and START V or
STOP V (C-V mode), or PULSE V, MEAS V or DC V

{C~t mode) value was higher than +42V.

In C-V mode or C-t mode, the REMOTE ON/QFF
connector was open terminated {center conductor
was brought HIGH) while the INT BIAS limit switch
was set to 100V MAX and a measurement was in
progress (V QUTPUT lamp 1it). Or, in C-V mode or
G-t mode, the setting of the INT BIAS limit switch
was changed from £i00V MAX to +42V MAX during a
measurement [V QUTPUT lamp 11t) in which the START
V oor STOP V (C-V mode), or the PULSE V, MEAS V or
DC V (C~t mode)} value was higher than 42V,

The START V value exceeds the limit set by the
INT BIAS limit switch (#42V or =100V).

The STOP V value exceeds the limit set by the INT
BIAS Iimit switch ($42V or +100V).

fllegal STEP V value. Permissible range is 0 to
+200.

Illegail HOLD TIME value. Permissible range is 3ms
to 650s,

H, M

Iliegal STEP DELAY TIME value., Permissible range

is 3ms to 650s.
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Table 3-4. Operation Error Codes (Sheet 5 of 7)
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Error-Code Meaning Operation
E - 9.0 The DC V value in C-t mode exceeds the limit set H, M
by the INT BIAS limit switch (F42V or 100V).
E- 9.1 The PULSE V value exceeds the limit set by the INT H, M
BIAS limit switch {242V or *+100V}.
E - 9.2 MEAS V value exceeds the limit set by the INT BIAS H, M
Timit switch (242V or £100V).
E- 9.3 Illegal th value. Permissible range is 10us to H, M
32s.
E-9.4 Illegal td value. Permissible range is 10us to H, M
32s.
E - 9.5 Iilegal NO OF READINGS value. Permissible range H, M
is 0 to 9999,
E - 10.0 Program code BA, BB, BD or BS? was sent while the H
4280A was in standard data transfer mode.
E - 10,1 Program code BA, BB, BD or BS? was sent while the H
4280A was in block data transfer mode, but there
was no data ready for transfer.
E - 10.2 Program code BL]1 was sent while the 4Z80A was in C B
mode.
E - 10.3 Program code IBO or IBI was sent while the 4280A H
was in C-V mode and block data transfer mode,
E - 10.4 Program code CN21, CN22, CN23, Z0, CA, CS, CLv or H
TE1 was sent while the 4280A was in bleck data
transfer mode.
E - 10.5 Program code FN1, FNZ or FN3 was sent while the H
4280A was in C-t mode and block data transfer mode.
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Table 3-4. Operation Error Codes (Sheet § of 7)

Model 4280A

Error-Code

Meaning

Operation

E - 11.0

The SWEEP/V OUTPUT key was pressed or program code
SW1 was sent while the 4280A was in sampling C-t
mode and the product of td (in seconds) and the
NO OF READINGS was more than 5.

H

)

M

The SWEEP/V OUTPUT key was pressed or program code
SWl was sent while the 4280A was in burst C-t mode
{program code SAQ was sent, or internal pulsed bias
was used), but td was inappropriate for burst mode.

During measurement in burst C-t mode, processing
time for data transfer, key interrupt, or range
change was too long. To shorten processing time,
use block data transfer mode, MANUAL ranging, etc.

M

The SWEELP/V OUTPUT key was pressed or program code
SWi was sent while the 4280A was in sampling C-t
mode (program code SAl), but the td value was
inappropriate for sampling mode.

The SWEEP/V OQUTPUT key was pressed or program
code SW1 was sent while the 4280A was in C-t mode
(external bias set to SLOW, C-t measurement) and
td was less than 200us.

M

The SWEEP/V OUTPUT key was pressed or program
code SW! was sent while the 4280A was in C-t mode
(internal bias, (-t measuvement) and th was less
than 10ms.

The SWEEP/V OUTPUT key was pressed or program
code SW1 was sent while the 4280A was in C-t mode
(external bias set to SLOW, C-t measurement,
burst mode) and th was less than 50us.

The SWEEP/V QUTPUT key was pressed or program
code SW1 was sent while the 4280A was in C-t mode
{external bias set to SLOW, C-t measurement,
sampling mode) and th was less than 50us or more
than 5s.

The SWEEP/V OUTPUT key was pressed or program
code SW1 was sent while the 4280A was in C-t mode
(external bias set to FAST, (-t measurement,
sampling mode) and th was more than 5s.

H

M
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Table 3-4, Operation Frror Codes (Sheet 7 of 7)

SECTION 1H

Error-Code

Meaning

Operation

E-12.0

The SWEEP/V QUTPUT key was pressed or program
code SW1 was sent while the 4280A was set to
C-G-t measurement {sampling mode), MEAS SPEED
was set to FAST, and the th/td ratio exceeded
500.

H, M

E - 12.1

The SWEEP/V QUTPUT key was pressed or program
code SW1 was sent while the 4280A was set to
C-G-t measurement {sampling mode), MEAS SPEED

was set to MED, and the th/td ratio exceeded 1C0.

H, M

E - 12.2

The SWEEP/V QUTPUT key was pressed or program
code SW1 was sent while the 4280A was set to
C-t measurement or G-t measurement {sampling
mode), MEAS SPEED was set to MED, and the th/td
ratio exceeded 200.

H, M
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3-23. TEST SIGNAL

3-24. The built-in signal source applies a 1MHz
sine wave to the device under test, Frequency
accuracy is +0.01%.

3-25. Test signal level is selectable—10mVrms
or 30mVrms. Accuracy is z10% for both levels,
and is specified at the UNKNOWN terminals
with nothing connected. The actual signal level
across the device under test depends on the
impedance of the test leads and test fixture used
in the measurement, and on the impedance of
the device being mesasured,

3-26. MEASUREMENT SPEED

3-27. The 4280A has three measurement
speeds: SLOW, MED and FAST., Measurement
time for each speed depends upon the
instrument's control settings and the capacitance
and conductance of the device under test. Refer
to Table 1-2, Supplemental Performance
Characteristies.

3-28. When FAST is selected, or when MED is
selected and SBIG LEVEL is set to 10mV, the
number of display digits is one less than is
otherwise  possible, Select  FAST  when
measurement speed rather than resolution is the
primary econsideration. When set to SLOW
measurement speed, the 4280A averages the
results of ten MED speed measurements, thereby
reducing display fluctuations,

3-29. MEASUREMENT RANGES

3-30. There are three measurement ranges—
InF/10mS, 100pF/1mS and 10pF/180uS—and two
ranging modes—~AUTO and MANUAL. Each
range allows 90% overranging for capacitance
and 20% overranging for conductance. Each
range provides 10000 counts full secale,
Maximum number of counts is 19600 on all C
ranges and 12000 on all G ranges. Ranging is
controlled by the C-G RANGE keys——AUTO
and MANUAL, When AUTO is selected, the
4280A automaticaily selects the range that best
suits the value of the device being measured.
Figure 3-7 shows the flow diagram of the
4280A's AUTO ranging routine., When the
measurement range is set with the MANUAL
key, range is fixed, regardless of the capacitance
or conductance of the device under test, If the
measured value is too large for the selected
range, one of the overflow annuneciations listed
in Table 3-3 will appear on the C display, G
display, or both.
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Note

The 10pF/180u8 range eannot be used
for connection modes CNI15 through
CN20,

Note

Only the highest measurement range is
available when connection mode CN21,
CN22 or CN23 is selected.

3-31. CONNECTION MODE

3-32. The 4280A has fourteen different
connection modes—-CN10 through CN23--that
make it possible to change the interconnestions
of the test signsl source, ammeter, internal de
bias source, external bias source/pulse generator
(if used), and the UNKNOWN terminals. Figure
3-8 shows the equivalent ecircuit of each
connection mode. Connection modes CN10
through CN20 are used for C and &
measurements in C mode, C-V mode and C-t
mode (refer to paragraph 3-8). The remaining
connection modes-~-C N21, CN22 and
CN23--however, are used for measuring
inductance and resistance for measurement error
correction using a controller, Refer to
paragraph 3-56. More information on connection
modes is given in paragraphs 3-100, 3-143, and
3~216. The procedure for selecting a connection
mode is as follows:

1. Press the blue key.

2. Press the CONN MODE (10--23) key. The
existing conneetion mode will appear on the
V-t display.

3. Key in the connection mode number with the
numerie keys. The number asppearing on the
V-t display will change to the new number,

4. Press the ENTER key. You may, depending
on which connection modes are involved, hear
the connection mode relays operate. The
connection mode number will remain on the
V-t display wuntili & PARAMETER-bias
voltage, for example--is entered.

Note

Connection modes CN10 and CNI15 ean
be selected with the above procedure, or
they can be selected by pressing the
FLOATING CONNECTION MODE key
or the GROUNDED CONNECTION
MODE key, respectively.
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SECTION I

TART

Analog Circuit
overloaded?

Range Up

C value > 19000 counts?
(1900)

"G value > 12000 counts?
(1200}

¢ value < 1800 counts? YES

(180)

YES

G value < 13100 counts? =| Range Down

e

(110}

uncorrected values,

Display counts in parentheses apply when MEAS SPEED FAST is selected, or when MEAS
SPEED MED is selected and SIG LEVEL is 10mV. C and G values in the chart are

Figure 3-7. AUTO Ranging Operation
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Model 4280A
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3-33. UNKNOWN TERMINALS

3-34. Generally, mutual inductance between
test leads, noise from nearby equipment, and the
residuals and strays of conventional connection
methods adversely affect the accuracy of high
frequency impedance measurements. To
neutralize, or effectively eliminate, these error
sources and thereby ensure optimum
measurement aceuracy, the 4280A employs a
two-terminal pair connection method. The
UNKNOWN terminals consist of two female
BNC connectors: HIGH and LOW. See Figure
3-9. ‘The arrangement is an expanded two
terminal method with a built-in guard structure
(three terminal method)., The two-terminal pair
method combines the advantages of the three
terminal method at low frequencies down to de,
while providing shielding and a return path to
prevent mutual inductance. The advantage of
the two-terminal pair configuration is the outer
shield, which provides a return path for the test
signal current. Since the same current that
flows through the center conductors also flows
through the outer shields, but in opposite
directions, no magnetic fields are generated
around the conductors; the magnetie fields
produced by the currents through the inner and
outer conductors completely cancel each other.
Thus, the measurement signal current does not
eause measurement error. Also, because the
two-terminal pair configuration uses 500 coaxial
cables, distortion-~free high speed bias puises can
be used for C-t measurements,

DUT

U UNKNOWN ,D/
Ter

HIGH erminais LOW

Figure 3-9. Two~Terminal Pair Configuration

3-35, HOW TO CONNECT A TEST SAMPLE

3-36. The methods of connecting floating and
grounded devices are described below.

Connecting a floating device:
1. Seleet a floating connection mode—CNIi0

through CN14. The procedure is given in
paragraph 3-31.

SECTION III

2. Conneet the device to be tested between
the center conductors of the HIGH and
LOW UNKNOWN terminals, as shown in
Figure 3-10.

3. Interconnect the outer conductors of the
UNKNOWN terminals as close ss possible
to the device under test. See Figure 3-10.

DuT
U UNKNOWN g
HIGH Terminals LOW

Figure 3-10. Fioating Test Sample Connection

Connecting a grounded device:

1. Select a grounded connectiocn mode—
(CN15 through CN2{. The procedure is
given in paragraph 3-31.

2. If the connection mode selected In step 1
is ON15, CNI18, or CNL17, connect the
device to be tested between the center
conductor and the outer conduetor of the
HIGH UNENOWN terminal. [f CN18,
CN19, or CN20 was selected, though,
connect the device to the LOW
UNKNOWN terminal.

3. Connect the outer connector of the
UNKNOWN terminal to the grounded side
of the device under test. Refer to Figure
3-11.

DuUT
=
U UNKNOWRN
Termingls
HIGH
or
LOW

Figure 3~11. Grounded Test Sample Connection
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3-37. Figure 3-12 shows two methods of using a
wafer prober to connect a test sample to the
4280A. 1f the chuck of the wafer prober is not
grounded, as shown in (A), the test sample is
considered floating. Conversely, if the chuek is
grounded, as in (B), the test sample, which is in
contact with the chuck, is considered grounded.

Note

If the impedance between the grounded
terminal of the sample and ground is
low, diseonnect the shorting strap that
interconnects the ground terminal (L)
and the MEAS CKT COMMON terminal
{ v} on the {ront panel

3-38. EQUIVALENT CIRCUITS
3-38. Any  complex impedance can  be
represented by a simple series or parallel

equivalent cireiiit consisting of a single resistive
element and a single reactive element. This is
possible because both equivalent circuits have
identical impedances at a given test frequency if
the equivalent ecireuit elements are properly

established. The 4280A measures the
capacitance, C, and eonduetance, G, of the
equivalent parallel ecircuit of the device

connected to the UNKNOWN terminals.
3-40. The capacitance value obtained from an
equivalent parallel eircuit measurement will
differ from the value obtained from an
equivalent series cireuit measurement. ‘The
difference is due to the loss of the device being
measured, The higher the loss, the larger the
difference, The impedance of the device under
test, whether measured as an equivalent parallel
circuit or equivalent series circuit, is the same
at any given frequency. This can be proven
mathematically, as follows.

Model 4280A

iB jX R
ot = oo
G
1 .
Y=G+ jB Zﬁ~§7:R+]X
. 1
R TTTE
-G . __B
67+ Bz JETTTET
Expanding, we have
T G . wCy
Vs TG v wic T BT T wiz
where Cp is the equivalent parallel circuit

capacitance (B/w) and Cs is the equivalent series
eircuit capacitance (-1/wX). Obviously, if the
device under test has no losses—-that is, if series
resistance, R, and parallel eonductance, G, are
both zero--equivalent series ecapacitance, Cs,
an¢ equivalent parallel capacitance, Cp, will be
equal. The correlation between Cs and Cp can
be easily determined by wusing a simple
conversion formula that considers the dissipation
factor.  Refer to Table 3-5. In short,
capacitance values obtained from equivalent
series eireuit and eguivalent parallel cireuit
measurements are nearly equal when the
dissipation factor, D, of the device is less than
0.03. The dissipation factor of a component
measured at a given frequency will be the same
for both series and parallel equivalents,

Table 3-5. Dissipation Factor Equations and Equivalent Cireuit Conversion Formulas

qu_uva%ent Dissipation Conversion to Other Modes
Circuit Factor
Crp 2
T S n 2 R D .
O‘EC;EE“’ DWWpr_Q Cs—(1+D}Cp,R——-———-—71+D G
Cs R 2
ool 0 N 1 _ H ] _ D 1
D-wCsR~-Q- Cr = g5 7 bs 6 = v7 K
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3-41. INTERNAL ERROR CORRECTION
3-42. The 4280A is eguipped with an automatic
error  correction  funetion  that  virtually
eliminates the effects of error-causing strays
and residuals inherent in the test leads and test
fixtures used to conneect test samples to the
UNKNOWN  terminals. There are  three
CORRECTION procedures, one for each of the
following conneetion methods:

(1} The furnished 16080A Test Fixture or
another direet connection type test fixture
eleetrically identical to the 16080A is used,

(2) The 16082A 1m Test Leads are used.

{3} The 16081 A 2m Test Leads or
user-fabricated test leads of up to 5 meters
are used. The latter must be fabricated
from standard 500 coaxial cable—P/N:
8120-4195--and the HIGH and LOW leads
must be of equal length,

The error CORRECTION procedures for the
preceeding connection methods are as follows:

{1} Direct Connect Test Fixture

(a) Conneet the test fixture directly to the
UNKNOWN terminals.

{b) Seleet Om with the CABLE LENGTH
key.

{c) Connect nothing to the test fixture,
(d} Set the instrument controls—e.g.,

connection mode, measurement mode,
bias voltage, signal level, and so on—as

appropriate for the desired
measurement.
(e) Press the ZERQ QPEN button. Dashes

will appear on C and G displays, and
5~ mF will appear on the V-t

display. Measurements will resume
after about one to one and a half
seconds.,

(f} Turn on the error correction function
by pressing the CORRECTION
ENABLE kev, Make sure the ENABLE
key indicator lamp is lit,

(2)

(3)

SECTION 11

1 Meter Test Leads

{a) Connect one end of the test leads to
the HIGH and LOW UNKNOWN
terminals. The other ends can be left
unconnected, connected to a connector
plate  (e.g., P/N: 16081-60000,
furnished with the 160824 Test Leads),
or connected to a test fixture.

{b) Seleet lm with the CABLE LENGTH
key.

{c) Connect nothing to the test sample end
of the cables.

(@) Repest steps (d), {&), and {f) of
procedure (1),

(} to 5 Meter Test Leads

{a) Connect one end of the test leads to
the HIGH and LOW UNKNOWN
terminals. Leave the other ends
unconnected.

(b) Select © =~ 5m with the CABLE
LENGTH key.

(e) Press the CAL key {indicator should
light}, and then press the START
button. Dashes will appear on the C
and G displays, and oL will
appear on the Vet display.
Measurements will resume after one to
one and a half seconds,

(d) Connect a connector plate (e.g., P/N:
18081-60800, furnished with the 16081A
Test Leads) or test fixture to the ends
of the test leads.

{e) Repeat steps (d), f{e), and () of

proeedure (1).
Note

If the measurement requires de biasing
from an external source, connect the
bias source to the appropriate EXT
BIAS connector—-FAST or SLOW--on
the rear panel.
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Note

Frror correction procedures (2} and (3)
eompensate for the residuals and strays of
the test leads and, if used, connector plate
or test fixture. Cables, wires, or other
devices used to conneet a test sample to the
test leads, connector plate, or test fixture
will have residual induetance that will cause
an additive measurement error. If the
amount of residual inductance is known, the
percent error for measured capaeitance ean
he approximated from the following graph.
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Residual Inductance

3-43. MATH FUNCTION

3-44. When many components of similar value
are to be tested, it may be more practicsl to
measure the difference between the value of the
sample and a predetermined, or ideal, reference
value than measuring the sample value itself,
When the purpose of the measurement is to
observe the change of a sample's value versus
changes In de bias voltage, time, ete., a direet
measurement of this change makes examination
more meaningful and easier. When a MATH
funection is enabled, calculated values (A, %, A%)
are displayed instead of measured values,

3-45. Each MATH function is deseribed below,

A (difference): )
Caleulates and displays the difference
between measured values and a previously
stored reference value. The formula used
to calculate the difference is

A-B
where A Is the measured value of the
sample and B is the stored reference

value.
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% (percent):
Calculates the ratio between measured
values and a previously stored reference
value. The result  is displayved as a
percentage, The formula used is

= 1604
g X (%)

where A is the measured value of the
sample and B is the stored reference
value.

A% (percent difference):
Caleulates and displays the difference
between measured values and a previously
stored reference value as a percentage of
the reference value. The formula used is

A-B

x 100(%)

where A is the measured value of the
sampie and B is the stored reference
value.

Reference values can be stored using one of the
following procedures. The choice depends on the
measurement objectives,

{1} Storing the measured value of a reference

standard:

{a) Set the instrument controls ag
appropriate for the desired
measurenment.

(b) Conneet the reference standard to the
4280A.

{e) Perform a measurement.

(d) Press the STORE DISPL C'G key.
The V-t display will briefly display
~ F [~ and the measured capacitance
and conduetance of the standard will be
stored.

(2) Storing an arbitrary value:

(2) Set the instrument controls as
appropriate for the desired
measurement.

(b) Press the blue key (indieator lamp will
light), and then press the C-REF key.
Previously stored reference values will
appear on the C and G displays, and
- = F will appear on the V-t
dispiay.
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{¢) Key in the desired C reference value
using the numeric keys, The new value
will appesar on the C display as you key
it in, and will be in picofarads.

{d) Press the ENTER key. The indicator
lamp on the blue key will go off.

Note

The above procedure is for storing a C
reference value. By pressing the
(3-REF key instead of the C-REF key in
step {b), however, this procedure can be
used for storing a G reference value.
The stored wvalue will be in
microsiemens.

After the desired reference values have been
stored, press the A, %, or A% key to turn on the
MATH function. The indicator at the center of
the key will light, To turn off the MATH
function press the same key again. The indicator
will go off. The maximum allowable C and G
reference values are +198999pF and +199%9.8,
respectively. Onee stored, reference values
remain until the 4280A is turned off, self test is
performed, or new reference values are entered.
If the STORE DISPL -G key is pressed while
FUNCTION is set to C or G, only the reference
value for the selected funetion will be stored.
The other reference value will be unchanged.

Note

When the CORRECTION functien is
enabled, the results of a % or A%
MATH operation may differ from
expected results, especially when the
number of display counts is low. For
example, if the stored reference value
and the displayed measured value are
the same, you would expect 100.00(%)
to appear on the display when the %
MATH key is pressed. But because
MATH caleulations use raw
measurement data, which must be
rounded for display, rather than the
displayed measured value, the value
displayed when the % key is pressed
may not be 100.006{%).

SECTION I

3~46. DIGIT SHIFT

3-47., The C< and G o DIGIT SHIFT keys
reduee the number of digits displayed on the C
display and G display, respectively, Each time
one of these keys is pressed, the least significant
digit (right-most digit) of the number appearing
on the corresponding display is deleted. The new
number is automaticglly rounded and shified one
display position to the right. Only digits to the
right of the decimal point can be deleted. The
complete number ecan be redisplayed by
repeatedly pressing the DIGIT SHIFT kev until
the key indieator lamp goes off, If the
instrument control settings are changed--e.g.,
C-G RANGE, MBEAS SPEED, SIG LEVEL--and
the shifted number of digits is not suitable for
the display format, the DIGIT SHIFT function
will be sutomatically reset and the complete
number wiil be displayed,

3-48., INTERNAL DC BIAS SOURCE SAPFETY
FEATURES

3-49. The 4280A is equipped with an internal de
bias source capable of outputting up to 180V,
enough to ecause serious injury to the operator.
To protect the operator against eleetrical shoek
from voltages exceeding =42V, the 4280A has
several built-in safety features.

3~50. When the INT BIAS switch on the front
panel is set to the #£42V MAX position, output
from the internal de bias source is Hmited to
+42V. Control PARAMETERS—DC V, START V,
STOP V, PULSE V, and MEAS V—for the internal
de bias source cannot be set to values exeeeding
+42V when the INT BIAS switch is in this
position. If, however, one of these
PARAMETERS was set to a value exceeding
+42V before the INT BIAS switeh was set to the
+42V MAX position, output from the internal de
hias source wili be disabled and an error code
will be displayed on the V-t displayv when the
SWEEP/V QUTPUT key is pressed. Similarly, if
the setting of the INT BIAS switeh is changed
from =100V MAX to 42V MAX while the
internal de bias source is outputting more than
+42V, or during a swept measurement in which
the output will exceed 242V, output from the
internal de bias source will be disabled and an
error code will appear on the V-t display.
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3-51. When the INT BIAS switeh is in the 180V
MAX position, the REMOTE ON/OFF BNC
connector adiacent to the switeh must be
properly terminated by a user—supplied switch
connected as  shown in  the  following
illustrations. When the switeh is closed, as
shown in the left illustration, the internal de bias
source is enabled and will output voltage in
accordance with the PARAMETER settings when
the SWEEP/V QUTPUT key is pressed. When the
switeh is open, as ghown in the right illustration,
the internal de bias source is disabled; voltage is
not output when the SWEEP/V OUTPUT key is
pressed.

INT BIAS A INT BIAS A
REMOTE REMOTE
£100V Max  ON/OFF 100y MAx ~ ON/OFF

= ki ’”‘L

=42V MAX 242V MAX

CLOSED OPEN

Internal DC Bias
Source Enabled

Internal DC Bias
Source Disabled

The switch connected to the REMOTE ON/OFF
connector can be used to deteet potentially
hazardous conditions. For example, it can be
used to detect the open/closed state of a lidon a
test fixture. When the lid is open, exposing the
measurement terminals, the switeh will be open,
disabling output from the internal de bias
source. Conversely, when the lid is closed,
making it impossible for the operator to touch
the measurement terminals, the switeh will be
closed, enabling output from the internal de bias
source,

WARNING

DO NOT USE THE FURNISHED BNC
SHORTING CAPS (P/N: 1250-0929)
TO SHORT THE REMOTE ON/OFF
CONNECTOR  DURING NORMAL
OPERATION. DOING 80 MAY
EXPOSE THE OPERATOR TO DC
VOLTAGE UP TO 100V,

WARNING

DO NOT LEAVE THE EXTERNAL
REMOTE ON/OFF SWITCH IN THE
CLOSED POSITION. DOING SO MAY
EXPOSE AN UNAWARE OPERATOR
TO DC VOLTAGES UP TO 100V,
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Note

The REMOTE ON/OFF connector
shorting eap (P/N: 12508-0929) is used

for performance testing only.
Performanece Tests are deseribed in
Section IV,

Note

The information given in paragraphs
3-48 through 3-51 does not apply when
the 4280A is set to connection mode
CN14, CN21, CN22, or CN23, and is
valié¢ only when biasing from the
internal de bias source,

3-52. USABLE ACCESSORIES
3-53. Table 3-6 lists the accessories—test

fixture and test leads—that can be used with the
4280A, Refer to Tablie 1-3 for more details.

Table 3-6, Usable Accessories

BC Voltage

Model Description Limitations

16080A | Test Fixture -42V to  +42V

16081A | Test Leads (Z2m) | -100V to +100V

160824 | Test Leads (Im) | -100V to +100V

Note

If test leads having lengths different
from that of the 16088ZA are required,
they can be made from standard 50Q
coaxial cable, available from
Hewlett-Packard as P/N: 8120-4195.
However, such user-fabricated test
leads must not be longer than five
meters, and HIGH and LOW leads must
be the same length.
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3-54. EXTERNAL TRIGGERING

3-55. The 4280A can be externally triggered by
connecting an external triggering deviee to the
EXT TRIGGER connector on the rear panel and
setting the TRIGGER/SWEEP MODE contirol on
the front panel to EXT. The instrument is
triggered (measurement is made) each time a
positive-going TTL level pulse is applied to this
connector {refer to Figure 3-13). External
triggering can also be done by alternately
shorting and opening the center conductor of the
EXT TRIGGER connector to ground (chassis).

Vin r*———"———'

R of - J—-—-

Input Levels: Vi < 0.4V
2.4V < Vi
Pulse Width: Tp > 100us

Trigger Timing: Leading Edge

Figure 3-13. External Triggering Signal

SECTION 111

3-58. EXTERNAL ERROR CORRECTION

3-57. The automatic error correection funetion
deseribed in paragraph 3-41 is intended for
general measurement applications, It has two
disadvantages, however., First, it significantly
reduces measurement speed and secondly, it can
not be used when the HIGH and LOW leads are of
different lengths or when the stray capacitance
between the IMIGH terminal and ground or
between the LOW terminal and ground exceeds
approximately 1pF. By using a computer to
perform error correction, however, you can
shorten measurement time and at the same time
obtain accurate messurement results under
various test lead and stray capacitance
conditions.

External error correction reguires a computer
with HP-IB interface capability to read the raw,
uncorrected measurement data from the 4280A
and then automatically perform the required
error correction. Complete details on external
error correction can be found in the appendix.
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C MODE

3-58. C MODE

3~59. The 4280A is set to C mode when the
internal de bias source is set to === or OFF. In C
mode, the 4280A measures the ecapacitance, C,
and conductance, G, of the device under test
(DUT). The DUT can be de biased at 0V to
+100V from the internal de bias source or at up
to +200V  from an external bias source.
Paragraphs 3-890  through  3-69  describe
instrument operations and funetions that are
unique to C mode operation. For information
concerning basie operations, refer to paragraphs
3-1 through 3-57.

Note
The table below lists the recommended

connection modes and INTERNAL BIAS
modes for C mode measurements.

Sample Connection
ne Bias Floating Grounded
s HIGH-LOW | HICH-GND | LOW-GND
ource
Internal Bias CNIO CN15 CN20
Internal and CN11
External Bias ===
5"?”“31 Blas' ovio CN1S CN18
sing 4 OFF OFF OFF
Bias Network

3-66. INTERNAL DC BIAS SOURCE

3-581. The internal de bias source can ouiput de
voltages up fo 100V over three ranges—1V, 10V,
and 100V--when INTERNAL BIAS iz set to=—.
Table 3-7 lists the coverage and setting
resolution for each range.

Table 3-7. Internal DC Bias Source Ranges

Range Range Coverage Resolution
IV ] -1.998V to +1,999V InV
10V | ~19.99V to +19.99V 10mV
100V | ~100.0V to +100.0V 100mv

3-40

Ranging {auto or fixed) is determined by the V
LIMIT value {deseribed in paragraph 3-64). In
auto-ranging mode, the range that provides the
maximum number of digits on the V-1 display
is automatically selected,

Table 3-8. Auto-Ranging Mode

OQutput Veoltape

Setting Range
=( 0.000 - 1.999)V v
£ 2.00 - 19.99)V v
+(20.0 - 100.0)V 100V

The current output capability of the internal de
bias source is approximately z6mA.

3-62. INTERNAL DC BIAS OPERATION

3-63. Figure 3-15 oprovides a step-by-step
procedure for setting the output voltage of the
internal de bias source. To apply the specified
de bias voltage to a DUT, press the SWEEP/V
OUTPUT key. The red V OUTPUT lamp will
light to indicate that the internal de bias source
fs cutputting voltage.

Note

The V OUTPUT lamp blinks when the
current through the DUT exceeds the
output capability of the internal de bias
source,

WARNING

IF THE VvV QUTPUT LAMP BLINKS
WHEN NOTHING IS CONNECTED TO
THE UNKNOWN TERMINALS, THE
4280A 1S MALFUNCTIONING AND
DANGEROUS VOLTAGE MAY BE
PRESENT AT  THE UNKNOWN
TERMINALS.
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Note

Qutput voltage can be changed while
the V QUTPUT lamp is lit. However, if
autoranging mode is set and the new
output voltage causes a range change,
output voitage will momentarily drop to
0V. To prevent this, use a fixed range.
Refer to paragraph 3-64 for fixed
ranging mode.

Output Voltage

Auto-ranging Mode

51 5.00V

Output Voltage
foed
[}
o)
=

-2 1,

Fixed~ranging Mode

3-64. INTERNAL DC BIAS SOURCE OUTPUT
LIMIT AND RANGE CONTROL

3-65. Output from the internal de bias source
ean be limited to any value between 0 and 100V,
The specified limit value (V LIMIT) is bipolar;
that is, it applies to both positive and negative
output voltages. For example, if V LIMIT is set
to 10V, output from the internal de bias source
will be limited to =10V. 1If an output value
exceeding *10V is entered, it will be
automatically set to +10V if positive, or ~10V if
negative,

Note

This function is applicable in C mode
only.

SECTION 1II

Note

This funetion does not override the
setting of the INT BIAS switch
deseribed in paragraph 3~48.

The V LIMIT value also determines the output
range for the internal de bias source. Refer to
Table 3-9. The procedure for setting V LIMIT is
given in Figure 3-16.

Table 3-9. Internal DC Bias Source V LIMIT vs

Range
V LIMIT Ranging )
Value Mode Range
oy Auto Automgtzcaliy

selected

G.001V to 1,959V Fixed Iy
2,00V to 15,99V Fixed 10V
20.0V  to 100.0V Fixed 100V

*When ¥ LIMIT = 0V, cutput is not limited.

3-66. EXTERNAL DC BIAS

3-67. For measurements that require bias
voltage greater than =100V or bias current
greater than =6mA, use an external de bias
source. The example shown in Figure 3-17(a) is
applicable for bias voltages up to £142V and bias
currents up to +6mA. The example shown in
Figure 3-17(b) is applicable for bias voltages up
to +200V and bias currents up to £100mA.

WARNING

1F DC VOLTAGES EXCEEDING 242V
ARE USED TO BIAS THE DEVICE
UNDER TEST, A GROUNDED COVER
OR SIMILAR DEVICE MUST BE USED
TO PHYSICALLY PREVENT THE
OPERATOR FROM TOUCHING
ELECTRICALLY LIVE PARTS,

3-58. MEASUREMENT EXAMPLE

3-69. The procedure for measuring a floating
sample biased from the internal de bias source is
given in Figure 3-18. Instructions for performing
the same measurament under remote control via
the HP~IB are given in Figure 3-19,
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Procedure for Setting the Output Voltage of the Procedure for Setting the Limit Voltage (V
LIMIT) of the Internal DC Bias Source

Internal DC Bias Source

1. Select == with the INTERN AL BIAS key (D), 1. Press the blue key,(1). The indicator lamp at

the center of the key will light.

2. Press the blue key@. The indicator lamp at
the center of the key will light and the 2, Press the V LIMIT/RNG HOLD key@. The
existing output voltage value will appear on existing V LIMIT setting will appear on the
the V-t display. Vet display. If zero was the last value

entered, ~ . & o will be displayed.

3. Key in the desired output voltage value with
the numertie keys@. The new voltage value 3. Key in the desired V LIMIT value with the

will appear on the V-t display as you key it numeric keys @ The new V LIMIT will
in, appear on the V-t display as you key it in.
4. Press the ENTER key @ 4. Press the ENTER key@.
Note
Note
Output voliage range is
determined by the setting of the V LIMIT can be set only when the
INT BIAS switech. Refer to the 4280A is in C mode.
following table.
INT BIAS Qutput Voltage Note
Switch Setti Ra . . ‘
wrIen oerThie nee Once V LIMIT is set, the internal
100V MAX

de bias voltage range is fixed.

-—1_ OV ~+ 42V Refer to Table 3-8,

+62V MAX Note
£100V MAX

When V LIMIT = 0V is set, ranging
OV o~ 100V for the internal de bias source is
set to auto.

£42V MAX

If an output voltage value
exceeding the limit set by the
INT BIAS switch is set, error code
E~8.3 will appear on . the V-t
display. The last wvalid output
voltage will remain in effect,

Figure 3~15., Procedure for Setting Internal DC Figure 3-16.  Procedure for Setting V LIMIT

Bias Voltage
3-42
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External DC Biasing

1o EXT BIAS SLOW

Y42V MAX. DC POWER SUMF‘PLY

=1

J
O

[5}

I

<+ BIAS V—s
ouT
EXTY INTV

:

BIAS V=INT V-EXT V

where BIAS V is the bias voltage applied to the DU,
INT V is the output from the internal de bias source,
and EXT V is the externally supplied bias voltage.

4280A Control Settings:

Conneetion Mode ssesesrse teecanse vevesr (ON11]
INTERNAL BIAS seeere rersrescrnreran —

CAUTION

USE A CURRENT LIMITTING RESISTOR (approximately 470f) IN THE HIGH
LEAD OF THE EXTERNAL SOURCE TO PROTECT THE 4280A AGAINST
EXCESSIVE CURRENT. [F THE DC POWER SUPPLY HAS CURRENT
LIMITTING CAPABILITIES, SET THE OUTPUT CURRENT LIMIT TO 6mA,

Note
If bias current flows through the DUT, the actual bias voltage applied to the

DUT may be lower than the specified voltage due to the de resistance of the bias
eireuit.

Figure 3-17(a), External DC Bias Application up to + 142V
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External DC Biasging

FLOATING Sample

DC POWER SUPPLY

| OUT

GROUNDED Sample

DC POWER SUPPLY

<)
@

o}

<3 O

C R1  SW

Rz
DUT

Sw

L

* When the DUT is connected to the UNKNOWN LOW
terminal, select connection mode CN18§,

Figure 3-17(b). External DC Bias Application up to 200V (Sheet 1 of 2)
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DC blocking capacitor, I uF, minimum 250V working voltage
Current limiting resistor, 100kQ or more
Discharge resistor, 100Q or more, minimum 20W rating

Discharge switch. OPEN during measurement, CLOSED to discharge the de
bloeking capacitor and DUT

Biasing switeh
Note

Reducing the value of the blocking capacitor, C, degrades measurement
aecuracy.

CAUTION
DO NOT SHORT THE HIGH AND LOW UNKNOWN TERMINALS OF THE 4280A
WHEN THE DUT AND THE DC BLOCKING CAPACITOR ARE CHARGED.
ALSO, TO PREVENT DAMAGE TO THE 4280A, THE TFOLLOWING
PRECAUTIONS MUST BE TAKEN:
* THE DC BLOCKING CAPACITOR MUST NOT EXCEED @uF.
* ONLY CONNECTION MODE CNI10, CN15 OR CN18 CAN BE USED.

* INTERNAL BIAS MODE MUST BE SET TO OFF.

Figure. 3-17 (b). DC Bias Application up to £200V {Sheet 2 of 2)

3-45



SECTION IHf

Model 4280A

Example of C Mode Measurement

1. Set the INT BIAS limit switch as appropriate
for the de bias voltage that will be used in
the measurement, Refer to the table below.

INT BIAS

BC V Range Switch

£100V MAX

FRV~- 2V ’”””L

+A2V MAX

#1100V MAX

4100V ~—100V '1.._.

242V MAX

2. Connect the test fixture or test leads to the
UNKNOWN terminals.

3. Turn on the instrument, and then press the
FLOATING CONNECTION MODE Key,

Note

To measure a grounded DUT,
press the GROUNDED Key.

4. Perform internal or external error
correction, as deseribed in paragraphs 3-41
and 3~58, respectively,

Note

If external error correction is to
be performed, turn off internal
error  correction  function by
pressing the ENABLE Key.

Note
If necessary, set the internal de

bias limit voltage (V LIMIT).
Refer to paragraph 3-64.

Figure 318, C Mode Measurement Example (Sheet 1 of 2)

3-46



Model 4280A

SECTION [l

Set the output voltage of the internal de bias
source. Refer to paragraph 3-54.

Connect the sample tc the test fixture.

Press the SET/RESET key to activate the
internal de bias source. The red V QUTPUT
lamp wilt light while voltage is being output
from the internal de bias source.

Note

When the INT BIAS switeh is set
to +100V MAX, the REMOTE
QON/OFF connector must be short
terminated to enable output from
the internal de bias source. Refer
to paragraph 3-48.

WARNING

BE SURE TO OPEN TERMINATE
THE REMOTE ON/OFF
CONNECTOR WHEN THE
INTERNAL DC BIAS SOURCE IS
NOT IN  USH. THIS WILL
PREVENT ACCIDENTAL
OQUTPUT OF HWIGH VOLTAGES,
UP TO £100V

Note

The REMOTE ON/OFF connector
shorting eap (P/N: 1250-0929) is
required for performance testing.

Note

If the de current through the DUT
exceeds 5mA (approximate}, the V
QUTPUT lamp will blink off and
Oft.

Read the C and G measurement values
displayed on the C display and G display,
respectively.

Note

Measurement accuracy, specified
in Table 1-1, is guaranteed after
the 4280A has been allowed to
warm up at least thirty minutes,

Press the SET/RESET key to deactivate the
internal de bias source, and then remove the
DUT from the test fixture,

Note
The red V OQUTPUT lamp will go

off when the SET/RESET key is
pressed.

Figure 3-18. C Mode Measurement Example (Sheet 2 of 2)

3-47



SECTION III Model 4280A

Example of HP-IB Controlled C Mode Measurement

HE-TB
4280A Controller
i
l. Manually set the INT BIAS switeh ag Note
appropriate for the de bias voltage that will
i}ebiusgdlm the measurement. Refer to the After the 4280A is turned on, its
avte below. HP-I8 address will appear briefly
on the C display., This address
must be wused to program the
INT BTAS instrument via the HP-IB. In the
DC V Range Switch examplies that foliow, the factory
set address, 17 (shown below), is
used. For more information on
+100V MAX the HP-IB address, refer to
| paragraph 3-174.
42V~ — 42V °_L~»
+42V MAX
£100V MAX
+ 100V ~ — 100V '"”L
+42V MAX _
4. Set the 4280A to FLOATING measurement
mode.
OUTPUT 717; "pFL"
Note
2. Connect the test fixture or test leads to the To set the GROUNDED

UNKNOWN terminsals, measurement mode, use the

following program code:
3. Turn on the instrument,

OUTPUT 717; "GN"

Figure 3-19. HP-IB Controlled C Mode Measurement Example (Sheet 1 of 3)
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5. Perform infernal or

and 3-58, respectively.
Note
If external error correction is to
be performed, turn off the

internal correct function. Use
the following program code,

QUTPUT 717; "CED"

Note

¥ necessary, set the internal de
bias limit voltage {V LIMITL
Refer to paragraph 3-6%.

external  error
correction, as deseribed in paragraphs 3-41

OUTPUT 717; "WL 10"+ V LIMIT=10 volts

Note

To change the internal de bias
voltage range selection  to
S .k 5, set the internal de
bias limit voltage to 0 volts,

6. Set the trigger mode to HOLD/MAN.

QUTPUT 717;"TR 3"

7. Set the internal de bias voltage.

OUTPUT 7173 "PV 5™t DC V=5 volts

Note

If a voltage exceeding the V
LIMIT voltage is entered, the V
LIMIT voltage is automatically
set as the output voltage of the
internal de bias source.

8. Connect the DUT to the test fixture.

9, Activate the internal de bias source.

QUTPUT 717;"VO1"

Note

The red V QUTPUT lamp will
light while voltage is being output
from the internal de bias source.

10. Trigger the instrument.

11.

12.

Note

When the INT BIAS switeh is set
to 100V MAX, the REMOTE
ON/OFF econnector must be short
terminated to enable output from
the internal de bias source.
Output from the internal dec bias
source is  disabled by open
terminating the REMOTE
ON/OFF econnector. Refer to
paragraph 3-48 for details on the
REMOTE ON/OFF connector,

WARNING

BE SURE TO OPEN TERMINATE
THE REMOTE ON/OFF
CONNECTOR WHEN THE
INTERNAL DC BIAS SOURCE IS
NOT IN USE. THIS WILL
PREVENT ACCIDENTAL
QUTPUT OF HIGH VOLTAGES,
UP TO 100V,

Note

The REMOTE ON/OFF terminal
shorting eap (P/N: 1250-0929) is
required for performance testing.

Note

If the de current through the
device under test exceeds 5mA
{approximate}, the V 0OUTPUT
lamp will blink off and on.

OUTPUT 717 "EX"

Read and print out the measurement results.

ENTER 7T17; A, B

PRINT A, B

Note
Accuraey of measurement
resuits is specified after =
thirty-minute warmup.

Deactivate the internal de bias source.

OUTPUT 7173 "V00"

Figure 3-19. HP-IB Controlled C Mode Measurement Example (Sheet 2 of 3)
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Note
The red V OUTPUT lamp will go
off when the internal de biss
source is deactivated.

Note
Measurement acecuraey, specified
in Table 1-1, is guaranteed after
the 4280A has been allowed to
warm up at least thirty minutes,

Note

This sample program can be run
on the following controllers,

(1) HP 85 (with 00085-15003 I/O
ROM)

(2 HP 9835A/98358 {with
98332A 1/0 ROM)

{3) HP 68458 (with 984124 i/0
ROM)

{4) P oegls
(3) HPoaszs

(6 HP 9438

Figure 3-19. HP-IB Controlled C Mode Measurement Example (Sheet 3 of 3)
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C-vV MODE

3-70. C-V MODE

3-71. The 4280A is in C-V mode when the
internal de bias souree is set to o or /M . In
C-V mode, the 4280A measures capacitance, C,
and conductance, G, as funetions of swept de
bias., Qutput from the internal de bias source
can be swept in either a single stairease {( & ) or
double staircase (s} manner. Paragraphs 3-72
through 3-80 describe instrument operations and
funetions unique to C-V mode coperation. TFor
information conecerning basic operations, refer fo
paragraphs 3~1 through 3-57.

Note

The  following  Table shows the

recommended connection mode
selection.
FLOATING GROUNDED
HIGH~LOW HIGH-GND LOW~-GND
CN10 CN15 CN2G

3-72. BIAS SWEEP PARAMETERS

3-73. To perform a swept bias measurement in

C-V mode, five sweep parameters—START V,.

STOP V, STEP V, HOLD TIME and STEP DELAY
TIME—must first be set. These paFameters are
described in paragraphs 3-74 through 3-83.
Figure 3-20 shows the timing diagrams for both
single staircase and double staircase sweeps.
The figure also gives the procedure for setting
‘the sweep parameters.

3-74. START V

3-75, START V (start voltage) sets the initial
output voltage for bias sweeps made with the
internal de bias source. START V can be set to
any value within the output range of the internal
de bias source as long as the value does not
exceed  the limit set by the INT BIAS switeh
(paragraph 3-48). Table 3-12 gives the setting
resolution for each START V range.

3-52

Table 3-12. START V Resolution

START V Range [Resolution

E(0.000~1.999 )V ImV

(200 ~1999)V 10mv

(200 ~100.0)V 100mV

3~76. STOP V

3-77. STOP V (stop voltage) sets the final
voltage ( o } or the peak voltage {4 ) for bias
sweeps made with the internal d¢ bias source.
Setting limitations and resolution for STOP V are
identical to those for START V.

Note

If the resclution of the specified
START V value is different from that
of the specified STOP V value, the
value that has the more sensitive
resolution  will  be automatically
rounded to mateh the resolution of the
other value. Because of this rounding
operation the value you key in may be
different from the value appearing on
the V -+t display.

3-78. STEP V

3-79. STEP V ({step voltage) sets the
incremental voltage for bias sweeps made with
the internal de bias source. The settable range
for STEP V is 0V to 200V. Table 3-13 gives the
setting resolution for each STEP V range.

Table 3-13. STEP V Resolution

STEP V Range Resolution

C.000V ~ 3.999v ImV
4.00V ~ 39.99v 0mV
40.0V ~ 200.0V 100mV
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STEP V may be szutomatically rounded up or
down to mateh the resolution of the START V
and STOP V parameters when the bias sweep is
executed. Also, if STEP V is set to 0.004 or
lower when either START V or STOP V is higher
than +1.999V, the microprocessor will assume a
STEP V vaiue of 0.300V. When the bias sweep is
executed, the internal de bias source will output
the specified START V voltage, and, after
measurement has been made, will ry to
increment the output voltage by the specified
STEP V value, Since $.800V is assumed for STEP
V, however, ouiput cannot be ineremented, If
SINGLE SWEEP MODE is set, the sweep will
stop after measurement has been made at the
START V voltage; if REPEAT SWEEP MODE is
set, measurements will be made repeatedly at
the START V voltage.

SECTION TIII
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Figure 3-20, Bias Sweep Set-up Procedure (Sheet 1 of 3)
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The procedure for setting up the internal de bias
source to perform a bias sweep is given below.

1. Select either - or
INTERNAL BIAS key.

MMy with  the

[START V Setting]

2. Select the START V PARAMETER by
repeatedly pressing the (&) or [Z]
PARAMETER key until the lamp adjacent to
START V lights.

3. Press the blue key. The lamp at the center
of the key will light and the existing START
V value will appear on the V-t display.

4, Key in the desired START V value with the
numerie keys, The new START V value will
appear on the Vet display as you key it in.

5. Press the ENTER key. The lamp at the
center of the blue key will go out.

[STOP V Setting]

6. Press the PARAMETER key once to
select STOP V.,

7. Press the blue key. The lamp at the center
of the key will light and the existing STOP V
value will appear on the V-t display.

8. Key in the desired STOP V value with the
numerie keys, The new STOP V value will
appear on the V-t display as you Key it in.

9, Press the ENTER key.
[STEP V Setting]

10. Press the 2J PARAMETER key once to
select STEP V.

11. Press the blue key. The lamp at the center
of the key will light and the existing STEP V
value will appear on the V-t display.

12, Key in the desired STEP V value with the
numeric keys. The new STEP V value will
appear on the V-t display as you key it in.

13. Press the ENTER key.

[HOLD TIME Setting]

14, Press the PARAMETER key once to
seleet HOLD TIME.

15. Press the blue key.

16, Key in the desired HOLD TIME value with
the numerie keys. If the unit for HOLD
TIME is milliseconds, press the ms key
{(INTERNAL BIAS key)., The ms unit
indicator lamp adjacent to the V-t display
will light.

17. Press the ENTER key.
[STEP DELAY TIME Setting]

18. Press the [¥) PARAMETER key once to
select STEP DELAY TIME.

14, Press the blue key.

20. Key in the desired STEP DELAY TIME value
with the numerie keys. If the unit for STEP
DELAY TIME is milliseconds, press the ms
key (INTERNAL BIAS key). The ms unit
indicator lamp adjacent to the V-t display
will lght.

21. Press the ENTER Key.
Note
START V and STOP V are limited

by the setting of the INT BIAS
switeh, as shown in the following

table:
START V and INT BIAS
STOFP V Range Switch Setting
$100V MAX
+ 42V ~ - 42V
142V MAX
100V MAX
+ 100V ~ — 100V »—L__
142V MAX

Figure 3-20. Bias Sweep Set-up Procedure (Sheet 2 of 3)
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If a value exceeding the limit set
by the INT BIAS switch is entered
for START V or STOP V, error
code E-8.0 or E~-8.1 will appear on
the V - t display.

Note

If an error-code is displayed on
the V-1 display, press the blue
key and then re-enter the
PARAMETER value correctly,

Note

The START V, STOP V, and STEP
V values stored in the 4280A%
internal memory, displayed on the
front panel, and used during a
swept megsurement may differ
slightly depending on the various
voltage ranges used. Refer to the
example given in the following

table. Each value stored in
memory always has the maximum
number of digits possible on the
corresponding  voltage  range,
Dispiayed START V and STOP V
values always have the maximum
number of  digits for the
corresponding voltage range. The

value used during swept
measurements always has the
maximum  number of  digits

possible on the voltage range
corresponding to the highest of
“the three values.

Stored in Memory | V.t Display | Sweep

START V 3,21V 3.2V 3.2V
STCP V 40.0V 40.0V 40.0V
STEP V 1.234v 1,234v 1.2V

Figure 3-20. Bias Sweep Set-up Procedure (Sheet 3 of 3)

3-80. HOLD TIME

3-81. HOLD TIME sets the bias stabilization
periods at the beginning and end of bias sweeps
made with the internal de bias source. Settable
range is 3ms to 650s. Table 3-14 gives setting
regolution.

Table 3-14. HOLD TIME Resolution

CTME Reso-
HOLD TIME Range Tution
3ms ~ £5ms Ims
70ms ~ 9999s 10ms

100.0s ~ 86500s i00ms

3-56

3-82. STEP DELAY TIME

3-83. STEP DELAY TIME sets the bhias
stabilization period for each step of a bias sweep
made with the internal de bias source, Settable
range and resolution are identical to those for
HOLD TIME,

3-84. C~V MODE MEASUREMENT EXAMPLE

3-85. Figure 3-21 gives the procedure for
measuring the C-V characteristies of a floating
sample, Figure 3-22 gives the procedure for
performing the same mesasurement under HP-IB
control.
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1.

2.

Example of C-V Mode Measurement

42804

Prober's Chassis

Connect the test fixture or test leads to the
UNKNOQOWN terminals.

Turn the 4280A on.
Note

When first turned on, the 4280A is
automatically set to connection
mode CNI1§ and is ready to
measure a floating device. To
measure a grounded device, press
the GROUNDED CONNECTION
MODE key.

Note

Measurement accuracy, specified
in Table 1-1, is guaranteed after
the 4288A has been allowed to
warm up at least thirty minutes.

Set the INTERNAL BIAS to ~ , set the
SWEEP MODE to SINGLE, and enter the bias
sweep parameters — START V, 8TOP V,
STEP V, HOLD TIME, STEP DELAY TIME —
as deseribed in Figure 3-20.

perform  internal or  external  error
correction. Refer to paragraphs 3-41 and
3-58, respectively.

Connect the device to be tested.

6.

9.

Press the SWEEP/V OUTPUT (gold-colered)
key to start the bias sweep measurement.
The red V QUTPUT lamp will light and the
START V wvalue will appear on the V-t
display. C and G displays will display = ==~ - \

Capacitance and conductance values
measured at the bias voltage displayed on the
V-t display are displayed on the C and G
displays, respectively, until the next
messurement at the next bies voitage is
completed.

The red V OUTPUT lamp will go off after the
last measurement (at the STOP V bias
voltage) is completed.

Remove the device.

Note

To record measured data, use one
of the following:

{1) X-Y recorder
paragraph 3-156)

(refer to

(2) Printer that has a listen only
HP-IB capability (refer to
paragraph 3-176)

(3) HP-IB
3-22)

system (see Figure

Figure 3-21. C-V Mode Measurement Example (Sheet 1 of 2)
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Note

Depending on  the  specified
START vV, 8TOP V, and STEP V
values, the last step of a bias
sweep may be fifferent from the
specified STEP V value. For
example, if START V = 0V, STOP
V = +5V, and STEP V = 2V, ocutput
from the internal de bias source
will be swept as shown below
when the SWEEP/V  OQUTPUT
START/STOP key is pressed.

START Ve~ — — — ot e +0V

3-58
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Example of HP-IB Controlled C-V Mode Measurement

HP-1IB

£2B0A ——— 3] Coniroller

Prober's Chassis

Interconnect the 4280A and controller with
an HP-IB cable.

Turn on the 4280A and controller.

Load the sample program listed in Figure
3-42.

Connect the device to be tested.

Run the program. Measurement results will
be displayed on the controlter’s CRT.

Programming Hints

There are three ways to read
measurement éata. The selection depends
on the specified STEP DELAY TIME, data
transfer (interfacing) speed, and the
printing speed of the printer (if used).

STEP DELAY TIME is long enough for
data to be read and then printed.

STEP DELAY TIME is long enough for
data to be read; printing, however,
cannot be performed.

STEP DELAY TIME is not long enough
for data to be read.

Chuck

There are three methods to determine the
"Mast data" condition in standard data
transfer mode ( (1) and (2) above). In
bloek data transfer mode, the data ready
bit of the status byte is set when the last
measurement is completed.

1) Read the V data. For single staircase
sweep { ¢ ), Mast data" occurs when V
data equals STOP V; for a double
staircase sweep (M), T"last data"
oceurs when V dats equals START V.

2) Count the number of measurement
points. "Last data" occurs when the
number of measurement points s
eqgual to

(STOP V) - {START V)
{STEP V)

for a single staircase sweep ( & ), or

(STOP V) - (START V)
(STEP V)

2 X

for a double staircase sweep (M),

3) Read the status data in BINARY
format (refer to paragraph 3-190}). Bit
§ is set when *last data" occurs,

For details, refer to Figure 3-42.

Figure 3-22, HP-IB Controlled C-V Mode Measurement Example (Sheet 1 of 2}
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{ START }

L

{ START J

Establish 4280A
Control Settings

Establish 4280A
Contrel Settings

{

Start the Sweep

Start the Sweep

{ START )

Establish 4280A
Control Settings

/

Select Block Data
Transfer Mode

1

Read Data

Read Data

Print Data From
One Measurement

Last Data?

Last Data?

YES

Print All Data

NO

]

Start the Sweep

Wait Until
Sweep Ends

Block Data
Transfer

Print All Data
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C-t MODE

3-86. C-t MODE

3-87. When set to C-t mode, the 4280A applies
a bias pulse to the device under test and then
measures capacitance and conductance at a
constant time interval, The bias pulse width (th)
and the measurement interval (td) are
user-selectable over the range of 10ms to 32s. If
an external pulse bias source is used, however,
the lower limit for th and td is 10us. Paragraphs
3-88  through  3-155 deseribe  instrument
operations and functions that are unique to C-t
mode operation. Information econcerning basie
operations is ecovered in paragraphs 3-1 through
3-37. The procedure for setting the 4280A to
C-t mode is given below.

1. Turn the 4280A on.
2. Press the blue key.

3. Press one of the PUNCTION keys—C:G, C,
or G. The lamp at the center of the key will
flash off and on.

Onee C-t mode is set, it is not necessary to press
the blue key to select another measurement
funetion. Simply press the desired function key.
Te exit C-t mode, press the blue Key and then
press the FUNCTION key whose indicator lamp
is {lashing.

Note

MEAS SPEED SLOW cannot be selected
when the 4280A is in C-t mode.

Note

In C-t mode, AUTO ranging is
performed  only  for the first
measurement of a C-+G-t, C-t, or G-t
measurement. All subsequent
Mmegsurements are made on the range
selected at the first measurement
point, If the measured value at a later
measurement point is larger than that
of the first measurement point, a
measurement overflow may occur. To
prevent this, manually select the
appropriate range before starting the
measurement,

3-62

Note

During a C~t mode (BURST integration
mode) measurement, if a front panel
key is pressed or a range change oceurs,
the microprocessor may not be abie to
control the measurement cireuits with
the correct timing, and error code
E-11.2 may appear. To aveid this de
not operate any switches or keys, and
uge MANUAL ranging mode. If the
4280A is operated via the HP-IB, do not
read the 4280A's status byte using
serial polling, and do not read the
measurement data at each
measurement point. Use block date
transfer mode.

3-88. C-t PARAMETERS

3-89, To perform a C-t measurement, five
parameters—PULSE V, MEAS V, NO OF
READINGS, th (PULSE V width), and td
(measurement interval)--must first be set.
These parameters are described in paragraphs
3-80 through 3-99. Figure 3-23 shows the timing
diagram of a C-t measurement and gives the
procedure for setting the C+f parameters.

3-90. PULSE Vv

3-91. PULSE V ({pulse voltage) sets the
amplitude of the bias pulse supplied from the
internal de bias source. Settable range is 0V to
+100V. Resolution is given in Table 3-15. If the
specified PULSE V and MEAS V (paragraph 3-92)
values have different resolution, the parameter
with the higher (more sensitive) resolution will
be rounded to suit the lower (less sensitive)
resolution of the other parameter.

Table 3-15. PULSE V Resolution

PULSE V Range [Resolution

+(0.000~1999)V imV

(200 ~1989)V i0mV

+(200 ~1000)0V 100mV
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3-92. MEAS V

3-93, MEAS V (measurement voltage) sets the
bias voltage to be applied to the device under
test during measurement. Settable range and
resolution are the same as those of PULSE V.
Refer to Table 3-15. 1f the specified PULSE V
and MEAS V values have different resclution, the
parameter with the higher (more sensitive)
resolution will be automatically rounded to suit
the lower (less sensitive) resclution of the other
parameter.

Note

When PULSE V or MEAS V values
greater than 42V are used, be sure to
set the INT BIAS switch to the 130V
MAX position.

3-94. NO OF READINGS

3-95. NO OF READINGS {number of readings)
sets the total number of measurements that will
be made after the bias pulse period, Settable
pange is 1 to 98948,

3-96. th

3-87., th (hold time) sets the width of the bias

pulse (PULSE V). Settable range is 10ps to 32s.
Resolution is given in Table 3~16.

Table 3-16. th Resolution

th Range Resclution
Dus =thx 65ms 1Wus
66me < th< Is 50015
ls =th< 10s I ms
10s = th= 32s 10 ms
Note

When & th value outside allowable
resolution is set, it is automatieally
rounded. Refer to the following
examples.

SECTION 1li

Entered th Value Set Value
9949258 = th < .99975s 99%.5ms
099758 & th < 1.0006 1.000s

3-38. td

3-9G, td (delay time) sets the measurement
interval. Settable range is 10us to 32s.
Resolution is the same as that of th. Refer to
Table 3-16. It is important to note that
measurement interval, td, is the time from the
mid-point of one measurement period to the
mid-point of the succeeding measurement
period. 1t is not the time between successive
measurement periods.

3-100. PULSE BIAS SOURCE

3-101. The bias pulse required for C-t mode
measurements can be supplied either from the
4280A's own internal de bias source or from an
external pulse generator connected to the rear
nanel of the 4280A. Bias pulses supplied from
the internal de bias souree can be used onty when
the bias eurrent does not exceed xB6mA and the
device being measured has a relatively slow
transient capacitance characteristic, However,
no external equipment is required. For devices
that exhibit quick response curves, an external
pulse generator is best. Complete
synchronization between the 4280A and the pulse
generator is easily accomplished. Refer to
paragraph 3-128, The table below lists the puise
bias source recommended for various ranges of
measurement interval (td) values.

td Range Pulse Bias Source

10us to 3Zs External FASYT

200us  to 3Zs External SLOW

Internal

250ms* to 32s

*  When C or G funetion is seleeted and
FAST measurement speed is used, td
down to 150ms (local operation) or down
to 10ms {(HP-IB block data transfer
mode) can be used. Refer to paragraph
3-110.
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3~102.

3-103.

3-17.

CONNECTION MODE SELECTION

The connection mode used for a C-t
mode megsurement must be selected according
to the type of measurement
srounded — and biasing method. Refer to Table

—  Floating or

Table 3-17. Connection Mode Selection

Pulse Floating Grounded
Bias
Source HIGH-LOW HIGH-GND LOW-GND
Internal CH1D CN15 CN20
Ext. SLOW CN1Z CN17 CN19
Ext. FAST CN13, CNI4

3-64
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3-104. DC OFFSET FOR PULSED BIASING
3-105. When performing a floating
measurement with bias pulses output from the
UNKNOWN HIGH termingl, a de offset voltage
can be output from the UNKNOWN LOW
terminal. This application is useful when the
external pulse generator does not have de offset
capability., For details refer to paragraphs 3-112
and 3-128.
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fe—  th 2wl

!

PULSE V

Bias Veltage __i. . _ _ _ ] Y L e e e e — ov

th = Pulse Width
td = Measurement Interval
t = Measurement Time

t n*
Cor G I.___

td td td td td td td td td

*n subscript is NO OF READINGS.

Figure 3-23. Procedure for Setting C-t Mode Parameters {Sheet 1 of 3)
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C-t Mode Parameter Setting

BEH swen e s
- R

A2V = MAK A

0

The procedure for setting the wvarious
parameters—PULSE V, MEAS V, NO OQF
READINGS, bias pulse width {th}, and
measurement interval {td)}--required to perform
& C-t measurement using the internal de bias
souree is given below,

1. Turn the 4280A on,

2. Press the blue key. The lamp at the center
of the key will light.

3. Press the desired FUNCTION key--C-(, C,
or G. The lamp at the center of the key will
flash off and on, indiecating that the 4280A
is in C-t mode.

[PULSE V Setting]

4. Select PULSE V with the (€] or (&)
PARAMETER key.

5. Press the blue key. The existing PULSE V
value will appear on the V-t display.

6. Key in the desired PULSE V value with the
numerie keys, The new value will appear on
the V-t display as it is keyed in.

7. Press the ENTER key.

[MEAS V Setting]

8. Seleect MEAS V by pressing the
PARAMETER key once.

9. Press the blue key. The existing MEAS V
value will appear on the V-t display.

18. Key in the desired MEAS V value with the
numeric keys. The new value will appear on
the V-t display as it is keyed in.

11, Press the ENTER key.
[NO OF READINGS]

12. Select NO OF READINGS by pressing the
[Z] PARAMETER key once.

13. Press the blue key. The existing NO OF
READINGS value will appear on the V-t
display.

t4. Key in the desired NO OF READINGS value
with the numeric kevs. The new value will
appear on the V-t display as it is keyed in,

15, Press the ENTER key.
fth Setting]

16. Select th by pressing the PARAMETER
kKey once,

17. Press the blue key. The existing th value
will appear on the V-t display.

[8. Key in the desired th value with the numeric
keys. The new value will appear on the
Vet display. If the unit of the displaved
value is to he ms, press the INTERNAL
BIAS key.

19. Press the ENTER key.

Figure 3~23. Procedure for Setting C-t Mode Parameters (Sheet 2 of 3)
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20.

21.

22.

23.

[td Setting]

Select td by pressing the PARAMETER
key once,

Press the blue key, The existing td value
will appear on the V-t display.

Key in the desired td value with the numeric
keys, The new value will appear on the
V+t display. If the unit of the dispiayed
value is to be ms, press the INTERNAL
BIAS key.

Pregs the ENTER key.
Note
If a voltage or time exceeding
prescribed limits is entered, an

error code will appesr on the
V-t display.

Note

For external pulse-biased C-t
mode measurements the
INTERNAL BIAS should be set to
OFF or ==, and PULSE V and
MEAS V eannot be entered. Only
DC V (only when == is selected),
th, td, and NO OF READINGS
need to be set. PULSE V and
MEAS V are set by the external
pulse bias source. The procedure
for setting DC V is as follows,

[DC V Setting]

1. Seleet DC V with the [Z] or
(&) PARAMETER key.

2. Press the blue key.

3. Key in the desired DC V value
with the numeric keys.

4, Press the ENTER key,

Figure 3-23. Procedure for Setting C-t Mode Parameters (Sheet 3 of 3)
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Internal Pulse Biasing

3-106. C-t MODE MEASUREMENT WITH
INTERNALLY SUPPLIED BIAS PULSE

3-107. To perform a C-t mode measurement
using the internal de bias source as the bias pulse
source, set the 4280A to C-t mode (refer to
Figure 3-4) and set INTERNAL BIAS to 1r. Set
the PULSE VvV, MEAS V, NO OF READINGS, th
and td parameters as appropriate for the
measurement.

Note

The following  table  lists the
recommended connection modes,

Floating Grounded
HIGH-LOW B IGH-GND LOW-GND
CN10 CNI15 CN20

3-108. th (PULSE BIAS WIDTH) SETTING
’ RANGE

3-109. The width of the bias pulse {(PULSE V) is
determined by the specified th value. The
settable range for th is 10ms to 32s, Table 3-16
lists the setting resolution for th.

Model 4280A

3-110. ¢d {MEASUREMENT
SETTING RANGE

INTERVAL)

3-111. The settable range for td (measurement
interval) depends on several factors:
measurement function, measurement speed, and,
when under remote econtrol via the HP-IB, data
transfer mode and output data format. Table
3~19 lists the settable ranges for td when a C-t
mode measurement is made using the internsl
pulse bias source.

3-112. EXTERNAL BCe OFFSET OF
INTERNALLY SUPPLIED PULSE
BIAS VOLTAGE

3-113. An external de bias source can be used
to provide offset voitage for internsally biased
C-t  mode measurements. Offset voltage
supplied in this way must not exceed 42V, and
maximum allowable current is x6mA. The
external de bias souree must be connected to the
EXT BIAS SLOW BNC connector on the rear
panel of the 4280A. This application can be used
in connection mode CN11.

3-114. EXAMPLE OF INTERNALLY BIASED
C-t MODE MEASUREMENT

3-115. Figure 3-25 gives the procedure for
making a C-t mode measurement on a floating
device. Figure 3-26 gives additional information
on performing the same measurement under
HP-IB control.

Table 3-19. td Setting Range (Internal Pulse Bias)

Data Cutput bata N— MEAS SPEED
Transfer Format FUNCTION FAST MED
C G-t 200ms to 32s 250ms to 32s
ASCIT Qutput
Standard Cc-t, G-t 150ms to 32s 200ms to 32s
Mode C G-t 50ms to 32s | 100ms to 32s
BINARY Output
C-t, G-t 20ms to 3Zs 50ms to 32s
Block ASCIT Qutput C G-t 50ms to 32Zs 100ms to 32s
Mode or
BINARY Output| C-t, G-t 10ms to 3Zs 50ms to 32s

3-88
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Example of Internal Pulse Bias C~t Measurement

1.

2.

42808

Proper's Chassis

Connect the test fixture or test leads to
the UNKNOWN terminals,

Turn the 4280A on.

Note
Measurement accuracy, specified in
Table 1-1, is guaranteed after the

4280A has been allowed to warm up at
least thirty minutes.

Set the 4280A to C-t mode. INTERNAL
BIAS mode will be automatically set to 1y .
(Refer to Figure 3~4.)

Set the C-t mode parameters — PULSE V,
MEAS V, NO OF READINGS, th (bias pulse
width), and té (measurement interval} -~ as

deseribed in Figure 3-23. Set SWEEP
MODE to SINGLE.
Perform internal or external error

correction as deseribed in paragraphs 3-41
and 3-56, respectively.

connect the device to be tested,

Press the SWEEP/V QUTPUT key to start
the measurement. The red V OUTPUT
lamp will light and the time of the first
measurement will be displayed on the
V-t display. The C and G displays will
display- - - - - .

8.

9.

10.

Water

Capsacitance and  conduectance  values
measured at the time displayed on the
V-t display will appear on the C and G
displays, respectively, and will remain until
the next measurement is completed.

The red V QUTPUT lamp will go off after
the specified NO OF READINGS have been
taken.

Remove the test device,

Note

An X-Y recorder or a listen only printer
can be used only when td is relatively

long. Bloek data transfer mode is
recommended for Gt mode
measurements. Refer to paragraph
3-194,

Figure 3-25. Internal Pulse Bias C-t Mode Measurement Example
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Example of HP-IB Controlled Internal Pulse Bias C-t Measurement

HP-IB

4280A e | CoRTTOllex

Prober's Chassis

Turn off the 4280A and controller, and then
interconnect both with an HP-1IB eable.

Turn the 4280A and controller on.

Load one of the sample programs listed in
Figure 3-42.

Connect the device to be tested.

Run the sample program. Measurement
results will be printed cut.

Note

Refer to Figure 3-42 for details on
sample programs.

Figure 3-26. HP-IB Controlled Internal Pulse Bias C-t Mode Measurement Example
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External Pulse Biasing

3-116. C-t MODE MEASUREMENT USING
EXTERNALLY SUPPLIED BIAS PULSE

3-117. The bias pulge required for a C-t mode
measurement can be supplied either from the
4280A's internal de bias source or from an
external pulse generator connected to the rear
panel of the 4280A, Internally supplied pulse
biasing is suitable for devices having slow to
medium transient response. To measure devices
that have fast response, though, externally
supplied pulse biasing is preferable, The 4280A
can perform either SLOW or FAST C-t mode
measurements using externally supplied pulse
biasing. The  choice  depends on the
characteristies of the device being measured and
on the measurement objeetives, SLOW C-t mode
measurement provides better accuracy than that
of a FAST C-t mode measurement. The latter,
however, provides optimum speed. Table 3-20
lists the connection modes that can be used for
each type of measurement.

Table 3-20. Connection Modes for SLOW and
FAST C-t Mode Measurements

External Floating Grounded
bias HIGH-LOW | HIGH-GND | LOW-GND
SLOW CNI2 CN17 CN19
FAST CN13, CN14

3-118, MEASUREMENT INTEGRATION MODE

3-119. Two modes of integration are available
for externally biased C-t mode measurements:
BURST and SAMPLING. In BURST integration
mode, the 4280A makes one measurement per
measurement point. In SAMPLING integration
mode, however, it repests several partial
measurements at each measurement point.
Figures = 3-27 and 3-28 show BURST and
SAMPLING integration modes, respectively.
The integration mode is automatically selected
depending on the PUNCTION, CONNECTION
MODE, MEAS SPEED, and td (measurement
interval). Refer to Tables 3-25 and 3-28.

Note
If td is shorter than 5s, measurement

integration mode can be set via the
HP-IB.

372
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3-120. BURST INTEGRATION MODE

3-121. In  BURST integration mode, the
instrument applies one bias pulse to the device
under test, and then makes the speeified number
of measurements (NO OF READINGS) at the
specified measurement interval (td). Figure 3-27
shows this. BURST integration mode results
when td is much longer than the 4280A's
measurement time,

3-122. SAMPLING INTEGRATION MODE

3-123. In SAMPLING integration mode, the
4280A makes a number of sample-and-hold-type
measurements at eaeh measurement point. The
4280A applies a bias pulse to the deviee under
test, and then makes a very short measurement,
allowing the integrator inside the 4280A to
charge for only a fraction of the usual time. The
charge is held and another bias pulse is applied
to the device under test. A second short
measurement is made and the integrator charges
a little more. This process is repeated until the
cumulative charge times equal the normal
integration charge period. Refer to Figure
3-28. The number of samples per measurement
depends on the td value multiplied by k, which is
an  ordinal number representing a  given
measurement point — 1, 2, 3, .., NO OF
READINGS, SAMPLING integration mode
allows C-t mode measurements with
measurement intervals as short as 10us.

Note

In SAMPLING integration mode, the
following eonditions must be satisfied.

{1) tdx N < 5s
where td is the measurement

interval and N is NO OF
READINGS.
(2)
MEAS SPEED
FUNCTION
FAST MED
C-G-t th<500-td th<100-td
C-t, G-t | thg500.td | th<200-td

td: Pulse Width
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3-124. USING AN EXTERNAL PULSE
GENERATOR FOR PULSE BIASING

3-125. To use an external pulse generator (the
HP 81124, for example) to supply the bias puises
necessary for C-~t mode measurements,
interconneet the 4280A and pulse generator as
shown in  Figure  3-29. Pulse  height,
measurement de bias voltage, and pulse width
are econtrolled by the puise generator.
Depending on the eonnection mode, the internal
de bias source can be used in conjunction with an
external pulse generator. Refer to paragraph
3-128. The 4280A provides a SYNC OUTPUT
sighal to synchronize the pulse generator with
the measurement. SYNC OUTPUT also controls
the bias pulse width. To use this feature, you
must set the pulse generator to EXT WIDTH (E.
WID on the HP 8112A) operating mode. Refer to
paragraph 3-126.

3-126. SYNC OUTPUT

3-127. The SYNC QUTPUT connector on the
rear panel of the 4280A outputs a TTL level
signal at the start of C-t mode measurements.
The duration of the pulse is equal to the th (pulse
width) setting. This signal is used to synchronize
the bias puises supplied¢ from an external pulse

i

T & Fairba nks

SECTION HI

. TTL HIGH
SYNC QUTPUT | TTL LOW
th
‘-r_mr----l-j—‘ o (HIL)
PULSE GENERATOR - — o n oo o SHEE LTSy
QUTPUT offset
j
t=0
Figure 3-30. Pulse Generator Output
Controlled by SYNC OUTPUT

Signal

3-128. bC OFESET OF BEXTERNALLY
SUPPLIED PULSE BIAS VOLTAGE

3-129. Pulse bias voltage supplied from an
external pulse generator can be offset using the
internal de bias source or another external
source. See Table 3-22. For details on de offset,
refer to paragraphs 3-132, 3-145 and 3-147. This
feature can be used only when the 42804 is set
1o floating connection mode,

Table 322, DC Offset of External Pulse Voltage

generator with the measurement. This signal is Pulse Bi 3 Connection DC Bias S
available only when the 4280A is set to C-t mode ulse blas source Mode - Dras Souree
and when the internal de bias source is not set to
1r (pulse). Figure 3-30 shows the SYNC Ext. SLOW {N12 Internal
QUTPUT signal,
CN13 Internal
Ext. FAST
CN14 External
To EXT BIAS SLOW
or To EXT BIAS FAST
Te SYNC QUTPUT
» .
E EXT INPUT CUTPUT
PULSE GENERATOR

Figure 3-29., External Pulse Generator Connection
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BURST Integration Mode

In BURST integration mode, the 4280A applies
one bias pulse to the device under test and then
makes the specified number of measurements

{(NO OF
measurement

READINGS) at  the
interval (td).

specified
Figure A below

shows one measurement point of a C-t mode
measurement made in BURST integration mode,

Figure B shows the

entire measurement,

tc.a:  Measurement Time
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Figure 3-2%7. BURST Integration Mode




SECTION I

point.

the 4280A
integration

sample-and-hold-type

of
eachy measurement

in SAMPLING

integration mode,
mode. Figure B shows the entiré measurement.

number
at
made

a
measurements

SAMPLING

makes
Figure A below shows a portion of a C-t mode

SAMPLING Integration Mode

measurement
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Figure B
Figure 3-28. SAMPLING Integration Mode




SECTION III

3-130. EXTERNAL PULSE BIAS SLOW -t
MEASUREMENT

3-131. To set up an external bias SLOW C-t
mode measurement, (1) set the 4280A to C-t
mede (refer to Figure 3-4), {2) select the desired
connection mode (refer to the table below), and
(3} set the INTERNAL BIAS to OFF.

Floating Grounded
HIGH-LOW HIGH-GND LOW-GND
CN12 CN17 CN19

3-132. DC BIAS OQOFFSET FOR SLOW C-
MEASUREMENTS

3~133. The internal de bias source can be used
as a de offset source. However, bias current
should not exceed z6mA and a floating
connection mode should be used. To offset the
pulse bias, set the INTERNAL BIAS to == and
set the DC V parameter as appropriate.

3-134. BIAS-PULSE WIDTH (th) SETTABLE
RANGE (SLOW C-t)

3-135. For an external pulse bias SLOW C-t
mode measurement, the settable range for the
bias-puise width depends on integration mode.
Refer to Table 3-23.

Table 3~23. Bias-Pulse Width (th) Settable
Range (SLOW C-t)

Integration

th Range:
Mode

SAMPLING Mode

BURST Mode Bas = th = 32s

Note

In  SAMPLING  integration  mode,
bias-pulse width (th) is also limited by
measurement interval (td). Refer to
paragraph 3-122,
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3-136. MEASUREMENT INTERVAL (td)
SETTABLE RANGE (SLOW C-t)

3-137. For an external pulse bias SLOW C-t
mode measurement, the settable range for the
measurement interval (td) depends on integration
mode, measurement function, and data transfer
mode. Refer to Table 3-25. For local operation
use the shaded area of the table.

3-139. EXTERNAL PULSE BIAS SLOW C-t
MEASUREMENT EXAMPLE

3-140. Figure 3-31 gives the procedure for
performing an external pulse bias SLOW C-t
measurement on a floating device. Figure 3-32
gives additional information for performing the
same measurement under remote control via the
HP-IB.
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Tabie 3-25. Measurement Interval {td) Settable Range (SLOW C-t)

SECTION 1IH

T'rg:ai?er Oglgit runction I‘VSqIFfE\HSDD Measurement Interval {td) Settable Range
Mode Format R 2005~ J Whas ~ § 20m: 200 ~ ~
C-G-t
ASCIT
C-t
Standard or
Data G-t MED
Transfer :
Mode FAST SAMPLID BURST
C-G-t
MED SAMPLING BURST
Binary
C-t FAST SAMPLING BURST
or
G-t MED SAMPLING BURST
FAST SAMPLING BURST
Block ASCII {CG-t
Data MED SAMPLING BURST
Transfer | or T
Mode C-t FAST |SAMPLING BURST
Binary or
G-t MED SAMPLING BURST

% If td is shorter than 5s, SAMPLING integration mode can be
selected by using remote program code "SALY For local operation,
uge the shaded area of the table.

3-17
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Example of External Pulse Bias SLOW C-t Measurement

To SYRC QuTPHT
To EXT BIAS SLiw —ll

4258A i BI12A

=] EXT, INPUT  QUTRUT
A 1
E
| b
: Cosxial Probes E
"“f.“"j:f‘;\ k
E I\ |
E -“’ ” ’ arer
E Gy :
g e 5
3 1
' Chuck i
! !
| !
\ b
; 1
4 £
1 I
] 1
b e g J
Pr:;mb;r.'-s Chassis L mmmmmmm
1. Interconnect the 42806A and pulse 7. Enable the pulse generator.
generator (HP 8112A or equivalent) as
shown above. 8, Perform internal or external error
correction as deseribed in paragraph 3-41
2. Connect the test fixture or test leads to and 3-56, respectively.

the UNKNOWN terminals.
9. Connect the device to be tested.
3. Turn on the 4280A and the pulse

generator, Keep the pulse generator's 10. Press the SWEEP/V OUTPUT key to start
output disabled. ’ the measurement. The red V OQUTPUT
lamp will light and the time of the first
4. Set the 4280A to C-t mode. Set other measurement will be displayed on the
controls as follows. V-t display. € and G displays will

display = = - = - .

Connection Modegesesrrrenresesens CN12

INTERNAL BIAS-teresrerceaens OFF 11. Capacitance and econduciance values
SWEEP MODE -++--- e SINGLE measured at the time displayed on the

V-t display will appear on the C and G
displays, respectively, and will remain until

5. Set the pulse generator to EXT WIDTH the next measurement is completed.
(E.WID on the 8112A) mode, and adjust the
EXT INPUT's threshold to the proper TTL 12. The red V OUTPUT lamp will go off after
level (SYNC OUTPUT signal of the 4280A). the specified NO OF READINGS have been
taken.
6. Set NO OF READINGS and th on the
4280A, and set the pulse HIGHT and 13. Remove the test device.
OFFSET  voltage (HIL  and  LOIL,
respectively, on the 8112A) on the pulse Note
generator,

An X-Y recorder and a listen only
printer can be used only when td is
relatively long. Block data transfer
mode is recommended for C-t mode
measurements, Refer to paragraph
3-194,

Figure 3-31. External Pulse Bias SLOW C-t Measurement Example
3-78
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SECTION HI

Exampie of HP-IB Controlled External Pulse Bias SLOW C~t Measurement

Ta SYNG DUTPUT

To EXT BIAS SLOW

1l

FF-TE
4260A “_[f«fu‘l'-———q“‘l Controlier

BLEZA

U
BXT, INPUT QUTPUT

JRT e | S | SR S

-
i
i
t
1
1
i
I
!
1
{
t
|
1
|
i
i
i
b
1

Frober‘s Chassis

1. Interconnect the 4280A and, if necessary, the

5.

puise generator to the controlier using HP-IB
cables.

. Interconnect the 4280A and the pulse

generator as shown above.

Turn on the 4280A, pulse generator, and
controller.

Load one of the sample programs listed in
Figure 3-42. (The sample programs in Figure
3-42 do not control the pulse generator.)

Set the pulse generator to EXT WIDTH mode,
and adjust EXT INPUT threshold to the
oroper TTL level.

Connect the device to be tested.

Run the program. Measurement results will
be displayed on the controlier's CRT.

Wafer

Chuck

—+
I
1
i
}
E
E
|
1
I
!

[ pp———— S

Figure 3-32. HP-IB Controlled External Pulse Bias SLOW C-t Measurement Exampile
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SECTION 11

3-141, EXTERNAL PULSE BIAS FAST -t
MEASUREMENT

3-142. To set up an external bias FAST C-t
mode measurement, (1) set the 4280A to C-t
mode (refer to Figure 3-4) and (2} select the
desired connection mode and INTERNAL BIAS
mode {refer to paragraph 3-143).

Note

The output impedance of the pulse
generator (ineludes the impedance of
the cable that connects the 4280A'
EXT BIAS FAST connector to the puise
generator's outpuf terminal) should be
500+1%. If not, measurement accuracy
listed in Table 1-1 will not be possible.

Note

Externial bias FAST C-t mode can be
used for measuring floating devices
only.

3-143. CONNECTION MODES AND
INTERNAL BIAS MODE SELECTION
FOR FAST C-t MEASUREMENT

3-144, Only connection modes CN13 and CN14
can be used for external bias FAST C~t mode
measurements. The choice of econnection mode
depends on the de offset voltage requirements,
Refer to the following table.

Connection | INTERNAL

Mode BIAS DC Offset

PC offset is not

OFF .
required.

CN13 BC offset is required
== and bias current does
not exceed 6mA,

BC offset is required
(supplied from an
external source con-
nected to the EXT BIAS
SLOW terminal) and
bias current will
exceed 6mA.

CN14 OFF

3-890
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3-147. DC BIAS OFFSET FOR FAST C-t
MEASUREMENTS

3-148. Either the internal de bias source or an
external de bias source conneeted to the EXT
BiAS SLOW connector can be used for de bias
offset.

If the bias current will not exceed t6mA, the
internal de bias source can be used. Select
econnection mode CN13 and set the INTERNAL
BIAS mode to==. Enter desired offset voltage
value as DC Vv,

If the bias current will exceed +BmA, an
external dc bias source should be used. Select
cohnection mode CN14 (INTERNAL BIAS mode
will be set to OFF automatically). Connect the
external de bias source to the EXT BIAS SLOW
connector on the 4280A' rear panel. Maximum
allowable external bias voltage is +49V and
eurrent is +100mA.

Note

If the output impedance of the external
de bias source is too low, measurement
results may fluctuate considerably from
one measurement point to the next due
to the bias eircuit's resonating with the
bizs pulse. To prevent this, insert a low
value resistor {a few ohms or so) in
series with the de bias circuit.

3-14%. BIAS PULSE WIDTH {th) SETTABLE
RANGE (FAST C-t)

3-150. For an external pulse bias FAST C-t
mode measurement, the settable range for the
bias-pulse width depends on the integration
mode. Refer to Table 3-24.

Table 3-26. Bias-Pulse Width (th) Settable
Range (FAST C-t)
Integration
Mode th Range
BURST Mode 10Us g th < 32s

SAMPLING Mode 10us £ th < 58

Note

In SAMPLING Mode, bias-pulse width
(th) is also limited by measurement
interval (td). Refer to paragraph 3-122.
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MEASUREMENT INTERVAL {tad)

SETTABLE RANGE (FAST C-t)

3-151.

3-152. For an external pulse bias FAST C-t
mode measurement, the settable range for the
measurement interval (td) depends on the
integration mede, measurment speed,
measurement function, and data transfer mode.
Refer to Table 3-28. For local operation
(non-HP-1B control), use the shaded area of the

{able.

SECTION IiI

3-154. EXTERNAL PULSE BIAS FAST C-t
MEASUREMENT EXAMPLE

3-155, Figure B3-33 gives the procedure for
performing an external pulse bias FAST C-t
measurement on a floating device. Figure 3-34
gives additional information for performing the
same measurement under remote control via the
HP-IB.

Table 3-28. Measurement Interval (td) Settable Range (FAST C-t)

Triiz;er nggzt Funetion ?iiin Measurement Interval {td} Settable Range
Mode | Format SRR ops e i 101 ~ ~ 1 1oowms~ l 150m
FAST i :
CG-t > ;
ASCIE
C-1
Standard [ery
Data G-t :
Transfer . L
Mode FASY SAMPLING BURST
(G-t
MED SAMPLING BURST
Binary
C-t FAST SAMPLING BURST
oY
G-t MED SAMPLING BURST
FAST SAMPLING BURST
Block ASCII CG-t
Data MED SAMPLING BURST
Transfer | or
Mode C-t FAST |SAMPLING BURST
Bipary or
G-t MED SAMPLING BURST

* 1f td is shorter than 3s, SAMPLING mode can be

selected via the

HP-IB by sending remote program code "SAl."

For local operation, use the shaded area of the table.
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Model 4280A

Example of External Pulse Bias FAST C-t Measurement

To SYNG OUTPUT

To EXT BIAS FAST

A2B0A i

bt T PP TPTRYR SIS | MU S —

Proberts Chassis

1. Interconnect the 4280A and pulse
generator (HP8112A or equivalent) as
shown above,

Note

The output impedance of the pulse
generator should be 500

2. Connect the test fixture or test leads to
the UNKNOWN terminals.

3. Turn on the 4280A and pulse generator,
The pulse generator's output should be
disabled at this point.

4. Set the 4280A to C-t mode, and then set
connection mode, INTERNAL BIAS mode,
and SWEEP MODE as follows.

Connection Mode «ssssenees CN13
INTERNAL BIAS ¢veeesees OFF
SWEEP MODE cceeres seease SINGLE

5. Set the pulse generator to EXT WIDTH
mode (E. WID on the 8112A), and adjust the
EXT INPUT threshold to the proper L
level (SYNC OUTPUT signal of the 4280A).

6. Set the NO OF READINGS, th, and td
parameters on the 4280A, and sel pulse
HIGHT and OFFSET voltage (HIL and LOL,
respectively, on the 8112A) on the puise
generator.

10,

11.

12,

13.

U
EXT

INPUT

QU

Enable the pulse generator,

Perform internal or external error
correction as described in paragraphs 3-41
and 3-56, respectively.

Connect the device {o be tested.

Press the SWEEP/V OUTPUT key to start
the measurement. The red V OUTPUT
lamp will light and the time at the first
measurement will appear on the V-t
display. C and G displays will display - - -

£y

Capacitance and conductance measured at
the time displayed on the V-t display
are displayed on the C and G displays,
respectively, and will remain until the next’
measurement at the next specified time is
completed.

The red V OUTPUT lamp will go off after
the specified NO OF READINGS have been
taken.

Remove the test device.
Note

An X-Y recorder and a listen only
printer ean be used only when td is
relatively long. Bloek data transfer
mode is recommended for C-t mode
measurements. Refer to paragraph
3-194,

Figure 3-33. External Pulse Bias FAST C-t Measurement Example
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SECTION 1I

Example of HP-IB Controlled External Pulse Bias FAST C-t Measurement

1.

T SYMC QUEPGT

T EXT BIAS FAST

ML
42807 [F—==") Cortroller

BLEZA

EXT ; INPUT QUTPUT

Prober's Chassis

Interconnect the 4280A and controller
using an HP-IB cable. If the pulse
generator is capable of HP-IB control,

interconnect the pulse generator too.

Interconnect the 4280A and the pulse
generator as shown above.

Turn on the 4280A, the pulse generator,
and the controiler.

Load one of the sample programs listed in
Figure 3-42. {(Sample programs given in
Figure 3-42 do not control the pulse
generator via the HP-IB.)

G.

I
I
i
i
|
|
i
i
i
i
I
|
i
:
Chuck !
t
i
i
i
1
I
i
i
i

4

Set the pulse generator to EXT WIDTH
mode, and adjust the EXT INPUT threshold
to the proper TTL level.

Connect the device to be tested.

Run the program. Measurement results
will be printed ocut on the controller's CRT.

Figure 3-34., HP-1B Controller External Pulse Bias FAST C-t Measurement Example
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3-156. X~-Y RECORDER OUTPUTS

3-157. The 4280A is equipped with CG, G
and V-t analog RECORDER OQUTPUTS and a
SMOOTHING switech on the rear panel. These
BNC connectors, which output de voltages
proportional to the displayed values, can be
connected to an X-Y Recorder to plot measured
values of the device under test as funetions of
bias voltage or time. A PEN LIFT connector is
also provided for use with X-Y Recorders
equipped with remote pen lift control. The
proeedure for setting up an X~Y recorder to plot
the C-V characteristies of a sample is given in
Figure 3-35.

3-158. The C-G, G, and V-t analog outputs
are each described below.

(1) C+G Connector Analog Output

DC voltage output from the C+*G econnector
is proportional to the number of counts
displayed on the C display when the C-G or C
function is selected. When the G funetion is
selected, output voltage is proportional to
the number of eounts shown on the G display.

Displayed Analog Cutput
counts Voltage (V)
— 190000 ~- 1006 - 10
— 999~ 993 | 0.01 X {counts)
1060 ~ 1500006 + 10
* OF — xx + 10

*Refer to Table 3-3 for the
meanings of the varicus overflow
annunciations.

{2) G Connector Analog Output

DC voltage output from the G connector is
proportional to the number of counts displayed
on the G dispiay wheh the C-G or G function is
selected. When C function is seleeted, output
from the G connector is 0V,

Bisplayed Analog Cutput
Counts Voltage (V)

— 18060 ~— 1600 =10

= 8963~ 999 | 0.0l X (counts)

1000 ~ 13000 + 10

*OF ~xx + 10

*Refer to Table 3-3 for the
meanings of the various overflow
annuneciations.
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(3} V-t Connector Analog Output

DC voltage output from the V-t connector
depends on the selected measurement mode,
as described below,

C Mode:

DC voltage output from the V-t connector
increases 20mV  per each measurement
trigger. When +10V is reached, the output
voltage returns to -10V and the ecycle
repeats. The plot starting point can be
selected with the front panel X-Y
RECORDER LL, ZERO, or UR key when
TRIGGER is set to HOLD/MAN.

C-V Mode:

DC wvoltage output from the V-t connector
is proportional to the value displayed on the
Vet display. Maximum resolution is 20mV.
Output voltage can be calculated using the
formutas

C-B
A-B

x 20 - 10 (V)

where A is the more positive of the
START/STOP voltages, B is the more
negative of the START/STOP voltages, and C
is the output voltage from the internal de
bias source (value shown on the V-t dispiay).

C+t Mode:

DC voltage output from the V-t connector
is proportional to the value displayed on the
V-t display. Maximum resolution is 20mV.
Output voltage can be caleulated using the
formula:

mg—x 20 - 10 (V)
N
where K is a given measurement point (K =
1th, 2th, Nth measurement), and N is the
total number of measurements {NO. OF
READINGS),

If the displayed C or G value exceeds £1000
counts, the analog recorder outputs will be
saturated at =10 volts. When this occurs, it is
still possible to plot the measured data on an
X-Y vrecorder by reducing the number of
displayed ecounts using the front panel DIGIT
SHIFT keys.

The front panel MATH keys can be used to
increase the sensitivity of the X-Y recorder
outputs, thereby making it possible to plot
minute changes in measured capacitance or
conductance values on an X-Y recorder,
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3-159. The PEN LIFT connector outputs a TTL
level signal which can be used to control the X-Y
recorder's pen. When the output is HIGH, the
pen is up; when LOW, the pen is down. When C
mode is selected, the PEN LIPFT output is HIGH
(pen up).

3-168, The SMOOTHING switeh sets the time
constant of the RECORDER OUTPUTS' analog
filters. This switeh also controls the PLOT
WAIT funetion. The existing PLOT WAIT
setting, A - £ F o0 P - =mrm, can be
observed on the G display for about one second
by first pressing the blue key and then the
LOCAL key.

(1) TIME CONSTANT (Response time)

The time constant for all three recorder
outputs can be set to either 0.2 seconds
or 6.02 - seconds {accuracy not
specified).The 0.2 second time constant
provides smooth plots of capacitance or
eonductance characteristics that vary
slowly with changes in voltage or time.
The 0.02 second time constant, however,
allows the recorder outputs and the X-Y
recorder to respond to sudden changes in
measured capacitance or conductance.
The time constant chosen also depends
on the slewing speed of the X-Y recorder
used.

(2) PLOT WAIT

The PLOT WAIT switeh controls the
PEN LIFT signal between the first and
jast measurements made in the C-V or
C-t mode. When PLOT WAIT is set to
ON, the PEN LIFT output goes LOW
(pen down) two seconds after the first
measurement is made. The output
remains LOW until 1.5 seconds after the
last measurement has been made, at
which time the PEN LIFT output goes
HIGH (pen up). The initial two second
wait time does not occur in the C-t
(burst) mode, however, because the time
between measurements is determined by
the delaytime {td) setting. When PLOT
WAIT is set to OFF, there is no initial
wait time. Also, the PEN LIFT output
goes HIGH as soon as the last
measurement is made, causing the pen to
1ift before the last measurement value is
plotted. PLOT WAIT OFF should be
selected when an X-Y recorder is not
used, or when the recorder outputs are
used with high speed X-Y display
equipment, such as the HP 1311B Large
Sereen Display (CRT).

SECTIHON i
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X-Y RECORDER SETUP
{1} Turn the 428CA and X-Y recorder off,

(2) The 4280A's RECORDER OUTPUTS are located on the rear panel. Connect the X-V
recorder's X axis input to the V-t connector; the Y axis input to the C-G
connector. If the recorder is equipped with remote pen lift control, eonneet the pen
lift input to the PEN LIFT connector.

{3) Turn the 4280A and X-Y recarder o

(4) Set the 4280A SWEEP MODE to SINGLE, and the rear panel SMOQOTHING switeh to
0.02 sec/ON (PLOT WAIT/ON). Set the instrument's controls as appropriate for the
desired measurement. When setting the STEP DELAY TIME, the response time
(slewing speed) of the X-Y recorder must be considered.

(5) Place ehart paper on the X-Y recorder platen and set the CHART switeh to HOLD.
PEN switch should be set to UP.

{6) Using the 4280A's LL, ZERO, and UR Kkeys and the X-Y recorder's controls, set the
plot for the desired area. Refer to the following examples.

(+10V)UR 9

ZERO
A

A. Plot area for positive measurement results

]
ZERO

b LL(-10V)

B. Plot area for negative measurement results

UR &

ZERO

le LL

C. Plot area for negative and positive measurement results,

Figure 3-35. Procedure for setting up an X-Y recorder to plot C~V characteristics (Sheet 1 of 2)
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(7) Manually raise the pen and perform a single sweep measurement. Note the highest
displayed capacitance value.

(8) Set the 4280A to the C-G RANGE of the capacitance value noted in step (7). If
the displayed measurement value is expected to exceed +1000 counts at any time
during the measurement, compensate for this by using the DIGIT SHIFT keys or
MATH function.

Note

When CG RANGE is set to AUTO, the C-G range may change due to
the -V characteristics of the device under test, When the range
changes, X-Y recorder outputs will be rescaled. To prevent this, set C-G
RANGE to MANUAL. When MATH% or A % function is set, the recorders
outputs will not be rescaled if the C-G range changes.

{(9) Manually lower the pen and press the SWEEPR/V OUTPUT key to start the
measurement. The PEN LIFT output will go LOW (pendown} and the plot will
start., If the X-Y recorder is not equipped with remote penlift control, set the
recorder's PEN switeh to DOWN as soon as the pen reaches the first measurement

point.

(10) When the sweep ends (V QUTPUT lamp goes out), the PEN LIFT output will go
HIGH (pen up). If the X~Y recorder is not equipped with remote pen lift control,
set the recorder's PEN switeh to UP when the sweep ends.

Figure 3-35. Procedure for setting up an X-Y recorder to plot C-V characteristics {Sheet 2 of 2)
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3-161. C-HIGH RESOLUTION (OPTION 00}
UNITS ONLY)

3-162. Option 001 equips the standard 4280A
with a high resolution capacitance measurement
funetion. This funection allows the 4280A to
medasure capacitance with one additional digit of
display resolution on the 100pF and InF ranges,
thus inereasing measurement resolution on these
ranges to 1{F and 10fF, respectively.

With the C-HIGH RESOLN funection set to on,
the 4280A measures only the difference between
the capacitance of the deviee under test and a
user-specified offset capscitance. (More on
of fset capacitance later.) Since the
difference-capacitance is usually much smaller
than either the offset ecapacitance or the
capacitance of the device being measured, the
4280A ean mesasure on a lower, more sensitive
range. The measured difference capacitance is
then algebraically summed with the offset
capacitance value to obtain the actual
capacitance of the device under test.

For example, suppose the device under test has
an actual capacitance of 25,125pF. If the
C-HIGH RESOLN function is turned off, the
4280A will measure the deviee on the 100pF
range. But because maximum resolution on this
range is only 1Of¥ (01pF), the messured value
displayed on the front panel will be 25.12pF.
The 4280A will not be able to measure the
L03pF  portion of the actual ecapacitance,
25.125pF.

If the C-HIGH RESOLN function is turned on
and an offset capacitance of, say, 20pF is set,
however, the 4280A will measure on the 10pF
range because only the small difference between
the aectual capacitance and the offset
capacitance, 5.125pF (25.125pF minus 20pF) in
this example, will be measured. The 5.125pF
difference capacitance is easily measured on the
10pF range, without loss of resolution. Finally,
the microprocessor adds the measured difference
capacitance to the offset capacitance value and
then displays the result on the front panel.

The offset capacitanee is actually an internally
generated ac offset current that is exactly 180°
out of phase with the current through the device
under test, The amplitude of the offset current
is proportional fo the user-specified offset
eapacitance. When the C-HIGH RESOLN
funetion is turned on, the offset current is

3-88
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injected into the measurement circuit along with
the current through the device being measured.
Since these two ac currents are of opposite
phase, they have a canceling effect on each
other. Only the difference between the two
currents enters the measurement eircuit.

Offset eapacitance values from OpF to 1023pF
can be set. Setting resolution is IpF. Offset
capacitance ean be set in two ways: C-QFFSET
MEASURED or C-OFFSET MANUAL.
C-OFFSET MEASURED automatically sets an
offset e=apaecitance value that is nearly equal to
the measured capacitance of the device under
test. C-OFFSET MANUAL allows manual entry
of the desire¢ offset capacitance with the
numeric keys. The two procedures for setting
the offset capacitance value are given in
paragraph 3-163, Setting accuracy information
is given in Table 1-2, Suppiemental Performanece
Chargeteristies. Table 3-29 shows the usable
measurement ranges, full scale capacitance and
conduetance values, maximum display digits, and
measurement resolution for various combinations
of measurement speed, signal level, and
measurement range when the C-HIGH RESOLN
funetion is used. Figure 3-36 provides more
information on the C-HIGH RESOLN function,

Table 3-29. Usable Ranges for C-HIGH RESOLN

RANGE

MEAS SiG

SPEED | LEVEL 100pF /1mS

(10pF /10048 )

InF/10ms
C160pF/1mS)

FAST 10/ 30 0~ 18000 pF 0~ 12000 pF*
MED 10 0~1200 &S 0~ 1200 mS

30 0~180.000 pF 0~ 1200.00 pF™
SLOW | 107/30 0~ 120.00 #5 0~ 12000 mS

* indicates approximate values.

Ranges enclosed in parentheses gre the actual
measurement ranges.
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3-163.

Offset  capacitance ecan be  set

automatically with the C-OFFSET MEASURED
key or manually with the C-OFFSET MANUAL
key and numerie keys. The procedures are given
below.

[C~-OFFSET MEASURED]

L.

2.

5.

Turn the 4280A on, connect a test fixture or
test leads to the UNKNOWN terminals, and
perform internal error correction as
deseribed in paragraph 3-41.

Conneet the device to be measured to the
4280A.

Press the C-HIGH RESOLN key.
at the center of the key will light.

The lamp

Press the blue key. The lamp at the center
of the key will light.

Press the C-OFFSET MEASURED key. The
4280A will stop measurement, the existing
offset capacitance and conductance will
appear on the C and G displays,
respectively, and [ - 5 [~ will appear on
the V-t display.

Press the ENTER key. Dashes will appear
on the C and G displays until the
capacitance offset measurement is
completed--about one second in C mode;
longer in C-V and C-t modes (actual time
depends on th and td. After the
capacitance offset measurement, the offset
values will appear briefly on the C and G
displays, and then  high resolution
measurements will begin.

[C-OFFSET MANUAL]

1.

Turn the 4280A on, connect a test fixture or
test leads to the UNKNOWN terminals, and
perform internal error correction as
desecribed in paragraph 3-41.

Turn off the internal error correction
funetion by pressing the CORRECTION
ENABLE key. The lamp at the center of
the key will go out.

Connect the device to be measured to the
UNKNOWN terminals.

perform a measurement and note the
measured capacitance.

Turn on the internal error correction
funetion by pressing the CORRECTION
ENABLE key again. The lamp at the center
of the key will light.

6.

9.

10.

SECTION I

Press the C-HIGH RESOLN key. The lamp
at the center of the key will light,

Press the blue key. The lamp at the center
of the key will light,

Press the C-OFFSET MANUAL key. The
4280A will stop measurement, the existing
offset ecapacitance and conductance will
appear on the C and G displays,
respectively, and [ - o &£ will appear on
the V-t display.

Key in the desired offset capacitance value
(must be between 0 and 1023 counts) with
the numeriec keys. The value will be in
picofarads.

Note

The difference between the offset
capacitance and the capacitance
noted in step 4 must not exceed
the full seale value of the range
below the range used in step 4.
For example, if the 1nF range was
used in step 4, the difference
must not exceed the fullscale
value of the 100pF range
{(x190pF), If the 100pF or 1InF
range was used in step 4, offset
capacitance lower than 18pF or
190pF, respectively, cannot be
entered.

Press the ENTER key. Dashes will appear
on the C and G displays until the
capacitance offset mesasurement is
completed--about one second in C mode;
longer in C-V and C-t modes (actual time
depends on th and td), After the
capacitance offset measurement, the offset
values will appear briefly on the C and G

displays, and then high  resclution
measurements will begin.
Note
Because of internal error
correction, rounding, ete., the

of fset capacitance value actually
used will be slightly different
from the value entered with the
C~OFFSET MEASURED or
C-OFFSET MANUAL keys, The
actual offset capacitance value
ecan be displayed by pressing the
blue key and then either the
C~OFFSET MEASURED key or

C-QOFFSET MANUAL key. To
refurn {o measurement mode
without changing the offset

capacitance, simply press the blue

key again. 3-89
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The following is a simplified discussion of the C-HIGH RESOLN funection. The various
values used by the C-HIGH RESOLN funetion sre described in the table below. The
actual values can be displaved by setting the C-HIGH RESOLN and CORRECTION
ENABLE keys as shown in the table,

C~-HIGH CORRECTION Displayed
RESOLN ENABLE Capacitance

Cl. Error-corrected capaci-
OFF OGN tance of the device under

test.,

- C2. Uncorrected capacitance

OFF OFF of the device under test.
oN OFF C3. Difference between the

offset capacitance and (2,

€4, Offset capacitance
entered with the C-OFFSET
MEASURED or C-OFFSET MANUAL
key.

C5. Actual offset capacitance.

ON

ON

Cé. High resolution capaci-
tance of the device under
test.

When the ENTER key is pressed after the C-OFFSET MEASURED Key has been pressed or
after the offset capacitance value has been keyed in, the 4280A performs the following
series of operations automatieally.

1. C4 is digitally set in the C-offset eireuit,

2. C2 and C3 are each measured in order to determine the most appropriate value for
C3. Because C3 is very small, it is measured on a lower range than the range used to

measure C2.

3. C5 is calculated as follows.

C5=C2~-C3

C5 is then displayed on the C display and memorized as the offset capacitance. Note

that, because C3 has higher resolution than €2, C5 will have an additional digit,

3-90
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When internal error CORRECTION is disabled:

The 4280A measures only C3, the difference between the offset capacitance C§ and
the uncorrected capacitance of the deviee under test. Only C3 is displayed when the
internal error correction function is disabled. Also, C3 is measured on a lower range
than the range used to measured C2.

When internal error CORRECTION is enabled:

The 4280A measures only C3 and sums the measured value with C5. Error
compensation is performed on the summation result and the compensated value is
displayed, C6.

The following illustration shows the relationships among capacitance values Cl through
C8.

C2 Internal CORRECTION Cl
=2 -8
_C_3__ + Cb Internal CORRECTION o

* Underlined values have high resolution,

Figure 3-36. C~HIGH RESOLN Funetion (Sheet 2 of 2)
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3~-164. HP-IB INTERFACE

3-165. The 4280A can be remotely controlled
via the HP-IB, a carefully defined instrument
interface  that simplifies integration of
programmable instruments and a computer into a
system. The remainder of Section III, paragraphs
3-166 through 3-224, describes the 4280A'
HP-IB capabilities and how they are used,

Note
HP-IB is Hewlett~Packard's
implementation of JEEE Std. 488, -
Standard Digital Interface for
Programmable Instrumentation,
3-166, HP-IB INTERFACE CAPABILITIES

3~-187. The 4280A has eight HP-IB interface
functions, as listed in Table 3-30.

Table 3-30, HP-IB Interface Capabilities

interface Function*

Code (HP-IB Capabilities)

SH1** | Source Handshake
AH1 Acceptor Handshake

T5 Talker (basic talker, serial
poll, talk only mode, unaddress
to talk if addressed to listen)

L4 Listener {basic listener,
unaddress to listen if addressed
to talk}

SRi Service Reguest

RLL Remeote/local {with local lockout)

DCi Device Clear

DTI Device Trigger

* Interface functions provide the means
for a device to receive, process, and
transmit messages over the bus.

*% The numeric suffix of the interface
code indicates the limitation of the
function, as defined in Appendix C of
TEEE Std. 488. 1978.
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3~-168. CONNECTION TO HP-IB

3-169. The 4280A can be connected into an
HP-IB bus configuration with or without a
controller {(i.e., with or without an HP
eomputer), In an HP-IB system without a
controller, the instrument functions as a "talk
only" device (refer to paragraph 3-176).

3-170. HP-IB STATUS INDICATORS

3~171. The HP-IB Status Indieators are four
LED lamps located on the front panel. When lit,
these lamps show the existing status of the
4280A in the HP-IB system as follows:

SRQ: SRQ signal from the 4280A 1o the
controller is on the HP-IB line. Refer to
paragraph 3-221.

LTN: The 4280A is set to listener.

TLK: The 4280A is set to talker.

RMT: The 4280A is under remote control,
3-172. LOCAL KEY

3-173. The LOCAL key releases the 4280A from
HP-IB remote control and allows measurement
conditions to be set from the front-panel, The
RMT lamp will go off when this key is pressed,
LOCAL control is not available when the 4280A
is set to "local lockout” status by the controller.

3~174. HP-IB ADDRESS SWITCHES

3-175. The HP-IB switches are two miniature
rotary switches located on the rear panel
Figure 3-37 shows the switches. The setting of
these switches determines whether the 4280A
will be addressed by the econtroller in a
multi-device system, or will function as a "alk
only" device, cutputting measurement data to an
external 'listen only" device, a printer for
example. Addresses 0 through 30 set the 4280A
to ADDRESSABLE mode; address 50 and 51 set
the 4280A to TALK ONLY mode. Refer to
Table 3-31. More information on the TALK
ONLY mode and ADDRESSABLE mode is given
in paragraphs 3-176, and 3-178, respectively.
Figure 3-37 shows the HP-IB switches set to
address 17, the factory set address.



Model 4280A

Table 3-31. HP-IB Mode Selection

HP-IB Switch )
Setting HP-1IB Mode

0 through 30 ADDRESSABLE

50 or 51 TALK ONLY

Figure 3-37. HP-IB Address Switches
Note

The setting of the HP-IB address
switeches is read only at instrument
power on. Thus, you must cycle the
instrument's QN/OFF switeh whenever
the switch settings are changed.

3-176. TALK ONLY MODE

3-177. The 4280A is in TALK ONLY mode when
the HP-IB address switches are set to 50 or 51.
In this mode, the 4280A functions as a "talker,"
outputting data to a "listener,” a printer for
example. The delimiter for the output data (C
display data, G display data, and V-t display
data) depends on the setting of the HP-IB
address switches. When 50 is set, the delimiter
is CR/LF {carriage return/line feed); when 51 is
set, the delimiter is a comma (,). Refer to
Tables 3-32 and 3-33. Paragraph 3-188 gives a
detailed description of the TALK ONLY mode
output data.

SECTION II

Table 3-32. Output Data Delimiters—TALK

ONLY Mode

HP-IB Address Data
Switch Setting Delimiter

50 cRIap

51 Comma (,)

CRD: Output after each display's output
data. Instructs the printer to perform a
carriage return/line feed after printing
each display's output data.

Comma {,):
Output after each display's output
data. Instruets the printer to print &
comma (,) after each display's output
data. A carriage return/line feed wiil
be performed after the last output data
is printed. Refer to Table 3-33.

Note

When the 4280A is set to TALK ONLY
mode, devices connected to it must be
set to LISTEN ONLY mode.

Note

When the 4280A is set to TALK ONLY
mode, the following will appear briefly
on the C display each time the 4280A is
turned on, and each time the blue key
and LOCAL key are sequentially
pressed.

Note

When the 4280A is set to TALK ONLY
mode, ASCII data output format is
automatically selected.
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3-178. ADDRESSABLE MODE

3-179. The 4288A is in ADDRESSABLE mode
when the HP-IB address switches are set to a
value between 0 and 30, inclusive. the
factory-set address is 17, but any address from 0
to 30 can be set. In ADDRESSABLE mode, the
4280A can be completely controlled by a
eontroller (computer) through the HP-IB. Al
front panel keys, except the INT BIAS switch
and the LINE ON/OFF switeh, and all
measurement parameters (voltage and time) can

be set by remote program codes. Refer to
paragraph 3-180.
Note
When  the 4280A is  set to
ADDRESSABLE mode, the HP-IB

address will appear briefly on the C
display each time the 4280A is turned
on, and esch time the blue key and
LOCAL key are sequentially pressed.
The figure below shows the display for
the factory set address, 17.

3-180. REMOTE PRCGRAM CODES

3-181. Table 3-34 lists all the program codes
for controliing the front panel keys. Table 3-35
lists the program codes for setting measurement
parameters.

Note

Alphabetic characters used in the
remote program codes ecan be upper
case, lower case, or both. All the
following examples are acceptable. :

FN1, fnl, Fnl, fN1
Note

Remote program codes for each front
panel key correspond to the underlined
letters of the key labels printed on the
front.panel, For example,

FUNCTION is FN
MEAS SPEED is MS

Table 3-33. Output Data Format—~TALK ONLY Mode (51)

Mea;zggment M%?fnu(i:e;gf’lnt Output Data
C-G C Data|Comma | G Data @}@
C Mode C C DatzaICRI@CH
G G Data|CR|@D
C—GC C Data| Comma |G Data | Comma |y Data CR| TP
C-V Mode C C Data| Comma |V Data |CRGD
G G Data| Comma |V Data @@
C—-G C Data|Comma |G Data| Comma |T Data|CRI@CH
(-t Mode C C Data|Comma | T Data |CRITR
G G Datal|Comma | T Data @@
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Table 3-34. Remote Program Codes (Sheet 1 of 4)

SECTION HI

Control Program Code Remarks
-G FN1* -G measurement or C-G-V
meagsurement
C FN2 C measurement or C-V Key indicator
measurement is 1it.
) G FN3 G measurement or G-V
FUNCTION measurement ~
C.G-t FNg G- G-t measurement ™~
C-t FNS C-t measurement - .
Key indicator
G-t FN6 G-t measurement A blinks.
FLOATING FL’ Ceonnection Mode CN1G
CONNECTION GROUNDED GN Connection Mode CNIS
MODE
CONN MODE cnio*
(10 -~ 23 through Connection Modes CN10 through CN23
CNZ3
OFF (OFF) IBO
INTERNAL me= (== ) 1B1 lnternai-blas mode§ enclosed in .
BT AS parentheses apply when the 4280A i1s in
A0 IB2 C-t mode.
fni iB3
MANUAL RAD
AUTO RAT
. . If RM1, RM2, or RM3 is sent, RAQ is auto-
C-G RANGE 10pF/100u8 RM1 matically set.
100pF/im3 RM2
InF/10ms RM3
FAST MS1
_ MEAS SPEED MS3 (SLOW) cannot be used
MEAS SPEED MED Ms2* when the 428CA is set to (-t mode.
SLOW MS3
10mVrms SL1
SIG LEVEL
A0mVrms sL2°
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Table 3-34. Remote Program Codes (Sheet 2 of 4)

Contrel Program Codes Remarks
INT (REPEAT) TRI® Sweep modes (enclosed in parentheses)
apply when the 4280A is in C~t or C-V
EXT (EXT) TR2 mode.
TRIGGER/
SWEEP MODE HOLD/MAN TR3 TR3 selects TRIGGER HOLD but does not
{SINGLE) trigger the 4280A.
EX Triggers the 4280A. Cannet be used when
the 4280A is set to C-V or C-t mode.
RESET { === Yelen
SET (=) Vo1
SWEEP/
v OUTPUT STOP SWO SW1 is ignored during a C-V mode or C-t
START swl mode measurement.
CORRECTION | OFF CEO
ENABLE ON CET
Om LEY®
CABLE
LENGTH L LEZ
0 - 5m LE3
ZERO OPEN Z0
CAL START CA
bCo® Fuli digit display on the C display
DC1 Shifts one digit.
bCz Shifts two digits.
DIGIT SHIFT ¢
Shifts three digits {Cannot be used on
K] the 100pF range or, when MEAS SPEED is
FAST, on the 10pF range.)}.
. Shifts four digits (Can be used on the
DC4
InF range only.].
DGO’ Full digit display on the G display
DGI Shifts one digit.
DG2 Shifts two digits.
DIGIT SHIFT G
ne3 Shifts three digits {Cannot be used on
the 100uS range.).
nEa Shifts four digits (Cannot be used on

the ImS range.).
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Table 3-34. Remote Program Codes (Sheet 3 of 4)

Control Program Codes Remarks
OFF MAO®
MATH a MAL
% MAZ
A% MA3
STCRE DISPL C-G ST
OFF TEO'
SELF TEST
ON TE1
OFF CHO® CH1 cannot be set if the 4280A is not
C-HIGH . . .
RESOLN equipped with Option 0C1.
' ON CHL
C-QFFSET MEASURED s Valid only when CHI has been sent.
b, LL LL
X-Y Ry . 5 )
RECORDER ZERQO ZE Valid only when TR3 (in C mode} or SWO
{in C-V mode or (-t mode) has been sent,
UR ™% UR
Standard Data .
Data Transfer Mode BLO
output o Refer to paragraph 3-204 for details on
. p’ ] data output format.
Format Block Data BIA ;
Transfer Mode :
MBo* MDO turns on the Data Ready SRQ mask,
SRQ Mask MD turns it off. Refer to paragraph
MD1 3-221.
Integration Burst Mode SAD Applicable in G-t mode only. Refer to
Mode Sampling Mode SAL paragraph 3-122,
ASCII AS® Applicable in Standard Data Transfer
Mode. Refer te paragraph 3-208.
Data ;
Output BINARY BN
Format ASCII BA
BD Applicable in Block Data Transfer Mode.
Refer to paragraph 3-194.
BINARY - BB
Buffer BC Ciears the output data buffer.
Clear
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Table 3-34. Remote Program Codes (Sheet 4 of 4)

Control Program Codes Remarks

MF?

C¥?

SET?
, . Refer to paragraph 3-219 for details on
LEARN MODE FRRY LEARN MODE.

BS7

07

150° Normal operation

Isolate
IS1 Isolate state {refer to paragraph 3-214.)

* indicates an initial control setting.
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SECTION III

Table 3-35. Remote Program Codes for Measurement Parameters

Parameter Program Code Initial Value Remarks
PARAMETER

DC v (V) PV ov Refer to paragraph 3-64.

START V (V) PS5 ov N

STGP V (V) PP oV

STEP V (V) PE ov Refer to paragraph 3-72.

HOLD TIME (s) PL 3ms

o1 naL " o |

D v (V) PV oV

PULSE V {V) Pu ov

MEAS V (V) PM ov

?;Ggij READ- PN 100 Refer to paragraph 3-88.

th (s} PH 10ms

td {5} PT 250ms y
EOE;MIT/RNG VL v Refer to paragraph 3-62,
C-REF CR OpF Refer to paragraph 3-43.
G-REF GR O0us
;;\S;if\im CL OpF Refer to paragraph 3-161.
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3-182.

3-183.

SETTING PARAMETERS VIA THE HP-IB

Voltage parameters, time parameters,

number of readings for C-1 mode measurements,
limit voltage, reference values for the MATH
functions, and offset capaecitance for C-HIGH
RESOLN measurements (option 061} can all be

set

computer,

via the HP-IB with an HP-IB compatible
Examples of setting each parameter

are given below, The units used in the following
examples are volts (V) for voltage, seconds (s)
for times, farads (F) for capacitance values, and
siemens (8) for conduetance values.

Note

Parameters of a parameter string must
be separated by an appropriate
delimiter, Valid delimiters for the
4280A are commas (,), eolons (:), and
semicolons ;). Any combination of
delimiters ean be used in a parameter
string, as shown in the following
example.

PS10, PP20: PE5; PLO.L]
Note
If the polarity of a parameter is not

specified, positive polarity ({+) s
assumed.

(1) DC V (V) for C mode; remote program

(2)

code PV:

Voltage output from the 4280A% internal
de bias source during C mode operation.
Upper 1limit is either $42V or =100V
depending on the setting of the INT BIAS
switeh. Can be set with a maximum 3-1/2
digits. Maximum resolution is ImV.

Example:
PV12.34

START V (V) and STOP V (V): remote
program codes PS and PP;

Upper limit for both parameters is either
£42V or %180V depending on the setting of
the INT BIAS switch. Both parameters can
be set with a maximum 3-1/2 digits.
Maximum resolution is ImV.

Example:

PS-1.234, PP34.5

3-100

(3)

(4)

(5)

(8)

Model 42804

Note

START V and STOP V are independently
set to the range that provides the best
resolution. When displayed on the V-t
display or recalled by the LEARN mode
funetion, resolution will be determined
by the larger of the two values. For
the example given,

START V
STOP V

-1.2V (-1.234V)
34.5V

STEP V (V);remote program code PE:

Bias sweep step voltage. Settable range is
OV to 200V. Can be set with 3~1/2 digits.

Maximum resolution is ImV. Negative
values cannot be set,
Example:

PE2.50

HOLD TIME (s) and STEP DELAY TIME (s);
remote program codes PL and PD:

Settable range for both parameters is 3ms
to 650s. Can be set with 3-1/2 digits.
Maximum resolution iz 1ms.

Example:
PL36E-3, PD 98.76

DC V (v} for C-t mode; remote program
eode is PC:

Voltage output from the internal de bias
source during C-t mode operation. Upper
limit is either £42V or +!00V depending on
the setting of the INT BIAS switeh. Can
be set with 3-1/2 digits. Maximum
resolution is ImV.

Example:
PC3.50

PULSE V (V) and MEAS V (V); remote
program codes are PU and PM:

These are, respectively, the amplitude of
the bias pulse and the measurement
voltage ocutput from the internal de bias
source. Upper limit for both parameter is
either 42V or 100V depending on the
setting of the INT BIAS switech. Both
parameters can be set with a maximum
3-1/2 digits. Maximum resolution is ImV.
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(7)

(8)

Example:
PUL.500, PM~5.00
Note
PULSE V and MEAS V are

independently set to the range
that provides the best resolution.
When displayed on the V-t
display or recalled by the LEARN
mode funetion, resolution will be
determined by the larger of the
two values., For the example
given,

PULSE V L50V (1.500V)
MEAS V -5.00V

NO OF READINGS; remote program code
PN: :

Settable range is 1 to 9899,

Example:

PN 10066
th (s} and t@ (s)-pulse width and
measurement interval; remote program

codes PH and PT:

Settable range for both these parameters is
10;s to 32s. Both can be set with 4 digits.
Maximum resolution is 10ps.

Exampie:
PH 10.00E-3, PT 250.0E-3
Note
Settable range for th and td
depends on other parameters and
control settings. Refer to Tables

3~16, 3-23, 3-26 for th, and to
Tables 3-19, 3-25, and 3-28 for td.

9 v

(10)

(1)

SECTION III

LIMIT/ENG HOLD;
code is V1.:

remote program

This parameter sets the output voltage
limit for the internal de bias source and
determines the range, and therefore the
resolution, of other voltage parameter
settings. Maximum allowable setting is
100V. Can be set with 3-1/2 digits.
Maximum resolution is ImV. The V LIMIT

setting applies to both positive and
negative output voltages. If 0V s
specified, the voltage output is limited

only by the INT BIAS switeh and range
selection is automatic.

Example:
VI 16.00
Note

The V LIMIT/RNG HOLD setting
determines the upper limit of the
DC V parameter in a C mode
measurement, whether it was set
pefore or after V LIMIT/RNG
HOLD was set. This means that,
if DC V was set to 100V and then
vV LIMIT/RNG HOLD is set fo
50V, DC V will be automatically
set to 50V. If the V LIMIT/RNG
HOLD setting ig later increased
or set to 0 f{no limit;
auto-ranging), DC V will remain
at 50V.

C-REF;remote program code is CR:
Reference value for the MATH functions.
Settable range is 0 to 2199.999nF. Can be
set with 5-1/2 digits. Maximum resolution
is D.OLTF,
Example:

CR 10.0000E-12
G-REF ;remote program code is GR:
Reference value for the MATH functions.
Settable range is 0 to £19.999mS. Can be
get with 4-1/2 digits. Maximum resolution
is 0.1nS.

Example:

GR 1.0000E-3
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(12) C-OFFSET WMANUAL f{option 001 only);
remote program code is Cl:

Offset capacitance for C-HIGH RESCOLN
measurements. Settable range is 0pF fo
1023 pF in 1pF steps.

Example:
CL 123E-12
Note

Refer to paragraphs 3-58 through
3-163 for complete information
on these parameters.

3-184. DATA OUTPUT

3-185. The 4280A can output measurement
results and measurement status information to
and external deviee via the HP-IB. As listed in
Table 3-36, there are two data transfer
modes--bloek and standard-—-and two data
formats--ASCIH and BINARY. Data formats are
deseribed in paragraphs 3-186 through 3-191;
data transfer modes, starting in paragraph 3-182.

Table 3-36. Output Data Transfer Modes and
Formats

Data Transfer Mode Data Format

Block Data ASCIT
Transfer Mod

° oae BINARY
Standard Data ASCT1
Transfer Mode BINARY

3-186, OUTPUT DATA FORMAT

3-187. Measurement data ean be output in
either ASCII format or BINARY format. In
ASCII format, each character requires one byte
(8 bit), In BINARY format, output data is
transferred in a packed binary eode. ASCIH and
BINARY formats are selectable via the HP-IB.
ASCII format is used for most measurements,
but when high speed data transfer is required,
BINARY format should be used. Table 3-42 lists
the data transfer times for various combinations
of controller, output data formet, and
measurement  function. ASCII  format s
deseribed in paragraph 3-188; BINARY format,
in paragraph 3-190.
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3-188. ASCH Format

3-189. Six types of data can be sent in ASCII
format: C data, G data, V data, T data, L data,
and R data. Each is described below.

[C Data]

C data consists of the measured capacitance
value and measurement status.

NCNT ##ssnn B £ sk
{1y (2) (33 (4)
1) Nor O:

N: Normal measurement
O: Overflow

{2) M,D,PorQ:

M: MATH function not used.
D: A measurement

P: % measurement

Q: A% measurement

{3) Measured capacitance value,
decimal point

ineluding

(4) Scientific notation exponent. Indicates the
unit for the measured capacitance, (3). Set
to zero (00) for % and A % measurements.

Note
if a measurement overflow
oceurs, the output data [(3) and
{4}} will be +9,99999E+(9.
{G Data]

G data consists of the measured conductance
value and measurement status.

_r_l_Ggi****:k*Eti
(13 (2) (3] (43

(1) NorO:

N: Normal measurement
Q: Overflow

(2) M,D,PorQ

: MATH function not used
: A measurement

% measurement

: A% measurement

Oovo=E
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{3) Measured conductance value, including

decima!l point

{4) Seientific notation exponent. Indicates the
unit for the measured conductance, (3). Set
to zero {0) for % and A % measurements.

Note

If a measurement overflow
occurs, the output data [{3) and
(4}1 wiil be +9.9999E+9,

[V data]
V data is the voltage output from the internal de
bias source at each step of a C-V mode swept

measurement.

\ETIILI L
(1

(1) Voltage value, ineluding decimal point. Unit
is volts.

[T data]
Flapsed time (k-td) of a C-t mode measurement

Tosersen B Es
(1 (2)

(1) Value appearing on the V-t display,
ineluding decimal point,

(2} Scientific notation exponent. Indicates the
unit for the elapsed time (1); E-3 = ms, E +
0=s.

[L datal

L data consists of the measured inductance value
and measurement status. Used for external
error correction. Inductance can be measured in
connection modes CN21, CN22, and CN23 only.

nLtxs wax -6
(1) (23 (3)

(1) Nor O:

N: Normal messurement
O: Overflow

(2) Measured inductance value. The position of
the decimal point is fixed.

{3) Scientific notation exponent ; always -6, ut

SECTION 1III

Note

If a measurement  overflow
oecurs, the output data [(2) and
(3)] will be +8.9999E+9,

IR datal

R data consists of the measured resistance value
and measurement status, Used for external
error correction. Resistance can be measured in
connection modes CN21, CN22, and CN23 only,

ERi***.**
(1 (23

{1} NorO:

N: Normal measurement
O: Overflow

(2) Measured resistance value. The position of
the decimal point is fixed. Unit is .

Note

H a measurement overflow
oceurs, the output data, (2), will
be +999.908.

3-190. BINARY Format

3-191. Four types of data can be sent in
BINARY format: status data, C data, G dats,
and K data. The 4280A can be set to BINARY
format only under remote control. The remote
program codes are listed in Table 3-34. When
the 4280A is set to BINARY format, & m» is
displayed on the C, G, and V.t displays, as
shown below.

o= 0303

Note

The RECORDER OUTPUTS and the
error correction funetion cannot be
used when the 4280A is set to BINARY
format.

Status data, C data, G data, and K data are each
described below.
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[Status datal

Measurement status data is sent in one byte.

o

(2)

(3)
(4)

(5)

MSH Bit Number

7 & 4 3 2 i 0

wl

] @ (3) 4 (6

Data Validity

0: Data that follows is valid.
1: Data that follows is invalid.

Final data of a swept measurement (C-V or
C-t)

0: Data that follows is not the final data.
1: Data that follows is the final data.

Note
Bit 6 is always 1 in C mode.
Not used. Always 0.

Indicates number of full scale counts
for C and G data.

0: 1800 ecounts
T: 10000 counts

Measurement Range:

Bit Number

C-G Range
21110

10pF/1000uS

100pF/  1ImS

InF/ 10mS

[C datal

C measurement data,

which congists of

polarity and number of counts, is sent in two
bytes.

Upper Byte

7 6 5 4 3 2 1 0

{1 (2}

3-104
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Lower Byte L&R

=}
o
o

4 3 2 1 0

{3)

Polarity:

0: Positive (+)
1: Negative (~)

(2) Upper seven bits of the measured
capacitance value (binary).
(3) Lower weight bits of the measured
capacitance value {binary).
Note
The upper byte is sent before the
lower  byte. The data is
represented using a  16-bit,
two's-complement notation.
IG datal

G measurement data, which consists of polarity
and number of counts, is sent in two bytes.

(1)

(2)

(3)

MSB Upper Byte

7 6 5 4 3 2 1 o

Lower Byte LSB

7 6 5 4 3 2 I 0

3

Polarity:

0: Positive (+)
1: Negative (=)

Upper seven bits of the measured
conductance value {binary)
Lower eight bits of the measured
conductance value {binary)
Note
The upper byte is sent before the
lower  byte. The data is
represented using a  16-bit,

two's-complement notation.
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Note

1f the mesasurement overflows, bit
7 of the status data (data invalid)
is set, and C data and G data are
20000 (4-1/2 digits full scale) or
2000 {3-1/2 digits full scale).

20000(decimal)=0100 1110 00610 0000(binary)

2000(decimal)=0000 0111 1101 0000(binary)

[K datal

K data, which is the number of a given
measurement point of a C-V mode or C-t
mode swepl measurement, is sent in two
bytes,

(1

{2)

C-V mode

MSB Upper Byte

7 6 5 4 3 2 1 0

0 (1)

Lower Byte 1.SB

7 6 5 4 7 3 2 1 0
@)

Upper seven bits of measurement point
number {binary)

Lower eight bits of measurement point
number (binary)

Note

The upper byte is sent before the
lower  byte. The data is
represented  using  a  16-bit,
two's-complement notation.

SECTION HI

3~-192. DATA TRANSFER MODE

3-193. The 4280A can send measurement data
over the HP-IB in either of two modes: standard
data transfer mode or block data transfer mode.
In standard data transfer mode, the 4280A
outputs data at the completion of each
measurement, regardless of the measurement
mode {{ mode, C-V mode, or C-t mode). So, if
the 4280A is making a swept measurement in
which there are, say, 100 measurement points,
measurement data will be sent 100 times, once
for each measurement point. In block data
transfer mode, however, the measurement data
obtained at each measurement point is stored in
the 4280A's internal buffer memory until the
sweep is  completed. After the final
measurement, all the data in the buffer is
dumped onto the HP-IB. Measurement data is
sent only once, so the total time required to
perform a swept measurement is reduced by an
amount  proportional to the number of
measurement points.

Block data transfer mode i3 deseribed in
paragraphs 3-194 through 3-287, Standard data
transfer mode is described starting in paragraph
3-208. Figure 3-38 shows the flow diagram for a
C-V or C-t mode measurement made in block
datas transfer mode.

Note

Block data transfer mode can be used
for C-Y¥ mode and C-t mode
measurements only.

Note
The 4280A is set to standard data
transfer mode at power on and after

self test, and when it receives a "device
clear."
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3-194. BLOCK DATA TRANSFER MODE

3-195. Bloek data transfer mode makes it
possible to perform very high speed C-V mode
and C-t mode measurements because data is not
transferred at each measurement point. Instead,
data obtained at each measurement point is
stored in internal buffer memory until the last
measurement has been made, at whieh time the
contents of the buffer are dumped onto the
HP-~IB. Buffer memory size is only 2K bytes, so
the amount of measurement data that can be
stored is limited. Refer to Table 3-37.

3-196. How To (Get Into Block Dats Transfer
Mode

3-197. Bloek data transfer mode can be set only
by remote program code, entered from a
controller and sent via the HP-IB, The necessary
remote program code is BLI.

Note

The 4280A cannot be set to bloek data
transfer mode when the 4280A is set to
connection mode CN2I, CN22, or
CN23,

Note
Al front panel keys execept the
SWEEP/V OUTPUT key, LOCAL key,
blue key, and FLOATING key are
inoperative when the 4280A is set to
bloek data transfer mode.

Note
The following operations cannot be
performed under remote control while
the 4280A is in block data transfer
mode.

(1) Set connection mode CN21, CN22,
or CN23.

(2) ZERO OPEN (ZO)
(3) CABLE LENGTH CAL (CA)

(4) Change the C-OFFSET value {(CS
or CLv) {Option 001).

(5} SELF TEST (TEl)
(6) Send remote program codes AS,

BN, or TR1. These codes will be
ignored.
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(7) Any operation  that  cannot
normally be performed in C-V or
C~t mode.

Note
The RECORDER CUTPUTS are

disabled when the 4280A is set to block
data transfer mode,

Multi-point
Measurement

Specify Data Format

@

Output All Measurement Data

1

EGT Cutput

Figure 3-38. Block Data Transfer Mode
Note

When the 4280A is in block data
transfer mode, & [ is displayed
on the C, G, and V-t displays, as
shown below.

Note

If the 428B0A is in REPEAT
SWEEP MODE when block data
transfer mode is set, SINGLE
SWEEP MODE will be selected
automatically. EXT SWEEP
MODE, however, is not subject to
this change.



Model 4280A

3-128. Ho To Get Out Of Bloeck Data Transfer
Mode

3-199, The 4280A can be reset to standard data
transfer mode in two ways: (1) by sending
remote program code BLO or (2) by pressing the
LOCAL key, blue Key, and then the
CONNECTION MODE FLOATING Key.

Note

ASCII format is automatically selected
when the 4280A is reset to standard
data transfer mode.

3-200. Number Of Measurement Points

3-201. Measurement funetion (C-G, €, G)
determines the maximum number of
measurement points possible for a C-V or C-t
mode measurement made using block data
transfer mode. Refer to Table 3-37.

Table 3-37. Number of Measurement Points
When Bloek Data Transfer Mode Is
Used

Measurement Function

C—-G C G
4060 680 680
points points points

3-209. The number of measurement points is
determined by the START V, STOP V, and STEP
V parameters in C-V mode, and by the NO OF
READINGS parameter in C-t mode.

3-203. If the number of measurement peints for
a C-V mode or C-t mode measurement exceeds
the limit determined by the measurement
funetion f{(see Table 3-37), the 4280A will
terminate the measurement sequence when the
maximum number of measurements have been
made.

SECTION U

3-204. Outputting Measurement Data In Bloek
Data Transfer Mode

3.205. To start block data transfer, one of the
remote program codes listed in Table 3-38 must
be sent after the last measurement has been
performed.

Table 3-38. Program Codes For Outputting
Block Data

Data Format Remote Code

ASCII Format BA or BD*

BINARY Format BB

* Refer to paragraph 3-206 for the difference
petween BA and BD.

Note

If an instrument setting is changed
after the measurement is completed
but before block data ftransfer is
started, the buffer memory will be
cleared and all measurement data lost.

3-206. Output Data Formats In Block Data
Transfer Mode

3-207. The output formats of measurement data
in blook data transfer mode are described below,

FASCII Formati
C-V Mode

C-G Funetion:

¢ data{, |G data| , |V data | DELM

C Funetion:

C data | , {V data | DELM

G Funetion:

G datal , | V data | DEIM
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C~t Mode

C-G Function:

Cdata| , |G datai, |T data | DELM

C Funection:

C data |, | T data | DELM
G Function:
G data{ , | T data | DELM
Note

The DELM (delimiter) can be either a
comma (,) or & carriage return/line
feed (CR/LF) depending on which
program code BA or BD was used to
start bloeck data transfer. See the table
below.

Remote Code |DELM{delimiter)

BA comma

BD R |y

Although comma (,) is selected, the

last delimiter of a C~V mode or C-t

mode measurement is always CR/LF.
Note

The EOI signal and the last line feed
(LF} are output simultaneously.

Note

Refer to paragraph 3-189 for the
contents of C, G, Vand T data.
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[BINARY model

C-V Mode or C~t Mode

C-; Funection:

Status data | C data |G data | K data

C Funetion:

Status data | ¢ data | K data

G Funetion:

Status data | G data |K data

Note

The EOI signal and the bytesf the last
measurement data byte are output
simultaneously.

Note

Refer to paragraph 3-191 for details on
Status, C, G and K data.

3-208. STANDARD DATA TRANSFER MODE

3-209. In standard data transfer mode, the
4280A outputs measurement data at the end of
each measurement. Unlike bloek data transfer
mode, standard data transfer mode can be used
in all three measurement modes (C mode, C-V
mode, and C-t mode), and more measurement
points are possible in C-V mode and C-t mode
measurements.

3-210, Data Format In Standard Data Transfer
Mode

3-211. To set the desired data format—ASCII op
BINARY-send the appropriate remote program
code (see Table 3-39) via the HP-IB before
starting the measurement.

Table 3-39. Data Format Program Codes

Data Format Remote Code

ASCIT AS

BINARY BN
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Note 3-212. Output Data Formats In Standard Data
Transfer Mode
It is necessary to specify the data

format only when changing from one 3-913. The output formats of measurement data
format to another, ASCII format (AS) in standard data transfer mode are described
is set at power on, after self test, and below.

when "device clear" is received.
[ASCIT Format!}

C Mode

’_,///’/l C~G Funection:
Specify Data Format
C data | , |G data @i@

! C Function:

Measurement C data @@

y G Function:

Output
Measurement Data G data @@
! C-V Mode

Last

Measurement? C-G Funetion:

C data| , |G data |, |V data @@

EQTI Output C Function:

C data] , |V data @@

G Funetion:

, |V data @II@

Figure 3-39. Standard Data Transfer Mode G data

C-t Mode

C-G Funetion:

C data| , |G data |, |T data @@

C Funection:

C dataj , |T data @@

G Function:

G data |, [T data @i@
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Note

L and R data {connection modes CN2l,
CN22, and CN23) for external error
correction are output in the following
format.

L data | , {R data @@

Note

In C mode the EOI signal and every line
feed (LF) are output simultaneously. In
C-V and C~t modes, however, the EOI
signal is output with the line feed of
the last measurement data.

Note

Refer to paragraph 3-188 for details on
C, G, V, T, Land R data.

[BINARY Format]

C Mode

C-G Function:

Status data | C data | G data

C Function:

Status data | C data

G Funection:

Status data |G data

C-V and C-t Modes

C-G Funetion:

Status data i C data | G data | K data

C Funection:

Status data | C data | X data

G Funetion:

Status data | G data |X data

3-11¢
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Note

L and R data cannot be output in
BINARY format.

Note
The EOI signal is output with the last
byte of measured data in C mode, and
with the last byte of the final
measurement in C-V or C-t mode,

Note

Refer to paragraph 3-190 for details on
Status, C, G and K data.



Model 4280A

3-214. ISOLATE FUNCTION

3-215. The isolate function does two things. It
electrically isolates the internal measurement
circuits from the HIGH and LOW UNKNOWN
terminals and it turns off the test signal source,
This function is used when the 42804 is part of &
measurement system. With the isolate funection
turned on, the front end of the 4280A is
completely isolated from the other system
components. The isclate funetion ean be turned
on and off under remote control via the HP-iB or
manually from the front panel. Remote program
code IS] turns the isolate function onj ISO turns
it off. While the isolate function is on, the
4280A will accept no remote program codes
other than I80. The procedure for manually
turning the isolate function on and off is as
follows.

(1) Press the blue key. The lamp at the center
of the key will light.

{2) Press the SIG LEVEL key.

(3) Press numerie key 1 if you're turning on the
funetion, 0 if vou're turning it off,

{4} Press the ENTER key.
Note
When the isolate function is on,

the C, G, and V-t displays will
be as follows,

i
< Ed b i
o
at ® !
S
e %
o o

ok ol

Note

Turning the isolate function on
and off does not affect other
control  settings or parameter
settings.

SECTION III

3-216. RESTRICTIONS ON
CONNECTION MODES

CHANGING

3-217. If the connection mode is changed while
the internal de bias source is outputting voltage
{(V OQUTPUT lamp is lit), the internal de bias
source will be automatically turned off. When
performing a measurement that requires the
internal de bias source, be sure to set the
connection mode before turning on the internal
de bias source.

3-218. LEARN MODE

3-219. Learn mode is an HP-IB-related feature.
Learn mode outputs the instrument's control
settings, measurement status, error codes, ete.
Table 3-40 lists the learn mode remote program
codes and the data obtainable with each., Figure
3-40 show an example of using learn mode.
Examples of using BS? are shown in sample
programs 3, 4, 5, and 6 in Figure 3-42.

Note

BS? can be used only in block data
transfer mode.

Note

Learn mode data is always output in
ASCII format.

[TD?]

ID HP4280A,0PT * , ROM *.*
o) o @@

(1) OPTION 001 Installation:

0: Not installed
1+ Installed

(2) Control ROM Version Number:
1.0 (for example)
Note

The EOT signal is output with the @®
signal.
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Table 3-40.

LEARN Mode

Remote Program Codes

Learn Mode Data Contents

DT

Outputs the instrument's
model number, option
installation, and the ROM
verslion.

MF?

Outputs the 4280A's Main
Functions {measurement
function, connection
mode number, internal
bias mode, etc.]}.

CF?

Qutputs 4280A's Common Fun-
ctions [measurement range,
measurement speed, test
signal level, etc.)

SET?

OQutput the 4280A's Main
Functions and Common
Functions (MF? and CF?).

ERR?

Qutputs the most recent
error code. Table 3-4
lists all error codes.

B5?

Outputs the number of
measurement points and
the measurcment conditions
in block data transfer
mode.

Model 4280A

10 I LEARN MODE

40 ENTER 717;1%
50 PRINT I%

70 ENTER 717;M$
8O PRINT M$

10 ENTER 717;C$
t10 PRINT C$

130 ENTER 717;5¢
140 PRINT S%

1680 ENTER 717;ES®
170 PRINT E$
18O END

20 DIM I1$1261,M$(931,C$[76]1,5$[1691,E618)
ko) QUTPUT 717;"1D7"

80 QUTPUT 2173 MFo
S0 QUTRUT 217 Lo
12C QUTPUT 247;"BET?Y

150 QUTPUT 717;"ERR?"

Figure 3-40. LEARN
3-112
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[MF?] {12) Unit of HOLD TIME Value (V-
display's unit indieator)
C Mode or C-V Mode

0: s (seconds)
FNn, CNon, IBn , Bln, VI g¥kwkE

(1) (1) (3 4) (3] -3: ms (milliseconds)
PV gE#®E¥  YOp , PS¥dEE {13) STEP DELAY TIME Value
() 7 78) (displayed on V-t display)
[ o O |23 Pochalel {14} Unit of STEP DELAY TIME Value
05) o) (1) {v-t d¢isplay's unit indicator)
Ei* , PD*****Ex*  TRn CRLP 0: s (seconds)

{12} (13} (14} (15}
-3: ms {milliseconds)

(1) Measurement Function:
{15} TRIGGER or SWEEP MODE

1: C-G funetion (C-G or C-G-V

measurement} 1: INT/REPEAT
9: € funetion (C or C-V 2: EXT/[EXT]
measurement)

3: HOLD/MAN/[SINGLE]

3: G funetion (G or G-V

measurement) Note
{2} Connection Mode Number If the 4280A is in C-V mode (IB 2 or 3 is
selected), WL + #EREEMN ig not output,
{3) Internal Bias Source Mode: because V LIMIT/RNG HOLD f{functions
only in C mode.
p: OFF )
C mode Note
1: wo=
- If the 4280A is performing an L-R
2: ™ measurement (CN21, €22, or 23 is
C-V mode selected), the contents of the learn
31 M mode data are the same as those for C
< mode.
(4) Data Transfer Mode:
C-t Mode
g: Standard data transfer mode
1: Block data transfer mode FNn, CNnn, IBn, Bln, PUgkdkEk

(13 (23 (33 (€3] (5}
(3) vV LIMIT value (unit is V)

Fookk EX S 33 *
PMe**sss  PCt , PNF#EE

() DC V VALUE {unitis V) (6 & {55

(7) Internal Bias Source Status: PH¥*k**Er* | PTH****Es* , 840,
(%) {10) 1§38 %) 13}

0: Off {no output)

1: On {output) ' TRn @@

(143

(8) START V Value {unit is V) .
(1) Measurement Function

9) STOP V Value (unitis V
(9) ( is V) 41 C-G function {C+G-t measurement)

(10) STEP V Value {unit is V) .
5: C function {C~t measurement)

(11) HOLD TIME Value (displayed
V-t display) (displayed on 6: G function (G-t measurement)
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(2)
(3)

4)

(5)
(8)
()
8)
(9)
(10)

(1

(12)

(13)

(14)

Connection Mode Number

Internal Bias Souree Mode

0: OFF

{external pulse bias
It = | source)
2: 1r {internal pulse hias

source)
Data Transfer Mode:
§: Standard data transfer mode
1: Block data transfer mode
PULSE VvV Value (unit is V)
MEAS V Value (unit is V)
DC V Value (unit is V)
NO OF READINGS
th Value (displayed on the V-t display)

Unit of th Value (V-t display's unit
indicator):

8: s (seconds)
~3: ms (milliseconds)
td Value {displayed on the V-t display)

Unit of td Value (V-t display's unit
indicator):

0: s (seconds)

~3: ms {milliseconds)
Integration Mode:

0: Burst mode

1: Sampling mode
SWEEP MODE

1: [REPEAT]

2: {EXT

5+ [BINGLE]

Note

The EOI signal is output with the @B
signal.
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RMn, RAn, MSn, SLn , CHn, LEn,

{1} (2} 13} 4] £87 83
CEE ’ MAE, CRE#*FR* k¥ *F ] 9

[ {8) 9

GRg¥*&dxp_g DCQ, DG{l__ s NN,
(19 (11} 12y {13

MDn CB @D

{14)

(1) C«G RANGE:

1t 10pF/10018
2: 100pF/1mS

3: InF/10mS

(2) Ranging Mode:

0: MANUAL

I: AUTO

(3) MEAS SPEED:

1: FAST
2: MED

3: SLOW

{4) SIG LEVEL:

1: 10mVrms

2: 30mVrms

(5) C-HIGH RESOLN (OPTION 001):

0: Not in use or not installed

1: Inuse

(6) CABLE LENGTH:

I: O(m)
2:  I{m)

3: 0-5(m)

(7) ERROR CORRECTION:

0: Disabled

1: Enabled
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(8) MATH:
0: Notinuse
1: A measurement
2: % mesasurement
3: A% measurement
(9) C-REF Value (unit is pF)
(10) G-REF Value (unit is 18)

{11} DIGIT SHIFT C»
shifts.

Number of digit

(12) DIGIT SHIFT G=o
shifts.

Number of digit

(13) Data Format:

AS: ASCI
BN: BINARY

{14} Data Ready SRQ Mask:
0: Data Ready SRQ is disabled.
1: Data Ready SRQ is enabled (when
the Data Ready bit (bit 0) of the

status byte is set,the RQS bit (bit
8} is also set.)

Note
The EOI signal is output with the @
signal.
{SET?]
|MF? data|,|CF? data| CB @D

Note

The EOI signal is output with the @B
signal.

SECTION 1II

[ERR?]

ER **.x CB @B

(1)
(1) Operation Error Code (see Table 3-4)
I no error has oceurred, 00.0 is output,
Note
ERR? outputs the error code of the
error that occurred before ERR? was
sent. If a second error occurs between
the time ERR? was sent and the time
the learn mode data was read (ENTER),
the second error will be ignored.

Note

The EOI signal is output with the P
signal.

[BS?]

NM *¥k CE* CH*, MA * CR @D
(13 (2} (33 (4}

(1) Number of Measurement Points
(2) ERROR CORRECTION:
0: Disabled
1: Enabled
(3) C-HIGH RESOLN (OPTION 001):
0: Not in use
I': Inuse
(4) MATH:
§: Not in use
I: A measurement
2: % measurement
3: A% measurement
Note
If, while the 4280A is in block data
transfer mode, BS? is sent before the

completion of the measurement, the
binary output data may be incorrect.
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3-220. SERVICE REQUEST STATUS BYTE

3-221. The 4280A outputs an SR (Service
Request) signal whenever it is set to one of six
possible service request states. When serial
polling is performed, the Status Byte is
transferred to the controller via the eight DIO
lines of the HP-IB. Figure 3-4! shows the
contents of the Status Byte. Bit 0 (Data Ready
bitlof the Status Byte can be masked {disablied)
so that bit 6 {RGQS) is not set each time bit 0 is

Model 4280A

set. When the 4280A is turned on, the Data
Ready bit is masked.

Bit 7 6 5 4 3 2 1 o
DiO
Line 8 7 6 5 4 3 2 i
becimal g 84 32 16 8 4 2 1
Value

RQS Sweep/ | Illegal | Trigger | Self Syntax | Data
Content Bias Program| Too Test | Error Ready
Error Fast End

Bit 6 (RQS) indicates whether or not a serviece request exists. Bit 7 is always zero (0).
Bits 0 through 5 identify the type of serviece request. Following are the service request
states of the 4280A:

(1)

(2)

(3)

(4)

Bit 0: Data Ready (maskable)
This bit is set when measurement data is ready for output (in standard data transfer
mode), and when a C-V or C-t measurement is completed {in block data transfer
mode). This bit is reset when the first byte of measurement data has been output,
and when learn mode data is ready for output.
Note
The Data Ready bit is not set when learn mode data is ready for output.
Bit 1: Syntax Frror
This bit is set when the remote program contains a syntax error.

Bit 2: Self Test End

This bit is set when the first cycle of the Self Test has been completed without an
error.

Bit 3: Trigger Too Fast

This bit is set when the 4280A is externally triggered before the measurement has
been completed.
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SECTION 11

(5)

(8)

(7)

Bit 4: Illegal Program

This bit is set whenever an illegal operation is performed.

Bit 5: Sweep/Bias Error

This bit is set when remote program code SW1 or VOl was sent under one of the
following conditions.

(a) Output voltage exceeds the INT BIAS switch setting (Paragraph 3-48).

(b} td value is too short in burst mode {C-t mode).

{e) td and th values are incompatiblie for sampling mode (C-t mode).

Bit 6: RGOS {Reguest Service)

This bit is set whenever one of the six bits described above is set.

Note

The Data Ready bit, bit 0, is masked at power on and after. remote program
eode MD0 has been sent, This prevents bit 6 from being set when bit 0 is
set. To enable Data Ready SRQ, send remote program code MDI.

Note

All seven bifs are reset when serial poiling is performed, when device clear
is performed, or when self test is released.

Figure 3-41. 4280A Status Byte (Sheet 2 of 2)
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3-222. 4280A PROGRAMMING GUIDE

3-223. The sample programs shown in Figure
3-42 ean be run directly on HP series 200
computers (HP9816, 9920, 9825, 9838) with the
BASIC 2.0 language system. These programs are

Model 4280A

Table 3-41. Sample Programs

listed in Table 3-41.
Note
Controller-specific HP-IB programming

information is given in the controiler's
programming manual.

;iggigm Bescription

t £ mode ASCII outpuyt (single - bias)

z C mode binary output {multi - bias)

3 C-¥ mode ASCII (Tong STEP DELAY TIME)

4 C-V mode binary {short STEP DELAY TIME}

5 C-Y mode block data transfer mode measurement routine

& Interna! bias C~t measurement with block data transfer mode.
7 Ixt bias FAST C-t measurement with block data transfer mode.
8 Btock data transfer routine (ASCII "BD"}.

] Block data transfer routine (ASCII "BA"}.
1 Block data transfer routine {binary).
11 internal error correction (Om) routine,
1e Internal error correction (0-5m) routine.
13 Binary conversion routine.

Table 3-42. Data Transmission Times

C Mode C-V Mode C-t Mcde
Controller . ot?
ontro Format
C G C-G C G C-G C G C-G
ASCII 13 12 22 8.3 17.3 273 19.6 i8. 6 28.6
HP 9825A
BINARY 34 4.8 4.8 6.2 4.8 6.2
ASCII 13 12 22 8.3 17.3 27.3 19.8 18.6 28.6
HP %928
BINARY 5 7 6.8 8.8 6.8 8.8
ASCITI 28 27 38 33.3 32.3 43.3 34.6 33.6 44. 6
HP 9835A
BINARY 20 21 20.8 21.8 20.8 21.8
ASCII 22 21 32 27.3 26.3 37.3 8.6 27.6 38.6
HP 9845R
BINARY 13 15 4.4 16.4 14. 4 16. 4
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[Sample Program 1]

10 Hpd280a=717

20 CLEAR Hp4280a

30 OUTPUT Hp4azB0a;"TR3"
40 GOSUB Int_correct

50 OUTPUT Hp4z80a;"PVS"
60 BUTPUT Hp4280a;"VvO1"
70 OUTPUT Hp4a280a;"BC"
80 QUTPUT Hp4280a;"EX"
90 ENTER Hp4280a;C.6
100 QUTPUT Hp4280a;"VOO"
110 FRINT C,G

120 STOP

S Subroutines

END

10: Assigns the value 717 to variable Hp4280a, whieh is used as the device address for
all I/O statements in the program. Here, the first 7 is the controller’s HP-IB
select code, and 17 is the 4280A's HP-1B address.

201 Clears the 4280A and establishes initial settings.

30: Sets the 4288A' trigger mode to HOLD/MAN.

40: Calls an internal error correction routine, such as Sample Program 11 or 12,

whieh, if used, must be linked to this program. If internal error correction is not
to be used, change this line as shown below.

49 QUTPUT Hp428Ga;"CED"
58 : Sets the output from the internal de bias source to +5V.
80: Outputs the specified bias voltage from the internal de bias source.
70: Clears the 4280A's data output buffer.
80: Triggers the 4280A, This is equivalent to: TRIGGER Hp4280a
90: Reads mesasured capacitance and conductance values.
100: Turns off the internal de bias source.
110+ Prints the measurement results in farads(F) and siemens(S).

120: Stops the program.

Figure 3-42. Sample Programs (Sheet 1 of 12)
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Model 4280A

SECTION III

10
20
30
40
1))
60
/0
g0
90
100
110
120
130
140
150
160
170
180
190

201
50
60

140:

156+

[Sample Program 2]

Hop4280a=717
aTaA 1.0,1.6,2.5,4.0.6.3,10.0, 8,75.1,0349.8
CLEAR Hp428Da
BUTPUT Hp4280a:"TR3.BC"
JQUTPUT Hp4280a;"BN"
OQUTPUT Hpda280a:"vi 40"
QUTPUT Hp4280a;"Vi"
RESTORE
FOR I=1 TO 9
READ Do_wv
DUTPUT Hp4a280a;"PV"iDe_v
WAIT .5 1 DELAY TIME
QUTPUT Hp4280a:”EX“
ENTER Hp4280a USING "#,B .M, N”.S,‘.b
GOSUB Binary_to_value
PRINT 5,C,G,Dc_wv
NEXT I
QUTPUT Hp4280a;'voog"
STOP

S Subroutines

END

Data for a logarithmic bias voltage sweep,.
Sets the 4280A's data output format to binary.
Sets bias voltage limits to +40V and sets the bias range to the 100V range.

Reads the status data, the measured capacitance (ecounts), and the measured
conductance(counts).

Calls a binary-to-value conversion routine, such as Sample Program 13, which, if
used, must be linked with this program. If conversion is not needed, delete this
line,

Note

Internal error correction does not function when the 4280A is set to binary
output format,

Figure 3-42. Sample Programs (Sheet 2 of 12)
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Model 4280A

[Sample

10
20
30
40
50
60
70
80
30
104
116
120
130
144
150
160
170
180
130
200

40:
60:
70:
80:
90:
100
110:

130:

Program 3}
Hpd280a=717
CLEAR Hp4280a
UTPUT Hp4288a;"TRI™
OUTPUT Hp4280a;'IB2"
GUOSUB Int_correct
OUTPUT Hp4280a;"Ps-5"
Stop_v=5
(WTPUT Hp4280a;"PP":Stop v
OUTPUT Hp4280a;"'PE.5”
OUTPUT Hp4280a;"PLIO"
OUTPUT Hp4280a;"PD3"
OUTPUT Hp4280a;"BC"
BUTPUT Hp4280a;""SKH1™
Read_data:!
ENTER Hp4280a;C.G,V
PRINT C,G,V
IF V=Stop_v THEN Suweep_end
GO0TO Read data
Sweep_end: !
sToP
S Subroutines
END
Sets the internal de bias source to single-staircase ( 7 ) sweep mode.

Sets START V to -BV,

Assigns the value 5 to variable Stop..v.
Sets STOP V to Stop_v (+5V),

Sets STEP V to 0.5V.

Sets HOLD TIME to 10s.

Sets STEP DELAY TIME to 3s.

Starts the measurement.

149 ~180: Reads and prints measurement results until the bias voltage reaches the

Stop_v value.
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[Sample Program 4]

10 OPTION BASE 1

20 DIM S(21),0¢21),6(21) ,Vtk (21D

30 I=90

40 Hp4280a=717

50 CLEAR Hp4280a

60 QUTPUT Hp4280a:"TR3,IB2"

70 QUTPUT Hp4aZ280a;"BN"

80 QuUTPUT Hp4280a;"PS-5,PP5,PE.5,PL1T,PD.3"
90 QUTPUT Hp4280a;"BC"

100 JUTPUT Hp4280a;"SHT"

110 Read_data:!

120 T=T+1

130 ENTER Hp4280a USING T BLUW L W RSO O L G(TY ViR (D)
140 IF BIT(S(I),B)=1 THEN GOTO Print_out
150 GOTO Read_data

160 Print_out:!

178 FOR J=1 70 1

180 PRINT S ,C(D,6¢) Vi ()
190 NEXT J
200 END

1106~ 150: Read data in binary format until bit 6 of the status data (final data bit) is
set.

160 ~180: Prints out all measurement data.

Figure 3-42. Sample Programs (Sheet 4 of 12)
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[Sample Program 5]

10 (IPTION BASE 1

20 DIM 54212,C(21),6(21) ,Vtk(21)

30 Srq=2

40 Data_ready=0

50 Hp4280a=717

60 ON INTR 7 607D Sweep_end

70 CLEAR Hp4280a

80 JUTPUT Hp4280a;"TR3,BC, IR2"

90 GOSUB Int_correct

100 OUTPUT Hp4280a;"BL1"

110 OUTPUT Hp4280a;"PS$-5,PP5,PE.5,PL3E-3,PD3E-3"
120 OUTPUT Hp4280a;"MD1"

130 QUTPUT Hp4280a:"Skt"

140 ENABLE INTR 7:Srq

150 Idle_block_meas:!

160 GOTO Idle_block meas

170 Sweep_end:!

180 Status_byte=SPULL (Hp428Qa)

150 DISP "STATUS BYTE= " ,Status_byte

200 IF BIT(Status_byte,Data ready)=1 THEN

210 OUTPUT Hp4280a;"BS?"

220 ENTER Hp4280a:Nm,Ce,Ch,Ma

230 G070 Read_data

240 ELSE

259 PRINT "Service Request other than DATA READY"
260 sSTOP

270 END IF

30: Assigns the value 2 to the variable Srq, which is used as the bit mask of the
ENABLE INTR statement (line 140).

40: Assigns the value 0 to the variable Data_ready, which is used in the service
routine Sweep_end to check the data ready bit, bit 0, of the 4280A’s status byte,

60: Defines the service routine to be executed when the 4280A generates a service
request,

100: Sets the 4280A to BLOCK data transfer mode.

120: Instruets the 4280A to set the data ready bit, bit0, and the SRQ bit, bit6, of the
status byte when measurement data is ready for output,

140: Enables the HP-IB interface to generate an SRQ interrupt.
150 and 160: Infinite loop. The eomputer idles until an HP-IB interrupt ocecurs.
180: Reads the 4280A’s status byte.

196: Displays the decimal equivalent of the value stored in the 4280A's status byte.

Figure 3-42. Sample Programs (Sheet 5 of 12)
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SECTION HI

200 ~230:

240 ~ 260

Cheek bit 0 of the 4280A's status byte. 1f bit 0 is set, the measurement was
suceessfully completed. The controller will read the measurement
conditions (linres 210 and 228) and then will invoke a read data routine
(examples of which are given in sample programs 8, 9 and 10}

Terminates the program if bit 0 of the status byte was not set, indicating
an SRQ was generated for some other reason.

Note

Sample program 8, 9, or 10 must be linked to this program to read the
measurement data.

Figure 3-42. Sample Programs (Sheet 6 of 12)
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Model 4280A

[Sample Program §]

10
20
30
40
50
60
/0
80
30

OPTION BASE 1

DIM S(213,C€21),6(21) ,Vtk(21)
Sra=2

Data_ready=10

Hpd280a=717

ON INTR 7 GOTO Sweep_end
CLEAR Hp4280a

QUTPUT Hp4280a;"TR3,BC"
QUTPUT Hp4280a;"FN4"

100 GOSUB Int_correct

110 QUTPUT Hpd280a;"RM3"

120 QUTPUT Hp4280a:"BL1"

130 OUTPUT Hp4280a;"PUST

140 QUTPUT Hp4280a:"PM-5"

150 OUTPUT Hp4280ai"PN21t™

1640 OUTPUT Hp4280a:"PH1"

170 OUTPUT Hp4280a:"PT250E-3"

180 OUTPUT Hp4280a:"MD1"

190 QUTPUT Hp4280a: ski"

200 ENABLE INTR 7:Srq

210 Idle_block meas:!?

220 GOTO Idle_block_meas

230 Suweep_end:!

240 Status_byte=SPOLL(Hp4280a)

250 DISP "STATUS BYTE= ",Status_byte
2E0 IF BIT(Status_byte,Data_ready)=1 THEM
2740 QUTPUT Hp4280a:"BS?"

280 ENTER Hp4280a:Nm,Ce,Ch,Ma

290 GOTO Read_data

3060 ELSE

310 PRINT "“Service Request other than DATA READY"
320 STOP

330 END IF

90:
119:
130:
140
150:
160

170:

Sample program 8, 9, or 10 must be linked to this program to read the

Sets the 4280A to C~t mode,

Sets the measurement range to the InF/10mS prange.
Sets PULSE V to +5V.

Sets MEAS V to -5V,

Sets NO OF READINGS to 21.

Sets th to 1s,

Sets td to 250ms.

Note

measurement data.
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[Sample Program 7]

10 OPTION BASE 1

20 DIM S(213,0¢21),6(21),Vtk(27)
3 Srg=2

49 Data_ready=0

50 Hpd4780a=717

60 ON INTR 7 GUTO Sweep_end

74 CLEAR Hp4280a

80 GUTPUT Hp4280a;"TR3,BCY

30 QUTPUT Hp4280a;"FN4"

160 DUTPUT Hp4280a;"CN13"

110 QUTPUT Hp4Z80a:"IBO"

120 GOSUB Int_correct

130 QUTPUT Hp4Z280a;"RM3I"

144 JUTPUT Hp4280a;"BL1"

150 GUTPUT Hp4280a;"PN21"

160 QUTPUT Hp4280a:;"PHI00E-6"

170 DUTPUT Hp4a280a;"PT10E-6"

180 OUTPUT Hp4280a;"MD1"

190 QUTPUT Hp4280a;"SK1"

260 ENABLE INTR 7:S8rq

210 Idle_block_meas:!

220 GOTO Idie_block_meas

230 Sweep_end:!

244 Status _byte=SPOLL (Hp428Q0a)
250 DISP STATUS BYTE= ",Status_byte
260 IF BIT(Status_byte,Data_ready)=1 THEN

270 JUTPUT Hp42B0a,;"BS7?"

280 ENTER Hp4280aiNm,Ce.Ch.Ma

290 GOTO Read_data

300 ELSE

310 PRINT “Service Regueet other than DATA READY"
320 sST0P

330 END IF

160 : Sets the 4280A' eonnection mode to CN13.
110: Sets the 4280A's internal de bias source to OFF.
Note

Sample program 8, 9, or 10 must be linked to this program to read measurement
data.

Figure 3-42. Sample Programs (Sheet 8 of 12)
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[Sample Program 8]

1016 Read_data:!

1920 OUTPUT He4280a:"BD"

1030 FOR I=1 7O Nm

1040 ENTER Hp4280a;C(I) ,G(I),Vtk(I)
1050 NEXT I

1860 Print out:!

1070 FOR I=% 10 HNm

1880 PRINT C(I),G(I) , Vtk (1)

1090 NEXT I

1160 ST0P

S Subroutines
END

1020: Instruets the 4280A to output measurement data in BLOCK data transfer mode
and in ASCII format.

[Sample Program 9]

1010 Read_data:!

1020 OUTPUT Hp4280a;"BA"

7030 FOR I=! TO Nm

1040 ENTER Hp4280a USING "# K,K,K";CC(I),6(1) Vik(D)
1050 NEXT I

1060 Print_out:!

1070 FOR I=1 TG Nm

1080 PRINT C(I),GCI) ,Vtk (D)

1090 NEXT I

1100 STOP

S Subroutines
END

1020: Instruct the 4280A fo output measurement data in ASCII format.

[Sample Program 14]

1010 Read_data:!

1020 OUTPUT Hp42806a;'"BB"

1030 FOR I=t 7O Nm o
1040 ENTER Hp4280a USING "#,B,H, W, WSy, CC1),6C1) ,VEk ()
1050 HNEXT I

1060 Print_out:!

1870 FOR I=1 TO Nm

1080 PRINT SCI),CCLY,GCI) ,Vtk(I)

1090 NEXT I

1100 STOP

S Subroutines
END

1020 : Instruets the 4280A to output measurement data in binary format.

Figure 3-42. Sample Programs (Sheet 9 of 12)
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[Sample Program 11]

1010 Int_correct:!

1020 Srag=¢

1030 Data_ready=0

1040 Status_byte=0

1050 0N INTR 7 GOSUB Cal_end
1060 DISP "DISCONNECT DUT”
670  PAUSE

1

1080 OUTPUT Hp4280a;"LEYY

1090 OQUTPUT Hp4280a;'"MD1"

1100 ENABLE INTR 7:Srq

1110 QUTPUT Hp428Ca;"Z0"

1120 Idle_open:t

1130 IF BIT(Status_byte,Data_ready)=1 THEN GOBTO Zero_open_end
1146 GOTO Idle_open

1150 Zero_open_end:!

1160 0OUTPUT Hp42B80a;"MDO"

1170 [(UTPUT Hpa28la;"CEL"

1180 DISP "CONNECT DUT"

1190 PAUSE

1200 RETURN

1210 Cal_end:?

1220 Status_pyte=SPOLL (Hp4Z280a)

1230 DISP "STATUS BYTE= ";Status_byte
1240 ENABLE INTR 7:Srq

1250 RETURN

1080: Selects the 0m eable length setting.
1110 Initiates ZERO OPEN measurement.
1120 ~ 1140+ Waits until ZERO OPEN measurement ends.

1170: Enables the internal error correction function.

Figure 3-42. Sample Programs (Sheet 10 of 12)
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[Sampte Program 12}

010 Int_correct:!
020 Srg=2
030 Data_ready=0
1040 Status_byte=0
1050 ON INTR 7 GOSUB Cal end
1060 DISP "CONNECT TEST LEADS™
1070 PAUSE

1080 OUTPUT Hp4d280a:"LE3"
1090 QOUTPUT Hp4280a:"MD1"

ENABLE INTR 7:Srqg

OQUTPUT Hp4280a:"CA”
Idle_cabie:!

IF BIT(Status_byte,Data_ready)=1 THEN GOTO Zero_open
GOTD Idle_cable
lero_open:!

Status_byte=0

DISP "CONNECT TEST FIXTURE™

PAUSE

OUTPUT Hpdz80a:'Z0"

Idle _open:!

IF BIT(Status_byte,Data _ready}=1 THEN GOTO Zero_open_end
1220 GOTO Idle_open
1230 Zero_open_end:!
1240 QUTPUT Hp4280a:"MDO"
1250 QUTPUT Hp4280a:"CE1™
1260 DISP "CONNECT DUT”
1270 PAUSE
1280 RETURN
1290 Cal_end:?

1300 Status_byte=SPOLL(Hp4280a)

1310 DISP "STATUS BYTE= ";Status_byte
1320 ENABLE INTR 7;Srq

1330 RETURN

S MBI RN -
OO OOOOE e

B = SR R R e . LT ey
mmm‘,_sm_.lmnnmmﬁ—-

1060: Prompts the operator to connect the test leads to the 4280A's UNKNOWN
terminals. Connect nothing to the measurement ends of the test leads.

1110: Initiates cable length calibration.
L170: Prompts the operator to conneet the test fixture to the test leads. The outer

conductor of the HIGH and LOW leads should be connected together at the test
fixture.

Figure 3-42. Sample Programs (Sheet 11 of 12}
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[Sample Programs 13]

0 Binary_ to_value:!
S?$:li||
Sgg;mll'!
Full scale=1000
IF BIT(5,7)=1 THEN S7%$="DATA INVALID"
IF BIT(5,6>=1 THEN S6%$="FINAL DATA"
IF BIT(%,3)=1 THEW Full scale=10000
IF BIT(S,2)=1 THEN
C_range=1.E-9
G_range=1.E-2
END IF
IF BIT(S,1)=1 THEN
C range=t.E-10
G_range=1.E-3
END IF
IF BIT(S,03=1 THEN
C _range=1.E-11
G _range=1.E-4
END IF
C=C=C_range/tull scale
G=G=G_range/Full_scale
RETURN

LN o Gt [
o R el s R i |

b ol i T e ]l ek ) ik el ikl el il ek e el b pmd e ke

NS V1 O [P ol e § o & e e B e R B e s

PN —=OWE~NOOLEWN —~ W@~
COoOODOoOOUoOROOSOOoODOOE

This sample program converts eapacitance and conductance counts into capacitance and
eonductance values in farads (F) and siemens (8), respectively.

Figure 3-42. Sample Programs (Sheet 12 of 12)
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