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MODEL 169

SECTION 1.

1-1. INTRODUCTION.

1-2. The Model 169 is a rugged, low cost, battery-
operated digital muitimeter that provides full
measurement capability for many general purpose
applications. 1t provides accurate readings from
100uV/digit to 1000V on five dc and five ac voltage
ranges, LOOnA/digit to 2000mA (2 amperes) on five dc
and five ac current ranges, and 100m}/digit to 20
megohms on six resistance ranges. Ranges and
accuracy are listed in the Table of Specifications
on page 1-3.

1-3. FEATURES.

1-4. The Model 169 incorporates features that help
prevent instrument damage through customer abuse and
provide maximum instrument reliability, operator
safety and simplicity of operation. Some of these
features are:

® A 2000-count (3-1/2 digit) liquid crystal dis-
play {LCD) with large 0.6" numerals, function
and range annunicators, and a low battery indi-

GENERAL INFORMATION

GENERAL INFORMATION

cator (BAT}. Appropriate decimal
minus sign (-} are also displayed,
potarity is implied.

point and
positive

® The Model 169 is built rugged. The full hench-
size case is molded from impact-resistant and
flame-retardant plastic. Effective input pro-
tection oprevents damage on all functions,
Voltage ranges are protected up to 1400V peak,
resistance ranges to 3J00VRMS and current ranges
are protected by an externally accessible 2A
(250vV) fuse.

® Pushbutton switches are color coded to the
front panel for quick and easy selection of
function and range. The decimal point is auto-
matically positioned by the range pushbutton.
Annunciators on the display indicate the
selected function and range. [mproper range
and function combinations are indicated by
contradicting function and/nr range annuncia-
tors appearing at the same time,

FIGURE 1-1.

Model 169.

1-1



GENERAL INFORMATION

1-2

@® The latest LSI technology and stable precision
components have been used in the Model 169 to
provide long term accuracy and minimize main-
tenance. Only one calibration adjustment is
required, once a year. If alkaline batteries
are used, battery life can be the same as the
calibration cycle. Barring destructive misuse,
an MTBF of up to 20,000 hours can be expected.

® Automatic zeroing, automatic pelarity and only

two input terminals simplify operation by
eliminating potentiometer zeroing and lead
changing.

® Optional accessories can be ordered to extend
the measurement capability of your Model 169.
Some of these are:

High Voltage Probe allows your DMM to measure
from 1000V to 40KV dc.

High Frequency (RF) Probe allows your DMM to
measure from 0.25Y to 30V rms ac over a fre-
quency range of 100kHz to 100MHz.

Clamp-0On AC Current Probe allows your DMM to
measure from zero to 200A rms ac.

50-Ampere Current Shunt allows your DMM to
measure from zero to 50A, ac and dc.

NOTE
Refer tao Section 4 for more detailed
information on accessories.

1-5. WARRANTY INFORMATION.

1-6. The warranty is given on the inside front
cover of this Instruction Manual, [f there is a
need to exercise the warranty, contact the Keithley
Representative in your area to determine the proper
action to be taken. Keithley maintains service
facilities in the United Kingdom and West Germany,
as well as in the United States. Check the inside
front cover of this manual for addresses.

MODEL 169

1-7. CHANGE NOTICES.

1-8. [mprovements or changes to the instrument
which occur after printing of the Instruction Manual
will be explained an a Change Notice sheet attached
to the inside back cover,

1-9. SAFETY SYMBOLS.

1-10.
follows:

Safety symbols used in this manual are as

IMPORTANT

The 14:5& symbel can be found in various
places in this manual. Carefully read the
associated CAUTION statements with regard
to proper use and handiing of the instru-
ment. Damage to the instrument may occur
if these precautions are jgnored,

This§ symbol can be found in various

places in this manual. This symbol indi-
cates those areas on the instrument which
are potential shock hazards. Carefully
read the associated WARNING statements
with regard to proper use and handling of
the instrument. Serious personal injury

may vresult #f these precautions are
ignored.

1-11. SPECIFICATIONS.

1-12. Detailed specifications for the Model 169 are

given in Table 1-1.
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GENERAL INFORMATION

TABLE 1-1.
Specifications Model 169
DCVOLTAGE RESISTANCE
ACCURACY (1 YEAR) ACCURACY
___RANGE  RESOLUTION _18---28°C t1 YEAR: TULE SCALE
200mV 1008V RANGE RESOLUTION 18 28 ¢ VOLTAGE
Y imv 200 100mi? 039 rdp ¢ A ESIESY
WY 10my F10.25% of reading + ) digit) 2L 0 [T IO 2 rdg 0 I <oy
200 V 100mV 20k 1 o @ 02 pde b1 S oy
1000 V Y 200k (1 100 Q £U0.2% rdp + b PR UrAY
2000k (7 1k 1029 rdy + Kb >ory
MAXIMUM ALLOWABLE INPUT: 1000VDC, 1400V peak AC. 20M1} 1ok Q2 HI2.0% rdy ¢ Lidi > 07V

INPUT RESISTANCE: 10MQ.

NORMAL MODE REJECTION RATIO: Greater than 50dD at 50Hz,
60Hz.

COMMON MODE REJECTION RATIQ: Greater than 100dB at DC,
50Hz and 60Hz {1k& unbalance, S00V).

AC VOLTAGE
ACCURACY {t YEAR)
18 -28 C

RANGE RESOLUTION ~ 45Hz -1kHz 1kHz —5kHz
200mV 100V

2V 1my

0V 10mV +(1% rdg + 5d} (6% rdg + 7d}
200V 100mV
1000 V (Y

MAXIMUM ALLOWABLE INPUT: 1000V rms, 1400V peak,

10*VeHz, continuous except 200mV range: 350V continuous, 15

sec. maximum above 350V,
INPUT IMPEDANCE: 10M(} shunted by less than 100pF.
RESPONSE: Average responding, calibrated in rms of a sinewave.

DC CURRENT
ACCURACY MAXIMUM
(1 YEAR) VOLTAGE
___RANGE RESOLUTION 18" —28"C BURDEN
200pA 100nA 0.25V
2mA LpA 0.25V
20mA 10uA +{0.75% rdg + 1) 0.25V
200maA 100 A 03V
2000mA 1mA 07V

OVERLOAD PROTECTION: 2A fuse (250V}, externally accessible.

AC CURRENT
ACCURACY
{1 YEAR) MAXIMUM
18°—28°C VOLTAGE
RANGE RESOLUTION (45Hz—1kHz) BURDEN
200uh 100nA 0.25V rms
2mA TuA 0.25V rms
20mA ouA +1{1.5% rdg + 5d) 0.25V rms
200mA 100uA 0.3 V rms
2000mA ImA 0.7 V rms

OVERLOAD PROTECTION: 2A fuse (250V), exiernally accessible.

MAXIMUM OPEN CIRCUIT VOLTAGE: 1.5V except 2000 range
3.5V,

MAXIMUM ALLOWABLE INPUT: 300V DC or rms

GENERAL
DISPLAY: 3':-digit LCID). 0.6” numera! height. with polarity range
and tunction indicators
OVERRANGE INDICATION: 3 least sigmticant digits blanked
MAXIMUM COMMON MODE VOLTAGE: 1400V peak
OPERATING ENVIRONMENT: 0 ta 50 . less than 80 kH up to
35 C, less than 70% RH trom 35 10 50 (.
STORAGE ENVIRONMENT: --35 tae0 O
TEMPERATURE COEFFICIENT (0 - 18 C and 28 —50 C): less
than 0.1 X applicable accuracy specitication. per
POWER: Six 1.5V “C" cells
BATTERY LIFE: 1000 hours typical with carbon zinc cells- 2000 hours
with alkaline cells.
BATTERY INDICATOR: Display indicates "BAT when less than 5%
of life remains.
DIMENSIONS, WEIGHT: 85mm high x 235mm wide x 275mm
deep (3127 X 917 X 10747) Net weight kg (3 by
ACCESSORIES AVAILABLE:
1691 General Purpose Test Lead Set
1699 Spare Parts Kit to Maintain 10 169's for 1 Year
1600 High Voltage Probe
1651 50-Ampere Shunt
1681 Clip-On Test Lead Set
1682 RF Probe
1683 Universal Test Lead Kit
1684 Hard Shell Carrving Case
1685 Clamp-On Current Probe

1-3



OPERATION

BATTERY
cuip

BATTERY
fe——— HOLDER &
6 "Cv CELLS

CALIBRATION

MODEL 169

Tk

ADJUSTMENT
R101
1890037 B
—_— ]
FIGURE 2-1. Instaliation of Batteries,
NEGATIVE
DI SPLAYED,
POSITIVE
IMPLIED WHEN LW MILLt (10"3J
MINUS (=) OFF BATTERY MICRO (1079)
BAT‘ ' '\F AMPERES
_— , , 1 MEGA (105)
AC DISPLAYED, L
DC IMPLIED J VOLTS KILO (103
3-1/2 DIGITS
WITH DECIMAL
POINT

Z2-0

FIGURE 2-2. Model 169 Front Panel Display.
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SECTION 2.

2-1. INTRODUCTION.

2-2. This section provides information needed for
incoming inspection, preparation for use and opera-
tion of the Model! 169 and its accessories.,

2.3, UNPACKING AND INSPECTION.

2-4. The Model 169 was carefully inspected, both
mechanically and electrically before shipment, Upcn
receiving the Model 169, unpack all items from the
shipping container and check for any obvious damage
which may have occured during transit. Report any
damages to the shipping agent. Retain and use the
original packaging materials if reshipment is re-
quired. The following items are shipped with all
Model 169 orders:

a., Model 169 DMM

b. Six carbon zinc "C" cells (may be shipped
installed in the DMM in some units).

c. A copy of this Manual.
d. Separate optional accessories, as ordered,
2-5. PREPARATION FOR USE.

2-6. Installation of Batteries, if required.

WARNING

To prevent a shock hazard, all test leads
should be removed from the INPUT terminals
before removing the instrument top cover,

a, Turn the DMM bottom side-up and Toosen the
four screws in the bottom cover until the threads
are not engaged. NOTE: The screws are not retained
and they will fall out when the instrument is re-
turned to its normal position.

b. Hold the top and bottom cover together to
prevent their separation and turn the DMM cover to
normal position. Lift off the top cover.

OPERATION

OPERATION

NOTE

Carbon-zinc batteries are supplied. These
batteries will operate your OMM for ap-
proximately 1000 hours. [If it is desired
to change batteries only once a year when
calibration is required, alkaline <cells
may be substituted. These cells will pro-
vide approximately 2000 hours of opera-
tion. In either case, the low battery
indicator will automatically come cn with
approximately 5% of battery life remaining
{20 hours for carbon-zinc and 40 hours for
alkaline cells).

¢, Install the batteries in the holder as shown
in Figure 2-1.

d. Press the battery clip onta the terminals of
the battery holder, then position battery holder on
the two spacers as illustrated.

e, Reinstall the top cover.

f. After the batteries are installed, you should
become familiar with the Model 169 by reading the
section titled Controls, Indicators and Connectors
{Paragraph 2-7); then perform the Initial Functional
Check (Paragraph 2-16}.

2-7. CONTROLS, INDICATORS AND CONNECTORS.
2-8, Dtsplay.

2-9. The operating status of the Model 169 is con-
tinuously provided by the 3-1/2 digit (2000 count)
1iquid crystal display located on the front panel.
In addition to the digitized input signal, with
appropriate decimal point and polarity, the display
provides indications of the selected function and
range, battery condition and overrange. All indica-
tors on the display are shown in Figure 2-2 and
described as follows.

2-1



OPERATION

2-2

a. Numerals. Large 0.6" numerals display up to a
maximum of 1999 counts. Leading zero is only sup-
pressed for most significant (1/2) digit.

b. Decimal Point. The decimal point is indicated
in three positions and implied when behind the least
significant digit. The decimal point is properly
positioned when a range pushbutton is pressed.

c¢. Overrange, A "1" followed by three blanked
digits is displayed as an overrange indication for
all ranges and functions, except the 1000 volt
ranges which read beyond their maximum allowable
input voltages. The minus sign and a decimal point
may also be displayed, if appropriate,

d. Polarity. For dc measurements the minus sign
{-) is displayed, positive is implied. The minus
sign may flash on any function at zero since it is
not suppressed. It is also normal for it to flash
in ohms while the instrument is recovering from
averrange.

e, Low Battery Indication. BAT is displayed when
approximately 5% of battery 1life remains, This
indicates that the batteries should be replaced,
however the Model 169 wil) continue to operate pro-
perly for 40 hours if alkaline cells are installed,
or 20 hours if carbon-zinc c¢ells are installed.

f. Function and Range Annunciators. These indi-
cators provide a continuous display of the selected
function and range, and allow direct reading of the
display. for example: a displayed half-scale ac
current on the highest current range would read AC
1000mA.

NOTE

Extended exposure of the Tliquid crystal
display to direct sunlight, or high tem-
perature and high humidity conditions can
cause the display to temporarily blacken.
Also, the display may become sluggish if
exposed to extremely cold temperatures.
Even though recovery occurs at normal
operating temperatures, these conditions

should be avoided for maximum display
life.

MODEL 169

2-10. Front Panel Switches,

2-11. Control of the Model 169 is provided by
eleven pushbutton switches which are color coordi-
nated to the front panel. These switches are shown
in Figure 2-3 and described as follows.

a. ON/OFF Pushbutton. Push on - push off switch
that, when in, applies power to the DMM,

b. Ffunction Pushbuttons. The four function push-
buttons provide selection of the five functions of
the Model 169. AC/DC is a push on - push off switch
that selects whether the function is ac or dc, in
for ac or out for dc. When ac is selected, the AC
annunciator is on. When the annunciator is off, dc
is impiied. Tne AC/DC pushbutton is not effective
when ohms (@) is selected. The V, A and @ push-
buttons are push-on switches that select volts,
amperes and ohms, respectively. Pressing one of
these pushbuttons all the way in selects the new
function, turns on the proper annunciator and can-
cels the previously selected function. Note that it
is possible, by forcing, to push two pushbuttons in
at the same time. This will be evidenced by con-
flicting range/function annunciators appearing, and
the unwanted function can be canceled by pressing
the desired function pushbutton again.

¢. Range Pushbuttons. The six range pushbuttons
are push-on switches which select the new range and
cancel the previous one, The decimal point is posi-
tioned and the appropriate annunciator is turned on
when the range is selected. The 20M pushbutton is
only used for ohms function. I[f it is inadvertently
selected with volts or current, contradicting annun-
ciators will appear.

2-12. Input Connections.

2-13. Two banana jacks provide the input connec-
tions to the Model 169, The HI (red) jack is the
high impedance input and is normally connected to
the point in the test circuit most removed from sig-
nal or earth ground., The LO (black) jack is the
common or low input.



MODEL 169 OPERATION

TABLE 2-1
Initial Function Check

SELECTION DMM DISPLAY
STEP | FUNCTION RANGE INPUT READING REMARKS
1 Open 000 Power on, all other switches out. (-) may flash.
2 ACV 200my Shorted 00.0 ACmV
3 DCy 200my Shorted 00,0 mV
4 A and 0¥} 2k Open .100 mAka [ Display reads 2mA current shunt on 2kn range.
Checks current fuse.
5 A and @* | 2008 and Open 1.00.0 pAq Display reads 2mA current shunt on 2000 range.
2mA (approx. 100Q)
6 A and a* | 200 and Open 1.0,0 uAd Display reads 20mA current shunt on 2000 range.
20mA {10q)
7 f Z20M Shorted 0.00 Mp
8 Q 2000k Shorted 000 ka
9 1] 2000k Open 1 ki Overrange indication, leading 1 with all other
digits blanked.
*Press both pushbuttons simultaneously.
PQLARITY {NEGATIVE IS {NDICATED, POSITVE IS IMPLIED
WHEN MINUS (=) DISPLAY IS OFF.)
pd
169 MUWTIMETER
N A N7 N
A
DI
‘ A AR
— 200 2m _20m 200m2s0bm ntadin] ,_
! 200 Zk 20k 200I\ 2000k IDM | ;' |
DD” DDDDDDDW @Z@
MAX iMA! ___&
/ | \\\ I/[ \\\ ya A
E&:::]J ’ [&:::LD
TILT \¥ \\ //
BALL \ \ /’
— \ \ / J
\ \ /
(D SET POWER QN (2 SELECT FUNCTION 3 sELECT {(4) CONNECT 1890027 A
RANGE SOURCE

FIGURE 2-3. Operating Controls.,
2-3



OPERATION

WARNING

To avoid electrical shock and/or instru-
ment damage, do not connect the LO input
to any source of more than 1400 volts
(peak) above earth ground.

Z2-14, Tilt Bail/Handle.

2-15. The 16 position tilt bail/handle allows you
to position the instrument for the best viewing
angle of the display.

2-16. INITIAL FUNCTIONAL CHECK.

2-17. Now that the batteries are installed and you
have become familiar with your DMM, the inftial
checkout procedure given in Table 2-1 should be per-
formed. This procedure provides a quick and easy
functional check of the DMM. Only test leads are
required. The check is designed to cause all anpun-
ciators to appear, except for low battery (BAT).
ATl decimal point locations are checked. All digit
segments are checked, except for the horizontal cen-
ter segment on the last three digits. Since the
minus sign (-} is not suppressed on any Function, it
should periodically flash on one or more of the
functions at zero with the input shorted. By
selecting two functions and/or ranges in the test,
the current fuse is checked and a rough indication
of the condition of the respective current shunt and
range resistor is obtained. However, this test is
not intended to check the DMM accuracy, and thus,
the indicated readings in the table are nominal! with
+h digits allowed. [If it is desired to check the
DMM accuracy specifications, perform the Performance
Verification, Section 3. The Initial Functional
Check 1is begun with power on and all other push-
buttons out. To obtain this condition it may be
necessary to press unselected function and range
pushbuttons slightly to cancel previous selections,
After completing the functional check, operate the
Model 169 in accordance with the Operating Instruc-
tions beginning with Paragraph 2-18.

MODEL 169

2-18. OPERATING INSTRUCTIONS.

2-19. The basic operating instructions for the
Model 169 DMM are outlined beltow. In addition,
there are individual instructions provided in this
section which describe how to make specific function
measurements, Refer to Figure 2-3 and operate the
OMM as follows.

ACAUTION

Do not exceed the maximum input limits
given in Table 2-2.

a. Turn on power by depressing the ON/OFF push-
button, [f the instrument is within 18-28°C, it is
useable immediately to rated accuracy. If the
ambient temperature is within 18-28°C range, but the
DMM has been subjected to temperature extremes, up
to 1 hour may be required to obtain rated accuracy.

b. Select the function with the AC/DC, V, A or @
pushbuttons.

c. Select the range by depressing the appropriate
range pushbutton.

d. Connect the source to the INPUT jacks and make
the measurement. Accessories described in Section 4
should be used as required.

TABLE 2-2
Summary of Maximum Inputs

MAX IMUM

FUNCTION RANGE INPUT
DCv ALL 1000V DC, 1400V Peak AC
ACV 200my 350V rms continuous, 15
sec. maximum above 350V

2¥-1000V | 1000V rms, 1400 peak,

106y -4z

ACA, DCA | ALL 2A, 250V DC or rms (fuse
protected}

Q ALL 300¥ DC or rms
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2-20. DC VOLTAGE MEASUREMENT. lfiﬁl CAUTION

2-21. The Model 169 reads dc voltage from 100uV/
digit to 1000 velts. The maximum displayed reading
is 1999 with appropriate decimal point. Palarity is
automatically sensed and the minus sign (-) will be
displayed, if applicable. Overrange is indicated by
a "1" and three blanked digits, except on the 1000V
range. On the 1000V range, the display can read
beyond the maximum allowable input voltage. Maximum
allowable input: 1000V dc, 1400 peak ac. ise the
Model 169 to measure dc voltage as follows:

A CAUTION

Do not exceed the maximum allowable input
voltage. Instrument damage may occur.

Do not exceed the maximum allowable input
voltage. Instrument damage may occur.

a. Turn on power with the ON/OFF pushbutton;
select ac volts with the V and AC/DC pushbuttons,

b. Select the range from the five ranges avail-
able. The decimal point is positioned by the range
pushbuttons, The “m" annunciator will appear if
200mV range selected.

¢, Connect the signal to be measured between the
INPUT HI and LO jacks; observe the voltage reading
on the display.

a. Turn on power with the ON/OFF pushbutton;
select dc volts with the V and AC/DC pushbuttons.
The "V" annunciator should appear.

2-24. AC OR DC CURRENT MEASUREMENT.

2-25., The Model 169 reads ac and dc currents from
100nA/digit to 2000 milliamperes (2A). For ac mea-
surements the instrument is average rsponding, cali-
brated to read the root mean square value of a sine
wave of a frequency within 45Hz to lkHz. The maxi-
mum reading is 199%, with appropriate decimal point,

] Overrange is indicated by a "1" followed by three
c. Connect the signal to be measured between the blanked digits. [Input overload protection is pro-

INPUT HI and LO jacks; observe the voltage reading vided by 2A, 250V dc or rms, quick-blow fuse. Use
on the display. the Model 169 to measure, ac or dc current as

follows.
A CAUTION

Do not install a larger capacity current
fuse than the one originally supplied (2A,
250V). Instrument damage may oOccCur.

b. Select the range from the five ranges avail-
able. The decimal point is positioned by the range
pushbutton. The "m" annunciator will appear if
200mV¥ range is selected,

2-22. AC VOLTAGE MEASUREMENT.

?2-23. The Model 169 reads ac voltages from 100uV/
digit to 1000 volts. The instrument is average
responding, calibrated to read the root mean square
value of a sine wave within a frequency of 45Hz to
5kiHz. The maximum reading is 1999 with appropriate
decimal point. Overrange is indicated by a "1" fol-
lowed by three blanked digits, except on the 1000V
range. On the 1000V range, the instrument can read
beyond the maximum allowable input voltage. Maximum
allowable input voltage: 1000¥ rms, 1400V peak,
106v-Hz maximum. Use the Madel 169 to measure
ac voltage as follows.

a. Turn on power with the ON/OFF pushbutton,
Select ac or dc with the AC/DC pushbutton; depress A
pushbutton. The ™A™ anpunciator should appear along
with the "AC" annunicator if ac was selected.
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b. Select the range from the five ranges avail-
able, The decimal point is positioned by the range
pushbutton. The "u" annunciator will appear if
200pA range was selected; otherwise, the "m" annun-
ciator will appear. It should be noted that the
voltage drop across the current shunt in the instru-
ment (called voltage burden} can affect the circuit
under test if it has a low source voltage. This
voltage burden can be reduced by selecting the
highest current range that will resolve the desired
measurement.

c. Connect the signal to be measured to the INPUT
HI and LO jacks; observe the current reading on the
display.

2.26. RESISTANCE {a) MEASUREMENT.

2-27. The Model 169 reads resistance from 100m@/
digit to 20 megohms. The maximum reading is 1999
with appropriate decimal point. Overrange is 1indi-
cated by a "1" followed by three blanked digits.
Maximum Allowable Input: 300V dc or rms. Use the
Model 169 to measure resistance as follows.

& CAUTION

Turn the test circuit off and discharge
all capaciters before attempting in-
circuit measurements, A voltage may be
present in the circuit if either the minus
sign 1is displayed, along with a steady
displayed number other than zero, or the
reading changes more than two digits when
the leads are reversed.

a. Turn on power and depress the @ pushbutton,
The "o" annunciator should appear.

b. <Connect the circuit to be measured to INPUT HI
and LO and select the desired range from the six
ranges available. The decimal point is positioned
by the range pushbutton and the applicable range
annunciator should appear.

MODEL 169

c. Read the resistance on the display. If the
200a range is selected, disconnect the test leads at
the test circuit, short them together and subtract
the reading obtained from the reading obtained
above.

NOTE

As previously mentioned for in-circuit
measurements, the presence of a voltage
will cause a change in the reading when
the leads are reversed. The presence of a
forward biased semiconductor junction will
also cause a significant error, and there-
fore, it is a good practice to reverse the
lTeads and make comparative measurements of
in-circuit resistances. In addition, it
should be noted that the bottom two re-

sistance ranges will npot turn on most
semiconductors, except 1in an overrange
condition,

d, Dipde Tests. Any of the top four ohms ranges
will turn on semiconductor Jjunctions, with an
on-scale reading, but the 20K range is recommended
for out-of-circuit tests of semiconductors because
its test current is higher. To test a junction,
first forward bias it and then reverse bias it while
observing the display reading for both conditions.
The HI jack is positive. Compare the results as

follows:
JUNCTION
INDICATION CONDITION
1. Overrange, both Polarities OPEN
2. Low reading, both polarities SHORTED
3. Overrange when reverse biased PROBABLY
and an on-range reading when GOOD
forward biased
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PERFORMANCE VERIFICATION

SECTION 3, PERFORMANCE VERIFICATION

3-1. GENERAL.

3-2., Performance verification may be performed upon
receipt of the instrument to ensure that no damage
or misadjustment has occured during transit. Veri-
fication may also be performed whenever there is
question of the instrument's accuracy, and following
calibration, if desired.

NOTE

For instruments that are still under war-
ranty (1ess than 12 months since date of
shipment), contact your Keithley repre-
sentative or the factory immediately if
the instrument falls outside of specifica-
tions as determined by the Performance
Verification Procedure in paragraph 3-7.

3-3. RECOMMENDED TEST EQUIPMENT.

3-4, fecommended test equipment for performance
verification (and calibration) is listed in Table

3-1. Alternate test equipment may be used.

ever, if the accuracy of the alternate test equip-
ment is not at least 10 times better than the
instrument specifications, additional allowance must

be made in the readings obtained.

3-5. ENVIRONMENTAL CONDITIONS.

3-6, All measurements should be made at an ambient
temperature within the range of 18° to 28°C {65° to
82°F), and a relative humidity of less than 80%.

3-7. PERFORMANCE VERIFICATION PROCEDURE.

3-8. Use the following procedures to verify the
basic accuracy of the Mode! 169 for voltage,

resistance and current measurements.

TABLE 3-1
Recommended Test Equipment for Performance Verification.

£ Current Calibrator

1TEM DESCRIPTION SPECIFICATIONS WER . MODLL

A DC Calibrator 0.1v, 1v, 10V, 100V | Fluke 3414
1000V, £0.005%

B AC Calibrator 0.1y, 1v, 10V, 100V H-P J45A
+0.022%

c AC Calibrator/Amplifier 1000V +0.04% H-P TASA/T46A

D Decade Resistor 1.9kn, 19ka, 190kn, | ESI DB62
1.9Ma, 10Ma,
+.02%

100uA, lmA, 10mA, Valhalla | 2500

100mA, 1A, x0.03%




PERFORMANCE VERIFICATION MODEL 169

NOTE TABLE 3-2
DC Yoltage Performance Check

Performance verification should be per-

formed by qualified personnel using Applied Altowable Reading at
accurate and reliable test equipment. Range | Voltage 18 to 28°C
200my 100.00 my 99.6 to 100.4
3-9. Initial Conditions.
2y 1.0000 v .996 to 1.004
3-10. Before beginning the verification procedure
the instrument must meet the following conditions: 20 V1 10.000 v 9.96 to 10.04
a. If the instrument has been subjected to 200 v | 100.00 V 99.6 to 100.4
extremes of temperature, allow internal temperature
to stabilize for one (1) hour minimum at the 1000 v | 1000.0 V 996 to 1004
environmental conditions specified in paragraph 3-5.
b.  Turn the instrument on and check for low 3-12. AC Volts Checkout.
battery indication. I!f low battery indicator (BAT) )
is on, remove and replace the batteries with fresh a. Select ac voltage readings with the AC/DC and
ones, ¥ pushbuttuns.
§ WARNING b. Connect the AC Calibrator (Item B, Table 3-1)

to the DMM. Set the calibrator frequency to ikHz.
Some procedures require the use of high

voltage., Take care to prevent contact ¢. Set the DMM to the 200 mV range and apply 100
with live circuits which could cause m¥ ac to the DMM, The reading must be within the
electrical shock resulting in injury or limits specified in Table 3-3.

death.

d. Select the 2, 20 and 200 volt ranges and apply
the required voltages as specified in Table 3-3.

3-11. DC Volts Checkout. Verify that the readings are within specifications.
a. Select dc voltage readings with the AC/DC and e. To check the 1000 volt range, connect the AC
V pushbuttons. Calibrator Amplifier (Item C, Table 3-1) to the
output of 1000 volts ac rms and verify that the DMM
b. Connect the BC Calibrator {Item A, Table 3-1) reading is within the spectfied limits,

to the instrument. TABLE 3-3

AC Voltage Performance Check
c. Select the 200mV range, and apply positive

100mVdc to the DMM. The reading must be within the Applied Allowable Reading at
Timits specified in Table 3-2. Range | Voltage 18° to 28°C
d.  Select each vemaining vange and apply the 200mv [ 100.00 mV 98.7 to 101.3 my
required voltage as specified in Table 3-2, verify
that the reading is within specifications. 2 V| 1.0000 v 987 to 1.013 V
e. Repeat all checks with negative voltage. 20 V| 10.000 v 9.87 to 10.13 V
200 V| 100.00 v 98.7 to 101.5 V
1000 v | 1000.0 V 987 to 1013 ¥

3-2
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3-13. Resistance Checkout.

a. Select resistance readings by pressing the @
pushbutton.

b, Select the 200Q range.

C. Connect the decade resistor {Item D, Table
3-1) to the DMM.

d. Set the decade resistor tc zero and measure
the resistance of the test Jeads. Subtract this
reading from the display in all of the fellowing
steps.

e. Set the decade resistance to 190.0, Verify
that the reading is within the limits specified in
Table 3-4.

f. Continue the resistance check by selecting the
next range and measuring the next resistance as
specified in Table 3-4, Verify that the reading is
within specifications. Test each item in the table.

TABLE 3-4
Resistance Performance Check

Allowable Reading at

Range Resjstance 18° to 28°C
200 Y 190.0 n 189.1 to 190.9 @
2 ko b 1,900k 1.895 to 1.90% Ka
20 ka | 19.00kn 18.95 to 19.05 Ka
200 kn 190.0ka 189.5 to 190.5% K&
2000 Ko | 1.900kn 1895 to 1505 Ko
20 Mo | 10.00MQ 9,79 to 10.21 Ma

PERFORMANCE VERIFICATION

3-14. DC Current Checkout,

a. Select dc current readings with the AC/DC ancd
A pushbuttons.

b, Connect the dc¢ current source ([tem E, Table
3-1} to the DMM,

¢. Select the 200uA range and apply a current of
100.00pA to the OMM. The reading must be within the
limits in Table 3-5.

d. Select each range and apply the reguired cur-
rent as specified in Table 3-5. Verify that the
reading is within specifications.

3-15. ANALYSIS.

3-16. If the instrument is out of the specified
limits given 1in Tables 3-2 through 3-5, either
troubleshooting and  repair or calibration, as
described in Section 6, may be required, Normally,
recalibration will only be the indicated sclution
when the instrument is out of specification on more
than one function (except for the higher ranges of
DC volts which are the most critical). [f the
instrument is still under warranty, refer to the
Note in Paragraph 3-2.

TABLE 3-5
DC Current Performance Check

Allowable Reading at
18° to 28°C

Applied
Range Current

200 pA 100.00 pA 99.1 to 100.9 pA
2 nh 1.0000 mA .991 to 1.009 mA
20 mA] 10.000 mA 9.91 to 10.09 mA

200 mA | 100.0G mA 99.1 to 100.9 mA

1000 mA | 1000.0 mA 99] to 1009 mA
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SECTION 4.

4-1. GENERAL.

4-2. This section describes the various accessories
and options available for use with the Model 169
DMM.

4-3. MODEL 1600 HIGH VOLTAGE PROBE.

4-4. The Model 1600 High Voltage Probe (shown 1in
Figure 4-1) extends the measurable dc voltage range
up to 40 kilovelts. It has a 1000:1 division ratio,
so that a reading of 1 volt on the DMM corresponds
to 1 kilovolt (1000 volts). To use the probe,
select DCV and the required range, connect the high
voltage probe banana plug to the instrument, connect
the alligator clip to source low, and touch the
probe tip to source high,

; WARNING

Be sure the alligator clip is connected to
source low before touching probe tip to
source high. A shock hazard or damage to
instrument may result.

Specifications

Voltage Range: Q0 to 40,000 volts DC.
Input Resistance: 1000 megohms,
Division Ratie: 1000:1.
Ratio Accuracy:
+1,5% at 25kV, decreasing to
+2.0% at 20kY and 30kVY,
+3.0% at 10kVY and 40kV, and
+4,0% at 1kV.
Ratio Stability: +0.01% per °C; :0.1% per year,
Heating Effects: Self-heating due to application
of high voltage for period in excess of 1 minute
will cause a maximum of 0.2% additional error at
40k¥ (error is less at lower voltage).

ACCESSORIES

ACCESSORIES

4-5, MODEL 1651 50-AMPERE SHUNT

4-6. The Mode! 1651 50-Ampere Shunt (shown in
Figure 4-2) permits current measurements of up to 50
amperes ac or dc, The shunt has a resistance of
0.001 ohm $l%, so that a 50-ampere current will cor-
respond to a reading of 50 millivelts {0.0500 volt).
Set the DMM to ACYV ar DCV and select the reguired
range. To use the shunt, connect the leads fur-
nished with the shunt from the shunt screw terminals
tc the OMM input terminals. Use separate leads {not
furnished) to connect the source to the hex head
bolts. Be sure to use leads with a capacity of 50
amperes, or as needed.

4-7. MODEL 1681 CLIP-ON TEST LEAD SET

4-8. This set (shown in Figure 4-3) contains two
leads with banana plugs at one end and spring-action
c¢lip-on probes at the other end. To use, insert the
banana plugs intc the DMM and attach the probes to
the source.

4-9, MODEL 1682 RF PROBE

4-10. The Model 1682 RF Probe (shown in Figure 4-1)
permits measurement of ac voltages at freguencies of
20 kilohertz to 100 megahertz. Connect the probe to
the input terminals and select OCV and the appro-
priate range.

Specifications

Yoltage Range: 0.25 to 30 volts rms.

Transfer Accuracy: :0.5d8, 100kHz to 100MHz peak
responding calibrated in rms of a sinewave.

Input Impedance: 4 megohm shunted by 3pF.

Maximum Allowable Input: 30V rms AC, 200V DC.

Accessories Supplied: straight-tip, hook tip,
ground ¢lip, hi adapter, banan’ plug adapter.
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4-11. MODEL 1683 UNIVERSAL TEST LEAD KIT.

4-12. This kit (shown in Figure 4-3) contains two
test leads and 12 screw-in adapter tips. The tips
consist of two alligator tips with boots, two banana
plugs, two needle tips with chucks, two spade lugs
and four heavy duty tip plugs which permit con-
nection of the DMM to virtually any source within
its measurement range.

4-13. MODEL 1684 CARRYING CASE.

4-14, The Model 1684 Carrying Case (shown in Figure
4-4) is a hard vinyl case with a fitted foam insert
to help protect the Model 169 from damage. There is
alsc room in the case for the Instruction manual and
small accessories

4.15. MODEL 1685 CLAMP-ON AC CURRENT PROBE.
4-16. The Model 1685 Clamp-On AC Current Probe
(shown in Figure 4-2) permits measurement of ac

current by c¢lamping around a single conductor,
eliminating the need to interrupt the current path.
Plug the ac current probe into the DMM and select

MODEL 169

ACY and the appropriate range.
0.1 volt rms per ampere.

The DMM will display

4-17. MODEL 1691 GENERAL PURPOSE TEST LEAD SET.
4-18. The Model 1691 General Purpose Test Lead Set
(shown 1in Figure 4-3} consists of two .9Im (36

inches) test leads with probe tips terminated in
banana plugs.

4-19. MODEL 1699 SPARE PARTS KIT.

4-20. The Model 1699 contains a complement of spare
parts that will maintain up to 10 Model 169 DMMs for
one year. The parts are listed in Table 7-1 of
Section 7, Replaceable Parts.

4-21. MODELS 1010 and 1017 RACK MOUNTING KITS.
4-22. The rack mounting kits (shown in Figure 4-4)

permit mounting one or two Model 169 DMMs 1in a
19-inch rack for convenient viewing,

MODEL 1600
HIGH YOLTAGE PROBE

MODEL 1682
RF PROBE

-2

FIGURE 4-1.

High Voltage Probe and Rf Probe.
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MODEL 1651
50-AMPERE SHUNT

MODEL 168%
CLAMP-ON AC CURRENT PROBE

FIGURE 4-2. Current Probe and Current Shunt.

MODEL 1681
CLIP-ON TEST LEAD SET

MODEL 1691
GEMERAL PURPOSE TEST

/ LEAD SET
5 (I
4 —
MODEL 1683

UNIVERSAL TEST LEAD KIT

1]

1

FIGURE 4-3, Convenience Cable and Connectors.
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MODEL 1684
CARRYING CASE

L, o { _ﬁ\ o
I MODEL 169

-3 o] k, o
0 o
MODEL 1010

SINGLE RACK MOUNTING KIT

Z& MODEL 169 }X

MODEL 169 XB

MODEL 1017
DUAL RACK MOUNTING KIT

FIGURE 4-4.

4-4

Carrying

Case and Rack Mounting Kits.
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SECTION 5.

5-1. GENERAL.

5-2. This section contains circuit descriptions for
the Mode} 169 DMM, An overall block diagram of sig-
nal flow is provided in Fiqure 5-1. The overall
schematic diagram, drawing 30180D, is contained 1in
Section 7 of this manual.

5-3. OVERALL OPERATION.

5-4. As shown in Figure 5-1, the heart of the Model
169 is a single chip A/D converter with built-in
Tigquid crystal display drivers. The displayed
reading is the ratio of two flioating input voltages
to this converter. On all functions except ohms,
one voltage (Reference) is 100mV. The other voltage
{Vinq1) is the unknown input current or voltage
to the Model 169 which is converted and/or scaled by
the input signal conditioning circuitry te a dc
voltage between zero and +200mv, The displayed
reading is then determined by the formula: 1000

(VINHL *+ VREFERENCE). The A/D  converter
also automatically determines the polarity of the
input signal and detects whether an overrange
condition exists (>1999 counts). A minus sign fis
displayed, plus is implied, and an overrange is
displayed by a 1 with the last three digits blanked.
The annunciators are displayed by the combination of
range and function switching, and the decimal point
ts positioned by the range switching.

5-5., For the ohms function, a reference resistor 1s
placed in series with the unknown resistor and a
voltage is applied. Since the same current flows
through both resistors, the ratio of their voltages
is the same as the ratio of their resistances.
Thys, the voltage across each resistor is measured
by the A/D converter and their ratio is displayed
per the formula: 1000 (VR, -+ VRREFERENCE’ -

THEORY OF OPERATION

THEORY OF OPERATION

5-6. SIGNAL CONDITIONING.

5-7. AC/DC Voltage Measurements.

5-8. For voltage measurements, as shown in Figure
5-2, the input is divided by 1, 10, 100, 1000, or
10,000 by the 10 megohm resistive divider. The
resulting output from the divider is a 0 tog 200mV
voltage. For a dc input, this voltage is applied
direct to the A/D converter along with the 100mV
reference., It should be noted that, since no active
gain or attenuator stages are ysed, the dc accuracy
is determined primarily by the precision resistor
accuracies {actually their ratios) and the reference
adjustment.

5-9. For an ac input, the output of the resistive
divider is first applied to the AC Converter. The
AC converter is a half wave rectifier with 100uV
resolution and sufficient gain to provide a positive
dc output voltage equivalent to the rms value of a
sinusoidal input. Thus, for sinusoidal input of
100mVac, the output will be 100mVdc. The important
gain determining elements of the converter are
precision resistors so that a gain adjustment is not
required,

5-10. AC/DC Current Measurement.

5-11. For current measurements, as shown in Figure
5-3, the appropriate shunt resistor is placed across
the DMM input in accerdance with the selected range.
As with voltage measurements, the voltage drop
across the current shunt is designed to be 200mv for
a full scale input current on any range. Therefore,
after the input current is converted to a voltage,
the measurement process for current is identical to
that for voltage measurements, Accuracy for dc
current measurements is primarily determined by the
accuracies of the precision shunt resistars and the
reference adjustment., These two items also affect
ac accuracy along with any error contributed by the
AC Converter.

5-1



THEQRY OF OPERATION

5-2

5-12, Resistance Measurements.

5-13. Resistance measurements are made by comparing
the voltage drop across the unknown resistance to
the voltage drop of an internal reference resistor
as shown in Figure 5-4. For this ratio measurement
technique, a voltage is connected to the dinput
divider used for voltage measurements and the range
switching selects a 1/2 of full scale value refer-
ence resistance to be placed in series with the
unknown resistor. The voltage drops are then com-
pared by the A/D converter and displayed on the LCD.
A 2 kilohm thermister (RT101) provides overvoltage
input protection for the low resistance ranges and
it is in series with the reference resistor and the
unknown resistor on all but the 20 megohm range.
For this reason, the +¥ (+2.8V nominal) top of the
reference is selected on the 200 ohm range. On all
other ranges +1.2V is used. Since a ratio technique
is used, actual values of the reference resistors
determine the primary accuracy for resistance
measurements, and ne adjustments are necessary.

5-14. A/D CONVERTER.

5-15. As shown in Schematic 301800, the A/D con-
verter and display drivers are contained on a single
integrated circuit (U102). This chip also contains
an oscillator and the regulators that are used to
establish the analog and digital grounds. External
components are used to establish the timing and
reference levels required for A/D operation. U102
employs the dual slope principle of A/D conversion.
This method provides a measurement cycle consisting
of three consecutive time periods, autozerc, signal
integrate and reference integrate (read). Timing
for these periods, and thus the measurement period,
is a function of the oscillator frequency. The
oscillator components are selected to provide 40 kHz
which results in a 100 millisecond signal integrate
period for best rejection of 50Hz and 60Hz. To
begin each measurement cycle, the autozero period is
set to a minimum of 100 milliseconds. During this
period, the reference voltage input to the A/D is
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stered on capacitor Cll11 and the A/O converter is
referenced to aralog common. A correction volitage
is then stored on capacitor Cl0Z for use during the
remainder of the measurement cycle, if any amplifier
offset exists. The second phase of the measurement
cycle is the 100mS signal dintegration period as
previously mentioned. During this period, the
differential voltage between IN HI and IN LO is
integrated, At the end of this period, the polarity
of the integrated signal is also determined. The
final phase is reference integrate, or read. DOuring
this period, internal circuitry ensures that the
reference capacitor will be connected with the
correct polarity to return the integrator output to
the autozero level. The time required for the
output to return to this level is proportional to
the unknown input signal. The read period can be
from zero to 200 milliseconds, corresponding to
displayed counts of zero to 2000 full scale as
determined by 1000 (Viy + Vper). For
input signals less than fuyll scale, the A/D
converter reverts to autozero for the remainder of
the reference integrate period. Thus, a complete
measurement cycle is 400ms, which results in a
display update rate of 2-1/2 per second.

5-16. DISPLAY CIRCUITS.

5-17. The liquid crystal display (LCD} and its
associated circuitry is shown in Schematic 30180D.
As previously mentioned, the seven segment decoders
and drivers are provided by the A/D converter chip
Ul02. The digitized measurement data is presented
on the output lines to the LCD. These lines are
driven by a square wave having the same amplitude
and frequency as the BACKPLANE line (nominally 0 to
+5V at 50Hz). When the lines to the display seg-
ments are driven out of phase with BACKPLANE the
segments are ON. Conversely, when in-phase the
segments are OFF. The annunciators and decimal
points are turned ON and OFF similarly, with the
phasing of their lines controlled by the range and
function switches through logic gates, A summary of
annunciator switching is given in Table 5-1.
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5-18. REFERENCE SOURCE.

5-19, The reference source supplies 100mV¥ (regu-
lated and calibrated) to the A/D converter for
voltage and current measurements, It also provides
approximately 2.8Y to the 200 range and approxi-
mately 1.2Y¥ tao all other Q ranges during resistance
measurements. The heart of the reference source is
a band-gap reference (VR101) that regulates the
voltage to a value between 1.20 and 1.25 volts at
approximately S00uA, Recall that the voltage
applied to the reference source depends on the
internal regulator 1in the A/D converter which
establishes aralog ground nominally 2.8 volts below
V+., Thus, the value of R102G is selected to provide
a minymum current of 400uA to YRIDL1 to ensure a good
temperature coefficient. R101 provides the calibra-
tion adjustment, while R102D and RIOZ2E limit the
adjustment span and are stable precision resistors
to ensure the 1 year calibration cycle.

5-20. LOW BATTERY DETECTOR.

5«21, The low battery detector is a simple transis-
tor switch {Q102) which compares the negative supply
to digital common (ground). GQL02 is set for a nomi-
nal supply voltage of 6.9 volts. {Actual battery
voltage will be about 7.2 volts due to the drop of
CR105.) In the Model 169, the primary limit to bat-
tery usefulness is the integrator swing on the high
ohms ranges with a full scale input. For this rea-
son, the low battery indicator (BAT) should turn on
with a battery voltage of 6.5 volts, or above, for
the proper functioning of the A/D Converter and the
Tow battery indicator.

5-22, INPUT PROTECTION.

5-23. Effective input protection circuitry has been
designed into the Model 169 which provides proiec-
tion against accidental input overloads an  all
functions and ranges. This circuitry is described
in the following paragraphs for each function,

THEORY OF OPERATION

5-24, Voltage Protection,

5-25, R1G7 and R103 protect the A/D converter
during d¢ voltage measurements by Timiting the cur-
rent to *1mA,

5-26. For ac voltige measurements, U101 is pro-
tected by using R107 for current limiting and CR103
and CR104 to clamp the voltage to digital common and
V+. Overload currents are returned to analcg common
through C107, C113 and the A/D converter.

5-27. Current Protection.

5-28. On the higher current ranges, F101 (2A, 250V)
opens for input current overioads with up to 250
volts, On the lower current ranges, GR106 and CRIQ7
clamp the input voltage to about 1 volt wuntil FIQl
opens.
5-29., Ohms Protection.

5-30. Transistor Q101 and thermistor RT101 are the
basic components used to provide protection during
resistance measurements. Q101 s used as a low
leakage zener to clamp any unintentially applied
voltage to ground, RT101 is a positive temperature
coefficient tharmistor which bears the applied volt-
age by inmcreasing its resistance. This limits cur-
rent to protect Q10l. RID3 is used to protect IN H]
of the AfQ converter as in 0C wvolts, Since the
voltage across (lO1 can be 10 volts above the posi-
tive supply, R102C protects REF LO and R106f pro-
tects REF HI by Timiting the current to +10CuA.
Since ¥R101 has a current Vimit of 10mA, it s pro-
tected by R102G on the 200Q range and by R102F plus
the divider resistance on the other ranges. Ffor
negative input overloads the circuit operates the
same, except Q101 is then forward biased and clamps
to ANALOG COMMON.

5-3
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5-4

Annunciator Truth Table

TABLE 5-1

ANNUNCTATOR SWITCH CONDITION
BAT Q102 OFF
AC DC/AC AC
Q OFF

DP1 2K oM
bP2 20K or 20M ON
DP3 200 or 200K oN
v ¥ ON
Q Q ON
k 200 and 20M OFF
) ON

M 20M ON
A A ON
u A and 200 ON
it 1. A On
200 OFF

2. V and 200 ON

MODEL 169
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NOTES:

; PWR SUPPLY LO

LOW BATTERY

SWITCHING

MODEL 169
A/D
CONVERTER
INPUT 24 R b
+2.8y 200 DISPLAY
HI > I : DRIVER
O CURRENT QUTPUT REFERENCE +1.,75Y A uloz
SOURCE =050 ln o
& INPUT VOLTAGE +100my IN H]
5 o T ANAL 0G
COMMON
CURRENT VOLTAGE ATTENUATOR/ o ﬂ \
SHUNTS 2 SOURCE RESISTORS o- REF HI
AND RANGE SWITCHING 7 e w0
19} T |
Lo - L _ 1%
— QUTPUTS —.— —
{Note 1) ouTPUT DIGLT
T OV /(Note 2) SEGMENT
y AC AN DATA
CONVERTER ac [ o
O CKTS
ANALOG O+
COMMON BATTERY
POWER i DIG COMMON DISPLAY
SUPPLY % DECIMAL POINT
AND  ANNUNG 1ATOR ::::>

1. Output voltage from current shunts
and voltage attenuator are zero to
200mVAC and zero to +200mydc.

2. Output of AC Converter is zero to

+200mVdc.

FIGURE 5-1.

Model 169 DM

Overall Signa! Flow Block Diagram.
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MODEL 169

DECADE
RESISTIVE REFERENCE
DIVIDER
200my +100mY
~
HI > o

LO

OV to +200my De

~Oyg IN HI A/D
CONVERTER

9M

AC U102
AC i
CONVERTER v o
+200my

900K

DISPLAY
90K

9K

1K
RANGE
SWITCHING

FIGURE 5-2. Simplified AC/OC Voltage Measurement.
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MODEL 169
CURRENT
SHUNTS
2004 A
HI
REFERENCE
+100mv REF L0
] AND
OV to +200mV e COMMOY
20mA I A/D
CONVERTER
INPUT A vEKT
9 T
AC

CONVERTER oV to

+200my
9 DISPLAY

2000mA
RANGE .1
SWITCHING
¥
L0 >

FIGURE 5-3.

Simplified AC/DC Current Meaurement.
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MODEL 169

REFERENCE
SOURCE

+1.2Vl

2000

+2.8V

2000

A/D
CONVERTER
uloz

106.1

900

9K

90K

900K

9M

RANGE
SWITCHING

| REF HI

it REF LO

RT101
2K

IN HI

| COMMON

1

Vv

DISPLAY

HI
- [0

VW :
e REFERENCE

RESISTORS

Rx
L0
FIGURE 5-4, Simplified Resistance Measurement.
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SECTION 6. MAINTENANCE

6-1. GENERAL.

6-2. This section contains information necessary to maintain
the Mode! 169 DMM. Adjustment/calibration, troubleshooting,
battery replacement, fuse replacement and LCD reptacement
procedures are provided.

6-3. CALIBRATION.

6-4. Calibration should be performed yearly {every 12 months}
or whenever Performance Verification {see Section 3) indicates
that the Model 168 is out of specifications. If the Calibration Pro-
cedure cannot be performed properly, reter 1o Troubleshooting
information in this section or contact your Keithley representa-
tive or the factory.

NOTE
Calibration should be performed by gualified per-
sonnel using accurate and reliable equipment.

6-5. Recommended Calibration Equipment.

6-6. The Fluke Model 341A DC Calibrator is recommended for
calibrating the Mode! 169, Alternate calibration equipment may
be used. However, the accuracy of the alternate 190 mvVDC
source must be .025% or better.

6-7. Environmental Conditions.

6-8. Calibration should be performed under environmental con-
ditions having an ambient temperature of 23° £2°C and a rela-
tive humidity less than 70%. if the Model 169 has been exposed
to extremes of temperature or humidity, allow at least one hour
for the instrument to stabilize.

6-9. Case Cover Removal.

6-10. To gain access to the calibration pot and circuit compo-
nents, remove the case cover as follows:

WARNING
Disconnect all test circuits from the INPUT connec-
tions of the Model 169 before removing the case
cover.

a. Turn off power and disconnect all leads from the 163 DMM
input,

b. Loosen the four screws in the botiom of the DMM untii the
threads are disengaged. NOTE: These screws are not re-
tained and they will fall out when the DMM is returned to
the upright position.

c. Hold the top and bottom cover togethear to prevent their
separation and turn the BMM aver to its normal positon.
Remove the top cover.

d. Turn power on by depressing the ON/OFF pushbution,
and verify that the low battery indicator (BAT) does not ap-
pear. (NOTE: Itis recommended that fresh batteries be in-
stalled at this time to provide the iongest possible use of
the Model 169 before additional maintenance is required.
Refer to Installation of Batteries, Paragraph 2-6).

6-11, Calibration Adjustment.

6-12. Only two adjustments are needed to calibrate the Model

169. Proceed as follows:

a. Place the Model 169 on the 200mVDC range.

b. Apply—~190.0mVDC and adjust R101 {see Figure -1} for a
reading of ~190.0.

c. Apply +190.0mVDC and note reading.

d. Adjust R101 for a reading haifway between the noted read-
ing and 190.0 (e.g., if noted reading is 190.2, adjust R101
for a reading of 190.1}.

e. Place the Model 169 on the 2VAC range.

f. Apply 1.0VAC at 5kHz and adjust C117 for a reading be-
tween 1.025 and 1.035VAC. (The trimmer capacitor is lo-
cated atthe center of the PC board, between the ribbon ca-
bles.)

6-183. This completes calibration of the Model 169. Reinstali the
DMM top cover and verify performance as outlined in Section 3.

6-1
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MODEL 169

BATTERY

BATTERY

CLIP

fe————HOLDER &
6 "Ch CELLS

\‘\\\\‘\ W
REEERRAR

I R
il

CAL1BRATION

6-2

ADJUSTMENT
R1Q1
FIGURE 6-1, Calibration Adjustment Location.
6-14, TROUBLESHOOTING. 6-16. Special Handling of Static Sensitive Devices.
6-15.  The following troubleshooting instructions 6-17. (MOS devices are designed to function at very

are intended for qualified personnel having a basic
understanding of analog and digital electronic
principles and components used in a precision
electronic test instrument. Instructions have been
written to assist in isolating the defective circyit
or subcircuit. Isolation of the specific defective
component has been left to the technician. Remove
the case cover as explained in Paragraph 6-9 to gain
access  to  circuit components and test point
lTocations.,

high impedance levels for low power consumption.
For this reason, a normal static charge build up on
Your person or clothing can be sufficient to destroy
these devices. The following steps list the static
sensitive devices in your Mode]l 169 and provide
instruction on how to avoid damaging them when they
must be removed/replaced.
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a. Static sensitive devices:

Keithley
Part Number

Reference
Designation

LS1-22 uloz2
IC-102 U103
[C-226 U104, ulos
1C-228 U106
NZ-62 VR101
b. The above integrated circuits should be
handled and transported only in protective con-
tainers. Typically they will be received in metal

tubes or static protective foam. Keep the devices
in their original containers until ready for use.

¢. Remove the devices from their protective con-
tainers only at a properly grounded work bench or
table, and only after grounding yourself by using a
wrist strap.

d. Handle the devices only by the body. Do not

touch the pins,

e. Any printed circuit board into which a device
is to be inserted must also be grounded to the hench
or table.

f. Use only anti-static type solder suckers.
g. Use only grounded tip soldering irons,

h., After soldering the device into the board, or
properly inserting it into the mating receptacle,
the device 1is adequately protected and normal
handling can be resumed.

6-18. Power Supply.

6-19. In general, start troubleshooting with Table
6-1, Power Supply Checks, to verify that the battery
and power supply are providing the correct voltages
to the electronic components. If it is determined
that the battery needs replacing, refer to Paragraph
6-33, Battery Replacement.

6-20. A/D Converter and Display Driver.

MAINTENANCE

6-21. Proper ocperation of the A/D Converter and
Display Driver circuit should be verified before
troubleshooting the signal conditioning circuits.
Check these circuits per Tables 6-2 and 6-3. If it
fs determined that the Liquid Crystal Display is
defective, replace per instructions in Paragraph

6-31.

6-22. AC Converter,

6-23. Problems with ac voltage may involve the AC
Converter circuitry. Check this circuit per Table
6-4,

6-24. Voltage Divider, Reference Source and Ohms
Circuit.

6-25. Problems with voltage or resistance ranges

may involve these signal conditioning circuits,
Check out the Reference Source and Ohms Circuit per
Tables 6-5 and 6-6, The Voltage Divider can be
checked by measuring the resistance of each resistor
individually with the {nstrument off and the push-
buttons in the out position. The tolerances of the
Voltage Divider resistors are as follows:

a. R108, 100.1q, 0.1%

b. R109, 90Ca, G.1%

c. RI110, 9kq, 0.1%

d. R111l, SOKa, 0.1%

e. R112, 900Ka, 0.1%

f. R113, 9Mu, 0.08%
6-26. Current Circuitry.
6-27. If problems occur with current readings,
check the current circuitry as directed in the fal-
lowing paragraphs. [t should be noted that, since
the current shunts are common to both ac and dc cur-
rent, problems should exist on the same ac and dc

current ranges if there is a fault in the current
shunt circuitry.

6-3
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6-28., The current fuse can be checked out by 6-30. Check the current protection diodes (CR107
simultaneously depressing the A and o pushbuttons and CR108} as follows:
while on the 2K range. The display reading for a
good fuse is nominally .100mAKa. A blown fuse will a. Select 200uADC range.
be indicated by an overranged display. If the
current fuse is blown, replace per instructions in b,  Apply 5VAC through a 1K@ current limiting

Paragraph 6-35.

6-29, The Current Shunts can be checked by mea-
suring the resistance of each resistor individually

resistor to the input of the Model 169.

¢. Clamping across the diodes must occur at £lV
or less.

with the instrument off and all the pushbuttons in
the out position. The tolerances of the shunts are
as follows:

6-31, LIQUID CRYSTAL DISPLAY REPLACEMENT.

6-32. Perform the following procedure, referring to
a. RI114A, 0.9a, 0.5% Figure 6-4, to replace the display of the Model 169,
b. R114B, 0.la, 0.5% a. Remove the case cover as explained in Para-

graph 6-9.
¢. R115, 9, 0.5%

b. Remove the three 3/8" pal nuts holding PC-509

d. R116, 90, 0.1% to the front panel.
e. R117, 900a, 0.1% c. Separate PC-509 from the front panel being
careful of the LCD display (Keithley Part No, DD-18)
as it will be loese and may fall out of the front
panel,

wwwwgw
ey _-»/F J/

{30172}
ZEBRA STRIP
CONNECTOR
(C5-376-1)
FIGURE 6-2. LCD Assembly.
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TABLE 6-1

Power Supply Checks

STEP ITEM/COMPONENT

REQUIRED CONDITION*

REMARKS

1 Battery Voltage

2 CR105

3 ulgz, pin 4% and 15
4 €107

5 C1i3

7.5V min.

0.5Y drop max.
7.0V min.

2,4 to 3.2V

0.8 to 2.6V

Supply to U102

OQutput of U102
(Analog Gnd)

Qutput of U102
(Digital Gnd)

*Above checks with fresh batteries and power switch ON,

TABLE /-7
A/D Converter

STEP ITEM/COMPONENT REQUIRED CONDITIONS* REMARKS
1 Power ON, 200mVDC Range
2 Display Short input, 00.0 #ld Zero Check
3 Reference (U102, pin 5} | MNominally 98mV using High Impedance
voltmeter with 10Mg reference
[nput Impedance
4 Ratio Test Short U102 pin 5 to Connects refer-
pin 10 ence to input
5 Display 100.0 +2d If steps 3 and
5 are correct
A/D Converter
is functioning
properly
6 U106, Pin 3 40kHz +6kHz** Clock check
Approx. 5Vp-p
7 External Voltage Source | Apply +190.0mVAC Calibration
point
8 | U102 Pin 14 to Input Lo | See waveform (Figure Integrator

6-3)

Check

*Measyrements made with respect to irput lo

**Non-symmetrical

in most cases

MAINTENANCE
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190myDC Input

)
1
I
l
|
I

T/

6-6

mB3Y 22D
Normal | 1
|
lew 100ms —je—  190ms  — —-»p=— 11005
! ! |
! | | :
Auto ! Signal | Reference :Autozero of |
lero I 1ete pote ) Tt cpot | next I
| ! . Conversion 1
FIGURE 6-3. Integrator Waveform.
TABLE 6-3
Display Driver
STEP ITEM/COMPONENT REQUIRED CONDITIONS REMARK S
1 Power ON
2 U102 pin 40 to pin 4 4.0 to 6.0 Volts Digital Supply
3 U102 pin 3 to Input Lo 40kHz +bkHz Clock Check
Appraox. 5Vp-p
4 U102 pin 20 to Input Lo | Approx. 50Hz Square
wave, approx. 5Vp-p
5 U102 - any display Approx. 50Hz Square In phase with
driver line wave, approx. 5Vp-p backplane for
segment off,
Qut of phase
with backplane
for segment on
6 U104, U105, Jioe, Approx. 50Hz square

decimal point and
annunciator driver
Tines

wave, approx. 5Vp-p
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TABLE 6-4

AC Converter

STEP ITEM/COMPONENT

REQUIRED CONDITEONS

REMARKS

2 U101l pin 7 to pin 4
3 External Voltage Source

4 €108

5 U101 pin 6§ to Imput Lo

7 U101 pin & to Input Lo

Power 0N, 200mVAC Range

7¥ min,

Apply 100mVAC at 100Hz

98mVDC Nominal using
10M2 input impedance

voltmeter

See Waveform {(Figure
6-4)

Short Input

+5mVDC of fset max.

Supply Voltage
Calibrated Input

High Impedance
BC output

100mVAC Input

+440mV

0
-140mv

FIGURE 6-4.

AC/DC Converter Waveform.

MATNTENANCE
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TABLE 6-5

Reference Source

STEP ITEM/COMPONENT REQUIRED CONDITIONS REMARKS
1 Power ON
2 U102 pin 40 to Input Lo | 2.4 to 3.2 VDC Dutput of U102
{Analog Supply)
3 VR101 (<100pf probe) 1.2 to 1.25V Reference Source
4 R102 pin 8 to Input Lo Nominally 100mVDC using
voltmeter with >10MQ
input impedance
TABLE 6-6
Ohms Circuit
STEP ITEM/COMPONENT | REQUIRED CONDITIONS* REMARKS

1 Power OFF, DCV func-
tion, all range
buttons out

2 RT101 1.0k to 3.0Ka (can | Resistance Check
now be checked in
circuit)™*

3 Reference Resistors| R10B thru RL13 can R108 affects 200Q range
be checked in cir- | R109 affects 2KQ range
cuit for 0.1% R110 affects 20KQ range
accuracy Ri1l affects 200KQ range

R112 affects 2000KQ range
R113 affects 20MQ range

4 Power ON, 2000
range, Input open

5 (101 >2 Volts across Voltage drop check
emnitter -
collector junction

*Do not remove RTLOLl unless absolutely necessary because the leads fall
of f device easily while soldering.

6-8
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d. Make sure the rubber gasket is in place before
placing the new display in the slot of the front
panel.

e. The zebra strip should be installed after the
new disptay is placed in the front panel window.
Care must be taken to assure the zebra strip is kept
clean. The zebra strip should be aligned such that
the black stripes contact the conductors on the
display and the conductors on PC-509.

f. Reassemble PL-509 and the front panel using
the three 3/8" pal nuts. Tighten them until they
are snug.

g. Turn the unit "ON" and check the display to
see that it is working properly. If the zebra strip
is not aligned properly or if it is dirty there will
be some segments on the display that will not light.

6-33. BATTERY REPLACEMENT.

6-34. The low battery indicator will automatically
come on with approximately 5% of battery life
remaining (20 hours for carbon-zinc and 40 hours for
alkaline calls). Replace per directions in Para-
graph 2-6.

6-35. CURRENT FUSE REPLACEMENT (Figure 6-5).

§ WARNING

To prevent a shock hazard, disconnect all
circuits from the Model 169 [NPUT termi-
nals before removing current fuse.

6-36. To remove the current fuse, turn the DMM over
and lay it carefully on its top. insert a small
screwdriver blade into the slot on the fuse holder,
press gently and turn 1/4-turn counter-clockwise.
Lift the holder and fuse out of the receptacle. The
fuse can now be removed for checking or replacement.
Replace with one of the following types:

a. U.S5.A. Use - 3AG, 250V, 2A, Normal Blow

b, Europe Use ~ 5 x 20mm, 250V, 2A, Normal Blow

- sLOT

HOLDER
#ﬂ”

FIGURE 6-5. Current Fuse Removal/Replacement.

& CAUTION

Installing a higher rated fuse than the
one specified could result in damage to
the instrument.

6-9
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REPLACEABLE PARTS

SECTION 7. REFLACEABLE PARTS

7-1. GENERAL.

7-2. This section contains information for ordering replacement
parts. Panel and covers are shown separately on Figure 7-1.
The Replaceable Parts List is arranged in alphabetical order of
the Circuit Designations of the components.

7-3. ORDERING INFORMATION

7-4. To place an order or to obtain information concerning re-
placement parts contact your Keithley representative or the fac-
tory. See the inside front cover for addresses. When ordering,
include the following information:

7-5. FACTORY SERVICE.

7-6. If the instrument is to be returned tc the factory for service,
please complete the Service Form which follows this section,
and return it with the instrument,

7-7. SCHEMATIC.

7-8. The Moda! 169 3-1/2 Digit DMM: Schematic No. 301800.

7-9. COMPONENT LAYOUT.

7-10. Model 169 PC-508, Component Layout No. 30176D.

7-11. MODEL 1699 SPARE PARTS KIT.

a. Instrument Model Number.
b. Instrument Serial Number. 7-12. A spare parts kit is avaitable that contains a complement
c. Part Description. of spare parts that can maintain up to ten Mode! 169°s for ap-
d. Ci-cuit Designation (if applicable). proximately one year. A list of the spare parts is given in Table
e. Keithley Part Number. 7-1.

TABLE 7-1

Mode! 1699 Parts List

Qty. | Keithley P/N

Schematic Designation

Dz-62"
FH-12
FU-13
FU-48
IC-1028
IC-226*
IC-227
IG-228"
LS|-22*
R-277-9M
RF-28
RF-24
RF-39
RT-5
TG-47

L = = R L) = = ek P = e TN

VR101

Fuse Holder

F101 (3AG)

F101 (5mmx 20mm)
U103

Ut04, U105

U101

U106

u102

Ri113

CR101 thru CR104
CR106, CR1G7
CR105

RT101

Qio1, Q02

*Anti-Static Protection and

Handling required. Refer to Section 6 of

this Manual for Special Handling Procedures for Static-Sensitive

Devices.
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Table 7-2
REPLACEABLE PARTS LIST

Circuit Keithley
Desig. Description Part No.
B8T101 Battery, 1.5V, “C" cell, Carbon Zinc BA-B
thru
BT106
C101 Cap., .1ufF, 160V, Metalized Polypropylene C-306-.1
c102 Cap., .22uF, 100V, Metalized Polyester C-305-.22
c103 Cap., .047uF, 100V, Metalized Polyester C-305-.047
C104 Cap., .1uF, 100V, Metalized Polyester C-305-.1
C105 Cap., 4.7uF, 25V, Aluminum Electroiytic C-314-4.7
C106 Cap., .1uF, 100V, Metalized Paolyester C-305-.1
C107 Cap., 4.7uF, 25V, Aluminum Electralytic C-314-4.7
c108 Cap., 1,0uF, 16V, Aluminum Elactrolytic C-325-1
C109 Cap., .02uF, 1000V, Ceramic Disc C-298-.02
C110 Cap., 3.3pF, 1500V, Ceramic C-308-3.3P
Cti1 Cap., .047uF, 100V, Metalized Polyester C-305-.047
c112 Cap., 110pF, 500V, Silver Mica C-320-110P
C113 Cap., 4.7uF, 25V, Aluminum Electrolytic C-314-4.7
Ci114 Cap., .22uF, 100V, Metalized Polyester C-305-.22
Cti5 Cap., 3600pF, 1000V, Ceramic Disc C-64-3500P
C118 Cap., 4.7uF, 25V, Aluminum Electrolytic C-314-4.7
C117 Cap., Adjustable (1.5pF, nominal) C-184
c118 Cap., 0.1uF, 50V, Ceramic Film C-237-1
CR101 Rectifier, Silicon, 75mA, 75V RF-28
CR102 Rectifier, Silicon, 75mA, 75V RF-28
CR103 Rectifier, Silicon, 76mA, 75V RF-28
CR104 Rectifier, Silicon, 75mA, 75V RF-28
CR105 Rectifier, Germanium 15mA, 25V RF-39
CR106 Rectifier, Silicon, 3A, 50V 32453
CR107 Rectifier, Silicon, 3A, 50V 32453
DS101 Liguid Crystal Display DD-18

Zebra Connector Strip ©8-376-1
F101 Fuse, 2A, 250V, 3AG {U.S. Modsls) FU-13
F101 Fuse, 2A, 250V, 5 x 20mm {European Models) FU-48
J1001 Banana Jack, Red BJ-11-2
J1002 Banana Jack, Black BJ-11-0
J1003 Battery Connector BH-28
Qio1 Transistor, NPN TG-47
Q102 Transistor, NPN TG-47

MODEL 169
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Table 7-2
AEPLACEABLE PARTS LIST (Cont.)

REP

LACEABLE PARTS

Circuit Keithley

Desig. Description Part No.

R101 Potentiometer, 500 ohm RP-97-500

R102 Thick Film Resistor Network TF-93

R103 Resistor, 1M ohm, 10%, 1W, Comp R-2-1M

Hi04 Resistor, 10k ohm, .1%, .1W, MtF R-283-10k

R105 Resistor, 4.71k ohm, 1%, AW, MiF R-283-4.71k

R106 Thick Film Resistor Network TF-92

R107 Resistor, 100k ohm, 10%, 2W, Comp. R-3-100k

R108 Resistor, 100.1 ohm, .1%, .1W, MtF R-283-100

R109 Resistor, 900 chm, .1%, .1W, MtF R-283-900

R110 Resistor, 9k ohm, 1%, .1W, MtF R-283-9K

R111 Resistor, 90k chm, 1%, .1W, MtF R-283-90k

R112 Resistor, 900k ohm, . 1%, .1W, MtF R-283-800k

R113 Aesistor, 9M ohm, .08%, 2W, CMtF R-277-9M

R114 Resistor, Dual R-278

R115 Resistor, 8 ohm, .5%, 1/2W, MtF R-61-9

R116 Resistor, 90 ohm, .1%, 1/8W, MtF R-179-90

R117 Resistor, 900 ohm, .1%, .1W, MiF R-283-900

RT101 Thermistor, 2k ohm, 40%, 8mA, 500V, PTC RT-5

5101 Switch, 12 Station, Pushbutton sosap SU—H /@
U1 Low-Power JFET-input OP-AMP |C-277 ‘
U102 3-1/2 Digit Single Chip A/D Converter spaaph ——LOL-27
U103 Chos Quad 2-Input NAND Gate |C-102*

U104 CMos Quad Exclusive-OR Gate |C-226™

U105 CMos Quad Exclusive-OR Gate iC-226"

U106 CMos Quad Exclusive-NOR Gate IC-228"

V101 Diode, Low voltage ref, 1.2V, 10mA DZ-62*

VR102 Diode, Zener, 9.1V nominal, .25W DZ-14

*Anti-static protection and handling required.



REFLACEABLE PARTS

MODEL 1869

ToP COVER
25728E

OVERLAY
301708

| \
/

SPACER (2)77
257628 -

SPACER (2)—f : <
303078 : ; FRONT
METP&LC!\Lii__. |

MC-273

6-32 x 1-1/4"—=
SCREW (4)

BOTTOM
COVER
INSERT 25720t

260904

257290
HAKDLE

FIGURE 7-1. Covers and Panels.
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KEITHLEY

SERVICE FORM

Model No. Serial No. Date
Name and Telephone No.

Company

List all control settings, describe problem and check boxes that apply to problem.

OIntermittent [JAnalog output follows display  [JParticular range or tunction bad; specify
[JIEEE failure [(JObvious problem on power-up  [_]Batteries and fuses are OK

CIFront panel operational [ All ranges or functions are bad [JChecked all cables

Display or output (circle one)

[ Drifts OUnable to zero
[JUnstable Wil not read applied input
O Overload

[CJCalibration only C of C required

[ Data required

(attach any additional sheets as necessary.)

Show a block diagram of your measurement system including all instruments connected {whether power is turned on or not).
Also, describe signal source.

Where is the measurement being performed? (factory, controlled laboratory, out-of-doaors, etc.)

What power line voltage is used? Ambient Temperature? °F

Relative humidity? Other?

Any additional information. (If special modifications have been made by the uvser, please describe.)

Be sure to include your name and phene number on this service form.



INSTRUMENTS

Model 169 Digital Multimeter Addendum

INTRODUCTION

This addendum to the Model 169 Digital Multimeter Instruction Manual is being provided in order tosupply
you with the latest information in the least possible time. Please incorporate this information into the manual

immediately.

Page 7-0; Replace Table 7-1 with the following:

Table 7-1. Model 1699 Parts List

Quantity | Keithley P/N | Schematic Designation
1 DZ-62* VR101
5 FU-13 F101 (3AG)
5 FU-48 F101 {5mm x 20mm)
1 IC-102* U103
1 1C-226" U104, U105
2 IC-227 U101
1 IC-228* U106
1 LSl-122* utoz2
1 R277-9M R113
3 RF-28 CR101 thru CR104
2 RF-34 CR106, CR107
1 RF-39 CR105
1 RT-5 RT-101
1 TG-47 Q102

*Anti-Static Protection and Handling required. Refer to the Model 169
Instruction Manual for Special Procedures for Stalic-Sensitive Devices.

30181-E-1 7 6-90
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MODEL 169 - RECOMMENDED SPARE PARTS
PART NUMBER DESCRIPTION
DZ-62 Diode
IC-102 Integrated Circuit
1C-226 Integrated Circuit
1C-227 Integrated Circuit
1C-228 Integrated Circuit
L5I-22 Integrated Circuit
R-277-9M Resistor
RF-28 Rectifier
RF-34 Rectifier
RF-39 Rectifier
RT-5 Thermistor
TG-47 Transistor
DD-18 . Readout
Cl79-4.7 Cap
BA-28 Battery
30169 Front Panel
30170 Overlay

— et k= M) = W) = = R D = e e N e R



INSTRUMENTS

Model 169 Digital Muitimeter Addendum

INTRODUCTION

This addendum to the Model 169 Digital Multimeter Instruction Manual is being provided in order tosupply
you with the latest information in the least possible time. Please incorporate this information into the manual

immediately.

Page 7-0; Replace Table 7-1 with the following:

Table 7-1. Model 1699 Parts List

Quantity | Keithley P/N | Schematic Designation
1 DZ-62" VR101
5 FU-13 F101 (3AG)
5 FU-48 F101 {(5mm x 20mm)
1 IC-102* U103
1 IC-228" U104, U105
2 IC-227 U101
1 iC-228" U106
1 LSI-122* U102
1 R277-9M R113
3 RF-28 CR101 thru CR104
2 RF-34 CR106, CR107
1 RF-39 CR105
1 RT-5 RT-101
1 TG-47 Q102

*Anti-Static Protection and Handling required. Refer to the Model 169
Instruction Manuat for Special Procedures for Static-Sensitive Devices.

30181-E-1/6-90



INSTRUMENTS

INTRODUCTION

Model 169 Digital Multimeter Addendum

This addendum to the Model 169 Digital Multimeter Instruction Manual is being provided in order tosupply
you with the latest information in the least possible time. Please incorporate this information into the manuai

immediately.

Page 7-0; Replace Table 7-1 with the following:

Table 7-1. Model 1699 Parts List

Quantity

— et S NI — k) =

Keilthley P/N | Schematic Dasignation
DZ-g2* VR101

FU-13 F101 (3AG)

FU-48 F101 {5mm x 20mm)
IC-102" U103

IC-226* U104, U105

iIC-227 U101

IC-228" U106

LsI-122* U102

R277-SM R113

RF-28 CR101 thru CR104
RF-34 CR10g, CR107
RF-39 CR105

RT-5 RT-101

TG-47 Q102

*Anti-Static Protection and Handling required. Refer to the Model 169
Instruction Manual for Special Procedures for Static-Sensitive Devices.

30181-E-1/6-90
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