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SPECIFICATIONS

MODEL 616

SPECIFICATIONS

AS AN AUTORANGING VOLTMETER

- RANGE: 210 microvelts per digit (10mV full range) to
=100 volrs full ramge in five decade ranges. 100%
overranging to 1999 on all ranges.

ACCURACY {20°C to 30°C): +(0.2% of reading +0.1%Z of

" range).

READING TIME: Less than 4 seconds to within 0.1% of
final reading, except where limited by source char-
acteristics.

TERO DRIFT: Less than {30 microvelts +0.01% of range)
per °C, and less than 100 microvolts per Zé-hour
period after two hours warm—up (during which drift
does not exceed 5300 microvolts).

BOTSE: <10 microvoles with imput shorted.

INPUT IMPEDANCE: Greater than 2 x 1014 ohms shunted
by 20 picofarads. Input resistance may zlsc be
selected in decade steps from 10 te 107" ohms,

NORMAL MODE REJECTICON RATIO:

RANGE NMRR MAX. AC
10mv 94dB IV p-p
106uv 80d3s 2V pep
B © 80dB 20V pwp
10V 60dB 20V p-p
100 v 60dB 200V p-p

For voltage of line frequency and at least 10% of
full range dc reading. Maximum total input 200
volts peak ac + dc.

COMMOX MODE REJECTION RATIC: Greater than 140 d&B at
line frequency with 300 volts peak-to-peak from cir-
cuit Lo to chassis ground, up to 101l ohm source re~
sistance, and at least 10% of full range dc reading.

AS AN AMMETER

RANGE: +10716 ampere per digit {10713 ampere full
range) to 0.1 ampere full range in 13 decade
ranges. 1007 overvanging to 1999 con all ranges.

ACCURACY (20°C to 30°C):

Range Switch Setting Accuracy
10-1to 10774 £(0.5% of reading +0.1% of range)
10384 =(2% GE reading +0.1%7 of range)

0109 o 107t +(3% of reading +3.17 of range)
NOISE: 2 x 10-13 ampere peak-to-peak on the most sen-

gitive range, exclusive of alpha particle disturbance.
g pha p

OFFSET CURRENT: Less than 5 x 10~1% ampere.

COMMON MODE REJECTION: 300 volts peak-to-peak at line
frequency from circuit Lo te chassis ground on any
range and with at least 10%Z of full range dc reading
will not degrade accuracy more tham 0.3% of range.
{Equivalent to 140 dB CMRR).

AS AN OHMMETER

RANGE: 1 ohm per digit (1000 ohms full range) to 10%%
ohms full range in 12 decade ranges. 1007 overrang-
ing to 1999 on all ranges. '

ACCURACY (20°C to 30°C):

Range Switch Setting Accuracy

109 to 1073

109 to 10l
METHOD: Two—terminal comstant-current.
reciprocal of CEMS range.

£{0.52 of reading +0.1% of range)
10%¢ £(2% of reading +0.1% of range)
£{5% of reading +0.1% of range}
Current equals

AS A COULOMBMFETER

RaNGE: =10713 “oulcmo per ulclt (1012 coulomb full
‘range) to +1077 coulomb full range in & decade
ranges. L1007 overranging te 1999 on all rdnges.

ACCURACY (20°C to 30°C): (5% of reading +0.1% of
range) on all ranges.

AS A CONSTANT CURRENT SOURCE

RANGE: 8 currents in decade steps from 10=3 zo 10-12
ampere using OHMS ranges. Hi terminal is positive.

COMPLIANCE: Up to 200 volts. )

ACCURACY (20°C to 30°C): +0.5% frem 10°3 to 1077
ampere. =2% at 10~8 ampere. =31 from 1079 :o
1012 ampere.

LOAD REGULATION:
1011 ohms.

GENERAL

DISPLAY: 3 digits plus 1 overrvange digit; decimal
position, polarity, and overload indicatiom; 3
readings per second. Depending on sensitivity
setting, 3 least-significant digits blink or blank
when overload condition exists.

POLARITY SELECTION: Automatic

SENSITIVITY SELECTION: Automatic: Voltage sensi-
tivity selection is fully automatic. Sensitivity
selection is automabic two decades above and be-
low range switch setting for resistance, charge,
and most current measurements. Manual: Front
panel switch. Remote: Programmable with the Model
6162 Cutput/Control (optiomal}.

ISOLATION: Circuit Lo to chassis ground;. greater
than 109 ohms shunted by 500 picofarads (decreas-
ing to 108 ohms at 30°C and 70% velative humidity).

ircuit Lo may be floated up to z10Q00 velts with
rgspect to chassis ground.

ANALOG OQUTPUTS: Unitv Cain: For de inputs, output
is equal to input within 20 ppm for cutput Currents
of lmA or less. In the fast mode output polarity
is opposite input polarity. 1 wolt: #£1 wolt at
up to lmd with respect te circuit Lo for full range
input; 1007 overrange capabilizv. In the normal
mode the output polarity is opposite input polaricy.

OPERATING ENVIRONMENT: 20°C to 30°C, 0% to 70% re-
lative humidity. 10°C to 350°C with derated spec-
ifications. Storage: C°C to 70°C,

CONNECTORS: Input: Teflon-insulated triaxial.
Analog Outputs: Unity gain, 1 volt chassis, Lo,
and guard; binding posts. BCD Outpur: Internal
connectors for interfacing the Model 6162 Isclated
Qutput/Control.

DIMENSTIONS: WEIGHT: Style M 3-1/2 in. half-rack,
overall bench size 4 in. high x 8-3/4 in. wide x
15-3/4 in, deep (100 x 220 x 400 mm}; net weight,
11 pounds (4,8 kg).

POWER: Line Operation: 90-125 or 180-250 volts
(switch selected), 50-60 Ez, § watts.

ACCESSORIES SUPPLIED: Model 6011 Input Cable: 3 ft.
{lm) triaxial cable with triaxial connector and 3
alligatori®ips.

Better than 0.1% for loads up te

NOTE: All acturaty and gan specifications are exclusive of noise and zerc offsets.
Agturacies include temperature coefficient. On the 5% accuracy ranges as an
Ammeter, Jhmmeter, and Constant Current Source the coefficient is less than

0.2% per *C.

iwv
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MODEL 616 GENERAL INFORMATION

SECTION 1. GENERAL INFORMATION

1-1. INTRODUCTION. The Model 618 Digital Flectro- 1-2. WARRANTY INFORMATION. The warranty is stated
meter 15 an automatic ranging, multipurpose electro- on the inside front cover of the manual.

meter featuring sensitivity to 10 microvolts per

digit. Its 3-1/2 digit LED display provides 0.27%

voltage accuracy for a wide range of measurements.

The Model 616 is essentially a digital multimeter

optimized for measurements from high source impe- I~3. CHANGE NOTICE.
dance. The 616 provides wide range capability when
measuring current, resistance, and charge in addition
to voltage.

Improvements or changes to

the instrument not incorporated into the manual
will be explained on a vellow Change Notice sheet
attached to the inside back cover.

DIGITAL ELECTROMETER
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GENERAL INFORMATION

MODEL 616

TABLE 1-~1,
Front Panel Countrols
Control Functional Description Paragraph
Power ON Controls line power. -
SENSITIVITY Sets voltage sensitivity and decimal point. 3~-4a
ZERO Adjusts zero offser. 3-4a
RANGE Sets range on a chosen function. 3-3
FAST /RORMAL Sets instrument for either Feedback or Shunt Mode. 3-7b
ZERQ CHECK Places instrument in ZERC CHECK mode, 3-6
INPUT Triaxial input receptacle. 3-2a

FAST /NORMAL
5103
ZERO CHECK 1
5102

i
¥
£
i

,é‘{i‘

o, P
o

TRIAXTAL

POWER ON SENSITIVITY  ZERO RANGE
$202 5401 RI19 5101 INPUT
J120
.

FIGURE 2, Front Panel Controls and Display,
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GENERAL TNFORMATION

TABLE 1~-2.
Rear Panel Controls.

Control Functional Degcription Paragraph
Line Switch Seta instrument for anominal 117V or 234V, 2-3a
Line Receptacle Mates with 3-wire line cord. 2-3c
FUSE 117v:  3/164A 2-3b

234V:  1/10A
X1 (WHITE) Unity-gain Output, 200V € 1 md meximum. 3-2c
1V (RED) Recorder Outpur, 1V € 1 mA full range. 3=2¢
GUARD (BLUE) Guard Output. 3-2¢
LO (BLACK) Circuit Low. 3-2¢
GROUND {GREEN) Chassis ground. 3-2¢
S T R

Lwrol

SPARE FOR
GEGLTAL
CABLE

_ LINK 1BED FOR
GUARD & OUW GROUNDED
: . OPERATTON

FUBE

(374

FIGURE 3.

Rear Panel Connectors.



INITTAL PREPARATION MODEL 6156

SECTION 2. INITIAL PREPARATION

2-1, GENERAL. 'This section describes procedures for b. #use Installation. After the line voltage
incoming inmspection and preparatiom for use. range is selected check for the proper fuse type
and rating as follows:

2-2. INSPECTION. The Model 616 was carefully in-

spected hoth mechanically and electrically before 117v:  3/16 ampere, type 346G SLO-ELO
ghipment. Upon receiviag the instrument, check 234V:  1/10 ampere, type 3AC SLO-BLO

for any obvicus damage which may have occurred dur—

ing transit. Report any damages to the shipping c. Line Connections. This instrument requires a
agent. three-wire line cord {Keithley part no. CO~7) which

provides connections to line voltage (high, common)
and chassis ground. For operator safety, the
chassie ground pin should be connected to earth

2-3. PREPARATION FOR USE. ground.

a. Line Voltape. Before power is applied check CAUTICN
the position of the LINE switch (8281) on the rear
panel., 3Jelect the 117V position for operation from If the instrument input LG is to be flcated,
A0~60 Hz line voltages over the range S0V to 125V above chassis ground, make certain that the
rms. Select the 234V position for operation from "link" between LO and GROUND en the rear
50-60 Bz line wvoltages over the range 180V to 250V panel is removed.
Tms.
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MODEL 614

SECTION 3.
-1, This section describes the proce-
durass ¥ xbing the Model 616 as & voelrmeter,
ammeter, olmmeter, and coulombmster.

3-2, CONNECTIONS.

This rveceptacle iz a

t ial comnector. The center
7 the high impedance inpug; the inner
& low input; and the ocuteyr shield is
The mating comnector 12 a Keithley
143 triasxial plug.

part ng., G-

L. Model &011 Tapur fable., This cable is a3 30
inch long triaswial cable terminated with 3 color~-
coded alligaror ¢lips. The input high is identified
by the heavy wire with red insulator. The input
low is fdentified by the thism wire with black in-
sulastor. The case ground is identified by the thin
wire with green irsulator.

c. Rear Penel Terminals. The rear panel has
gix hinding posie which are used for making special
connections to the Model 616,

1. X1 Terminal (White). This terminal provides
an analog efgnal at unity gain.

2. 1V Terminal {Red). This terminal provides
an analog signal with a scale factor of 1 volr for
full range input.

3. LO Terminals {Black). These rerminals
provide a connection to ilnput low. Either
terminal may be used for system counnections.

4., GYUARD Termimal (Blue). This terminal pro-
vides a connection to the amplifier feedback
when in the FAST mode.

5, GROUND Terminal (Green)}. This terminal
provides a connection te chassis ground, A
shorting link is provided for easy comnectioas
between low and chassis.

i

L0~ | )

GROUND ~

OPERATING INSTRUCTIONS

OPERATING INSTRUCTIONS

3-3. FUNCTION SELECTION. The Model 616 provides a
single front panel rotary swicch for selection of
function and range. The RANCE Switch (3101) permits
manual selection of any of four functious, namely,
VOLT, OHMS, COULOME, and AMPERE.

3-4,  VCLT FN
decades of vol i from 01000 volts
to 100 voles full range. The VOLT function is
selected by setting the RANGE switch to VOLT.

a. HManual Semedtivity Settinge, The fromt panel
SENSITIVITY switeh has six positions. As the switch
iz rorated counter clockwise, the sensitivity is
increased, These positicons covrespond to full range
sensitivities of 100.0V, 10.00V, 1.000¥, .1000V, and
01000V as in Table 3-1. Position six iz the
AUTO sensitivity mode which snables either asuto-
matic sensltivity or remotely selected sensitivity
(when used with the Model 6162).

TABLE 3-1.
Voltage Sensitivity Settings

Sensitivitvy Full Range Maximum

Setting Disgplay Display
10 mv 01000 V £ 01999 ¥
106G mV L1000 ¥ £ .1%8% ¥
L v 1.000 v + 1.99% ¥
v 16.00 ¥ + 19,99 ¥
we v 100.¢ vV * 199.9 ¥#

FIGURE 4. Triaxial Input.
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*The display indicates 000.0V at 200.0 volts input.
The three least significant digits will flash om
and off {blinking actiom) to indicate an over-
veltage condition., The display will continue to
read up to #201.7 volts with blinking action. Be~
yond +201.7 volts the display will indicate 001.7
volts with blinking action.

CAUTION
Voltage Inputs greater than +200 volts are
not recommended since damage to the instru-
ment may result,

3 DIGITS

OVER-RANGE

FIGURE 5. Typical Display on 10 mV Sensitivity.

i




CPERATING INSTRUCTIONS

b. Automatic Sensitivity Operation. In the AUTO
mode, the Model 616 automatically selects the pro-
per sengitivity in accordance with the following
rules.

1. Upranging. 1f the displav reading is be-
tween (-i-6-0 and 1-9-9-9 and the input signal
is inereased bevond 1-9-9-9, the Model 616 auto-
matically up~vranges to the next higher {less
sensitive) vange. The three least significant
digits are blanked during range changing so as
te prohibit incorrect readings from being dis-—
plaved. If the Ilmput zipnal exceeds +199.9 volts
the display will countinve to indicate up to +20L.7
voits but the three leasst significant digivs will
flash on and off to indicate an over veltage
condition.

2. Down ranging. If the display reading is
at least 9-1~8-0 and the input signal is decreased,
the Model 616 autematically down ranges to the next
lower (more sensitive) range.

€. Remote Bensitivity Selection. When the Model
616 is used with the Model 6162 Isolated Output/
Control, the 616's voltage sensitivity may be re-
motely selected. The output comnector on the rear
panel of the £162 provides four isolated control
lines for the purpose of remote sensitivity pro=-
gramming. The lines are coded as shown in Table
3-2. The 6it's front panel SENSITIVITY switch
must be set te AUTO position.

MODEL 616

To interpret a reading on CHMS, COULOMB, or AMPERE
ranges both the digital display (with decimal location)}
and the RANGE setting{powers of ten)should be consi-
dered. For example, given_a digital reading of 17.32
and a RANGE setting of 1077 AMPERE, the actuval meas—
ured value would be interpreted as 17.32 x 107 ampere.
Since the decimal point is moveable, it is important

to netice the pesition of the demimal point to deter-
mine the full rauge of the lostrument. See Table 33
for typieal range settings in the AMPERE function.

TABLE Z-3.
Typical Current Range Setuings*

Input Range Sensitivity Digital
Current serting Serting Display
107124 10717A 10 =y 00010
107 5A 1077h 10 v .00100
10754 10074 10 my .01000
10 374 18 74 100 oV 1000
0 TTA W TTa 1V 1.000

TABLE 3~2.

Remote Sensitivity Programming Logic
Sensitivity Control Lines
RO R4 R2 Rl
LOL000 v 0 0 & o
L1000 v 0 1 0 0
I.00¢ W G 1 0 1
10.00 ¥ o 1 1 0
1006.0 V 0 1 1 1
NOTE

The remote enable line R is used to defeat

the automatic sensitivity feature. When Ry

is open, the €16 returns to automatic opera-
tion. Logic 1 = open,

3~5. RANGE SELECTION, The front panel RANGE switch
(5101) provides selection of four functions, VOLT,
OHMS, COULOMB, and AMPERE as described in paragraph
3-3. TFor each function, a wide selection of ranges
is provided; 8 ranges on OHMS, 4 ranges on COULOME,
and 1l ranges on AMPERE. Since the SENSITIVITY
switch is used in conjunction with the RANGE Switch,
the actual number of useable spans is 12 decades on
OHMS, 8 decades on COULOMB, and il on AMPERE.

NOTE

on the 1071A to lO”“A,ranges, the voltage de=~
veloped must not exceed 2 volts, otherwise,
overheating of a range resistor could result.
As a vesult, the 10 volt and 100 volt sensi-
tivity settings are not recommended for 10714
to 10744 ranges.

*The current reading is interpreted by multiplying the
display reading times the rvange setting. Other cur-
rents not shown can be measured by selecting the
appropriate BANGE switch setting in decade steps from
167134 to 10714,

36, _OPERATION AS A VOLTMETER. The Model 616 can be
used to measure voltages from 10 microvolts fo 200
volts, Although the Model 616 is usecable as a gener-
al purpose digital voltmeter, it has certain charag-
teristics which enable relisble measurements from
very high source resistances. When used in the VOLT
mode, the Model 616 has an input resistance greater
than 2 x 10°70, As a result, the loading of the
source circuitry is relatively insignificant whe
compared to typical digital voltmeters having 10

ohms Input resistance. The Model 616 has 20 pico-
farads of shunt capacitance (not including the input
cable capacitance)., Since a large amount of capaci-
tance causes a slowing of response, the Model 616
input capacity is kept as small as possible.

a. Measurements From Very High Source Resistance.
To use the Model 616 as a voltmeter, set the front
panel controls as follows:

RANGE ~=~ VOLT
SENSITIVITY -- AUTO
FAST/NORMAL -~ NORMAL

(4 complete explanation of the use of the FAST/HORMAL
switch is given in paragraph 3-7b}

Make connections to the Model 616 using a shielded
triaxial cable. Keep cable length as short as poss~
ible to reduce the slowing effects of cable capaci~
tance, The zero contrel may need occasional adjustg-
ment to reduce any voltage offset which may occur

due to temperature variatiocns. To rezero the Model
616, set the ZERO CHECK switch to CHECK position

and adjust the front panel ZERO control for a 0-0-0-0
display. (The recommended warm—up time for the Medel
616 is twoe hours although it is useable immediately
after power is turned on.} The Medel 616 provides a
direct reading voltage display with automatic decimal
point position and polarity.
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MODEL 616

OPERATING INSTRUCTIONS

b. Measurements From Low Source Resistance. To
use the Model 616 for voltage measurements from low
source resistances, set the RANGE switch to the 107
AMPERE position. In this mode, the Model 616 imput
resistance is reduced to 1011 chms; as 2 result the
electrometey will be less sensitive te ¢lectrical
noise pickup and input cable vibration. Voltage
measurements can be made by following the same
precedure given in paragraph 3-6a. The Model 616
can be used with the RANGE set at any position be-
tween 10711 AMPERE to 10! AMPERE. The Model 616
iaput resistance can be determined by taking the
reciprocal of the AMPERE setting. Significant load-
ing error may result if the imput resistance is
reduced to less than 100x the source resistance.

¢, Measurements Above 200 Volts. The Model 616
can be used with accessory divider prohes to measure
voltages up to 30 kilovelts. Range must be sei to VOLI.

i. Model 61024 Divider Probe (10:1}. This
accessory extends the veoltage measuping capability
of the Model 616 to 1000 volts. The input resis-
tance iz 1010 ohms. The divider accuracy is 4%
£o 1000 velts. {(To use the Model 61024 an access~—
ory Model 6012 Adapter 1s needed to mate the tyiam-
ial input with the UHY connector on the probe.)

2. Model 66014 Divider {100:1}. This accessory
extends the voltage measuring capability of the
Model 616 to 5000 voltzs. The input resistance is
107 ohms. The divider accuracy is +0.01%.

3. Model 61034 Divider Probe (1000:1). This
accessory extemds the veltage measuring capability
of the Model 616 to 30 kilovoits. The input re-
gistance is 10-° ohms. The divider accuracy is
+5% £o 30 kilovolts. {(To use the Model 61G3A
an accessory Model 6012 Adapter is needed to mate
the triaxial input with the UHF connector on the
probe.)
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peration As a Veltmeter in NORMAL Mode.

NOTE
The Model 616 may exhibit a large amount of
zero offset or drift immediaztely after an
overload or a long pericd of storage. In
addition, the offset current may exceed the
specification for a short time until the
Model 616 is sufficiently stabilized.
Although the offset current of the Model 616
iz well below offset found in conventional
voltmeters, the effects of the offset current
charging the imput capacitance may be noticed
when the ioput is open. Use the ZER0 CHECK
switch to discharge the offset charge.

CAUTION
The Hodel 6§16 should nmoet be operated with cir-
cuit low floating by greater than 1000 volts
with vespect to chassis ground. If the Model
616 is to be used with circuit Iow floating
make certain that no coanection iz made be-
tween the LOW and GROUND terminals on the
rear panal. Do not connect 2 grounded re
corder or other instrument to the X1 or 1V
outputs when the Model 616 i¢ {loated.

d. Voltage Measuremenis in FAST Mode. When the
FAST/NORMAL Switch is set to FAST, the Model 616 is
connected in a "FEEDBACK™ amplifier configuration.
In this configuration, the Model 616 requires special
connections. To measure voltage, comnect the source
between input HI and GUARB. An easy way to accom—
plish this connection is to connect the link {(on the
rear panel) between "GUARD" (blue terminal) and
"CROUND" (black terminal)}. Then use the triaxial
cable for input comnections with the input voltage
applied between the "red" c¢lip lead and the "green"
¢lip lead.

NOTE
In this special wvoltage conmnection, the 10
input {black clip lead) is not used since
the voltage amplifier configuration has been
changed. This "FAST" method significantly
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MODEL 616
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37, UPERA
used to we
miliiamperes

H AR AN AMMETER. The Model 616 can be

rencs from +10-15 mupere to 200

b rhe Model 618 is useable as

a general purpo leoamueter, it has ecertain charac—
raristics w 27 ¢ relizble measurements of very
small currents with fast response.

=

-

2. Wormel Mode Curyent Measurements. In this mode,
the Model 616 wessures current over a wide range.
When the TAST/KORMAL switch is set to NORMAL, the
Model €16 operates as a shunt-type plcoammeter in
which a vesistor is connected directly across the
Input terminals. The Model 616 measures the voli-
age drop across the shunt resistors where Vg = Lyy
x Rg. This method of measurement is tfypical of
most multimeter current measuring techniques. To
use the Model 616 as a shunt~type picoammeter, set
the front panel controls as follows:

RANGE 1077
SENSITIVITY ~- AUTO
FAST/NORMAL -— NORMAL

NOTE

Full range is determined by the
sensitivity setting and the AMPERE
range setting.

AMPERE (or appropriate range}

Make comnections to the Medel 616 using a shielded
triaxial cable. Keep cable length as short as pos-
sible to reduce the slowing effects of cable capaci-
tance. The zerc control may need occasional adjust-
ment to reduce any voltage offset which may occur

due to temperature variations. To rezero the Model
616, set the ZERO CHECK switch to CHECK position

and adjust the front panel zero control for a 0-0-0-0
display. (The recommended warm-up time for the

Model 616 is twe hours although it is useable immediat-—
ely after power is turned on.)

e i
FIGURE 8. Operation As An Ammeter in NORMAL Mode.

NOTE
The Mcdel 616 may exhibit z large smount of
zero oifset or Jviflt fmmediatelv
overicad or 2 long period of s orage. in
addl 1, the offset current mav sxceed the
specification for short time unptil the
Model 518 is ficlently stabilized. A1~
though the off: current of the Model 616
iz well below offset found in coonventional
voltmeters, the effects of the offset currvent
charging the input capacitance may be naticed
when the inmput Iz open. Use the ZERO CHECK
switch to discharge the offset charge.

after an

CADTION
Do not use the 10 volt apd 100 volt sensi-
tivity setiipgs for RANGE switch settings
of 1071, 1074, 10™3, and 107% ampere. If
the voltage exceeds 2 volts on these ranges,
overheating of the resistors could result
with subsequent degradation of accuracy in
the AMPERE mode.

W A
= |t
R Measuring
Points
! i Imeter
Or
SOURCE AMMETER
———————————————— B e e - -
I = Imeter %w % error in reading due to circuit loading = —100 ﬁﬁR_:;u_«—
# Rin({ R, | A2 imeter and % error 2w 0 +Rin

FIGURE 9. Loading Effects in Ammeter Function.
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MODEL 616

L, Fast Mode Current Measurements, (Useable for
currents from 107 -A and smalier.) In this mode, the
Model €16 measures very small currents with fast
response. When the FAST/NORMAL switch is set to
FAST, the Model 616 cperates as a feedback-type
pleaommeter in which the current flows through the
feedback vesistor of the wvoltage amplifier. The
Model 616 indicates the voltage developed azcross
the vange resilstor where VF = Ty ¥ Byo This
method of measurement provides fast response since
the effect of the input capacitance from lengthy
cables is diminished. To use the Model 616 as a
feedback-type pilcoammeter, set the front panel
controls as follows:

RANGE wm 107 pvpERE

SENSITIVITY —— AUTO
FAST /NORMAL -- FAST

Make connections to the Model 616 using a shielded
trisxial cable. The zero control may need occasion—
al adjustment to reduce any veoltage offset which
may occur due to temperature variations. To rezero
the Model 616, set the ZERO CHECK switch to CHECK
position and adjust the front panel ZERC contrel

for a 0-0-0-0 disgplay. (The recommended warm-up
time for the Model 616 is two hours although it is
useable immediately after power is turned on.)

NOTE

The Model 616 may exhibit a large amount of
zero offset or drift immediately after an
overload or a long period of storage. Im
addition, the offset current may exceed the
specification for a short time until the
Model €16 is well below offset found in
conventional voltmeters, the effects of the
oifset current charging the input capaci-~
tance may be noticed when the input is cpen.
Use the ZERO CHECK switch to discharge the
cifset charge.

¢) Considerations When Measuring Current. When
using the Model €16 in either the NURMAL or FAST
modes, there are certain considerations whieh ensure
optimum performance. In general, it is advantageous
to use the smallest possible value of shunt resis~
tance for a picoammeter. First, small value resis-
tors are of higher qualiry compared to large values
with respect to accuracy, time stability, tempera-
ture, and voltage coefficient. Second, ideal pico-
armeters require very emall input resistance so that
source loading does not affect the overall accuracy
of the measurement. Since the input resistance
in a shunt picoammeter is determined by the range
resistor, the RANGE multiplier should be set at the
lowest value. Third, the use of a low value resis-
tor reduces the input RC time constant and results
in faster respomse. However, since noise and zero
drift become mere significant when the voltage
amplifier sensitivity is set to 10 or 100 millivolits,
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the appropriate range multiplier should be selected
with a cne volt full scale sensitivity. The use of
the Model 616 in the FAST mode enables messurements
of very small currents while reducing the source
icading and input RC time constant. Since the range
resistor is connected in the feedback of the volt-
age amplifier, the effective input resistance is
determined by the open-loop gain where Bew = A,
{The value of A is typically 10,000.) Another ad-
vantage of the feedback mode is the reduced effect
of input capscitance since the input RC time cop-
stant is decreased by the gain A (RCgppgerpygp = RC ¢
AY. As a result, the measurement speed is governed
by the feedback time constant which is a function

0f the feedback resistor and stray capacitance acrogs
the resistor (usually a few pF). Thus, when compar—
ing shunt versus feedback wodes, it is evident that
the feedback measurement offers superior performance
for most applications.

TABLE 3-4.
Current Settings

Input Range Sensitivity Digital Typical
Current Setting Setting Display Accuracy®
008 10050 10 wy 00010 + 24
10_75A 10_33 10 o 00100 + 6d
igwlZA lﬁ-ll 10 ¥ Q1600 + 514
10“11A 1lel 100 =¥ 1000 + 51 4d
107754 1077, 1v 1.000 £ 514
10_9 A 10_9 1 v 1.000 £ 51 d
1070 A 1072 1 v 1.000 t 514
1075 4 1075 1 v 1.000 £ 214
w7l a 107 1V 1.000 64
1070 A 10_, 1V 1.000 t 64
19_4 A 10_4 1 v 1.000 £ 6 d
10“3 A 10"_3 i v 1.800 r 6d
1075 A 1075 1V 1.000 t 64
10“1 A 10“1 1 v 1.600 * 6 4d
0" A 10 1 v 1.009 64
#axclusive of noise, zero drift, and loading ervor.

NOTE

The use of the FAST mode for current measurements
is subject to certain restrictions as follows:

1. ‘the range resistor value should not be
greater than the source resistance, otherwise
feedback division results in zerc instability at
the output,

2. The largest value of current measured
should not exceed 1077 ampere, otherwise the
full feedback current cannot be developed.
The NORMAL mode should be used for currents
from 200 mA to 107%A.
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FIGURE 10. Operation As An Ohmmeter in NGEMAL Mode
CPERATTON A% AN OBMMETER. The Model 616 coan Make connections to the Model €16 using a shielded

sed to measurte vesistance from 1 ohm to 2 x 0%
chms, Although Hodel 516 is useable ns a general
purpose ohmmeter, it has certain characteristics
wirich 1h : 1 ¢ messurements of very large
resiatances with L response .

In this wmode, the
aver a wide range. The
cmmended {0y messurements

#.  MNormal YWode Ohwme Measurements.
Mg wwes pealstans
use of the NOEMAL mode is
up IO 10t chns {usg the FAST mode for lavger resis-—
tancss . The Model &16 uses & constant current method
for weasuring resistance. Therefore, the digital
readout is proporiional to the voltage developed across
the input terminals where V = T x R {the current 1 is
selected in decade steps using the RANGE Swirch). To
use the Model 616 as an ohmmeter, set the front panel
conirols as follows:

EANGE -~ 187 OHMS (or other appropriate range)
SENSITIVITY -- AUTO
FAST /NORMAL ~~ KORMAL

TABLE 3-5.

Ohme Settings

Source Range Sengitivity Digital Typical
Resistance Setting Setting Display AccuracyX
10?3 1072 100 v 100.0 + 514
1017 1077 0 v 10.00 £ 514 |
1077 101 1V 1.000 + 51 d
1077 1017 19 1.000 + 81 d
10, 105 1 v 1.000 £ 514
10, 10, 1V 1.000 + 51 d
105 107 1 v 1.000 £ 21 4
10, 10/ 1V 1.000 + 64
10 10 1Y 1.000 * 6d
10° 100 1V 1.000 44
104 102 1V .1000 * 64
103 10° 100 oV .01000 g4
10° 10° 10 oV .00100 £ 24

®*exclusive of noise, zerc drift, and loading error.

10

triaxial cable. Xeep cable length as short as

possi to reduce the slowing effects of cable
capacitance. The zero conkrol may need occasicnal
adjustment to v ct which may
ceour due to the © To rezero
the Model 616, sev tha ZERO CHECK Switch to CHECK
positicn and adiust the front panel ZFERO contvel

for a (~0-~0~0 dispiay. {(The recommended warmup time
for the Moedel 616 is two hours, slthough it is useable
immediately after power is turned on.) The Model 616
provides a divecr reading display with automatic
decimal poilnt position.

b. Fast Mode Uhms Messurement. TIn this mode, the
Model 616 meassures very large resistances with fast
resgonse {uge this mode for resistances larger than
101% ohms). When the FAST/NORMAL switch is set to
FAST, the unknown resistance (Rx) is floating
with respect to the low side of the voltage ampli~-
fier. The unknown resistor is connected across the
feedback so as tc reduce the effects of capacitance
and therefore speed up the measuving time. To use
the Model 616 for FAST chmmeter measurements, set
the front panel controls as follows:

RANGE — 10%% omms
SENSITIVITY —- AUTO
FAST/NORMAL —- FAST

Connect the unknown resistance between input HI and
GUARD (on the rear panel).

KOTE

When the FAST mode is used for resistance meas-—
urements, the unknown resistance sample is con-
nected in feedback around the electromefer
amplifier. Therefore the reslstance must be
floating and not referenced to LO.

9374
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FIGURE 1l. Operation As A Coulombmeter in FAST Mede .

3-9, OPERATION AS A COULOMBMETER. The Model 616 can
be used to measure charge by means of a current inte=-
gration technique. When the Model 616 is set to any-
one of the 4 coulomb ranges, an accurately known capa-
citor is connected in the feedback loop of the volt—
age amplifier so that the voltage developed is pro-
portional to the integral of current where V = Q/C

or ¥V = 1/¢fidt, The Model 616 can also be used with
accessory Models 2501 or 2503 for measurement of
static charge on a dielectric surface. A discussion
of static charge measurement is glven in section 3-10c.
To use the Model 616 as a coulombmeter, set the front
panel controls as follows:

RANGE — 10710
SENSITIVITY ~ AUTO
FAST /NORMAL -— FAST

COULOMB

Make comnections to the Model 616 using a shielded
triaxial cable. Keep cable length as short as
possible to reduce the slowing effects of cable
capacitance. .The zero control may need occasiocnal
adjustment to reduce any voltage offset which may
occur due to the temperature variations. To rezero
the Model 616, set the ZERO CHECK Switch to CHECK
position and adjust the front panel ZERO control
for a 0~-0-0~0 display. (The rvecommended warmup
time for the Model 616 is two hours although it is
useable immediately after power is turned on.)

The Model 616 provides a direct reading display
with automatic decimal point position.

ROTE

The input offset current of the Model 616
contributes a charge of 5 x 10=15 coulomb
per second and should be subtracted from
the actual reading.
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3-16. ALTERNATE MEASUREMENTS, The Model 616 can
also be used with Keithley accessories which ex-
tend the measuring capabilities of the electrometer.

a. Null Method for Current Measurements. The

Model 616 can be used with an accurate current
source such as Keithiey Model 2511 to measure

" small variations of current. When using this method,
the Model 616 is operated as a current null detector
in the FAST mode. The current source should be ad-
justed to obtain a mull reading on the Model 616
{the electrometer should be set to an appropriate
range and sensitivity depending on the magnitude of
current variation).

b, Volt-Ammeter Resistance Measurements. The
Model 616 can be used with an aeccurate voltage
source such as Keithley Models 240A, 244, 245, or
246, When using this method, the Model 616 is
operated as a picocammeter so that the current
through the unknown resistance s measured by the
electrometer. The resistance is then calculated in
terms of the known voltage impressed and the re—
sultant current measured on the electrometer.

¢. Statle Charge Measurements. The Model 616
can be used with Models 2501 or 2503 Static Detector
Probes for measurement of static charge on a dielec—
trie surface. When using this method, the Model 616
is operated as a voltmeter with a reading directly
in voits. {Do not attempt to measure statle charge
with the Model 616 in the COULOMB mode.)

NOTE

For more information about Static Charge
Measurements, request the Keithley Product
Notes entitied "Electrometer Static Charge
Measurements",

1l
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FIGURE 1Z. Hull Method for Current Measurement.

3-11. BECORDER QUIPUTS. The Model 618 provides
several outputs for monitoring an snalog signal.

a. X1 Output (Upity Gain). This output can be
uged for menitoring the input signal in applications
requiring a buffer amplifier.

1. NORMAL MODE. 1In the NORMAL MODE, the signal
at the N1 OUTPUT {(with respect to 10) is equal to
the dmput within 20 ppm at dc. The &1 OUTPUT can
deliver up to 1l milliampere for outputs up to 200
volts.

2, FAST MODE., In the FAST MODE, the X1 OUTPUT
texminal iz connected to input LO. For unity gain
applications when in FAST mode the GUARD terminal
should be used, Typieal rise times for various
current ranges is ghown in Table 3-6. This data
is representative of instrument response for unity
gain operation.

L. 1 VOLT OUTPUT. This output provides a 1 volt
analog output at up te 1 milliampere corresponding
to a full scale input.

1. NORMAL MODE. In the NORMAL mode, the out-
put polarity is opposite the input polarirty.

2. FAST MCODE. In the FAST MODE, the output
polarity is the same as input.

FIGURE 13.

c. GUARDY QUTPUT.

This output can be

Volt-Ampeter Resistance Method.

uged with

the X1 output for recording purposes or special
measuring techniques such as guarded resistance

neasurements.

1. NORMAL MODE. In this mode, the GUARD terminal
is connected to the LO terminal.

2. FAST MODE. In this mode, the GUARD terminal
can be used to monitor the inpul current when the
Model 616 is used as a FAST mode picoammeter. The
output of the GUARD terminal is proportionzl to
the imput current where Vg = Iynnue X Rpange. The
GUARD terminal is also useful for making guarded
resistance measurements. For this type of measure-
ment, the unknown resistance is connected between
input HY and GUARD. The voltage developed at the
GUARD termimal is proportional to the unknown re-

sistance, where Vo ® Iohms range X K.
TABLE 3-6.
Response at GUARD (Unity Caln) OUTPUT for Fast Current®
Range Rise Time 10-90%
Setting 1v 10 v 100 v
1l x lﬂ:g A 50 ns 100 us 500 §8
Ix le7 A 300 8 500 us 1 mS
1x 10_8 A 2 m§ 3 mS 5 mS
1x 10_9 A 10 mS 12 =8 15 mS§
ix 10w10 A 690 ms 60 mS 60 mS
1x 10 11 A 300 mS 300 mS 300 -mS
x 1070 A 3 8 3 8 308

#Typical instrument performance (may vary from unit
to unit).

1 V OUTPUT = FULL RANGE TNPUT

INPUT v
E-.——w HI >— MODEL 616 | Ommrd RECORDER
[ 1
: ' \\;\\\g, K s
£ Rg | RS
E A 5 iNPUT
; Vg T ' - : E\:I) Lo
i T £ P GuARD #
H UNKHOWN HEC A4 -~ LO > Q!
LOLIASE o " Lok
ELECTROMETER
CASE. ) o
CASE
FIGURE 14. Unity-Gain (X1) Measurement . FIGURE 15. Use of 1V Recorder OQutput .
12 G773



MODEL 616

3-12. DIGITAL OUTPUT CONTROL.

. General. The Model 6162 Isolated Output/Control
provides isolated BCD outputs, remote controls, and
remcte programming lines for systems use of the Model
616, The Model 6162 has 32 bits of measurement in-—
formation provided in parallel format. Strobe lines
permit data transfer in 4 bit multiples which are
compatible with 8, 12, or 16-bit data systenms.
Strobing of the "open collector” outputs also permit
multiplexing of data from 2 or more 6162's on a
single data bus. Print rate can be adjusted from
1/5 second to 7 seconds per reading to permit a trans-—
fer rate compatible with the speed of measurement
and/or the acquisition system. Isolated Remote Con-
trols are provided for Zero Check, Sensitivity, Dis-
play Hold, OQutput Hold, as well as Strobe. The 616's
low te chassis ground isolation is maintained by the
6162 (greater than 1010 ohms), Digital output low
is alsuv isolated from chassis ground by 10° ohms.

b, Installation. The 616Z circuitry is housed in
a separate 3-1/2 in., high half-rack chassis. It can
be used on the bench adjacent to the 616 or rack
mounted side-by-side in a standard 19 inch rack width
using rack hardware provided (Model 1007).

1. Bench Mounting. Position the Model 6162 on
the left side of the Model 616 as shown in Figure
1% since the interconnecting cable has been de~
signed to mate with the 616 in this configuration
only. Remove the "side dress” panels (Item 11) on
the sides which are adjacent. Loosen the socket
head screws (Item 24) and slide the pznels to the
rear of the instruments. After both panels are
removed install the "mounting clamp" {Item 23}

OPERATING INSTRUCIIONS

PRINT RATE POWER
RLL5 8402

FIGURE 16. Front Panel of Model 616Z.

using the original hardware. Remove two screws

on one of the instruments and insert the mounting
clamp behind the corner bracket as shown in Figure
17. Replace and tighten the two screws to hold
the clamp in place. Next, insert the open part of
the clamp behind the corner bracket on the second
instrument. Attach a 1-1/8" long Phillips head
screw (Item 25) and kepnut {(Item 26) to secure the
two ingtruments together.

2. Rack Mounting. Proceed as described in the
above paragraph for bench mounting. Then attach an
"angle bracket" (Item 21) on each instrument using
hardware {item 22Z) in place of original hardware.
The bottom corner feet and tilt bail assemblies
may be removed if necegsary. The original hard-
ware, side dress panels, feet and tilt bail assem~
blies should be retained for future conversion back
to bench mounting.

PIGURE 17. Dual Rack Mounting Using Model 1007 Hardware.

0773
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MODEL 616

SUTPUT 4

CABLE 4 B
BETWEEN 7%
UHITS :

BCE QUITUIS
& CONTROLS

-
FIGURE 18, Rear Panel of Model 616 and 6162 .

¢. Comnections. A single prewired cable plugs €. Summary of Digital Information. Table 3-7
into the §16's chassis to provide all necessary identifies the data lines availasble at the 6162
communication between units, To install the cable, output connector. The data is grouped in 4-bit
remove the 61l6's top cover, place rubber grommet bytes with z corresponding Strobe line. The styobe
within the rear panel slot, insert cable, and plug {(or enable) line permits serial data transfer from
the three mini-connectors inte their respective a single 6162 or multiplexing of the data output of
pc~board locations as shown in Figure 19, A separate a number of 6162"'s onto a common data bus. Conven-
3C-pin AMP type 205211-1 connector provides isclated tional parallel data transfer is obtained when all
outputs and comtrel lines. A mating 50-pin conmector strobe lines are at Logic "0" (closure to output LO
is furnished with the 6162 ( Reithley Part No. C8-271 ). within 0.5 veolg).

d. Power Requirements. The 6162 is powered from £. Print Rate, The basic 616 has a reading rate
50-60Hz line voltage and has a separate power switch of 5 feadings per second. The front panel RATE
and fuse. Line voltage is selected using the rear control on the 6162 varles the print rate in 1/5
panel switch., Fuse type is 3AG SLO-BLO, 1/4A(117V) or second increments.
1/8A(234V).

INTERCONNECTION CABLE
REAR PANFEL MODEL 6162 REAR PANEI MODEL 616
~a , - ™y
VSISO IIININIINNENNN: IO ENINNIIESNNNTENN
10 PIN CONNEGTOR
] PIN B ON THIS CONNECTOR
I8 OPEN (NO CONNECTION)
10_PIN CONNECTOR
PIN € ON THIS CONNECTOR
" 1§ OPEN (NG CONNECTION)
¢ B
5 PIN g
COMNECTOR

FIGURE 19. Diagram of Interconnection Cable Between 616 and 6162.
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TABLE 3~7.
Pin-Out for 50-Fin Connector
Pin No. Name Function Pin No. Nane Function
1 Strobe #4 Buffer Control 26 4 x 102 Data #3
2 Qutput Hold Control 27 FLAG Timing Output
3 Strobe #7 Buffer Control 28 4 x 10% Data #2
4 Output Lo GND 29 2 x 1o+ Data #2
5 DF3 €1.0003 Decimal Point 30 1= 192 Data #3
£ DF4 (10.00) Decimal Point 31 MANUAL RANGE Range Control
7 DPL {.01000) Decimal Point 32 Ry Range Control
8 DR Down~range 33 Ry 0 Range Control
g R Up-range 34 EXP 8 x 100 Output
10 FLAG 0 Timing Output 33 EXP 4 % 10 Quiput
1k 4 x 100 Data #1 36 Strobe #3 Buffer Control
12 2 x 10 Data #1 37 EXP 1 x 10, OQutput
13 ZERQO CHECK Gutput 38 EXP 2 x 10 Qutput
14 Rs Range Control 39 Strobe #9 Buffer Control
15 ZERO CHECK Remote Control 40 "¢" (10 mV range) Quiput
i6 8 1oV bata #1 41 EXP POL Qutput
17 1 x 10° Data #1 42 X 1 x 10} Output
18 Strobe #5 Buffer Control 43 POLARITY Cutput
19 Strohe #6 Buffer Control 44 Fq Funciion
20 Strobe #8 Buffer Control 45 Fn. Function
21 1 x 103 Data #4 46 8"x 104 Data #2
22 DP 2 (.1000} Decimal Point 47 1l x 101 Data #2
23 DP5 (100.0) Decimal. Point 48 Strobe #1 Buffer Control
24 8 x 107 Data #3 49 Strobe #2 Buffer Coatrol
25 2 x 102 Data #3 50 Display Hold Contrel

g. Data Transfer.  Couventional parallel data
transfer is accomplished through parallel coanections
with one bit of information per conductor. Strobing
allows data to be grouped into word lengths (bytes)
appropriate to the acquisition device, thus simpli-
fying the interfacing between the 6162 and 8, 12, or
16-bit devices. When all STROBE lines are at Logle
"o", the 6162 data outputs are enabled and ave avail-
able in parallel form. Individual strcbe lines may
be used to comnect to a common data bus in multiples
of 4-bit words. The 6162 "open—collector' outputs
are "open" unless the respective strobe lines are
at Logic "0". The use of "open-collector” config-
uration allows the parallel comnection of 2 or more
6162 units since none of the outputs will conduct
unless strobed. The 6162 outputs are TTL and DIL
compatible. The "open collector" output switches
between a high and low impedance level rather than
gpecific voltage levels. This permits the user to
determine the voltage level defined by logic state
"M The output "1 state may be selected from any
voltage over the range of +2 and +#12 volts. The "0"
state is 0.5V at +33 pA (maximum)sink current.

h. Word Sequence. The particular sequence in
which the words appear in serial data transfer is
determined by the way the "STROBE" lines are grouped
and the order of activation, in addition to the
wiring of the data blocks.

i. Control Features.

1. Flag (Fiag). This output provides a logic
level which can be used to indicate the proper
ripe interval for transfer of data, 4 logic "17
occurs from 50 milliseconds to 7 seconds depending

0374

on the Print Rate control setting. WNo change in
the Digital Output is made during this interval.
On some digital devices, it may be necessary_to
trigger off the leading edge of the Flag or Flag
waveform by differentiating or other wave shaping.

2. Display Hold. This control line retains the
last reading on the display (except polarity) when
closure is made to digital LO (Pin 4). Neither the
a/d conversion nor digital output are affected by
this control.

3. OQutput Hold. This control line retains the
last reading at the DPigital Cutput when closure is
made to digital L0 (Pin 4). Neither the a/d con-
version nor digital display are affected by this
control.

4, Zero Check. This control line actuates the
616's zero check solenoid to permit monitoring of
the electrometer amplifier offset. When the line
is released (Logic 1"} the 616 returns to normal
operating configuration. The front panel ZERQO
CHECK switch must be set to OFF position to permit
remote zero check control.

i. Remote Programming. Remote lines are provided
at the 50-pin connector to permit remote selection
of sensitivity over five decades. When the 616's
SENSITIVITY Switch is set to AUTO position, the
sensitivity may be remotely programmed or allowed
to function automatically. When the MANUAL RANGE
iine on the 6162 is at Logical "§" the coded range
lines are enabled, and the L8I range lines are
disabled.

15
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TABLE 3-8.
Cross—Reference for Digital Outputs.

Name Pin No. Remarks Name Pin No. Remarks
Strobe #1 48 Buffer Control Strobe #7 3 Buffer Comtrol
:h) 4d gz‘ée%a&zc;ig’f lines FLAG 27 Timing Output
Fg 45 i FLAG i0 Timing Cutput
FXP POL &1, Logic "1 = 4
EXF 1 x 10~ 47
Strobe #2 44 Buffer Control Strcbe #8 20 Buffer Control
EXP 1 x 10° 37 1 x 103 21 Overrange Output
EXP 2 = 10° 38 Used on OHMS, AMPERE, POLARITY 43 Logic "1" = +
EXP 4w 10° 35 COULCMB ranges DP1 7 L0000 = 10 v
FXP 8 x 10° 34 0" (10 aV range) 44 Dummy Zero
Strobe #3 36 Buffer coantrol for Strobe #9 39 Buffer Comtrol

Data #1
ix 10° 17 bBp2 22 L0000 = 100 oV
Z x 10° 12 DP3 5 0.000= 1 ¥
4 x 10° 11 Data #1 (BCD) D4 6 00.00= 10 V
8 x 10° 16 DPs 23 C0C.0= 100 ¥
Strobe #4 1 Buffer control for
1 Data #2
1 x 101 47 The following are not strobed.
2% 10 29
i
4 x iOi 28 Data #2 (BCD) Output Hold 2 Remote Control
8 x 10 46
Display Hold 50 Remote Control
Strobe #5 18 Buffer control for
MANTT
2 Data #3 MANUAL RANGE 3l " Sensitivity lines
I x 10 3G R 32
2 1 See Table 3-12
z x 10, 25 Data #3 (BCD) R 14
4 x 102 26 Ra 33
8 x 10 24
Digital Lo 4 Ground Reference
Strobe #6 19 Buffer Control
Zero Check 13 Indication
DR 8 Down Range
UR g Up Range Zero Check 15 Remote Comtrol
——

16

FIGURE 20.

Identification of Pims om Digital Output Comnector.
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TABLE 3-9.
Truth Table for 8~4-2-1 BCD Code
Decimal 8 x 10" 4 x 107 2 x 10" 1 x 100
Nunber {4th bit) (3rd big) (2nd bit) (1lst bit)
0 0 o 0 o
1 a 8] g 1
2 c o 1 0
3 ¢ ¢ 1 1
4 o} 1 G 0
5 ¢ 1 0 1
6 G 1 1 0
7 o 1 1 1
8 1 8] g G
g 1 ] 0 1
n=0,1,2,3, or 4 depending on digit being deccded.
TABLE 3-1G.
Truth Table for Serial Transfer
Strobe Condition Of Strobe Lines.
Lige Qutput OQutput Cutput Cutput
No. 1 2 3 4 53 6 7 8 9 A B C D
1 0011111111 ¥, ¥, EXP POL Exp 1 % 107
0 0 0 0
2 g Exp 1 x 10 Exp 2 x 10 Exp 4 x 10 Exp 8 x 10
3 0 t x 10° 2 x 100 4 x 10° 8 x 10°
4 0 1 x 1ot 2 x 1ot 4 x 10% 8 x 107
5 0 1x lO2 2 x lO2 4 x lO2 8 % lO2
& G BR UR —— -
7 Q FLAG FLAG — —
8 0 1x 10° POL DP1 non
9 4] DPZ DP3 DP4 DP5
TABLE 3-11, Truth Table foiAgig ;Z;ﬁ;d ) itivit
Truth Table for Function g ens J
Manual
Function Fl ¥ Sensitivity Range R4 R2 Rl
OHMS 0 Q1 0 g Q 0
L0 o g 0 1
COULOMB 0 0L 0 0 1 G
.01 0 G 1 1
AMPERE 1 .1 0 1 ] G
e 1. 0 1 0 1
VOLT 1 10. 0 1 1 i+
1G0. 0 1 i 1

0374
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FIGURE 21. Block Diagram of 616/6162 System.

L 2016 COUNTS | 32 CONTS , 2016 COWNTIS ., 3z COUNTS
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at MAX print rate
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FIGURE 22. Timing Diagram for 6162 Outputs. e
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