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SECTION 1

SECTION |
GENERAL INFORMATION

1-1. INTRODUCTION

1-2. This operation and service manual
contains the information required to install,
operate, test, adjust, 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,
desecription, options, accessories, and other basie
information.

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

1-4. DESCRIPTION

1-5. The Hewlett-Packard Model 4280A 1MHz
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 materials. Basic
measurement aceuracy is 0.1%, and
measurement resolution is 1fF 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 function to ensure
accurate, 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.)

4

P/N 8120-1378

Figure 1-1. Model 4280A and Accessories

1-1



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 characteristics
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 inductance
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 0 to 2100V, with 1mV 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 (s )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 characteristics measurements, time
intervals (time between readings) from 10ups to
32s 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 4280A 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 ecapacitance can be
measured with 1fF resolution. Three MATH
functions—A, %, A%--make it possible to
measure the relationship between a measured
value and a user-stored reference value—Cox,
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, C, 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 Function: 4280A measures G only.

Model 4280A

Measurement Modes:

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

C-V Mode:
4280A measures the parameter(s) of the
selected function 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 MC6802 microprocessor. The built-in self
test function can be initiated at any time to
verify correct operation of the instrument's
basice capabilities.

1-9. The Hewlett-Packard Interface Bus
(HP-IB) is standard on the 4280A. All instrument
funetions (except power ON/OFF, INT BIAS
switech, and SMOOTHING switech) 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 can 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 C-t
characteristies.

1-10. SPECIFICATIONS

1-11. Complete specifications of the Model
4280A are given in Table 1-1.  These
specifications are the performance standards or
limits against which the instrument is tested.
The test procedures for verifying the
specifications are covered in Section 1V,
Performance Tests. Table 1-2 lists supplemental
performance characteristies. Supplemental
performance characteristies are not
specifications but are typical characteristics
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 Model 4280A has been designed to
conform to the safety requirements of an IEC
(International Electromechanical Committee)
Safety Class I instrument and is shipped from the
faetory 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

1-16. 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 assigned 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 is 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 a different
manual part number. This supplement contains
"ehange 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
periodically request the latest Manual Changes
supplement. The supplement for this manual is
identified with this manual's print date and part

SERIAL NO.

© @]
Y HEWLETT P
L TOKYO  JAPAN

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 concerning 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
4280A 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. OPTION 001

Option 001 equips the standard 4280A with a
high resolution capacitance measurement
capability that increases display resolution to 5
1/2 digits. Capacitance values up to 190pF can
be measured with 1fF resolution; capacitance
values up to 1.2nF, with 10fF resolution.

1-23. OTHER OPTIONS:

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

Front Handle Kit. Furnishes
carrying handles for both ends
of the front-panel.

Rack Flange Kit. Furnishes
flanges for rack mounting.

Option 907:

Option 908:

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

(Opt. 908).

Installation instructions for these options are
given in Section IL.

Option 910: Adds an extra copy of the

Operation and Service Manual.

1-3
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Table 1-1. Specifications (Sheet 1 of 18)

SPECIFICATIONS

COMMON SPECIFICATIONS

Parameters Measured: Capacitance, C, and conductance, G
Measurement Circuit Mode: Parallel ( o }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-V Mode:
Measures C-G, C, or G as a function of swept (staircase) de bias voltage supplied
from the internal de bias 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
C -19000 to +19000
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 o)
Measurement Terminals: Two-terminal pair econfiguration 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: 30mVrms+10%, or 10mVrms+10%

Test Signal Level is specified at the UNKNOWN terminals with both terminals open
terminated.




Model 4280A

Table 1-1. Specifications (Sheet 2 of 18)

SECTION 1

Error Correction:
Provides compensation 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 a 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)

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

MATH Functions: A, %, and A%

Measurement Ranges:
10pF/100s, 100pF/1mS, 1nF/10mS; 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
Speen | tever | JOPF [ 100pF [ ine/
100uS ImS 10mS
10mV
FAST 30mV 19.00pF/ 190.0pF/ 1.900nF/
120.0uS 1.200mS 12.00mS
10mv*
MED 30mV
1omV 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 correction is enabled, maximum values will decrease due to the strays of
the measurement circuit. For grounded connection modes, the 10pF/100uS range
cannot be used. Maximum capacitance values for the 100pF/ImS range and 1nF/10mS
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 specified.

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

depend on range. Refer to the following tables.

Auto Ranging Mode (V. LIMIT = 0):

Voltage Range Coverage Resolution Accuracy*
Range
1v £(0.000 to 1.999)V 1mV £(0.2% + 0.01V)
10v %(2.00 to 19.99)V 10mv £(0.1% + 0.02V)
100V #(20.0 to 100.0)V| 100mV #(0.1% + 0.1V)

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

Fixed Ranging Mode (V limit # 0):

V Limit Voltage Range CS\?Zfaege
0.001 to 1.999 1v #(0.000 to V Limit)V
2.00 to 19.99 10V £(0.00 to V Limit)V
20.0 to 100.0 100V #(0.0 to V Limit)V

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

Interface Capabilities:
SH1, AHI, T5, L4, SRI, RL1, DC1, DT, and El

Remote Control:
All front panel control settings (except LINE ON/OFF switeh, INT BIAS limit
switeh, and REMOTE O N/OFF switeh)

Data Output:
Measurement status, measured values, display status, and LEARN mode data.
Data can 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.

V-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 econnector outputs, and +(0.5% + 40mV) for
V-t connector 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: 230 minutes

Ambient Temperature :

0°Cto55°C
However, if the 4280A is set to FUNCTION C or G and FAST MEAS SPEED, the

Ambient Temperature Range is 0°C to 40°C.
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Model 4280A

Table A. Connection Modes

DC Bias a External Fast Pulse
[I)rcltgﬁsl Internal and External Generator*? and Inter- .
ias Sources one
Sample Source DC Bia ngl or External DC
Bias Source
CN10 % CN11 CN12 CN13 CN14 CN21% 4

FLOATING

GROUNDED

*¥]1: Set when the FLOATING key is pressed.

*2: Set when the GROUNDED key is pressed.

*3: Used when delay time, td, for a high speed C-t measurement is less than 200 ps.

*4: L-R measurement.

correction.

Used when test lead impedance is to be measured for error
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(1)

(2)

(3)

(4)
(5)

(8)

(7)

C MODE

Measurement Functions: C-G, C, and G

Operational 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:

Sample |[Comnection Mode Accuracy

CN10 to CN12 See Table 1.

FLOATING
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
doubles)

CABLE LENGTH is Om or lm, ZERO OPEN has been performed, and
CORRECTION function is ENABLED (key indicator lamp is lit).

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

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

D: G/(21x 106 x C)
Crs: full scale C value

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

EXT BIAS FAST connector terminated with 50Q 1% for connection modes CN13
and CN14.
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When the measurement funetion is C or G, the additional errors listed in Tables B and
C must be added to the aceuracies listed in Tables 1, 2 and 3.

Table B. Additional C Error (C Funection)

Sample Connection Mode C Additional Error

CN10 to CNI12 0.05% of rdg + —2%- counts*!

FLOATING

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

GROUNDED | CNI5 to CN20 | (10 + §%) counts

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

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

*92: 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 Function)*1

Sample Connection Mode G Additional Error

CN10 to CN12 0.05% of rdg + E% counts

FLOATING
CN13 and CN14 0.2% of rdg + Eco’ counts

GROUNDED CN15 to CN2O (10 + -5-%) 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.

#9.  When MEAS SPEED is set to FAST, measurement accuracy is not specified if the
ambient temperature exceeds 40°C.
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SECTION 1

Table 1. C-G Acecuracy (CN10 to CN12)

Measurement Range
SIG LEVEL | Parameter
10pF/100uS 100pF/1mS InF/10mS
C £(0.1% of rdg + 5 counts) £(0.1% of rdg + 3 counts) +(0.1% of rdg + 3 counts)
30mVrms
G £(0.2% of rdg + 5 counts) £(0.2% of rdg + 3 counts) +(1.2% of rdg + 3 counts)
C +(0.2% of rdg + 5 counts) +(0.2% of rdg + 3 counts) +(0.2% of rdg + 3 counts)
10mVrms
G 1(0.3% of rdg + 5 counts) +(0.3% of rdg + 3 counts) £(1.2% of rdg + 3 counts)
Table 2. C-G Accuracy (CN13 and CN14)
Measurement Range
SIG LEVEL | Parameter
10pF/1001S 100pF/1m$ 1nF/10mS
C +(0.4% of rdg + 20 counts) | £(0.4% of rdg + 13 counts) | *(1.4% of rdg + 23 counts)
30mVrms
G +(0.5% of rdg + 20 counts) | £(0.5% of rdg + 13 counts) | £(2.5% of rdg + 23 counts)
C +(0.5% of rdg + 20 counts) | £(0.5% of rdg + 13 counts) +(1.5% of rdg + 23 counts)
10mVrms
G +(0.6% of rdg + 20 counts) | £(0.6% of rdg + 13 counts) | £(2.5% of rdg + 23 counts)
Table 3. C-G Accuracy (CN15 to CN20)
Measurement Range
SIG LEVEL | Parameter
10pF/1001S 100pF/1mS 1nF/10mS
C +(0.3% of rdg + 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 rdg + 30 counts)| *(0.4% of rdg + 10 counts)
10mVrms
G +(0.5% of rdg + 30 counts)| #(1.4% of rdg + 10 counts)




SECTION [ Model 4280A

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

C-V MODE

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

Operational Parameters:
START V: Interaal 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 Resolution

ov to  3.999V 1mV
4.00V to 39.99V 10mV
40.0V to 200.0V 100mV

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

HOLD TIME:
Hold time before and after the internal bias sweep. See Figures 1 and 2.

HOLD TIME Range Resolution

3ms to 65ms ImS

0.07s to 99.99s 10mS

100.0s to 650.0s 100mS

STEP DELAY TIME:
Delay time for each internal bias STEP V. See Figures 1 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: CN10, CN11 and CN12 for Floating measurements
CN15, CN16 and CN20 for Grounded measurements
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Sweep Modes:

SINGLE: Performs the internal bias sweep measurement once.

EXT: 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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C-t MODE
Measurement Functions: C-G-t, C-t, and G-t
Bias Modes:

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

EXT SLOW:
Siow 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 automatiecally 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[s].

th: Bias pulse width. The following table lists range and resolution.
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Model 4280A

th Range Resolution
10us to 65ms 10us
66ms to 1s 500us
1s to 10s 1ms
10s to 32s 10ms

Minimum and maximum th depend on Bias Mode and Integration Mode.
INT Bias Mode: 10ms to 32s
EXT SLOW Bias Mode: 508 to 32s
EXT FAST Bias Mode: 10;s to 32s

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

MEAS SPEED Maximum th

FAST 500-td

200-td (C-t/G-t measurement)

MED 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 32s 200ms to 32s
FAST
C-G-t
MED 100ms 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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SAMPLING Integration Mode:
EXT SLOW Bias Mode: 200s to 58

EXT FAST Bias Mode: 10;s to 5s

Connection Modes:

Bias .
Modes Sample Connection Mode
FLOATING |CN10, CN11, CN12
INT
GROUNDED [CN15, CN16, CN20
FLOATING |CN11, CN12
EXT SLOW
GROUNDED |CN17, CN19
FLOATING [CN13, CN14
EXT FAST
GROUNDED -

SWEEP MODE:

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

EXT:
Performs one C-t measurement cycle when the 4280A is externally triggered.

REl;Eeﬁz:;tedly performs the C-t measurement cycle until the SWEEP/V OUTPUT key
is pressed a second time.
INTERNAL BIAS Modes:
INT: T1r (pulse bias)
EXT SLOW: == (dc bias) or OFF

EXT FAST: ==(de bias) or OFF
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Measurement Accuracies:
C-t Mode accuracies are specified under the same conditions as those for C Mode
acecuracies.
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 Additional Errors

SIG LEVEL Additional Error *
30mVrms S/to[% of rdg] + (20 + 300/to) [counts]
10mVrms | 5/to[% of rdg] + (20 + 900/to) [counts]

*: to in Table 4 is equal to Kk-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. t1i is equal to k-td and its unit is in

seconds. Ignore this error if t: is less than 1ls or the ambient
temperature is lower than 23 °C.

1.5 x t1 x 2 471 [counts]

AT = (Ambient Temperature) - 23 [ ° C]
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OPTIONS

Option 001:
High resolution C measurement capability. Increases C display resolution by one
digit. Applicable on the 100pF and 1nF 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 numeric keys.
Offset capacitance values from OpF to 1023pF ecan be set 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.

Allowable Offset A B

OpF to 19pF 10pF 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/1ImS InF/10mS
30mVrms
SLOW
10mVrms 0.000pF to 190.000pF | 0.00000nF to 1.20000nF*
0.00uS to 120.00uS 0.0000mS to 1.2000mS
30mVrms
MED
10mVrms
0.00pF to 1S0.00pF 0.0000nF to 1.2000nF*
S0mVrms | 67615 to 120.0uS 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 5061-0078)

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

Option 910: 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

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

hp 2110-0304 (100V/120V)
hp 2110-0360 (220V/240V)

ACCESSORIES AVAILABLE

HP-IB Cable:
HP 10833A (Im) 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 1 of 6)

SUPPLEMENTAL PERFORMANCE CHARACTERISTICS

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

COMMON CHARACTERISTICS

Measurement Accuracy when 1>D>0.05: Add D/10% of reading.
When the connection mode is CN13 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 Dz21:
Multiply the measurement accuracies listed in Table 1-1 by (1 + D?)

G Accuracy when displayed C>CFrs/100:
Add C/250 counts for measurements made on the 10018 and 1mS ranges, and add
C/100 counts for measurements made on the 10mS 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.

L-R Measurement Function:
Measures the inductance and resistance of short-terminated test cables. {(<ww»)

Connection Mode: CN21, CN22 and CN23
Measurement Range:

L: -19.000puH to +19.000uH

R: -190.00Q to +190.00%

There are no unit indicator lamps for L-R measurements.

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

L: 2[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 16080A Test Fixture:

Radial lead type contact inserts: Approx. 70nH, Approx. 50mg
Axial lead type contact inserts: Approx. 90nH, Approx. 50mgQ
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Table 1-2. Supplemental Performance Characteristies (Sheet 2 of 6)

Connection Mode CN10

1.4}
£=5m

1.3 ¢
£=3m

1.2 1

1.1
/£=Om

1.0

1 1 L 1 1 1 3 —

10 20 50 100 200 500 1000 2000 (pF)

Connection Mode CN13

1.0 |
£=5m
£=3m
0.9 |
£=0m

1 1 ] ] 1 1 1 1
10 20 50 100 200 500 1000 2000 (pF)

Connection Mode CN15

1.2 |
£=5m
L1 / £2=3m
1.0 f=
1 1 i 1 1 [ 1 1
10 20 50 100 200 500 1000 2000 (pF)

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 (Cxr). ¢ is
the length of the cable between the UNKNOWN HIGH terminal and the DUT.

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

Figure 1
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Table 1-2. Supplemental Performance Characteristies (Sheet 3 of 6)

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

(2m long) or a 1m, 3m, 4m or 5m cable made from 8120-4195 coaxial cable is used.

<} Cable kength(m
~— i 5
4
(SN 3
o 3 2 (16081A)
-~ i
L;L_I 4—/0
S o.f
2
2
s |
p
00 =5 " 100p in
. C(F)
2 Cable Length (m)
~ -1
. IE ;
E 2 (I6081A)
5 °
S olf
2
s
3
0.01 n ! -
< 100K Im 1Om
G(S)
Figure 2

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

MATH (A, %, A%) Calculation Time:
Approx. 20ms. (Approx. 10ms for a C only or G 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 Circuit Response Time:
Approx. 50s. 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 1 us for EXT FAST bias mode and
6us for EXT SLOW bias mode.
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Table 1-2. Supplemental Performance Characteristics (Sheet 4 of 6)

Maximum Offset Voltage:
+1mV. For C-t measurements with external bias, +(10mV + ImV/°C)

Maximum Input Resistance:
20Q. For C-t measurements with external bias, refer to the following table.

Measurement Range

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

During Hold Time 20%

During Measurement 2000 20Q 150

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

Measurement Range

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

During Hold Time 100mA

During Measurement 0.3mA 3mA 20mA

Internal DC Bias:

Bias Voltage Settling Time:
Approx. (0.05 x AV + 1.7)ms. AV is the voltage change in volts.

Ranging Time: Approx. 10ms
Maximum Output Current: +6mA
Output Resistance: Approx. 109
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:

{STOP V - START V|

th x 2 + (td + C-G Measurement Time*!) x (
STEP V

+ 1)*?

*1: Refer to Table 1.
*9 : 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 calculated as follows:
BURST Integration Mode:

th +td x (NO OF READINGS)
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Table 1-2. 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 to
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

“ 10u/100p
om /im
\JOx 71008/ Im

100m

Measurement Time (s)

10m

| |

. |

] I

1 i

L | N 1
10k 100p Im iom 100m Is
k-td (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:

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

*] 015 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.

External Bias Response Time: Approx. 1001s in EXT SLOW mode.
OPTIONS

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

C-OFFSET 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 1-1. The furnished accessories
are also listed below:

16080A Test Fixture
(Refer to Table 1-3 for a brief description)

Power Cable <esesssescccces HP P/N 8120-1378

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

Fuse ........................... HP P/N 2110_0304

or 2110-0360

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 accuracy, reliability,
ease of use, and compatibility with other HP
instruments. A brief deseription of each
available accessory is given in Table 1-3.



Model 4280A SECTION 1

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

16080 A (furnished) Test Fixture (direct attachment type) for
measurements of either axial- or radial-lead
components. Three kinds of contact inserts
are furnished:

@ For axial-lead ecomponents,
(P/N: 16061-70022)

@ For general radial-lead components,
(P/N: 16061-70021)

@ For radial short-lead components,
(P/N: 16047-65001)

DC bias up to £42V can be applied.

16081A Test Leads (two-terminal pair), double-
shielded, with BNC connectors for connecting
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 cable (P/N 16081-61600) 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 to 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: 1m
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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 pulse bias voltage and
eurrent monitoring capabilities.
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SECTION II

SECTION Il
INSTALLATION

2-1. INTRODUCTION

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

2-3. INITIAL INSPECTION

2-4, The 4280A 1MHz C Meter/C-V Plotter,
when shipped from the factory, meets all the
specifications listed in Table 1-1. Upon receipt,
inspect the shipping container for damage. If
the shipping container or cushioning material is
damaged, it should be kept until the contents of
the shipment have 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
Il (paragraph 3-7 SELF TEST) and the
procedures for checking the 4280A 1MHz C
Meter/C-V Plotter against its specifications are
given in Section IV. First, do the self test. If
the 4280A is electrically questionable, then do
the Performance Tests to determine whether the
4280A has failed or not.

If the shipment is incomplete, if the contents
show any sign of mechanical damage or other
defects (seratches, 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 eclaim
settlement.

2-5. PREPARATION FOR USE
2-6. POWER REQUIREMENTS
2-7. 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 IS TO BE
ENERGIZED VIA AN EXTERNAL
AUTOTRANSFORMER FOR VOLTAGE
REDUCTION, BE SURE THE COMMON
TERMINAL IS CONNECTED TO THE
NEUTRAL POLE OF THE POWER
SOURCE.

2-8. LINE VOLTAGE AND FUSE SELECTION

2-9. Figure 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 geographic 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-conductor power cable which, when
plugged into an appropriate receptacle, 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 conneet the green
grounding tab on the adapter to power line
ground.

2-1
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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 inecluding the
standard power cord furnished with the
instrument. HP Part number, applicable
standards for power plug, power cord color,
electrical characteristics and countries using
each power cord are listed in the figure. If
assistance is needed for selecting the correct
power cable, contact the nearest Hewlett-
Packard office.

2-14, INTERCONNECTIONS

2-15. To interconnect the 4280A to an external
controller or peripheral device using the HP-IB
interface capability (IEEE Std. 488/
ANSI-MC1.1), connect an HP-IB 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 used, connect
the external (pulse) bias source to the EXT BIAS
connectors (FAST or SLOW) and SYNC OUTPUT
connector. Refer to paragraph 3-102 for details
on external (pulse) biasing.

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

To monitor the bridge waveform, connect an
oscilloscope to the I-V CONVERTER OUTPUT
and Z AXIS connectors.

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, connect 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 0 °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.

100V ~ 120V ~

~LINE ) s ~LINE

220V ~ 240V

VOLTAGE SELECTOR VOLTAGE SELECTOR

] <)

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

—
100V~ 120V~ 220V~ 240V~

Fuse: L5AT 250V ~ Fuse: L5AT 250V A Fuse: 750mAT 250V~ Fuse :750mAT 250V~
(HP P/N: 2110-0304) (HP P/N: 2110-0304) (HP P/N: 2110-0360) (HP P/N: 2110-0360)

~LINE \ -~ ~LINE
VOLTAGE SELECTOR VOLTAGE SELECTOR

<

—
100V~ 120V~ 220V~ 240V~

— l—
100V~ 120V~ 220V~ 230V~

Figure 2-1. Voltage and Fuse Selection
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SECTION II

OPTION 900 United Kingdom

Plug : BS1363A, 250V
Cable: HP 8120-1351

OPTION 901 Australia/New Zealand

/ Farth

-~ — Neutral

Line

Plug : NZSS 198/AS Cl112, 250V
Cable : HP 8120-1369

OPTION 902 European Continent

Earth

Earth
Neutral
Plug : CEE-VII, 250V

Cable : HP 8120-1689

OPTION 903 U.S./Canada

N / Earth
— \

Neutral Line

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

OPTION 905** Any country

Line

Neutral Earth

Plug: CEE 22-VI, 250V
Cable: HP 8120-1396

OPTION 906 Switzerland

\ Neutral
B

SN

Line

Plug: SEV 1011.1959-24507 Type 12, 250V
Cable : HP 8120-2104

OPTION 912 Denmark

Neutral

Plug: DHCR 107, 220V
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

interconnecting 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
bench 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,
pull each one away from the bottom cover until
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:

=-55°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.

Model 4280A

If the instrument is being returned to
Hewlett-Packard for servicing, attach a tag
indicating 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
instructions should be used for re-packing with
commercially available materials:

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

b. Use  a strong shipping container. A
double-wall carton made of 350 pound test
material is adequate.

e. 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 container. - Protect the
front panel with cardboard.

d. Seal the shipping container securely.

e. Mark the shipping container FRAGILE 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
907 Handle Kit 5061-9690
908 Rack Flange Kit 5061-9678
909 Rack Flange & 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 screws provided and
attach trim @ to handle.

RACK MOUNTING : Attach rack mount
flange @ to sides at right and left front of
instrument with serews provided.

HANDLE AND RACK MOUNTING
Attach front handle@ and rack mount
ﬂange@ together to sides at right and
left front of instrument with screws
provided.

When rack mounting (3 and 4 above),
remove all four feet (lift bar at inner side
of foot, and slide foot toward the bar).

Figure 2-3. Rack Mount Kit

SECTION 1I
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SECTION I

SECTION 11

OPERATION
3-1. INTRODUCTION PROTECTIVE EARTH GROUNDED
SOCKET. ANY INTERRUPTION
3-2. This 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. Included are POTENTIAL SHOCK HAZARD THAT
descriptions of the front and rear-panel controls, COULD RESULT IN SERIOUS

displays, lamps and connectors; disecussions on
operating procedures and measurement
techniques for various applications; and
instructions on the instrument’s SELF TEST
function. 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
EARTH 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 IS
SWITCHED ON, IT MUST BE SET TO
THE VOLTAGE OF THE POWER
SOURCE (MAINS), OR DAMAGE TO
THE INSTRUMENT MAY RESULT.

OPERATING INSTRUCTIONS
(paragraphs 3-3 through 3-57)

C Mode
(paragraphs 3-58 through 3-69)

c-v
(paragraphs 3-70 through 3-85)

Mode C-t Mode
3

t
(paragraphs 3-86 through 3-155)

Extended Capabilities

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

(paragraphs 3-161 through 3-163)

HP-IB Interface
(paragraphs 3-164 through 3-224)

|
!
|
|
|
1
: C-High Resolution
|
|
|
|
|
|

Figure 3-1. Contents of Section 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 instruetions 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
deseribe 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.

®

ORE QIGHT SHIET
RS

(1) LINE OFF/ON:

Applies ac line power to the instrument
when set to the ON (=) position.
Removes ac line power when set to the OFF
( &) position.

HP-IB 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 funetion) when the
instrument is set to "local lockout" by the
controller.

CONNECTION MODE:

These keys change the 4280A's internal
circuitry 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.

lllllll x- vuscannsn A =
cozv o waxs wremsa gm0 el
s“‘-“’"- " .I 'R'é““’, B:AS Q]| smarsror
& =g E] CJEI] 2o T
S | B
FLOATING:
Pressing  this key automatically

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
A !{7 (CONNECTION MODE 10)
appears on the V-t display (8). (This
connection mode can be selected with
the CONN MODE 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 are
configured for a grounded
measurement, CONNECTION MODE
15, and { =~ /5 is displayed on the
V-t display. Connect the DUT as
shown in the drawing adjacent to the
key.
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SECTION III

@ CORRECTION :

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

ENABLE:
Enables internal correction
calculations using stored constants and
ZERO OPEN data. When the

correction mode 1s released (ENABLE

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

measurement time.

CABLE LENGTH:

Selects the nominal cable length for
use in the internal correction
routines. 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): Select this setting when using
a direct attachment type test fixture
(for example, the furnished 16080A
Test Fixture).

1(m): Select this setting when using
the 16082A 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 16081A 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 calibration. Pressing the
START button initiates the calibration
sequence. During calibration, the
4280A measures the capacitance of
the cable connected to the
UNKNOWN HIGH terminal (27 and
stores the results (displayed on the C
and G displays) that will be used in the
correction calculations. The cable
must be open terminated during

®

calibration. At the completion of the
calibration sequence, the CAL key

indicator lamp will go offf
automatically. After performing
ZERO OPEN (25 the ENABLE key
will funetion normally.

Trigger Lamp:

This lamp comes on each time the

instrument is internally, externally, or
manually triggered. Trigger mode is set by
the TRIGGER keys When INT
TRIGGER mode is selected, the trigger
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 on),
calculation results (see MATH (1)),
calculation reference values (see STORE
DISPL ‘ and C-REF (3)), C-OFFSET
values (option 001 only, see C-HIGH
RESOLN AND C-OFFSET (33), and
various mesSsages 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 certain control settings.
The C display is turned off (blank) for G,
G-V, and G-t measurements. Unit
indieators (nF, pF, %) show the appropriate
unit for the displayed value.

G Display and Unit Indicators:

Displays measured values of conductancge,
calculation results (see MATH ),
calculation reference values (see STORE
DISPL and G-REF @), and messages
related To 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, uS, %) show the
appropriate unit for the displayed value.

V-t Display and Unit Indicators:

Displays bias voltage settings, time settings,
connection modes, error codes related to
illegal operation, and messages for special
measurements (for example, ~ = [ for
CABLE LENGTH'CAL,[7 - o /@ 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 Kkeys seleet voltage and time
parameters for entry. The entered value of
the selected parameter (indicator lamp on)
is displayed on the V-t display (8} To
enter a parameter value, repeatedly press
the [©) or (@) key until the indicator lamp
adjacent to the desired parameter is lit.
Then press the Blue key (key indicator
lamp will come on) and kéy in_the desired
value with the Numeric keys @ Finally,
press the ENTER key . Parameter
selection depends on the connection mode
(see CONN MODE (34) and internal bias
mode (see INTERNAL™ BIAS @). A brief
deseription 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 voltage 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.

NO 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 Numerie
keys @

3-4
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SECTION Iil

@ Blue Key:

This key must be pressed to access functions
labelled in blue. Once pressed, the blue key
remains on (key indicator lamp is lit) until a
blue function key and the ENTER key
have been pressed, or until the blue key 1is
pressed again.

SWEEP/V OUTPUT (Indicator and Key):

The V OUTPUT (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 mode.
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 connection mode, if INTERNAL BIAS
is set to OFF, this key does not function.
Operation of this key depends also on the
sweep mode (see TRIGGER/SWEEP MODE

).
Note

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

WARNING

I[F V OUTPUT LAMP BLINKS ON AND
OFF WHEN NOTHING IS
CONNECTED TO THE UNKNOWN
TERMINALS, THE 4280A IS
MALFUNCTIONING AND
DANGEROUS 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 respects,
determines the measurement mode.
Selectable functions depend on connection
mode. Each function is briefly described

below.

™ (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 de bias source
will output the previously entered bias
voltage.

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

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

1r (Pulsed Bias):
The internal de bias source outputs a
pulse 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 funection is used for connection
modes requiring pulsed biasing from an
external voltage source. The internal
de bias source outputs the previously
entered bias voltage after the bias
pulse period (determined by th).

OFF:
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 instruct 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 is_pressed,
values displayed on the C display(é and G
display QS are calculation results, not
measured Values.

A (difference):
Calculates the difference between the
measured value of the device 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.

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

5 X 100 (%)

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

®

A-B
B

x 100 (%)

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

DIGIT SHIFT Keys:

These keys are related to the 4280A's X-Y
RECORDER function. They reduce the
umber 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 to paragraph 3-156
for details.

Co:

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
issetto G ).

Functions identically to the C ®key
(described  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).
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STORE DISPL C-G Key:

Pressing this key stores the values digplayed
on the C display@and G display@. The
stored values are uSed as reference values in
calculations made by the 4280A's MATH
functions (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 (19) is set to C or G) when this
key is pressed, the previously stored
reference value of the turned-off display is
not updated.

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 ? is set to
HOLD/MAN or when the 4280A is in, C-V or
C-t mode and is not measuring.

{._ LL(lower left):
When this key is pressed, -10V is
output from each 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™ f(upper right):
When this key is pressed, +10V is
output from each recorder output
connector 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 modes).

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. Measurement is
made each time a positive-going TTL
level pulse is applied to the center
conductor 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
Q, 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 is
started by an external trigger signal
applied to the EXT TRIGGER connector
(ésin 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 ressing the SWEEP/V
OUTPUT key .

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

These keys select the measurement funetion

and, when the Blue key is on (key
indicator lamp is lit), ~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 funection
key lights continuously, and the functions
labelled in black (C-G, C, and G) are valid.
When the instrument is in C-t mode, the
indicator lamp on the selected function key
flashes off and on, and the functions
labelled 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
equivalent parallel conductance, G.
When C or G is selected, only
capacitance or only conductance,
respectively, is measured. The 4280A
is in C mode when INTERNAL BIAS
is set to==or OFF; it is in C-V
mode when INTERNAL BIAS is set to
fMor &,

C-G-t, C-t, G-t:

These functions 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 eome on), and
then press the desired FUNCTION
Key. The indicator lamp at the center
of the key will begin to flash. The
other two functions can now be
selected directly, 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.

Figure 3-2. Front Panel Features (Sheet 7 of 12)
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C-G RANGE Keys and Indicators: (22 SELF TEST Key:

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 indicator lamp will go off and the
measurement range will be fixed at
the selected range. To change
measurement range, press this Kkey.
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 conjunction
with the CORRECTION ENABLE key
and the C-OFFSET keys (32). Refer to
paragraph 3-161 for details.

This key initiates the instrument's SELF
TEST function. During SELF TEST (key
indicator lamp 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 detected, an error_code will
be displayed on the C display SELF
TEST error codes are described in paragraph
3-7. When SELF TEST is canceled, 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 £ ! K is displayed on the C
and G displays. Refer to paragraph 3-7 for
complete details on SELF TEST.

SIG LEVEL Select Key and Indicators:

This key selects the test signal
level--30mVrms or 10mVrms. The adjacent
indicator lamps show the selected test
signal level.

MEAS SPEED Select 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:

This button is for 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).

INT BIASA:

This slide switch and BNC connector are
safety features that, respectively, limit and
shut down the output from the internal de
bias 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 de bias
source is shut down.

ACAUTION
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 Switch:

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 (£100V) from the
internal de bias source is possible.
Connection of HP test fixtures
designed for use at +42V and below is
made physically impossible. The
center conductor of the REMOTE
ON/OFF connector must be grounded
to enable output from the internal de
bias source.

42V MAX.:
Output 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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(2) UNKNOWN Terminals/\:

These two BNC connectors are the
4280A's measurement terminals. They
have a two-terminal pair configu-
ration: HIGH terminal and LOW
terminal. Two-terminal pair test
fixtures, such as the furnished 16080A,
connect directly to these terminals.

AWARNING

WHEN BIAS VOLTAGE IS USED
DANGEROUS VOLTAGE (MAXIMUM
+100V) MAY APPEAR ON THESE
TERMINALS.

Ground( < MEAS CKT COMMON (¢ )

Terminals/\:

The ground terminal () is tied direetly to
the instrument's chassis and to the earth
terminal (offset pin) of the v LINE input
receptacle ( in Figure 3-3) on the rear
panel. The MEAS CKT COMMON ()
terminal is tied direetly to the common of
the instrument’s measurement cirecuit and to
the outer _ghields 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 DANGEROQUSLY HIGH
WHEN THE GROUND (Jd.) 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 labelled in blue
on the front pane]l, 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 numerie
keys @ changes the time unit from seconds
to milliseconds. The ms unit indicator lamp
on the V-t display(8)will 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
output voltage. To set the output voltage
limit, press the Blue key, press the V
LIMIT/RNG HOLD key (the previously set
limit or & , - - will appear on the V-t
displa ), key_in the desired limit with the
numeric keys , and then press ENTER
. Refer to paragraph 3-62 for details.

@

@

Numeric Keys:

These keys--0 through 9, decimal 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. Refer to paragraph 3-161 for
details,

MEASURED:
Pressing this key and then the ENTER

key when the C-HIGH RESOLN
key is on (key indicator lamp is lit)
sets the measured capacitance value

as the offset value.

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

numeric key@ and ENTER key .
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(39 C-REF/G-REF Keys:

These keys are used to store reference
values for the MATH functions ‘ and to
recall (display) previously stored reference

values.

C-REF:

Pressing this key while the Blue
key@ is on displays the stored
reference values for capacitance
and conductance on the
display é and G display @
respectively. Also, -~ £ - is

splayed on the V-t display
‘ A capacitance reference
value cean be entered with the
numeric Kkeys @ and the
ENTER key (1]

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 connection
mode with the numeric Kkeys @

ENTER key
for details.

and
Refer to paragraph 3-31

Figure 3-2. Front Panel Features (Sheet 12 of 12)
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HP-IB 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: comma) for TALK ONLY
operation. Refer to paragraph 3-164 for
details.

EXT 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:
connectors—F AST and

in measurements that
Refer to

These BNC
SLOW--are used
require an external bias source.
paragraph 3-100 for details.

/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.

@ SYNC OUTPUT Connector:

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 3-126
for details.

Figure 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 osecilloscope, the waveform of the
4280A's analog measurement circuit.

@ Z-AXIS Connector:

This BNC connector outputs a TTL level
signal which can be used to control the
intensity of an oscilloscope 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.

A LINE Input Receptacle:

The power cord connects to this
receptacle. Refer to paragraph 2-10.

@ RECORDER OUTPUTS:

These connectors and this slide switech are
for plotting the characteristies 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 technician in
troubleshooting. There are two different self
tests: (1) Power On Self Test, which is
automatically performed each time the
instrument is turned on, and (2) Standard Self
Test, which the operator can execute at any
time by pressing the SELF TEST key on the front
panel or by sending program code "TE1" via the
HP-IB.

[Power On Self Test]

Each time the 4280A is 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. If error
code "Err H1" (illegal HP-IB address) appears
on the C display after the DISPLAY TEST,
turn the 4280A off, set the HP-IB address
switehes to a valid address (0 ~ 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 P1, "Err 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 normally in LOCAL mode.
despite these errors. If "Err P1" or "Err
11" through "Errl5" 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
TE1l) to confirm normal operation of the
4280A's basic functions. When the operator
executes the Standard Self Test, the nine
tests listed in Table 3-2 are automatically
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 will
appear on the C display. To perform the self
test, connect nothing to the UNKNOWN
terminals and then press the SELF TEST key.
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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 is repeated starting with the DISPLAY
TEST. When self test mode is released, the
microprocessor initializes all control settings
and eclears the random-access-memory (RAM) of
reference values used for the MATH functions,
error correction information, and C offset data
(Option 001 only). Initial Control Settings are
given in paragraph 3-17. If the SELF TEST key
is accidentally pressed, quickly press the key
again while SELF is displayed 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
funcetions--C-G function, C function and G
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 function is
selected, the 4280A measures both
capacitance, C, and conductance, G.
Measured C and G values are displayed on the
C display and G display, respectively.

- C Function: When this function is selected,
the 4280A measures only capacitance, 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 function
measurements.

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

3-11. Measurement functions are selected from
the front panel by pressing the appropriate
FUNCTION key—C-G, C or G—or from a remote
controller by sending the function's program
code via the HP-IB. Program codes are given in
paragraph 3-180. In C and C-V measurement
modes, the indicator 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
1Hz. C measurement mode and C-V
measurement mode are set by the INTERNAL
BIAS key. When = or 4 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

capacitance or .
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from C-V mode, it is not possible to do the
opposite. Figure 3-4 shows how to change
directly from one function/mode combination to
another. The table below lists all the possible
combinations of functions and modes.

3-12. DISPLAYS

3-13. The 4280A has three front panel
displays—-the C display, the G display, and the
Vet display. These displays provide 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 direet readout of
measured capacitance values, C reference values
for MATH operations, self test error codes,
overflow annunciations, and the HP-IB address
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 conductance values, G reference
values for MATH  operations, overflow
annunciations, and the setting of the
SMOOTHING switch on the rear panel. When C
funetion (C, C-V or C-t) is selected, the G
display is turned off (blanked). Unit indicator
lamps light to show mS (milli-siemens), uS
(micro-siemens), or % (percent) values.
Maximum number of display digits, maximum
display value, and maximum display resolution
depend on control settings. Refer to Figure 3-6.

3-16. The V-t display has four digits and
provides direct readout of PARAMETER values
(voltage and time), operation error codes,
connection mode eode 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 measurement
C-t MODE C-G-t measurement C-t measurement G-t measurement
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Table 3-1. Power On Self Test

TEST Description Error 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 lit.)

ROM/RAM TEST Checks the contents of read-only memory (ROM) Err Pl
and verifies correct operation of random
access memory (RAM).

HP-IB TEST Verifies correct setting of the HP-IB Err H1
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

ratio detector (VRD).

3 Verifies correct full scale output from the vector Exr 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 mode 18. Err 61
7 Open Test for connection mode 21. Err 71
8 Verifies corr ct operation of the C-OFFSET circuit. Err 81

(Only on instruments equipped with option 001).

The UNKNOWN terminals must be open terminated (nothing connected)
during self test.
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Desired Setting
Present
Setting | C - G C G C-G-V|C-VI|G-VI|CGt|C-t|G-t
C-6G b o d N N f g h
C a c N d N f g h
G a b N N d f g h
C-G-V e N N b c f g h
C-V N e N a c f qg h
G-V N N e a b f g h
€G-t f N N N N N b,(g) | ¢c,(h)
C-t N g N N N N a,(f) c,(h)
G-t N N h N N N a,(f) {b,(g)

a: Press the C-G FUNCTION Kkey.

b: Press the C FUNCTION key

c: Pressthe G FUNCTION key.

d: Select INTERNAL BIAS 4 or o .

e: Select INTERNAL BIAS = or OFF.

f: Press the blue key and the C-G FUNCTION Kkey.
g: Press the blue key and the C FUNCTION key

h: Press the blue key and the G FUNCTION key.

N: Cannot be selected directly.

Figure 3-4. Interchanging Measurement Functions and Measurement Modes
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and maximum display

maximum display value,

Maximum number of display digits,

resolution of the C display depend on measurement speed, signal level, measurement

range, and error correction. Refer to the following tables.

CORRECTION function turned off (ENABLE key indicator lamp not lit)
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*Option 001, C High Resolution. Refer to paragraph 3-161.

Figure 3-5. Maximum Display Value, Display Digits, and Resolution for the C 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 following tables.

CORRECTION funection turned off (ENABLE key indicator lamp not lit):

MEAS SPEED ~ SLOW MED FAST
SIG LEVEL 30 10 30 10 30 10
IOmS - ,_:I. II_7 II_V 41_7 :: to ‘:: to I_J II:II Il__,l -;s
C.G . _ B 3 - _H
RANGE ImS - r_? II_-«' i f to ':' to =L :’
100us | (EEENERREAE © o 2 to
CORRECTION function turned on (ENABLE key indicator lamp lit):
MEAS SPEED SLOW MED FAST
SIG LEVEL 30 10 30 10 30 10
lons | WSRCNalall: to (EECRalelel : | EENEERARM) i to raoo B
C.G 3 . 5 3 3
RANGE 1mS i oto A=RENRREY Ry i to E
10008 ! BERER: ﬁ to ERE

% or A % measurement:

SLOW MED FAST
30 10 30 10 30 10
_ll (9 L7 1’_7 'L—/, ::: tO I/ /_3 l’_7 1’_—/ /_7 ::‘j - I’ l_J 1’_7 /_7 : tO II l_J l’_7 /_7 :;:

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

3-21



SECTION III

3-17. INITIAL DISPLAY AND CONTROL
SETTINGS

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

[
o

G
R Y
[ B i

0% 0% 03

1
r

ox 0% 0

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 (except
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. Initial control settings are established
each time the 4280A is turned on and after self
test is performed. Initial control settings are
listed below.

FUNCTION .................... C_G‘

CONNECTION MODE - FLOATING,
CN10

INTERNAL BIAS scecrccccees =

C*G RANGE ceeccscerccsccnces AUTO

MEAS SPEED cecescerecccsores MED

SIG LEVEL .................... 30mVrms

TRIGGER ...................... INT

V OQUTPUT secoccsscrcssseceecs RESET (=

V LIMIT/RNG HOLD «e-e Auto

CABLE LENGTH sseserceree 0m

CORRECTION ENABLE - ON

ZERO OPEN DATA seeceee O0pF/0uS

DIGIT SHIFT C eeeccosesceer OFF

DIGIT SHIFT G eeeesecoreeee OFF

MATH sececcsccccncocceccecccccces OFF

C~REF serceescrceessrccrsesscrsces OpF

G-RETF sesorevsssrcsacessccccncoces 018

SELF TEST seccccocscoceccscces OFF

C-HIGH RESOLN -eecveseee OFF
C-OFFSET DATA -ceceeseee OpF/018
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3-20. The initial settings of all PARAMETERS
are listed below.

C mode
DC V (V) soresrcrsessecccncenns ov
C-V mode
START V (V) eecsececeesncnee oV
STOP V (V) eeeceereseenccas ov
STEP V (V) essessossesneess o oV
HOLD TIME (S) eessscscccce 3ms
STEP DELAY TIME (s) «-+ 3ms
C-t mode
DC V (V) esresscsscsscance e ov
PULSE V (V) seessscscscsccens oV
MEAS V (V) seevesccecacacenee Y
NO OF READINGS eesee- 100
th (s) A 10ms
td (S) eesesercenrrcescaccccacecens 250ms

3-21. ERROR CODES

3-22. Three types of error codes are displayed
on the front panel: (1) self test error codes,
which are displayed on the C display; (2)
overflow annunciations, which appear on both
the C display and G 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 description of each. Refer to
paragraph 3-7 for details. Table 3-3 lists the
overflow annunciations, describes the meaning of
each annunciation, and provides one or two
possible remedies. Table 3-4 lists all 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 display, if
they occur. These HP-IB-related errors can be
read only by a controller (computer) via the
HP-IB in LEARN mode. Refer to paragraph
3-219 for instruections on LEARN mode
operation. Error codes common to both HP-IB
and manual (front panel keys) operations will be
disptayed on the V<t display. These are
indicated by an H and M in the right most
column of Table 3-4. Also, in Table 3-4, n and v
following certain remote program codes indicate
an integer and a decimal number, respectively.
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Table 3-3. Overflow Annunciations

SECTION III

Annunciation Meaning Remedy
OF-01 through Tbe aPal°g measurement Select a higher C+G range.
OF-07 circuits are saturated.
Refer to Table 8-8.
OF-08 The result of a MATH Select a higher C-G range
calculation is too large or change the MATH function
to display. reference value.

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.

OF-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).
1s0, 1S1, ID?, MF?, CF?, 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 program
codes permitted during self test. Sending program
code TEl restarts the self test.

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, CN22, or CN23.
CNn, TRn, EX 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 C-t mode.
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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 oxr program

code CEl was sent, but error correction cannot

be done because the ZERO OPEN offset value is too
large or CABLE 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 correction cannot
be done because CABLE LENGTH CAL offset value is
too large.

The ZERO OPEN button was pressed or program Z0
was sent while CABLE LENGTH was set to 0-5(m),
but CABLE LENGTH CAL offset value 1is 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.

Connection mode CN13 or CN14 was set while the
4280A was set to C-V mode. CN13 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 *19999E-6.

The STORE DISPL C-G key was pressed or program
code ST was sent while OF-n, ----- , Or a percent
was on the C 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 Codes (Sheet 3 of 7)

SECTION I

Error-Code

Meaning

Operation

E-5.0

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

(1) C-HIGH RESOLN key was pressed.

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

(3) Program code CH1, CS, or CLv was sent.

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

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 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.

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

Program code IBl was sent while the 4280A was
set to connection mode CN14, Or program code
IB2 was sent while the 4280A was in C-t mode and
connection mode CN13 or CN14 was set.

Program 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 C-t mode and connection
mode CN10, CN15 or CN18 was set.

The DC V value (C mode) entered exceeds the limit
set by the INT BIAS switch (+42V or *100V).

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.

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

Model 4280A

Exrror-Code

Meaning

Operation

E-7.0

In C mode, the SWEEP/V 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/OFF
connector was open terminated (center coductor was
HIGH), or while the INT BIAS 1imit switch was set
to *42V and the DC V value was higher than *42V,

H, M

E-7.1

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 mode, the
setting of the INT BIAS 1limit switch was changed
from £100V MAX to +42V MAX while the V OUTPUT

lamp was lit and DC V was higher than %42V.

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

was pressed or program code SW1 was sent while (1)
the INT BIAS limit 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/OFF
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 OUTPUT lamp lit). Or, in C-V mode or
C-t mode, the setting of the INT BIAS limit switch
was changed from +100V MAX to x42V MAX during a
measurement (V OUTPUT lamp 1it) in which the START
V or STOP V (C-V mode), or the PULSE V, MEAS V or
DC V (C-t mode) value was higher than x42V.

The START V value exceeds the limit set by the
INT BIAS limit switch (£42V or x100V).

The STOP V value exceeds the limit set by the INT
BIAS limit switch (%42V or *100V).

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

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

Illegal STEP DELAY TIME value. Permissible range
is 3ms to 650s.
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Table 3-4. Operation Error Codes (Sheet 5 of 7)

SECTION I

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 (%£42V or £100V).

E-9.1 The PULSE V value exceeds the limit set by the INT H, M
BIAS limit switch (%42V or 100V).

E - 9.2 MEAS V value exceeds the limit set by the INT BIAS H, M
limit switch (*42V or zl100V).

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 Illegal 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
4280A was in block data transfer mode, but there
was no data ready for transfer.

E - 10.2 Program code BL1 was sent while the 4280A was in C H
mode.

E - 10.3 Program code IBO or IBl was sent while the 4280A H
was in C-V mode and block data transfer mode.

E - 10.4 Program code CN21, CN22, CN23, Z0O, CA, CS, CLv or . H
TE1l was sent while the 4280A was in block data
transfer mode.

E - 10.5 Program code FN1, FN2 or FN3 was sent while the
4280A was in C-t mode and block data transfer mode.
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Table 3-4. Operation Error Codes (Sheet 6 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 OQUTPUT key was pressed or program code
SW1 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.

The SWEEP/V OUTPUT key was pressed or program code
SW1 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 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) and
td was less than 200us.

The SWEEP/V OUTPUT key was pressed or program
code SW1 was sent while the 4280A was in C-t mode
(internal bias, C-t measurement) 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 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,
sampling mode) and th was less than 50pus 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, C-t measurement,
sampling mode) and th was more than 5s.
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Table 3-4. Operation Error Codes (Sheet 7 of 7)

SECTION I

Error-Code

Meaning

Operation

E - 12.0

The SWEEP/V OUTPUT 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 OUTPUT 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 100.

E - 12.2

The SWEEP/V OUTPUT 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.
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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 +10% 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 measured.

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
Characteristics.

3-28. When FAST is selected, or when MED is
selected and SIG 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 consideration., 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/100uS—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 scale.
Maximum number of counts is 19000 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 automatically 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 annunciations listed
in Table 3-3 will appear on the C display, G
display, or both.
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Note

The 10pF/100uS range cannot 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 interconnections
of the test signal source, ammeter, internal de
bias source, external bias source/pulse generator
(if used), and the UNKNOWN terminals. Figure
3-8 shows the equivalent circuit of each
connection mode. Connection modes CNI10
through CN20 are used for C and G
measurements in C mode, C-V mode and C-t
mode (refer to paragraph 3-9). The remaining
connection modes—CN21, 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 connection mode will appear on the
V-t display. '

3. Key in the connection mode number with the
numeric keys. The number appearing 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 until a PARAMETER-—bias
voltage, for example--is entered.

Note

Connection modes CNI10 and CN15 can
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.



Model 4280A SECTION III

START

Analog Circuit

overloaded? | Range Up

C value > 19000 counts?
(1900)

G value > 12000 counts?
(1200)

C value < 1800 counts? YES

(180)

YES

NO G value < 1100 counts?

(110)

Range Down

—
y
Display

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
uncorrected values.

Figure 3-7. AUTO Ranging Operation
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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 accuracy, 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 magnetic fields
produced by the currents through the inner and
outer conductors completely cancel each other.
Thus, the measurement signal current does not
cause measurement error. Also, because the
two-terminal pair configuration uses 50Q coaxial
cables, distortion-free high speed bias pulses can
be used for C-t measurements.

DUT
U UNKNOWN U
HIGH Terminals 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. Select a floating connection mode--CN10

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

SECTION III

2. Connect 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 as possible
to the device under test. See Figure 3-10.

DUT
U UNKNOWN H
HIGH Terminals LOW

Figure 3-10. Floating Test Sample Connection

Connecting a grounded device:

1. Seleet a grounded connection mode—
CNI15 through CN20. The procedure is
given in paragraph 3-31.

2. If the connection mode selected in step 1
is CN15, CN16, or CN17, connect the
device to be tested between the center
conductor and the outer conductor of the
HIGH UNKNOWN terminal. If CNI8,
CNI19, 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.
DUT
4

U UNKNOWN

Terminols
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. If the chuck of the wafer prober is not
grounded, as shown in (A), the test sample is
considered floating. Conversely, if the chuck 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, disconnect the shorting strap that
interconnects the ground terminal (L)
and the MEAS CKT COMMON terminal
(&) on the front panel.

3-38. EQUIVALENT CIRCUITS

3-39. Any complex impedance can be
represented by a simple series or parallel
equivalent circuit 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 ecircuit elements are properly

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

connected to the UNKNOWN terminals.

3-40. The capacitance value obtained from an
equivalent parallel circuit measurement will
differ from the value obtained from an
equivalent series circuit 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
mathematieally, as follows.

Model 4280A

iB jX R
G
Y =G+ jB Z= 5 =R+JX
v .1
R+ 31X =57738
__ 6 ___._ B
"6+ 7 JGT B2
Expanding, we have
R - i - G s pr
JWCs T r etz T ) G 0B
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 conductance, G, are
both zero--equivalent series ecapacitance, Cs,
and 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 circuit and equivalent parallel circuit
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 Circuit Conversion Formulas

qu..uva}ent Dissipation Conversion to Other Modes
Circuit Factor
Cp 2
.6 _1 - 2 - D 1l
- D=fcr=q [Gs= DI REi5 "
CsR 2
o—HFW—0 _ - _1_ - 1 = D . .]:.
D = wCsR = ) Cp = T+D2 Cs, G = 1+ D2 R

3-34



Model 4280A

3-41. INTERNAL ERROR CORRECTION
3-42. The 4280A is equipped with an automatiec
error correction function that  virtually
eliminates the effects of error-causing strays
and residuals inherent in the test leads and test
fixtures used to connect test samples to the
UNKNOWN  terminals. There are three
CORRECTION procedures, one for each of the
following econnection methods:

(1) The furnished 16080A Test Fixture or
another direet connection type test fixture
electrically identical to the 16080A is used.

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

(3) The 16081A 2m Test Leads or
user-fabricated test leads of up to 5 meters
are used. The latter must be fabricated
from standard 50Q 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) Select Om with the CABLE LENGTH
key.

(e) 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 ZERO OPEN button. Dashes

will appear on C and G displays, and
- oF will appear on the V-t
display. Measurements will resume

(f)

after about one to one and a half
seconds.

Turn on the error correction funection
by pressing the CORRECTION
ENABLE key. Make sure the ENABLE
key indicator lamp is lit.

(2)

(3)

SECTION 1III

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 16082A Test Leads),
or connected to a test fixture.

(b) Seleet Im with the CABLE LENGTH
key.

(¢) Connect nothing to the test sample end
of the cables.

(d) Repeat steps (d), (e), and (f) of
procedure (1).

0 to 5 Meter Test Leads

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

(b) Seleect 0 - 5m with the CABLE
LENGTH key.

(¢) Press the CAL Kkey (indicator should
light), and then press the START
button. Dashes will appear on the C
and G displays, and - =l will
appear on the V-t display.
Measurements will resume after one to
one and a half seconds.

(d) Connect a connector plate (e.g., P/N:
16081-60000, furnished with the 16081A
Test Leads) or test fixture to the ends
of the test leads.

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

procedure (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

Error correction procedures (2) and (3)
compensate for the residuals and strays of
the test leads and, if used, connector plate
or test fixture. Cables, wires, or other
devices used to connect a test sample to the
test leads, connector plate, or test fixture
will have residual inductance that will cause
an additive measurement error. If the
amount of residual inductance is known, the
percent error for measured capacitance can
be 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 practical 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 direct
measurement of this change makes examination
more meaningful and easier. When a MATH
function is enabled, calculated values (A, %, A%)
are displayed instead of measured values.

3-45. Each MATH function is described below.

A (difference):
Calculates 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 displayed as a
percentage. The formula used is

2 100 (%
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
B

x 100(%)

where A is the measured value of the
sample 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 as
appropriate for the desired
measurement.

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

(¢) Perform a measurement.

(d) Press the STORE DISPL C-G Kkey.
The V-t display will briefly display
~ £ F, and the measured capacitance
and conductance of the standard will be
stored.

(2) Storing an arbitrary value:

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

(b) Press the blue key (indicator lamp will
light), and then press the C-REF key.
Previously stored reference values will
appear on the C and G displays, and
-EF will appear on the V-t
display.
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(¢) Key in the desired C reference value
using the numeric keys. The new value
will appear 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
G-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 value will be in
mierosiemens.

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 *199999pF and £19999.8S,
respectively. Once stored, reference values
remain until the 4280A is turned off, self test is
performed, or new reference values are entered.
If the STORE DISPL C-G key is pressed while
FUNCTION is set to C or G, only the reference
value for the selected function will be stored.
The other reference value will be unchanged.

Note

When the CORRECTION {funetion 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 expeet 100.00(%)
to appear on the display when the %
MATH key is pressed. But because
MATH calculations 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 100.00(%).

SECTION I

3-46. DIGIT SHIFT

3-47. The Co and G DIGIT SHIFT keys
reduce 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 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 the DIGIT SHIFT key until
the key indicator lamp goes off. If the
instrument control settings are changed--e.g.,
C-G RANGE, MEAS SPEED, SIG LEVEL--and
the shifted number of digits is not suitable for
the display format, the DIGIT SHIFT function
will be automatically reset and the complete
number will be displayed.

3-48. INTERNAL DC BIAS SOURCE SAFETY
FEATURES

3-49. The 4280A is equipped with an internal de
bias source capable of outputting up to 100V,
enough to cause serious injury to the operator.
To protect the operator against electrical shock
from voltages exceeding 42V, the 4280A has
several built-in safety features.

3-50. When the INT BIAS switech on the front
panel is set to the 42V MAX position, output
from the internal de bias source is limited 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 exceeding
+42V when the INT BIAS switeh is in this
position. If, however, one of these
PARAMETERS was set to a value exceeding
+42V before the INT BIAS switch was set to the
+42V MAX position, output from the internal de
bias source will be disabled and an error code
will be displayed on the V-t display when the
SWEEP/V OUTPUT key is pressed. Similarly, if
the setting of the INT BIAS switch 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 :42V, 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 £100V
MAX position, the REMOTE ON/OFF BNC
connector adjacent to the switeh must be
properly terminated by a user-supplied switch
connected as shown in the following
illustrations. When the switch 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 OUTPUT key is pressed. When the
switeh is open, as shown in the right illustration,
the internal de bias source is disabled; voltage is
not output when the SWEEP/V OUTPUT Kkey is
pressed.

INT BIAS A INT BIAS A
REMOTE REMOTE

1100V MAX  ON/OFF +100vV MAX ON/OFF

— q_

+42V MAX +42V MAX

CLOSED OPEN

Internal DC Bias
Source Disabled

Internal DC Bias
Source Enabled

The switch connected to the REMOTE ON/OFF
connector can be used to detect potentially
hazardous conditions. For example, it can be
used to detect the open/closed state of a lid on 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 switch 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 SO 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: 1250-0929) is used
for performance testing only.
Performance Tests are described 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
valid 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 Table 1-3 for more details.

Table 3-6. Usable Accessories

s s DC Voltage
Model Description Limitations
16080A | Test Fixture -42V to +42V

16081A | Test Leads (2m) | -100V to +100V

16082A | Test Leads (lm) | -100V to +100V

Note

If test leads having lengths different
from that of the 16082A are required,
they can be made from standard 50§
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 device to the
EXT TRIGGER connector on the rear panel and
setting the TRIGGER/SWEEP MODE control 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).

le— TP —=

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

Trigger Timing: Leading Edge

Figure 3-13. External Triggering Signal

SECTION 1III

3-56. EXTERNAL ERROR CORRECTION

3-57. The automatic error correction function
described 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 HIGH 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 measurement results under
various test 1lead and stray capacitance
conditions.

External error correction requires 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 capacitance, 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 3-60  through 3-69  describe
instrument operations and funections that are
unique to C mode operation. For information
concerning basic 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
DC Bias Floating Grounded
HIGH-LOW | HIGH-GND | LOW-GND

Source
Internal Bias CN10 CN15 CN20
Internal and CN11
External Bias =
External Bias| . CN15 CN18
Using a OFF OFF OFF
Bias Network

3-60. INTERNAL DC BIAS SOURCE

3-61. The internal dc bias source can output de
voltages up to +100V over three ranges—1V, 10V,
and 100V—when INTERNAL BIAS is 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
1V | -1.999V to +1.999V 1mV
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-t display
is automatically selected.

Table 3-8. Auto-Ranging Mode

Output Voltage

Setting Range
*#( 0.000 - 1.999)V 1v
£( 2.00 - 19.99)V 10V
£(20.0 - 100.0)V 100V

The current output capability of the internal de
bias source is approximately *6maA.

3-62. INTERNAL DC BIAS OPERATION

3-63. Figure 3-15 provides 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
is outputting 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 V OUTPUT LAMP BLINKS
WHEN NOTHING IS CONNECTED TO
THE UNKNOWN TERMINALS, THE
4280A IS MALFUNCTIONING AND
DANGEROUS VOLTAGE MAY BE
PRESENT AT THE TUNKNOWN
TERMINALS.
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Note

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

|

Output Voltage
N

b TRmloms_ L

Time
Auto-ranging Mode

o °f 5.00V
o0 —_—
S e}
—
]
= 2} 1.00V
5 10V Range
8 Ofcmm e ____
EE)
=
S

-2

Fixed-ranging Mode

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

3-65. Output from the internal de bias source
can 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 x10V. If 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 III

Note

This funection 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
Automatically
oV Auto selected
0.001V to 1.999V Fixed 1V
2.00V to 19.99V Fixed 10V
20.0V to 100.0V Fixed 100V

*When V LIMIT = 0V, output 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 +100maA.

WARNING

IF 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.

3-68. 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 measurement under remote control via
the HP-IB are given in Figure 3-19.
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1.

2.

Procedure for Setting the Output Voltage of the
Internal DC Bias Source

Select === with the INTERNAL BIAS key (1),

Press the blue key@. The indicator lamp at
the center of the key will light and the
existing output voltage value will appear on
the V-t display.

Key in the desired output voltage value with
the numertic keys(3). The new voltage value
will appear on the V-t display as you key it
in.

Press the ENTER key @

Note

Output voltage range is
determined by the setting of the
INT BIAS switech. Refer to the
following table.

INT BIAS Output Voltage
Switch Setting Range
+100V MAX
’“L 0V~ 42V
$42V MAX
$100V MAX
’1 0V ~Z£ 100V
£42V MAX
If an output voltage value

exceeding the limit set by the
INT BIAS switeh is set, error code
E-6.3 will appear on.the V-t
display. The last wvalid output
voltage will remain in effect.

Procedure for Setting the Limit Voltage (V
LIMIT) of the Internal DC Bias Source

1.

Press the blue key,@
the center of the key will light.

The indicator lamp at

Press the V LIMIT/RNG HOLD key(2). The
existing V LIMIT setting will appear on the
V-t display. If zero was the last value
entered, H s & o will be displayed.

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

Press the ENTER key(¥).

Note

V LIMIT can be set only when the
4280A is in C mode.

Note
Once V LIMIT is set, the internal
de bias voltage range is fixed.
Refer to Table 3-8.

Note
When V LIMIT = 0V is set, ranging

for the internal de bias source is
set to auto.

Figure 3-15. Procedure for Setting Internal DC
3-42 ‘

Bias Voltage

Figure 3-16.

Procedure for Setting V LIMIT
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External DC Biasing

to EXT BIAS SLOW

DC POWER SUPPLY

t42v MAX.

< BIAS V—
ouT
EXTV INTV

b

BIAS V=INT V-EXT V

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

4280A Control Settings:

Connection Mode seessscssrccccecscsces CNll
INTERNAL BIAS secocsecccccsrccnccece —

CAUTION

USE A CURRENT LIMITTING RESISTOR (approximately 470Q) IN THE HIGH
LEAD OF THE EXTERNAL SOURCE TO PROTECT THE 4280A AGAINST
EXCESSIVE CURRENT. IF 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 dec resistance of the bias
eircuit.

Figure 3-17(a). External DC Bias Application up to 142V
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External DC Biasing

FLOATING Sample

DC POWER SUPPLY

s
? e ©
Rt SW
DUT
R2
{s_w
L T J
GROUNDED Sample
DC POWER SUPPLY
o &
carvmms :mw:i (o] O
©0,0 O o v e
c Ry SW
R2
DUT
SW

* 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, 1 uF, minimum 250V working voitage
Current limiting resistor, 100kQ or more

Discharge resistor, 1009 or more, minimum 20W rating

Discharge switech. OPEN during measurement, CLOSED to discharge the dc
blocking capacitor and DUT

Biasing switeh
Note

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

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 FOLLOWING
PRECAUTIONS MUST BE TAKEN:
* THE DC BLOCKING CAPACITOR MUST NOT EXCEED 1yF.
* ONLY CONNECTION MODE CN10, 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)
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Example of C Mode Measurement

1. Set the INT BIAS limit switch as appropriate 4. Perform internal or external error
for the de bias voltage that will be used in correction, as described in paragraphs 3-41
the measurement. Refer to the table below. and 3-56, respectively.

s Note
INT BIA
DC V Range :
& Switch If external error correction is to
be performed, turn off internal
+100V MAX error correction funetion by
Ve BV ’—L pressing the ENABLE Key.
Note
£42V MAX

N If necessary, set the internal de
£100V MAX bias limit voltage (V LIMIT).

+100V ~—100V '—1_ Refer to paragraph 3-64.

+42V 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.

Figure 3-18. C Mode Measurement Example (Sheet 1 of 2)
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. Set the output voltage of the internal de bias
source., Refer to paragraph 3-64.

Connect the sample to the test fixture.

. Press the SET/RESET key to activate the

internal de bias source. The red V OUTPUT
lamp will 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
ON/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 USE. THIS WILL
PREVENT ACCIDENTAL
OUTPUT OF HIGH 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
OUTPUT lamp will blink off and
on.

8. 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 OUTPUT lamp will go

off when the SET/RESET key is
pressed.

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

HP-1B

Controller

1. Manually set the INT BIAS switeh as
appropriate for the de bias voltage that will
be used in the measurement. Refer to the
table below.

Note

After the 4280A is turned on, its
HP-IB address will appear briefly
on the C display. This address
must be used to program the

INT BIAS instrument via the HP-IB. In the
DC V Range Switch examples that follow, the factory
set address, 17 (shown below), is
used. For more information on
+100V MAX the HP-IB address, refer to
paragraph 3-174.
442V ~— 42V °_‘—
42V MAX
$100V MAX
+ 100V ~ — 100V °_L
£42V MAX
4. Set the 4280A to FLOATING measurement

mode.

OUTPUT 717; "FL"

Note
2. Connect the test fixture or test leads to the To set the GROUNDED
UNKNOWN terminals. 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 internal or external error
correction, as described in paragraphs 3-41
and 3-56, respectively.

Note

If external error correction is to
be performed, turn off the
internal correct funetion. Use
the following program code.

OUTPUT 717; "CEO"

Note

If necessary, set the internal dec
bias limit voltage (V LIMIT).
Refer to paragraph 3-62.

OUTPUT 717;"VL 10" v+ V LIMIT=10 volts

Note

To change the internal de bias
voltage range  selection to
H oo £ o , set the internal de
bias limit voltage to 0 volts.

6. Set the trigger mode to HOLD/MAN.,

OUTPUT 717 ;"TR 3"

7. Set the internal de bias voltage.

OUTPUT 717; "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.

OUTPUT 717;"VvO1"

Note

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

10. Trigger the instrument.

11.

12.

Note

When the INT BIAS switch is set
to +100V MAX, the REMOTE
ON/OFF connector must be short
terminated to enable output from
the internal de bias source.
Output from the internal de bias

source is disabled by open
terminating the REMOTE
ON/OFF connector. 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
OUTPUT OF HIGH VOLTAGES,
UP TO 100V,

Note

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

Note

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

OUTPUT 717 ; "EX"

Read and print out the measurement results.

ENTER 717; A, B

PRINT A, B
Note
Accuracy of measurement
results is specified after a

thirty-minute warmup.

Deactivate the internal de bias source.

OUTPUT 717; "VOO"

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 bias
source is deactivated.

Note
Measurement accuracy, 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/9835B (with
98332A I/0 ROM)

(3) HP 9845B (with 98412A 1/O
ROM)

(4) HP 98186
(5) HP 9826

(6) HP 9836

3-50

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 source is set to & or fy . In
C-V mode, the 4280A measures capacitance, C,
and conductance, G, as functions of swept de
bias. Output from the internal de bias source
can be swept in either a single staircase ( ) or
double staircase (#%) manner. Paragraphs 3-72
through 3-80 describe instrument operations and
funetions unique to C-V mode operation. For
information econcerning basic operations, refer to
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 CN20

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 parameters 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 voitage 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 switch
(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

+(0.000~1.999)V ImV

£(200 ~19.99)V 10mV

+£(200 ~100.0)V 100mV

3-76. STOP V

3-77. STOP V (stop voltage) sets the final
voltage ( ) or the peak voltage (™ ) for bias
sweeps made with the internal de bias source.
Setting limitations and resolution for STOP V are
identical to those for START V.

Note

If the resolution 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
inecremental 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

0.000V ~ 3.999v ImV
4.00V ~ 39.99V 10mV
40.0V ~ 200.0V 100mV




Model 4280A

STEP V may be automatically 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 value of 0.000V. 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 try to
increment the output voltage by the specified
STEP V value. Since 0.000V is assumed for STEP
V, however, output cannot be incremented. 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 1III
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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. Seleet either  or ™  with the
INTERNAL BIAS key.

[START V Setting]

2. Select the START V PARAMETER by
repeatedly pressing the (&) or (]
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
numeric keys. The new START V value will
appear on the V-t 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 [¥J] 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 (3] 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 Kkey once to
seleet HOLD TIME.

15. Press the blue key.

16. Key in the desired HOLD TIME value with
the numeric 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 (2] PARAMETER key once to
select STEP DELAY TIME.

19. Press the blue key.

20. Key in the desired STEP DELAY TIME value
with the numeric 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 light.

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

STOP V Range Switch Setting
+100V MAX

+ 42V ~ — LV
+42V MAX
+100V MAX

+ 100V ~ — 100V -—L

+42V 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-t 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's
internal memory, displayed on the
front panel, and used during a
swept measurement 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.
Displayed 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
STOP 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
resolution.

Table 3-14. HOLD TIME Resolution

HOLD TIME Range lletSiO(;n
3ms ~ 65ms 1ms
70ms ~ 99.99s 10ms

1000s ~ 6500s 100ms

3-56

3-82. STEP DELAY TIME

3-83. STEP DELAY TIME sets the bias
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 measurement under HP-IB
control.
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Example of C-V Mode Measurement

1.

2.

4280A

[Sutatutetadebaieiteiabtie bk | Bhak | RARRRE |

Prober's Chassis

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

Turn the 4280A on.
Note

When first turned on, the 4280A is
automatically set to connection
mode CNI10 and 1is 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 4280A 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, STOP V,
STEP V, HOLD TIME, STEP DELAY TIME —
as described in Figure 3-20.

Perform internal or external error
correction. Refer to paragraphs 3-41 and
3-56, respectively.

Connect the device to be tested.

6. Press the SWEEP/V OUTPUT (gold-colored)
key to start the bias sweep measurement.
The red V OUTPUT lamp will light and the
START V value will appear on the V-t
display. C and G displays will display ----- .

7. 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
measurement at the next bias voltage is
completed.

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

9. Remove the device.

Note

To record measured data, use one
of the following:

(1) X-Y recorder (refer to
paragraph 3-156)

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

(3) HP-IB system (see Figure
3-22)

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

Depending on the specified
START V, STOP 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, output
from the internal de bias source
will be swept as shown below
when the SWEEP/V OUTPUT
START/STOP key is pressed.

START Ve - — - o = “OV
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Figure 3-21., C-V Mode Measurement Example (Sheet 2 of 2)
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Example of HP-IB Controlled C-V Mode Measurement

HP-IB

4280A [} Controller

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 controller's CRT.

Programming Hints

There are three ways to read
measurement data. 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.

[
[}
|
=
o
AN 2
KRR, 7
2
8
KBS
)

There are three methods to determine the
"last data" condition in standard data
transfer mode ( and @ above). In
block 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 (%), "ast data"
oceurs when V data equals START V.

2) Count the number of measurement
points. "Last data" occurs when the
number of measurement points is
equal to

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

for a single staircase sweep ( # ), or

o x(STOP V) - (START V)
(STEP V)

for a double staircase sweep (/™).

3) Read the status data in BINARY
format (refer to paragraph 3-190). Bit
6 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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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 describe instrument
operations and functions that are unique to C-t
mode operation. Information concerning basic
operations is covered in paragraphs 3-1 through
3-57. 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 FUNCTION keys—C-G, C,
or G. The lamp at the center of the key will
flash off and on.

Once C-t mode is set, it is not necessary to press
the blue key to select another measurement
function. Simply press the desired function key.
To exit C-t mode, press the blue key and then
press the FUNCTION key whose indicator lamp
is flashing.

Note

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

Note

In C-t mode, AUTO ranging Iis
performed only for the first
measurement of a C-G-t, C-t, or G-t
measurement. All subsequent
measurements 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.
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Note

During a C-t mode (BURST integration
mode) measurement, if a front panel
key is pressed or a range change occurs,
the microprocessor may not be able to
control the measurement circuits with
the correet timing, and error code
E-11.2 may appear. To avoid this do
not operate any switehes or keys, and
use 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 data
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
3-90 through 3-99. Figure 3-23 shows the timing
diagram of a C-t measurement and gives the
procedure for setting the C-t parameters.

3-90. PULSE V

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

1£(0.000~1.999)V ImV

(200 ~1999)V 10mV

+(200 ~100.0)V 100mV
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3-92. MEAS V

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

Note

When PULSE V or MEAS V values
greater than +42V are used, be sure to
set the INT BIAS switech to the 100V
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
range is 1 to 9999.

3-96. th

3-97. th (hold time) sets the width of the bias

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

Table 3-16. th Resolution

th Range Resolution]
10us =th= 65ms 10us
65ms < th< 1s 500us
Is =th< 10s 1 ms
10s =th=< 32s 10 ms
Note

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

SECTION III

Entered th Value Set Value
.99925s < th < .99975s 999.5ms
.99975s = th < 1.0005s 1.000s

3-98. td

3-99. td (delay time) sets the measurement
interval. Settable range is 10pws 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. It 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
panel of the 4280A. Bias pulses supplied from
the internal de bias source can be used only when
the bias current does not exceed *6mA 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 3-126. The table below lists the pulse
bias source recommended for various ranges of
measurement interval (td) values.

td Range Pulse Bias Source

10us to 32s External FAST

200pus to 32s External SLOW

250ms* to 32s Internal

* When C or G function is selected 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. CONNECTION MODE SELECTION

3-103. The connection mode used for a C-t
mode measurement must be selected according
to the type of measurement — Floating or
Grounded — and biasing method. Refer to Table
3-17.

Table 3-17. Connection Mode Selection

Pulse Floating Grounded
Bias
Source HIGH-LOW HIGH-GND LOW-GND
Internal CN10 CN15S CN20
Ext. SLOW CN12 CN17 CN19S
Ext. FAST CN13, CN14
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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 terminal, 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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Figure 3-23. Procedure for Setting C-t Mode Parameters (Sheet 1 of 3)
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C-t Mode Parameter Setting

A
alojoy
:o .-llv. :- :’

SWEEP WODE

Lo v~

The procedure for setting the various
parameters--PULSE VvV, MEAS V, NO OF
READINGS, bias pulse width (th), and
measurement interval (td}-required to perform
a C-t measurement using the internal dec bias
source 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-G, C,
or G. The lamp at the center of the key will
flash off and on, indicating that the 4280A
is in C-t mode.

[PULSE V Setting]

4. Select PULSE V with the [B] 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 (2]
PARAMETER key once.

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

10. 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
(3] PARAMETER key once.

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

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

15. Press the ENTER key.
[th Setting]

16. Select th by pressing the [&] PARAMETER
key once. '

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

18. Key in the desired th value with the numeric
keys. The new value will appear on the
V-t display. If the unit of the displayed
value is to be 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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21.

22.

23.

[td Setting]

20. Select td by pressing the (£J 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
Vet display. If the unit of the displayed
value is to be ms, press the INTERNAL
BIAS key.

Press the ENTER key.
Note
If a voltage or time exceeding
prescribed limits is entered, an

error code will appear 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 cannot 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. Select DC V with the [(&] 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 V, 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 HIGH-GND LOW-GND
CN10 CN15 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. td (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 control 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 internal
pulse bias source.

3-112. EXTERNAL DC
INTERNALLY SUPPLIED
BIAS VOLTAGE

OFFSET OF
PULSE

3-113. An external de bias source can be used
to provide offset voltage for internally biased
C-t mode measurements. Offset voltage
supplied in this way must not exceed +42V, and
maximum allowable current is :z6mA. The
external de bias source 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. Tigure 3-26 gives additional information
on performing the same measurement under
HP-IB control.

Table 3-19. td Setting Range {Internal Pulse Bias)

Data Output Data MEAS SPEED
Transfer Format FUNCTION FAST MED
C G-t 200ms to 32s 250ms to 32s
ASCII Output
Standard C-t, G-t 150ms to 32s 200ms to 32s
Mode C G-t S0ms to 32s | 100ms to 32s
BINARY Output
C-t, G-t 20ms to 32s 50ms to 32s
Block ASCIIogutput C G-t 50ms to 32s 100ms to 32s
Mode BINARY Output| C-t, G-t | 10ms to 32s | 50ms to 32s

3-68



Model 4280A

SECTION 1III

Example of Internal Pulse Bias C-t Measurement

1.

4280A

Prober'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 to1r .
(Refer to Figure 3-4.)

Set the C-t mode parameters — PULSE V,
MEAS V, NO OF READINGS, th (bias pulse
width), and td (measurement interval) — as

described in Figure 3-23. Set SWEEP
MODE to SINGLE.
Perform internal or external error

correction as described in paragraphs 3-41
and 3-56, respectively.

connect the device to be tested.

Press the SWEEP/V OUTPUT key to start
the measurement. The red V OUTPUT
lamp will light and the time of the first
measurement will be displayed on the

8.

Chuck

Capacitance and conductance 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 OUTPUT lamp will go off after
the specified NO OF READINGS have been
taken.

10. Remove the test device.

Note

An X-Y recorder or 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 3-25. Internal Pulse Bias C-t Mode Measurement Example
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Example of HP-IB Controlled Internal Pulse Bias C-t Measurement

HP-1B
4280A [} Controller

__________ J
Prober's Chassis l

1. Turn off the 4280A and controller, and then
interconnect both with an HP-1B cable.

2. Turn the 4280A and controller on.

3. Load one of the sample programs listed in
Figure 3-42.

4, Connect the device to be tested.

5. Run the sample program. Measurement
results will be printed out.

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 pulse 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
characteristics of the device being measured and
on the measurement objectives. 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 CN12 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 repeats 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 FUNCTION, 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.
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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 specified number
of measurements (NO OF READINGS) at the
specified measurement interval (td). Figure 3-27
shows this. BURST integration mode results
when td is mueh 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 each measurement point. The
4280A applies a bias pulse to the device 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 deviece 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 th<500-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 8112A, for example) to supply the bias pulses
necessary for C-t mode measurements,
interconnect the 4280A and pulse generator as
shown in  Figure  3-29. Pulse  height,
measurement de bias voltage, and pulse width
are controlled by the pulse generator.
Depending on the connection 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
signal 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 OUTPUT 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 pulses supplied from an external pulse

SECTION 1III

L. TTL HIGH
SYNC OUTPUT __| TTL LOW
th \
—p---=o- (HIL)
PULSE GENERATOR - {---- - f‘mp_liEu_d? (LOL)
OUTPUT offset
=0
Figure 3-30. Pulse Generator Output
Controlled by SYNC OUTPUT

Signal

3-128. DC OFFSET OF EXTERNALLY
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 dc offset,
refer to paragraphs 3-132, 3-145 and 3-147. This
feature can be used only when the 4280A is set
to floating connection mode.

Table 3-22. DC Offset of External Pulse Voltage

generator with the measurement. This signal is Pulse Bi S Connection DC Bi S
available only when the 4280A is set to C-t mode ulse bias source Mode tas source
and when the internal de bias source is not set to
1r (pulse). Figure 3-30 shows the SYNC Ext. SLOW CN12 Internal
OUTPUT signal.
CN13 Internal
Ext. FAST
CN14 External
To EXT BIAS SLOW
or To EXT BIAS FAST
To SYNC OUTPUT
EXT INPUT OuTPUT
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 READINGS) at the specified
measurement interval (td). Figure A below
shows one measurement point of a C-t mode
measurement made in BURST integration mode.
Figure B shows the entire measurement.
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Figure 3-27. BURST Integration Mode
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3-130. EXTERNAL PULSE BIAS SLOW C-t
MEASUREMENT

3-131. To set up an external bias SLOW C-t
mode measurement, (1) set the 4280A to C-t
mode (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 OFFSET FOR SLOW C-t
MEASUREMENTS

3-133. The internal dc bias source can be used
as a de offset source. However, bias current
should not exceed :6mA 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-pulse 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 50us = th < 5s

BURST Mode 50us = 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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Table 3-25. Measurement Interval (td) Settable Range (SLOW C-t)

Trgizier ngzzt Function gigiD Measurement Interval (td) Settable Range
Mode Format 200us~ 10ms~ 20ms~ | 50ms~ 100ms ~ 150ms ~ 200ms~ | 250ms ~ 32s
FAST
C-G-t
MED
ASCII
C-t FAST
Standard or
Data G-t MED
Transfer
Mode FAST SAMPLING BURST
C-G-t
MED SAMPLING BURST
Binary
C-t FAST SAMPLING BURST
or
G-t MED SAMPLING BURST
FAST SAMPLING BURST
Block ASCII C-G-t
Data MED SAMPLING BURST
Transfer | or
Mode C-t FAST |SAMPLING l 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 "SAL." For local operation,
use the shaded area of the table.
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Example of External Pulse Bias SLOW C-t Measurement

To SYNC OUTPUT

To EXT BIAS SLOW

4280A |

Prober's Chassis

Interconneect the 4280A and pulse
generator (HP 8112A or equivalent) as
shown above.

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

Turn on the 4280A and the pulse
generator. Keep the pulse generator's
output disabled.

Set the 4280A to C-t mode. Set other
controls as follows.
Connection Modesesesssesseseecce CN12
INTERNAL BIASeecesescecccsces OFF
SWEEP MODE seesesssccscsceccsce SINGLE

Set the pulse generator to EXT WIDTH
(E.WID on the 8112A) mode, and adjust the
EXT INPUT's threshold to the proper TTL
level (SYNC OUTPUT signal of the 4280A).

Set NO OF READINGS and th on the
4280A, and set the pulse HIGHT and
OFFSET  voltage (HIL and LOL,
respectively, on the 8112A) on the pulse
generator.

10.

12.

13.

U
EXT. INPUT

OUTPUT

Enable the pulse generator.

Perform internal or external error
correction as described in paragraph 3-41
and 3-56, respectively.

Connect the device to be tested.

Press the SWEEP/V OUTPUT 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. C and G displays will
display - - - - - .
Capacitance and  conductance 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 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 can be used only when td is
relatively long. Bloek data transfer
mode is recommended for C-t mode
measurements. Refer to paragraph
3-194.
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Example of HP-IB Controlled External Pulse Bias SLOW C-t Measurement

1.

To SYNC QUTPUT

To EXT BIAS SLOW

HP-TB,

4280A | Controller

8112A

EXT. INPUT OQUTPUT

Prober's Chassis

Interconnect the 4280A and, if necessary, the
pulse generator to the controller 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
proper TTL level.

Connect the device to be tested.

Run the program. Measurement results will
be displayed on the controller's CRT.

Figure 3-32. HP-IB Controlled External Pulse Bias SLOW C-t Measurement Example
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3-141. EXTERNAL PULSE BIAS FAST C-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) seleet the
desired connection mode and INTERNAL BIAS
mode (refer to paragraph 3-143).

Note

The output impedance of the pulse
generator (includes the impedance of
the cable that connects the 4280A's
EXT BIAS FAST connector to the pulse
generator's output terminal) should be
500+1%. If not, measurement accuracy
listed in Table 1~1 will not be possible.

Note

External 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 connection mode
depends on the dec offset voltage requirements.
Refer to the following table.

Connection | INTERNAL

Mode BIAS DC Offset

DC offset is not

OFF .
required.

CN13 DC offset is required
= and bias current does
not exceed *6mA.

DC offset is required
(supplied from an
external source con-
nected to the EXT BIAS
SLOW terminal) and
bias current will
exceed *6mA.

CN14 OFF
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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 connected to the EXT
BIAS SLOW connector can be used for de bias
offset.

If the bias current will not exceed #6mA, the
internal de bias source can be used. Select
connection mode CN13 and set the INTERNAL
BIAS mode to==. Enter desired offset voltage
value as DC V.

If the bias current will exceed 6mA, an
external de bias source should be used. Select
connection 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's rear panel. Maximum
allowable external bias voltage is =42V and
current 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 circuit's resonating with the
bias pulse. To prevent this, insert a low
value resistor (a few ohms or so) in
series with the de bias circuit.

3-149. 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 3-26.

Bias-Pulse Width (th) Settable
Range (FAST C-t)

Table 3-26.

Integration

Mode th Range

BURST Mode 10us < th < 32s

SAMPLING Mode 10us < th

IA

5s

Note

In SAMPLING Mode, bias-pulse width
(th) is also limited by measurement
interval (td). Refer to paragraph 3-122.
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3-151. MEASUREMENT INTERVAL (td)
SETTABLE RANGE (FAST C-t)

3-152. For an external pulse bias FAST C-t
mode measurement, the settable range for the
measurement interval (td) depends on the
integration mode, measurment speed,
measurement function, and data transfer mode.
Refer to Table 3-28. For local operation
(non-HP-IB control), use the shaded area of the
table.

SECTION III

3-154. EXTERNAL PULSE BIAS FAST C-t
MEASUREMENT EXAMPLE

3-155. Figure 3-33 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)

TrgiZ?er OB;?:t Function ggg;D Measurement Interval (td) Settable Range
Mode Format 10us~ 10ms~ 20ms ~ 50ms ~ 100ms~ 150ms ~ 200ms ~ 250ms ~ 32s
FAST
C-G-t
MED
ASCII
Cc-t FAST
Standard or
Data G-t MED
Transfer
Mode FAST SAMPLING BURST
C-G-t
MED SAMPLING BURST
Binary
C-t FAST SAMPLING BURST
or
G-t MED SAMPLING BURST
FAST SAMPLING BURST
Block ASCII C-G-t
Data MED SAMPLING BURST
Transfer | or
Mode C-t FAST |SAMPLING BURST
Binary or
G-t MED SAMPLING BURST

* If td is shorter than 5s, 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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Example of External Pulse Bias FAST C-t Measurement

To SYNC QUTPUT

To EXT BIAS FAST

42804 I

Prober's Chassis

1. Interconnect the 4280A
generator (HP8112A or
shown above.

and pulse
equivalent) as
Note

The output impedance of the pulse
generator should be 500

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

2.

3. Turn on the 4280A and pulse generator.
The pulse generator's output should be

disabled at this point.

Set the 4280A to C-t mode, and then set
connection mode, INTERNAL BIAS mode,
and SWEEP MODE as follows.

Connection Mode «-eseseses
INTERNAL BIAS scceceees OFF
SWEEP MODE eccecccecses SINGLE
Set the pulse generator to EXT WIDTH
mode (E. WID on the 8112A), and adjust the
EXT INPUT threshold to the proper TTL
level (SYNC OUTPUT signal of the 4280A).

Set the NO OF READINGS, th, and td
parameters on the 4280A, and set pulse
HIGHT and OFFSET voltage (HIL and LOL,
respectively, on the 8112A) on the pulse
generator.

1.

8.

9.

10.

11.

12.

13.

EXT. INPUT  OUTPUT

!
]
|
|
1
|
!
!
|
1
1
1
1
|
1
[
|
|
!
!
1
|
1
1
1

Enable the pulse generator.

Perform internal or external error
correction as described in paragraphs 3-41
and 3-56, respectively.

Connect the device to 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 - - -

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 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 3-33. External Pulse Bias FAST C-t Measurement Example
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Example of HP-IB Controlled External Pulse Bias FAST C-t Measurement

To SYNC OUTPUT

To EXT BIAS FAST I]

42508 || — Controller 81124

= EXT. INPUT  OQUTPUT
| 1
! !
1
| |
. i
| {
i :
| !
: |
| |
| |
I |
; |
| i
! |
H I
i |
ey G T T I ’

1. Interconnect the 4280A and controller 5. Set the pulse generator to EXT WIDTH
using an HP-IB cable. If the pulse mode, and adjust the EXT INPUT threshold
generator is capable of HP-IB control, to the proper TTL level.

interconnect the pulse generator too.
6. Connect the device to be tested.
2. Interconnect the 4280A and the pulse
generator as shown above. 7. Run the program. Measurement results
will be printed out on the controller's CRT.
3. Turn on the 4280A, the pulse generator,
and the controller.

4. 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-1B.)

Figure 3-34. HP-IB 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 C:G, G
and V-t analog RECORDER OUTPUTS and a
SMOOTHING switeh on the rear panel. These
BNC connectors, which output dec voltages
proportional to the displayed values, can be
connected to an X~-Y Recorder to plot measured
values of the device under test as functions 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
procedure for setting up an X-Y recorder to plot
the C-V characteristics 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 connector
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 counts shown on the G display.

Displayed Analog Output
counts Voltage (V)
~ 190000 ~— 1000 - 10
—999~ 999 | 0.0l X (counts)
1000 ~ 190000 + 10
* OF —xx + 10

*Refer to Table 3-3 for the
meanings of the various 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 display wheh the C-G or G funetion is
selected. When C function is selected, output
from the G connector is 0V.

Displayed Analog Output
Counts Voltage (V)
— 19000 ~— 1000 - 10

—999~ 995 | 0.01 X (counts)

1000 ~ 19000 +10

* OF —xx + 10

*Refer to Table 3-3 for the
meanings of the various overflow
annuneiations.
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(3) V-t Conneector 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 eycle
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 voltage output from the V-t connector
is proportional to the value displayed on the
V-t display. Maximum resolution is 20mYV.
Output voltage can be calculated using the
formula:

C-B
A-B

x 20 - 10 (V)

where A is the more positive of the
START/STOP wvoltages, 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 display).

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 calculated using the
formula:

K
N X 20 - 10 (V)

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 recorder by reducing the number of
displayed counts 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 LIFT output is HIGH
(pen up).

3-160. The SMOOTHING switch sets the time
constant of the RECORDER OUTPUTS' analog
filters. This switch also controls the PLOT
WAIT function. The existing PLOT WAIT
setting, P -gFF or ¥ - gogn, 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 0.02 seconds (accuracy not
specified).The 0.2 second time constant
provides smooth plots of capacitance or
conductance characteristies 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
last 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
lift 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
Screen Display (CRT).

SECTION III

3-85



SECTION III Model 4280A

X-Y RECORDER SETUP
(1) Turn the 4280A and X-Y recorder off.

(2) The 4280A's RECORDER OUTPUTS are located on the rear panel. Connect the X-Y
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, connect the pen
lift input to the PEN LIFT connector.

(3) Turn the 4280A and X-Y recorder on.

(4) Set the 4280A SWEEP MODE to SINGLE, and the rear panel SMOOTHING switch 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 chart 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 keys and the X~Y recorder's controls, set the
plot for the desired area. Refer to the following examples.

(+10V)UR 9

ZERO
a4

A. Plot area for positive measurement results

-+
ZERO

fpLL(-10V)

B. Plot area for negative measurement results

RN

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 C‘G RANGE is set to AUTO, the C:G range may change due to
the C*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 SWEEP/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 switch to DOWN as soon as the pen reaches the first measurement
point.

(10) When the sweep ends (V OUTPUT 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 switch to UP when the sweep ends.

Figure 3-35. Procedure for setting up an X-Y recorder to plot C-V characteristies (Sheet 2 of 2)
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3-161. C-HIGH RESOLUTION (OPTION 001
UNITS ONLY)

3-162. Option 001 equips the standard 4280A
with a high resolution capacitance measurement
funetion. This function allows the 4280A to
measure capacitance with one additional digit of
display resolution on the 100pF and 1nF ranges,
thus increasing measurement resolution on these
ranges to 1fF and 10fF, respectively.

With the C-HIGH RESOLN function set to on,
the 4280 A measures only the difference between
the capacitance of the device under test and a
user-specified offset capacitance. (More on
offset ecapacitance later.) Since the
difference-capacitance is usually much smaller
than either the offset capacitance or the
capacitance of the device being measured, the
4280A can measure 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 device on the 100pF
range. But because maximum resolution on this
range is only 10fF (.01pF), the measured value
displayed on the front panel will be 25.12pF.
The 4280A will not be able to measure the
.005pF portion of the actual capacitance,
25.125pF.

If the C-HIGH RESOLN funection 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 actual 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 capacitance 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 to the user-specified offset
capacitance. When the C-HIGH RESOLN
function is turned on, the offset current is
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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 circuit.

Offset capacitance values from OpF to 1023pF
ecan be set. Setting resolution is 1pF. Offset
capacitance can be set in two ways: C-OFFSET
MEASURED or C-OFFSET MANUAL.
C-OFFSET MEASURED automatically sets an
offset capacitance value that is nearly equal to
the measured capacitance of the device under
test. C-OFFSET MANUAL allows manual entry
of the desired 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, Supplemental Performance
Characteristics. Table 3-29 shows the usable
measurement ranges, full scale capacitance and
conductance values, maximum display digits, and
measurement resolution for various combinations
of measurement speed, signal level, and
measurement range when the C-HIGH RESOLN
function 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 1nF/10mS

( 100pF/1mS)

100pF /1mS
(10pF/1004S)

FAST 10/ 30 0~190.00 pF 0~1200.0 pF*
MED 10 0~120.0 &S 0~ 1.200 mS

30 0~190.000 pF 0~ 1200.00 pF*
SLOW 10/ 30 0~120.00 &S 0~ 12000 mS

* indicates approximate values.

Ranges enclosed in parentheses are the actual
measurement ranges.
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3-163. Offset

capacitance can be  set

automatically with the C-OFFSET MEASURED
key or manually with the C-OFFSET MANUAL
key and numeric keys. The procedures are given
below.

[C-OFFSET MEASURED]

1.

5.

Turn the 4280A on, connect a test fixture or
test leads to the UNKNOWN terminals, and
perform internal error correction as
described in paragraph 3-41.

Connect the device to be measured to the
4280A.

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 MEASURED key. The
4280A will stop measurement, the existing
offset capacitance and conductance will
appear on the C and G displays,
respectively, and [ - o ~ 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 off the

Turn the 4280A on, connect a test fixture or
test leads to the UNKNOWN terminals, and
perform internal error correction as
described in paragraph 3-41.

internal error correction
function 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.

10.

SECTION III

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 capacitance and conductance will
appear on the C and G displays,
respectively, and [ - - £ 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 scale 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
(£190pF). If the 100pF or 1nF
range was used in step 4, offset
capacitance lower than 19pF or
190pF, respectively, cannot be
entered.

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.
Note
Because of internal error
correction, rounding, etc., the

offset 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
can be displayed by pressing the
blue key and then either the
C-OFFSET MEASURED key or
C-OFFSET MANUAL key. To
return to measurement mode
without changing the offset
capacitance, simply press the blue

key again. 3-89



SECTION III

Model 4280A

The following is a simplified discussion of the C-HIGH RESOLN function. The various

values used by the C-HIGH RESOLN function are desecribed in the table below.

The

actual values can be displayed by setting the C-HIGH RESOLN and CORRECTION
EN ABLE keys as shown in the table.

C-HIGH | CORRECTION Displayed
RESOLN ENABLE Capacitance
Cl. Error-corrected capaci-
OFF ON tance of the device under
test.
C2. Uncorrected capacitance
OFF OFF of the device under test.
C3. Difference between the
ON OFF offset capacitance and C2.
Vot C4. Offset capacitance

entered with the C-OFFSET
MEASURED or C-OFFSET MANUAL
key.

C5. Actual offset capacitance.

ON

ON

C6. 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 automatiecally.

1. C4is digitally set in the C-offset circuit.

2. C2 and C3 are each measured in order to determine the most appropriate value for
C5. Because C3 is very small, it is measured on a lower range than the range used to

measure C2.

3. C5is 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 C2, C5 will have an additional digit.
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When internal error CORRECTION is disabled:
The 4280A measures only C3, the difference between the offset capacitance C5 and
the uncorrected capacitance of the device 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, C8.

The following illustration shows the relationships among capacitance values Cl through

Cé.
c2 Internal CORRECTIO§> c1

c3=c2-cs

C3 + C5  Internal CORRECTION <6

* Underlined values have high resolution.

Figure 3-36. C-HIGH RESOLN Function (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's
HP-IB capabilities and how they are used.

Note

HP-IB is Hewlett-Packard's
implementation of IEEE Std. 488,
Standard Digital Interface for
Programmable Instrumentation.

3-166. HP-IB INTERFACE CAPABILITIES

3-167. The 4280A has eight HP-IB interface
funections, 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

TS 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)

SR1 Service Request

RL1 Remote/local (with local lockout)

DC1 Device Clear

DT1 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
IEEE 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
computer). 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 Indicators 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 to 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 controller in a
multi-device system, or will function as a "talk
only" device, outputting 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.
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Table 3-31. HP-IB Mode Selection

HP-IB Switch
Setting HP-IB Mode
0 through 30 ADDRESSABLE
50 or 51 TALK ONLY

— HP-IB T )

0,

QN

-

X
<)

4e

K
N
T [

>
®

LE
CR/LF

0-5-30 :ADDRESS
COMMA

0 :TALKON
51 :TALKON

K

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 ON/OFF switech 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 III

Table 3-32. Output Data Delimiters-——TALK
ONLY Mode
HP-IB Address Data

Switch Setting | Delimiter

50 CB|@D

51 Comma (,)

CR@P: 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. Instructs the printer to print a
comma (,) after each display's output
data. A carriage return/line feed will
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.

C

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 4280A 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
controller (computer) through the HP-IB. Al
front panel keys, except the INT BIAS switch

and the LINE ON/OFF switch, 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 each 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 PROGRAM CODES

3-181.

parameters.

Note

Alphabetic characters used in the
remote program codes can 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;gé'zment Mei::ilsnlix;:einéint Output Data
C-G C Data| Comma |G Data @%@
C Mode C C Data|CR|@®
G G Data |CR|TD
C—-G C Data| Comma |G Data | Comma |V Data|CR|@®
C-V Mode C C Data| Comma |V Data|CR|TH
G G Data| Comma |V Data @@
C~G C Data|Comma |G Data| Comma |T Data|CR|@T®
C-t Mode C C Data| Comma |T Data |CR|T®
G G Data{ Comma |T Data @@
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Table 3-34. Remote Program Codes (Sheet 1 of 4)

SECTION III

Control Program Code Remarks
C-G FN1* C-G measurement or C-G-V
measurement
C FN2 C measurement or C-V Key indicator
measurement is 1it.
G FN3 G measurement or G-V
FUNCTION measurement 7~
C-G-t FN4 C.G-t measurement ™
C-t FN5 C-t measurement Key indicator
G-t FN6 G-t measurement // blinks.
FLOATING FL’ Connection Mode CN10
CONNECTION GROUNDED GN Connection Mode CN15
MODE
CONN MODE CN10°®
(10 - 23) through Connection Modes CN10 through CN23
CN23
OFF (OFF) IBO
INTERNAL = (=) IB1 Internal bias modes enclosed in o
BIAS parentheses apply when the 4280A is in
~ () 1B2 C-t mode.
At IB3
MANUAL RAO
AUTO RAI*
If RM1, RM2, or RM3 is sent, RAQ0 is auto-
C-G RANGE 10pF/100u8 RM1 matically set.
100pF/1mS RM2
1nF/10mS RM3
FAST MS1
MEAS SPEED MS3 (SLOW) cannot be used
MEAS SPEED MED Ms2°® when the 4280A is set to C-t mode.
SLOW MS3
10mVrms SL1
SIG LEVEL
30mVrms sL2*
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Table 3-34. Remote Program Codes (Sheet 2 of 4)

Control Program Codes Remarks
INT (REPEAT) TR1® 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. Cannot be used when
the 4280A is set to C-V or C-t mode.
RESET ( = voo*
SET (=) Vo1
SWEEP/
vV OUTPUT STOP SWo SW1 is ignored during a C-V mode or C-t
START SW1 mode measurement.
CORRECTION | OFF CEO
ENABLE ON CEL'
Om LE1*
CABLE
LENGTH Im LE2
0 - 5m LE3
ZERO OPEN Z0
CAL START CA
DCo* Full digit display on the C display
DC1 Shifts one digit.
DC2 Shifts two digits.

DIGIT SHIFT C
Shifts three digits (Cannot be used on
DC3 the 100pF range or, when MEAS SPEED is
FAST, on the 10pF range.).

Shifts four digits (Can be used on the

bC4 InF range only.).

DGO’ Full digit display on the G display

DG1 Shifts one digit.

DG2 Shifts two digits.

DIGIT SHIFT G

DG3 Shifts three digits (Cannot be used on
the 100uS range.).

DG4 Shifts four digits (Cannot be used on

the 1mS range.).
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Table 3-34. Remote Program Codes (Sheet 3 of 4)

Control Program Codes Remarks
OFF MAO*
MATH A MA1
% MA2
A% MA3
STORE 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 001.
ON CH1
C-OFFSET MEASURED CS Valid only when CH1 has been sent.
i, LL LL
X-Y . .
RECORDER ZERO ZE Valid only when TR3 (in C mode) or SWO
(in C-V mode or C-t mode) has been sent.
UR % UR
Standard Data .
Data Transfer Mode BLO
Output Refer to paragraph 3-204 for details on
Format Block Data BL1 data output format.
Transfer Mode
MDO® MDO turns on the Data Ready SRQ mask,
SRQ Mask MD1 turns it off. Refer to paragraph
MD1 3-221.
Integration Burst Mode SAO Applicable in C-t mode only. Refer to
Mode Sampling Mode SAL paragraph 3-122.
ASCII AS Applicable in Standard Data Transfer
Data Mode. Refer to paragraph 3-208.
BINARY BN
Output
Format ASCIT BA
BD Applicable in Block Data Transfer Mode.
Refer to paragraph 3-194.
BINARY BB
Buffer BC Clears the output data buffer.
Clear
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Table 3-34. Remote Program Codes (Sheet 4 of 4)

Control Program Codes Remarks

MF?

CF?

SET?
Refer to paragraph 3-219 for details on
LEARN MODE ERR? LEARN MODE.

BS?

ID?

1s0° Normal operation

Isolate
I1s1 Isolate state (refer to paragraph 3-214.)

* indicates an initial control setting.
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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) PS ov \

STOP V (V) PP ov

STEP V (V) PE oV Refer to paragraph 3-72.

HOLD TIME (s) PL 3ms

?}wﬁg [23' AY PD 3ms

DC V (V) PV ov

PULSE V (V) PU ov

MEAS V (V) PM ov

I}IO OF READ- PN 100 Refer to paragraph 3-88.

NGS

th (s) PH 10ms

td (s) PT 250ms )
IZOII:;MIT/RNG VL ov Refer to paragraph 3-62.
C-REF CR OpF Refer to paragraph 3-43.
G-REF GR ous
fdAI?ISiISJLT CL OpF Refer to paragraph 3-161.
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3-182. SETTING PARAMETERS VIA THE HP-IB

3-183. Voltage parameters, time parameters,
number of readings for C-t mode measurements,
limit voltage, reference values for the MATH
functions, and offset capacitance for C-HIGH
RESOLN measurements (option 001) can all be
set via the HP-IB with an HP-IB compatible
computer. 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 (S) for conduetance values.

Note

Parameters of a parameter string must
be separated by an appropriate
delimiter. Valid delimiters for the
4280A are commas (, ), colons (:), and
semicolons (;). Any combination of
delimiters can be used in a parameter
string, as shown in the following
example.

PS10, PP20: PE5; PLO.1
Note

If the polarity of a parameter is not
specified, positive polarity (+) is
assumed.

(1) DC V (V) for C mode; remote program
code PV:

Voltage output from the 4280A's internal
de bias source during C mode operation.
Upper limit 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 1mV.

Example:
PV12.34

(2) START V (V) and STOP V (V); remote
program codes PS and PP;

Upper limit for both parameters is either
+42V or *100V depending on the setting of
the INT BIAS switch. Both parameters can
be set with a maximum 3-1/2 digits.
Maximum resolution is 1mV.

Example:

PS-1.234, PP34.5
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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 -1.2V (-1.234V)
STOP V  34.5V

(3) STEP V (V);remote program code PE:

Bias sweep step voltage. Settable range is
0V to 200V. Can be set with 3-1/2 digits.
Maximum resolution is 1mV. Negative
values cannot be set.

Example:
PE2.50

(4) 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 is 1ms.

Example:
PL36E-3, PD 98.76

(5) DC V (V) for C-t mode; remote program
code is PC:

Voltage output from the internal de bias
source during C-t mode operation. Upper
limit is either +42V or *100V depending on
the setting of the INT BIAS switech. Can
be set with 3-1/2 digits. Maximum
resolution is ImV.

Example:
PC3.50

(6) 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 output from the internal dec bias
source. Upper limit for both parameter is
either *42V or +100V depending on the
setting of the INT BIAS switeh. Both
parameters can be set with a maximum
3-1/2 digits. Maximum resolution is 1mV.
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(7

(8)

Example:
PU1.500, 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 1.50V (1.500V)
MEAS V -5.00V

NO OF READINGS; remote program code
PN:

Settable range is 1 to 9999.

Example:

PN 1000
th (s) and td (s)-pulse width and
measurement interval; remote program

codes PH and PT:

Settable range for both these parameters is
1015 to 32s. Both can be set with 4 digits.
Maximum resolution is 10 ps.

Example:
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.

(99 Vv LIMIT/RNG HOLD;

(10)

Qan

SECTION 1III

remote program
code is VL:

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 1mV. The V LIMIT
setting applies to both positive and
negative output voltages. If 0V is
specified, the voltage output is limited
only by the INT BIAS switeh and range
selection is automatie.

Example:
VL 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
before or after V LIMIT/RNG
HOLD was set. This means that,
if DC V was set to 100V and then
V LIMIT/RNG HOLD is set to
50V, DC V will be automatically
set to 50V. If the V LIMIT/RNG
HOLD setting is later increased
or set to 0 (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 +199.999nF. Can be
set with 5-1/2 digits. Maximum resolution
is 0.01fF.
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
set with 4-1/2 digits. Maximum resolution
is 0.1nS.

Example:

GR 1.0000E-3
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(12) C-OFFSET MANUAL (option 001 only);
remote program code is CL:

Offset capacitance for C-HIGH RESOLN
measurements. Settable range is 0pF to
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 device via the HP-IB. As listed in
Table 3-36, there are two data transfer
modes--block and standard—and two data
formats-—ASCII and BINARY. Data formats are
described in paragraphs 3-186 through 3-191;
data transfer modes, starting in paragraph 3-192.

Table 3-36. Output Data Transfer Modes and
Formats

Data Transfer Mode Data Format

Block Data ASCII
Transf M

sfer Mode BINARY
Standard Data ASCII
Transfer Mode BINARY

3-186. OUTPUT DATA FORMAT

3-187. Measurement data can 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 code. ASCII 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 format, and
measurement  function. ASCII format is
described in paragraph 3-188; BINARY format,
in paragraph 3-190.
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3-188. ASCII 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.

NN sk e e Bt e
@ (3) “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
occurs, the output data [(3) and
(4)] will be +9.99999E+09.
[G Datal

G data consists of the measured conductance
value and measurement status.

NGNtssexkxkxEL %
1)@ (3) (4)

(1) NorO:

N: Normal measurement
O: Overflow

(2) M,D,PorQ

M: MATH function not used
D: A measurement

P: % measurement

Q: A% measurement
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(3) Measured conductance value, including
decimal point

(4) Scientific 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)] will be +9.9999E+9.

[V datal
V data is the voltage output from the internal de
bias source at each step of a C-V.mode swept

measurement.

V #kksknok
1)

(1) Voltage value, including decimal point. Unit
is volts.

[T datal
Elapsed time (k-td) of 2 C-t mode measurement

TaskxrEts
1) (2)

(1) Value appearing on the V-t display,
ineluding decimal point.

(2) Scientifie 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.

QLt**.***Eﬁ
(e8] (2) (3)

(1) NorO:

N: Normal measurement
O: Overflow

(2) Measured inductance value. The position of
the decimal point is fixed.

(3) Scientifie notation exponent ; always -6, uH

SECTION III

Note

If a measurement overflow
oceurs, the output data [(2) and
(3)] will be +9.9999E+9.

[R 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.

NR e xk
1) (2)

(1) NorO:

N: Normal measurement
O: Overflow

(2) Measured resistance value. The position of
the decimal point is fixed. Unit is .

Note

If a measurement overflow
occurs, the output data, (2), will
be +999.99.

3-190. BINARY Format

3-191. Four types of data can be sent in
BINARY format: status data, C data, G data,
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.

< G
o s
o
. z
° oo °
°

0% 0

(3

Vot
v
o
~o_ .
ot o
)

Note

The RECORDER OUTPUTS and the
error correction funection 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.

MSB Bit Number LSB

7 6 5 4 3 2 1 0

| o 3 @ (5)

(1) Data Validity

0: Data that follows is valid.
1: Data that follows is invalid.

(2) 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.
(3) Not used. Always 0.

(4) Indicates number of full seale counts
for C and G data.

0: 1000 counts
1: 10000 counts

(5) Measurement Range:

Bit Number

C-G Range
21110
010141 10pF/100uS
ol11]o0 100pF/ 1nS
11010 InF/ 10mS

[C datal

C measurement data, which consists of
polarity and number of counts, is sent in two
bytes.

MSB Upper Byte

7 6 5 4 3 2 1 0

(1) )
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Lower Byte LSB

7 6 5 4 3 2 1 0
®

(1) Polarity:
0: Positive (+)
1: Negative (-)
(2) Upper seven bits of the measured
capacitance value (binary).
(3) Lower eight 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.
[G data]

G measurement data, which consists of polarity
and number of counts, is sent in two bytes.

oy

(2)

(3)

MSB Upper Byte

7 6 5 4 3 2 1 0

oy v)

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

If the measurement 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 0010 0000(binary)

2000(decimal)=0000 0111 1101 0000(binary)

{K data]

K data, which is the number of a given
measurement point of a C-V mode or C-t
mode swept measurement, is sent in two

bytes.
C-V mode .
o
START V I
1 2 3
MSB Upper Byte

(1)

(2)

7 6 5 4 3 2 1 0

0 m

Lower Byte LSB

7 6 5 4 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.
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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 (C 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
measure ment points.

Block data transfer mode is deseribed in
paragraphs 3-194 through 3-207. 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
data transfer mode.

Note
Block data transfer mode can be used
for C-V 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. Block 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 which 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. Block 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 block data
transfer mode when the 4280A is set to
connection mode CN21, CN22, or
CN23.

Note
All front panel keys except the
SWEEP/V OUTPUT key, LOCAL Kkey,
blue key, and FLOATING key are

inoperative when the 4280A is set to
block 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 TRI. These codes will be
ignored.
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(7) Any  operation that ecannot
normally be performed in C-V or
C-t mode.

Note
The RECORDER OUTPUTS are

disabled when the 4280A is set to block
data transfer mode.

Multi-point
Measurement

Specify Data Format

1

Output All Measurement Data

l

EOI Output

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.

V-t

0l 0r 0«

c G
aF s
o ©
oF us
o °
% %
° o

Note

If the 4280A 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.
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3-198. Ho To Get Out Of Block 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 function (C-G, C, 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 Block Data Transfer Mode Is
Used
Measurement Function
CcC—-G C G
400 680 680
points points points

3-202. 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 points for
a C-V mode or C-t mode measurement exceeds
the limit determined by the measurement
function (see Table 3-37), the 4280A will
terminate the measurement sequence when the
maximum number of measurements have been
made.

SECTION III

3-204. Outputting Measurement Data In Block
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.

Program Codes For Outputting
Block Data

Table 3-38.

Data Format Remote Code

ASCII Format BA or BD*

BINARY Format BB

* Refer to paragraph 3-206 for the difference
between BA and BD.

Note
If an instrument setting is changed
after the measurement is completed
but before block data transfer 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 block data transfer mode are described below.

[ASCII Format]
C-V Mode

C-G Funection:

C data ]|, | G data| , |V data | DELM

C Function:

C data |, | V data | DELM

G Function:

G data |, | V data | DELM
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C-t Mode

C-G Function:

C data| , | G data |, |T data | DELM

3-108

C Function:

C data} , | T data | DELM

G Function:

G data| , | T data | DELM

Note

The DELM (delimiter) can be either a
comma (,) or a carriage return/line
feed (CR/LF) depending on which
program code BA or BD was used to
start block data transfer. See the table
below.

Remote Code |DELM(delimiter)

BA comma

BD CR |

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, V and T data.

Model 4280A

[BINARY mode]

C-V Mode or C-t Mode

C-G Function:

Status data {C data |G data |K data
C Function:
Status data | C data |K data
G Function:
Status data | G data [K data
Note

The EOI signal and the byteof 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 block 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 or

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

ASCII 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 3-213. 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.
[ASCII Format]

C Mode

/] C-G Function:
Specify Data Format
C data| , |G data @@

C Function:

Measurement C data @@

¥ G Funection:

Output
Measurement Data G data @@

A C-V Mode

Last
Measurement?

C-G Function:

C data| , |G data |, |V data @'@

EOI Output C Function:

C data| , |V data @@

G Funetion:

G data| , |V data @@

Figure 3-39. Standard Data Transfer Mode

C-t Mode

C-G Function:

C data|, |G data |, |T data @@

C Funection:

C data| , | T data @@

G Funection:

G data |, |T data @@
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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, LandR data.

[BINARY Format]

C Mode

C-G Function:

Status data | C data | G data

C Function:

Status data | C data

G Function:

Status data |G data

C-V and C-t Modes

C-G Function:

Status data | C data | G data {K data

C Funection:

Status data | C data | K data

G Function:

Status data | G data |K data

3-110
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Note

L and R data ecannot 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.
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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 4280A is part of a
measurement system. With the isolate funection
turned on, the front end of the 4280A is
completely isolated from the other system
components. The isolate function can be turned
on and off under remote control via the HP-IB or
manually from the front panel. Remote program
code IS1 turns the isolate funetion onj; IS0 turns
it off. While the isolate funetion is on, the
4280A will accept no remote program codes
other than IS0. 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 numeric key 1 if you're turning on the
function, 0 if you'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.

G

C
o ms
_ o o
Z P = us
[ ° [ °
1 — x
=] ]

Note

Vot

v
°
3
=

Turning the isolate funection 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
(Vv OUTPUT 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, etec.
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.

[(ID?]

ID HP4280A,0PT * , ROM *. *
’ T = CR @p

(1) OPTION 001 Installation:

0: Not installed
1: Installed

(2) Control ROM Version Number:
1.0 (for example)
Note

The EOI signal is output with the @p
signal.
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Table 3-40.

LEARN Mode

Remote Program Codes

Learn Mode Data Contents

ID?

Outputs the instrument's
model number, option
installation, and the ROM
version.

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?

Output the 4280A's Main
Functions and Common
Functions (MF? and CF?).

ERR?

Outputs the most recent
error code. Table 3-4
lists all error codes.

BS?

Qutputs the number of
measurement points and

the measurement conditions
in block data transfer
mode.

Model 4280A

10 ! LEARN MODE

40 ENTER 717;I$
SO PRINT I%

70 ENTER ?17;M$
80 PRINT M$

100 ENTER 717;Cs$
110 PRINT C#$

130 ENTER 717;Ss$
140 PRINT S$

160 ENTER ?17;E$
170 PRINT E$
180 END

20 DIM I$[261,M$[931,C$[?76],5$(169],E$[8]
30 QUTPUT 717;"ID?"

€0 QUTPUT 717;"MF?"
g0 QUTPUT 717;"CF?2"
120 OUTPUT 717;"SET?"

150 OUTPUT 717;"ERR?"

Figure 3-40. LEARN
3-112
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[MF?]

C Mode or C-V Mode

FNn, CNnn, IBn , BLn, VL**kk*,
m (2) (3) @) 5)

PV*k¥¥* yOn , PSkkkkk
(6) (7 i8)

PP a¥¥kk* PE#**¥¥% P ¥kkk*k
(9) (10} (11)

Es*, PD***+Es* , TRn CRCD
12 (13 (14 (15

(1) Measurement Function:

l: C-G funetion (C-G or C-G-V
measurement)

2: C funetion (C or C-V
fmeasurement)

3: G funetion (G or G-V
measurement)

(2) Connection Mode Number

(3) Internal Bias Source Mode:

0: OFF )
C mode
1: =
7
2: o N
C-V mode
3:
Ay P

(4) Data Transfer Mode:

0: Standard data transfer mode
1: Block data transfer mode

(5) V LIMIT Value (unit is V)
(6) DC V VALUE (unit is V)
(7) Internal Bias Source Status:

0: Off (no output)
1: On (output)

(8) START V Value (unit is V)
(9) STOP V Value (unit is V)
(10) STEP V Value (unit is V)

(11) HOLD TIME Value (displayed on
V-t display)

SECTION III

(12) Unit of HOLD TIME Value (V-t
display's unit indicator)

0: s (seconds)
-3: ms (milliseconds)

(13) STEP DELAY TIME Value
(displayed on V-t display)

(14) Unit of STEP DELAY TIME Value
(V-t display's unit indicator)

0: s (seconds)
-3: ms (milliseconds)

(15) TRIGGER or SWEEP MODE

1: INT/[REPEAT]
2: EXT/[EXT]
3: HOLD/MAN/[SINGLE]

Note

If the 4280A is in C-V mode (IB 2 or 3 is
selected), "VL + #¥*¥¥1t jg not output,
because V LIMIT/RNG HOLD funections
only in C mode.

Note

If the 4280A is performing an L-R
measurement (CN21, C22, or 23 is
selected), the contents of the learn
mode data are the same as those for C
mode.

C-t Mode

FNn, CNnn, IBn , BLn , PUz****% |
&Y (2) (3) 4) (3)

PM#*¥ksk  PCydkkkr  PNikkkk
(6) 7N [©)]

PH**%**E 4 % y PT**¥k%FE 4% , SAE ,
(9) (10) an {12) (13

TRn CR@D

(14)

(1) Measurement Funetion

4: C-G function (C-G-t measurement)

5: C function (C-t measurement)

6: G funetion (G-t measurement)
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(2) Connection Mode Number

(3) Internal Bias Source Mode

0: OFF

(external pulse bias
l: = ] source)
2: 1r (internal pulse bias

source)

(4) Data Transfer Mode:

Model 4280A

[CF?]

RMn, RAn, MSn, SLn, CHn, LEn,
(1) ) 3) (4) (5} (6)

CEn , MAn , CR*****+xE_]2 |
[ (8) 9

GR2**HH+¥E-6, DCn, DGn , NN,
{10) {11) (12) (13)

MDn CB @B

(14)
0: Standard data transfer mode
(1) C:G RANGE:
1: Block data transfer mode
1: 10pF/10048
(5) PULSE V Value (unit is V)
2: 100pF/1mS
(6) MEAS V Value (unit is V)
3: InF/10mS
(7) DC V Value (unit is V)
(2) Ranging Mode:
(8) NO OF READINGS

0: MANUAL
(9) th Value (displayed on the V-t display)
1: AUTO
(10) Unit of th Value (V-t display's unit
indicator): (3) MEAS SPEED:
0: s (seconds) 1: FAST
-3: ms (milliseconds) 2: MED
(11) td Value (displayed on the V-t display) 3: SLOW
(12) Unit of td Value (V-t display's unit (4) SIG LEVEL:

indicator):
l1: 10mVrms
0: s (seconds)
2: 30mVrms
-3: ms (milliseconds)
(5) C-HIGH RESOLN (OPTION 001):
(13) Integration Mode:
v 0: Not in use or not installed
0: Burst mode
, 1: Inuse
1: Sampling mode
(6) CABLE LENGTH:
(14) SWEEP MODE

1: 0(m)

2: 1(m)

3: 0-5(m)
;- iG]

(7) ERROR CORRECTION:
Note
0: Disabled
The EOI signal is output with the @P
signal. 1: Enabled
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(8)

9
(10)
(11)

(12)

(13)

(14)

MATH:

0: Notinuse

1: A measurement

2: % measurement

3: A% measurement
C-REF Value (unit is pF)
G-REF Value (unit is 1S)

DIGIT SHIFT C2 . Number of digit
shifts.

DIGIT SHIFT Go . Number of digit
shifts.

Data Format:

AS: ASCII
BN: BINARY

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 @B
signal.
[SET?]

[MF? datal,|CF? data| CB @

Note

The EOI signal is output with the @CB)
signal.

SECTION III

[ERR?]

ER *** CB @D

n
(1) Operation Error Code (see Table 3-4)
If no error has occurred, 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 @B
signal.
{BS?]

NM *#%* CE* CH*,MA* CR @P
1) 2) 3 (4)

(1) Number of Measurement Points
(2) ERROR CORRECTION:
0: Disabled
1: Enabled
(3) C-HIGH RESOLN (OPTION 001):
0: Not in use
1: Inuse
(4) MATH:
0: Not in use
1: 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 SRQ (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 3-41 shows the
contents of the Status Byte. Bit 0 (Data Ready
bit)of the Status Byte can be masked (disabled)
so that bit 6 (RQS) is not set each time bit 0 is
set, When the 4280A is turned on, the Data
Ready bit is masked.

Model 4280A

Bit 7 6 5 4 3 2 1 0
DIO
Line 8 7 6 5 4 3 2 1
Pecimall g 64 32 16 8 4 2 1
Value
RQS Sweep/ | Illegal | Trigger | Self Syntax | Data
Content Bias Program| Too Test Error Ready
Error Fast End

states of the 4280A:

(1) Bit 0: Data Ready (maskable)

Bit 6 (RQS) indicates whether or not a service request exists. Bit 7 is always zero (0).
Bits 0 through 5 identify the type of service request. Following are the service request

(2)

(3)

(4)

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 Error
This bit is set when the remote program contains a syntax error.
Bit 2: Self Test End

This bit is set when the first cyecle of the Self Test has been ecompleted 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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(5)

(6)

(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.

(@) Output voltage exceeds the INT BIAS switch setting (Paragraph 3-48).
(b) td value is too short in burst mode (C-t mode).
(e) tdand th values are incompatible for sampling mode (C-t mode).
Bit 6: RQS (Request 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
code MDO has been sent. This prevents bit 6 from being set when bit 0 is
set. To enable Data Ready SRQ, send remote program code MDI1.
Note

All seven bits are reset when serial polling 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 can be run directly on HP series 200
computers (HP9816, 9920, 9826, 9836) with the
BASIC 2.0 language system. These programs are

listed in Table 3-41.

Note

Controller-specific HP-IB programming
information is given in the controller's

programming manual.

Model 4280A

Table 3-41. Sample Programs

Sigzl:m Description

1 C mode ASCII output (single - bias)

2 C mode binary output (multi - bias)

3 C-V mode ASCII (long STEP DELAY TIME)

4 C-V mode binary (short STEP DELAY TIME)

5 C-V mode block data transfer mode measurement routine

6 Internal bias C-t measurement with block data transfer mode.
7 Ext bias FAST C-t measurement with block data transfer mode.
8 Block data transfer routine (ASCII “BD").

9 Block data transfer routine (ASCII "“BA").
10 Block data transfer routine (binary).
1 Internal error correction (Om) routine.

12 Internal error correction (0-5m) routine.

13 Binary conversion routine.

Table 3-42. Data Transmission Times

'C Mode C-V Mode C-t Mode
C ller D22
ontroller g .. .

C G cC-G C G Cc-G C G C-G
ASCI1 13 12 22 18.3 17.3 27.3 19.6 18. 6 28.6

HP 9825A
BINARY 3.4 4.8 4.8 6.2 4.8 6.2
ASCII 13 12 22 18.3 17.3 27.3 19.6 18.6 28.6

HP 9826

BINARY 5 7 6.8 8.8 6.8 8.8
ASCII 28 27 38 33.3 32.3 43.3 34.6 33.6 4.6

HP 9835A
BINARY 20 21 20. 8 21.8 20.8 21.8
ASCII 22 21 32 27.3 26.3 37.3 28.6 27.6 38.6

HP 9845B
BINARY 13 15 14. 4 16.4 14. 4 16. 4
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[Sample Program 1]

10 Hp4280a=717

20 CLEAR Hp4280a

30 OQUTPUT Hp4280a;"TR3"
40 GOSUB Int_correct

50 OUTPUT Hp4280a;"PVUS"
60 CUTPUT Hp4280a;"vVOt"
70 OQUTPUT Hp4280a;'"BC"
80 QUTPUT Hp4280a;"EX"
90 ENTER Hp4280a;C,.G
100 OUTPUT Hp4280a;"Vv0O0"
110 PRINT C,G

120 STOP

S Subroutines

END

10: Assigns the value 717 to variable Hp4280a, which is used as the device address for
all I/0O statements in the program. Here, the first 7 is the controller's HP-IB
select code, and 17 is the 4280A's HP-IB address.

20: Clears the 4280A and establishes initial settings.

30: Sets the 4280A's trigger mode to HOLD/MAN.

40: Calls an internal error correction routine, such as Sample Program 11 or 12,

which, if used, must be linked to this program. If internal error correction is not
to be used, change this line as shown below.

40 OUTPUT Hp4280a;"CEOQ"
50: Sets the output from the internal de bias source to +5V.
60: 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 measured 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.
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10
20
30
40
S50
60
70

20:
50:
60:

140:

150:

[Sample Program 2]

Hp4280a=717
DATA 1.0,1.6,2.5,4.0,6.3,10.0,15.8,25.1,39.8
CLEAR Hp4280Ga
QUTPUT Hp4280a:"TR3,BC"
OUTPUT Hp4280a;'"BN"
OUTPUT Hp4280a;:"VL40"
OUTPUT Hp4280a;"viit"
RESTORE
FOR I=1 TO 9
READ Dc_v
QUTPUT Hp4280a;"PV"iDc_v
WAIT .5 ' DELAY TIME
QUTPUT Hp4280a;:"EX"
ENTER Hp4280a USING "#,B,W,W":S,C,G
GOSUB Binary_to_value
PRINT S,C,G,Dc_v
NEXT I
QUTPUT Hp4280a;"voo"
STOP

g 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 (counts), 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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[Sample

10
20
30
40
50
60
/0
80
90
100
110
120
130
140
150
160
170
180
130
200

40:
60:
70:
80:
90:
100:
110:

130

Program 3]
Hp4280a=717
CLEAR Hp4280a
QUTPUT Hp4280a;"TRI"
QUTPUT Hp4280a;"IB2"
GOSUB Int_correct
QUTPUT Hp4280a;"PS-5"
Stop_v=5
QUTPUT Hp4280a;"PP":Stop_v
QUTPUT Hp4280a;"PE.5"
OUTPUT Hp4280a;"PL1O"
OUTPUT Hp4280a;"PD3"
QUTPUT Hp4280a;"BC"
OUTPUT Hp4280a;*'SH1"
Read_data:!
ENTER Hp4280a;C,G,V
PRINT C,G,V
IF V=Stop_v THEN Sweep_end
GOTO0 Read_data
Sweep_end:!
STOP

S Subroutines

END

Sets the internal de bias source to single-staircase ( o~ ) sweep mode.

Sets START V to -5V.

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.

140 ~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),C(21),G6(21),Vtk(21)

30 I=0

40 Hp4280a=717

50 CLEAR Hp4280a

60 DUTPUT Hp4280a:;"TR3,IB2"

70 QUTPUT Hp4280a;''BN"

80 OUTPUT Hp4280a;"PS-5,PP5,PE.5,PLT,PD.3"
90 OUTPUT Hp4280a;'"BC"

100 OQUTPUT Hp4280a;"SH1"
110 Read_data:!

120 I=1+1

130 ENTER Hp4280a USING "#,
140 IF BIT(S(I>,6>=1 THEN G
150 GOTO Read_data

160 Print_out:!

170 FOR J=1 TO I

BoW, W, W' 3SCI),CCI),G(I),Vtk (1)
070 Print_out

_i_

180 PRINT S(J),C(D,6(I,Vtk (D)
190  NEXT J
200 END

110~150: Read data in binary format until bit 6 of the status data (final data bit) is
set.

160 ~190: Prints out all measurement data.

Figure 3-42. Sample Programs (Sheet 4 of 12)
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[Sample

10
20
30
40
50
60
70
80
30
100
110
120
130
140
150
160
170
180
130
200
210
220
230
240
250
260
270

30:

40:

60:

100:

120:

140:

Program 5]

OPTION BASE 1
DIM S(21),C(21),6(21),Vtk(21)
Srq=2
Data_ready=0
Hp4280a=717
ON INTR 7 GOTO Sweep_end
CLEAR Hp4280a
DUTPUT Hp4280a;"TR3,BC,IB2"
GOSUB Int_correct
QUTPUT Hp4280a;"BL1"
QUTPUT Hp4280a;"PS-5,PP5,PE.5,PL3E-3,PD3E-3"
CUTPUT Hp4280a;"MD1"
QUTPUT Hp4280a;"SW1"
ENABLE INTR 7;Srq
Idle_block_meas:!
GOTO Idle_block_meas
Sweep_end:!
Status_byte=SPOLL (Hp4280a)
DISP "STATUS BYTE= ",Status_byte
IF BIT(Status_byte,Data_ready)=1 THEN
ODUTPUT Hp4280a;"BS?"
ENTER Hp4280a;Nm,Ce,Ch,Ma
GOTO0 Read_data
ELSE
§$égT "Service Request other than DATA READY"
END IF

Assigns the value 2 to the variable Srqg, which is used as the bit mask of the
ENABLE INTR statement (line 140).

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.

Defines the service routine to be executed when the 4280A generates a service
request.

Sets the 4280A to BLOCK data transfer mode.

Instructs 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.

Enables the HP-IB interface to generate an SRQ interrupt.

150 and 160: Infinite loop. The computer idles until an HP-IB interrupt occurs.

180:

190:

Reads the 4280A's status byte.

Displays the decimal equivalent of the value stored in the 4280A's status byte.
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200 ~230: Check bit 0 of the 4280A's status byte. If bit 0 is set, the measurement was
successfully completed. The controller will read the measurement
conditions (lines 210 and 220) and then will invoke a read data routine
(examples of which are given in sample programs 8, 9 and 10).

240 ~260: 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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[Sample Program 6]

10
20
30
40
50
60
70
80
30

OPTION BASE 1

DIM S(21),C(21),6(21)>,Vtk(21)
Srq=2

Data_ready=0

Hp4280a=717

ON INTR 7 GOTO Sweep_end
CLEAR Hp4280a

QUTPUT Hp4280a;"TR3,BC”
OUTPUT Hp4280a;"FN4"

100 GOSUB Int_correct

110 QUTPUT Hp4280a;"RM3"

120 QUTPUT Hp4280a;"BL1"

130 QUTPUT Hp4280a;'PUS"

140 OUTPUT Hp4280a;"PM-5"

150 OQUTPUT Hp4280a;"PN21"

160 QUTPUT Hp4280a;"PH1"

170 QUTPUT Hp4280a;"PT250E-3"

180 OQUTPUT Hp4280a;"MD1"

190 OUTPUT Hp4280a;"SH1"

200 ENABLE INTR 7;Srq

210 Idle_block_meas:!

220 GOTO Idle_block_meas

230 Sweep_end:!

240 Status_byte=SPOLL (Hp4280a)

250 DISP "STATUS BYTE= ",Status_byte
260 IF BIT(Status_byte,Data_ready)=1 THEN
270 OUTPUT Hp4280a;'BS?"

280 ENTER Hp4280a;Nm,Ce,Ch,Ma

290 GOTO Read_data

300 ELSE

310 PRINT "Service Request other than DATA READY"
320 STOP

330 END IF

90:
110:
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 1nF/10mS range.
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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10

20

30

40

50

60

70

80

30

100
110
120
130
140
150
160
170
180
190
200
210
220
230
240
250
260
270
280
290
300
310
320
330

[Sample Program 7]

OPTION BASE 1

DIM S(21),C(21),G(21),Utk(21)
Srq=2

Data_ready=0

Hp4280a=717

ON INTR 7 GOTO Sweep_end
CLEAR Hp4280a

QUTPUT Hp4280a;"TR3,BC”
QUTPUT Hp4280a;"FN4"
QUTPUT Hp4280a;"CN13"
OUTPUT Hp4280a;"IBO"
GOSUB Int_correct

OUTPUT Hp4280a;"RM3"
OUTPUT Hp4280a;"BL1"
QUTPUT Hp4280a;"PN21"
OUTPUT Hp4280a;"PH100E-6"
OUTPUT Hp4280a;"PTI10E-B"
BUTPUT Hp4280a;''MD1"
OQUTPUT Hp4280a;"SWH1"
ENABLE INTR 7;Srq

Idle_block_meas:!

GOTO Idle_block_meas

Sweep_end:!

Status_byte=SPOLL (Hp4280a)
DISP "STATUS BYTE= ",Status_byte
IF BIT(Status_byte,Data_ready)=1 THEN
OUTPUT Hp4280a;"BS?"
ENTER Hp4280a:Nm,Ce,Ch,Ma
GOTO0 Read_data
ELSE
PRINT "Service Request other than DATA READY"
STOP
END IF

100: Sets the 4280A's connection 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]

1010 Read_data:!

1020 QUTPUT Hp4280a;'BD"

1030 FOR I=1 TO Nm

1040 ENTER Hp4280a;C(I)>,G(I),Vtk(ID)
1050 NEXT I

1060 Print_out:!

1070 FOR I=1 TO Nm

1080 PRINT C(I),G(I» ,Vtk(D)

1090 NEXT I

1106 STOP

S Subroutines
END

1020 : Instructs the 4280A to output measurement data in BLOCK data transfer mode
and in ASCII format.

[Sample Program 9]

1010 Read_data:!

1020 OQUTPUT Hp4280a;'BA"

1030 FDOR I=1 TO Nm

1040 ENTER Hp4280a USING "#,K,K,K";C(I),G(I),Vtk<(I>
1050 NEXT I

1060 Print_out:!

1070 FOR I=1 TO Nm

1080 PRINT CC(I),G(I),Vtk(D)

1080 NEXT I

1100 STOP

S Subroutines
END

1020: Instruct the 4280A to output measurement data in ASCII format.

[Sample Program 10]

1010 Read_data:!

1020 OUTPUT Hp4280a;"BB"

1030 FOR I=1 TO Nm ‘
1040 ENTER Hp4280a USING "#,B,W,W,W":S(IY,C(I),GCI) ,Vtk(D
1050 NEXT I

1060 Print_out:!

1070 FOR I=1 TO Nm

1080 PRINT SC(I),C(I),GC(I),Vtk(I)

1090 NEXT I

1100 STOP

S Subroutines
END

1020: Instructs 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 Srq=2

1030 Data_ready=0

1040 Status_byte=0

1050 ON INTR 7 GOSUB Cal_end
1060 DISP "DISCONNECT DUT"
1070 PAUSE

1080 OUTPUT Hp4280a;"LET"
1090 OUTPUT Hp4280a;"MD1"

00 ENABLE INTR 7:Srq

11

1110 QUTPUT Hp4280a;"Z0"

1120 Idle_open:!

1130 IF BIT(Status_byte,Data_ready)=1 THEN GOTQ Zero_open_end
1140 GOTO Idle_open

1150 Zero _open_end:!

1160 OQOUTPUT Hp4280a;''MDO"

1170 OUTPUT Hp4280a;"CE1"

1180 DISP "CONNECT DUT"

1190 PAUSE

1200 RETURN

1210 Cal_end:!

1220 Status_byte=SPOLL (Hp4280a)

1230 DISP "STATUS BYTE= ";Status_byte
1240 ENABLE INTR 7:Srq
1250 RETURN

1080: Selects the Om cable 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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[Sample Program 12]

1010 Int_correct:!

1020 Srq=2

1030 Data_ready=0

1040 Status_byte=0

1050 ON INTR 7 GOSUB Cal end
1060 DISP "CONNECT TEST LEADS"
1070 PAUSE

1080 QOUTPUT Hp4280a;"LE3"

90 OUTPUT Hp4280a;"MD1"

10

1100 ENABLE INTR 7:Srq

1110 OUTPUT Hp4280a;'CA"

1120 Idle_cable:!

1130 IF BIT(Status_byte,Data_ready)=1 THEN GOTO Zero_open
1140 GOTO Idle_cable

1150 Zero_open:!

1160 Status_byte=0

1170 DISP "CONNECT TEST FIXTURE"

1180 PAUSE

1130 OUTPUT Hp4280a;"zZ0"

1200 Idle_open:!

1210 IF BIT(Status_byte.Data_ready)=1 THEN GOTO Zero_open_end

1220 GOTO Idle_open
Zero_open_end:!

1240 OUTPUT Hp4280a;'"MDO”

1250 QOUTPUT Hp4280a;"CE1"

1260 DISP "CONNECT but”

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

N
w
o

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.
1170: Prompts the operator to connect 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]

10 Binary_to value:!

S7%=""
SS$= LI N])
Full_scale=1000
IF BIT(S,7>=1 THEN S7%="DATA INVALID"
IF BIT(S,6>=1 THEN S6%="FINAL DATA"
IF BIT(S$,3)=1 THEN 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=1.E-10
G_range=1.E-3
END IF
IF BIT(S,0)=1 THEN
C_range=1.E~-11
G_range=1.E-4
END IF
C=C=C_range/Full_scale
G=6=G_range/Full_scale
RETURN

This sample program converts capacitance and conductance counts into capacitance and
conductance values in farads (F) and siemens (S), respectively.

Figure 3-42. Sample Programs (Sheet 12 of 12)
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APPENDIX

EXTERNAL ERROR CORRECTION

This appendix describes the methods of and procedures for external error correction.
External error correction permits proper error-correction of measurement results when
measurements are made under one or more of the following conditions:

1) Higher measurement speed is required.
2) The HIGH and LOW test leads have different lengths.

3) The stray capacitance between the HIGH terminal and ground or between the
LOW terminal and ground (as shown in Figure 1) exceeds 1pF.

[External Error Correction Methods]

The methods and procedures used for external error correction are different depending
on the test leads used and the stray admittances to ground. Corresponding to these
differences, there are four methods of external error correction: A, B, C, and D. If
the measurement ecircuit has the characteristics stated for condition 2) or 3) above,
method A or B must be used. If higher measurement speed than that possible when
internal error correction is used is required, method C or D should be used. For all
methods, the test lead length must be kept shorter than 5m to ensure correction
accuracy. The applicability of each error correction method is outlined below.

Method A: This method compensates 4280A measurement results for the effects of
stray admittance* to ground. The lengths of the HIGH and LOW leads do
not have to be the same.

Method B: This method compensates measurement results for the error caused by the
HIGH and LOW leads having different lengths. The stray admittances* to
ground must be negligible.

Method C: This method is the same as that used by the 4280A's internal error
correction routine for arbitrary test lead lengths between Om and 5m (the
HIGH and LOW leads must be the same length). Stray admittances* to
ground must be negligible.

Method D: This method is the same as that used by the 4280A's internal error
correction routine for test lead lengths of Om or Im. Stray admittances*
to ground must be negligible.

* Stray admittance between the HIGH terminal and ground or between the LOW
terminal and ground. Generally, only stray capacitance is considered instead
of stray admittance because stray conductance is usually negligible.

IMPORTANT

The test leads used must be the HP 16081A, HP 16082A, or similar leads
fabricated from standard cable (PN 8120-4195).
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Notes
1) Method A is valid for connection modes CN10 through CN14.

9) For FLOATING measurements, the stray admittance between the HIGH and
LOW terminals of the wafer prober or test fixture used should be subtracted
from measured values as follows:

Cour = Cm-Copen
Cpour = Gm-Gopen

where, Cpur is the true eapacitance of DUT,
Cm is measured (error-corrected) capacitance,
Copen is stray capacitance measured with the wafer prober or test
fixture open terminated,
Gpur is the true conductance of DUT,
Gm is measured (error-corrected) conductance,
Gopen is stray econductance measured with the wafer prober or test
fixture open terminated.

CL : Stray capacitance between the LOW terminal and ground.
CH : Stray capacitance between the HIGH terminal and ground.

Figure 1
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The procedures for using each error correction method are given below. Before
proceeding to the first step of a procedure, set the 4280A's internal error correction
funetion to off (the indicator lamp on the CORRECTION ENABLE key must be off).

Error Correction Method A

Test Probe Probe Test
Lead Lead
«—— 4280A : X £ DUT i 5 i 42800 —>
|
I
Rs Your Rp

[ I

] i

| E

! Yu YL | QD
| '

! !

! |

) | .

Figure 2

Figure 2 is a diagram of the measurement circuit model referred to throughout the
procedure for error correction method A. The stray admittances, Yu , between the HIGH
terminal and ground and, Y., between the LOW terminal and ground affect measurement
of the DUT's admittance, Your. The inherent characteristics of test leads A and B also
introduce measurement errors. Method A compensates measurement results for these
errors as follows:

Notes

1) During measurement of the DUT, connection mode must be set to CNI10,
CN1l, CN12, CN13 or CN14.

2) When using connection mode CN13 or CN14, the rear panel EXT BIAS FAST
connector must be terminated with an accurate 504.

1. Test Lead Characteristics Measurement

1) Connect the test leads to the 4280A's UNKNOWN terminals. Conneet nothing to
the other ends of the test leads.

2) Set the connection mode to CN15 and measure the HIGH lead's open capacitance,
Ca, and conductance, Ga. Note the Ca value in farads and the Ga value in
siemens.

3) Calculate admittance Ya as follows.

Ya =Ga +j(2mw x 10%x Ca)

4) Set the connection mode to CN18 and measure the LOW lead's open capacitance,
Ce, and conductance, Gs .

5) Calculate admittance Ye as follows.
Ys =Ge +j(2m x 10%x Cs)

6) Short the end of the HIGH lead (center and outer conductors). Do the same for
the LOW lead.

7) Set the connection mode to CN22 and make a measurement. Display C shows the
HIGH lead's short-circuit inductance, La, in microhenries and Display G shows the
short-ecircuit resistance, R4, in ohms. Note the La value in henries.
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8) Calculate impedance Z 4 as follows.
Za=Ra +j(2wx108x La)

9) Set the connection mode to CN23 and measure the LOW lead's short-circuit
inductance, Ls, and resistance, Rs.

10) Calculate impedance Zs as follows.
Zes = Rs + j(2mx 106x Ls)

2. Stray Admittance Measurement

11) Connect the test leads to a wafer prober or test fixture.
12) Conneect the device to be tested.

13) Set the connection mode to CNI5 and measure capacitance, Cii, and
conductance, G11.

14) Caleulate admittance Y11 as follows.
Y11 =Gi11 +j{2mx 106x C11)

15) Set the connection mode to CNI18 and measure capacitance, C22, and
conductance, G22.

16) Calculate admittance Y,2 as follows.
Y22 =Gap +j(27Tx 105%x C22)

3. Device Measurement and Error Correction

17) Measure the device using connection mode CN10, CN11, CN12, CN13, or CN14.
18) Note the measured capacitance as Cm and conductance as Gu .
19) Calculate admittance Yu as follows.
Yu =Gu +j(2mx 108% Cwm)
20) Calculate YM, Y11 and Y22 using the equations given below.

YvM =Yw -(1 +Rs-Y11 + RDp +Y22)

For CN1O,

ON11 and cn12) Y31 =Y¥1i-(L+Ro -Yi1)+Rs-Yu*

Y22 =Y22+(1+Rp - Y22) + Rs » Y 2

Yv =Yw (1 +Ro +(Yoo-Zs-Yu2 (1 +Zs-Y11))

For CN13 i1 + V) 4 Re c Vw2 (] + 75+ 2
and CN14 Yi1=Y11+(1 +Rp - Y13)+Rs - Yu"-(1 +Zs-Y11)
Y22=Y22°(1+RD 'Y22')+RS 'Wz'(l"'ZS'Yll)z

Refer to Table 1 for the definitions and typical values of Rs, Rp, and
Zs.
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Note

If Y11, Y22 or Yu is sufficiently small, you can neglect
the low value equation terms to simplify the calculations.

21) Caleulate the true admittance, Yr, of the test device using the equations given

below. For reference, the equations used to calculate the true values of the stray
admittances, Yn and Y., are also given.

For CN10, CN11 and CN12,

(yo = V(1-2a-Ya).(1-Z5-YB) *Ym
1-Za-Yy1-Z8°Y22+Za-ZB- (Y11:-Y22-Ym2)
oy, - (Y11-Ya).(1-Z8.Y22)+Z5-Yu? o
H S 7A.Y11-28-Y22+2a-28- (Y11-Y22-Ym2)
Yo - (Y22-Ye).(1-Za.Y11)+Za.Yu® Cyr
-~ - 1—ZA-Y11-ZB'Y22+ZA'ZB-(Y11'Y22-YM2)
For CN13 and CN14,
[ yo = V(1-Za-Ya)-(1-Z8-YB) :Yu- (1+ZsY;,)
T 1-ZA-Y11-Zp-Y22+Za-ZB- (Y11-Y22-Ym2: (1+Zs-Y11)2)
2 2
Y Yu = (Y11-Ya)-(1-ZB-Y22)+ZB-YM < (1+Zs-Y11) RV
T-Za-Y11-28 Yoo+Zla-ZB-(Y11 ' Y22-Yu2 - (1+Zs*Y11)2)
- (Ya2-Yn) - (1-Za-Y11)+Z6-Yu>- (14Zs-Y;;)> v
- T-Za-Y11-ZB-Y22+Z2a-Z5 - (Y11-Y22-YuZ-(1+Zs-Y11)2)
Note

To facilitate calculations, it is recommended that the HIGH and LOW test leads
be of the same length (that is, Ya = Ys and Za = Zs).

A-5
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Error Correction Methods B, C, and D

Probe Probe
Test Lead| ﬁ DUT 7 Test Lead
- 4280A | - 4280A —>
Rp -y

|
|
Rs | E J___ Yout _Q
I
I
I
|
)

Zs

L |

Figure 3

The diagram in Figure 3 is the measurement circuit model referred to throughout the
procedures for error correction methods B, C, and D. The error correction calculations
used in methods B, C, and D conform to common equations and are performed using
different circuit parameter data as described below.

e Method B requires the measured open circuit admittance (Ya and Ys) and short circuit
impedance (Za and Zz ) of both the HIGH and LOW leads.

¢ Method C requires the measured open circuit admittance (Ya) of the HIGH lead along
with typical circuit constants.

e Method D requires typical circuit constants only.
Typieal circuit constants are given for each of the direct attachment type test fixtures,
and for the HP16082A (1m) and HP16081A (2m) test leads. The procedure for error

correction methods B, C, and D is as follows.

1) Measure the test device using any connection mode except CN21,CN22 and CN23,
and calculate the device's admittance Yu as follows.

Yu =Gm + jwCm

2) Calculate the true admittance, Y7, of the DUT using the equation given below :
For connection modes CN10, CN11, CN12, CN13 or CN14,

Rr:Ym
Yr= — P IM
" Pr - Qrevw

For connection modes CN15, CN16 or CN17,

Yr= Yv - Ya
" Pc - Qc-Ywu
For connection modes CN18, CN19 or CN20,

Ym - YB
Yr = — 4
Pc - Qc-Ywm
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Pr, Qr and Rr values used in each error correction method are listed in Tables 1 and

APPENDIX

2. For Pc, Qc, Ya and Ys values, refer to Tables 3 and 4.

3) Calculate the true capacitance and conductance values as follows:

Cr :%x (imaginary part of Yr)

Gr: real part of Yr

Table 1
Mnemonic Descriptiocn
Rs Output resistance of the 4280A's test signal source.
Typical value is 0.127 + jO (Q).
Ro Input resistance of the 4280A's ammeter (I/V converter) circuit.
Typical value is 0.156 + jO (Q).
Zs Output impedance of the pulse generator connected to the EXT
BIAS FAST connector (includes residual impedance of the 4280A's
bias circuit). Typical value is 50.442 + j(0.125) (Q) when the
EXT BIAS FAST connector is terminated with 50 + jO ().
Zo? Square of the characteristic impedance of the standard cable,
which is represented by the following equation:
702 = Za/Ya or Zo? = Zs/Ys
Typical value is 2860.6381 + j(-444.28789).
Table 2
Method | Cable |COmRection P Q
Mode F F
Standard |CN10 to CN12 Za + Iz + Rs + Rp*? 1 + Rs-Ya + Rp-Yp*2
B |Cable Up VI ZA Ya(1-25.Y8)
CN13,CN14 Zs{1+Zg -Ya+Ro{Ya+Ys)]+Za+Zs+Ro*Z| (1 +Ro+Ys)- (1 + Zs-Ya)*2
Standard [CN10 to CN12 2Za + Rs + Ro 1+ (Rs + Ro)e Ya*?
C Cable; szp 1-ZaYa
to Sm* CN13,CN14 Zs{1+(Zo2Ya+R0)Ya]+2Z02Ya+Rp*2 (1 +Rp+Ya)-(1+Zs.Ya)*2
CN10 to CN12 1.095 + j(4.809150) 1.000001 + j(2.404563 X 107*)
om 1.002042 + j (-3.503999 x 10™*)
CN13,CN14 51.306947 + j (4.964942) 1.000002 + j (4.299184 x 1072)
CN10 to CN12 1.6312 + j (8.298077) 1.000001 + j (4.166008 X 10™*)
D | 16082 1.006106 + j (-1.005985 x 10 %)
(1m) | CN13,CN14 51.638093 + j (8.496226) 0.9999654 + j (7.448513 X 107 2)
CN10 to CN12 2.1726 + j (11.869063) 1.000001 + j(5.881256 X 20 *)
16081A 1.012328 + j (-1.992902 X 10™%)
(2m) | CN13,CN14 51.865481 + j(12.125754) 0.9999572 + j (0.1051526)

*1; HIGH and LOW leads must have the same length.

*2; Rs, Ro, Zs and 202 values are given in Table 1.
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Table 3
Method Cable Pg Qe Ya
B Standard « ZA + Rp *?
Cable; Up 1-Ro.Ys *1 Ya *1
C to 5m 202~YA + Ry *1
om 0.9999996 + j (-1.325483 x 107 %) 0.562 + j(2.404575) | 2.26 x 10" ° + j(8.496689x 10~ ")
D 16082A (1m) 0.9999995 + j(-2.296456 x 10™*) 0.8301 + j(4.149039) | 3.29x 10 ® + j(1.472087x 10™ %)
16081A (2m) 0.9999992 + j (-3.241965 x 10~ *) 1.1008 + j(5.934531) | 4.96X 10™° + j(2.078182X 10 %)

*1: For the connection modes CN18, CN19 and CN2Q, substitute the Ys value for Y» and the Zg value for Za.

Table 4
Mnemonic Description
Ya Open-circuit admittance of the HIGH lead measured using the

following procedure.
1. Connect the open-ended test lead to the UNKNOWN HIGH terminal
2. Turn off the 4280A's internal error correction function.

Set 4280A's connection mode to CNI1S.

[

4. Measure the capacitance (C) and conductance (G).
5. Calculate Ya as follows:

Yals] = GIs] + j(2mw x 10°- CIF))

Ys Open-circuit admittance of the LOW lead measured using the same
procedure as that used to obtain Ya. The only differences are
(1) the lead must be connected to the UNKNOWN LOW terminal and
connection mode CN18 must be used.

ZA Short-circuit impedance of the HIGH lead measured using the
following procedure.

1. Connect the short-ended test lead to the UNKNOWN HIGH terminal.

2. Turn off the 4280A's internal error correction function.

3. Set 4280A's connection mode to CN22.

4. Read inductance value displayed on the C display and resis-
tance value displayed on the G display. The units of the
displays are pll and @, respectively.

5. Calculate Z+ as follows.

Za{2] = R [Q] + i(2mx 10® - L)

Ze Short-circuit impedance of the LOW lead measured using the same
procedure as for Za. The only differences are (1) the lead must
be connected to the UNKNOWN LOW terminal and connection mode
CN23 must be used.

* Ya,Ys, Za and Zp correspond to the parameters YA, Ys, ZA,and Zs,
respectively, used in error correction method A.
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Error Correction for C and G Measurement Functions

When the 4280A is set to C or G function, only error correction methods C and D should
be used because the accuracy of the uncorrected measurement results is insufficient for
error ecorrection with methods A or B. The theory behind the C and D methods in these
measurement functions is the same as that in the C-G function; however, the
procedures are different because one uses typical (theoretical) values for certain circuit
parameters, whereas the other uses measured values.

The true capacitance, Ct, or eonductance, Gr, of the device under test is calculated
from measured values along with error coefficients a, b, ¢, d, € and f as follows:

For connection modes CN10, CN11 and CN12,

Cr =a+Cw +b-Cu2+ec-Cu?
Gt =d-Gm +e-Gu2+f-Gud

For connection modes CN15 through CN20,

Cr =a+b+Cu +c-Cun?
Gr =d+e-Gu +f-Gm2

where, Cv and Gm are measured capacitance and conductance, respectively.
Coefficients a, b, ¢, d, e and f are determined as follows:

(1) When the 16081A (2m) or 16082A (1m) test leads or a direct-attachment type test
fixture is used, use the coefficient values listed in Table 5.

(2) When test leads fabricated from standard cable are used, perform as follows:

@ Open-terminate the test lead connected to the HIGH terminal and set the
connection mode to CN15.

@ Make a capacitance measurement and note the value as Ca, in pF.

@ Caleculate & from the measured capacitance as follows.

2=J2.571876 - Ca + 14490.50 - 121.8136
(® Caleulate a, b, ¢, d, e and f as
a,b,e,d,e,f=s+tSL+uSl,2

Values for s, t and u are listed in Table 6.
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Table 5.
Connec-
Cable tion a b c d £
Mode
:glgmz 0.9979768 | -3.006309X 1075 | 8.931062x 10719 | 0.9979630 | 1.093035 x 1076 | 2.490178 x 1071
om | M2, | 0.9998268 | -4.205651x 107 | 1.132163x1077 | 0.9998869 | 5.074748 x 107 | 3.543114x 107
ONIS | 135.145031 1.001353 -1.433148 X 1075 | -2.209960 0.9975053 6.726853 x 1077
to CN20 :
SN0 | 0.9939260 | -5.136402X107% | 2.471385x107° | 0.9939533 | 1.620708 x 107¢ | 7.389820x 107}
160827 | CN13, | 9994783 | -5.475421 X107¢ | 1.176825X 10-7 | 0.9995422 | 5.145351 x 10°5 | 3.687216 x 10°°
(1m) CN14
CNIS  1.233.821903 1.003612 -2.368640X 105 | -3.134075 0.9925849 1.153375 x 107°
to CN20
?;lgm 0.9877203 | -7.260850 X 105 | 4.771535x107° | 0.9877365 | 2.126362 x 107 | 1.519011 x 10~1°
16081A | CN13, | 1 9988380 | -7.209015 X107 | 1.224366 X 1077 | 0.9989048 | 5.224837 x 10°% | 3.866252 x 10°°
(2m) CN14
ONIS | 330.544694 1.006518 -3.233642X 1075 | -3.920107 0.9849809 1.748494 x 107
to CN20
Table 6.
Connection|Para- s t
FUNCTION nection Para” . u
CN10 a 0.9979768 -2.928589 X 10~3 -0.921387 X104
to CN12 b -2.994162 %X 107° -2.184405 X10 % 5.150708 X107
C 8.084953 x 1010 1591142 xX107° 1.656435 10710
a 0.9998489 -3.914337 X104 -3.111828 X103
C CN13 ,CN]4 b -4.197398 X107 -1.974642 X 10~6 2.163183 X107
c 1.132687 X107 3.794664 X102 3.549600 X 10710
C a -135.010645 -95.546293 0.2408144
N1 io - 1.001102 2914164X10°° | -1.379802 X10~*
c -1.431029 <1075 -9.783013 10 4.882652X10~7
CN10 d 0.9979796 -2.932494 1073 -9.870385 X104
to CN12 e 1.090218 X107 5.303825 x1077 -7.240635 %1079
f 2.548790x10~1! 3.264604 X 10711 1.411314 x10711
d 0.9999094 -3.896271 x107¢ -3.058925 x 1075
G CN13,CN14| e 5.075003 X105 6.274085 X107 5.584425 X 108
f 3.545276 X107° 1.159860 < 10710 2.053306 10711
d -2.291302 -0.3171415 -0.3858356
CN15 e 0.9975075 -3537215 X107 | -1.245484 X107
to CN20 ¢ 6719451 <10~7 | 4190187 X 10~ 5.393740 X 10
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Simplified Error Correction Using Graphs

If error correction using method A is to be performed on a series of identical
measurements, you can reduce the total time required for error correction by making
one measurement, performing error correction using method A, and then using the
results to determine, from a graph, certain circuit parameters. Once these cireuit
parameters have been obtained, they can be used in method B, C, or D error correction
caleulations for all measurements made under identical conditions. It will not be
necessary to perform method A error correction for every measurement. The

procedure follows.

Notes

a) Only the larger of the stray capacitances to ground, Cu or Ct, is considered
in this method. The other (smaller) stray capacitance and the stray
conductances to ground, Gx and G, are not considered.

b) This procedure can be used for connection modes CN10, CN1l, and CN12
only.

1) Using error correction method A, determine the values of the stray capacitances Ch
and Cv.

2) Refer to Graph 1 for C-G measurement function or Graph 2 for C or G measurement
funetion, and using the larger of the two stray capacitance values obtained in step 1,
read the error coefficient a and the conductance offset value G error.

Graph 1 Graph 2
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3) Measure the test device and perform error correction using method B, C, or D.

4) Calculate the true capacitance, CT, and conductance, Gr, of the device under test
using the following equations:

C-G measurement :

Cr =C/(1 +a/100)
Gr =G - G error

C measurement:

Cr =C/(1 +a/100)
G measurement :

Gt =G/(1 +a/100)

where, C and G are the capacitance and conductance values, respectively, obtained
from the error correction in step 3.

Test Lead Extension

When connecting cables to the 16081A or the 16082A in order to extend the test leads,
you must observe the following restrictions:

1) Do not use coaxial cables that are electrically different from the 1608lA and
16082A. The HP part number of the recommended cable is 8120-4195.

2) Do not extend the test leads so that the total length exceeds 5m.

If the characteristics of the extension cables are different or if the total lead length
exceeds 5m, error correction cannot be performed accurately. The characteristies of
the cables should be carefully considered, especially when the 16081 A or the 16082A is
connected to cables that are inside the prober or test fixture. Errors caused by short
extension cables (less than 10em) are negligible. Figure 4 shows the recommended
method of extending the test leads.

16081A or 16082A standard cable
o= o —m
:: T ? If
! |
! ]
I 1
I |
= <sm g
Figure 4.
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Table 4-1. Recommended Equipment (Sheet 1 of 2)
. - .o . Recommended *
Equipment Critical Specifications Model /Note Use
Frequency Maximum Frequency: >1MHz HP 5314A P
Counter Resolution: 10Hz
Sensitivity: 25mVrms
Accuracy: 0.01%
RF Voltage Range: >35mVrms HP 3403C P, A, T
Voltmeter Resolution: O.lmVrms
Bandwidth: 1MHz
Accuracy: 1%
Digital Voltage Range: 10mV to 100V f.s. HP 3456A P, A, T
Voltmeter Display Digits: 4-1/2
Accuracy: 0.01%
Oscilloscope | Bandwidth: 40MHz HP 1741A A, T
Sensitivity: 5SmV/DIV
Storage Capability
Pulse Output Voltage: 5V across 500 HP 8112A A
Generator (10V across open circuit)
égﬁg;;tggj DC Offset: #*5V across 500
(£10V across open circuit)
Period: 1ms
Duty Cycle: 50%
Signature HP 5004A T
Analyzer
Capacitance | Nominal Values: 1pF, 10pF, 100pF, 1000pF o igégéi g
: 9
Standards Accuracy: 0.01% HP 16383A P, A
HP 16384A P
Test BNC (m)-to-BNC (m), 30cm long hp 8120-1838 | p
Cable BNC (m) to Dual Banana Plug Cable, 30cm long HP 11035A P, A
BNC (m)-to-BNC (m), 6lcm long hp 8120-1839 | A
BNC (m)-to-BNC (m), 122cm long hp 8120-1840 A
Dual Banana Plug-to-Alligator Clip Cable HP 11002A A, T
BNC (m)-to-Dual Alligator Clip Cable A, T
Adaptor BNC (£)-to-BNC (f), 3 ea. hp 1250-0080 P, A, T
BNC (m)-to-BNC (m), 1 ea. hp 1250-0216 | P
BNC-Tee Adapter, 1 ea. hp 1250-0781 | A
SMB . (m)-to-SMB (m) Adapter, 3 ea. hp 1250-0669 [ A
SMB-Tee Adapter, 1 ea. hp 1250-1391 | A, T
Test Alligator Clip-to-Alligator Clip, 20cm long, T
Lead 1 ea.
Oscilloscope | 10:1 Divider Probe HP 10040A A, T
Probe Input impedance: 1M
DC Power Output Voltage: %1V HP 6205C T
Supply Dual Output
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Table 4-1. Recommended Equipment (Sheet 2 of 2)

. L - . Recommended %
Equipment Critical Specifications Model /Note Use
Product SMB (f)-to-SMB (f) Cable, 2 ea. (hp 04280-65001) | hp 04280-65010| A, T
Support BNC (m)-to-SMB (f)} Cable, 5 ea. (hp 04280-65002) A, T
Package 1.592kQ Resistor, 1 ea. (hp 04280-65003) A
Sample/Hold Adjustment Board (hp 04280-65004) A
50Q Termination (hp 04280-65005) P, T
1002 Termination (hp 04280-65006) A
Extender hp 5060-4025 A, T
Board .
Varactor Approximately 20pF at zero bias hp 0122-0109 A
Diode .
HP-1B ‘ HP-85 P
Controller ' w 00085-15003
w 82936A
w 82937A

*P = Performance Test, A = Adjustment, T = Troubleshooting
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