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SP2569-1

ADDENDUM TO MODEL 296 MANUAL

ESTI Model §SP2589-1 1is a modified ESI Model 256. The 1low test
frequency is 120Hz and the high test frequency is changed to 20KHz.

Specification changes for the SP2589-1 are as follows:

120Hz SPECIFICATIONS

Section 1.2 of this manual.

20kHz SPECIFICATIONS

~ As stated for low voltage or current mode in

RANGES:
Admittance Bridge Impedance Bridge

Range No. Capicatance Rs (ESR) Inductance Rs (ESR) Range No.

Test Mode 10ma
] 1.9999%mF 19.999mqa ¢
1 19%.99uF 199.99ma 1.9999uH 100.00ma 1
2 19.999uF 1.9999q 19.999uH 1.60008¢0 2
3 1.9999uF 19.999¢ 199.99uH l14.60dq 3
4 199.99nF 199.99¢q 1.9999mH 169.08480 4
5 19.999nF 1.9999ka 19.999mH 1.600ka 5
6 1.9999nF 19.999ke 199.99mH l9.008ka 6
7 199.99pF 199.99kg 1.9999H 14@.060ka 7
8 19.999pF 1.9999Mq 19.999H 1.86080Ma 8

ACCURACY:

CAPACITANCE +§.5% of reading + 2 counts. Accuracy of ranges @, 1
and 2 are dependent upon cancellation of lead
inductance by proper lead confiquration and the amount
of inductance in the unknown. Accuracy of Range 8 is
*@.1pF and requires careful adjustment of the C & G
front panel zero controls.

INDUCTANCE +@,5% of reading + 2 counts. Accuracy of range 1 is
+@3.61uyH and is dependent upon cancellation of lead
inductance by proper lead configuration and the careful
adjustment of the L and R front panel zero controls.

Rs (ESR) + (fp.5% of reading + 2 counts) #*8.5ma.

Test Signal to Unknown:

HI voltage - Test signal level to the unknown is 6.5V RMS.

LO voltage - not recommended for use.

HI current - Test levels, for inductance measurements, are reduced by
one half.

LO current - Not recommended for use.
SP2569-1
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Test Lead Configurations

At higher frequencies, special attention to the test lead config-
uration is required to minimize errors caused by lead inductance. The
current drive leads (HI drive and LO drive) should be shielded coax
twisted with their shields connected together at the unknown. The HI
and LO sense leads should also be shielded coax twisted together. 1If
the sense leads have shield connections they should also be connected
together at the unknown. .This procedure replaces the description in
Paragraph 1, Section 2.3.1.3 of this manual,

The normal cable set (ESI Part No. 23898) can be used by exchanging LO
sense and LO drive labels and retwisting the leads in order to obtain

the proper shield connections.

ESR MEASUREMENT

Measurements of capicatance and ESR (equivalent series resistance) can
be made by the Model 296, in its admittance bridge configuration, as
long as the D (dissipation factor) of the capacitor does not exceed a
D of 2. Measurement of capacitors with greater than 2 is possible by
programming special test mode #063.

Special test mode 0PF3 measures a capacitor as an ‘inductor (see
section 2.3.9 of this manual} and automatically converts the results

to capicatance using the formula:

c= -1

L2

This test mode is also used to measure capacitors greater than 206nF.

The sequence used to program the Model 296 for capicatance and ESR
measurements is as follows:

1. 8Set the measurement functions; see Section 2.3 of this manual.

2. Set measurement frequency; see Section 2.3 of this manual.

3. Program special test mode 8883 (for capacitors that exceed a D of
2); see Section 2.3.9 of this manual.

4, Select proper range; see Section 2.3 of this manual.

When in special test mode #8683 it is very convenient to measure
capicatance at low frequency and ESR at high frequency. This is
accomplished first by measuring the capicatance at low frequency then
pushing the HI FREQ button and reading the ESR.,

Measuring ESR at high frequencies, while in test mode 0663, may cause
the Model 296's left hand display to blink even though the right hand
display is presenting a valid result. This condition is caused by the
capacitors actually being inductive at high frequency and the calcu-
lated value is too large or too small to be displayed (measurement
range for test mode @683 is 180@ counts to 19999 counts on each
range) .

SP2589-1
5/78
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SECTION 1
DESCRIPTION

1.1 TINTRODUCTION

Model 296 is a microprocessor-controlled automatic LRC meter. It
makes high speed L, R, C, and G measurements and also calculates D and
Q. Its two 4-1/2 digit readouts simultaneously display the reactive
and loss components of the unknown. Measurement function programming
is performed with the 24-button front panel keyboard which uses dual
function buttons similar to those in pocket calculators to simplify
function selection.

A wide range of features and options give the user maximum flexibility
to tailor instrument operation to ‘specific testing requirements.
Model 296 operates as a stand-alone benchtop tester or can be used
with auxillary handling egquipment and easily fits into sophisticated
‘automatic testing systems. Section 1.3 is a feature summary which
lists features and the instruction manual section describing them.

1 -1
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1.2 SPECIFICATIONS

C BRIDGE RANGE NUMBERS 0 1 2 3 y 5 & 7 8
A c. c ThkHz [19.999mF |1.9999 mF | 199.99 pF | 19.999 pF | 1.99989 pF | 199.99 nF | 19.999 nF | 1.9999 nF | 199,99 pF
FUEEES P s 120Hz®[199.99 mF [13.999 mF | 1999.9 uF | 199.99 uF | 19.999 uF | 1999.9 nF | 199,99 nF | 19.999 nF | 1999.9 pF
v} SCALE Gp__ 1 kHz and 120 HzQ1100.005  [10.0005 | 7.0000S | 100.00 mS | 10.000 mS | 1.0000 mS | 100,00 S | 10.000 uS | 1 0000 uS
E Rg T hHz and 120 Hz@ [ 19.999 mQ [199.99 m [ 1.9999 01 19.99% O 199,99 & 1.999% kT ] 19.999 k1| 199,99 k0 | 1.9999 MQ
=
MS
£ | TEST i Voltage 15 401vRMS[0.01 VRMS | 0.1 VRMS I VR
g SIGNAL LO Voltage 0.1 VRMS
<1 ACCURACY® H1 Vollage s[2.08+ |[0.5%+ +10.1% + {0.0053)@) R
+(3 of Reading L0 Voltage | 10.0599] | (0. 02501®} £10.13 + {0.013)9] slo. 1 ¢
+ Y of Full Scale) g ) ' = : {0.025419]
SPECIAL Cg RANGE 120 H2® 0.2F to 2F Manually Selected Accuracy: *5% of Reading
L BRIDGE RANGE NUMBERS 1 2 3 L] 5 ] 7 8
RANGES oL TkHz ]19.99%3 pH F199.99 uH | 1.9999 mH [19.999mH {199, 99 mH [1.9999 14 [19.959 M [198.99H
FULL SR 120 Hz@ | 199,99 WUH [ 1999.9 pH ] 19.999 mH 1 199.99 mH {1999.9 mH | 19.999 H 199.99 H 1999.9 H
SCALE Rs 1%Hz and 120 Hz® [ 100.00 m{2[1.000042 {10.0004 [100.005F |1.0000 k(X |10.000 %2 | 100.00 kG2 | 1.0000 MS2
w Cp 1 kHzand 120 Hz® ] 19,99¢ S 1.9999 5 199.99 mS [19.999nS [ 1,9999 mS [ 199.99 uS {19.999 uS 11,9999 pns
Lz) TEST HI Currenmt 160 mA 16 mA 1 mA 100 pA 10 pA 1 pA
= SIGNAL LO Current 10 mA 1 mA 100 pA 10 pA 1pA 0.F pA
w
; . kHzHICurrent ${0.1% + 0. 005%) ‘(0.1
ACCURACY® Lo Current | o 14 :(g.‘:;@% +0.05%)
t{%of Reading e :0‘05%] +(0.1% + 0.019) : -05%) oS
+% of Full Scale ) HI Current : 2(0.1% +10.5%
120 Hz + §.025%) £ 0.1%)
LC Current +[0.1% + (0.025%1F) £(0.1% +{0.5%
U ! +{.05%) +0,25%)
g D RANGE, FULE SCALE 1.9989
E ACCURACY HI Test Signal +(2.0% + +1.0% +
=1 +{% of Reading ———————————1 20 Ceunts | 10 Counts 2105+ 5C @ TS Tl Counte®
" 1. ounts + AW) S
@ | + Counts) L0 Test Signal | + A®) +A®) :ngz+1ncwnm@
=) + A}
o ¢ RANGE, FULL SCALE 1999.9
TEMPERATURE 239¢ C. L, Gand R £(0.01% of Readling/C” + 0.001% of Full Scale/C®)
COEFFICIENT OF cgoC
ACCURACY - 0 and Q £(0.01% of Reading/C® + 0.3 Count/C®)
(100 Hz for 50 Hz line frequency @ Multipty by 2 for 1 kHz and by 4 for 120 Hz or single cycle
3 ¢ and L derating for large loss! measurement
+{0.08% of full scale) {counts of G, D, or R/10, 000} ® 20,000
@i ) . A= Cor L reading (0.3 count)
Multiply by 2 for 120 Hz or single cycle measurement or L reading
20,000 )
o A= Cor L reading (0.03 coum) for low D mode

Multiply by & for 120 Hz or single ¢ycle measurement

Table 1-1. Model 296 Specifications

Zero Adjustments: L - *0.1pH; R - *1lm@ (HI frequency only)
C - +20pF; G - 50nS (compensates for lead and
test fixture effects)

Measurement Speed (See Figure 2-4): 1lkHz - as low as 88ms
120Hz - as low as 133ms

Displays: Two, 4-1/2 digit,'LED, with units symbols
Keyboard: 24-button (2 dual function keys)

Power: 120VAC (100, 220, 240VAC optional), 60Hz (50Hz
opticonal), 100w

1 -2
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Dimensions: Height - 135mm (5.2 in.)
150mm (6 in.) with feet

Width - 430mm (17 in.)

Depth - 405mm (16 in.)

Weight: 14kg (30 1b)

Features: External Bias to 200V
Active Guard
Absolute and Percent Deviation
Ten Programmable Limits
120Hz and lkHz Test Frequencies
Two Test Voltage/Current Levels
Charged Capacitor Protection
Autoranging

Options: IEEE 488-1975 Interface Bus (Part No. 42404)
High Speed Measurement (Part No. 42445) @
DC Resistance Measurement (Part No. 42536)
Handler Interface (Part No. 42434)
Other Test Frequencies
TTY Interface (Part No. 42735)
Card Reader Interface (Part No. 42736)

1.3 FEATURE SUMMARY

Features and options available for Model 296 are listed below along
with a brief description and instruction manual section to read for
further information.

FEATURES

Dual Test Frequencies - 120Hz and 1% standard, others available on
special order; see Section 2.3

Dual Test Levels ~ two test levels; constant voltage for C, constant
current for L; see Table 1-1 and Section 2.3. Alternate
function allows constant voltage for L and constant current
for C; see Section 2.3.9

Series or Parallel Equivalent Circuit Measurement - parallel or series
measurement of reactance functions; see Section 2.3.1

Dual 4-1/2 Digit Displays - 20,000 counts full scale

Programmable Settling Time - operator can program settling time from
25ms to 1.2s; see Sections 2.3.,1.2, 2.3.7 and 2.3.8

Autoranging or Range Hold - automatically selects range to give
maximum resolution measurement; see Section 2.3.1

1 -3
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Continuous or Single Cycle - continuous measurements or single

measurement c¢ycle, with or without digital averaging; see
Sections 2.3.1.2 and 2.3.9

Deviation Measurement - either percent or absolute deviation from a
nominal; see Section 2.3.5

Multi-Limit Sorting - 10 limits for sorting components into tolerance
bands, either percent or absolute limits; see Section 2.3.6

Digital Averaging - displayed value is calculated mean of 8 measure-—
ments; see Sections 2.3.1.2, 2.3.8 and 2.3.9

Test Mode Functions - alternate programming mode providing additional
functions and alternate choices for standard functions; see
Section 2.3.9

Active Guard - for measuring components in closed loop and buried node
configuration; see Section 2.3.1.5

Front Panel Lock-out - eliminates accidental change of test conditions
and functions; see Sections 2.3.9 and 2.4.3

External Bias to 200V -~ allows bias for electrolytic and tantalum
capacitors; see Section 2.3.10

Charged Capacitor Protection - prevents damage if charged capacitor is
connected to test leads; see Section 2.3.3

Front and Rear Panel Guarded Four-terminal Connections to Unknown -
see Section 2.3.1.3

QPTIONS {(Field-Installable)

IEEE 488-1975 Interface (GPIB) —- allows operation with external equip-~
ment and controllers; see Section 2.4.3.1

High Speed Measurement - increases overall measurement speed; see
Sections 2.3.8 and 2.4.2

DC Resistance Measurement - allows measurement of resistance with dc
signal; see Section 2.4.1

Handler Interface ~ for operation with high speed parts handlers; see
Section 2.4.3.4

Teletype Interface - for operation with serial bus devices with
current loop, RS 232, or TTL levels; see Section 2.4.3.2

Card Reader Interface - simplifies programming and eliminates operator
error; see Section 2.4.3.3

1 -4
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SECTION 2
OPERATION

2.1 FRONT PANEL CONTROLS

n m Hs Hp m M N A
JBABE ABABE e
v [L I3 Fp Fs - » k § LV
ZERO ADJUSTHENTS oComms .. S E M 4
e oo e ranel @ B B B M rrea L]
C 6 t R NOM vaLue - ATO% D 0 : R
A0 B @ & @ Offvotace
HOLB m f K Eo
SET POINT[‘_‘] O @ @ Ofbkeuycr
SETTLING TIME u START © POWER
Hi seconosl] B B o f OsincLe ON e~
ORIVE SENSE SENSE DR|VE orfm @
@ —

Figure 2-1. Model 296 Front Panel

2.1.1 RKeyboard

The keyboard provides all control functions Ffor Model 296. It
consists of 24 buttons, 21 of which have two functions. Buttons with
two functions have the alternate function represented in red lettering
on the front panel. To select an alternate function, the red button
must be pushed before the button with the desired function. The
function of each button is described below.

./p - Decimal point and pico (10~ 12) multiplier.
0/n - Zero numeral and nano (10 9) multiplier.
-/u - Minus sign and micro (10-6 g multiplier.
1/m - One numeral and milli (1073) muliplier.
2/k - Two numeral and kilo (103) multlpller

3/M - Three numeral and mega (10 } multiplier.

4/% - Four numeral, % key is used with the limits and deviation
features to define and display % deviation.

5/b - Five numeral. D represents dissipation factor measurement
function.

6/Q - Six numeral. Q represents quality factor measurement function.

7/F - Seven numeral. F represents farads (the units of capacitance)
and capacitance measurement function.

8/H - Eight numeral. H represents henries (the units of inductance)
and inductance measurement function.

9/0 - Nine numeral, Q@ represents ohms {(the units of resistance) and
resistance measurement function.

2 -1
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The above buttons are used to set ranges, desired units of display,
and measurement functions. Multipliers allow combinations such as mH
{millihenries) and nF (nanofarads) to be programmed. The ., - and 0
thru 9 keys are for setting ranges, nominal values, set points and
other functions which require input of a specific number.

T/S - The S function provides the units for conductance (siemens} and
selects that measurement function. T represents TEST. Pushing
this button 1lights all the numerical displays as a check for
burned out segments, It is also used to enter special test mode
measurement functions. (See Section 2.3.9.) '

+/AUTO and +/HOLD - AUTO and HOLD refer to autoranging and range hold
modes. Autoranging is automatically selected when the unit is
first turned on., HOLD mode allows rapid checking of many unknowns
in the same range. When in the HOLD mode, the + and + shift Model
296 up and down ranges. Pushing the + or + button when in AUTO
mode puts the instrument in HOLD mode and shifts the range. AUTO
returns unit to autoranging mode.

HI/LO FREQ and HI/LO VOLTAGE - Select the high and low test frequency
and test voltage or current. High frequency is 1 kHz, low is 120
Hz (100 Hz for 50 Hz line frequency). High and low voltage and
current settings are shown in Table 1-1.

PRL/SER EQUIV CKT - Selects parallel or series equivalent circuit
measurement modes.

NOM VALUE/A - Sets the nominal value for deviation measurement. A
selects absolute deviation.

SETTLING TIME/SECONDS - Function select and units for programmable
settling time.

RANGE/DC OHMS - Begins range and function setting procedure, stops
measurement, and turns off display. Measurement resumed by

pushing START button. DC OHMS selects dc resistance measurement
function when optional PC board is installed.

START/SINGLE - Begins measurement after it has been stopped by setting
function and range. SINGLE makes one measurement and holds
display.

Red Button - Selects alternate function of two-function buttons.

SET POINT - Sets limits bands for limits feature. Advances limits
band to next band and prepares instrument to accept numbers and
units for that band. Red button SET POINT toggles between
indicating band number and normal measurement when set points have
been entered.

2 - 2
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2.1.2 Displays

The two 4-1/2 digit displays each have a set of units indicators which
show the units and functions selected.

P, n, w, m, kK, M - Multiplier prefixes for the basic units programmed,
such as nF (nanofarads) and mH (millihenries); p=pico, n=nano,
p=micro, m=milli, k=kilo, and M=mega.

Fp, Fs, Hp, Hs, @, S8, D, Q, - Basic units for functions programmed:
Fp=farads, parallel capacitance; Fs=farads, series capacitance:;
Hp=henries, parallel inductance; Hs=henries, series inductance:;
@=ohms (resistance); S=siemens (conductance); D=dissipation
factor; and Q=quality factor.

LF and LV - Indicates the low frequency and low voltage modes have
been selected.

RMT - Represents remote control operation. Remote operation is
possible only when an interface option is installed. The front
panel keyboard does not operate when the RMT light is on.

% - Indicates percent deviation display.

A - Indicates absolute deviation display.

2.1.3 Other Front Panel Controls

ZERO ADJUSTMENTS - The L, R, C and G =zero adjustments on the front
panel permit compensation for test fixture reactance (I and C) and

loss (R and G) components (L. and R zero function on HI frequency
only).

HI and LO terminals - Four BNC connectors for gquarded, four-terminal
connection to the unknown.

POWER - Turns instrument on and off.

2 -3
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2.2 REAR PANEL CONTROLS

[ I =

REMQTE

Q.5ANP
UNKNOWN raAs

NP
PROTECTION  + 1

&S DD
HD HS

Figure 2-2, Model 296 Rear Panel

Line Cord Connector - The line cord connector meets IEC standards. Tt
is fused and provides for selection of input voltage. It does not

allow line frequency changes. Line frequency changes require re-
placement of internal components (see Section 2.3.2). Fuse ratings
for 120 and 220 VAC input voltages are shown above connector.

REMOTE Connector - A 24-pin connector which allows connection to an
interface option. Interface option required for operation,

OUTPUTS Connector - A 36-pin connector; outputs dependent on options.

HD, HS, LS, LD Connectors - BNC connectors for making guarded, four-
terminal connection to unknown. Duplicates of front panel connectors.
See Section 2.3.1.3.

BIAS - Terminals for connection of bias voltage up to 200vV. Bias
supply polarity must match terminal indications. When no bias supply

is connected, terminals must be connected together with shorting lug
provided. See Section 2.3.10.

Fuses - Protection for input. Two 0.5A 3AG fuses prevent damage to

instrument if a charged capacitor is connected to input terminals.
See Section 2.3.3.

2.3 OPERATING INSTRUCTIONS

Operation of Model 296 is divided into four areas of control: Mea-
surement functions, test signal, measurement mode, and measurement
display. The operator may select one or more setting from each area
to tailor the test conditions to the exact requirements.

2 - 4
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MEASUREMENT FUNCTIONS

Model 296 measures two reactance functions and four loss functions as
shown below. The reactances may be measured either as parallel or
series equivalent components, as can D and Q. Resistance is a series
equivalent circuit component, conductance is a parallel component.

Function Type Units Equivalent Circuit
Capacitance Reactance farads (F) Parallel/Series
Inductance Reactance henries (H) Parallel/Series
Dissipation Pactor Loss {ratio) Parallel/Series
Quality Factor Loss {ratio) Parallel/Series
Resistance Loss ohms (Q) Series

Conductance Loss siemens (5) Parallel

TEST SIGNAL

[+3

The signal applied to the unknown has two parameters selectable by the
operator, frequency and level, shown below. Each has a choice between
a high and a low level. High frequency is 1lkHz in the standard Model
296, low frequency is 120Hz for the standard unit. Test signal level
is selectable between a high and low level which are dependent on
range and function (see specification chart, Table 1-1).

Test Signal Parameter Level

Frequency HI (lkHz for standard unit)
LO (120Hz for standard unit)

Voltage/Current HI

Lo‘dependent on range and function

(see Table 1-1)

MEASUREMENT MODE

Factors that influence the measurement cycle are grouped under
measurement mode functions.

Function Alternate Choice

Continuous Measurement Single measurement cycle

Autoranging . Range Hold

Digital Averaging No Averaging

Settling Time Default (initial turn-on} Time or Pro-

grammed Value

MEASUREMENT DISPLAY

Results of measurements may be displayed in four different manners:
Direct reading, units (absolute) deviation, percent deviation, and
limits sorting. Direct reading display refers to display of actual
quantity as measured in its correct units. Percent and absolute
deviation of measured quantities are calculated from a set nominal
value. Section 2.3.5 describes this display mode. Limits sorting is

2 -5
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also calculated from measured quantities. Limits are set by the user
and the component is "sorted" into the appropriate limit band based on

its measured value. S5ee Section 2.,3.6 for operation of limits
display.

Function

Direct Reading
Units Deviation
Percent Deviation
Limits Sorting

Each of the four measurement control areas can easily be programmed
with the front panel keyboard or remotely when an interface option is
installed.

2.3.1 Basic Operation

Operating Model 296 is more similar to operating a pocket calculator
rather than an impedance bridge. Functions are labeled on the front
panel or on the buttons. Note that some buttons have labels for more
than one function. These are called dual function buttons. Functions
labeled on the button or in white are selected by pushing the button.
Functions labeled in red are selected by pushing the red button first,
then the button for the desired function.

2.3.1.1 Basic Operation Qutline

To begin measurements follow the steps outlined below. Details for
each step are contained in the section noted,.

1., Connect test leads to Model 296 (see Section 2.3.1.3, Connections
to Unknown).

2. Adjust instrument for proper line voltage and frequency (if
necessary; see Section 2.3.2) and plug line cord into receptacle.

3. Turn instrument on and connect unknown to test leads (see Section
2.3.1.3, Connections to Unknown).

4. BSelect desired functions and test conditions (Section 2.3.1).
5. Push START (or SINGLE) button to begin measurement.

NOTE: The instrument must be operated in its upright position
because it contains mercury wetted relays. If it has been in
another position (as can occur in shipping) the mercury must be
shaken down by 1lifting the rear approximately 1/4 inch off the
table and letting it drop. Do this three times.
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2.3.1.2 Basic Instructions

When the instrument is turned on by depressing the POWER button,
initial turn-on conditions are selected. Initial conditions for a
standard unit for each of the four control areas are listed below.

Measurement Functions: S (Conductance)
Fp (parallel Capacitance)

Test Signal: HI FREQ (lkHz for standard unit)
HI VOLTAGE (see Table 1-1)

Measurement Mode: Continuous measurement
Autoranging

Digital Averaging
Default Settling Times (see Section 2.3.7)

Measurement Display: Direct Reading

Since the instrument is in autoranging mode, if the test leads are
open (not connected to anything) Model 296 will range down to the
lowest range. 1If the test leads are shorted together, the instrument
will autorange to the highest range and the displays flash to indicate
the overload condition. If a component is connected to the leads,
Model 296 will select the proper range for the component (unless the
component value is too large for the highest range, which causes the
displays to flash, indicating overload).

Selecting Test Conditions

To change from the initial conditions, just push the button for the
desired function (red button first if it is labeled in red). The
order of selection is not critical. The following examples illustrate
only a few of the possible combinations and orders of selection.
Throughout this instruction manual, an asterisk (*) represents pushing
the red button, e.g., *F represents pushing red button then F button.

Measurement Functions

LOSS FUNCTIONS

S i D
(parallel)|(series)

Q
8¢ Fl v v I Vv
Eé PARALLEL — ‘/ AR
§§ SERIES i ‘; “j “;

\/= allowed combinations

Table 2-1. PFunction Combinations

2 -7
elsli 296 2/78



Reactance functions are programmable independently from loss func-
tions, within the allowable combinations. (See Table 2-1.) The
appropriate series or parallel reactance function is automatically
programmed when a loss function is selected. For example, the initial
conditions are Fp and S. If the operator wanted to measure Fs (series
capacitance) and pushed the SER EQUIV CKT button (*EQUIV CKT), S would
no longer be measured. The series loss function, @ (resistance),
would be selected in place of the parallel loss function S (siemens).

Examples (*represents Red Button)

Desired Functions Sequence

From Initial to Fs, 9 *EQUIV CKT (a is automatically
programmed for series function)

Change to Fx, D *D

Change to Fp, D EQUIV CKT

Change to Hs, Q *H, *BEQUIV CKT, *Q

Change to Hs, S (Cannot program S with Hs or Fs because

S is a parallel function only. When 8
button is pressed Hp is selected.)

Test Signal

Test signals may be changed at any time, Note that changing test
frequency changes measurement range (see Table 1-1). When setting a
specific range (such as in deviation or limits measurements), it is
important that the desired test frequency be selected before the
desired range to avoid accidental range change.

1

Examples: .

Initial Change To Sequence
Frequency HI LO *1.0 FREQ
VOLTAGE HI Lo *LO VOLTAGE

Measurement Mode

Continuous measurement is the initial mode selected. To perform a
single measurement press *SINGLE for each measurement requlred To
return to continuous measurement just press START.

Autoranging mode is selected when the instrument is turned on, To
hold the instrument on a particular range, press *HOLD. To return to
autoranging, press *aAUTO.
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To make repeated measurements of similar value unknowns, it is some-

times desirable to set a particular range. The following procedure
selects and holds a particular range.

1. Push RANGE button. Measurement is stopped and bridge put in range
hold mode.

2. Push buttons for numerals of range.

3. Push red button, then buttons for multiplier (¢, m, etc.) and
measurement functions (F, @, etc.). (Multiplier and function are

treated as one command, so the red button must only be pressed once
for the pair, e.g., *nF not *n*F.)

4. Push START button to resume measurements.

Example: Set range for 50nF capacitor, push: RANGE, ¢5, 0, *, n, F.
The displays show the 199.99nF range is selected.

NOTE: In the above example, the same range is selected if the
digits 1, 0, 0 are pushed; any digits from 20 to 199 will select
the 199 range. Digits for a range must be greater than 0.1999 to

be valid. For instance, 0.019 causes the displays to flash and is
not accepted as a proper range.

Digital averaging mode is programmed as initial condition. In this
mode the displayed value is the calculated mean value of eight sample
measurements. For a complete discussion of the digital averaging

cycle see Section 2.3.8, Measurement Speed. Measurements without
averaging can be programmed by either of two methods: Single cycle or
special test mode (see Section 2.3.9). Single cycle 1is selected

simply. It is the alternate function of START button (*SINGLE). The
special test mode operation removes the averaging function from

continuous measurements and is discussed in more detail in Section
2.3.9.

Settling Time

Settling time appropriate for the proper range chosen is programmed
automatically. The user may select shorter or longer settling times
to accomodate individual testing requirements. Section 2.3.7 gives
more information on settling time.

Measurement Display

Initial turn-on display is direct reading measurement. Some of the
initial conditions are indicated on the display, others are only
indicated when the alternate condition is selected. The list below
gives the initial display for the initial conditions.
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Condition Display
Functions: Capacitance (parallel) Fp
Conductance (parallel) S

Test Signal: HI frequency NONE (LF displayed when LO
' selected)
HI voltage/current NONE (LV displayed when LO
selected)
Measurement Mode: Continuous measurement NONE
Autoranging NONE
Digital Averaging NONE
Settling Time NONE

2.3.1.3 Connections to Unknown

Model 296 is a 6 terminal instrument. Tt provides separate shielded
connection cables for current drive and voltage sense to the high and
low side of the unknown and to the guard point. These cables are
fully shielded to minimize zero capacitance. They are labeled HI
DRIVE, HI SENSE, LO DRIVE and LO SENSE. GUARD DRIVE is the shield
around HI DRIVE and GUARD SENSE is the shield around LO SENSE (see
Figure 2-3 below). Drive and sense leads for each of the three sets
must be connected together for accurate measurements.

Hi DRIVE HI SENSE LO SENSE LO DRIVE

UNK
Y
\\ g
\\\ /'}
o Zppap™ \‘{ & 7 ZLoap
HI TO GUARD ™

N /™" L0 TO GUARD
V4

> 4
DREVE™N_ ~“SENSE
GUARD

Figure 2-3. Connection to Unknown

Separate drive and sense connections are necessary to prevent lead
resistance from becoming a part of the measured unknown. This 1is
especially true for accurate measurements of low impedance unknowns.
Separate drive and sense connections can be made to a single lead
connected to the unknown if the lead is a small part of the unknown
impedance (R g <Z /1000 for <0.1% error). With proper connections
as shown in %%%ure‘ﬁuﬁ, for most measurements cable lengths up to 20
feet cause no loss of accuracy. Longer cable lengths or special test
conditions may result in some accuracy loss. Consult ESI factory for
advice on your application.
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2.3.1.4 Front Panel Zero Adjustments

For accurate measurements (especially for units with optional test
frequencies above 1kHz) it is necessary to cancel capacitance and
inductance errors due to test leads and test fixtures. The standard
cable set (ESI Part Number 23898) has been bundled for convenience in
measuring mid-range unknowns. When measuring 1large capacitances
(above 1000uF) or small inductances (below 1ImH) best accuracy is

achieved by modifying the cable set to insure proper cancellation of
lead inductances.

n m Hs Hp mM A A
ABBBE AGBAE b
" P ok Fp ¥ - w koS LY ©
ZERC ADJUSTHEWTS 5 F H n
® o 00 pfonel @ O W @ Ofrea kLS, 11—l
[0 T T Ty
c 4 i NOH VALUE AUTO % ] [+ W
40 0 @8 0 & Ot} veLTace
m
SETPOINTO W 0 O B O, Eauty kT
SETTLIRG TIHE L START POWER
0 Lo scconpsld W oo OsineLe W
ORIVE SENSE SENSE DR1VE OFF &

TWIST HS and LS
{approx 1 twist per 2 inches}

/ [_—"“———TESTFIXTURE-—___,_
TWIST TWIST
BUNDLES l BUNDLES |
TOGETHER
SHORTING o] counecrion
| FOR
) FO
e EOA]rilnr? R " %ERA(])\ID G |
HD and LD
’ igﬁasmems SADJUSTMENTS |

TG TEST FIXTURE METAL FRAME

I
I
I
L —

*Shield for low zero capacitance when measuring Cx < 1000pF

Figure 2-4
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Cable Set and Test Fixture Cancellation: (See Figure 2-4)

1. Cut the cable ties fastening the standard cable set and twist the

shielded HI DRIVE and LO DRIVE cables together (approximately 1 twist
per 2 inches).

2., Twist HI SENSE and LO SENSE cables together.

3. Twist these two bundles together then connect to fixture.

4. Connect guard (GD) leads together, then to metal frame of fixture.
Inductance: (Not necessary for earlier units without L and R trimmers.
L and R trimmers are active at the HI FREQ setting only).

1. Connect a shorting bar (<0.1mf) using a 4-terminal connection.

2. Set to LO FREQ, Hs, & and let unit autorange to lowest L and R

range. If the inductance reading is more than *2 counts move one of

the sense leads closer to one of the drive leads until the counts are
near zero. Secure the leads in this position.

3. Adjust front panel L and R trimmers for zero on both displays with
Model 296 set to the following functions:

a) HI freqguency.
b) L Series (Ls), R series (Rs). (Push *H then *g.)

¢) Lowest L and R range. (Unit will autorange to lowest range
with shorting bar in place.)

Capacitance: (Not necessary for unknown above 1000pF)
1. Remove shorting bar.

2. Short LO DR%VE to LO SENSE.

3. Short HI DRIVE to HI SENSE.

4. Adjust front panel C and G trimmers for zero on both displays with
Model 296 set to following conditions:

-~ a) Frequency and test level set as desired.
b) C Parallel (Cp), G parallel (Gp).
c) Lowest C range.

An alternate method of eliminating the effects of zero inductanqe gnd
resistance is to subtract them from the reading by using the deviation
function as described in Section 2.3.5.

2 - 12
e|lsli 296 2/78



2.3.1.5 Measurement of Delta Networks {Active Guard)

Model 296 has the ability to accurately measure an unknown with impe-
dances from either end of the unknown to a point that can be connected
to guard (see Figure 2-3). The accuracy of the measurement is
determined by how low these loading impedances are with respect to the

unknown. The basic instrument accuracy for this type of measurement
is maintained as follows:

1. Load impedance from HI to GUARD: for capacitance or conductance
measurements - stated accuracy maintained for 1loads >100e@ (5009 on
range 2zero) for inductance or resistance measurements - accuracy

maintained for loads >2Z,pk.

2. Load impedance from LO to GUARD: for capacitance, conductance,
resistance and inductance measurements - additional counts in left
and/or right display =

4]

[Zunk/(z LO to GUARD x 100)]([x5 for LO voltage]

load
where zload to GUARD limited to >100¢0

2.3.2 Line Voltage and Frequency Selection

Input voltage selected for Model 296 must match the line voltage
available. The line cord connector has provision for changing line
voltage, as shown in Figure 2-5. Line voltage only is changed with
the line cord connector. Line frequency changes require internal
component changes.

To change line frequency to 50Hz operating, 50Hz line frequency kit
(ESI Part Number 42537) must be installed. Follow the instructions
below to install the kit and change to 50Hz operation.

NOTE: When removing or inserting PC boards, instrument power must

-be off. Boards must be inserted with components facing front of
instrument.

-

1. Remove crystal Y1 from A/D Converter assembly (board 15 in Figure
4-1, part number 40689). Replace with crystal included in kit
(3.2768MHz, part number 24540).

2. Change 120Hz jumper Wl and W3 on Oscillator assembly (board 1 in
Figure 4-1, part number 41196) to 100Hz jumpers W2 and W4.
3. Check line voltage setting and change {(if necessary) to match

available line voltage (see Figure 2-5).

4. Reinstall both circuit assemblies.
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elsli 296 2/78



5. Connect an oscilloscope to test point on oscillator assembly shown
in Figure 5-12. Sync oscilloscope to line frequency and set sweep at
2ms to 1lOms per division. Turn instrument on. Adjust R32 on

oscillator assembly for maximum height wave form that remains locked
to line frequency.

SELECTION OF OPERATING VOLTAGE

1. Open cover door and rotate fuse—pull to left,

2. Select operating voltage by orienting PC board
to position desired voltage on top-left side .
Push board fimly into module siot.

3. Rotate fuse-pull back into normal position
and re~insert fuse in holders, using caution to
select correct fuse value.

Figure 2-5. Line Voltage Selection

2.3.3 Input Protection

A circuit prevents damage to the instrument if a charged capacitor is
connected to the input terminals, Protection limits can be calculated

from the equation:
2
me:\/;;

where V¥ = capacitor voltage in volts
C = capacitor value in farads
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The protection circuit in Model 296 allows a maximum energy of 1 joule

up to a maximum voltage of 1kvV. Table 2-2 below gives examples of
maximum voltages for various capacitance values.

1kv 0 to Z2uF
315v 20uF
100v 200uF
31v 2mF
10v 20mF
3v 200mF
1v 2F

Table 2-2. 1Input Protection Limits

When limits are exceeded, fuses on the rear panel burn out and must be
replaced with a 0.5A 3AG fuse. To prevent possible damage to the
instrument use only the proper replacement fuse. ¢

2.3.4 Resistance Measurement

Resistance should be measured in combination with inductance function
rather than capacitance function. When in capacitance mode, a resis-
tor is interpreted as a high loss capacitor and may cause the display
to blink. Switching to inductance measurement allows measurement
without display blinking.

2.3.5 Deviation Measurement

Two types of deviation measurement are possible with Model 296:
deviation as a percent of nominal or absolute deviation from a nominal
in units. Percent deviations may range up to #100% with the nominal
value between 1000 and 10,000 counts on a measurement range. Absolute
deviations may range up to tfull scale (measured value of unknown must
not exceed full scale value of measurement range, i.e., the measured
value must be less than 19,999 counts on any range regardless of its
deviation from nominal). Deviation calculations require a small
amount of time to complete, so measurement speed is decreased
slightly. The additional time required for a measurement is lms for
absolute deviation, and 5ms for percent deviation.

To measure deviation, a nominal value must first be set. Absolute
deviation requires a nominal for the desired function only; percent
deviation requires a nominal for both displays when S and @ are being
measured. Nominal values are set as a selected number of counts in
the desired display and are not a function of range. Therefore, it is
important that the instrument be on the desired range. To set a
nominal wvalue, push NOM VALUE button, enter desired nominal and
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function (decimal point is controlled by measurement range selected
and need not be entered). The nominal will appear in appropriate
display window. Push START button to resume measurement. The unit
will display absolute deviation from nominal automatically when START
button is pushed. For percent deviation, push red button then % key.
(D and Q functions display absolute deviation only.) To return to
absolute deviation, push red button then A key (the A indicator will
light to show deviation mode is restored). The unit is removed from

deviation mode by programming nominal values of 0 for both reactive
and loss functions.

To temporarily exit from deviation mode, push SET POINT then START.
To return to deviation measurement with the same nominals, push NOM
VALUE then START. If the unit had been measuring percent deviation

before temporarily exiting, *% must be pushed to return to percent
from absolute deviation.

After exiting deviation measurement mode by pushing SET POINT then
START, it 1is possible to enter limits mode operation by entering
desired limits (see Section 2.3.6). The nominale entered for devia-
tion measurement are then used as nominals for & limits operation.

The nominals set can be examined by pushing the NOM VALUE button. The
current nominal settings will appear in appropriate display windows.

For example, to set a nominal of 15nF, push the + or + button to range
to the 20nF range. Press NOM VALUE, digits 1, 5, *F, START. To
change to percent deviation, push *%. Since the decimal point posi-
tion is fixed by the range selected, care must be taken to enter the
correct sequence of numbers to achieve the desired nominal. Also note
that the first digit on each display is a *1 display only and cannot
show a zero digit input. For example, to set a nominal D value of
0.001, press digits 0, 0, 0, 1. When the first 0 is pressed, the
display will not show it since the digit is only capable of displaying
a +, - or 1. After pressing the second 0, the display will echo the
digits entered. To return to normal operation, press NOM VALUE, 0,
*F, NOM VALUE, OQ, *D, START.

2.3.6 Limits Operation

Limits mode operation allows unknowns to be sorted into tolerance
bands based on limits set by the operator. There are ten limits, 1
through 10, which gives nine bands, numbered 0 through 8, plus one
additional limit numbered 10 (See Figure 2-6). Limits can be arranged

in two methods: nine bands for the reactance of the unknown and one
maximum limit for its loss; or nine bands for the loss component of
the unknown and one maximum limit for its reactance. The choice

between these two arrangements is made when the first limit (number 1)
is programmed. 1If a reactance function is programmed for limit one,
the nine bands will be allotted for reactance component of unknowns
and number 10 limit for loss component. Similarly, if a loss function
is programmed for 1limit one, the nine bands are used for loss and
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number 10 for reactance components. For example, the first arrange-
ment allows capacitors to be sorted into eight tolerance bands (Bands
1 through 8), with one out of tolerance band (Band 0) and one maximum
limit on D value (Band 10). The second arrangement allows resistors
to be sorted into nine bands with a maximum limit on their inductance.
The calculations required for limits operation add 7ms to overall
measurement time,

BAND NO,
LIMIT NG. DISPLAYED

0 ho  wieH o, o, R, 6 LIMIT
} O  HIGH REJECT BAND
— 9

HIGH LIAIT } 8 ~
8

CAN BE ASSIGNED TO EITHER
DISPLAY WITH THE 10th
LIMIT ASSIGNED TO THE

OPPOSITE DISPLAY

- ACCEPT BANDS o

11

LowiunT % 0 LoW REJECT BAND

—- R W O N
-
iy

Figure 2-6

The limits may be set in units or percent. They are programmed in
ascending order with each limit greater in value than the preceding.
A limit equal to or less than the previous limit will not be accepted
and will cause display blinking. The limits must not exceed the
maximum allowable digits for a given function (see Table 1-1). When
the instrument is turned on it initializes to the first limit (number
1). Each push of the set point button advances the limit number. The
following procedures outline the process involved in setting and
operating limits.

To set limits in units:

1. Set Model 296 to desired test frequency and range. Push SET POINT
button. The left display will show the number of the limit being
programmed (number 1}).

2. Enter numerals for desired limit (numerals will appear in right-
hand display). Push red button then function for desired limit. The
function entered at this step chooses between the two arrangements for
the limits (nine limits for reactance and one for loss, or nine limits
for loss and one for reactance). Entries for the remaining limits
(except limit 10) must be of the same function.

3. Push SET POINT again and repeat step 2 to set next limit. Repeat
until all desired limits are set. At least two limits must be set.
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4, To program number 10 limit, enter numerals and function as in
other limits. Function must be of opposite type (reactance or 1loss)
than the function for the other limits set. When the function is
entered, number 10 limit is set. The number 10 limit is automatically
set when its function is entered regardless of limit number previously
showing. )

5. Push *SET POINT then START button to begin measurement. Display
will show band number. To show measured value of unknown, push *SET

POINT. *SET POINT toggles between showing measured value and band
number.

To set percent limits:
For percent limits operation, nominal values must first be set.

1. Set Model 296 to desired test frequency and range. Enter nominal
values for reactance and loss components as in deviation measurement
description, Section 2.3.5. One will be used for nominal on the nine
bands, the other will be used for the maximum limit nominal. Push
START button.

2. Push *%, Push SET POINT button. The left display will show the
number of the limit being programmed (number 1).

3. Enter numerals for the desired percent limit. Numerals wilil
appear in righthand display. Leading =zeros must be entered, but
trailing =zeros may be left off. For example to enter 17% limit,
digits 0, 1, 7 must be pushed. Figure 2-7 shows digit position
required for desired percent limits.

100% 10% 1% 0.1% 0.

\ v

[ ]
DECIMAL POINT LOCATION
FOR ALL PERCENT ENTRIES

Figure 2-7

4., Push red button and function. When function button is pushed, the
right display will be replaced with the measured wvalue representing
the entered percent limit. (The number showing may have a one count
error due to round off in the calculation). The function entered for
limit 1 is used for the nine band limits. Limits 1 through 9 must
have the same function entered.

5. Push SET POINT button and repeat steps 3 and 4 for the remaining
limits. At least two limits must be set.
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6. To program number 10 limit, push SET POINT, digit 0, then function

desired. Instrument will set 1limit 10 to nominal entered for that
function in step 1 above.

7. When all limits are set, push *SET POINT then START to begin
measurement.

When operating, the left display shows the proper band number for the
unknown component. Band numbers shown indicate the component is
greater than the displayed limit and less than the next higher limit.
Band 0 indicates the component is either larger than the highest limit
or smaller than the smallest limit set. Band 10 indicates component
has exceeded number 10 limit.

To temporarily exit from limits mode into measuring the programmed
functions, push *SET POINT. Again pushing *SET POINT toggles back
into limits mode. Band sorting information is continuously provided
to external handlers, even when the operator toggles out of limits

mode, if the handler interface option is installed.

To completely exit from limits mode, limit 1 must be set to zero. If
percent limits are set, the unit must be programmed to absolute limits
(by pushing *A) before setting limit 1 to =zero. To return to limits
operation re-enter desired limits. When power is turned off, all set
limits and nominal values are lost.

To examine set limits, push SET POINT repeatedly to display limits in
ascending order.

Example: Sort 10nF capacitors at 1kHz into 1%, *5%, *10% bands with
maximum D of 0.005. Begin by setting proper frequency and range:
push HI FREQ, and RANGE, 1, 0, *n, F. Next set nominal values: push
NOM VALUE, 1, *F (trailing =zeros may be left off, decimal is
controlled by range selected). Push NOM VALUE, 0, G, 0, 5, *D, Now
to set the limits, in percent. Push *%. Push SET POINT {until limit
1l selected), -, 0, 1(-10%), *F, SET POINT, -, O, O, 5(-5%), *F; SET
POINT, -, 0, O, 1(-1%), *F; SET POINT, O, O, 1(+1%), *F; SET POINT, O,
0, 5(+5%), *F; SET POINT, 0, 1(+10%), *F., This sets the capacitance
limits, now for D limit. Push SET POINT, 0, *D. ©Push *SET POINT then
START button to begin measurement. Band numbers will appear in the
left display. To return to normal measurement, push *4A, SET POINT
(until 1limit 1 selected), 0, *F, START. This sets limit 1 to 0.
Instrument remains in deviation mode until nominal values are set to
zZero.

2.3.7 Settling Time

Settling time may be programmed by the operator. If no settling time
is set, the unit defaults to a settling time determined by measurement
range and frequency (see Figure 2-8B). Settling times less than de-
fault times may cause autoranging to malfunction. To program settling

2 - 19
elsli 296 2/78



time, push SETTLING TIME button, enter desired settling time in
seconds, then push red and SECONDS buttons. Settling time entered
must be between 25 milliseconds and 1.2 seconds to nearest 10
milliseconds. For example, to set settling time of 450 milliseconds,
push SETTLING TIME, 0, 4, 5, *SECONDS. The display will show .45
seconds as settling time. The unit will accept another digit of
resolution when entered, but will truncate it at the 10 millisecond
digit.

2.3.8 Measurement Speed

Figure 2-8A shows measurement sequence for various function combina—
tions and measurement types. Measurement and settling times are also
shown. Measurement speed of Model 296 is dependent on the type of
measurement, settling time, and the functions programmed. Two types
of measurement are made: digital averaging and single cycle. Digital
averaging is the normal mode of operation for the bridge. It is
automatically selected in the continuous measurement mode. Eight
measurements of each quantity are taken and the average is computed.
The result is then displayed. For faster continuous mode measurements
and autoranging, a non-averaged measurement may be selected by test
code 0010 (see Section 2.3.9).

Single cycle measurement is the fastest measurement mode. It is
useful for remote operation with automatic handlers. A single
measurement of each quantity is made and necessary calculations
performed. An averaged single cycle measurement can be made using
test code 0012 (see Section 2.3.9). This increases measurement time
but reduces noise effects.

Settling times for ranges and functions of Model 296 are shown in
Figure 2-8B. Settling time is programmable over the range of 25
milliseconds to 1.2 seconds. The effect of settling time changes is
shown in the measurement sequence illustrations, Figure 2-8aA.

The effect of different function combinations on measurement speed is
also shown in the measurement sequence illustrations. Depending on
the functions desired, different combinations of quantities must be
measured, which may add extra time.

Total measurement time of Model 296 consists of:

Settling Time

Digital Conversion time

Final Calculation Time

Special Function Execution Time (Options)
GPIB or TTY Data Transfer Period (Options)

o Lo BN
.
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Figure 2-8A.
DIGITAL AVERAGING

C and Rs or Gp!

Sis|ls|le|lses|s|e|e]c c|c c|c c|c ctL
o W [3) w [A) W (4] o [5]
257 |20-2528-25120-25]26-25]20-25}20-25{20-25]20-25]20- 25126~ 25 20-2 5[20-2 5|20 -25120- 25(20-25]20—-25] 33 i5|
TIHE, ms
Cand O or Q!
WNWelels|leleolaela]a
\\r?vrvvvrcclc Clccccg
251 120-25120-25120-25]20~25120-Z5120-25126-25120-2 5 126-25/20-25/20- 25120- 25120~ 25120- 251202 5120-751 5
TEME, ms

REMOTE PROGRAMMED SINGLE CYCLE — WITH HIGH SPEED OPTION
C and Rs or Gp!
NN [ |+
[*] 4
[ 25? [20-25[20-25] 33 |5
TIME, ms

& Settling time and
avtozeroing period

TIME, ms B Final calcviation period

C and O or Q} Coand D or Q! ! For Inductanee functions,
replace G/w with Rs/u

G N ¢
2 c \\ and and C with L
253 120-25[20-25(5 \ G .
TIME, ms vy Depsndant on Runge, see
Settling Time Chart

DC RESISTANCE OPTION MEASUREMENT CYCLES

b—-DC RESISTANCE (R)~—sfo———————— INDUCTANCE (L) e
SN EISNEIN A AT R

4o [ 25 ¢ too li8-251 400 [18-25118-25l8-25018-25{18-25|18-25F18-25 [18-25 15 |
ME, ms

Figure 2-8B.

SETTLING TIME
C L
HI FREQ L0 FREQ HI FREQ L0 FREQ
SETTLING TIME SETTLING TIME SETTLING SETTLING
RANGE |STATED giCa1n [Ce3y | RANGE [STATED glcsix cadn | RANGE iripe, f Rawee I
ACCURACY]D +0.005D 0.02 ACCURACY |D £0.005|D 0,02 ACCURACY ACCURACY
®| 200mF ® ®  2F| 2000m® ® 1| 20pH 1| 200,H
Q| 20mF 210ms ® 200ms |0] 200mF| 400ms 350ms §2{ 200pH 2 2000 pH
1 2mF 150ms 140ms |1 20mF 00 150ms | 140ms {3 2mH 3] 20mH
2] 200uF | 100ms 50ms 40ms |2] 2000 uF 100ms 90ms |4} 20mH 4| 200mH
100 ms 400 ms
3| 20 uF 70ms 40ms 3| 200pF 120ms 80ms 70ms |5 200mH 51 2000mH
4] 24F 4] 204F 6| 2H 6] 20H
5| 200nF 5| 2000nF 7| 20H 7| 200H
6| 20nF 25ms® 6| 200nF | 70ms 25ms® 8] 200H 8| 2000H
7] 2nF 7| 20nF
8| 200pF 8| 2000pF

Oshown are default times, with no settling time programmed. Settling Hime can be programmed from the front panel or remotely
from 25ms to 1s. For autoranging, add 100ms fo default times.
DTest mode only. See Section 2,3.9 of Model 294 Manual.
Not o practical measurement at high frequency .,
®Setffing time can be reduced to 1000ms by adding a 1) resistor from high drive to guord.
Not possible - less than stated accuracy,
®30ms for 50Hz line frequency. A shorted capacitor results in 33ms for 60 Hz line frequency and 40ms for 50 Hz line frequency.
NOTE: Default times are for initial instrument tum on mode.

Figure 2-8. Model 296 Measurement Speeds
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DIGITAL CONVERSION
EINAL_CALCULATION
SPECIAL FUNCTION

SETTLING I GPIB OR TTY DATA TRAMSFER
i % t 1 1

a—

1. Settling Time is the time required for the analog voltage
representing the unknown to settle to the desired accuracy. Within
this period the instrument is autozeroed. Settling times for Stated
Accuracy, *1% and *3% accuracies are shown in Figure 2-8B.

2. Digital Conversion Times of each measurement depend on measured
value, line frequency, displayed parameters and operating mode.

40Hz Line Frequency 50Hz Line Frequency

[a—-14 %ms ——J
18ms
25m. 3ms
33ms 40ms-

20ms

Y
I

A = Full Scale Value B = Zero Value C = Shorted Capacitor Condition

Measurement conversion times are shortest for full scale values and
longest for zero or negative values. The maximum conversion time is

25ms for 60Hz line frequency and 30ms for 50Hz line frequency, except
for a shorted capacitor or negative value.

The conversion time therefore depends on what percent of full scale

the unknown represents. The greater part of full scale, the faster
the conversion time. Full scale is 20,000 counts.

The choice of displayed values and operating mode also influences
measurement speed. C and D display require only two digital
conversion periods while C and G display require an additional period
for 1/w conversion (33ms for 60Hz Line Frequency and 40ms for 50Hz
Line Frequency).

Operating mode (single cycle or averaging) also influences measurement
speed. The normal mode is averaging. Eight measurements of each

parameter are averaged. The single cycle mode is only one measurement
of each parameter.

Measurement time can be reduced with the high speed measurement
option, ESI Part Number 42445. With this option, the conversion of
the loss (G/w or R/w) and the reactance (C or L) are executed
simultaneously, thus eliminating one conversion period. This option
is very useful when interfacing Model 296 with automatic handlers and
generally is used in single cycle mode.
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3. Final Calculation Time is 13ms. This is the time required to
calculate the programmed loss function.

4. Special Function Execution Time. Additional time is required to
execute special functions.

Absolute deviation mode: lms

Percent deviation mode: 5ms

Limits mode: 7ms

Relay closure of handler interface: 1lms

TTL outputs of handler interface: included within 7ms of limits
mode

5. GPIB or TTY Data Transfer Periods. Time is required to output
ASCII characters. This time is dependent on the bus system being used
and the length of the command and data output character string. Baud
rates for the TTY option are detailed in Section 2.4.3.2. Transfer of
data on the GPIB is dependent on slowest device connected to bus.

Shorted Capacitors. A shorted capacitor measurement results in an
overload condition which requires a longer recovery time than an
in-range measurement. When in a high speed measurement mode, this can
cause a good part following a shorted part to be rejected. To ensure
the good part is not rejected, Model 296 automatically adds an addi

tional 200ms to its settling time if the previous measurement was an

This slightly reduces overall throughput, but increases

P T o

- |
UVCLALUQU .

yield.

The extra 200ms settling time can be eliminated by programming clear
averaging mode (See Section 2.3.9).

A shorted part also results in 33ms (40ms for 50Hz Line Frequency)
digital conversion times for the zero, G/w, and C measurements. To
reduce this extra time, Model 296 will skip the C conversion cycles
for the measurement when it senses an overload of G/w.
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2.3.9 Test Mode Functions

Test Mode 1is a special programming sequence which provides several
additional operating functions. Table 2-3 lists these functions and
their programming codes. ' Test Mode functions may be programmed with
the interface options just as all other functions. (The keyboard

unlock function 1is not programmable from the front panel, only
remotely.)

Code Function

0000 Unlock front panel (remotely programmable only; keyboard
is ignored when locked)

0001 Lock front panel in remote mode

0002 Clear constant current capacitance and constant voltage
inductance mode (default)

0003 Set constant current capacitance and constant voltage
inductance mode

0004 Lock front panel in continuous measurement mode

0005 Set low D mode (special hardware required to implement) -

0006 Clear low D mode (default)

0007 ‘ Not used

0008 Clear talk only mode (default)

0009 Set talk only mode (printer)

0010 Clear averaging mode (Also eliminates 200ms overload

settling time, see Section 2.3.8)
0011 Restore normal averaging mode (default)

0012 Allow averaging on single cycle measurements

Table 2-3. Test Mode Functions and Codes

The front panel lockout feature is controlled by codes 0000 and 0001.
This feature allows the controls to be set for the desired measurement
operation and then the front panel locked to protect against acciden-
tally changing the settings. After the front panel is locked a remote
start signal is required to begin measurement. Since the front panel
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is inoperative when locked, it is not possible to unlock the front
panel using the keyboard. Three methods can be used to unlock the
front panel: turn the unit off then back on, remotely program an

unlock command, or close a switch connected to the TTY option front
panel unlock feature.

Codes 0002 and 0003 control a special calculated measurement mode. In
this mode capacitance is calculated from measured inductance and
inductance is calculated from measured capacitance. This extends the
range of each function by a factor of ten (to 2F for capacitance,

20,0008 for inductance). Capacitors are measured with constant
current and inductors with constant voltage in this mode. (Normal
measurements are made with constant voltage for capacitance, constant
current for inductance). Note that since large capacitors are

actually measured as small inductors, it is important to cancel the
inductive effects of test fixtures and leads as described in front
panel zero adjustment section (Section 2.3.1.4). An alternate method
is to measure a known standard and correct the reading using the
deviation function described in Section 2.3.5. Since functions in
this test mode are calculated, values must be between approximately

1300 and 20,000 counts on a range. In addition to over-range
indicated, values below approximately 1300 counts cause under-range
overload indications. Autoranging feature may not operate in this

mode in all cases. This mode is useful for measuring high loss series
capacitances whose dissipation factor is too large to allow

calculation of Cg and Rg On the normal function.

Code 0004 programs continuous measurement mode and locks the front

panel. the panel may be unlocked by the methods listed for codes 0000
and 0001.

A special low dissipation factor (D) mode is controlled by codes 0005
and 0006. Additional hardware is required for operation of this
function. It allows measurement of very low D components with higher
resolution than provided by normal D measurement. Measured full scale
D is reduced to 0.19999 when the low D test code is selected. This
returns to 1.9999 when low D function is cleared. Special hardware is
required for early units to operate properly in low D mode.

TALK only mode, designed for operation with a printer, is controlled
by codes 0008 and 0009;: Selection of code 0009 causes Model 296 to

output its data to IEEE Bus or TTY immediately when measurement 1is
finished.

Codes 0010, 0011 and 0012 control measurement averaging operation. In
normal mode, Model 296 performs two types of measurement cycles: con-
tinuous and single cycle. Normal continuous measurements consist of
eight measurements averaged then displayed. Single c¢ycle normally
consists of a single measurement. Code 0012 performs one eight-
measurement averaged reading cycle each time measurement is initiated.
Code 0010 allows continuous measurements without any averaging and
eliminates 200ms overload settling time {see Section 2.3.8). ©Normal

averaged continuous measurement or single cycle averaged measurement
is restored by code 0011.
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To program test mode functions, press T button. Normal test indica-
tion (all segments lit) will appear. Push 0 button and displays will
blank except for decimal points. Enter code for desired function,
then press *SECONDS. Selected function is now programmed. All

measurement functions (except autoranging) are programmed and operate
as in normal measurement mode.

2.3.10 Operation With Bias

Capacitance Measurements

A dc bias of up to 200V can be applied to the rear panel bias termi-
nals (observe polarity). Bias supply must have low ripple with in-
ternal current limit of 100mA and its output impedance must be less
than 50mq. Leakage current through the unknown can be measured by
sampling the current from the bias source to the bias terminals with a
low impedance ammeter. If the bias source impedance is not low com-
pared to the unknown, a bypass capacitor whose impedance is 1/5 of the
unknown at the operating frequency can be connected across the bias
source and ammeter (if used).

A dc bias current can be supplied to the bias terminals from a high
impedance supply limited to the HI test current listed in Table 1-1.
Currents exceeding these values could cause damage to the instrument.

For constant current, the impedance of the supply should be greater
than 10 times the unknown impedance and must be bypassed with a

capacitor whose ac impedance is 1/5 of the unknown at the operating
frequency.

(2]

2.4 OPTIONS OPERATION

Options for Model 296 are plug~in PC boards. Three sites are avail-
able for options plug-ins and are assigned functions as shown in Table
2-4. One option from each group can be plugged in at a time, to give
a total of three. Options can be plugged into only the one site
assigned. When plugging in or removing options, power should be off
to avoid damage to circuitry. Refer to Section 3.4 for location of
options.
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OPTIONS GROUP OPTION*
AUXILIARY FUNCTIONS HIGH SPEED MEASUREMENT

GROUP DC RESISTANCE MEASUREMENT
AUXILIARY QUTPUT HANDLER INTERFACE
GROUP

GPiB
CARD READER INTERFACE
TELETYPE INTERFACE

*Only one option from each group allowed at one time.

REMOTE PROGRAMMING
GROUP

Table 2-4. Plug-in Options

2.4.1 DC Resistance Measurement Option °

Model 296 normally applies an ac signal to the unknown, therefore the
resistance measured is an ac quantity. The dc resistance measurement
option allows dc resistance and ac inductance to be measured and
displayed at the same time. With the dc resistance option PC board
installed, this function is programmed in the same manner as other
front panel functions. Inductance is the only other function allowed
in combination with dc resistance measurement and is automatically
selected when the DC OHMS button is pressed. DC resistance display is
shown by both the D and & indicators lighting. The dc resistance
option increases resistance measurement range to 10Ma. Resistance
alone is measured on the 10M2 range and the lefthand display blinks.

Measurement accuracy for dc resistance is #(0.05% + 2 counts)*lm® up
to 1Ma, +(0.5% + 5 counts) for 10M® range.

The measurement cycle for dc resistance measurement is illustrated in
Figure 2-8. DC resistance is measured first, then the ac .inductance
measurement is performed. The dc measurement is composed of two
measurements, with the detector polarity switched after the first, to
cancel coffset errors. Normal averaging measurement takes place for
the inductance part of the measurement cycle. Depending on the range
and accuracy required, the measurement time can be reduced by
programming less settling time. Another reduction in time may be
achieved by eliminating the averaging on the induétance measurement,
see Table 2-3 and Section 2.3.9 for information on how to eliminate
averaging.

When the dc resistance option PC board is installed, zero adjustmen?s
must be set as described in Section 4.1.1. Periodic recalibration is
described in Section 4.1.2.6.
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2.4.2 High Speed Measurement Option

With the high speed option installed, Model 29§ operates in the normal
manner. Refer to Figure 2-8 and Section 2.3.8 for examples of the
increase in speed with this option.

If this option is field installed, the following calibration must be
performed. Periodic recalibration is described in Section 4.

1. Connect stable capacitor as unknown. {Value not important but
should be 10,000 counts or greater e.g., 10nF.)

2. Set instrument to measure capacitance and autorange (*F, *S or
*D, *AUTO).

3. Note reading in left display.

4. Turn off instrument - plug in optional A/D boards, turn on
instrument.

5. Repeat step 2.

6. Adjust trimmer 2 on optional A/D (board 17, Figure 4-1) for same
reading as step 3.

2.4.3 Remote Programming and Interface Options Operation

Table 2~5 gives programming commands for the GPIB, teletype and card
reader interface options. With any of these interfaces installed,

Model 296 may be programmed in the same manner as from the front
panel.

The remote programming function characters listed in Table 2-5 must be
transmitted to Model 296 only when a mode change is desired.
Functions remain in effect until another function is transmitted or
power turned off.

An X (red button) must precede each red button function just as for
manual programming. An exception is when programming a range
multiplier such as wF or m@. In this case only one X is required.

Qutput commands are very important to remote programming operation.
The output commands dictate the method in which Model 296 sends its
data to various peripheral devices. They must be a part of the
programming command string. When addressed to TALK by the GPIB
interface or receiving a TALK command (') through the TTY interface
the following commands should be used:
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( No output at any time.

) Output when addressed to TALK (or commanded to
output information). This immediately outputs both
displays. It is useful for examining functions
entered such as nominal values, settling time, band
limits, etc.

Cutputs data when addressed after a measurement is
complete. It is useful when an external device is
initiating single measurments and needs output data
upon completion of measurement.

Two other output commands are available:

[ Output when measurement complete. This command is
equivalent to test code 0009. In this mode Model
296 outputs its data immediately after a
measurement is completed. No TALK command need be
sent. It is useful when the controlling device
(such as a TTY or printer) requires output data
after measurement without having to send a TALK
command. This command is not recommended for IEEE
Bus use because data usually cannot be handled
until requested. It can be used to continuously
output results of a changing measured value such as
encountered in a temperature test.

] Cancels [ so that output is again available only
when addressed or commanded to TALK.

The & and X& commands serve an important function when programming
limits operation. Each time the SET POINT command is sent (or button
pushed) an internal counter is incremented. This c¢ounter monitors
which set point is to be set next. Since limits must be set from
limit 1 up, it is necessary to initialize the counter when setting
limits to prevent accidentally programming the wrong limit, An Xs&
command resets the counter so that the next press of the set point
returns to number 1 set point, the & command clears all previously set
limits and resets the counter. The X& command allows a single limit
to be reset without affecting others by programming X& then the number
of SET POINT commands necessary to increment the counter to the
desired limit. Example: X&BBB - resets to limit 1 then steps to the
third limit and is ready to accept a value to store as limit 3.
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ASCH CHARACTERS for GPIB {IEEE 488), TTY (SERIAL) ond CARD READER

ASCIE
ASEl KEYBOARD FUNCTIONS HOLLERITH TO Ascul CHARACTER®
CHARACTER WHITE RED® slal7]s|s[afsfafiJo]-Ta} wm [ anr
3 HI FREQ LO FREQ - m] F
9 or O 9 e} - []]] '"I 9
8 or L 8 H - m [ 11] g L
7 or C 7 F [ m [I1] 7 [
T T S - - T
R RANGE DC OHMS [ - R
v HE VOLTAGE LO VOLTAGE - - v
6 or Q 6 Q m - [1}] & Q
S or D 5 D miin m 5 D
4 or % q % m m m 4 %
A or ¢ 1 AUTO - - - A
o = NOM VALUE A - - =
8 E PRL EGUIV CKT SER EQUIV CKT - mf E
é 3 or M 3 M LLI3] ] ng 3 M
alg or K 7 K = 1 K
5 w ¥ 1 m - 1
oY H or + i HOLD m ] H
3 B SET POINT - mi B
3 E G START SINGLE ™ m| G
@ - or U - ¢ ik 137 - u
ﬁ 0 or N 0 n e [ J1E]] Q N
t . or P . P [_JE11} [ TIE| . . P
- X Red Button Red Button - - X
1 SETTLING TIME SECONDS ™ - S
CHARACTER REMOTE PROGRAMMING FUNCTIONS
{ no output L] - = {
} output when addressed - ] - 1
* set service request® [ - - .
: tiock keyboard and turn on RMT light - - H
Xt unlock keyboard and turn off RMT light program X first then : X
[ delete all limiis data, reset limits counter I l | I I ml &
Xa reset limils counter program X first then & X&
[ oulpul when measurement is completed - f ] - [
] no outpul - - - 1
’ TALK command fer TTY interface ] - '
\ delete ECHO routine, set ECHO routine ] - - \

Dan X must precede each character to obtein red button functions

M or BH indicates glternate choices, Examples In line 2 sither 9

'Qutput when addrassed ofter measurement complete

Model 296 Programming Commands

for GPIB, TTY and Card Reader

Table 2-5.
Interfaces
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2.4.3.1 GPIB General Purpose Interface Bus Option

The GPIB option is an interface that allows Model 296 to operate with
an IEEE 488-1975 standard interface bus. Model 296 uses a 7 bit ASCII
character format. Table 2-5 gives programming commands for functions
and operation. All front panel controls and special codes are pro-
grammable via the GPIB.

An advantage of GPIB programming is that several instruments can be
operated on a common bus with one controller. Each has a unique
address which is only recognized by it. Bus addresses for Model 296
are set at the factory to 33 for TALK and 65 for LISTEN. Addresses
may be changed with the switches on the interface PC board. Both TALK
and LISTEN addresses are set by the same switch as shown in Figure
2-9. TALK address is achieved by adding 64 to the switch setting,
LISTEN address by adding 32 to the switch setting. Switches operate
in a BCD configuration. Only the five least significdnt bits (first
five switches from the right) are used to set the address.

The second and third switches from the left should not be changed from
their off position. The first switch from the left can be on to
enable Model 296 to transfer data to a printer after measurement is
completed. It must be off when Model 296 is used with the IEEE bus.
Programming test code 0009 (see Section 2.3.9) 1is equivalent to
setting the switch ON.

SWITCH TAB UP INDICATES SWITCH POSITION

8 DOWN o up FACTORY SET GPIB ADDRESS
T T T e g LISTEN | TALK
1 2 3 4|[+t1 2 3 3
0 ] [T o ger DECIMAL 33 45
BIT 1 ON: LISTEN = 1 + 32 = 33 (DECIMAL) AsCl ! A
TALK = 1 + 66 = 65 (DECIMAL)

Figure 2-9,
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Programming Model 296 via the GPIB follows the same sequence as
programming from the front panel. A typical command string would look
like this:

XFRIOOXUCKXEXDXG*
where: XF low frequency (*FREQ)

R range (also puts unit in range hold mode)
100XUC = 100uF

it u

XE = series equivalent circuit
XD = dissipation factor

XV = low voltage

XG = single measurement mode

* output data after measurement complete when addressed

This string programs the instrument to measure series capacitance on
the 100uF range with D as loss function, in the range hold mode, low
frequency, low voltage mode, and single measurement mode.

A Model 296 output string for the above example would look like this:

N FS+08534E-2,D+00025E-4
- IE A

[“:T—exponent for measured D value
decimal point position
—5 digits, plus sign, for measured D value;
same as righthand front panel display
D for dissipation factor
Q for gquality factor
R for resistance (ohms)
S for conductance (siemens)
— separates reactance and loss measured quantities
—exponent for measured FS value
~—decimal point position
—-5 digits, plus sign, for measured FS value
FS, FP, HS, HP indicating capacitance or inductance, series
or parallel; same as lefthand front panel display
N for normal measurement
O for overload
D for absolute deviation measurement
% for percent deviation measurement

Measured values are output in floating point format, 5 digits and an
exponent. In the example the measured capacitance value is +08534E-2
which represents 8534 x 10~2uF or 85.34puF. Values for capacitance are
expressed in uF {microfarads) and values for conductance in us {micro~
siemens). Inductance and resistance are expressed in H (henries) and
2 (ohms); wH for 10kHz and 20kHz options. Blank displays are trans-
mitted as ? to indicate that display does not contain data.

An example of Model 296 operation through the GPIB bus by a Tektronix
Graphics Terminal Model 4051 is shown below.
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Program
100 ON SRQ THEN 180

105 PRINT "COMMAND 2?";
110 INPUT AS

120 PRINT @1:AS
130 FOR N=1 TO 10
140 PRINT @1:"XG"

150 INPUT @1:AS

160 PRINT AS
170 NEXT N

180 RETURN

Results

RUN

COMMAND ?%

R1500¥PCXO

FS+15384E-7,R-00001E+2 "
FS+15384E-7 ,R+00000E+2
FS+15385E-7,R+00000E+2
FS+15383E~7,R+00000E+2
FS5+15384E-7,R+00000E+2
FS+15383E-7,R-00001E+2
FS+15384E-7,R+00000E+2
FS+15384E-7,R+00000E+2
F5+15383E~7,R+00000E+2
FS+15383E-7,R+00000E+2 _J

Z22z22z22222%

Comments

Directs Model 4051 into interrupt routine
if SRQ line is activated

Operator enters command string for range,
etc,

Model 4051 outputs string to Model 296.
Model 296 should at this point be set to
all desired functions

Instructions to perform 10 measurements

4051 commands Model 296 to make a single
non-averaged measurement,

4051 commands Model 296 to give it the
measured data (Model 296 TALKS) after the
SRQ line has been activated by Model 296
(end of measurement). An asterisk (*)
must be a part of the command string for
data output only after measurement
complete.

4051 prints measured data

Very important character for this pro-
gram. It instructs 296 to return mea-~
surement results only upon completion of
the measurement initiated by "XG" (see
Table 2-5).

Range 1500pF,
Series capacitance and resistance.

Measured data.

2 - 33

elsji 296 2/78




2.4.3.2 Teletype Interface Option

The teletype interface option (ESI Part Number 42735) is used to
interface Model 296 to a three-wire serial bus system.

With this option Model 296 can interface with:

20mA current loop system
5V TTL level system
RS232, %12V switched at ground system

(IDLE) i (IDLE)

112(3|4|516{7]|8 g |10 11

Figure 2-10

The character format is 11 bits (See Figure 2-10):

One start bit (1)

Seven data bits (2 thru 8)
Parity bit (no parity) (9)
Two stop bits (106, 11)

Available baud rates are:

75, 110, 135, 150, 200, 300, 600, 1200, 1800, 2400, 3600, 4800,
7200, 9600

Baud rates are selectable by changing jumper wires.

LISTEN and TALK, baud rates are asynchronous and each can be at a

different rate than the other, e.g., 2400 baud LISTEN, 9600 buad TALK,
etc.

The TALK rate is controlled by the microprocessor and a character is
not processed until the preceding character has been transmitted.

The LISTEN rate is character and character string dependent. Certain
characters require more processing time, so care must be taken not to
lose a character by transmitting characters to Model 296 faster than
it can process them. Baud rates above 2400 baud experience this

problem and it is recommended to insert a 3ms wait loop between each
character,

Optimum transmission speed can be achieved by using the Echo routine.
Since the LISTEN data line is buffered and will hold one character,

the controller can operate in a handshake mode using the Echo
character to initiate transmission of the next character.
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usteNLtine 7] [2] [3] [+]
TALK Line [1] [2] [3]
Processing® [ 1 L_I 2 I__I 3

1. 1st Character 2. 2nd Character - 3. 3rd Character 4. 4th Character

@ Processing time is variable and dependent on the character.

Figure 2-11

Processing time is variable and dependent on the character.

Characters are ASCII format and the output string is the same as GPIB
Bus (see Section 2.4.3.1, GPIB interface option). The ' character is
equivalent to the TALK command for the GPIB interface. The controller
sends a ' when it is ready to receive data. ¢

2.4.3.3 Card Reader Interface Option

The card reader interface option (ESI Part Number 42736) allows Model
256 to be programmed remotely with an HP1131A (modified 98704a)
hollerith card reader. The interface PC board plugs into the ASCII
BUS slot in the.righthand mother board and the card reader connects to
the REMOTE connector on the rear panel of the Model 296. Table 2-5

gives hollerith codes for all Model 296 functions.

To operate Model 296 with the card reader option, connect the units
together, punch a card for the desired functions, and run the card

through the card reader. For further operating instructions see the
card reader instruction manual.

2.4.4 Handler Interface Option

The handler interface option (ESI Part Number 42436) enables Model 296
to operate with a mechanical handler. It accepts an input signal to
initiate a measurement and outputs a signal which corresponds to one
of the 10 displayed 1limit bands. The input signal required is an
external contact closure or TTL low for a duration of lus minimum.
The output signal is a relay closure which is held until reset by the
closure of a different output relay. See Figure 2-12.
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3 I 3 | 3 3 START MEASUREMENMT

BAND Mo, 1
BAND No, 2
| pot— 2 ol ] e 2 —me ] f— 2
H—er it [ st (e
1. Handler Time — User dependant. A. First part was in band No. 1.
2, Measurement Time — Dependent on range B. Second part was afso in band No. 1.
and functions. Ses measurement spaed sec- C. Third part was in band No. 2.

tion of tha manual.

3. Initiate a measurement signal — 1 us mini-
mum.

Figure 2-12

The output relays are rated at 100VDC, 250mA switching current, 1.5A
carrying current and 10 million operations. Higher currents can be
switched with a possible reduction in operation life, especially if
contacts arc on opening. Resistive loads are more desirable than
inductive loads. For example, a 400mA, 15V, resistive load will not
appreciably reduce life. Relays are on sockets for easy replacement.

5V TTL (open collector) output signals are available at the rear panel

and require the addition of a jumper wire in place of each output
relay. See Table 2-6.

Handler Interface Option

OUTPUTS Connector Wiring
PCB Connector OUTg:;I‘Tﬁu(;?;;octor Function

7 1 COMMON

S 2 BAND 0

H 3 BAND 1

F 4 BAND 2

E 5 BAND 3

D 6 BAND 4

Cc 7 BAND &

B 8 BAND 6

A 9 BAND 7

6 10 BAND 8

5 11 BAND 10
12 +5 V (SYSTEM) QUT
13 SYSTEM GROUND

8 14 INTERRUPT IN (TTL)
Table 2-6

The handler interface option consists of a plug-in PC board which can
be purchased with the instrument or added at a later date.
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SECTION 3
CIRCUIT DESCRIPTIONS

3.1 INTRODUCTION

The Model 296 Impedance Meter consists of three major sections. The
first is the analog system (located on the left half of the instru-
ment) which produces dc voltages proportional to the reactive and re-
sistive part of the unknown being measured. The second (located on
the right half of the instrument} is the digital section which con-
sists of the following circuit assemblies:

1. The A/D converter which converts the dc voltages produced by the
analog system into digital information. v

2. The central processing unit (CPU) which contains the micropro-
cessor, memories, clock, bus drivers and other necessary components
and performs the calculations necessary to derive the desired informa-
tion about the unknown. The CPU also monitors the keyboard for input
instructions and provides the signals for control of functions and
ranges to all other circuit assemblies.

3. Various plug-in options such as IEBEE bus, dc resistance measure-
ment circuit, handler interface option for band sort indication, high
speed option, etc.

The third major section is the operator interface consisting of the
keyboard for input and the display circuit assembly for visual output
of measured information.

A power supply located in the right rear of the instrument provides
the necessary dc operating voltages.

Refer to Figures 3-1 and 3-2 for simplified circuit diagrams.

3.2 THE ANALOG SYSTEM

The analog system is an inverting operational amplifier circuit which
has the component being measured {(unknown) as the input impedance and
a selectable standard resistor (SR located on assembly number 41223)
as the feedback impedance. The operational amplifier consists of the
Preamp Assembly, Part No. 41225; Sync Int Assembly, Part No. 41194
(used to increase the ac gain); and the Power Amp Assembly, Part No.
41192, The unknown is connected through the Discharge Protection
Assembly, Part No. 41875, which protects the instrument from charged
unknowns and static discharges. This assembly also contains the
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relays used to transfer the unknown connections from the ac bridge to
the dc resistance option.

The unknown drive signal path is as follows:

1. Oscillator Assembly, Part No. 41196, produces two selectable
frequencies, the lower being locked to the line frequency.

2. The unknown drive 1level regulator (on assembly number 41225)
which holds the measurement circuit exitation at the proper level.

3. The Power Amp Assembly, Part No. 41192,

4, The drive transformer located on the left- rear of instrument (on
assembly number 41192).

5. Limiting resistors which are switched with the standard resistors
to provide stability when measuring high reactance unknowns.

The voltage across the unknown is monitored by the Unknown Gain
Assembly (UG), Part No. 40935, which has selectable gains of 1, 10,
100 and 1,000. It amplifies the small voltages across low impedance
unknowns.  The signal output of UG is labeled V,nk These gains
effectively decrease the value of the standard resistor’.

The voltage across the standard resistor is monitored by the Standard
Gain Assembly (SG) which is identical to the circuit assembly used for
the unknown gain. These gains are used to amplify the small voltages
across the range resistors when measuring high impedance unknowns and
the signal output of SG is labeled Vgigq These gains effectively
increase the value of the standard resistor.

The signals V nk and Vgeq are fed to the signal amplifier and Ref Gen
Assembly, ParE ﬁo. 4093?. A switch (labeled Y¥/Z) selects the voltage
to be used as a reference, and the one to be used as the measured

signal (explained in Section 3.2.1, Measurement Modes). The measured
signal (Vgj } is passed through a processing amplifier and is then fed
to the phaé& rectifiers as Vs. The reference signal (Voef) is used

two places as follows:

1. Vief 1is_sent to the unknown drive level control where it is
rectifleg and compared to a dc reference voltage. Any error between

these signals is used to controel a gain stage thus holding the
exitation to the measurement system at the proper value.

2. V.ef 18 split into accurate 90° and 0° reference components used
by the ﬁ%ase rectifiers to separate the reactive and resistive parts

of the unknown signal Vs. These reference generators are adjustable
in gain and phase for instrument calibration.
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The phase rectifiers produce dc voltages proportional to the amplitude
of the signal voltage (Vs) and the phase angle between the signal and
the reference. This relationship is:

Vdc = K Vs Cos({Angle between Vs and Vr)
where K is a gain constant.
The four phase rectifiers produce the following dc voltages:

1. VsdcQ

A dc voltage proportional amplitude of the quadrature component
(reactance) of the unknown. It is obtained by using the 90° generator
as a reference.

2. vrdcQ

A dc voltage proportional to the amplitude of the 90° reference
generator. It is obtained by using the 90° generator®as a signal and
reference.

The measured value of reactance is the ratio of these two signals
taken by the A/D converters. By using this ratio method, any change
in the measurement system exitation level or frequency, changes botnh
VsdcQ and VrdcQ leaving their ratio unchanged. This provides excel-
lent immunity to changes in drive level and frequency.

3. VsdcP

A dc voltage proportional to the amplitude of the in-phase component
(resistive or conductive) derived as in 1 above except using the (°
generator as a reference.

4. VrdcP
A dc voltage proportional to the amplitude of the 0° reference
generator derived as in 2 except using the 0° reference generator,

Outputs of the phase rectifiers are fed to four active filters on
circuit assembly number 41221. The A/D converter (A/D Lin Assembly,
part No. 40702, and A/D Digital Assembly, Part No. 40689) under
control of the CPU, first measures the offset voltages, then measures
the ratio of selected dc voltages. This provides the CPU with digital
information proportional to the value of the selected measurement and
offset” voltages. The CPU subtracts the voltage offsets from the
actual measurement. A second set of A/D converters (available as a
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High Speed Option, Part No. 42445) decreases the total measurement
time by allowing the measurement of two quantities at the same time.
The measured quantities are as follows:

i _ 4ERO
Offset Voltages = Vrdco
= VsdcQ
Cp or Ls K Trdco

Gp or Rs _ g VsdcP

w ) VrdcQ
1 .- g Vrdep
w VrdcQ

3.2.1 Measurement Modes

The analog system is operated in an admittance (Y) or impedance (%)
mode.

The Y mode measures parallel susceptance and conductance by applying a
constant voltage across the unknown. This voltage is amplified by
gain channel UG where it is called Vink. Vynk is further processed to
become the reference voltage. The voTEage d8Foss the unknown produces
a current proportional to the parallel conductance and susceptance of
the unknown. This current is converted to a signal voltage by
allowing 1t to flow through the standard resistor (SR} and is
amplified by selectable gain channel SG. This voltage (Vgrg) 1s then
a measure of the unknown admittance and is:

Vsta™ (Tunk) (SR) (8G)=(Vypnk) (SR) (8G/UG) (Yypnk) = (Vynk! (SR) (SG/UG) (Gp+IBp)

a

1 d - 1
where Gp = Parallgf Sgﬁnggﬁance - Parallel Resistance
- Parallel Susceptance _ 1
and Bp = of unknowg = Parallel Reactance
UG = Unknown Gain SG = Standard Gain

The phase rectifiers produce dc voltages proportional to Gp and Bp.
The actual measured values are parallel capacitance (Cp) derived from
Bp, and Gp/uw derived from Gp by the A/D converter using ratio
techniques.

The 72 mode measures series reactance and resistance by applying
constant voltage to the standard resistor which produces a constant
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current, This current is allowed to flow through the unknown pro-
ducing a signal which is a measure of the unknown impedance and is:

Vunk™ Iref) (Zynk) (UG) = (Vgra/Rgra) (Zynk) (UG/SG)
=(Vstd/RS)(UG/SG)(RS + JXs)

The phase rectifiers produce dc voltages proportional to Rs and Xs.
The actual measured values are series inductance (Ls) derived from Xs,
and Rs/w derived from Rs by the A/D converter using ratio techniques.

Quantities Measured and Calculated

Table 3~1 lists quantities that are measured and those calculated by
the microprocessor.

<]

ADMITTANCE (Y BRIDGE} FUNCTION IMPEDANCE (Z BRIDGE) FUNCTION
(CONSTANT VOLTAGE ACROSS UNKNOWN} (CONSTANT CURRENT THRU UNKNOWN}
LEFT DISPLAY RIGHT DISPLAY OTHERS LEFT DISPLAY RIGHT DISPLAY OTHERS
MEASURED
QUANTITIES Cp Gp/w Ve Lg Rg/w 1w
CALCULATED *_ 2 _ Gp ¥ _ 2 _ _Rs
QUANTITIES Cs =Cp(1+D9) D_pr Lp™ = Ls (1 + D?) D_st
{Calculated
from Q=_1C Q= uls
Measured Gp Rs
Quantities 5 b
Above) Rs = =
Y Gr=<Tp
Gp= Ce % w Rs = R X W
W W
TEST MODE ") - Gp -1 _Rs
CALCULATED bp = ren Cp=~=Fxu C =G o= xo
QUANTITIES
S Secti * . ._..:.'._]__ = GP * = ol = .—EE....
;(E.ze.?)ec fon ks w?Cs _D wCp p wilp o wls
Cp w Ls
Q= w Q=
Gp Rs
*NOT CALCULATED WHEN D > 1.9999 OR Q < 0.5
Table 3-1
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3.3 THE DIGITAL SYSTEM

3.3.1 The CPU

The CPU Circuit Assembly, Part no. 41491, has complete control of all
functions of the instrument and does all the calculations required to
arrive at the desired measured quantity. It communicates with the
instrument via an 8 bit bidirectional data bus. The CPU selects the
circuit it needs to communicate with via a 16 bit address bus.
Desired instrument functions such as range, freguency, etc., are
selected on the appropriate circuit assembly by solid state switches
or relays. Digital information to set these functions is stored by
the CPU into temporary memory, called latches, located on the display
board and other circuit assemblies as follows:

1. The CPU selects the proper latch via the address line.

2. The CPU outputs the proper bit pattern to set the desired
function on the 8 bit data bus.

3. The CPU then sends a strobe pulse which stores this bit pattern
into the selected latch.

3.3.2 The Display Circuit Assembly, Part No. 41329

This assembly contains the following circuits:

1. Temporary memory (latches) for the displays, units and their
multipliers, keyboard decoding and instrument functions and ranges,

2. The displays with their units and multipliers.

3. A 1.6 millisecond oscillator interrupt used to multiplex the
displays and keyboard.

4. The C, G, L and R ZERC ADJUSTMENT circuit.

3.3.2.1 Displays and Keyboard

The right and left displays and the keyboard are multiplexed at a 1.6
millisecond rate. The total time to multiplex through the display is
then 10 milliseconds with each digit being energized for 163 of the
total time. This 10 millisecond total time is also used for the
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settling time increments. Multiplexing is accomplished by the
interrupt oscillator sending a pulse to the interrupt line of the CPU.
Upon receiving this pulse, the CPU performs the following operations:

1. Fetches from memory the bit pattern for the next digit, unit and
multiplier for the right and left display and stores it in the
appropriate latch.

2. Transfers energizing current to the next display digits.

3. Examines the keyboard to determine if a key has been pressed.

If a key has been pressed, the CPU performs a debounce routine by

requiring that the key be down for five successive total multiplexing
times (50 milliseconds) before it will accept it.

3.3.2.2 C Zero, G Zero and L Zero, R Zero Circuits

C Zero, G Zero

The signal voltage from unknown high sense is buffered and applied to
an inverting unity gain amplifier on the display PC board, This
amplifier has two potentiometers spanning its input and output (the C
Zero and G zero front panel trimmers) which send signals variable in
amplitude and phase to the preamp and level regulator board. These
signals are applied to the low side of the unknown through a resistor
(G Zero) and a capacitor (C Zero) which is variable to increase or
decrease the C zeroing range. This allows the addition or subtraction
of capacitance or conductance to the measured unknown to compensate
for open-circuit lead or test fixture offsets.

L Zero, R Zero

The signal current from unknown low drive is sensed and applied to an
inverting unity gain amplifier on the display PC board. This
amplifier also has two potentiometers spanning its input and output
(the L zero and R zero front panel trimmers) and sends its signals,
variable in amplitude and phase, to the unknown GAIN PC board. These
signals are mixed with the voltage across the unknown being measured
through a capacitor (L Zero) and a resistor (R Zero). This allows the
addition or subtraction of inductance or resistance to the measured
unknown to compensate for short-circuit lead or text fixture offsets.
L and R zero circuitry affects high frequency measurements only.
Early instruments did not have this feature.
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3.4 OPTIONS

3.4.1 DC Resistance Option, Part No. 42536

The DC Resistance Circuit Assembly, Part No. 42596, is plugged into
the location marked OPTIONAL A/D on the right side of the instrument.
A logic signal is sent from this circuit assembly to actuate the
relays on the discharge protection board which transfer the unknown
connections from the LRC measuring circuitry of Model 296 to the dc
resistance circuit, This option allows the operator to measure the
inductance of the unknown and display it on -the left display, then
measure the dc resistance of the unknown and display it on the right
display. :

The dc resistance circuit is similar to the LRC measurement circuit in
that it uses an operational amplifier circuit. The difference is that
it uses dc drive to the unknown and does not require phase detecting
circuits. Appropriate gain amplifiers and standard resistors provide
the desired ranges. Thermal and offset voltages are cancelled in the
detector portion of the circuit by making two measurements at reversed
polarity for each measurement cycle.

3.4.2 High Speed Option, Part No. 42445

This option requires the addition of a second set of A/D converter
circuit assemblies. The second A/D linear assembly (Part No. 40702)
is plugged into the location marked A/D SAR and the second A/D digital
assembly (Part No. 40689) is plugged into the location marked OPTIONAL
A/D. This allows simultaneous measurement of the reactive and loss
components ©f the unknown, decreasing the total measurement time as
shown in Figure»2-4.

3.4.3 Handler Interface Option, Part No. 42434

This option requires the addition of circuit assembly number 42073
which is plugged into the location marked OPTION. It is used to sort
components into operator selected tolerance bands when set points are
programmed. It provides +5V and relay contact closures to the output
plug on the rear panel for each selected band. The relays can be used
to operate peripheral devices such as mechanical parts handlers,
sorting bin openings, or external indicators.
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3.4.4 General Purpose Interface Bus Option Part No. 42404 (IEEE or
ASCII Bus)

This option requires the addition of the IEEE Circuit Assembly, Part
No. 42132, plugged into the location marked ASCII BUS. It allows for
remote control of all instrument functions and output of all measured
data by use of the internationally adopted standard for digital
interface of programmable instrumentation. This standard, as adopted
by the IEC (International Electrotechnical Commission) and by the
IEEE, is titled "IEEE Standard 488-1975",
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SECTION 4
MAINTENANCE

When performing any calibration or maintenance operation, do not
remove or replace circuit boards while the power is turned on.

4.1 CALIBRATION

The calibration procedure is divided into two sections:

Section 4.1.1 (3 month intervals) is operational amplifier wvoltage
offset and zero capacitance and conductance trims. They should not
need adjustment for long periods of time because of the high quality
op amps used in the instrument. They should however, be checked
occasionally to account for normal aging.

Section 4.1.2 (6 month intervals) trims compensate for operational
amplifier and passive component aging and should be checked periodi-
cally. Section 4.1.1 should always be done prior to Section 4.1.2.

A third section consists of factory trims which need adjustment only
if a circuit assembly has been replaced. Consult factory for details.

Refer to Figure 4-1 for board and trimmer locations.

Required Equipment:

DC Voltmeter with 1mV resolution

100a, 1lke, and 10MR resistance standards (1002 and 10Mg for dc
resistance option only)

InF to 1luF low D standard capacitor (value known to *0.01%, D

. known to 0.0002)

4.1.1 Zero Adjustments

1. Turn power on.

2. Let unit autorange.

3. Push +4 times to 1.9999uF range.

4. Separate leads for minimum capacitance (approximately 4 inches).
5. Adjust trimmer 1 on board 5 for zero on left display.
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6. Adjust trimmer 1 on board 7 for zero on right display.
7. Change to LO FREQ (*FREQ).

8. Adjust trimmer 2 on board 5 for zero on left display.
9. Adjust trimmer 2 on board 7 for zero on right display.

10. Return to HI FREQ (push FREQ).

1l. Set to autorange (*AUTO) and let it range to lowest capacitance
range. Adjust front panel G ZERO and C ZERO.

12. Connect standard capacitor. -

13. Put Model 296 in H mode.

1l4. Let unit autorange then uprange (+) once so that C reading is one
tenth full scale.

15. Adjust trimmers used in Steps 6 (Set to HI FREQ) and 9 (Set to LO
FREQ) for known D reading. [Note that D resolution is

20,000
counts of C X (0.3}]

16. Set instrument to HI FREQ, then to low D mode (not available in
earlier models) as follows:

Push T, 0
Push 0005
Push *SECONDS

NOTE: 1In this mode the D resolution is improved by a factor of

20,000
10 to counts OF C X (0.03).

The maximum D allowed is reduced from 1.9999 to 0.2. To return
to normal D mode repeat steps above with code 0006 instead of
0005, or turn instrument off then on.

17. Uprange (t) once so that C reading is approximately one tenth
full scale (10060 counts). -

18. Adjust trimmer 1 on board 18 (active filter) for known D value #2
counts., -

19. Set to LO FREQ and adjust trimmer 2 on board 7 for known D value
+2 counts. ’
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4.1.2 Accuracy Adjustments

4.1.2,1 A/D Converter

1. Connect dc voltmeter between circuit board ground (shield or

right side of board) and TPl on board 16. Adjust trimmer number 3 for
zero *1lmv.

2. Repeat for board 17 if optional A/D is in place. (At time of
installation calibration described in Section 2.4.3 must be
performed.)

All further adjustments are on circuit board 6.

4.1.2.2 HI Frequency Capacitance (press FREQ)

Set bridge to *F, *D, and *AUTO.
1. Connect standard capacitor.

2. Adjust trimmer 4 for known C value *2 counts.
3. Adjust trimmer 7 for known D value %2 counts.

4.1.2.3 LO Frequency Capacitance {press *FREQ)

1. Repeat step 1 in Section 4.1.2.2.
2, Repeat step 2, Section 4.1.2.2, adjusting trimmer 2.
3. Repeat step 2, this section, adjusting trimmer 5.

4.1.2.4 HI Frequency Resgsistance (press FREQ)

Set bridge to *F, *5, *AUTO.

1. Connect 1k2 low reactance standard resistor and 1let unit
autorange.

2. Hold range (*HOLD) and alternate Model 296 between *S, *F and *H,
*kQ. Adjust trimmer 3 for equal counts from zero in left display
(should be less than %10 counts). Note that one reading is negative
and one positive.

3. Set Model 296 to *H, *@ and adjust trimmer 8 for known resistor

value in right display *2 counts.
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4.1.2.5 LO Frequency Resistance (press *FREQ)

1. Repeat step 1 in Section 4.1.2.4.
2. Repeat step 2, Section 4.1.2.4, adjusting trimmer 1.
3. Repeat step 3, Section 4.1.2.4, adjusting trimmer 6.

Repeat Sections 4.1.2.