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FIGURE 1. Dimensional Data.
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MODEL 160B

SPECIFICATIONS

Calibrated at 25° +3°C
Warranted for 1 year

AS A DC VOLTMETER

MAK. ALLOWABLE

SPECIFICATIONS

NORMAL MODE REJECTION RATIO: Greater than 80 dB
above one digit on the 1-millivolt and 10-millivolt ranges.
and greater than 60 dB above one digit on higher ranges,
for voltages of line frequency or twice line frequancy, with
at teast 1% of full range dc appiied.

ZERO STABILITY: = 0.1 microvolts per °C

MAXIMUM ACCURACY INPUT TEMPERATURE COEFFICIENT INPUT

HANGE READING + (% of rdg + % of rng) RESISTANCE = (% of rdg + % of rng)/°C d¢ + peak ac
1 mv 1999 mv Q1% 0 1% 10 M{} 001 % Y01, BO3
10 mv 19.99 mv 01% 0 1% 10 MGl 001% 001% B0 W
100 mv 199.9 my 01 3t 0 MO 001" A0, [
1TV 1999 v 0 1% 01% 10 ML) 0012% D01% RV
10 v 1999 v 01% 0 1% 10 M) a01% 0014 1250 v
100 vV 1999 ¥ 0 1% 01% 10 M(1 a1 001 00 Y
000 v 1200 W 0.1% 0.1% 10 MDY 001 % 0012 1200 v

1200 ¥ momentan,
COMMON MODE REJECTION RATIO (1 K{! unbalance):
Greater than 140 dB8 at dc and 40 to 200 Hz ac with at teas?
1% of full range dec applied. 1000 voits dc + peax-10-peak
ac maximum,
SETTLING TIME: Less than 2 seconds to within 0 1% of inai
reading, except less than 4 seconds on the 1 mV range

AS A DC AMMETER

*Internally fusad beyond 3 amperas

MAXIMUM ACCURACY

RANGE READING +{% of rdg + % al rng)
10 nA 1959 nA 0 3% Q2%
100 nA 1999 nA Q2% 01%
T uA 1999 u A 0.2% 0 1%
10 A 199G u A 0 2% 01%
100 1 A 199.9 u A 0 2% 01%
1 ma 1899 ma 02% 0 1%

10 mA 19.99 mA 0 2% Q1%
100 mA 199 9 mA 9 3% Q1%
1000 mA 1999 mA AR 0 1%

SHUNT TEMPERATURE COEFFICIENY MAX. ALLOWABLE
RESISTANCE = (% of rdg + % ol ing)/°C INPUT
1M 002% 0 02% 325 ma
100 kL 002% 001% 25 ma
10 ki 002% 9017 | A
1 kil 001% D015 ! It
0 0 001% 00t ; as
10 0077 501% 3
[T 3017 o0, i st
01N D01 3017 3 A
010 e 001 j ar

**Sell-healing aue to long-larm measurament of graatar than 1 ampare San £ausa 1 1% addt anai arer

AS AN OHMMETER

YOLTAGE ACROQSS

NORMAL MODE REJECTION RATIO: Greater than 60 dB above one digit for a current of line frequancy or twice hna frequency

MAX, ALLOWABLE

DISPLAY: 3 digits plus 1 overrange digit; decimal position,
polarity, and overioad indication; 5 readings per second. 3
least significant digits blank when overload condition
axists, except on 1000-volt ranga.

ISOLATION: Lo to power line ground. greater than 1000
megohms shunted by less than 300 picofarads. .o may be
floated up to 1200 voilts with respect to power line
ground.

ANALOG QUTPUT: 1 volt dc at up to 1 mitliamperse for full
rangs input, 100% ovarranging except on the 1000-voit
range, where overranging is 20%.

OFFSET CURRENT: Less than 10 picoamperes.

WARMUP: 1/2 hour to complete stabilization.

MAXIMUM ACCURACY UNKNOWN* TEMPERATURE CQEFFICIENT INPUT

RANGE READING +{% of rdg + % of rng) at {uli range (% of rdg + % of rng)/°C rmy ac +dc
111 1999 (1 0.4% D1% 1 my 004% 003% 250 W
100 1999 {) 0 3% Q% 0 my 0 04% 001% 250V
g 1989 O 0 3% 0 1% 100 my 0 04% 3 01°% 250 v
1 kit 1999 Kkl 03% Q1% 100 my 004% 301% 250 v
10 k2 1999 ki) 0 3% 0 1% 100 my 0 04° 001% 250
100 kit 198.9 wl) 03% 0 1% 100 my 0047 001% 250 %
1M 1999 M1 0.3% 0 1% 100 mv 004 201% 250 ¥
10 M1t 1999 M1} 0% 0.1% 100 mv 004%, J01°% 250 v
100 Mat 1999 M0} 10.0% 0 1% 100 mv 03 % 00 % 256G v
1000 Mt 1998 M() 30.0% 0 1% 100 mv 10 % 001% 230 v

“0 8 volt maximum into an opan eweurt
GENERAL

ENVIRONMENT:

Oparating: 10°C 10 35°C, 0% to B0% relative humidity 0°C
to 10°C and 35°C to 50°C, 0% to B0% relative humidity
within twice computed accuracy.

Staorage: -25°C to 70°C, without batterias installed.

-25°C 10 45°C, with batteries instailed.

POWER: 93-110, 105-125, 195-235 or 210-250 volts (switch
selected}, 50-80 Hz, 5 watts. Opticnal rechargeable 6-hour
battary pack.

CONNECTORS: Input: binding posts. Analog Quiput: banana
jacks.

DIMENSIONS, WEIGHT: Style K, 3-1/2 in. bigh x 9-1/4 in. wide
x 10-3/4 in, deap (85 x 235 x 275 mm). Net weight, exclusive
of batteries, 4 pounds (1,8 kg).
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GENERAL INFORMATION MODEL 160B

L, O

LEVEL POSITION - TILTBAIL AT FRONT

NORMAL BENCH POSITION

-

HANGING POSITION
>

-0“1‘

<

¥ SHELF POSITION

)~

45° POSITION LEVEL POSITION - TILTBAIL AT REAR

FIGURE 2. Tilt Bail Positions.
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MODEL 1608

SECTION 1.

1-1. INTRODUCTION. The Model 160B is a wide-range
digital multimeter capable of measuring voltape, cur=-
rent, and resistance. The Model 160B offers seven
ranges of voltage from lmV to 1000 volts, nine ranges
of current from lOnA to 1000mA, and ten ranges of re-
sistance from 1¢ to 1000M&. The Model 160B display
is 3 digits plus 100% coverrange.
1-2. FEATURES,

a. Voltage sensitivity to 1 microvolt per digit.

b. Current sensitivity to G.0lnA per digit.

c. Resistance sensitivity to 0.0013 per digitr.

d. Fleating capability to #1200 volts above case.

e. Bullt-in analog output.

f. Optional Model 1602B Digital Qutput.

g. Optional Model 1688A Rechargeable Battery Pack.

1808 DIGHTAL

FIGURE 3.

0376

GENERAL INFORMATION

GENERAL INFORMATION

1=3, WARRANTY INFORMATION. The warranty is stated
on the inside front cover of the manual, 1If there
is 4 need for service, contact vonr Keithley repre-
gsantative or authorized repair facility as given in
our catalog.

1-4., CHANGE NOTICE. Improvements or changes to the
instrument not incorporated into the manual will be
explained on a yellow change notice sheet attached
to the inside back cover of the manual.

1-5, OPTIONAL MODEL 16023 DIGITAL OUTPUT. The Model
16028 is a field-installable digital output option
which enables digital data recording and processing.
The open-ceollector BCD outputs are TTL compatible,

1-6. OPTIONAL MODEL 16884 RECHARGEABLE BATTERY PACK.
The Model 1688A is an accessory battery pack which eon-
ables either line or battery operation by use of the
front panel Power Selector Switch. The Model [60B
provides built-in recharging circultry for use with
the Model 1688A. The battery pack is field-install-
able in the Model 160B chassis.

MUL TIMETER

Front Panel.



INITIAL PREPARATION MODEL 160B
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FIGURE 4. Bottom View Showing Line Cord.
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MODEL 160B INITIAL PREPARATION

J112 J113 5201 5202 DIGITAL

ANALOG OUTPUT QUTPUT
J302

LINE VOLTAGE]  SWITCH SETTINGS FUSES
90 - 110 Low 117 JAG 1/BA
105-125 NORM 117 SLO-BLOW
195 - 235 Low 234 INTERNAL
210 - 250 NORM 234 2 USED
CAUTION: 234 VOLT LINE MAY CAUSE DAMAGE WITH
117V SELECTED.
[Low [NORM] [ 17 [ 234 ]

1

SWITCHES SHOWN FOR
OPERATION FROM 105-125V LINE

FIGURE 5. Rear View Showing Line Switches.
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INITIAL PREPARATION MODEL 160B
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FIGURE 6. Model 1688A Rechargeable Battery Pack.

FIGURE 7. Exploded View of Model 160B/1688A.
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MODEL 1608 INITTAI. PREPARATION

J205-——£§§2

{TO P205)

BATTERY FUSES
F203, F204

SPACER
{4 PLACES)

CAUTION

DISCONNECT LINE CORD BEFORE OPENING
THE TOP AND BOTTOM COVER.
LINE VOLTAGE ON THE CHASSIS
REPRESENTS A SHOCK HAZARD.

FIGURE 8, Installation of Battery Pack.
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INITIAL PREPARATICN

SECTION 2.

2-1, GENERAL. This section prevides information
needed for incoming inspection and preparation for
use.

2-2. INSPECTION, The Model 160B was carefully in-
spected both mechanically and electrically before
shipment. Upon receiving the instrument, check for
any obvious damage which may have occurred during
transit. Report any damages tc the shipping agent.
To verify the electrical specifications, follow the
procedures glven Iin Section 6.

2-3. PREPARATION FOR USE. The Model 160B is shipped
ready-to—use. The instrument can be powered from
line voltage or from rechargeable nickel-cadmium bat-
teries (when the optional Model 1688A Rechargeable
Battery Pack is installed).

a. How to Operate From Line Power. The Model 160B

provides a three-wire cord which mates with third-wire
grounded receptacles (see Figure 4 for plug configura-

tion). The permanently installed line cord is stored
by wrapping the cord around the base of the instru-
ment as shown in Flgure 4.

1. How to Set Line Switches. The Model 160B has
two rear panel Line Switches which enable selection

of line voltages over ranges from 90-110V, 105-125V,

195-235V, or 210-250V. To operate from line power,
determine the appropriate line voltage range to be
used and set the Line Switches as follows:

TABLE 2-1.
Summary of Line Switch Settings.
Range Settings
90-110v Low, 117
105-125V NORM, 117
195-235V LOW, 234
210-250v NORM, 234

For example, if the line voltage to be used 1s
approximately 115 volts, select NORM and 117 which
permits a range of operation from 105 te 125V,
After Line Switches are set, connect the line cord
and set the Power Switch te LINE,

2. Line Fuse Requirements. The Model 160B uses
twe line fuses to protect the line-operated power
supply. The fuse types are 1/8 ampere, 3AB, slow-
blow. Replace with Keithley Part No. FU-20.

3. How to Replace Fuses in Model 1688A. The
Model 1688A uses 1 ampere fuses to protect the
power supply regulators in case of malfunction,
Fuses F203 and F204 are plug-in types and are lo-
cated on pc board PC-349 as shown in Figure 8.
Replace with 1 ampere, 3AB, slo-blo, Keilthley Parc
No. FU-28.

MODEL 160B

INITIAL PREPARATION

b. How to Operate From Battery Power. To operate
the Model 160B from batteries, the Model 1688A Re-
chargeable Battery Pack must be installed. The Model
1688A can he either field or factory installed. (The
batteries in the Model 1688A may need recharging be-
fore their first usage to power the Model 160B.)

NOTE

The Model 1688A Rechargeable Battery Pack can
be installed within the Model 160B chassis at
any time. However, if the Model 16028 Digital
OQutput is already installed, the Model 1688A
cannct be used simultaneously.

1. How to Install Model 1688A Rechargeable Bat-
tery Pack, The batteries furnished with the Model
1688A come already installed in the battery pack.
The battery pack includes 7 rechargeable 'C'" cells
(1.2V, 3 AMP HR) and 1 rechargeable pack (16.8V}.
If batteries need to be replaced or re-installed,
be certaln to cbserve the proper polarity of indi-
vidual cells as shown in Figure 6. To install the
Model 1688A Battery Pack, turn the instrument over
3o that the bottom cover faces up. Loesen four
slotted screws on the bottom cover as shown in
Figure 4. (A chisel-blade screwdriver 1s requirec
to loosen the slotted screws.) Turn over the in-
strument with top cover facing up, taking care to
hold the top and bottom covers together, Carefully
remove the top cover to gain access to the printed
circult board. {Two wires that connect to the
Analog Cutput must be disconnected at the PC board
before the top cover can be set aside.) Check to
see that the four insulating spacers are In posi-
tion on the printed circuit board. Place the Model
1688A Battery Pack in position on the spacers with
the cable oriented as shown in Figure 8. Plug the
4-wire connector (J205) into the mating receptacle
(P205) taking care to orient the connecter as
shown in ¥lgure 8. After the Battery Pack is in-
stalled, replace the top cover. Turn over the in-
strument with bottom cover facing up and tighten
down the four slotted-head screws.

TABLE 2-2,
Summary of Batteries Used in Model 1688A

Keithley
Description Quantity Part No,
Rechargeable '"C'" cell, 7 BA-30
1.2V, 2 AMP-HR
Rechargeable battery 1 BA-32
pack, 16.8v, ,225
AMP-HR
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MODEL 1608

FIGURE 9.,

2. How to Check Batteries. (Valld only in BAT
mode). The Model 160B provides two test points (A
and B} located on the bottom of the instrument as
shown in Figure 9. These test polnts permit a con-
venient check of the conditien of the internal Eat-
tery Pack without need to remove the Model 160B
cover, The voltage at test points A or B may be
measured using the Model L6CB or any other compar-
able voltage measuring ingtrument. To check the
voltages at test polnts A or B, select the BAT mode,
connect the HI terminal of the Model 160B (for a
salf check) or other voltmeter to test points A or
B and cbserve the measured voltage. (If a separate
voltmeter is used, it is necessary to make a con-—
nection to the LO terminal of the Model 160B since
both points A and B are to be referenced teo circuit
low,} Table 2-3 gives the battery voltages requlr-
ed at each test point.

IMPORTANT

The instrument must bhe operated in the BAT
mode in order to obtain a valid battery con-
dition at test points A and B. This will
ensure that the batterles are supplying
power to the instrument. If the voltages
are measured when the Model 160B is opera-
ted in the LINE mode a different reading
may be observed since the batteries are not
connected and therefore do not supply power
to the instrument.

0976
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A B
BAT.TEST

Bactery Test Location.

TABLE 2-1,
Summary of Battery Voltage lLevels (BAT mode)

1
Test Acceptable Battery Levels | Recharge !Batcery
Paint Range | Normal if below | Tested
' |
EN 2.5V - 9¥ 4,8vy 2.5V Ba-32
B v - 10.5V 8.4V IAY BA-30

3. How to Charge Batteries. The Model 160B pro-
vides built-in recharging circuitry for recharging
the Model 1688A Battery Pack. To recharge the in-
ternal batteries, connect the Model 1608 to line
power and select the CHG position. Recharging time
is dependent on the condition of the batreries at
the time of recharge, Typically, the recharge timc
1s 1-1/2 hours per hour of discharge (or 9 hours ui
charging time for every 6 hours of operating time
in the battery mode).

CAUTION

Overcharging the batteries will raise the
internal temperature of the instrument and
may also shorten the life of the batturies.

NOTE

The Model 1608 may be operated while in the
CHG mode. However, if the Battery Pack is
not installed, the Medel 1608 will notr be
operable when the CHG mode is selected since
the batteries are connected with
the line power supply.

in series



OPERATING INSTRUCTIONS

SECTION 3.

3-1. GENERAL. Thigs section provides information
needed to operate the Model 160B for measurement of
voltage, current, and resistance.

3-2, HOW TO SELECT POWER. The Model 160B may be
powered from line voltage or rechargeable nickel-cad-
mium batteries (when the Model 1688A 1s installed).
The Model 160B has a built-in line-voltage power sup-
ply and line cord. If the accessory Model 1604 Re-
chargeable Battery Set is ordered and installed, then
the user has the option of selecting line or battery
operation via the froat panel rotary power switch.

NOTE

The accessory Model 1688A Rechargeable Bat-
tery Set may be ordered at the time of pur-
chase of the Model 160B or may be purchased
and field installed at a later time if so
desired. The Model 1688A features plug—in
wiring. As a result, no medifications need
to be made to the Model 160B chassis.

a. How to Operate frem Line Power. The Model 16038
can be powered from Line voltage over four ranges
from a minimum of 90V to a maximum of 250V. See
Table 2-1.

1. Set rear panel Line Switches to appropriate
positions as shown in Figure 5.

2. Plug line cord into source of line power.
3. Set front panel Power Switch to LINE.

b. How to Operate from Battery Power.

1. 1Install Model 1688A Rechargeable Battery Pack.

2. Check battery voltages at Test Points A and
B to ensure that batteries are charged sufficiently.

3. If necessary, plug line cord into ac power
and set Power Switch to CHG to bring battery volt-
age up to useable levels.

4, When battery level is sufficient, disconnect
line cord and set Power Switch te BAT.

MODEL 16GBH

OPERATING INSTRUCTIONS

3-3. HOW TO MAKE INPUT CONNECTIONS. The Model 160B
has two front panel terminals identified as "HI”
{red) and "L0" (black). These terminals accomodate
banana plugs, alligator clips, spade lugs, bare
wirea, and other similar input connections. Leads
may be fabricated using a good quality copper wire
terminated by single banana plugs such as Keithley
Part No. BG-5 or dual banana plug such as Keithley
Part No. BG-7. Ready-made test leads are also avail-
able from Keithley. Accessory Model 1681 Clip-on
Test Lead Set includes two 40 inch long leads ter-
minated by a banana plug and spring-loaded clip which
easlly attaches to wires and terminals on pc boards,
ete, Model 1683 Universal Test Lead Kit features in-
terchangeable probe tips for various applications.
The Kit includes regular probes, alligator clips,
banana plugs, spade lugs, and phone tips. All-copper
leads and terminations are best for measurements on
the lmV and 10 ranges.

3-4. HOW TO SELECT FUNCTION. Function is selected
by means of a single front panel Range Switch., The
Range dial is marked in "engineering' units for meas-
urement of voltage (mV, V), current (n4, pa, ma), and
resiatance (Q, k@, MR). For each function, rotating
the knob clockwise causes the Model 160B to switch

to a less sensitive range.

a. DC Voltage. The voltage sectors of the Range
Switch are designated in millivolts (mV) and volts
(V} for full ranges from lmV to 1000V. A full stop
at the 1000 volt range prevents inadvertant switch-
ing to the nanoampere ranges by clockwise rotation.

b, Resistance. The resistance sectors of the
Range Switch are designated in ohms (@), kilohms
(k2), and megohms (MQ) for full ranges from 1 ohm
to 1000 megohms.

c¢. QCurrent. The current sectors of the Range
Switch are designated in nancamperes (nA), micro-
amperes (uA), and milliamperes {(mA) for full ranges
from 10 nanocamperes to 1000 milliamperes.

TABLE 3-1.
Summary of Operation in LINE, CHG, and BAT Modes.

Condition of Instrument
Line connected
1688A 1nstalled

Line not connected
1688A installed

Switch Line Counnected
Position 1688A not installed
OFF OFF
LINE ON
CHG OFF
BAT OFF

OFF OFF
ON OFF
ON OFF
ON ON
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FIGURE 10. Front Panel Controls,.

3-5. HOW TO MEASURE VOLTAGE. The Model 160B meas-
ures dc veltage in seven ranges: 1mV, 10mV, 100mv,
v, 10V, 100V, and lO00V. Maximum de input is 1200V
de + peak ac.

a, How to Select Range, Function and range is
selected by reotating the Range Switch to the appro-
priate position, Three positions are direct-reading
in millivolts (mV); four positions are direct-read-
ing in volts (V). Decimal point is selected by the
Range Switch. Polarity is automatically displayed.
If the input signal exceeds twice full range, the
display blacks (3 least significant digits) to in-
dicate an "overrange' condition.

TABLE 3-2.
Voltage Ranges Displayed
Range
Setting Max. Display Units
1000 Vv 1999 * v
100 v 199.9 v
10 v 19.99 v
1 v 1.999 v
100 mV 199.9 mV
10 mv 19.99 mV
1 mv 1.999 mv

*Maximum allowable input is 1200V de plus
peak ac even though display can be read
beyond 1200V.
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b. How to Determine Accuracy. The Model 160B ac-
curacy 1s *0.1% of reading = 1 digit. For example,
a display reading of 1.000 volt dc will have an un-
certainty of *#0.1% * 1 digit or +.002 volts. The in-
put resistance in the de¢ mode is 10 megohms. Meas-
urements from relatively high source resistances
could cause an additilonal reading error. The amount
of error due to loading can be determined by the
fellowing relationship:

% error = 100 x Rg : (Rg + 107)
where Ry = source resistance in chms.

For example, a source resistance of 10,000 ohms will
result in a loading error of approximately 0.1% of
reading.

NOTE

The input current of the 1608 can also cause
reading errors on the most sensitive veltage
ranges when high source resistances are pre-
sent. For example, an input current of 10pA
and a source resistance of LMD produce an
error voltage of 10upV.

c. Maximum Allowable Input, The maximum input to
the Medel 160B is 1200V de¢ + peak ac. On ImV, 10mV,
and 100mV ranges, the maximum continucus input is
600V (1200V momentary) de + peak ac. The Model L60B
can display dc voltages greater than +1200V but dam-
age to the input is possible.




OPERATING INSTRUCTIONS

TMPORTANT

The Model 160B provides ac rejection (NMRR)
of greater than 60 dB on the highest range.
However, a large ac signal superimposed on
a dc level could cause damage 1f the input
to the Madel 160B exceeds 1200 volts dec +
peak ac.

d., How to Zero the Display. To accurately zero
the Instrument, place a low~thermal short (such as a
plece of clean copper wire) across the lnput termin-—
als, set the Range Switch to the lmV range, and ad-
just the front panel Zero contrel for a flashing "+"
sign at the display. The display should then read
+.000, with some flicker of the least significant
digit due to noise and A~D converter uncertainty.

Once the zero has been set accurately, there should
be little reason teo rezero the instrument again soon
when making measurements on the 10mV through 1000V
ranges. The time stability of the zere setting is
excellent, and in applications requiring continuous
operation of the Model 160B, the zero setting will
hold for months. The front panel Zero contrel is
convenient when making measurements on the lmV Range.

A test set-~up and cables when connected to the 160B
may cause offset voltages because of thermoelectric
effects {See Section 3-9). These offset voltages
might be only a few microvelts or several tens of
microvolts. In such situations, the Zero contrel
can be used to buck out any initial offsets. Low
thermal cabling and connections should be used when-

ever possible, The instrument zero can also be check-

ed, and adjusted, by shorting the input on any range
(voltage, current, or resistance). The Zerc control
will have varying effects on the different ranges
depending on the sensitivity of the input amplifier,
but the zero control can be used in this manner.
Again, it should be emphasized, that for most meas-
urements with the Model 160B, the Zero control can
be set once and then left untouched. (See also Sec-
tion 3-6c "Low Ohms Zeroing').

NOTE

With the input open on the lmV Range, the
Model 160B display may show a reading as
high as +,100. This is equivalent to an
offset current of 10.0pA. 1If the display
shows a reading greater than +,100, then
the internal potentiometer, R121, should
be readjusted. Typilcally, the offset cur-
rent will be less than 5pa.

€. How to Use Model 1601 AC/DC Probe. To make ac
measurements, connect the Model 1601 accessory AC/DC
Probe to the Model 160B input terminals. Set the
Range to desired voltage range. Set switch on probe
te AC. Use the probe tip plus ground clip to make
connections to circuit under teat. See Section 5 for
complete specifications.

f. How to Use Model 1682 RF Probhe. To make rf ac
measurements, connect the Model 1682 Probe to the
Model 160GB input terminals. Set the Range to desired
voltage range. Maximum allowable input is 30V rms
ac, 200V dc.
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3-6, HOW TO MEASURE RESISTANCE. The Model 160B
measuares resistance in 10 ranges: 15, 100, 10046,
1k&, 10kQ, 100ke, 1MQ, 10MK, 1O0O0M%t, and 1000MQ.

a. How to Select Range. Function and range is
selected by rotating the Range Switch to the appro-
priate position. Three positions are direct-reading
in ohms (Q); three positions are direct-reading in
kilohms (k{l); four positions are direct-reading in
megohms (M2). Decimal point is selected by Range
Switch. If the input signal exceeds twice full range,
the display blanks to indicate an 'overrange' condi-
tion,

TABLE 3-3.
Resistance Current Ranges

Range Max. Impressed
Setting Digplay Units Current
1 f 1.999 I 1 mA
10 @ 19.99 0 1 mA
100 @ 199.9 Q 1 maA
1 k& 1.499 kR 100 upA
10 k{2 19.99 k{2 10 pA
100 k&2 199.9 ko 1 pA
1 MR 1.999 M0 100 nA
10 M 19.99 M$ 10 nA
100 Mo 199.9 MG 1 nA
100C MQ 1999 MQ 0.1 nA

b, How to Determine Accutacy., The accuracy of the
Model 160B 1is specified Iin terms of & percent of
reading and a percent of range. For example, a dis-
play of 1.000 kilohm (ki) will have an uncertainty
of +0.004ks2.

c. How to Measure "LOW" ohms. When making meas-
urements on the 10, 10&, and 1000 ranges, the Model
160B is to be zeroed on the 1 range. The zeroing
is accomplished by shorting the test leads together,
and adjusting the display for a flashing + and -
.000Q. By zerolng the instrument in this manner,
lead resistance of 200 milliohms (minimum) can be
compensated for. The instrument must be rezeroced on
the 1 range each tilme a different set of test leads
is used. Before making measurements right at the in-
put terminals (no test leads used), the instrument
should be zeroed on the 192 Range after placing a
short, such as a plece of copper wire, across the
binding posts. Copper leads and clips are best for
making measurements on the 17 Range, bacause the
voltage drop across a 1Q resistor is only lmV.

CAUTION

Care should be taken when making resistance
measurements in circuits which may have volt-
ages on capacltors, etc. or where line velt-
age 1s present. Although the Model 160B is
fully protected against accidental voltapges
up to 250V rms in resistance function, if
higher wvoltages are applied, damage may occur.
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FUSE SHOWN
TWICE ACTUAL SIZE

FIGURE 11. lLocation of Protection Fuse.

3-7. HOW TO MEASURE CURRENT. The Model 160B measures
dc current in nine ranges: 10nA, 100nA, 1luA, 10pA,
100pA, imA, 10ma, i00mA, and 1000mA.

a, How to Select Range. Function and range is
selected by rotating the Range Switch to the appro-
priate position. Two positions are direct-reading iIn
nancamperes (nA); three positions are direct-reading
in microamperes (uA); four positions are direct-read-
ing in milliamperes (mA). Decimal point is selected
by range switch, Polarity 1s automatically displayed.
[f the input signal exceeds twice full range, the dis-
play blanks to indicate an "overrange' condition,

TABLE 3-4.
Current Ranges Displayed
Range Max.
Setting Display Units Shunt R*
10 na 19,99 na 108¢
100 na 199,9 nA 1030
1 LA 1.999 LA HRdY}
10 uA 19.99 pA 1030
100 uA 199.9 uA 1025
1 mA 1.999 mA 10 ¢
10 mA 19.99 mA 1 Q
100 mA 199.9 mA 0.1 0
1000 mA 1999 mA 0.1 2

*Internal wiring resistance can add approx. 0.1% to
all values of shunt resistance, For example, on the
1000mA Range, the total resistance between the HI and
LO input terminals of the Model 160B could be approx.
0. 2%,
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b, How to Determine Accuracy. The accuracy of rhe
Model 160B is specified in terms of a percent of read-
ing and a percent of range. For example, a display
of 1.000 milliampere (mA) will have an uncertainty of
10.003mA. An additional reading error should be con-
sidered if the source resistance is not greater than
1000 times the shunt resistor. For example, on the
lmA range, a source resistance of 1000 ohms would re-
sult in a loading error of approximately 1% of read-
ing. Loading error for other source resistances can
be determined by the following relationship:

100 x Shunt Reslstance
Shunt Resistance + Source Resistance

L error =

c. How to Determine Maximum Allowable Input. On
the 10nA and 100nA ranges, the maximum input is 250
velts., On luA and higher ranges, the Model 1608 is
internally fused beyond three amperes. An Input pro-
tection circuit limits the voltage applied to the
shunt resistor to approximately 1.5 velts, thereby
reducing the possibility of over-heating the resistor.

1. How to Check Current Fuse. Select l0OOmA
range, Verify input resistance of less than 1 ohm.

If greater than 1 ohm, replace fuse. (Keithley FU-43;

2., How to Replace Current Fuse, The curvent
fuse (F101} is located on the printed circuit
board PC-349 and is installed in a socket. The
fuse is accessible by removing the top cover. Sec
Figure 11. An accessory fuse is furnished with
each instrument. Fuse rating is 3 amperes.
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d. How to Use the Model 1651 Current Shunt (for
measurements to 50A). Current measurement capabllity
of the Model 160B may be extended to 50 amperes
through the use of accessory Model 1651 50-Ampere
Shunt, The Model 1651 permits 4-terminal connections
to minimize measurement error .due to lead resistance.
To use the Model 1651, comnect the voltage sensing
leads to the Model 160B input terminals. Connect
separate current leads (not furnished) between the
source and the large hex-head bolts on the Model 1651,
The current leads should be rated for currents up to
50 amperes. The shunt resistance is 0.001 ohm, which
produces a sensitivity of 1mV/Amp. As examples, 10
amps current results in a 10mV drop on 10mV RANGE,
and 30 amps yields a voltage drop of 30mV which can
be read on the 100mV RANGE. Power digsipated in the
shunt 1s 2.5 watts at 530 amperes,

3-8. NOLISE CONSIDERATIONS. The limit of resolution
in voltage and current measurements is determined
largely by the nolse generated in the source. Stray
low-level noise is present Iin some form in nearly all
electrical circults., The instrument does not distin-
gulsh between stray and signal voltages since it meas-
ures the net vcltage. When using the lmV and 10mV
ranges, conslder the presence of low-level electri-
cal phenomena such as thermocouples (thermoelectric
effect), flexing of coaxial cables (triboelectric
effect), apparent residual charges on capacitors
(dielectric absorptien), and battery action of two
terminals (galvanic action).

3-9. THERMAL EMFS. Thermal emfs {thermoelectric
potentials) are generated by thermal differences be-
tween two junctions of dissimilar metals. To mini-
mize the drift caused by thermal emfs, use copper
leads to connect the circuit to the instrument. The
front panel ZERO control can be used to buck cut a
constant thermal offset voltage 1f necessary. The
Kelthley accessory Model 1483 Low Thermal Connection
Kit contains all necessary materials for making very
low thermal copper crimp comnections for minimizing
thermal effects,

3-10. MAGNETIC FIELDS. The presence of strong mag-
netic fields can be a potential source of ac noise.
Magnetic flux lines which cut a conductor can preduce
large a-c noilse especially at power line frequenciles.
The voltage induced due to magnetic flux is propor-
tional to the area enclosed by the circult as well

as the rate of change of magnetic flux. For example,
the motion of a 3~inch diameter loop in the earth's
magnetic fleld will induce a gignal of several teaths
of a microvolt., One way to minimize magnetic pickup
is to arrange all wiring so that the loop area en-
closed is as small as possible (such as twisting in-
put leads). A second way to minimize magnetic pickup
1s to use shielding as desecribed in Section 3-12.

12

MODEL 160B

3-11. AC ELECTRIC FIELDS. The presence of electric
fields generated by power lines or other sources can
have an effect on instrument operation. AC voltages
which are very large with respect to the full-range
gensitivity could drive the input amplifier into sat-
uration, thus producing an erroneocus DC output. At
line frequency or twice line frequency, the instru-
ment is capable of rejecting AC voltages whose peak-~
to~peak amplitude is equal to the full-range DC sen-—
sitivity on the 100mV through 1000V ranges. This
level of interfering AC signal will produce no more
than 1 digit error. On the lmV and 10mV Ranges, the
inatrument can reject line frequency and twice line
frequency signals whose p-p amplitude is equal to 10
times the full-range sensitjivity. TFor example, on
the 1mV Range, a 10mV p-p, 50 Hz signal will produce
no more than 1uyV (1 digie) DC error. Peak-to-peak AC
voltages greater than 1X the full-range sensitivity
on the 100mV through 1000V ranges, the 10X the full-
range sensitivity on the lmV and 10mV ranges will
cause clipping in the AC section of the Model 160B
input amplifier, TFor this reason, shielding is re~
commended when making sensitive DC voltage measure-
ments, or when making measurements from high source
impedances. (See Shielding, Section 3-12.,) The in-
strument 1s also capable of rejecting frequencies
other than power line frequencles. There is one pro-
blem to consider; however, the input amplifier of the
Model 1608 uses a modulator to convert DC signals to
AC signals before amplification. The drive frequency
of this modulator is 220 Hz nominally, * approx. 5%.
Interfering AC signals with frequencies equal to the
modulator drive frequency, or multiples thereof, wil)
appear as modulated DC, and produce large DC errors.

3-12. SHIELDING.

a, EBlectyic Fields. Shielding is usually neces—
sary when the instrument is in the presence of very
large a-c fields or when very sensitive measurements
are being made, The shields of the measurement cir-
cuit and leads should be connected together to ground
at only one point, This provides a 'tree" configura-
tion, which minimizes ground loops.

b. Magnetic Fields. Magnetic shielding is useful
where very large magnetic flelds are present. Shield-
ing, which is available in the form of plates, foil
or cables, can be used to shield the measuring cir-
cult, the lead wires, or the instrument itself.

¢, Other Considerations,

1. Voltmeter Measurements. Use shielded input
leads when source resistances are greater than 1
kilohm or when long input cables are used.

2. Current Measurements. On the mA and uA cur-
rent ranges, no special shielding precautions need
be taken. However, on the 100 and 10 nanoampcre
ranges, shielded input leads are recommended.

3. Resistance Measurements., Shielding of input
leads and source are recommended for measurements
on the 10 megohm through 1000 megohm ranges to pre-—
vent erroneous readings.
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FIGURE 12. Voltage Measurements Using Model 1601 AC/DC Probe,

CURRENT TERMINALS

VOLTAGE TERMINALS

VOLTAGE LEADS FURNISHED

FIGURE 13. Current Measurements Using Model 1651 Shunt.
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3-13. HOW TO USE THE ANALOG OUTPUT. The Model 160B
has an analog output of *1 wolt at full-range (non-
inverting) at up to 1 milliampere (ZmA at 2 volts)
for recording or monitoriung purposes. Also, the
analog output enables the Model 160B to be used as
a low-noise, low drift DC amplifier.

TABLE 3-5.
Gain at ANALOG OUTPUT

> TYPICAL
~>101La 1SOLATION
< RESTSTANCE
|

P

Full Range
Range Gain Qutput
1 mV X1000 IAY
10 mv X100 v
100 mV X10 v

For off~-ground operation, the analog output should

be connected only to equipment capable of operating
off-ground also. The low side of the analog output
i3 at the same potential as the "LO" input terminal
of the Model 160B.

3-14, HOW TO USE MODEL 1608 OFF-GROUND. The "LO"
terminal can be operated off ground at potentials

of up to x120GV. Isolation from the "LO" terminal
to power line ground is specified at 1000MQ, or 10%
{shunted by 300pF). Typically, the isolatien resis-
tance from LO to GND is two decades greater than
10%0 (10110). BRecause of this excellent isolation,
operating the Model 160B off ground results in very

little loading (from LO to GND) of a floating source.

At 1000V above ground, the Model 160B will require,
typically, only lOnA from the scurce. The excellent
isolation also accounts for the high common-mode re-

14

Floating Operatien.

jection ratio of the Model 160B8. Even with the "HI"
terminal driven and a source resistance of 1k&, 1000
VDC (from HI te GND) will produce typically only

10uV DC error. This error voltage is determined dir-
ectly from the ratio of the seurce resistance to the
"{solation" resistance (See Figure 14}.

1000V _ . ._g
= TETTﬁ = 107%

V,eross 1k = L ® Lkt = 107% x 10° = 10uvDC

The "isolation" capacitance from LO to GND is impor-
tant when AC common-mode signals are present. In
the Model 160B, this capacitance 1ls specified at 300
pF maximum, At a frequency of 60 Hz, 300 picofarads
has a reactance of approximately 10M&, With the HI
terminal driven and a source impedance of 1k, a
1000V p-p, 60 Hz, common~mode signal will produce a
voltage of only 100mV p-p across the Model 160B in-
put terminals. This 100mV p-p signal will be further
rejected by the input amplifier and A-D converter so
that the total rejection at the digital display is
at least 140 dB. At lower levels of AC common-mode
signals, the total rejection at the display is even
greater. For example, a 60 Hz, 100V p-p signal
should produce only about 1 digit error on the lmV
Range for a total rejection of apprex. 160 dB. {HI
driven, lk{ source impedance.) With both AC and DC
common~mode signals, rejection is much greater than
specified when the Model 160B LO terminal is driven,
rather than the HI terminal. Where there is a need
for even greater isolation from LO to power line
ground, or where there iIs a need to float at poten-
tlals greater than 1200 volts above power Lline ground
the Model 1688A Battery Pack should be used.
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Model 1602B Digital Output.

TABLE 3-6.
Specifications for Model 1602B Digital Cutput.

DIGITAL OQUTPUT: BCD open collector positive logic
represents each of 3 digits, overrange digit, over-
load, decimal position, and polarity.

FLAG (FLAG): Present for approximately 200 millisec-
onds during each conversion. No change in Digital
Output is made during this interval.

OUTPUT LOGLC LEVELS:

OQutput logic "1'" = open collector to output LO,

Output logic "0" = closure to cutput LO.

Qutput Device: 2N5089 or equivalent (greater than
25-volt breakdown, less than 0.5 velt while sink-
ing +15 milliamperes),

REMOTE CONTROLS:

Strobe: 6 lines for serializing in multiples of 4
bits. Logic "1™ inhibits contrelled output lines.

Output Hold: Logic “0" retains data from last read-
ing at Digital Qutput,

Display Hold: Logic "0" retains data from last
reading (escept for polarity and decimal) at
bigital Output and Display.

l

WARNING
The Madel 16028 Digital Output is not isolated from the 160B inpuc high and low.

FLAG/FLAC Reset: Transition from logic "1" to
logic "0" resets FLAG and FLAG for remainder
of conversion in process.

CONTROL LOGIC LEVELS:

Logic "i" z either an open circult or a voltape be-
tween +3,5 and +15 volts referenced to outpur LO.
Logic "0" : closure to output LO within 0.8 volt

while sinking +1 milliampere.

PRINT RATE: 5 readings per second.

ENVIRONMENT :
Operating: 0°C to 50°C, 0% to 80% relative humi-

diry.

Storage: -25°C to 70°C.

CONNECTDR: Output: AMP2(5209-1

DIMENSIONS, WEIGHT: Mounts instde 160B. Field in-
stallable with screwdriver. Adds .5 pounds (0,3
kg) to 160B,

POWER: Obtained from 160B. Consumes negligible
power.

ACCESSORIES SUPPLIED: Cutput mating comnector and
hood.

If the Model 16028 Digital

Qutput is installed the digital input/output lines will float at the same potential of the Model 160B input

high and low.
never be grounded while the Model 160B is floated.

4876

Any equipment connected te the Model 1602B must also float.
gent at the digital output lines if the Model 160B is floated above safety ground,

Hazardous voltapes could bhe pre-
The Model 1602B must
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FIGURE 16.

3-15., HOW TO USE MODEL 160238 DIGITAL QUTPUT.

a. General, The Model 1602B Digital Qutput provides
binary-coded decimal (BCD) outputs and several control
inputs. This accessory is avallable either “factory-
installed” or "field-inatallable'". The Model 1602B
consists of a single printed circuit board (PC~352)
with input and integrally mounted output connector,
and an output mating connector with hood.

b. Installation of Model 1602B. The Model 1602B
is installed internal to the Model 160B and is power-
ed by the Model 160B line operated power supply.

NOTE

It 18 not intended that the Model 1602B be
used simultanecualy with the Model 16884
Battery Pack. To use the Model 1602B, the
Model 1688A must be removed and set aside.
It is possible, however, for the user to
make his own wiring modifications so that
the Model 1688A Battery Pack can power the
Model 160B while located outside the Model
1608.

MODEL 160B

Exploded View of Model 160B/1602B.

Toe install the Model 1602R, turn the Model 160B over
sc that the bottom cover faces up. Locate and loasen
four slotted screws as shown in Figure 4. The screws
are "captive' and should not be completely removed.
Once the screws are loosened, hold top and bottom
covers together and turn Model 160B so that the top
cover 1la up. Carefully lift off the top cover and
disconnect the wires to the Analog Output. Locate lé-
pin receptacle J201 on the main circuit board (PC-349).
Plug the mating connector (P301) from the Model 1602B
into J201, after checking that pin numbers are corres-—
ponding. Locate 3-pin plug P208 on the main circuit
board (PC-349). Connect J303 from the Model 1602B to
P208. Be sure that the "A" of P208 lines up with the
"A" of J303. Place Model 1602B board on four spacers
with cables positioned as shown in Figure 17. Remove
digital-output cover plate from Model 160B top cover.
Place top cover back on instrument, after reconnecting
Analog Output wires. Turn instrument over and tighten
four slotted screws.

c. Pin Identification of Rear Panel Digital Qutput
Connector. The Model 1602B uses a 37-pin connéctor

(J302) to provide all input and output connections to

external equipment. Pine are identified as shown in

Table 3-7.

CAUTION

DISCONNECT I.INE CORD BEFORE OPENING
THE TOP AND BOTTOM COVER.
LINE VOLTAGE ON THE CHASSIS
REPRESENTS A SHOCK HAZARD.

16
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DIGITAL 0UTPUT
CONNECTOR J302

MODEL 1602B A
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FIGURE 17. Installation of Model 1lA02B,
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FIGURE 18, Rear Panel Digital Qutput Connector.

d., Output Data Lines, BCD (1-2-4-8) open-collector
prositive logic represents each of 3 digits, averrange
digit, overload, decimal position, and polarity.

1. Open-ceollector Output. The output data buffers
of the Model 1602B consist of CMOS NOR gates driving
individual "open-collector' transistors. A main
feature of open-collector outputs is the abllity to
interface with a variety of data processing equip-
ment types including printers and computers. The
open—collector output operates 1n either a saturated
(low-impedance) state or an open (high-impedance)
state, It 1s compatible with many types of logic
including TTL, DTL, RTL, and CMOS. The Model 1602B
output lines can operate at voltage levels up to
+20V, and hence can interface directly with CMOS
circults operating with +15V supplies. In most cases,
a pull-up resistor is needed to define the "open'
or logic "1" state. The value will depend on the
capacitive coupling among wires in the cable and to
other circuiltry external to the Model 160B/1602B,
For operation with 5-volt power supplies, a value
of 3k to 10ki is usually sufficient, and the mini-
mum value is about 3009, The Model 1602B printed
circuit board is designed so that pull-up resis-
tors can be mounted on the board itself (rather
than added externally). COne end of the pull-up
reslstors can then be connected to an external
power supply at pin 18 of the 37-pir output con~
nector (J302). The pec board spacing 1s designed
for 1/4 watt carbon resistors.

18

a). The open-collector configuration can be
used to connect multiple outputs to one Input of
a data-processing system. For example, if the
16028 1s interfaced to a 1l6-bit computer, the 3
BCD digits may be presented to a l6-bit data re-
glgter in the computer by setting lines 25, 5,
and 24 to logic "0" at a given time, If the DP,
overload, polarity, and 1 x 102 outputs are wired

TABLE 3-7.
Model 1602BR Connector Pin Identification.
Pin Pin
No. Name No. Name
1 Not Used 20 Not Used
2 Not Used 21 Not Used
3 DISPLAY HOLD 22 FLAG RESET
4 STRORE, ST-6 23 BCD HOLD
5 STROBE, ST-2 24 STROBE, ST-3
6 STROBE, ST-5 25 STROBE, ST-1
7 LO 26 STROBE, ST-4
8 DP-3 (100.0) 27 DP-2 (10.00)
9 DP-1 (1.000) 28 TLAC
10 FLAG 29 POLARITY
11 OVERLOAD 30 DATA, 1 x 103
12 DATA, 8 x 102 31 DATA, 4 x 102
13 DATA, 2 x 102 32 DATA, 1 x 102
14 DATA, 8 x 101 33 DATA, 4 x 10!
15 DATA, 2 x 10! 34 DATA, 1 x 101
16 DATA, 8 x 109 35 DATA, 4 x 100
17 DATA, 2 x 100 36 DATA, 1 x 109
18 EXT VOLTS 37 Not Used
19 Not Used - mmemm——————
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TABLE 3-8,
Model 1602B Qutput Connector Lines
{Grouped by Function)

Pin No. Name Pin No, Name
25 - STROBE 1 26 STROBE 4
36 1 x 100 10 1 x 103 (OVERRANGE)
17 2 x 100 11 ! OVERLOAD
35 4 x 100 29 ; POLARTTY
16 8 x 100 = P T - -
e 6 $TROBE 5
5 STROBE 2 10 FLAG
34 1 x 10! 28 FLA
15 2 x 10} 22 FLAG RESET
113 4 x 101 T mT ST m o e — s o s e
14 8 x 10! 4 STROBE 6
— - R 9 bP-1 (1.000)
24 STROBE 3 27 DP-2 (10.00)
32 1 x 102 8 DP-3 (180.0)
13 2 x 102 s R
1 4 x 102 23 : BCD HOLD
12 8 x 107 3 DISPLAY HOLD
18 EXT. VOLTS 7 LO
in parallel with some of the BCD-digit outputs, NOTE
the BCD digits will be unaffected provided lines During an overload, the numerical data pre-
26 and 4 are set to logic "1", At another time, sent at the Digital Output 1s "1777". This

lines 25, 5, and 24 may be set to logic "1, and

lines 26 and 4 to logic "0". This will present
the DP, overload, polarity, and 1 x 103 outputs
to the same 16-bit register.

b). When a particular 160B/1602B is being op-
erated, line 6 may be set to logic "0", enabling
FLAG and FLAG. When the data from this particu—
lar 160B/16028 is not of interest, line 6 may be

set to logic "1", which disables FLAG and FLAG.
Then, another device may use the same line for
interrupt or polling.

c). Since the data is in 4-bit or smaller
groups, all output data from the 1602B may be

sequentially connected to a 4-bit bus using the

same technique described above. This is useful

when interfacing to programmable calculators and
logle systems where bit-parallel, character-ser-

lal data transmission Is used.

2. BCD Digits, The 3 least-significant digits

of the numerical data are represented in BCD (1-2-

4~8) form, Each digit is individually contrelled
by a strobe line. A "high'" ocutput 1s equivalent
to logic "1".

3. Overrange Digit, Overlead, and Polarity.

These three lines are controlled by the same strobe.
The presence of the overrange digit is Indicated by
a "high" output. An overlocad condition 1s indica-

ted by a "low'" output, Fer polarity, '"+" 1s repre-

sented by a "high" output.

4. Decimal Point Lines. The three "DP'" lines
are controlled by a single strobe., The state of
these lines is dependent on the setting of the
Model 160B Range Switch; the data on these lines
is not latched. DPl is the decimal point to the
left of the "hundreds'" digit; DP2 is to the left
of the "tens'" digit; DP3 is to the left of the
"ones" digit.
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could be mistaken for a valid reading unless
the "Overload" line is used to signal an
overload condition,

e. Flag and Flag., The Flag line is high for ap-
proximately 200mS during a "normal" (no Flag Reset)
conversion cycle. The Flag line is low for approx-
imately 10mS. (See Timing Diagram for Model 16028,
Figure 19.) During the time that the Flag 1s high,
the data in the Digital Output latches 1s not changed.

1. TFlag Timing. The Flag 1is synchronized with
an internal signal from the Model 160B A-to-D con-
verter. This Internal signal, designated '"CN" for
"COUNT NOW'", is high for 2016 clock pulses and low
for 32 clock pulses. When '"CN" makes the transition
from high te low, the Flag also changes from high
to low. While "CN' is low, the latches in the Model
160B LSI circuit are updated and the counters in the
LST circult are reset.

2, Digital Output Latch Updating. "CN'" remalns
low for 3.3mS nominally. At the end of this time,
the data from the most recent conversion 1is present
in the outpur latches of the LSI circuit. This data
is presented to both the Model 160B display and the
Digital Qutput 1s multiplexed form. At the Digital
Output, the data must be demultiplexed. This is ac-
complished by having the 4 multiplex timing signals
(from the LSI ecircuit) enable the Digital Output
latches in sequence. Fach multiplex sipgnal is high
for 825uSec. nominally (8 cleck pulses). This means
that the Flag line must remain low for at least 4 x
825uSec., or another 3.3mSec, after "CN" goes high.
The Flag line {s arbitrarily set up to go low for
10mSec. nominally to make sure that the latches in
the LSI circuilt and the latches in the Digital Cut-
put are updated,

NOTE
The "DP" (decimal point) data is not latched
at the Digital Output. However, no change
in this data will occur during a conversiocn
unless the Range Switch setting 1s changed.
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EVENT*

i

CN
(INTERNAL __ 3*

“COUNT NOW"
SIGNAL)

|
[et—— 20T mS— - |
y— |
DIGITAL QUTPUT DIGITAL OQUTPUT
LATCHES UPDATED LATCHES UPDATED

F
|
I
|
|
|
i

EXPLANATION OF EVENTS*

1). Conversion cycle #1 complete. Latches in LSI circuit (in Model 160B) updated.

2). Digital Output latches updated with data from conversion #1. "Ftag" Tine goes
from "0" to "1",

3). "BCD Hold" goes low (after “Flag" line has gone high).

4). “Flag" line goes high. Digital OQutput latches still contain data from conver-
sion #2, because “BCD Hald" line is low.

5). "BCD Hold" released (after "Flag" line has gone high).

6).4 "Flag" 1ine goes high., Digital Qutput Tatches now contain data from conversion
#4,

7). "Flag Reset" goes from "1" to "0", causing the “Flag" to go from "1" to "0",

8). "Flag" Tine goes high even though "Flag Reset" Tine is still low. Digital Qut-
put latches contain data from conversion #5.

FIGURE 19. Timing Diagram for Model 16G2B.
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£. Qutput Control Lines. The Model 1602B has six
Strobe lines, a Flag Reset line, a BCD Hold, and a
Display Hold.

1. Strobe Lines. All data outputa are grouped
into 3- and 4-line groups. .Fach group is controlled
by a "Strobe'" line. Flag and Flag are also control-
led by a Strobe line. Logic "1" on a Strebe line
turns all the transistor "open-collector' outputs
off in a particular group. A logiec "0" on a Strobe
line enables the data teo determine the logle states
of the group. The groupings are indicated in Table
3-8, Section d (above) gives additional information
on open-collector outputs.

2. Flag Reset Line, Flag may be reset at any
time by setting Flag Reset to logic '"0"., The Flag
is reset by the transitlon of the Flag Reset line
from logic "1" to logic "0". The signal at the
Flag Reset line may be either a pulse or a level,
When a pulse is used, the pulse width should be at
least lyuSec. If a level is used, a logic "0" on
the Flag Reset line will not prevent the Flag from
going high when the next 'good data" is available,

3. BCD Hold. If this line 1s set to logic "O",
the data at the Digitral Output will not be updated
as conversions are completed. Flag will operate
normally, When BCD Hold Is returned to logie "1",
the Digital Output will be updated normally. New
data will be avallable beglnning with the next
logie "0" to logie "1" transition of the Flag.

The BLD Hold is not synchronized with a particular
point in the conversion cycle. When the BCD Hold
line is set to logiec "0, the "updating" pulses
to the Digital Qutput latches are blocked, 1If
the BCD Hold is agtivated during the time when
Flag 1s normally low, either none of or some of
the Digital Output latches will be updated. If
the BCD Hold is released during the time when
Flag is normally low, only some of the Digital
Output latches may be updated at the next Flag
high. For these reasons, the BCD Hold should

be activated and released only during the time
when the Flag is normally high (this 1s approx-
imately 200m8 regardless of whether Flag Reset

is used). The BCD Hold should be activated after
Flag has gone from low to high; the BCD heold
should be released after the Flag has gone firat
from high to low and then from low to high.
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NOTE

The BCD Hold has no control over the "DP"
(decimal point} lines. The logic states
of the data on these lines is determined
by the setting of the Model 160B Range
Switch. The Range Switch setting should
not be changed while the Digital Qutput
is 1n a "Hold mode".

4. Display Hold., This "Hold" line affects the
Model 160B LSI circuit directly. When this "Hold"

is applied, the numerical data present at the Model

160B display and at the Digital Output 1s not up-
dated as conversions are completed., The Display
Hold line is activated by a logic "0", When Dis-
play Hold 1is returned te logic "i", numerical
data at the display and Digital Output will be
updated normally.

The Display Hold is not synchronized with a par-
ticular peint in the conversion cycle. If the
Display Hold 1s activated during the time that
the Flag 1is normally low, numerical data from
either the most recent conversion or the conver-
sion previous to it may be retalned. A similar
situation can occur if the Display Hold is re-
leaged during the time when Flag is normally low.
The Display Hold should be activated after Flag
has gone from low to high; the Display Hold
should be released after the Flag has gone first
from high toe low and then from low to high. Un-
like the BCD Hold, it 1s very unlikely that ac-
tivating or releasing the Display Hold during
Flag low time would produce mixed data at che
display and Digital Cutput. If it does not
matter whether the retained data is frem the
most recent conversion or the conversion imme-
diately preceeding it, the Display Hold can be
applied arbitrarily. In any operating system
however, the Display Hold should be synchronilzed
in some way with the Flag.
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B)—n]

BRACKET
LEFT

MODEL 160B

—(@)

BRACKET
RIGHT

et |

[l———(D) PHILLIPS SCREW

INSERT MODEL 160B
THROUGH OPENING
FROM BACK OF PANEL

\_.

&

-y n

SUPPORT

SLOTTED
SCREW

FIGURE 20. Rack Mounting of Model 160B.

3-16. HOW TO RACK MOUNT THE MODEL 160B. The Model
1010 Rack Meunting Kit adapts the Model 160B for
standard 5-1/4 1in x 19 in. rack mounting, with 11 in.
depth behind the front panel.

a. Using two Phillips Screws (Item 7) attach Sup-
port Plate (Item 2) to Front Panel (Item 1).

b. Using four Phillips Screws {Item 7), attach
left and right side Brackets (Items 3 and 4) to Front
Panel (Item 1).

c. Using four Phillips Screws (Item 7) secure left
and right side Brackets to Support Plate (Item 2).

d. Assembly of rack hardware Is complete except
for mounting of Instrument.
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e, Rotate "handle" of Instrument so that handle 1s
toward rear of Instrument. {(Handle can be removed
completely if desired by separating top and bottom
covers. )

f. Remove two Slotted Screws (1-1/4 in. long) used
to hold top and bottom covers together near front
feet,

g. Posltion Instrument so that holes in bettom of
Instrument align with two front holes on Support
Plate.

h. Using two Slotted Screws {Item 5) and two Flat
Washers (Item 6) secure Instrument to Support Plate.

Tighten screws only enough to prevent lateral movement.
Do not over—tighten screws since damage to plastic feet

could occur.
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THEORY OF OPERATION

SECTION 4. THEORY OF OPERATION

4-1. GENERAL., This section contains information to
deseribe the Model 160B circuit operation, The cir-
cuits are arranged on a single mother board to faci-
litate troubleshooting and servicing.

a. The hasic digital velrtmeter consists of two
sections packaged together in one chagsis: 1) ana-
log amplifier {with shunt resistors for current meas-
urements and a current source for resistance measure-
ments), 2) analog-to-digital converter,

b. The analog amplifier is a variable-gain chopper
amplifier.

¢. The analog-to-digital converter is a charge-
balancing type cenverter with flve readings/second
conversion rate, BCD outputs and external control
options are available when used with the Model 1602B
Nigital Qutput Kit.

4-2. ANALOG AMPLIFTER CIRCUITRY. The analog ampli-
fier is shown in the simplified block diagram, Figure
21.

a. Voltage Amplifier. The amplifier has a full-
range sensitivity variable from 1 millivelr to 100
millivolts. Above 100 millivolts, the input signal
is divided down to either the 10mV or 100mV full-

range level (See Table 4-1). The signal !low path
can he described as follows: An input signal appliea
at the Input HI terminal is attenuated by a resistor
divider, The signal 1s filtered and applied to a
modulator circuit. The ac signal is then amplified
and demodulated. A final high-gain de amplifier pro-
vides a de signal for the Analog Dutput and A-te-=3
converter. A resistor divider teeds back a portion
of the dc output to provide overall gain accuracy

and stability,

1, Output Resistor Divider, This divider is
composed of resistors R160A, R160B, R1060C, and
R160D. These resistors are packaged together as
a single network, and the four resistors are matahed
to within 0.02% of une another (at approx. 23°C}.
This divider supplies dc feedback to the amplifier
input and sets up the three gains of the overall
amplifier: X10, X100, and X1000.

2. Imput Resistor Divider. This divider is male
up of resistors R1594A, R153B, and R159C,  These re-
sistors are packaged together as a single networz,
and the three resistors are matched to within .
of one another (at approx. 23°C). ({hey are matche
to within 0.05% with 1200 vDC applied.) This divi-
der attenuates 1V and 10OV signals to 10mV, and it
attenuates 10V and 1000V signals ro 100mV,

CHMMETER DIGITAL
CIRCUITRY DISPLAY

RANGE
SWITCHING

I ASD ‘
& ATTENUATOR AMPLIFTER ‘ ’! CONVERTER
-

CURRENT
SHUNT
RESISTORS

_———— -

OPTIONAL
DIGITAL
ouTPUT

— 1Y QUTPUT

FIGURE 21. Overall Block Diagram.
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TABLE 4-1,
Summary of Voltage Sensitivity.

Attenuator Amplifier Full-Range Amplifier Full-Range

Range Setting Sensitivity Gain DC Quiput
1 mv T - 1 v X1000 1 volt
10 mv — 10 mv X100 1 volt
100 m¥v - 100 oV X10 1 volt
1 v 1/100 10 mv X100 1 volt
10 v 1/100 100 mV X10 1 volt
100 V¥ 1/10,000 10 mV X100 1 volt
1000 V 1/10,000 100 mv X10 1 volt

3. Filter Network. Basically, the filter is a
l-section RC low-pass filter made up of Rll6, R117,
and Cl04. RI116 and R117 1in series have a nominal
registance value of 112kn. At 50 Hz, Cl04 (,5AuF)
has a reactance of approx. 6k}, and with the 112kQ
produces an attenuation of approx. 20 to 1. This

attenuation gives the Model 160B a normal-mode re-—
jection spec of 60 dB above 1 digit on the 100mV
range, as an example. '"60 dB above 1 digit" means
that the Model 160B can reiect a 100mV p-p, 50 Hz
aignal on the 100mV range with no more than a 1
digit error. 100mV p-p at 50 Hz would be reduced
to 5mV p-p at the output of the filter., This 5mV
p-p, after "chopping” and amplifying is enough to
caugse amplifier Ul04 to reach its maximum allowed
output level. A signal greater than 5mV at the
output of the filter causeg U104 to saturate. When
saturation occurs, gignificant DC error signals can
be produced at the cutput of the overall amplifier.

4. Modulator Circuit. This circuilt converts an
input dc signal to an ac signal with a fundamental
frequency component of approx, 220 Hz., The fre-
quency of 220 Hz was chosen because this frequency
is not harmonically related to either 50 Hz or 60
Hz. The circult utilizes a dual MOS-FET (Ql0Z2A
and Ql02B) connected in a seriles-shunt configura-
tion. This type of series-shunt modulater main-
tains high input impedance,

5. AC 4dmplifier. The ac amplifier uses a low-
noise Integrated circuit, Ul04, The amplifier feed-
back network provides a gain of approx. 2000 at the
modulating frequency of 220 Hz, while maintaining
a gain of 1 for amplifier (Ul04) dc offset voltages.

6. Demodulator Circuit. The demodulator is syn-—
chronized with the input modulator. A JFET, Q103,
with low on-resistance is used to alternately atten-
uate or pass the signal present at the output of ac
amplifier U104. The negative portiona of the 220
Hz ac signal are allowed to pass which produces a
"half-wave-rectified" negative dec signal at the in-
put to de amplifier, ULO5,

7. DC Amplifier, This amplifier is composed of
resistors R1Z8 and R129, capacitors Cl1l3 and Cll4,
and integrated circuit U105. The integrated cir-
cuilt provides sufficient gain to bring the total
open-loop de gain of the overall amplifier to a
minimum of about 20 million, The feedback capaci-
tor, Cl13 and Cl1l4 in series, was selected to give
a nolse bandwidth of approx. 0.5 Hz to the overall
amplifier when it is used at a closed-loop gain of
1000. The integrated circuit, ULO5, must be capa-

ble of driving the feedback network (R160A, B, C,
and D), the A-to-D converter, and the Analog Qutput
to 2 VDC.

8., Modulator-Demodulator Drive Circuit. CMOS
inverters, U1lQ3A and ULO3B, provide opposite phasge
square waves used to drive MOS-~FET modulator tran-
sigtors (l02A and QL02B. Inverter Ul03B alsoc pro-
vides a drive signal for demodulator JFET Q103.
Registors R121, R122, and R123, and capacltors (108
and €109 affect the rise and fall times of the
square~wave drive signals. R121 adjusts the rise
and fall time of Ql0ZA only, so that the total
charge, both positive and negative, transferred to
the input can be minimized., Any net charge at the
input creates a current, which in the Medel 160B
is specified to be less than +10pA. The frequency
of the drive signal 1is determined by the clock cir-
cult and LSI U201. Clrcuityy in LSI U201 divides
down a nominal clock frequency of 9680 Hz to pro-
duce 220 Hz.

9, Offset Current Zero Circuit. See Section
4~2a8.

10, Front Panel Zero. The voltages acrosgs po-
tentiometer R114 are set-up by a stable zener re-
ference dicde, VR101, and an IC op-amp, Ul02,

These voltages are approximately *+2 ¥DC, which give
R114 an adiustment range of approximately 450uVolts.
A typical Model 160B has an internal offset of about
-100uvolts in the chopper amplifier. Hence, adjust-
ing the Front Panel Zero from end to end will typi-
cally produce about +125uVolts and -325uVolts. This
"extra" adjustment at the negative end of the range
allows sizeable positive offsets to be compensated
for, as is the case when the Zero 138 used for test
lead compensation on the low-ohms Ranges. 200mQ of
test lead resistance will produce +200uVeolts of zero
offset, which can be "bucked out" by the Zero con-
trol. (See also Section 3-5d). Zeroing of the
chopper amplifier output is actually accomplished

by having the "“Zero' circuilt either source or sink
whatever current is present in feedback resistor
R160D. For example, an offset voltage of -111uV on
the feedback line produces a current of -luA 1in re-
sistor R160D (111.135Q). A veltage of -1luVolt at
the wiper of Zero potentiometer R114 will produce

an equal current of -lpA 1n resistor R115 (1M@Q).
With this zeroing scheme, for the chopper amplifier
output to be at zero, the voltage at the feedback
line will always be offset from the voltage at the
input by a constant, say for example, -11luVolts.
(The feedback line connects to the }unction of R160C
and R160D).
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ANALOG AMPLIFIER

AC AMPLIFIER DC AMPLIFIER

INPUT HI

>__‘ ATTENUATOR MODULATOR DEMODULATOR 5}

INPUT LC
RANGE
SWITCHING

FIGURE 22. DC Voltage Operation.

‘ Iohms S [ I .

INPUT HI
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FIGURE 23, Resistance Operation.

—_———

INPUT HI
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FIGURE 24, Current Operation.
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b, Ammeter Circuitry. Currents are measured with Vout (amp.) = ~Vref + Vfb
the Model 160B by shunting resistors across the input Vyep tV
of the analeg~amplifier. The resistors used for the -(-100mV) + Vi,
current ranges are R13% through R146 (and R163). +100 mV + Vi,
Table 4-2 shows the value of the shunt resistor and
the analog amplifier full-range sensitivity for each ilence, the output voltage of the differential ampli-
current range of the Model 160B. On the "high-cur- fier is equal te the input voltage, whatever that
rent" ranges {(100pA through 1000mA), where the value may be, plus a positive voltage of 100mV. This
of the shunt resistor is low, the analog amplifier +100mV and a series resistor set up a fixed refer-
senses the voltage drop right at the resistor. On ence current,
the "low-current' ranges (lOnA through 10uA), the
analog amplifier senses the voltage drop at the Model 3. Current Setting Resistors. Table 4-3 lists
160B L terminal. To approximately determine the the Model 160B Resistance Ranges, the series resis-—
total input resistance of the Model 160B on the high- tors, the currents which are set up, and the analog
est current ranges, add 0.17 internal wiring resis- amplifier sensitivity at full-range.

tance to the value listed for the shunt resistor
(Table 4-2). Dicde network CRLO8 and fuse F101l pro-
vide over-current protection en the lpA through 1000mA
ranges. The diode network will not allow the input
voltage to exceed approximately 1.5 volrs for currents
up to 3A, thus protecting the shunt resistors. For
currents above 3A, the fuse will open. On the 10nA

and 100nA ranges, the shunt resistors by themselves TABLE 4-3.
can withstand 250-veolt overleads. Summary of Resistance Ranges
TABLE 4-2. Serdes Amplifier
Summary of Current Sensitivity Range Resistor Current Sensitivity
Shunt Amplifier amplifier L ow 100 o L ma 1 my
Range Resiscance Gain Sepngitivity 10 4 100 o 1 mA 10 mv
100 & 100 0 1 mA 100 mv
10 na L M0 X100 10 mv L ka L kp 100 ua 160 mv
100 na 100 Ko X100 10 mv 10 kg 10 kg 10 pA 100 my
1A 10 K0 X100 10 mv 100 kG 100 ko L pA 100 mv
10 uA 1 Kg X100 10 mv L Mu 1 Mg 100 nA 100 mv
100 uA 100 o X100 10 mv 10 M2 10 My 10 nA 100 mv
1 mA 10 0 X100 10 mv 100 MQ 100 MG 1 nA 10CG mv
19 mA 1 o ¥100 10 mv 1000 M% 1000 Mu 100 pA 100 mv
100 ma 0.1 @ X100 10 mv
1000 mA 0.1 X10 100 mv 4. Overload Protection. When a positive over-
load voltage up to +250 VDC is applied to the Model
160B input terminals, CR10Ll {is reverse biased and
¢. Ohmmeter Circuitry. This circuitry provides a prevents damage to IC amplifier, Ul0l. Current flow
number of fixed currents by using a stable woltage re- from the +250 VDC source Ls through a current set—
ference, a differential voltage amplifier, and a ser- ting resistor and R102, RI102 has a value of 499k3
ies resister. The circuit is also protected against which prevents excessive currents in the low-value
voltage overloads of 250 volts at the Model 160B in- current-setiing resistors. When a negative over-
put terminals. load voltage up to -250 VDC is applied to the input
terminals, Ql01 is biaged to limit the current to
1. Voltage Reference. An adjustable divider made approximately ZmA. Maxinum current pessible from
up of resistors RL0S, R106, and R107 provides an QL0l and R102 at -250 VDC is approximately 2.5ma,
output of approximately -100mV from a stable zener which 1s low enough to protect the low-value current
reference, VR101l, This divider is connacted to the setting resistors. (106 has a normal diode drop for
inverting input of the differential voltage ampli- positive overloads, and an approximate -6V zener
fier. (The divider is actually adjusted so that the drop for negative overloads. It protects the input
amplifier ourput is an accurate +100mV when the in- of U10L.

put terminals of the Model 160B are shorted.)
4-3. ANALOG-TO-DIGITAL CONVERTER. The analog—to-

2. Differential Voltage Amplifier. This ampli- digital converter includes the following circuits:
fier cireuit includes UL01, resistors R102, R1G4, an "absolute-value” circuit, a polarity detector, an
R108, RLO%, R1L0, and protection circultry. The integrator and threshold detector, an LST circuit, a
resisrvors and IC op~amp are connected as a unity clock, an LED display, and display drive clrcuitry.
gain differential amplifler; resistor R110 adjusts
the gain accuracy. The inverting input of the cir- a. Absolute-value Circuilt. This eircuit produces
cuit is connected to a reference voltage, The non- a positive DC output voltage regardless of the polar-
inverting input is connected to the feedback volt- ity of the input voltage. The relationship is defined
age of the analog amplifier, Because the feedback by:
voltage is equal to the input voltage of the analog
amplifier to a high degree of accuracy, the follow- Vour = k IVinJ
ing relations hold: where k = +1
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R162A,R134

ANALOG SIGNAL R162H,B
—& \ TO POLARITY INDICATOR LOGIC

1V = FULL RANGE /Eigf//f

¢

R162F,G

TO A/D CONVERTER

FIGURE 25. Absolute Value Detector.

Actual operation is as follows: A positive dc voltage
at pin 12 of R162 produces an equal dc veoltage at the
output of ULC7, and alse causes the cutput cof UlD6 to
go negative. When this happens, CR105 1Is reverse
biased, and UlO7 is effectively isolated from the ac-
tion of UlO6. A negative dc voltage at pin 12 of R162
causes the output of Ul06 to go positive; the output

of Ul06 must go sufficiently positive to forward bilas
CR105 and drive the input of ULl07. In this situation,
U107 and Ul06 together functilon as a two-stage invert-
ing amplifier. The gain of this inverting amplifier

is accurately set to -1 by internal adijustment R134
("-DC CAL™) and resistors R162A, B, and H. RL353 ("RECT
ZERC") sets the zero offset voltape of ULD6 equal to
-1/2 the zero offset voltage of UL07. (Thus, the zero
offset is the same for both positive and negative dc
signals, and this zero offset can be compensated for
with the "DISPLAY ZERO", R136.) Capacitors Cl15, Cllé,
Cl17, and Cl18 provide filltering of AC components pre—
sent in the input signal.

b. TPolarity Detector. The polarity detection cir-
cult uses twe transistors, ULO8C and Ul08D, of an IC
transistor array. These translstors are used as a
simple differential-voltage amplifier with one output
connected to power supply common. A positive-going
output of ULD6 causes the collector of transistor
U108 to go negative. When this happens, Q206 is
shut off, and the "+" segments of display DS201 are
also shut off. A negative~going output of U206 causes
he base of transistor Ul08D to be clamped at approx-
imately -0.7V, which shuts off the collecter current
of Ul08D. As a result, the voltage at the collector
of ULCBD geoes to a level of approximately +).7V, which
is sufficient to drive Q206 Iinto saturation and turn
on the "+" segments of NS201.
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c. Integrator, Thresbold Detector, and [.51 Cireuir,
These circuits make up the heart of the analop-to-
digital conversion process. The actual conversion
technique is based on a charge-balancing principle.

A block diagram of the basic converter action is
shown in Filgure 27, A positive voltage at Rlé6la causes
the output of amplifier Ul09 to go negative; the rate
of change of this output is a function of the input
voltage, resistors R161lA, B, and capacitor Cl20. The
negative-going output of Ul09 causes the threshold
detector (amplifier UL10) output to change to a pesi-
tive level. A positive level represents a '"1'" at the
J input of the J-K flip-flop (the K input is a "0" due
to the inverter)., The charge and discharge pericds
for the integrater are determined by the state of the
Q output of the J-K flip-flop. When the @ output is
high, diode UlO8A is reverse blased, and the integra-
tor can only be charged by a voltage from the Abso-
lute=-value Circuit. When the  output is low, diode
UL0BA is forward biased, and discharge of the inte-
grator occurs. Because Q@ and 6 states can be changed
only when a clock pulse is present, the charge and
discharge periods are also a function of the clock
frequency, The overall a-to-d converter operates in
a free-running manner, but the timing period for a
conversion is set at 2016 counts, The reading at the
display is derived by counting the number of clock
pulses in all the discharge perieds during a span of
2016 clock pulses. This selective counting is ecasily
accomplished by an AND gate, as shown in Figure 27.
The reference current is adjusted so that a voltage
of +1V at the integrator input (R161A) produces a
total discharge period contalning 1000 cleck pulses,
For R161A and R161B each havipg a value of lk.., the
reference current must be adjusted te a value of ap-
proximately lmA to produce the proper conversion dc-

ra
~d



THEORY OF OPERATTION MODEL 160B

MULTIPLEX
TIMING
CIRCUITS OUTPUT

CLOCK

[r—rrrrm—rre——a———

BCD MULTIPLEX 7 SEGMENT

CS = A/D

THae  CONVERTER COUNTERS LATCHES CIRCUITRY DECODER

DISPLAY
QUTPUTS

'

TO
DISPLAY

FIGURE 26. LSI Black Diagram.

INTEGRATOR | 1ypesioLn LSI CIRCUITRY
DETECTOR |
|

R161A R161B
A-V CIRCUIT

FIGURE 27, A/D Converter Diagram.
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IDENTIFICATION OF MULTIPLEX LINES

THEORY OF OPERATILON

dp @

IDENTIFICATION OF SEGMENTS

FIGURE 28, Identification of Segments and Multiplex Lines.

curacy. Once the reference current is set, an input
of 250mV is represented as 250 counts out of 2016,
and 1.999V is represented as 1999 counts out of 2016,
An input of 2V or greater causes the 3 least-signi-
ficant digits to blank.

NOTE

One complete conversion cycle is 2048 counts,
The BDC counter is able to count to 2016 be-
fore it is stopped. During the remaining 32
counts, the information in the BDC counter is
transferred into latches, and then the BCD
counter is reset to zero. 2048 counts at a
clock frequency of 9680 Hz results in a total
coenversion time of approximately 0,21 seconds
(which is equivalent to about 5 readings/sec.).

d. Clock, The clock circuit makes use of an IC
timer, U202, hooked up for astable operation. Resis-
tors R205 and R206, together with capacitor €201, set
up a non-symmetrical square-wave with a nominal fre-
quency of 9680 Hz and a duty cycle of about 5%. Q201,
along with R202, R203, and R204 is used to {nvert the
cutput of U202.

e. Display. The Model 160B digital readout is
made up of three LED seven segment displays (DS202,
D5203, and DS204) and one LED "+1" display (DS201}.

L. Display Multiplexing. The LED displays are
multiplexed to minimize the number of Interconnec-
tions, simplify the drive circuitry, and reduce
power consumption. The timing for the multiplexing

0376

is determined by the LSI circuicr, U201, and is sec
up such that each multiplex line is high for 8
clock pulses (approximately 8251Sec.) and low for
24 clock pulses. The four multiplex lines are de-
signated as T0, T1, T2, and T3, and each line con-
trols an LED display (Sece Figure 28). Circuit opera-
tion during a particular multiplexing interval, say
TO, is as follows: When TO 1s high, the output of
U203A is low. This produces a current in R218B of
approximately 10mA which is sufficient te drive
Q202 into saturation, and effectively connect DS201
to the +5V power line. Simultanecusly, the LSI
circuit supplies the correct digital informacion
for DS201 to the display segment drivers. The same
circult action then occurs during the other multi-
plexing intervals --- Tl, T2, and T3.

2. Display Drive. The display drivers are de-
signed to handle a variety of LED common-anode dis—
plays., Because 'constant-current” drivers are used,
displays with different voltage drops per segment
can be driven without changing the circulit power
consumption. The drivers take the same current
from the +5V power supply regardless of whether
the display segment drop is 1V or 3.5V. Actual
operation of a particular segment, segment A for
example, is as follows: Whepn the “"A" line of LSI
¢ircuit U201 is high, then the open-collector out-
put of buffer U204A 1s shut off. As a result, the
voltage at pin 5 of resistor network R217 is approx-
imately +1.3V, which is alsc the veoltage at pin 9
of transistor array U205. Assuming a base-to-em-—
itter voltage of 0,7V, then the voltage at pin 10
of U205 is approximately +0.6V; this voltage gener-—
ates a 15mA current in the 40Q emitter resistor.
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When the "A" line of U201 is low, then the output
of U204A is also low, and the transistor current
source (pins 9, 10, and 11 of U205) controlled by
U204A is shut off., Transistor 0207, and its assoc—

iated circuitry duplicates the operation of the other
The "decimal point"

six transistor current sources.
lines of DS202, DS203, and DS204 are controlled by
the Range Switch, and the currents for the decimal
points are determined by R209, RZ10, and R211,

4~4, POWER SUPPLY. The Model 160B uses either line
power or battery power (when the Model 1668A is in-
stalled).

a. Line Power. Transformer T20] has two tapped
primary windings which are connected 1n series or in
parallel depending on the position of line switches
5201 and $202. Fuse F20l is in series with winding
4-5-6 For all settings., Fuse F202 is connected only
when winding 1-2-3 is connected in parallel wirth wind-
ing 4-5-6. The secondary of T201 has two tapped wind-
ings. The lower taps (11 and 10; 8 and 7) are used
in line mode. The upper taps (12 and 10; 9 and 7) are
used in charge mode.

1. 45V Supply. In LINE operation, the ac velct-
age between transformer leads 10 and 11 is full-wave
rectified by CR203. The filtered full-wave dc volt-
age (approximately 10V) is regulated by integrated
circult U207. The output regulated voltage is 5V
+5%.

MODEL 160B

2, ~12V Supply. In LINE operation, the voltage
between transformer leads 7 and 8 is full-wave rec-
tified by CR204, The filtered full-wave de voltage
{(approximately 18V) 1s regulated by integrated cir-
cuir U208, The regulated output voltage is -12V
+5%.

b. Battery Power, When BATTERY mode is selected,
the Model 1668A Battery Pack is connected into the in-
puts of U207 and U208 while the line veltage is dis-
counected at the secondary. The 8.4V batteries pro-
vide input power for the +5V supply. The 16.8V bat-
teries provide input power for the -12V supply. Bat~
tery test peint A provides a measurement of the 16.8V
battery supply with respect to power supply low.
Therefore, the voltage measured is the difference be-
tween the battery supply and the -12 volt output which
is approximately +4.8 volts. Battery test point B
provides a measurement of the 8.4V battery supply.

¢, Battery Charging. In the Charge mode, the 8.4V
batteries are connected between the output of CR203
and the input of U207. To accommodate the batteries
In series with the regulator (U207), one AC input of
CR203 is switched to a higher voltage tap (pin 12) on
transformer T201, The 16.8V batteries are connected
between CR204 and U208, and CR204 is switched to pin
9 of T201l. Actual charging of the 8.4V batteries is
accomplished by the current pulses in filter capaci-
tor C203; charging of the 16.8V batteries is by cur-
rent pulses in C206,

TABLE A~4.
Pin Tdentification for LSI

Pin i Pin [

No. | Desig, Function ; Voltage Levels No. Desig.i Function Voltage Levels
1 f ? Segment drive ' +5V = ON, OV = OFF 15 dp } Decimal peoint +5V = ON, OV = OFF
2 a E Segment drive +5V = QN, OV = OFF 16 t44 é
3 TL E Multiplex line +5V = ON, OV = OFF 17 0 { Multiplex line +5V = ON, OV = OFF
4 | T3 ! Multiplex Line _h3V = ON, OV = OFF 18 F1 Not Used —-—

5 1 Hown | i‘ 19 | F4 % ot Used R
6 | MR { Not Used g —— 20 | o4sy ; Power, +5V | +5v
7 TH Threshold input : +5V or -12V 21 ~12V E Power, -12V | ~12V
8 | c1x | Clock Approx. 10kHz, +5V to —12V| 22 | COM | Common or "LO" | OV

g | b . Segment drive  +5V = ON, OV = OFF 23 | e

10 a Segment drive | #5V = ON, 0V = CFF 24 i T2 | Multiplex line +5V = ON, OV = OFF

11 | 4 Segment drive . 45V = ON, OV = OFF 25 i R4 Not Used ——-

1z e Segment drive +5V = ON, OV = OFF 26 1 R1 Not Used -—=-

13 I Segment drive +5V = ON, 0OV = OFF 27 | R2 Not Used ———

\
L4 Cs Current Switch i+5V = integrate mode 28 l F2 Not Used -———
| |
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4-5, MODEL 16028 DIGITAL OUTPUT. The Digital Output
includes a seven segment-to-BCD converter, latches
for demultiplexing, output data buffers, a timer to
set up the Flag, Flag Reset circuitry, and other sup-
porting circuitry. It is made up primarily of CMOS
logic circuits. -

a. Seven Segment-to-BCD Converter. This converter
uses one Hex Inverter (U30l), three Quad 2-Input NOR
gates (U302, U303, and U304), and one Dual 4-Input
NOR gate (U305). The converter logic takes the multi-~
plexed seven-segment data directly from the LSI cir-
cuit in the Model 1608. The output of the converter
is a multiplexed BCD code. This code 1s supplied to
the inputs of "D-type" latches for demultiplexing.
When all inputs te the seven—segment converter are
low, as occurs when the Model 160B is in an overlead
condition, the converter output 1s a BCD "7,

b. TLatches. To demultiplex the BCD data for the
"onas', "tens", and "hundreds" digits, three Quad
Clocked "D" latches are used (U310, U311, and U312).
U310 is enabled during multiplex interval "T3", U311
during "T2", and U312 during "T1". The Overload and
Polarity lines are latched by Dual 'D'-Type Flip-—
Flop, U308; this flip~flop iz enabled during "TL1".
The 1 x 10é (Overrange) line is latched by one sec-
tion of Dual 'D'-Type Flip-Flop U309, and is enabled
during the "T0" interval, All the "T'"-line signals
are inverted by a Quad 2-Input NAND gate, U307-A, B,
C, and D. Then the inverted signals are shaped into
pulgses by R-C networks (1Ck$l and 470pF). In the Quad
Latches, data is transferred from input to output
while the enabling pulse is low; latching occurs on
the positive-going edge of the pulse. In the 'D"
Flip-Flops, data is transferred from input to output
only during the positive-going transiticn cf the
enabling pulse.

c. Qutput Data Buffers. The data buffers consist
basically of five Quad 2-Input NOR gates (U314 through
U318) driving twenty open-collector NPN transistors
(301 through (320). The 10k resistors in series
with the transistor bases are located in thick film
resistor networks. The output transistors have a
very high current gain {400 minimum at 10mA collector
current); this allows them to be driven into satura-
tion even at the low base currents that the CMOS NOR
gates can supply. (The ocutput data lines are speci-
fled to be at a voltage level less than +0.5 volt
while sinking +15 milliamperes.)

d. "Strobe" Circult. One Hex Buffer, U313, is
used to control five groups of data lines, and also
to control Flap/Flag. A particular "strobe" circuit
includes a diede, a 10k& "pull-up" resistor, and a
CMOS Buffer gate. The diode is used to allow volt-—
ages up to +15 volts to control the "strobe” circuit.
The output of a particular Buffer gate drives one 1n-
put of each 2Z-Input NOR gate in a particular output
data group. A logic '"1" at the input of a "strobe"
circult produces a logic "1" at one input of a NOR
gate; this produces a logic "0" at the output of the
NOR gate, regardless of the logic state of the data
at the other Input of the NOR gate. A logic "0" from
the NOR gate shuts off the output transistors.
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e. Timer Circult (for Flag/Flag). The timing cir-
cuit for tle Flag uses a monolithic bipolar integra-
ted circuit, U306. This "timer" is hooked up to op-
erate in a meonestable mode, It is triggered by the
negative-going edge of the "CN'" (or "COUNT NOW'") wave-—
ferm. (The "CN" signal is generated in the LSI cir-
cuit of the Model 160B, and its negative-poing cdge
indicates that the counting cycle for a particular
A-to=DI} conversion is complete.} Once the "timer" is
triggered, lts output remains at logic "1" for a per-
iod of time determined by R301 (100Qk:} and €301 {J.1
pF} = in this case, 10mS. The 1Cm§ high tvime allows
the latches in the Model I508 LSI circuit to be up-~
dated and the latches In the Digital Output to be
updated. The "timer" output goes ro other circultry
which is controlled by the Flag Resetr Line.

f. Flag Reget Circuit. The Flag Reset circuit
uses three gates out of a Quad Z-Input NAND gate,
U319, and one "D" Flip-Flop out of a Dual '5’-Type
Flip~Flop, U309. This circuit allows Flay (Flag)
to be reset at any time when Flag (Flap) is at logic

"1'" (logic "0"), Operation is as follows: When

Timer U306 is triggered by "CN" (See Section e abowve)
its cutput goes to logic "1". A lopic "1" at the 51
input of U309 sets Ql of U309 to logic “I". @1 con-

trols the output of NAND gare U319B. Wwhen QL is ac
logic "1'", U319B re-inverts the inverted output of
Timer U306, so that the Flag signal is present at

pin 4 of U319B. When Ql is ar logic 0", the outr-—
put of U319B (pin 4) is high regardless of what the
Timer i{s doing. Q1 is set to logic "0" by a sipnal
on the Flag Reset line. A high-to-low transition on
the Flag Reset line produces a low-to-high transition
at the Cl {cloeck) input of U30D9. When this occurs, a
logic "0" is transferred from the Dl (data} input of
U309 to the Q1 output. (L€ "Flag" is high at this
time, it immediately goes low). (L is reset to a
logic “1" when the output of the Timer gues high again,

g. BCD Hold. This Hold circuit is activazed by a
logic 0" at pin 23 of the 37-pin Digital Output con-
nector, J302. The Hold remains in effect as long as
the logie "0" 1is present. A logic "D' at pin 23 puts
a logic "0" at one Input of each gate in the Quad 2-
Input NAND gate, U307. With a logic "0" at one inpurt,
each NAND gate output is high regardless of the sig-
nal at the other Input. By this action, the "T-line’
signals are prevented from enabling the Digital out-
put latches., Once the BCD Hold ls activated (afrer
the Flag line has gone high), the data from the most
recent conversion can be retained in the [Digital Out-
put latches indefinitely (until the BCD Hold is re-
leased}. See also, Section 3-15f3, "BCD Hold".

h. Display Held, Display Hold is activated by a
logic "0" at pin 3 of the 37-pin Digital Output con-
nector, J302., NAND gate, U320-D, inverts the sense
of the centrol signal. This inverted signal then
goes to the LST circuit in the Model 160B, where it
prevents the LSI circuit latches from being updated.
The numerical data at the Model 160B displav and at
the Digital Output will remain unchanged as long as
the correct contral signal level (logic '"0"} is pre-
sent. 3See also, Secticn 3-15f4, "Display Hold'".
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SECTION 5. ACCESSORIES
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MODEL 1601 AC-DC PROBE

GENERAL. The Model 1601 is a combination ac-dc probe MECHANICAL PARTS LIST:
that enables the user to measure voltages from 45 Hz Item Keithley
to 45kHz when used with the Model 160B. The slide No. Degscription Part No.

switch (5101) can be used to select either AC mode

or straight~through DC Mode, 1 Tip 24654B
2 Body, Front 24856C
SPECIFICATIONS: 3 Body, Rear 24655¢C
4 Strain Relief 186768
DC Mode: Straight~through probe does not alter any 5 Cable, Ground (13" long) SC-33
Model 160B specifications except: 1) 150 pico- 6 Clip, Alligator (Ground) AC-10
farads input capacitance 2) 0.5 ampere maximum 7 Insulator (Black) AC-11
current 3) 0.3 ohms resistive offset 4) +20 micro- 8 Cable (40" long) 50-30
velts thermal offset. q Strain Relief 186768
10 Can Shield 25128A
AC MODE (Voltage only):
RANGE: 250 volts rms maximum.
TRANSFER ACCURACY: 3% of reading, *0.1 volt, 45
Hz to 45kHz into a 1OMR +x10% load. Peak respond-
ing, calibrated in rms of a sine wave.
INPUT IMPEDANCE: 0.5 megohm, shunted by less than
20 picofarads.
MAXTMUM OVERLOAD: ©Peak ac plus de must not exceed
400 volts,
CONNECTOR: Shielded Banana Plug,
DIMENSIONS, WEIGHT: 6 in. long x 3/4 in. dlameter
(150 x 20 mm), 3 fr. (1 m) cable, net weight 1/4
pound (0,1 kg).
MATNTENANCE:
Since the probe assembly should provide good service
with normal handling no maintenance i3 usually nec—
essary. The probe body (Ttems 2 and 3) 1s fastened
together at the factory using a special golvent,
Therefore the probe should not be disassembled, If
repalr is necessary, contact the Kelthley Represen-
tative in vour area.
ELECTRICAL PARTS LIST: (See schematic 24669C)
Clrecuit Mfr. Mfr. Keithley
Desig. Description Code Part No. Part No.
J101 Banana Plug (2 req'd) JOHN 108-750-2 BG-3
S101 Switch, AC-DC KI Speclal SW-334
c101 Capacitor, 0.047yF STAND M2W-1-0,047uF Cl97-.0&47M
Cc10z Capacitor, 0,1 uF POT MWLlA-0O.1puF C86~.1M
D101 Transistor, NPN, Case T0-106 FAIR 2N3565 TG-39
D102 Transistor, NPN, Case TO0-106 FAIR 2N3565 TG-39
D103 Diode MOT 1N4006 RF-38
R101 Resistor, 3.92 MQ, 1%, 1/4W, CbF DALE DC-1/4=3.92M R178-3.92M
R102 Resistor, Selected 1in Test* IRC CEA-TO-* R88-*
R103 Resistor, 1 M, 0.1%, 1/8W, MtF DALE MFF~-1/8-1M RL79-1M
R104 Resistor, 100 i, 10%, 1/4W, Comp OHM CB-101-10% R76-100
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Model 16B8A Rechargeable Battery Pack

Description: The Model 168BA is a field-installable
rechargeable battery pack for use with the Model 160B.
The Model 16884 includes seven ™ nickel-cadmium "C" cells
and one 16,8V nickel-cadmium pack.

Specifications:

Operate Time: Continuous cperation of Model 160B
from full charge is € hours minimum.

Recharge Time: 1-1/2 hours per hour of discharge
{fully charged within 12 hours).

Added Weight: 2 pounds (1 kg).

Added Power When Charging: 4 watts,

Fused for 1 ampere,

Storage Temperature: =-25°C to +45°C

1BBBA BATTERY FACK [
KE1ITHLEY

o=

Model 1683 Universal Test Lead Kit

Description: The Model 1683 is a set of flexible test
leads, 40 in. (1 m) in length, with interchangeable

screw-on adapters. e
- e —
Contents:

Qry. Description -
2 Test Leads, 40 in. (lm) 1 red, 1 black -

4 Alligator clip adapter —

4 Banana plug adapter p— i

2 Probe, 1 red, 1 black e —

2 Spade lug adapter —

2 Phone tip adapter —

———

Model 1600 High Voltage Probe

The Model 1600 High Voltage Probe may be used with a
voltmeter havinga nominal input resistance of 16 megohms
in the dc volts function. The division ratio is 1000

to 1. The maximum voltage which can be measured is

40 kilovolts,

VOLTAGE RANGE: 0 to 40,000 volts dec.?
INPUT RESTSTANCE: 1000 megohms.
DIVISION RATIO: 1000:1.

RATIU ACCURACY (WITH 10M: LOAD): +1.5% at 25kV, decreasing to
+2.0% at 20kV and 30kV,
+3,0% at 1OkV and 40kV, and
+4.0% at  1lkV.

RATIQ STABILITY: 0.01% per °C, :0.1% per year.

HEATING EFFECTS: Self-heating due to application of high voltage for periods in excess

of 1 minute will cause a maximum of 0.2% additional error at 40kV (error is less at
lower veltages).
ENVIRONMENT: 0°C to 50°C, 0% to 80% relative humidity up to 35°C. Storage: -253°C to
jgec.
DIMENSIONS, WEIGHT: 3 in. maximum diameter x 15-1/4 in. long (76 x 387 mm), 4-1/2 ft.
(1,4 m) cable and ground clip lead to banana plug. Net Weight: 12 oz. (341 g}.
*Ac response atr 1lkV is flat within *10% from 20 Hz to 120 Hz. Division ratio is depen-
dent en input impedance of multimeter used.
R R e
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Model 1682 RF Probe

Description: The Model 1682 is an accessory probe Contents:

which adapts the Model 160B foy measurements to L00MHz.

Specifications:

Transfer Accuracy: 5%, 100kHz to 100MHz (20°C -
30°C), useable lkMz to 1GHz peak responding, cal-
ihrated in rms of a sine wave,

Input Impedance: 4 megohms shunted by 2 plcofarads.

Max. Allowable Input: 30V rms ac, 200V dc.

STRAIGHT TIF

Qty.

Description

1

Y e )

RF PROBE

STRAIGHT TIP

HOOK TIP

GROUND CLIP

HF ADAPTER

BANANA PLUG ADAPTER (Not used with Model 160R)
12Mii RESISTOR

GROUND CTLIP ATTACHES HERE

w
k ‘ HOOK Tip

HF ADAPTER

DUAL BANANA PLUG

Hi

Lo

MODEL 1682 RF PROBE

34

FROUND CLIP
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SECTION 6. MAINTENANCE

6-1. GENERAL. This section contains information nec-— a. Battery Check. (With Model 1688A Battery Pack

egsary to maintain the instrument. Included are pro- installed}.

cedures for electrical Performance Checks, €Calibration,

Troubleshoeting, and Battery Replacement and Charging. 1. Check for proper ingtallation of individual
cells in the battery pack making note of polaricy

6-2. REQUIRED TEST EQUIPMENT. Reccmmended test equip- of cells as shown in Figure 6.

ment for checking and maintaining the instrument is

given in Table 6-1. Test equipment other than recom- 2. Set Power Switch to "BAT".

mended may be substitured if specifications equal or

exceed the stated characteristics, 3. Connect Voltmeter (A) between test point "B
and LO to verify the '""C'-cell 8.4 volt supply. CLon-

6-3, PERFORMANCE VERIFICATION. Use the following pro- nect Yoltmeter (A) to test point "A" to veriiv the

cedures to verify basic operation of the instrument. "Button"-cell 16.8 volt supply. Voltage readings

All measurements should be made at ambient temperature at each test point should be in accordance with

of approximately 25°C and relative humidity below 50%. Table 6-2.

If the instrument 1s out of specification at any point,
perform a complete calibration as glven in Section 6-4.

For each functicn that is checked, an additional un- IMPORTANT
certainty due tec temperature coefficlent should be
considered if the ambient temperature 1s different The instrument must be opervated in the BAT
from 25°C. mode in order to obtain a valid battery con-
dition at test pelints A and B, This will
NOTLE ensure that the batteries are supplying
power to the instrument. If the voltages
This procedure {s intended te verify only are measured when the Model 160B is operated
the basic accuracy of the Model 160B in in the LINE mede, a different reading may be
voltage, current, and resistance modes, observed since the batteries are net connect-—
Test equipment accuracy is specified at ed and therefore do not supply power to the
¥10 better than measurement accuracy. instrument.
TABLE 6-1.
Recommended Test Equipment for Performance Verification
Ltem Pescription Minimum Specification Manufacturer Model
A Voltmeter, Digital 10.00V & 0,2% Keithley 168
B Voltage Source 1,10,100,1000V dec @
0.0G5% Fluke 343A
c Voltage Divider 100:1 @ 0.01% ESI 6224/ 10K
1000:1 @ 0.025%
D Current Source lmA, 10ma, 100mA, 1A
@ 0.02% Fluke 1824
E Resistance Source 12 @ 0.1% Ceneral Radio 1433-H

100 @ 0.04%
100%, 1K§, LOKS
100KG, 1Mo, 10MG @ 0.02%

F Ohmme ter 1000 @ 0.47 Keithley 168
10M0 @ 0.3%
G Resistance Scurce¥ 1084 @ 0.25% Welwyn M14-108-0.25%
H Resistance Source# 109%: @ 1y We Lwyn M51-10%9-1%
#(resistor in shielded
enclosure)
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TABLE 6-2,
Summary of Battery Voltage Levels at Test Pointa
Test Recharge Batteries
Point Range Normal If Below Tested
A 2.5V to 9V 4,8V 2.5V BA-29
B v te 10.5V 8,4V v BA-30

b. Input Resistance Check.

1. Select 1000V range.
2, Measure input resistance using Ohmmeter (F).
3. Resistance should be 10 megohms + 1%,

c. Voltage Accuracy Check,¥

1. Select ImV range.

2. Apply a short {low—thermal copper) to the
input terminals.

3. Adjust front panel Zero Control (R114) as
necessary to achleve a %.000 display.

4, Remove short.

5., Apply a dc voltage to input of Model 1608 as
given in Table 6-3, and select approprilate range.

6. TFor each voltage range, verify that the Model
1608 reading is within the tolerance stated,

d. Resistance Accuracy Check.

1. Select the 1% range.

2. Connect Resistance Scurce (E) to Input and
adjust Model 160B zero for a *,000{ reading.

3. Verify that the Model 160B reading is within
the tolerance stated in Table 6-4 for 1%, 102, and
100% ranges.

4. With Resistance Source (E) connected and set
to 02, select the 1lmV range and adjust the Model
1608 zero for a *+.000mV reading.

MODEL 1608

5. Verify that the Model 160B reading is within
tolerance stated in Table 6-4 far Llk&, 10k, 100k,
M2, and 10MT ranges,

6. Comnnect Resistance Source {G).

7. Verify 100MQ range.

8. Connect Resistance Source {(H).

9. Verify 1000MQ range.

TABLE 6-4.
Accuracy Check for Resistance
Spurce Source Display Tolerance
Input Accuracy Reading on Reading#**
ra *0.1% 1.000 & +5 diglts
10 @ £0.04% 10.00 © *4 digits
100 @ +0.02% 106.0 @ +4 digits
1k$ +0,02% 1.000ka t4 digits
10kf +0,02% 10,00k +4 digits
100k& +0.02% 100.0kg t4 digits
1Me +0.02% 1,000MQ 4 digits
10M0 £0.02% 10.00MQ +4 digits
100MQ +0,5% 100, 0M% +101 digits
1000MG 2% 1000 M +301 digits

#*See Specifications for temperature coefficient
for resistance.

e. Current Accuracy Check.

1, Fuse Check.
a}. Select 1000mA range.

b). Measure resistance between input terminals,
using ohmmeter (F).

¢). Verify that resistance is less than 1 ohm.

d). An open circuit condition indicates that
the current protection fuse 1s either not instal-
led or is "blown''. Replace fuse FI10l on pc board
(PC-349) as necessary.

TABLE 6-13.
Accuracy Check for DC Voltage
Source (B) Divider (C) Over-all Display Tolerance
Loput Setting Range Accuracy Reading on Reading**
1,000000 Vv 0.001 1 mV +0.03% 1.000 mv +2 digdics
1.000000 Vv 0.01 10 mv *0.015% 10.800 mv +2 digits
10.000060 Vv 0.01 100 mV +0,015% 100.0 mv £2 digits
1.006000 V - 1 Vv *0.005% 1.000 ¥ +2 digits
10.00000 V¥ - 10 v *0,005% 10.00 Vv +2 digits
160.0000 Vv - 100 Vv £0.005% 100.0 v +2 digits
1000.,0000 v - 1000 Vv +0.005% 1000 v £2 digits
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MODEL 1608 MATNTENANCE
TABLE 6-5.
Accuracy Check for Current
Source (B) Source (E) Range Scurce Display Tolerance!
Setting Setting Range Accuracy Reading on_ Readipg**
0,11 v 10 M@ 10 nA +0,07% 10.00 nA +5 digits
1.01 ¥ 10 MQ 100 nA +0,025% 100.0 na +3 digits
1.01 Vv 1 MQ 1 nA +0,025% 1.000 A 3 digices
1.01 vV 100 K& 16 vA +0,025% 10.00 ua +3 digits
1.01 v 10 K& 100 pA *0.025% 100.6 ua +3 digits
Source (D)
Setting
1 mA 1 mA £0,02% 1.000 maA 3 digits
10 ma 10 ma 0,027 10.00 mA +3 digits
100 ma 100 mA +0,02% 100.0 mA +4 digits
1000 ma 1000 mA +0.02% 1000 mA 4 digits
*%See Specifications for temperature coefficient for dc current.
2. Accuracy Verification. 6-4, ADJUSTMENT/CALIBRATION PROCEDURE. The follow-

a). Connect Resistance Source (E) in series
with Voltage Source (B) to form a current source
(for 10nA, 100nA, lpA, 10uA, and 100uA ranges).

b). Set Voltage Socurce (B) to 0.000000V and
Resiatance Source (E) to 0Q.

¢). Connect "Current Source'" to Model 160B
input.

d). Select imV range on the Model 160B.

e). Adjust zero on the Model 160B for a z.000mV
display.

f)., Select lOnA range on the Model 160B.
g). Verify the 10nA, 100nA, lpa, 10uA, and

100uA ranges using the source settings given in
Table 6-5.

NOTE
Voltage Source (B) must be set 10mV high to
compensate for the Model 160B "input drop”

at full-range.

h). Connect Current Source (D) in place of
previous current source.

i). Verify that the lmA, 10mA, 100m4A, and 1000

mA ranges are within the tolerances given in Table
6-5.

0875

ing adjustments should be performed when any speci-
fication has been determined to be ocut of tolerance.
For checking the Model 160B to its maximum published
specifications, the Performance Verification proce-
dures given In Section 6-3 should be used. For main-
taining the Model 160B on a six-month recalibration
cycle, Tables 6-8, 6-9, and 6-10 should be used. The
"Tolerance on Reading" given in Tables -8, 6-9, and
6=-10 is adjusted to allow for time drift of critical
components, and also the effects of humidiry. Tables
6-8, 6-9, and 6-10 alsoc give the probable component
to be Investigated 1if a range does not meer specifi-
cations after the Adjustment Procedure has hbeen com-—
pleted,
IMPORTANT
The Model 160B factory-calibration 1s at a
level that will assure all specifications are
met for a pericd of 12 months after shipment
from the factory. For subsequent recalibra-
tion, a six-month re-cal cycle 1s recommended
slnce component tolerance drift may prevent re-
calibration to stringent factory-calibrarion
levels without component replacement. The fol-
lowing calibration procedure uses levels that
will assure that the Instrument meets published
gpecifications for a six month period without
requiring compenent changes. Adjustments
should be performed under iaboratory condi-
tions of approximately 25°C and less than 50%
relative humidity.

a., How to Open Instrument., Turn the Model 160B
over aso that the bottom cover is facing up. Loosen
the four slotted screws on the bottom panel (the
acrew heads should come up to about the top of the
holes). Turn the instrument top side up. Carefully
1ift off the top cover, and disconnect the wires to
the Analeg Output.

CAUTION

Care should be taken to avold contact with
line voltages at varioua points on the pec
board when the line voltage cord 1s connec-
ted.
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’

TOP COVER
26545¢C

METALCAL

MC-212

SPACER
257628 ——— FRONT PANEI,

26295C

KNOB

25539A 255374

KN-37 KN-33
METALCAL
MC-213 MODIFLED BOTTON
VER
265446
8727

METALCAL

INSERT 260904
2 REQUIRED

HANDLE
257290
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FIGURE 29. Top and Bottom Cover Agsembly.
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TABLE 6-6.
Recommended Test Equipment for Calibration
Ltem Description Minimum Specification Manufacturer Model
I Voltmeter, Digital 100my @ 0.015% Data Precision  2540A1
v @ 0.01%
J Voltage Source 1v @ 0.005% Fluke 343A
4 Voltage Divider 10:1 @ 0.005% ESL 6224/ 10K
1000:1 @ 0.025%

b. Power Supply Check. The power supply voltages NOTE
can be checked with Voltmeter (I) from Table 6-6.

There 1s a leong time constant for rhis adiuse-

1. +5V Regulated Supply. Check the Line Voltage ment due to the 1OMG input impedance and the
Switches (at rear of instrument) to see if they are 0.56uF filter capacitor.
set correctly. Measure the voltage at TP202 with
respect to Input Lo. The voltage should be +3V, 2, Display Zero and Rectifier Zero Adjustment.
+5% in the "LINE" mode of operation, and also in
the "CHG" and "BAT" modes of aperation if batteries a}. Select 100mV Range on Model 1608,

are installed.
b). Connect Voltage Source (J) to Divider (K},
2, -12V Regulated Supply. Check the Line Volt-

age Switches (at rear of instrument) to see if they c). Set Voltage Source (J} for 1V, and set

are set correctly. Measure the voitage at TP201 Divider (K) for 0.001 ratio.

with respect to Input Lo. The voltage should be

=12V, 5% in the "LINE" mode of operation, and also d}. Apply a +lmV signal to the Model 160B input,
in the "CHG'" and "BAT" modes of cperation if bat-—

teries are installed. e). Adjust Display Zero (R136) for a reading ot

+01.0 at the Model 160B display.
3. Battery Check. See Section 6-3a.
fy. Apply a -1mV signal.
c. How Te Calibrate the Instrument. For hest ac-

curacy, the Model 160B should be calibrated with the g). Adjust Rectifier Zero (R135) for a reading
Model 1609 Cal, Cover Accessory or an equivalent. of -01.0 at the Model 160B display.

The instrument should be allowad to stabilize for

approximately 1/2 hour after the Cal. Cover s put NOTE

in place. It is important that the calibration se-

quence be followed exactly, because the adjustments It may be necessary to repeat steps d, ¢, 1,

are interrelated and dependent on prior calibratlon and g one or more times.

steps.

d. DC Volitage Calibration.

3, +DC Cal. and ~-DC Cal. Adjustment.
1. Voltage Zero and Qffget Current Zero Adjust-

ment . a). Change Divider (K} setting to 0,1 ratio.
a). Select lmV range, b). Apply a +100mV signal to the Mcdel 160B
input.

b). Place a short (low-thermal copper) across
the input terminals. ¢). Adjust 4DC Cal. (R137) for a reading of
+100.0 at the Model 160B display.
c). Connect Voltmeter (I) to the Model 160B

Analog Output. d)., Apply a ~100mV sgignal.

d). Adjust front panel Zero Control (R114) for e). Adjust -DC Cal. (R134) for a reading of
a reading of *0.3mV at Voltmeter (I). -100.0 at the Model 1608 display.

e). Remove the short across the Model 160B in- NOTE

put terminals.
I1f the readings at full-range are considerably

). Adjust Offset Current Zero (R121l) for a "out" before adjustment, then steps 2 and 13
reading of +20mV at Voltmeter (I). gshould be repeated.
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FIGURE 30. Location of Calibration Adiustments.

40 1174



MAINTENANCE

MODEL 160B

|

+5V TO
MODEL 1602B
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Location of Test Points.

FIGURE 31,
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MAINTENANCE MODEL L60B
e, Ohms Calibration. 2. Ohms Reference Accuracy Adjustment.
1. 100mV Reference Adjustment. a). Set Voltage Source (J) to 2V, and set

Divider (K} te 0.1 ratio.

a). Leave the Model 1608 set on the 100mV

Range;;leave Voltage Source (J) and Divider (K) b)Y, Apply a +200mV to the Model 160B input.

connected to the Model 160B input.

¢)., Adjust the "Ohms Ref. Accuracy'" trimpot
B). Set Voltage Source (J) to OV, and set (R110) for +300mV, *60pV at Voltmeter (I).

Divider (X} to "0'" output.
c). Connect Voltmeter {I} to TPI0l (1O0mV Ref),

d}, Adjust the "100mV Adj." trimpot (R105)} for
+100mV, =200V at Voltmeter (I).

TABLE 6-7.
Summary of Callbration Adjustments

Source Source Diaplay Tegst Equipment Adjustment Name and
Input Accuracy Range Reading Desig. Reading Circuit Desig.
Low-Thermal short e 1 mv - (1) Analog Output Front Panel Zero

set to 0 £ .3mV

Open - 1 mV an (T} Analog Output
set to 0 = 20mv

(R114)

Offset Current Zero
{R121)

+1my +.5% 100 mV  +01.0 - -— Display Zerc (RL36)
~1mV +.5% 100 mv -01.0 — -— Rectifier Zero (R135)
+100mV +.01% 100 mv +100.0 — -— +DC Cal. (R137)
-100mV £.01% 100 mV =100.0 —— - -DC Cal. (R134)
Short - 100 mv —— (I) TPLOLl set to 100mvV adj. (RI05)
+100mV £ 20uV
+200mV +.,01% 100 mv - (I) TP10l set to Ohms Ref., Accuracy
+300mV * 60uV (R110)
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TABLE 6-8%,
Accuracy Check for DC Voltage
Range | Tolerance on Reading Principle Component Involved
1 m¥ +1-1/2 digits Reslstor Network R160
10 my +1-1/2 digits Resistor Network RLGO
100 mv +1-1/2 digits Resistor Network R160
1 v +1-1/2 digits Resistor Network R159
10 v +1-1/2 digits Resistor Network R15%
100 v +1-1/2 digits Resistor Network R159
1000 Vv +1-1/2 digits Resistor Network R159
*This table ls to be considered as an extension of Table 6-3. The

modified '""Tolerance on Reading' column shown here allows the user
to verify that the instrument will meet published specs for a per-
iod of 6 months.

TABLE 6-9%,
Accuracy Check for Resistance

Range

Tolerance on Reading

Principle Component Involved

1

10
100
1

10
100
1

10
100
1600

it

ki
kit
ki
Ms
MG
M&
MG

£3-1/2 digits
+3 digits

+3 digits

+3 digits

+3 digies

L3 digits

+3 digits

+3 dipits

290 dipgits
£250 digits

R147
R147
R147
R148
R149
R150
R151
R152
R153
R154

(99.93)
(99.9:)
{99.97)
{1k:l)
L0k
{100kD)
{IMD)
(10MD)
(1O0OM::)
(910M0)

*This table is

te be considered as an extension of Table 6-4. The
modified "Telerance on Reading'' column shown here allows the user to
verify that the instrument will meet published specs for a period of

6 months.
TABLE 6-10%.
Accuracy Check for Current
Range Tolerance on Reading Principle Component Involved
10 nA +4 digits R145 (1MG)
100 nA +2-1/2 digits R146 (LOOk®)
1 uA +2-1/2 digits R139 (10k$) and CR1O8
10 ua +2-1/2 digits K140 (lk&)
100 uaA £2-1/2 diglts R141 (1000)
1 mA £2-1/2 digits R142 (10%)
10 maA +2-1/2 digits R143 (0.9970)
100 ma +3-1/2 digits R144 (0.09870) and R163** (204)
1000 mA +3-1/2 digits R144 (0.09870Q) and R163** (200)

*This table 1is

to be cousldered as an extension of Table 6-5. The

modified "Tolerance on Reading' column shown here allows the user to
verify that the instrument will meet published specs for a period of
6 months.

#%R163 may or may not be installed.

1174
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FIGURE 32. ILocation of Chasszsis Connections.

F2027\ LINE
/ F201> Fusgs !/8 AMPERE

]

F101
CURRENT
PROTECTION
FUSE

FIGURE 33, Location of Fuses.
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7-1.

for ordering replacement parts.

SECTION 7.

GENERAL, This section contains information
The parts list is

arranged In alphameric order of their Circuit Desig-
nations.

-2,

ORDERING INFORMATICN., To place an order or to

obtain information concerning replacement parts, con=-
tact your Kelthley representative or the factory.

See the inside front cover of the manual for addresses.
When ordering, include the followlng information:

a.

1174

Instrument Model Number

Instrument Serial Number

Part Description

Circuit Designation (if applicable)

Keithley Stock Part Number.

TAJLE 7-1.
Abbreviations, Sywbois, and Designators

Ay a ampere

A agsembly

3T bactery

C capacitor

covar carbon variable

Cer D ceramic disc

cer T caramic trimmer

Coef coefficient

com € Omon

comp composition

bch deposited carbon

Deaig designation

D diode {all cypes}

DEOT double-pole double-throw
DPST doublie-pole single-throw
Ds lLamp

elect clectrolytic

encap encapsolated

EAL electrolytic, aluminum
ETH electrolycic, tubular
ETT electrolytic, tantalum
F farad (WF = 1077 farad}
FET fLe}d etfect tranaistor
fempto 10747

FL filter

fxd fixed

Fig Figure

F fuse

Gahs gallium apsenide

GCb glass enclosed cacben
Ge germaniom

grd ground

H henry {uR = 10-6 henry)
Hg Mercury

ilz hertz (cycles per seccond)
[34] inside diameter

in inches (1 in = 25.4 mmy}
3 jack

K kile (10%)

kit kilohm {10° aobms)

kiz kilohertz (107 Hz)

K relay

I inductor

lin linear

log logarithmic

LSI large scale integrated circait

REPLACEABLE PARTS

REPLACEABLE PARTS

7-3. SCHEMATICS.

a, Input Amplifier and A/D Converter - (26530E).
This schematic describes the ilnput amplifier, range
switching, and A/D Converter circultry. Clreouit
designation seriles is "100".

b. Digital Logic, Display and Power Supply -
(26584F)., This schematic describes the display
drive and power supply circuitry. Cirecuit designa-
tion series is "200".

¢. Modal 1602B Digital Qutput - (26654KE). This
schematic describes the digital output for Model
160B. Circuit designation series is ''300".

M meter or Meg {106)

m milll (1073

Meg megohm (1063) . i
A millidmperes (10734

ms millisecon% 1077 seconds)

M0 megohm (10°.7) i
Med metal film !
mfr manufacturer

mtg mount ing

My Mylar

ni nancampere (10794

no aumber

NC normally closed

NO normally open

a2 ohms

abd order by description

oD outsidae dESmecer

p ples (10777}

p peak

pc printed circulf

pF picofarad (107 ? farad)

plv pedk i{uverse volcage

P plug

pely polystyrensa

pot porentiometer {variable raesistor)
p-p peak-to-peak

BPM parts pec million

Q cransistor

QA integrated circuit (all types}
R resistor

ref reference

RN reslstor natwork

rma root-mean-squate

5 switch

5PDT single-pole double-throw

SPST single-pole single-throw

T rransformer

Tan cantalum

TC tamperature coefficlent

tel tolerance

trim trimmer

A volt or vacuum tube (all types)
vac volrs; alternating current

vde volts, direct currant

W watt

W witewound

]
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MODEL 160B

TABLE 7-2.
Cross-Reference of Manufacturers
ABREV, NAME AND ADDRESS ABREV., NAME AND ADDRESS |
A-B Allen-Bradley Corp. FAIR Farichild Instruments Corp.
Milwaukee, WI, 53204 Mountain View, CA. 94040
AMPRY Amperex Gl General FElectric Company
Elkgrove Village, IL. 60007 Syracuse, NY. 13201
AMP Amp Inc, GENT General Instrument Corp.
Elizabethtown, PA. 17022 Newark, NJ. 07104
A-D Analog Devices, Inc. H~P Hewlett-Packard
Cambridge, MA. 02142 , Palo Alta, CA. 94304
BECK Beckman Instruments, Inc. TNTER Intersil, iInc.
Fullerton, CA, 92634 Cupertino, CA. 95014
BERG Berg Electronics, Inc. IRC IRC Division
New Cumberland, PA. 17070 Burlington, IA. 52601
BOURN Bourns, Inc. CAN ITT Cannon Electric
Riverside, CA, 92507 Santa Ana, CA. 92701
BUSS Bussmann Mfg. Div, K1 Kelthley Instruments, Inc.
St., Louis, MO. Cleveland, OH. 44139
CENLB Centralab Division LITFU Littlefuse Inc.
Milwaukee, WI. 33201 Des Plaines, TL. 460016
CLARO Clarostat Mfg. Co., Inc. MOLEX Molex
Dover, NH. 03820 Douners Grove, IL. 60515
COMPI Components, Inc. MoT Moterola Semiconductor Products, Inc.
Biddeford, ME. 04005 Phoenix, AZ., 85008
C-W Continental-Wirt Electronies Corp, NAT National Semiconducter Corp.
Philadelphia, PA. Santa Clara, CA. 95051
CTS CTS Corporation RCA RCA Corporatian
Kikart, IN. 465314 Comerville, NJ. 08876
DALE Dale Electronics, Inc. RCL RCL Electronies, Ine.
Columbus, MB, 68601 Manchester, NH. 03102
DICK Dickson Electronics, Corp. SIG Signetics Corp.
scottsdale, AZ. 85052 Sunnyvale, CA. 94086
ECL Electrocube Inc. SIEM Siemens Corporation
San Gabriel, CA. 91776 Tselin, NJ. 08830
EDT Electronic Devices, Inc. TEMPL Temple
Yonkers, NY. 10710 Tecate, CA. 92080
ERIE Erie Technological Products, Inc. TEXAS Texas Instruments, Inc.
Erie, PA. 16512 Dallas, TX. 75231
VISH Vishay Resistor Products
Malvern, PA. 19355

46
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CAPACITORS

REPLACEABLE PARTS

Clrcult Mfr, Mfr. Keithley
Desig. Description Code Desig. Part No. Quy.
£101 2200 pF, 500V, CerD . . . . ERIE 831235002224 c22-2200rp 1
€102 100 pF, 1000V, CerD. . . . . . CENLB DD-101 CAR4-100P 1
cl03 0.1 uF, 250V, MTF. \ f f . AMPRX C280AF/PLOCK C128-0. 1M 3
Cl04 0.56 pF, 50V, MPC , . . . ECI 625B1A474 C201-0.506M i
C105 0.0L pF, 250V, Mt¥. . . . . . ' AMPRX C280ALE/PLOK C178-.01M 1
C106 0.0022uF, 200V, MPCb. f ECL 625B1C ¢221-,0022M 2
¢1o7 0.1 pF, 250V, MTF. . . AMPRX C280AL/PLOOK C1L78-0.1x .
C108 100 pF, 630V, Poly . . SIEM B31360A1101H C252-100P 2
c109 100 pF, 630V, Poly . . . . . . STEM B31360A1101H £252-100F
C110 ¢.0022uF, 200v, MPCh, . i ECI 625B1C222 €221-,00229 .
Clllt 2 WF, 30V, MPC . . . . . ECI 625B1A205 C215-2M 1
€112 10 pF, 1000V, CerD. .o CENLB  DBD-100 C64-10p 1
Cl13 10 uF, 20V, ETT . — o COMPL TSD220106 C179-104 3
Cli4 10 pF, 20V, ETT ., . . . . e ' COMPI T5D220106 Cl79-10M s
C115 39 pF, 15V, Epoxy . . . COMPI TD4-015-396~10  (228-39M 4
Cli6 39 wF, 15V, Epoxy . . . . . . COMPI TD4=015-396~10 C228-39M ..
C117 22 uF, 20V, ETT . . s COMPL TD1-20~226-20 C179-~22M 2
€118 22 uF, 20V, ETT . . . . e COMPI TD1-20~226-20 C179-22
C119 39 uF, 15V, Epoxy . R . COMPI  TD4-015-396-10  C228-39%
Cclza0 0.1 uF, 250V, MTF. P PN AMPRX C280AE/P1O0K Cl78~0.1M
€201 0.01 uF, 200V, My . . P Vo ECI 210B1C103-2% C247-0.01M 1
c202 0.01 pF, 500V, CexD . . ERIE 871-7500-103M C22-0,01% i
€203 2000 pF, 25V, EAL . . . . . RICH JC-p-2000-25-8P (C2535-2000 H
€204 39 uF, 15V, Epoxy . . . COMPEI TD4~015=-396-10 C228-39M
205 Not Used. e . . . . Ve e s e PR e
C206 470 uF, 50V, EAL . . . . TEMPL 411-470uF C240-470M 1
c207 10 uk, 20v, ETT ., Ve COMP1 TD2-20-106-20 Cl79-10M
DIODES

CR101 Rectifier, 1a, 800V . . . . . . MOT 1N4006 RF-38 3
CR102 Computer Type, 75ma, 75V. . . . . TEXAS LNG14 HF-28 3
CR103 Rectifier, 1A, 800V . . . . MOT 1N4006 RF-38
CR104 Rectifier, 1A, 800V . . . . MOT 1N40O6 RF-38 ..
CR105 Rectifier, 150maA, 125V. . FAIR LN3595 RF-413 1
CR106 Computer Type, 75mA, 75V. . v TEXAS IN914 RF-28
CR107 Not Used. « o « « w v o o o« o 2 e e e e e e
CR108 Bridge Rectifier, 4-diode, 50V, 5A. . . EDT PLEOS RF-48 1
CR201 Computer Type, 75ma&, 75V. . TEXAS LNG14 RF-28
CR202 Computer Type, 75ma, 75V. . PN . TEXAS 1N914 RF-28
CR203 Rectifier, Bridge Type, 1.54, 400V, . . EDL PF40 RF-46 2
CR204 Rectifier, Bridge Type, 1.54, 400V. . EDT PF&40 RF-46

DISPLAYS
Circuit Mfr. Mfr. Keithley
Desig. Description Code Desig. Part No. Quy.
DS201 Digital Display, Polaricy-Overflow. . H-P 5082-7732% DD-11% 1
DS202 Mgital Display, Seven—Segment. . . . H-P 5082-77130% DD-9%*
Ds203 Digital Display, Seven—-Segment. . H-P 5082-7730% DDh-9*
D5204 Digital Display, Seven-Segment. . . . . - 5082-7730%* Db-9%*
#Selected for light intensity, "C", "D", or

1277
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FUSES

Circuit Mfr. Mfr., Keithley
Desig. Description Code Desig. Part No. Qty.
F101 Fuse, 3A, Microfuse . . . . + . . v o . o o . o LITFU 273003 FU~43 1
r201 Fuse, 1/8A, 250V, 3AB, Sto~Blo. . . . . . . « « 4+ .« . BUSS MDL-1/84A FU-20 2
F202 Fuse, 1/8A, 250V, 3AB, S1o-Blo. + + & 4 v 4 « o o « . BUSS MDL-1/8A FU-20 .
F203 Fuse, LA, 230V, & v v v v v e v e e e e e e e e BUSS MDL~1A TU-10 2
F204 Fuse, 1A, 250V, v v v v v v a e e e e e e e e e BUSS MDL-1A FU-10 ..

CONNECTORS
Circuit Mfr. Mfr. Keithley
Desig. Description Code Deslg. Part No. Qry.
J101 Housing, Female, 3 pin . . + « + v o v + v « v « 4 & & BERG 65039034 £5-270 3
Jio2 Housing, Female, 2 pin . . . « . &« « « &« « « v « 4+ « . BERG 65039-035 CS-266 2
J103 Housing, Female, 1 pimt . . . .« 4 v v « « & « &+« 4 o BERG 47439 C5-236 1
J104 Housing, Female, 5 pin e e e e e e e e e e e e BERG 20370 £5-251 6
Ji05 Housing, Female, 10 pin e e e e e e e e e e BERG 20052 €S-237 3
J104 Housing, Female, 5 pin . . . v ¢ 4« & o & o 4 0 0+ o BERG 20370 CS-251
J107 Housing, Female, 3 pin . . « « + « o 4« & « o 4 « « + . BERG 20370 €5-251
Jiag Housing, Female, 5 pivn . . . + + + . & v & « o v+ 4 BERG 2037¢ Cs-251
J109 Housing, Female, 5 pin . . « « . &« + v 4 v « 4 + 4« « BERG 20370 £S5-251
Jl1o Housing, Female, 3 pin . . . . o « .« . « « v . . .. BERG 65038-034 €8=-270
J111 Housing, Female, S pin . . . + . « . « .« « o o ., BERG 20370 C5-251 .
Jiiz2 Binding Post, Black., . . + . « . 4 v 0 s 0L BERG BJ-6B 1
J113 Binding Past, Red. . . . + .« « « « v + v v + + « 0 o4 . BERG BJ-6R 1
J114 Housing, Female, 3 pin . . . . . . « . + v « o « .+ . . BERG 65039-034 c5-270 .
Jl15 Binding Post, Red. . . . « . « + « « v o v v o o ., KT e 25537A 1
J116 Binding Post, Black. . . . + « & « v v o « v o v 2 v . KI et 2553%9A 1
J206 Houslng, Female, 10 pin. . . v « v v v v o v o = « » . BERG 20052 £s8-237
J207 Housing, Female, 10 pin. . . .+ « « « « & « & v ¢ & « . BERG 20052 £5-237 ..
J208 Housing, Female, 2 pin . . « « + + . « v « « o 4« v « o BERG 65039035 C5~266 ..
P101 Male, 3=pina . « + + « o v v v e e 0 e e e e KI ..., €5-339-3 2
P10z Male PIn €2) . v v v v v v v v e e e e e e e e e e e XL it 242494
P103 Male Pin (1) + v & v v v v v v o v e e e e e e e KI ..., 242494
PL04 Male Pin (3) . v 4 v v v v 4 4 v v w e a e e e KI AP 242494 Ve
PLO5 Male, 10-pIns. . . . . . v &« 4 4 v s 4 v 4 v s KI ISP ¢5-339-10 1
P106 Male, 4-pIns . . . . . . . v 0 v v 0 e e e e KI Caees C5~-339-4 2
P10o7 Male, 5-pIns | . . & . 4 L e e e e e e e e e KT PP C8-339-5 2
P108 Male, 5-plns . . . . . . . . . . v o o e KT ... €5-339-5
P109 Male Pin (3) . o+ v v v v v b h e e e e e e e e e KL ceeen 2462494
P110 Male, 3=pins . « « « v « 4 v 4 4 0 4 e 4 e e e K1 vaana CS8-339-3
P1il Male, 4=DINd + + v ¢ 4 v 4« v v 4 o w e e e e e e K1 e CS=139-4
P112 Not Used o 4 v o 4 v s v v v e a e e h e e e e s e e e ewaee esees e
P113 Mokt Used « « & v v v v v 4 4 b 4 v a4 v w e e e s e e eawar e i e
Pl1l4 Male Pin (2) + . « v v o v v v v b v v e e e e e e e KI reaaa 242497 .
P201 Cable Assembly to Model 1602BR. . . . . . +« « «+ « « &+ . KL ..., 26424A-2 1
P202 Cable Agsembly to Display Board. . . . . . . . . . . . KI cevaa 26424A-1 1
P203 Receptacle, Male, 3 pins . . . . e e e e e e e MOLEX A239-3A €5288-3 1
P204 Line Cord, 3 eonductor, 5 FT, ¢ IN e e e e e e e e KI e €o-9 1
P205 Receptacle, Male, 4 pins . . . + « +« + & & « v o« « « & MOLEX A2391-4A €5288-4 1
P206 Male, 8=pIns . . +« «© v ¢ v v v v v o 4 v v 4 e e KI ..., C5~-339-8 2
P207 Male, 8-pins + . « « & v v v v v i e e e e e e e 6 C5-239-8 .
P208 Male Pin (2) . v & v v v v v v b e e e e e e e e KI vears 242494 ..

48 0976



MODEL 160B REPLACEABLE PARTS

TRANSTSTORS
Circuit Mfr. Mfr, Keithley
Desig. Deserdption Code Desig. Part No., Qty.
Qlol PNP, Power Type, LOW, " TO-5 Case . . + 4+ v « 4« &« + « . RCA 2N5416 TG-105 1
Q102 Dual "P" Chan, MOS FET, TO-77 Case. . .« . +« + « + « . GENI §55-004 TG-94 L
0103 "N" Chan, JFET, R-110 Case. . + « = « « v & + 4 + & & INTER ITE4392 1T6-76 1
Q1G4 PNP, TO-106 Case. . « « 4 « « & & v o & 4 o v v & o« o FAIR 2N5139 TG-66 2
Q105 PNP, TC-106 Case. « « v « &« & o + o = & & = & o = 4 FAIR 2N5140 TG-110 L
Qlo6 NPN, TO-106 Case. . . + + + + + v + x4 &+ o o« o « FAIR 2N3565 TG-39 1
Q201 PNP, TO=106 Case. « + + « v &« v v v + v o o v o s v FALR 285139 TG-66 ..
Q202 PNP, TO-=106 Cas@. « « « « & & o« « o« « + v o 2 + & 1 = FAIR 2N4355 TG-90 4
Q203 PNP, TO-106 Cas@. « + + « « & o v s o » s o + o & o FAIR 2N4355 TG-90 o
Q204 PNP, TO-106 Case. + . « « v v « o v & o o o ¢ x o o+ FAIR 2N4355 TG6-90
Q205 PNP, TO-100 Case., . . « « 4 4 « 4 o o ¢ o o o v « « FAIR 2N4355 TG-90 -
Q206 NPN, TO-82 Case . + v v « « v v 4 o o o o o« v o 4 MOT 2N5089 TG-62 2
Q207 NPN, TO~92 Case . . . v v v v v v v 4 v o o e e MOT 2N508% TG-62
RESISTORS
Circuit Mfr. Mfr. Keithley
Desig. Description Code Deslg. Part No. Qey.
R1G1 1k, 10Z, 0.25W, Comp + + « v « v «+ & v« & v v 0 A-B CB-102-10% R76- 1K 4
R102 499kg, 0.5%, O0.5W, MtF. . + . + « v v ¢ v v ¢ v DALE MMF-1/2-T9-499K R171-499K 1
R103 1.8kq, 10%, 0.25%, Comp e e e e e e e e e e A-B CB~182-10% R76-1.8K i
R104 499ks, L%, 0.12W, MtF e e e e e e e e e e e e DALE MFF-1/8-T9-499K R177-499K 2
R105 1k, C.5W, VAr. + & v« v v 4 e e e e e e e e e e BECK 72PMR-1K RPO7-1K 2
R106 S8k, 1Z, CL12W, MEF & o 4 v v v e e e e e e s DALE MFF-1/8-19-5.8K R177-5,8K H
1107 1000, 1%, 0.12W, MEF. . v v v o v 4 v e e e e e DALE MFF-1/8-T9-100 R177-100 1
R108 4990, 1%, 0.12W, MET . v o v v o 0 v e e e e e e DALE MFF-1/8-T9-499K R177-499K ..
R109 475k0, 1%, O 12W, MEF . « . . v v 4 v v e v e e e DALE MFF-1/8-T9-475K R177-475K 1
R110 50kq, 0,5W, Var . . . e e e e e e e e e . BECK 72PMR-50K HP97-50K 1
R1i1 56.2kn, 1%, 0.12W, MtF. e e e e e e e e e IRC CEA=TO-56.2K R88-56., 2K 1
R112 I00kD, 1%, O 12W, MEF o « + o « « v« & o o 4 o v o s IRC CEA-TG-100K R88-100K 1
R113 32.4%2, 1%, 0,12W, MeF. . . o« o 0w e 0 v e e . IRC CEA-TO0~32.4K R88-32.4K 1
R114 SOk, 2W, Var o v v v v v v v e e e e e e s CLARO 73JA-50KQ RP1GB-5GK 1
R115 IMG, 1%, 0.12W, MEF . v+ o v ¢ o v 0w e e e e e IRC CEA-TO-1MD RE8-1M 1
R116 56k, LO0%, 2W, COmMP . + v « v « 4 v o« 4 s e e e e A-B HB-563-10% R3-56K 2
R117 S58ksz, 10%, 2W, Comp « v « v « o ¢ 4 e w0 e e e A-B HB-563-10% R3-56K
R118 22k, 0%, 0.25W, Comp. + « + v 4 v v e v e e e e A-B CB-223-10% R76-22K 3
R119 330¢, 10%, 0.25W, Comp. . . . A-B CB-331-10% R76-330 e
R120 330, 10%, 0.25W, Comp. . V. . A-B CB-331-10% k76-330 .
R121 2k&, 0.5W, Var, . . . - . BOURN 32891-2K RP104-2K i
R122 9.0k%, O. l/ 0,12W, MtF . DALE MFF-1/8-9,0K@ R-168-9.0K L
R123 10kn, 1%, 0.12W, MtF. . IRC CEA-TO-10K% R88-10K 1
R124 2.2M0, 10%, 0.25w, Comp . . . A-B CR-222-10% R76=2.2M 2
R125 1k, 10%, 0.25W, Comp . . . A-B CB-102~10% R76-1K
R126 2.2M0, 10%, 0,25W, Comp . - . A-B CB-225-10% R76-2.2M .
R127 5.6kn, 10%, 0.25W, Comp . . e . A-B CB-562-10% R76-5.6K 1
R128 22k, 10%, 0.25W, Comp. . [N A-B CB-223-10% R76-22K
R129 22k, 10%, 0.25W, Comp. . . . A-B CB-223-10% R76-22K .
R130 4.99ke, 1%, 0.12W, McF. e IRC CEA=-TO-4,99K RBB-4.99K 1
R131 12.1kn, 1%, 0.12W, McF. . IRC CEA-TO-12.1K R88-12,1K 1
R132 1k, 10%, 0.25W, Comp . . e A-B CR-102-10% R76-1K .
R133 3.3k&, 10%Z, 0.25W, Comp . . P A-B CB-332-10% R76-3.3K 2
R134 500q, 0.5W, Var . P BECK 72PMR-500 RP97-500 1
R135 10k, 0.5W, Var . . BECK 72PMR-10K RPO7-10K 2
R136 10kq, 0.5W, Var . . . . . BECK 72PMR-10K RP97-10K .
R137 1k, 0.5W, Var. PR P BECK 72PMR-1K RP97-1K ..
R138 2k, 1%, 0124, MtF . R . . IRC CEA=TO-2K R88-2K 1
R139 10kg, 0.02%, 0.3W, MtF. . . . . VISH V53-10k0 R183-10K 2
R140 1k, 0.1%, O.5W, MEF . . . . DALE MFF-1/2-1K R~169-1K 1
R141 100q, 0.1%, 0.12W, MtF, . . . . DALE MFF-1/6-100 ki168-100 1
R142 10.0a, 0.1%, 5W . . . ' RCL T5-18.0 R185-10G,0 1
R143 0.9975, 0.1%, 5W. PN RCL T5-0.997 R185-0.997 1
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REPLACEABLE PARTS

RESISTORS {(Cont’d)

MODEL 160B

Circuit Mfr. Mfr. Keithley

Desig. Description Cede Desig. Part No. Qty.
R144 0.09870, 0.1%, SW .70 .+« 4 . e e RCL T5~0.0987 R185-0.0987 1
R145 M@, 0.1%, O.5W, MeF. o o . . . . PN . DALE MFF-1/2-T9-1M  R149-1M 2
R146 100k¢, 0.1%, 0.5W, MiF. . . . . . . . . DALE MFF-1/2-T9-100K R169-100K 2
R147 99.%9q, 0.1%, 0.12W, MtF . . . ., . e e e DALE MFF-1/8-99.9 R168-99,9 1
R148 1k, 0.1%, 0.12W, MtF . . . . . . . DALE MFF-1/8-1K R168-1K 1
R149 10kG, 0.1%, 0.12W, MtFo o 0 0 . . PR DALE MFF-1/8-10K R168-10K

R130 100kg, 0.1%, O.5W, MtF. . . . . . e DALE MFF-1/2-100K R169~100K

R151 Mg, 0.1%, 0,5W, MtF. . . . . DALE MFF-1/2-~1M R169=1M .
R132 10Ma, 0,1%, 0.5W, & & « & 4 o . . . DALE HMF=-10M R174-10M L
R153 9oMR, 1%, IW, Comp. » « + « + « & - . HIMEG A-60-99M R-235-99M 1
R154 910M2, 10%, 0.5W, Comp. P . IRC GBT-1/2-%10 R230-910M 1
R155 1.74kR, 1%, 0.12W, MtF, . . . . . N . IRC CEA-TO0-1, 74K RB8-1.74K 1
R156 Not Used, . +« + v +« + « 4 « & . Vaes e e .
R157 27k, 10%, 0,25W, Comp. . . . A-B CB-273-10% R76-27K 1
R158 47kq, 0%, 0.25W, Comp. . Lo A-B CR=-473~10% R76-47K 1
R159 Thick Film Network, 4-pins. . . . . e . IRC KEDOS5 TF-34 1
R160 Thick Film Network, S5-pins. . . . Ve e e IRC KEOD3 TF-35 1
R161 Thick Film Network, 8-pin DIP . . . e . CTS Special TF=-36 1
R162 Thick Film Network, lé4-pin BIP. , . . . CTs Special TF-37 1
R163 10a, 1%, 0.12W, MtF ., . . . . . . . e IRC CEA-TO-10 R85-10 1
R201 4,7kn, 0%, 0.25W, Comp . . . . o A~B CB-472-207% R76-4.7K 1
R202 2.2k, 10%, 0.25W, Comp . . . . . . A-B CB-222-10% R76-2.,2K 1
R203 kG, 10%, 0.25W, Comp . . . . . , . A-B CB-102-10% R76-1K

R204 3.3k, 10%, 0.25W, Comp . . . . . . e e A-B CB-332-10% R76-3.3K .
R205 12,76, 1%, 0.12wW, MeF., . . . . . . IRC CEA-TO~12.7K RB8-12,7K 1
R206 s, 1%, 0.12W, MtF . . . . . . . . . IRC CEA-TO-1K R88-1K 1
R207 1500, 0%, ©0.25W, Comp. . . . . . o . e A~B CB-151-10% R76-150 2
R208 150n, 10%, 0.25W, Comp. . . . . . o A-B CB-151-10% R76-150 ‘e
R209 180%, 10%, 0.25W, Comp, . + . . PN A-B CB-181-10% R76-180 3
RZ10 1800, 10%, 0.25W, Comp. . + . . 0 . A~B CB-181-10% R76-180 ..
R211 1804, 10%, 0.25W, Comp. . . . A-B CB-181-10% R76-180 -
R212 6.04ka, 1%, 0,12W, MtF. . . . . e e . IRC CEA-TO-6.04K R88~6, 04K 1
R2113 4.02%0,1%, 0,124, MEF . . . . . . AN . IRC CEA=TO=4,02K REB8-4.02K 1
R214 10kq, 10%, 0.25W, Comp. . « .+ + e e . A-B CB-103-10% R76~10K 2
R215 10ke, 10%, 0.23W, Comp. + « + + . . .. ' A-B CB-103-10% R76-10K N
R216 40.2 0, 1%, 0.12w, MtF. . . . . . . . A IRC CEA-TO-40,2 R88-40,2 1
R217 Thick Film Network, 1l6-pin DIP, . e . CTS 200-~6 TF-~30 1
R218 Thick Film Network, lé6-pin DIP. N CTs 900-7 TF-31 1

SWITCHES

Civeuit Mfr. Mfr, Keithley

Desig. Description Code Desig. Part No. Qty.
5101 Rotary Switch, RANGE. . . . KT ‘e SW-373 1
-—— Knob, RANGE . . . . . . .+ « . « . - . KT i KN-33 1
§201 Slide Switech, DPDT, Line Voltage. . . c-w GG350PCDPDT SW-318 2
5202 Slide Switch, DPDT, Line Voltage. N C=W GG350PCDPDT SW-118 .
5203 Rotary Switch, Power Selector . , e KI e SW~374 1
-— Knob, POWEr « ¢ v ¢ 4 « + « « - P, - KN=-37 1

_— Knob, ZERO., . . . . . . . e e e e e e KI e KN-36 1

MISCELLANEOUS

Circuit Mfr. Mfr, Keithley

Desig. Description Code Desig Part No. Qty.
T201 Transformer, Power Type . . . . . KI. ... TR-156 1
TPF101 Test Polnt. . . « « o 4 « + &+ 4 . . KT~ ... 242494 3
TP201 Test Podnt. . . . . . . . . . . . KI . 242494

TP202 Test Point. . . , . . . . . KI ... 242494 .
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MODEL 160B REPLACEABLE PARTS
INTEGRATED CIRCUILTS

Clrcuit Mfr. Mfr, Keichley

Lesig, Degeription Ceode Desig. Part No. ey,

U101 Operational Amplifiex, 8-pin DIP. . . . . . . . . . . NAT LM308N 264264 1

ul02 Operational Amplifier, 8-pin DIP., . . , . . . . NAT LM308N 1C-99 2

Ulo3 COS/MOS, La=pin DIP + . v v « v« v v v v v e e RCA CDAO0TAE IC-100 1

ulLo4 Operational Amplifier, 8-pin DIP, , . . . . . . . . NAT LM308N IC-99 .

U105 Operational Amplifier, 8-pin, TO-9% Case. . . A=D AD741K 1C-97 1

Ul06 Operational Amplifier, 8-pin DIPF. . . . . . . FAIR Special IC-77 3

ulc7 Operational Amplifier, 8-pin DIP. . . . . . . FAIR Special [C-77 .

ulos Transistor Array, l4-pin DIP. . . . . . . . . . . . RCA CAJ086 1C-53 1

ylo9 Operational Amplifier, 8-pin DIP. . . . . . . . . . FALR Speclal [c-77v

UlLio Operational Amplifier, 8-pin DIP. . . . . . ., . NAT 1M301AN =24

U201 Large-Scale IC 28=pin DIP . . . . . . . . . . . . FAIR Special LSI-2 !

U202 Timing Circuit, B-pin DIP . . . . . . . + « . + « . . SIG NES55V [C-71 i

U203 Quad 2~Input Pos NAND, l4-pin DIP . . . . . . . . . . TEXAS SN740LN 1C-47 i

U204 Hex Buffer/Driver, lé4-pin DIP . . . . . . . . . TEXAS SN7417H [C-i01 1

U205 Transistor Array, l4-pin DIP. . . . . . . . RCA CA3086 [C-53

u2o6 Transistor Array, lé-pin DIP. . . . . RCA CA3086 TC-53 ..

uza7 5V, Regulator T0-220 Case . . e e e e e MOT MC7805CP 1C-9] 1

U208 12V, Regulator T0-220 Case. . . + « + v « v o « o FAIR UCH7812393 IC-60 !

ZENER DIODES

Circuit Mfr. Mfr. Keithley

Desig. Description Code Desig. Parr Yo. Jty.

VR101 Zener, 6.4V, 400mW. « . . v 0 v e e e e e DICK 1N4577 Di-51 1

VR102 Zener, 2,6V ., . . TEXAS 1IN7024 DZ-33 !
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REPIACEABLE PARTS

MODEL 1602B DIGITAL OUTPUT

"300" SERIES, PC-352,

MODEL 1602B

CAPACITORS
Cireuit Mfr. Mfr, Keithley
Desig. Description Code Desig. Part No. oty,
C301 0.1,F, 250V, MtF, . e e . . . AMPRX C280AE/P100K C178-0,1M 1
€302 470pF, 1000V, CerD. + v v & v v o v v o v v v e e CENLB DD=-471 Cha=4707P 4
C303 470pF, 1000V, CerD. .« .+ v v v & 4 ¢ o 4 + & RN CENLB DD-471 C64-470P
C304 470pF, 1000V, CerD. . . .+ . . . e N CENLB DD-471 C64-4707
c305 470pF, 1000V, CerD. . . . . . e 4 e CENLB DD-471 Co4=470P ‘s
DIODES
Circuit Mfr. Mfr. Keithley
Desig. Degseription Code Desig. Part No. Qty.
CR301 Rectifier, 75mA, 75V. . . . . . . . . . TEXAS 1N914 RF-28 10
CR302 Rectifier, 75mA, 75V. . . . . . . . . . TEXAS 1N914 RF-28 .
CR303 Rectifier, 75mA, 75V. . . + « + + . . . TEXAS 1N914 RF-28 “s
CR304 Rectifier, 75mA, 75V. . . . . . . . . . TEXAS 1N914 RF-28 .
CR305 Rectifder, 75mA, 75V. . « v « v v v 4 0 v e 0 v e e TEXAS 1N914 RF~-28
CR306 Rectifier, 75mA, 75V. . .+ + « + &+ « . PN TEXAS 1N914 RF-28 .
CR307 Rectifier, 75mA, 75V. . . . . . . TEXAS 1N914 RF-28
CR308 Rectifier, 75maA, 75V. e e C e e e e s TEXAS 1N914 RF-28 N
CR309 Rectifier, 75mA, 75V, . ., . . . . . TEXAS 1N914 RF-28
CR310 Rectifier, 75mA, 75V. . . . . PR . TEXAS 1IN9L4 RF-28
CONNECTORS
Circuit Mfr. Mfr. Keithley
Degig. Description Code Desig. Part No. Qry.
J301 Not Used. . .« & v & & v 4 4 v v i e v s e e e e e s ceara e Ve
J302 Digital Output, 37-ping « « & & 4 & & & + ¢ & + o« & AMP 205209-1 C5-301 1
J303 Female, 5-pins. . . « « + v « v 4o 4 & 4 4 v 4 4 4 BERG 65039-040 C$-251 1
PF301 Cabla Assembly (Custom) . . . v & v « & v & « & KI e 2642442 1
P302 Mating Connector, Digital Output, 37-pins . . . . CAN DC-37RB C5-302 1
- Connector Cover (Hood for P302) e e e e e e e CAN DC-512K1-1 CS-=300 1
TRANSISTORS
Circuit Mfr. Mfr. Keithley
Desglg, Description Code Desip. Part No. Qty.
Q301 NPN, Case TO-92 . 4 4 & v v v 0 4 o o 0 + v v v s 4 MOT 2N5087 TG-62 20
Q302 NPN, Case TO-92 . 4 « v v « o v v v o 4 s v v & o v MOT 2N5087 TG-62
Q303 NPN, Case TO-92 . . . . « . . . . MOT 2N5087 TG-62
Q304 NPN, Case TO~-92 . . . « . « &+ & & . MOT 2N5087 TG-62 .
Q305 NPN, Cage TO~92 . . . . v ¢ v v 4 v 4 s v v 2 o v s & MOT 2N5087 T6-62 -
Q306 NPN, Case TO-92 . + + . + « + . & s e MOT 2N5087 T6-62
Q3a7 NPN, Case TO-92 + « v v v v v 4 4 & v & 5 & & 4 MOT ZN5087 TG-62
Q308 NPN, Case TO-92 . . + v v v ¢« v 4« v o s o v o 4 v 4 » MOT 2N5087 TG-62 o
Q309 NPN, Case TO~92 . . . . « v + « . . MOT 2ZN5087 TG=62
C310 NPN, Case TO-92 . . « v « & &+ « 4 [ MOT 2N5087 TG-62
€311 NPN, Case TO=92 , v 4 v v v 4 & 4 + o 5 s s s s o o MOT 2N5087 TG-62 o
Cc312 NPN, Cage TO-92 . . . . . . . . . . . . . MOT 2N5087 TG-62
C313 NPN, Cage TO-92 . . . . v v & v 4 = & 4 o s o 4 s+ 4 MOT 2N5087 TG-62
C314 NPN, Cagse TO-92 . . . . . . . . . . . . MOT 2N5087 TG-62 .
C315 NPN, Case TO=-92 . . . . & v v 4 4 4 v v o v s o 4 o MOT 2N5087 TG-62 .
c3ile NPN, Case TO-92 . . . + & & v« v v 4 « « 4 « s . MOT ZN5087 T6-62 .
Cc317 NPN, Case TO-92 . . . . + .« « . . MOT 2N5087 TG~62
c318 NPN, Case TO-92 . . . . . . MOT ZN5087 TG-62
G319 NPN, Case TO-92 . . + + + + + . PR MOT 2K5087 TG=62 .
€320 NPN, Case TO-92 . . . + « « « . . . MQOT 2N5087 TG-62
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MODEL 1602B

REPLACEABLE PARTS

RESTSTAQRS
Circuit Mfr, Mir. Keithley
Desig. Description Code Desig, Part No. Qty.
R301 100k&a, 1%, 0.12W, MtP . . . . . . . IRC CEA-TO-100k$ R88-100K 1
R302 10kQ, 10%, 0.25W, Comp. . . ., . v . A-B CB-103-10% R76-10K 5
R303 Thick Film Network. . . . . . . . . . . e . KI vhaas TF-39 4
R304 Thick Film Network. . . . o v .o . . KI raan TF-39
R305 Thick Film Network. . . . . KI Vi TF-39 .
R306 Thick Film Network. +« . + + v + « + v 4 v 4 o . KI. ... TF-39 .
R307 10k, 10%, 0.25W, Comp, . . . . A-B CB=-103-10% R76-10K
R308 10k, 10%, 0.25W, Comp. . . . . . A~B CB-103-10% R76-10K -
R109 10k, 10%, 0.25W, Comp, . Ve e e e e e e A-B CB-103-10% R76~-10K o
R310 10k, 10%, 0.25W, Comp. . P N A-B CB-103-10% R76-10K '
INTEGRATED CIRCUITS

Circuit Mfr., Mfr. Keithley
Desig. Description Code Desig. Part No. Qty.,
U301l Hex Inverter, l6-pin DIP. . . . RCA CD4049ARE 1C-106 1
U302 Quad 2-input KOR, l4-pin DIP, e e RCA CDAOOLAE 1C-108 8
U303 Quad 2-input NOR, l4—pin DIP. . . RCA CD4001AE 1c-108 .
U304 Quad 2-input NOR, l4-pin DIP, PN - RCA CD4001AE 1c-108 .
U305 Dual 4-Input NOR, 1l4-pin DIP, . . . . . RCA CD400ZAE 1¢-105 1
U306 Timing Circuit, 8-pin DIP . . . e e e e . 51G NE555V Ic-71 1
u3o? Quad 2~-input NAND, lé4-pin DIP . . . . . RCA CD401TAE 1C-102 3
U308 Dual "D" Type, Flip-Flop, lé4-pin DIP. e RCA CD4013AE IC-103 2
U3ng Dual "D" Type, Flip-Flop, l4-pin DIP, v e e s RCA CD4013AE 1¢-103 -,
U3lo Quad Clocked "D' Latch, 16-pin DIP. . . + + « « « » . RCA CD4042AE 1C-104 3
U3ll Quad Clocked "D" Latch, lé-pin DIP. . . . . . + + . . RCA CD404 2AE I1C=-104
vU3iz Quad Clocked "D Latch, 16-pin DIP. .o RCA CD404 2AE IC-104 .
U313 Hex Buffer, 16-pin DIP. ., . . . .+ + .+ . e . RCA CD405S0AE 1Cc-107 i
U3ls4 Quad 2-input NOR, l4-pin DIP. . . . . . RCA CD4001AFE, ICc-108 e
U315 Quad 2-input NOR, l4-pin DIP, . . . Vo . . RCA CD4OG1AFR 1C-108
U3le Quad 2-input NOR, l4-pin DIP. . . . . o . RCA CD400LAE IC-108
U317 Quad 2-input NOR, l4-pin DIP. . . . " . RCA CD400LAE I1C-108
u3ls Quad 2-imput NOR, L4-pin DIP. + v v v v v v o v o o RCA CD400LAE 1C-108
U319 Quad 2-input NAND, lé4-pin DIP . . e e RCA CD4D11AE IC-102
U320 Quad 2-input NAND, lé4~pin DIP . . . . e . RCA CP40L1AE ICc-102
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REPLACEABLE PARTS

KEITHLEY PART NO. IC- 24

MODEL 160B

KEITHLEY PART NO.

4] T3 12 7 K [ @

1C-47

| ) JEDEC TO-116

O 2F 2] 41157 18] [Z]

AAAAAAAAAAAA
UUUUUU OLLECT{R

bEb bt s

KEITHLEY PART NO. IC-53

| ) JEDEC TO-116

LT 27137 147 18] 18] (7]

FIGURE 34, Case Qutline -
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KEITHLEY PART NO. IC -60

-93
TAB = COMMON
T0-220 PLASTIC PACKAGE

Integrated Circults.
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MODEL 160B

| KEITHLEY PART NO. IC-71

81 71 6l (5]

KEITHLEY PART NO. IC-77

g (A 18] 5

]
DT 121 3T 14

OFFSET

T0-99

UUUUUU OFFSET

® @ ® &

>

FIGURE 35, Case Outline
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KEITHLEY PART NO. 1C-99

Bl [7] [&] 3]

|
0 & &

ONGRONE

>

O ORONO

- Integrated Clrcuits.

55



REPLACEABLE PARTS

KEITHLEY PART NO 1IC-100

@@@m@eo

® @ C?g @

@oé

MODEL 160B

KEITHLEY PART NO. IC-101

) JEDEC TO-116

U 21 T3 WITaT 163 ]

Uy

RRRRRRRRRRRR

edo b
ORORORCRORORw

KEITHLEY PART NO. IC-102

B
Tehe

FIGURE 36, Cage

Dutline
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KEITHLEY PART NO IC-103

- Integrated Circuits.
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MODEL 160B REPLACEABLE PARTS

KEITHLEY PART NO IC-104 | KEITHLEY PART NO. IC-105

e
%3@?@

90 | GPRLOOE
I T I
@g%é©woo 20® 560

KEITHLEY PART NO. IC-106 KEITHLEY PART NO IC-107

l:‘:i) z;mmmwmm—
giRity
@géggilq @E@E®Zle

FIGURE 37. Case Outline - Integrated Clrcuits.
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REPLACEABLE PARTS MODEL 1403

KEITHLEY PART NO. IC-108 | KEITHLEY PART NO. TG- 94

y

LI TSI AT IST 81 2T

10-77
_.j—T/_J
‘ - —-%?TFﬁ
b |

LNORORORORe, ® @b@@b

LEAD DESIG. TO-5 LEAD DESIG. TO-92
; 10-5 ¢ 10-92

LEAD DESIG. TO-106 | KEITHLEY PART NO. TG-77
iﬁ TO- 106

58 . 1174

FIGURE 38. Case Qutline - Transistors.



MODEL 1608 REPLACEABLE PARTS

FIGURE 39. C(ase Outline - Thick FIlm Networks.
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REPLACEABLE PARTS

KEITHLEY PART NO. TF-36

8] 71 [6] [5]

1] T2 T3] [

|

MODEL 1608

KEITHLEY PART NO. TF-37

KEITHLEY PART NO. TF-39

18] 15 (14 73] {2) (M) fiol %]
EI“I‘I’I‘I’I’
01 12] [3]1a]T5]T6] (7T (8]

@@@@@?@@

IUK% fﬂk%

FIGURE 40. Case Qutline
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— Thick Film Network.
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MODEL 1608

FI; 1 U 28 F2
1 ]2 271 [Jr2
LAV B K 26} IR
3] |+ 25 ;RY
HOLD: 5 ] [
w_] |6 23| [Jon
w3 | 22| EJenp
k] I8 a) [y
s |9 20 ;+5v
ALY o 1ol TFv
o1 In 1 [JF
E 12 7| 1o
¢ 13 16 +44
cs 14 15§ [Jor

FIGURE 41. Case Outline - Custom LSI.
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REPLACEABLE PARTS MODEL 160B
COMPONENTS LOCATED ON PC~349
Circuit Location Circuit Location Circuit Location Circuit Location
Desig. Code Desig, Code Desig. Code Desig. Code
Ccl01 F-5 PL102 J-4 R118 ¥-2 R205 c-8
clo02 F-4 P103 J-3 R119 F-1 R206 B-7
Ccl03 G-1 PLO4 H-2 R120 -2 R208 H-7
Cl04 G-2 P105 u-5 R121 D-1 R209 J-7
c1l05 G-1 P1G6 J-5 R122 D-1 R210 J-7
cl06 H-2 P107 G-2 R123 E-1 R211 J-6
c107 F-1 P108 G-4 R124 F-3 R212 B-6
c1l08 E~-1 P109 G=4 R125 F-3 R213 C=b
Cc109 E-1 P110 F-3 R126 E-3 R214 c-8
cl10 E-2 P11l F-3 R127 E-2 R215 B-8
C1l11 F-2 Pl14 B=4 R128 E-3 R216 C-6
c112 ¥-3 R129 E-3 R217 E-7
Ccl13 E-3 P203 A-8 R130 D-2 R218 r-6
Cll4 E~& P205 A-8 R131 D=2
C115 C-3 P206 G-8 R132 C-6 S101 J-3
G116 -4 P207 G-8 R133 E-6
C117 C-4 P208 c-4 R134 D4 5201 A-5
C118 C—4 R1i35 D-2 5202 A-B
c119 C-4 Ql01 E-4 R136 E~4 5203 H-8
c120 E-5 Q102 E~2 R137 D-4
Q103 E-2 R138 E-6 T201 B-4
c201 B-6 Q104 D=2 R139 H=4
c202 c-7 Q105 F-6 R140 H-5 TP1O1 F-6
¢203 B4 Ql06 E-5 R141 J-5
C204 B-2 R142 H~5 TP201 C-3
c206 B-1 Q201 B-6 R143 H~5 TP202 B-6
c207 c=3 Q202 G-6 R144 H~5
Q203 G=6 R145 J=4 Ulol E~5
CR101 F~-5 Q204 G-6 R146 J~4 yl02 E-4
CR102 r-5 Q205 G-6 R147 G~4 U103 D-2
CR103 G—2 Q206 Cc-6 R148 G-4 U104 E-3
CR104 F-2 0207 c-7 R149 F-4 U105 E-4
CR105 -3 R150 G~5 7106 D-3
CR106 Cc-]3 RIOL F-4 R151 G~5 U107 D-3
CR108 J-6 R102 E-5 R152 G~5 U108 D~5
R103 F-5 R153 G~5 U109 D-5
CR201 D-7 R104 D-5 R154 F-5 Ul1o c-5
CR202 c-7 R105 D=5 R155 Cc~5
CR203 B-3 R106 E-5 R157 D~6 Uzot D=7
CR204 c-2 R107 D=5 R158 C~-5 U262 c-7
R108 F=3 RiSg J-2 U203 E-6
Fi01 J-5 R109 F-4 R160 F-2 U204 D=7
R110 F=4 R161 D~3 U205 G-7
F201 A7 R111 F-3 R162 D~3 U206 F-7
F202 A-7 R112 E-5 R163 H~6 u207 B-5
R11i3 E-5 u208 c-2
J201 D-8 R114 J-1 R201 D~7
J202 H-7 R115 F-3 R202 C~bh
Ril6 H-2 R203 Cc-7
P101 G-2 R117 G-2 R204 C-7 VR101 c-5
VR102 c-3
62
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COMPONENTS LOCATED ON PC-352
' !
Circuit Locaticn ! Circuit l.ocation M -
Desig. Code : Desig. Code | .
1
301 E-1 P01 A-2 | ] CR3I0 3
c302 C-7 " 7 . » . - . u3ose ) CR30¢ “
€303 c-6 _ 0301 E-5 | | LR .
C304 C-4 _ Q302 E-8 | — sl CR307 *
€305 b-3 m Q303 E-7 | | LRs0s -
: Q304 E-7 ! 2o
_ CR30] *
CR301 F-2 Q305 E-7 m M U303 y304 Uz U320 s CRIOE o
CR302 F-2 Q306 E-7 m CR304 *
CR303 F-2 k Q307 E-6 _ * * . U3C3 .
CR304 F-2 | Q308 E-6 — : . J302—
CR305 F-2 Q309 E-6
CR306 F-1 0310 E-6 . o
CR307 F-2 Q311 E-6 uw : o
CR308 F-1 Ow“_.N E-5 P30I U3l U30s- _ u3ts .
CR309 F-1 0313 E-5 €305
CR310 D-1 Q314 E-5 - . . .
Q315 E-5 . * o
J302 G-2 Q316 £-5 h. a320 _
Q319
< ' [}
u302 U307 R : L QI8
—_— : O U308 u3li7 R303 Q317
— LG L O
316
Circuit Location Circuit Locaticn . mwom +5V O o a O
Desig. Code Desig. Code m . R ou_.m.D
Q314
.,
Q317 E-4 U303 A-1 Q313 -
0318 E-4 U304 B-1 —_— __m 1 B o om__u_nDu_
Q319 E-4 U305 c-3 3 Ui U316 w306 o3
Q320 E-4 U306 E-1 R306 : 43162
U307 B-4 6 . 1 A A
R301 E-2 U308 C-4 : B Q309
R302 E-2 U309 D-3 . : ; Q308
R303 D-4 U310 c-7 —_ N S S asors
R305 D-7 U312 C-5 r o U3 u3is U3 kO
R306 D-5 U313 D-6 7 2% N P =)
R307 c-8 U314 D-7 MODEL 6028 © o o w0a
R308 c-6 U315 D-6 5 0303 _ -
R309 C-5 U316 D-5 —_— s Q302
R310 D-3 U317 D-4 - =
U318 D-2 :
U301 B-2 U319 c-1 m
U302 A-4 U320 D-1

A B C D E F G

FIGURE 43. Component Layout, PC-352,
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