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POLARITY (NEGATIVE IS INDICATED, POSITIVE IS I~PLIEO 

I 
WHEN MINUS (-1 DISPLAY IS OFF.) 

FUNCilON ~NGE 
PUSH BUTTONS PUSH BUTTOX 

FIGURE l-1. Front Panel. 
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GENERAL INFORMATION 

- SECTION I. GENERAL INFORtlATION. 

l-l. INTRODUCTION. The Models 179 and 179~20A are versatile digital multimeters useful 
for measurement of ac and dc .vcltage, ac and dc current and resistance. The Model 179~ZOA 
is identical to the Node1 179, except for an added ZO-ampere range. This extra range uses 
separate input terminals and allows continuous measurement of up to l5A ac/dc, or inter- 
mittant duty measurements up to 20A ac/dc. The Model 179-2OA is treated by the exception 
method in this manual. That is, information headed by Model 179-20A applies only to the 
Mode I 179-ZOA. Information headed by Model 179 is common to both the Hodel I79 and the 
Model 179-20A. Ranges and~accuracies for both models are listed in the Table of 
Specifications on page V. Ranges and functions are selected with front panel pushbuttons. 
The decimal point is also positioned by the selected range pushbutton. Polarity of the 
measured signal is automatically displayed. 

l-2. WARRANTY INFORMATION. The Warranty is given on the inside front cover of this 
Instruction Manual. If there is a need to exercise the Warranty, contact the Keithley 
Representative in your area to determine the proper action to be taken. Keithley main- 
tains service. facilities in the United Kingdom and West Germany, as well as in the 
United States. Check the inside front cover of the Instruction Manual for addresses. 

l-3. CHANGE NOTICES. Improvements or changes to the instrument which occur after 
printing of the Instruction Manual will be explained on a Change Notice sheet attached 
to the inside back cover. 

I HPORTANT 

The A symbol can be found in various places in this Instruction Manual. care- 
fully read the associated CAUTION statements with regard to proper use and 
handling of the instrument. Damage to the instrument may occur if these pre- 
cautions are ignored. 

\ 

The \ symbol can be found in various places in this Instruction Manual. This 
symbol indicates 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 result if these pre- 
cautions are ignored. 

AA I-! 
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DIMENSIONS IN MILLIMETERS (INCHES) 

FIGURE l-2. Dimensional Data 
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NORMAL BENCH POSITION LEVEL POSITION - TILTBAIL AT FRONT 

J 

dc 
45” POSITION 

HANGING POSITION 

SHELF POSITION 

LEVEL POSITION - TILTBAIL AT REAR 

FIGURE l-3. Tilt Bail Positions. 
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OPERATING INSTRUCTIONS 

SECTION 2. OPERATION. 

2-l. GENERAL. This section provides information needed for incoming inspection and pre- 
paration for use. 

2-2. INSPECTION. The Model I79 was carefully inspected both mechanically and electri- 
cally before shipment. Upon receiving the instrument, check for any obvious damage which 
may have occurred during transit. Report any damages to the shipping agent. To verify 
the electrical specifications, follow the procedures given in Section 3. 

2-3. PREPARAT I ON FOR USE. The Model I79 is shipped ready-to-use. The instrument may oe 
powered from line voltage or from rechargeable batteries (when the,optionai Model 1780 
Rechargeable Battery Set is installed). 

2-4. OPERATION ON LINE POWER, The Model 179 OMH is provided with a three-wire line cord 
which mates with third-wire grounded receptacles. - Connect the instrument to ac I ine 
power as follows: 

CAUTION 

A 
Connect only to the line voltage selected. Application of incorrect voitage 
can damage the instrument. 

a. Set the LINE VOLTAGE switch on the back of the instrument to correspond to the line 
voltage available. Ranges are 105 to 125 volts and 210 to 250 volts ac as shown in 
Figure 2-l. 

WARN I NG 

t 

Ground the instrument through a properly grounded receptacle before 
operation. Failure to ground the instrument can result in severe injury 
or death in the event of short circuit or malfunction. 

b. Plug the power cord into a properly grounded outlet. Operate the I79 DHM as 
described in SECTION 2-7. 

These adjustments are used only for 
calibration. They are not intended 
for adjustment during operation. 

LINE VOLTAGE 
SELECT SWITCH 

FIGURE 2-l. Rear View Showing Line Switch. 
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2-5. OPERATION ON BATTERY PACK POWER. The Model 179 DMM may also be operated from 
rechargeable sealed leadiacid batt,eries contained in the optional Model 1788 Battery Pack. 
The battery pack will operate the I79 DHtl for up to 6 hours. Circuits within the battery 
pack will automatically shut down the instrument when the battery charge is insufficient 
to maintain accurate readings. Refer to Figure 2-2 and install the battery pack as 
follows: 

t 

WARNING 

Disconnect the line cord before removing the case cover. 

a. Turn off the power and disconnect the line cord. Remove four screws from the 
bottom of the case and separate the top cover from the bottom cover. 

b. Lift off the calibration shield, and save it for later use. The four plastic 
spacers must remain in place on the upright studs projecting through the main circuit 
boa rd. 

NOTE 

Do not discard the calibration shield. 
calibration, as described in Section 4. 

This shield must be installed during 

C. Set the BAT/LINE switch to the BAT position shown in Figure 2-2. Note that the 
battery pack will not operate properly if this switch is not in the EAT position. 

d. Remove fuse F301 on the battery pack. 

e. Install the battery pack in the instrument so that it rests on the plastic spacers. 
The ground clip must make contact with the upper side of the battery pack plate. 

f. Carefully align the battery pack plug with connector PI004 on the circuit board. 
Push the plug firmly onto the connector until the lip on the plug engages the lip on the 
connector to lock the plug in place. 

CAUT I ON 

Hake sure the connector is aligned so that all pins mate properly, other- 
A wise, damage to the DHH will result. 

9. Install fuse F301. Reinstall top cover and secure with four screws. 

h. Charge the battery pack as described in Paragraph 2-6. 

2-6. BATTERY CHARG INC. The Model 1788 Battery Pack contains an integral battery 
charger. To charge or recharge the battery pack, install the battery pack in the 179 
DMM as described above and proceed as follows: 

a. Connect the instrument to line power as described in Paragraph 2-4. 

b. With the power switch off, the battery charge circuitry is automatically energized 
to charge the battery at the maximum rate. 
if it has completely discharged, 

When the battery pack is first installed, or 
allow it to charge for at least 14 hours in this 

condition. 

NOTE 

For maximum battery life, do not allow the battery pack to remain 
completely discharged. Constant charging will not harm either the 
battery pack or the instrument. 

2-2 AA 
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1700 BATTERY PACK 
/ 

LINE FUSE FlOl 

CLIP 

PLASTIC SPACER 
(4 PLACES) 

FIGURE 2-2. Battery Pack lnstal lation 

c. When the 179 OHM is in use on line power, the battery charger maintains a trickle 
charge on the battery pack. 

2-7. OPERATING INSTRUCTIONS. Refer to Figure 2-3 and operate the DHH as follows: 

a. Turn on the power by depressing the ON/OFF pushbutton. 

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

c. Select the range by depressing the appropriate pushbutton. For resistance measure- 
ments only, also set the LO/HI pushbutton as desired. 

d. Connect the source to the INPUT terminals. Accessories described in Paragraph 2-14 
should be used as rewired. 

AA 2-3 
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Model 179 

MAXIMUM RATINGS: A 

CAUTION 

DCV (iOOr,1V, 2v): 450V rms continuous; 12OOV peak, for 8 seconds per minute. 
(20-12OOV): 12OOV peak. 

ACV (All Ranges): 1OOOV rms; 14OOV peak: 10'V.H.z. 

DCA,ACA (200uA-2000mA): 2A, 25OV DC or rms (fuse protected) 
(20A): 15A continous, ?OA for 1 minute (50% duty cycle), 

250V dc or rms (fuse protected) 

n (All Ranges): 450V rms sine wave; IOOOV peak, for 8 seconds per minute. 

2-a. DC VOLTAGE MEASUREMENT. Use the Model 179 DMtl to measure dc volts as follows: 

a. Turn on power and set,the AC/DC pushbutton to the out or DC position. 
the V pushbutton. 

Depresc 

b. Select the desired range from the five ranges available. 
19999. 

The maximup reading is 
Overrange is in.dicated by a flashing 0000 except on the 1000 volt range. 

A 

CAUTION 

Do not exceed the maximum ratings. Instrument damage may occur 

c. Negative polarity is displayed automatically. 
the minus (-) display is off. 

:.~~~:~;ive polarity is implied when 

d. Zero the instrument as described in Paragraph 2-14, before the first use whenever 
the instrument is used outside the temperature range of 18' to 28°C. and approximately 
weekly during normal use. 

. / I 
\ I \ i 

d SET POWER-ON SELECT FUNCTION b SELECT RANGE CONNECT SOURCE 

"Adjust zero as required for measurement of dc volts and 
resistance. See text. 

FIGURE 2-3. Operating Controls. 

2-4 AA 



INSTRUCTION MANUAL 
plgill,.upn*t*r 

OPERATING INSTRUCTIONS 

2-V. AC VOLTAGE MEASUREMENT. Use the Model 179 OMH to measure ac volts as follows: 

a. Turn on power and.set the AC/DC pushbutton to the in or AC position. Depress the 
V pushbutton. 

A 

CAUTION 

! Do not exceed the maximum ratings. Instrument damage may occur. 

Select the desired range from the five ranges available. The maximum reading is 
19t;k Overrange is indicated by a flashing 0000 except on the 1000 volt range. The 
instrument measures the true root mean square of a signal within the frequency range of 
45 to 20k hertz. flaximum crest factor for rated accuracy is 3. 

c. The Model 1682 RF Probe (see Paragraph 2-15) should be used to measure ac vol:ages 
with a frequency of 20k to IOOM hertz. 

d. Refer to Paragraph Z-13 for TRMS measurements of a signal with both ac and dc 
components. 

2-10. RESISTANCE (Q) MEASUREMENT. Use the 179 DHM to measure resistance as follows: 

a. Turn on power and depress the Q pushbutton. 

CAUTION 

A ! Do not exceed the maximum ratings. Instrument damage may occur. 

b. Select the desired range from the five ranges available. The maximum reading is 

19999. Overrange is indicated by a flashing 0000. Use the LO/HI pushbutton as follows: 

I) Use the HI mode for measurements in the 20k, 200k. ZOOOk and 2OH ohm ranges. Full 
range voltage drop is 2 volts and is sufficient to cause forward conduction of semi- 
conductor junctions. The HI terminal is positive. 

2) Use the LO mode for measurements in the 2k, 20k, 200k and 2000k ohm ranges. Full 
range voltage drop is 200 millivolts. Depressing 2k automatically selects LO moae; 2OM 
selects HI mode. Maximum open circuit voltage is 5V on all ranges. 

c. Zero the instrument as described in Paragraph 2-14 before the first use whenever 
the instrument is used outside the temperature range of 18’ to 28’c, and approximately 
weekly during normal use. 

2-11. CURRENT MEASUREMENT (AC or DC). Use the Model 179 or 179-20A to measure ac or dc 
as follows: 

NOTE 

To prevent measur&ent errors when using the Model 179-ZOA, connect the current 
test leads to either the 20A jacks or the normal INPUT jacks. Disconnect all 
circuits from the unused jacks. 

a. Torn on power and set the AC/DC pushbutton to the desired AC or DC position. 
Depress the A pushbutton. 

CAUTION 

.A 

Do not install larger capacity fuses than those supplied. F102 (2A) 
! and F103 (20A, supplied with tiodel 179-20A only) protect the instru- 

ment against overcurrent. Normal acting fuses are used. 

b. Select the desired range from the five/six ranges available. (On the Model l79-ZOA, 
the 2OmA/20A pushbutton selects the 2OmA range for the normal INPUT jacks and the 20A range 
for the 20A jacks). Connect the source to the INPUT jacks for current measurements UP to 
2ooomA. (For current measurements between 2000mA and ZOA, connect the source to the 20A 
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jacks on the Model i79220A). The maximum reading is 19999. Overrange i5 indicated by a 
flashing 0000. Oveiload Is fuse protected. When using the 20A current range of the 
Model 179-ZOA, up to~l5A may be applied continuously without degradation of the measure- 
ment due to self-heating effects. FO’or Currents between 15A and ZOA, specified accuracy 
can only be obtained whewmeasurements are limited to a 50% duty cycle (i.e., apply the 
current for a maximum of one minute and then allow at least one minute for cooling before 
making the next measurement). 

2-12. TM.5 MEASUREMENT. The Model 179 measures the ac component of a waveform and does 
not measure the dc component. For ac + dc measurements, use the procedure discussed in 
a. below. 

NOTE 

Accuracy is specified for 2000 counts and above. The method of calibrating 
the converter may yield an offset up to 50 digits with the input shorted. This 
does not affect the instrument accuracy. 

a. Use the 179 DMM to measure TRMS on a signal which has both ac and dc components as 
follows: 

1. Turn on the power, Measure and record the ac and dc components separately. 

2. Compure the rms value from the following equation: 

%MS =JQ=7 

b. The crest factor (CF) is the ratio of r.he peek Voltage to the rms voltage as follows: 

"PEAK 
CF= - 

"RHS 

1. Typical crest factors are as follows: 

Sine wave CF -r 

Square w&e CF= 1 

Triangular wave CF -F 

Positive pulse train 
(duty cycle for CF = 3 is'L.;l) 

l//V 

NOTE 

There will be some additional measurement error for signals with a crest factor 
greater than 3 (CF13). 

- 

Z-13. ZERO ADJUSTMENT. The front panel zero adjustment nulls input offset on the 20, 
200 and 1200 dc voltage ranges and on all resistance ranges. Typically, this adjustment 
need not be performed more often than once a week unless the instrument is operated at 
ambient temperatures outside the range of 18" to 28'C. Zero the instrument as fcllaus: 

a. Turn on the power and select LO n and the 200k range. 

b. Plug in test leads and short them. 
a reading of 0000 t3 digits. 

Adjust the zero adjustment pot (Rl49) to obtain 

NOTE 

The zero adjustment may also be used for lead compensation on a particular a range. 

2-6 
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2-14. ACCESSORIES.- .&wide range of accessories is available to facilitate the use of the 
Model 179 DMH, extend its range, and adapt it for additional uses. 

a. Model 1600 High Voltaqe Probe. The Model 1600 High Voltage Probe (shown in Figure 7) 
extends the measurable dc voltage range up to 40 kilovolts. It has a 1OOO:l division ratio, 
so that a reading of I volt on the OHM corresponds to I 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. 

SPECIFICATIONS: 

Voltage Range: 0 to 40,000 volts DC. 
Input Resistance: 1000 megohms. 
Division Ratio: 1000:1 i 
Ratio Accuracy: 

+l.S% at 25kV, decreasing to 
?2.0% at 20kV and 30kV, 
+3.0% at IOkV and 40kV, and 
?4.0% at IkV. 

Ratio Stability: rO.Ol% per ‘C; *O.l% per year. 
Heating Effects: Self-heating due to application of high voltage for period in 

excess of I minute will cause a maximum of 0.2% additional error at 40kV (error 
is less at lower voltage). 

WARN I NG 

t 

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

b.- Model 1651 SO-Ampere Shunt. The Hod’el 1651 50-Ampere Shunt (shown in Figure 2-5) 
permits current measurements from O-5OA dc and from ZO-50A ac. The shunt has a resistance 
of 0.001 ohm *I%, so that a SO-ampere current will correspond to a reading of 50 millivolts 
(0.0500 volt). Set the DMM to ACV or DCV and select the required range. To use the shunt, 
connect the leads furnished with the shunt from the shunt screw terminals to the DHH input 
terminals. Use separate leads (not furnished) to connect the sourGe to the hex head bolts. 
Be sure to use leads with a capacity of 50 amperes, or as needed. 

c. Model 1681 Clip-On Test Lead Set. This set (shown in Figure 2-5) contains ‘two leads 
with banana plugs at one end and spring-action clip-on probes et the other end. 
leads into the DMM and attach the wobes to the source. 

Plug the 

FIGURE 2-4. Model 1600 High Voltage Probe. 

AA 2-7 



OPERATING INSTRUCTIONS INSTRUCTION MANUAL 
Digital Multimeter 

Madel179 

MODEL 1681 
ON TEST LEAD SET 

MODEL 1651 
SO-AMPERE SHUN 

FIGURE 2-5. Accessories. 

d. Model 1683 Universal Test Lead Kit. This k,it (shown in Figure 2-5) contains two 
test leads, 14 tips, two probes, four banana plugs, two spade lugs, and two phone tips to 
permit connection of the DMM to virtually any source~within its range. 

e. Model 1682 RF Probe. The Model 1682 RF Probe (shown in Figure 2-6) permits measure- 
ment of ac voltages at frequencies of 20 kilohertz to 100 megahertz. Connect the probe to 
the input terminals and select ACV and the appropriate range. 

SPECIFICATIONS: 

Voltage Range: 0.25 to 30 volts rms. 
Transfer.Accuracy: ?O.SdB, IOOkHz to IOOMHZ 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 clip, hi adapter, banana plug 

adapter. 

i;ii; 
Model 1685 Clamp-On AC Current Probe. The Model 1685 Clamp-On AC Current Probe 

in Figure 2-6) permits measurement of ac current by clamping around a single con- 
, eliminating the need to interrupt the current path. Pluq the ac current probe into 

the DMM and select.ACV and the appropriate range. The.DHM will display 0.1 volt rms per 
ampere. 

HODEL 1685 
CLAMP-ON AC CURRENT PROBE MODEL 1682 RF PROBE 

FIGURE 2-6. Node1 1682 RF Probe and Model 1685 Clamp-On AC Current Probe. 
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.- SPECIFICATIONS: 

Range: 2, 20 and 200 amperes rms. 
Accuracy: df% of ranges at 60Hz. 26% of range at 50Hz. 
Temperature Coefficient: ?O.OS%/'C on the 20 and 200 ampere ranges. t0.3%/"c on 

the 2 ampere range. 
Maximum Allowable Current: 300 amperes rms. 
Maximum Conductor Voltage: 600 volts rms. 
Conversion Ratio: 0.1 volt rms per ampere. 

9. Model 1604 Carrying Case. The Model 1604 Carrying Case (Shown in Figure 2-7) is a 
hard vinyl case with a fitted foam insert to help protect the I79 DHti from damage. There 
is also rrxm in the case for the service manual and other small accessories. 

h. Models 1010 and 1017 Rack Mounting Kits. The rack mounting kits (shown in Figure 
2-7) permit mounting one or two Node1 179 OHM's in a rack for convenient viewing. 

MODEL 1010 
CARRYING CASE SINGLE RACK MOUNTING KIT 

MODEL 1017 
DUAL RACK HOUNTING KIT 

AA 2-9 





INSTRUCTION MANUAL PERFORMANCE VERIFICATION 

- 
_ SECTION 3. PERFORHANCE VERIFICATION. 

3-l. GENERAL. Performance verification should be performed upon receipt of the instru- 
ment zo ensure that no damage or misadjustment has occurred during transit. Verification 
may also be performed whenever there is question of the instrument's accuracy. and follw- 

ing calibration, if desired. 

NOTE 

For instruments that are still under warranty (less than 12 m3nths since date of 
shipment), if the instrument's performance falls outside specifications at any 
point, contact your Keithley representative or the factory immediateiy. 

3-2. RECOMMENDED TEST EQUIPMENT. Recommended test equipment for performance verification 
is listed in Table 3-l. Alternate test equipment may be used. However, if the accuracy 
of the alternate test equipment is not at least IO times better than the instrument 
specifications. additional allowance must be made in the readings obtained. 

3-3. ENVIRONMENTAL CONDITIONS. All measurements should be made at an ambient temperature 
within the range of 18” to 28”~ (65” to 82°F). and a relative humidity of less than 80%. 

3-4. PERFORMANCE VERIFICATION PRODECURE. Use the following procedures to verify the 

basic accuracy of the Model I79 DHH for voltage, resistance and current measurements. 
If the instrument is out of specificationsat any point, perform a complete calibration 
as described in Section 4, unless the instrument is still under warranty. as noted above. 

TABLE 3-l. 
Recommended Test Equipment For Performance Verification 

ITEM DESCRIPTION SPECIFICATION MFR. MODEL 

A DC Calibrator O.lV, IV, IOV, IOOV, IOOOV Fluke 343A 
40.002% or 2OuV 

B AC Calibrator O.lV, IV, IOV, IOOV H-P 745A 
+0.022% 

C AC Calibrator/Amplifier IOOOV @ ?0.04% H-P 745A/746A 

D Decade Resistor l.gKn, IgKn, IgOKn ESI US725 
l.gflR, l9M0, ?O.Ol$ 

E Current Calibrator IOOuA, 1mA. lOmA. lOOmA, VALHALLA 2500E 
lA, 10A. iO.O3% 

Performance verification should be performed by qualified personnel using accurate 
and reliable test equipment. 
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a. Initial Conditions.. Before beginning the verification procedure the instrument must 
meet the foilowIng conditions: 

I) If the instrument has been subjected to extremes of temperature, allow internal 
temperatures to stabilize for one hour minimum at the environmental conditions spec- 
ified in Paragraph 3-3. 

2) Turn on the I79 DMM and allow it to warm up for IO minutes. .The instrument may 
be operated from either line power or from battery pack power, as long as the battery 
pack has been fully charged as described in Paragraph 2-6. 

3) Zero the instrument as described in Paragraph 2-14. 

WARNING 

t 

Some procedures require the use of high voltage. Take care to prevent contact 
with live circuits which could cause electrical shock resulting in injury or 
death. 

b. DC Volts Checkout. 

I) Select dc voltage readings with the AC/DC and V pushbuttons. 

2) Connect the DC Calibrator (Item A, Table 3-l! to the instrument. 

3) Select the 200mV range, and apply positive 100 mVdc to the OMM. The reading 
must be within the limits specified in Table 3-2. 

4) Select each remaining range and apply the required voltage as specified in 
Table 3-2, verify that the reading is within specifications. 

5) Repeat all checks with negative voltage. 

TABLE 3-2. 
DC Voltage Performance Check 

Range Applied Allowable Readings at 18" to 28'C 
Vol tag* 

200 mV 100.00 mV 99.93 to 100.07 

2v 1.0000 v 0.9995 to 1.0005 

20 v 10.000 v 9.995 to IO.005 

200 v 100.00 v 99.95 to 100.05 

1200 v 1000.0 v 999.5 to 1000.5 

C. AC Volts Checkout. 

I) Select ac voltage readings with the AC/DC and V pushbuttons. 

2) Connect the AC Calibrator (Item 6, Table 3-l) to the OMM. .Set the calibrator 
frequency to I kHz. 

3) Set the DMH to the 200 mV range and apply 100 mV ac to the DMM. The reading 
must be within the limits specified in Table 3-3. 

4) Select the 2, 20 and 200 volt ranges and apply the required voltages as spec- 
ified in Table 3-3. Verify that the readings are within specifications. 
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5) To check the 1000 volt range, connect the AC Calibrator Amplifier (Item C, 
Table 3-l) ta the output of the AC Calibrator per the manufacturer's instructions. 
Set it for an output of 1000 volts ac rms and verify that the DHM readings is within the 
specified limits. 

TABLE 3-3. 
AC Voltage Performance Check 

200 mV 

2V 

20 v 

200 v 

1000 v 

Applied Allowable Readings at 18" to 28°C 
Vol rage 

100.00 mV 99.15 to 100.85 mV 

1.0000 v 0.9925 to 1.0075 v 

!O.OOO v 9.935 to 10.065 V 

100.00 v 99.35 to 100.65 V 

1000.0 v 993.5 to 1006.5 V 

d. Resis:ance Checkout. 

I) Select resistance readings by pressing the R pushbutton. 

2) Set the HI/LO pushbutton to HI and select the 20k R range. 

3) Connect the decade resistor (Item D, Table 3-l) to the DMM. 

4) Set the decade resistor to zero and measure the resistance of the test leads. 
Subtrac: this reading from the displayed reading in all of the fallowing steps. 

5) Set the decade resistor to 19.000 kR. Verify that the reading is wi:nin the 
limits specified in Table 3-4. 

6) Select the next range and measure the next resistance as specified in Table 3-4. 
Verify that each reading is within specifications. Test each item in the taole, 

switching the HI/LO pushbutton as indicated. 

TABLE 3-4. 
Resistance Performance Check 

Resistance 

19.000 kn 

190.00 kn 

I .YOOO HR 

1y.000 HR 

1.9000 kR 

19.000 kR 

190.00 kR 

1900.0 kR 1 

Allowable Reading at 18" to 28°C 

18.990 to 19.010 kR 

189.90 to 190.10 kR 

1899.0 to 1901.0 kR 

18.980 to 19.020 ilR 

I.8957 to 1.9043 kR 

18.957 to 19.043 kR 

189.57 to 190.43 kfi 

1895.7 to 1904.3 kn 
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e. DC Current Checkout: 

I) Select dc iurrent readings with the AC/DC and A pushbuttons. 

2) Connect the dc current source (Item E, Table 3-l) to the DMM. 

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

4) Select each range and apply the required current as specified in Table 3-5. 
Verify that the reading is within specifications. 

f. Analysis. If the instrument is Out of specified limits at any point in Tables 
3-2 through 3-5, calibrate the DHM as described in Section 4. If the unit is still under 
warranty, refer to thenote in Paragraph 3-l. 

TABLE 3-5. 
DC Current Performance Check 

Range Applied Allowable Reading at 18O to 28'C 
Current 

200 uA 100.00 uA 99.78 to 100.22 uA 

2mA 1.0000 mA 0.9788 to 1.0022 IIIA 

20 mA 10.000 mA 9.978 to 10.022 mA 

200 m/J 100.00 mA 99.78 to 100.22 mA 

2000 mA 1000.0 mA 997.8 to 1002.2 mA 

20 A 10.000 A 9.948 to 10.052 A 
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SECTION 4. CALIBRATION -- 

CALIBRATION 

4-l. GENERAL. Calibration should be performed yearly (every 12 months) or whenever 
performance verification (See Section 3) indicates that the Model 179 Of++! is out of 
specifications. If any step in the calibration procedure cannot be performed properly, 
refer to Section 5 for Troubleshooting Information or contact your Keithley representative 
or the factory. 

4-2. RECOMMENDED TEST EQUIPMENT. Recommended test equipment for calibration is listed 
in Table 4-l. Alternate test equipment may be used. However, the accuracy of the 
alternate test equipment must be at least IO times better then the instrument specifica- 
tion, or equal to Table 4-l specifications. 

TABLE 4-l. 
Recommended Test Equipment For Calibration. 

I tern Description Specification Mfr. Model 

A DC Calibrator O.lV, IV, IOV, IOOV, IOOOV Fluke 343A 
+o.ooz% or 2ouv 

B AC Calibrator O.lV, IV, IOV, IOOV H-P 745A 
*0.022% 

C Decade Resistor l.YKR, IYOKn. *O.Ol% ESI RS725 

4-3. ENVIRONMENTAL CONDITIONS. Calibration should be performed under laboratory condi- 
tions having an ambient temperature of 20" to 26"~ (68" to 78°F). and a relative humidity 
of less than 80%. 

4-4. CALIBRATION PROCEDURE. Perform the following adjustments to calibrate the 179 OHM 
and restore its operation to specified limits. 

a. Calibration Shield Installation. If the Model 1788 Battery Pack is installed in the 
instrument It must be removed and the calibration shield reinstalled before calibration. 

t 

WARNING 

Disconnect the line cord before removing the case cover. 

I) Turn off the power and disconnect the line cord. Remove four screws from ~"e 
bottom of the case end separate the top cover from the bottom cover. 

2) Push back the ground clip (shown in Figure 2-2) from the upper side of the 
battery peck and remove the battery pack from the spacers. 

3) Calibration may be performed on battery power as long as the battery pack is 
sufficiently charged. Leave the battery peck plugged into the instrument, but set the 
battery pack behind the OHM on the bench or table. 

4) Set the calibration shield in place on the spacers. The shield should read 
correctly when viewed from the front of the instrument. 

5) Slide the ground clip over the top of the calibration shield so that it contacts 
the upper surface of the shield. 
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6) If battery power-is.not to be used, plug in the line cord. 

b. Calibration‘lnstructions. 

WARNING 

t 

Some procedures require the use of high voltage. Take care to prevent 
contact with live circuits which could cause electrical shock resulting 
in injury or death. 

I) Refer to Table 4-2 and perform the listed adjustments in the sequence indicated. 
Note that the step sequence is also indicated on the calibration shield by boxed 
numerals. The sequence must be followed exactly because the adjustments are inter- 
related and dependent on the preceeding steps. 

2) If the indicated adjustment cannot be made to obtain the specified reading, 
refer to Section 2-5 for Troubleshooting Information. 

TABLE 4-2. 

step 

1 DC V 2v 

2 DC V 200 mV 

3 DC V 2v 

4 n LO 200 kn 

5 9 LO 

6 R LO 

7 r? HI 

a R LO 

9 DC v 

10 DC v 

il DC V 

12 AC V 

13 AC V 

14 AC V 

I5 AC V 

16 AC V 

17 AC V 

18 AC V 

I 

200 kSI 

200 kR 

200 kQ 

2 kQ 

200 v 

20-v 

000 v 

20 v 

20 v 

20 v 

20 v 

200 v 

20 v 

2v 

FI unction Range 

Calibrati Procedurl 

Input 
4djustmen: Desired 

Point Reading 

Cl.9 v 
+I90 mV 

Cl.9 v 

Short 

Short 

Short 

I90 kR 

I.9 kR 

Cl90 v 

+I9 v 

c1000 v 

1 V at 1 kHz 

IO V at I kHz 

I V at 1 kHz 

IO V at 1 kHz 

100 V at IO kHz 

IO V at IO kHz 

I V at 10 kHz 

RI07 

I7108 

RI07 

RI49 

R112 

RI49 

RI27 

RI29 

R103 

RI26 

RI28 

R142 

RI43 

RI42 

RI43 

Cl06 

Cl12 

Clll 

I .gooo 

190.00 

1.9000 

Set Front 
Panel Zero 
to Mechanica 
center. 

O.O?lO digits 

3.0012 digits 

190.00 

I .gooo 

190.00 

19.000 

1000.0 

1.000 

10.000 

1 .ooo 

10.000 

100.00 

10.000 

1.0000 

Test Equipment" 

DC Calibrator (A: 

DC Calibrator 

DC Calibrator 

None 

NOW 

None 

Decade Resistor(C 

Decade,Re<istor 

DC Calibrator 

DC Calibrator 

DC Calibrator 

AC Calibrator (8) 

AC Calibrator 

AC Calibrator 

AC Calibrator 

AC Calibrator 

AC Calibrator 

AC Calibrator 

:* See Table 4-l. 
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TROUBLESHOOTING 

- . SECTION 5. TROUFlLESH00TlNG. 

5-l. GENERAL. The troubleshooting instructions contained in this section 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 isolatinq the defective circuit or subcircuit. Isolation 
of the specific defective component has been left to the technician. 

NOTE 

For instruments that are still under warranty (less than 12 months since da:e of 
shipment), if the instrument’s performance falls outside specifications at any 
point, contact your Keithley representative or the factory immediately. 

5-2. TROUBLESH00TlNC PROCEDURE. This section contains tables listing step-by-step 
checks of the major DMM circuits described in Section 6, Theory of Operation. Proceed 
as follows: 

a. In general, start troubleshooting with Table 5-l. Line Power Checks, to verify 
that the power supplies are providing the specified voltage to the electronic components. 

b. If trouble occurs on battery power only, or if battery operating time is sub- 
stantially less than 6 hours after overnight charging, test the batteries ant charging 
circuit per Table 5-2. 

c. Proper operation of the A/D converter & display should be verified before trouble- 
shooting the signal conditionings. Check these circuits per Tables 5-4 and 5-3, 
respectively. 

d. Problems with ac voltage ranges may involve the ac attenuator. :he ac amoiiiier, 
or the ac converrer. Check these circuits per Table 5-6 and 5-8. 

e. Check the dc voltage attenuator per Table 5-5 if problems occur ;iirh tne cc ,voltage 
ranges. Check the resis:ance circuit per Table 5-7 if resistance measurements are erratic 

f. If problems occur with current readings, check the current shunts ana related 
circuits per Table 5-9. 

9. All measurements are referenced to analog co-n (ground clip). 

AA 
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TABLE 5-l. 
Line Power Checks 

step Item/Component Required Condition Remarks 

I $101 line switch Must be set to 105-125V or ZIO- 
250V as appropriate. 

2 5102 LINE/BAT switch Must be set to BAT for use with 
battery pack. 

3 FIOI line fuse Continuity. 

4 P1007 line cord Plugged into live receptacle. 

5 Turn on power. 

6 +5V pad:' +5 volts *lo%. Output of VR104. 

7 '0104, IN +7 volts Minimum. 
clo8-22oo~F (+) 

Output of CRlOl, 
input to VRl04. 

a +15V pad* +I5 volts ClO%. Output of VR102. 

9 TPI* +17.5volts minimum. output of CRl02, 
input to VRl02. 

IO -15V pad* -15 volts 210%. Output of VRIOI. 

II TP2" -17.5 volts minimum. Output of CR102, 
input to VRIOl, 

NOTE: Hot reg- 
ulator may indi- 
cate shorted load. 

* On main printed circuit board. 
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TABLE 5-Z. 
Batter” Power Checks 

; tep Item/Component Required Condition Remarks 

I Check AC line power per Table 5-l. 

2 Turn off power. 

3 510.7 LINE/BAT switch Hove to BAT. 

4 PI007 line cord Plugged into live receptacle. Charge circuit 
checks. 

5 F301 Remwe fuse and connect amneter No charge, see step 
to fuse clip. 0 to 5OOmA charging 5A. Correct charg- 
rate, varies with line voltage and ing but short bat- 
battery state of charge. tery operating time, 

see step 6. 

5A ET301 Batteries Full charge is =9.8 volts over If voltage is low 
4 cells. R301 adjbsts charging and adjustment of 
rate (float voltage). R301 does not start 

charging, see steps 
7 and following. If 
voltage is low and 
adjustment of R30l 
does start charging, 
see Table S-IO for 
adjvstment of bat- 
tery charge voltage. 

5 Each battery cell Less than 3 volts for any cell. High voltage or 
voltage during zero indicates 
charging. damaged ccl I. 

I 0301 anode Full wave rectified Output of CRIOI. 
voltage, I5 VDC nominal. 

I c304 + +17.5 volts minimum. Output of CRIOZ. 
Triggers Q301 gate 
thru R306 and CR301 
unless Q302 is on. 

I Q302 Should saturate only when bat- 
tery approaches ful I charge. 

0 VP.301 a.2v zener. 

I Unplug 1 i ne cord G turn power on. Discharge checks. 

2 If1004 pin 8 or 100 kHz 5V square wave. Clock input. If no 
U3Ol pin II input, see step IZA. 

2A VRl04, IN +7 volts minimum. Battery vol cage 
input to VRl04. 

3 Q307 and 0308 base Square wave , co.7 volts at output of u301, i 4. 
25 kHz. 

4 0307, Q308 collector Must oscillate from saturation to Inverter. 
twice battery voltage (=I9 volts) 
at 25 kHz. 

5 c304. c305 r17.5 volts nbinimum (t25 volts lnverter Output, 
typical with fully charged bat.). input to VAIOI sVRIO2 
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5te1 

I 

2 

3 

4 

5 

6 

7 

Item/Component 

+5V* or JIOOI, pin 5 

~202, pins 2, 6, 7, 
9 and I3 

~201, pins I, 2, 6 
and 7 

U201, pin 4 

JIOOZ, pin 9 

JlOOl, pins I, 2, 3 
and 4. 

TABLE 5-3. 
Display 

Required Condition 

Turn on power. Any function or 
range except OHMS. 

+5 volts CIO%. 

Digit drive LOW = Enabled. 

HI = Enabled. 

Positive-going signal 
lasting for 200 clock pulses. 

>olarity line (SIGN) HI = off 
LO = -* 

ippropriate OP line high (on). 

INSTRUCTION MANUAL 
Digital MulllmeIsr 

Model 179 

Remarks 

If low, check per 
Table 5-l. 

LED cathode 

ECD input to segment 
decoder/driver. 

Leading digit sup- 
pression. Output of 
Ul07A. 

NOTE: Polarity out- 
put (in at JlOO2, 
pin 9) is inverted 
for VDC on 20 volt 
and higher ranges. 
Polarity output is 
disabled on AC and 
n. 

* On main printed circuit board. 
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P S'te 

1 

item/Component 

2 Display 

3 TPIO;' 

4 TP8* 

5 TP3" 

6 TP4?; 

7 ~106, pin 7 

8 CLK* 

9 TP6* 

!3 J103, pin II 

I 1 TP7" 

I2 

I3 

I4 

15 

U104, pins 2, 3, 
end 6 

External voltage 
source 

TP7* 

U103, pin 2- 

16 

I7 Display 

18 - TPIO" 

TABLE 5-4. 
A/D Converter 

Required Condition 

Turn on Power. Select 2 volt 
DC range and short inputs. 

.OOOO ?I digit. 

0.0000 volts. 

+1.00 volt. . 

+I00 millivolts. 

6.3 CO.25 volts. 

+1.00 volt. 

0 to +SV square wave at 
100 kHz. 

+I.0 50.1 volt. 

11.0 kO.1 volt. 

-1.2 20.2 volt. 

+I volt. 

Apply +I.9000 volts. Display 
must reed 1.9000 ?I digit. 

Waveform per Figure 5-1. 

Waveform per Figure 5-1 during 
ramping of integrator output. 

Select 200 mV range end short 
inputs. 

00.00 r3 digits. 

0.0000 volts. 

Remarks 

On this function 
end range (also on 
200 mV DC), input 
HI ccanects thru 
~106, Rl36, and 
Rl35G to A/D. wit? 
out attenuation. 

A/o signal input. 

Reference output. 

Reference output. 

Reference zener 
voltage. 

Reference input to 
~106. 

Clock input. 

Stored autozero 
voltage. 

I-node voi tage to 
integrator in UlO3 

UlO3 integrator 
output voltage. 

Buffer voltage on 
UlO4. 

Calibration point. 

Integrator output. 

Comparator output. 

Proceed if our-of- 
limits. Change 
selected value of 
RI45 if tests 18-2( 
meet required 
conditions. 

A/o signal input. 

* On main printed circuit board. 
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19 

20 

UlO6, pin 7 +0.100 volt. 

UlO3, pin 11 +1.000 to.1 volt. 

21 TP7" -1.2 to.2 volts. 

22 

23 

24 

U104, pins 2, 3 

~104, pin 6 

External voltage 
SO"TCe 

+lOO millivolts. 

+I volt. 

Apply +I90 millivolts. Display 
must read 190.00 il digit. 

I tern/Component Required Condition 

-L On main printed circuit board. 

TABLE 5-4. 
A/D Converter, continued 

Remarks 

Reference input to 
.u106. 

z-node voltage to 
integrator in UlO3 

UlO3 integrator 
output voltage,. 

Buffer voltage on 
u104. 

Buffer voltage. 

Calibration point. 

Integrator waveform for pas i t iv 
1 I 

I 

I 
100 I 

mSEC ( 
I 

AUTO ' SIG-' REFERENCEi AUTO ZERO OF 
ZERO NAL INTEGRATE NEXT CONVERSION 

INTEGRATE 

Comparator waveform (Logic 1 during ramping) 

+5 

I I 
o- I 

FIGURE 5-I. Integrator and Comparator \javeforms. 
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TABLE 5-5. 
DC Volts Attenuator 

Item/Component Required Condition 

RI49 

UIOI, pin 2 

External voi tage 
source 

TP5* 

External voltage 
source 

TPS” 

Turn on power. Select 20 UDC 
range, and short inputs. 

Front panel adjustment must zero 
the display. 

0.000 to.005 volts. 

Apply +I0 volts from HI to LO. 

-I volt 

(Apply +I00 and +I000 volts on 
200 and 1000 volt ranges. 

-1 volt 

* On main printed circuit board. 

TROUBLESHOOTING 

Remarks 

Calibrated input. 

Output of UlOl. 

Calibrated input. 

Output of UIOI and 
feedback components, 
including relays. 

AA 

’ 0’. 
P 
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TABLE 5-6. 
AC Volts Attenuator and Xl0 Amplifier 

Step Item/Component Required Condition Remarks 

1 Turn on power. Select 2 VAC NOTE : Full scale 
range. inputs should pro- 

duce -2 volts out- 
put at TPY. 

2 External voltage Apply I volt rms at 1 kHz. Calibrated input. 
source 

3 TP9” 6 TP5 I volt ms. Output of UlOl and 
feedback components 

4 External voltage IO, 100 and 1000 volts rms on Calibrated input. 
source 20, 200 and 1000 volt ranges. 

5 TP9” 6 TP5 I volt rms on al I ranges except Output of U102 and 
200 millivolts. feedback component: 

including relays. 

6 External voltage Apply 1, 10, IOOV @ 2OkHz on ClO6, Clll, Cl1.2, 
source 2. 20 and 200V ranges respect- C113, and C114. 

ively. 

7 External voltage Apply IOV @ 45Hz on 20V range. ClO5, c115, C116. 
SOUrC.2 

a Select 200 mV range. 

9 External voltage 100 millivol:s at 1 kHz. Calibrated i,>put. 
source 

10 Tp 5:‘: 100 millivolts rms. Output of UlOl and 
feedback components 

II T p 9 ;‘: I volt rms. Output of UlO2. 

-C On main printed circuit board. 
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TABLE 5-J. 
Resistance Circuit. 

jtep Item/Component Required Condition Remarks 

I Turn on power. Select R, HI 
and 200k range. Short inputs. 

2 UIOI, pin 2 Continuity to input HI. K105. 

3 TPIO’; 0.0 volt. A/D input. 

4 R switch, pin 11 +i volt. Reference VOI tage. 

5 INPUTHI toL0 Remove short and measure open RI50 G Rl51. 
circuit voltage; must be +2 to 
+5 volts. 

6 IOOk resistor Apply to input. Calibrated resistance 

7 TPIO* -1 volt. A/O input. 

a Select LO range. 

9 Q switch, pin 11 +I00 millivolts. Reference voltage. 

IO TPIO* -100 millivolts, A/D input. 

II Test other ranges in similar NOTE : Reference 
manner as needed. loading by the 

current setting 
resistor does not 
affect readout since 
A/O converter is 
ratiometric. 

AA 

fr On main printed circuit board. 
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;te1 
- 

I 

2 

3 

4 

5 

6 

7 

- 

Item/Component 

External voltage 
sourca 

TP9+ 

UlO5, pin 6 or TPIOf 

RI43 

Repeat steps 4 & 5 

Repeat steps 4 6 5 

TABLE 5-8. 
AC Converter 

Required Condition Remarks 

Turn on power. Select 20 
VAC range. 

IO volts rms, I kHz. 

I volt rms (approximate). 

Cl volt DC. 

Gain adjustment must operate. 

IO volts rms, 45 Hz. 

IO volts rms, 20 kHz. 

* On main printed circuit board. 

TABLE 5-9. 
Current Shunts 

Item/Component 

External VOI tage 
SO”TCe 

Calibrated input. 

Input to converter. 

Output of u105. 

Low frequency 
response. 

High frequency 
response. 

Required Condition 

Continuity. 

Remarks 

Measure with 
ohmmeter. 

Correct shunt value for 
specified range. SC%? 
schematic. 

Turn on power. Select DCA 
and 200 vA range. 

0 to 3 volts. Clamping must occur 
at c2 volts. 
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TABLE 5-10. 
Adjustment of Battery Charge Voltage 

t=p Item/Component Required Condition Remarks 

1 Instrument off. 

2 R301 Turn ful I CCW 
(maximum charge rate). 

3 ET301 Honitor battery voltage Fully charged ccl I? 
for > 9.w. require several 

minutes to reach 
this level. Dis- 
cnargep ccl Is 
require several 
hours. 

,&yyp~. 

longer then 30 min. 
will reduce batter) 
life. 

4 R301 When cells reach 9.8V, 
turn D~IM on and adjust to 
maintain 9.8V across BT301. 
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THEORY OF OPERATION 

SECTION 6. THEORY OF OPERATION. 

6-i. GENERAL. This section contains circuit descriptions for the flodei !79 Dtlfl and for 
the Model 1708 Battery Pack. An Overall block diagram of signal flow is provided in 
Figure 6-l. The overall schematic diagram, drawing 28992E, is contained in the back of 
this manual. 

DISPLAY ; 

FIGURE 6-l. Simplified Signal Flow Block Diagram, Model I79 DMH 
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6-Z. OVERALL OPERATION. The Model 179 DMM uses a Z-volt or ZOO-millivolt full scale 
analog-to-digital [A/D) converter with a h-10. digit multiplexed display. Signal condi- 
tioning permits the A/D converter to handle full scale ac and dc voltage and current 
measurements over 5 decades, and to measure resistance over 5 ranges. 

a. Signal Conditioning. Signal conditioning includes dc attenuation (except on the 
2 volt and 200 millivolt ranges), ac attenuation and XI0 amplification, ac-to-dc conver- 
sion, ohms conversion and current shunts as shown in Figure 6-2. 

I) In the DCV mode, signal conditioning to the A/D converter is an active attenuator, 
except on the two lowest ranges. The A/O input is -VH!-LO * z, except on the lowest 

ranges or under overload conditions. In the DCA mode, the voltage developed accross 
the shunt resistor is applied directly to the A/D converter at ZOO millivolts full 
scale. 

2) In the ACV mcde, ac inputs pass through the attenuator on all ranges. The input 
is scaled to 2 volts rrns full scale, including Xl0 amplification for the 200 millivolt 
range. The TRHS converter outputs a positive dc signal proportional to the true root 
mean square ac signal. This DC signal is the A/D input. In the ACA mode, shunt voit- 
age is treated as a 200 millivolt signal. 

b. Ohms Conversion. Resistance measurements are made by configuring the attenuator 
as a resistance-to-voltage converter. Attenuator stage voltage feedback resistors Rf 
function as amplifier input resistance connected to either the 0.1 volt reference (LO) 
or the 1.0 volt reference (HI). The unknown resistance is connected as a feedback 
resistor around the attenuation amplifier. The resulting voltage applied to the A/D 
converter is proportional to the unknown resistance. 

c. A/D Converter. The A/D converter is a large scale integration (LSI) ratiometric 
device. Converter output is a multiplexed 5 digit binary coded decimal (BCD) number 
which is equal to the ratio of input voltage to reference voltage. A separate clock 
circuit supplies a 100 kHz timing input to the integrated circuit, which also multiplexes 
the BCO output. Full scale A/D inputs for various ranges and functions are listed in 
Table 6-1. 
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FIGURE 6-2. Attenuation and Ohms Conversion. 
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TABLE 6-l. 
Full Scale A/D Inputs 

INSTRUCTION MANUAL 
Digital Multimeter 

Model 177 

Function Range Full Scale Reference 
A/D Input Voltage 

DCV 200 mV 200 mV 0.1 v 

DCV 2, 20, 200 2v 1.0 v 
1200 v 

ACV Al 1 2v I.0 v 

DCA All 200 mV 0.1 v 

ACA Al I 2v 1.0 v 

a HI ZV I.0 v 

LO 200 mV 0.1 v 

6-3. ATTENUATION. When !neasuring ac and dc voltages, innut signal conditioning is pro- 
vided by inverting amplifier IJlOl and additional componer~cs as described below. 

DC. Input resistance is set by RI02 and R103. During calibration, RI03 is adjusted 
toaobtain a total input resistance of IO M12. Both fine and coarse zero adjustments are 
provided since an amplifier output resolution of IO microvolts is required for LO 
resistance measurements. 

I) On the 2 volt and 200 millivolt ranges, input HI is connected to the A/D converter 
through protection resistors Rl06, Rl35G and R136. Diode-connected FET’s Q106 and Q107 
clamp the A/D input during overload. 

2) On the 20, 200 and 1200 volt ranges, the amount of attenuation is selected by 
switching feedback‘ resistors into the attenuator with relays KIOI, KIOZ and Kl03. 
Gain setting components and attenuation values are listed in Table 6-2. 

a. 

TABLE 6-2. 
DC Attenuation and Gain Setting Components. 

Range Gain Set Relay/ Attenuation 
Components Switch 

2oc mV 

I 

Signal bypasses 
2v attenuator 

20 v Rll8, RI26 KIOI 0.1 

200 v R119, RI27 K102 0.01 

1200 v R120, RI28 K103 0.001 
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b. A: Voi ts. to~pu.t~ resistance is IMR (RIOI). Shunt capacitance is typicaiiy less than 
75 PF. Additional conditioning i:m 7s follows. 

I) For all ranges except the 200 millivolt range, the amount of attenuation is 
selected by switching feedback resistors into the attenuator with relays KIOI througn 
K104. For the 200 millivo’lt range, non-inverting XI0 amplifier UlO2 boosts the siqnai 
to 2 volts ful I scale. Gain setting components and attenuation values are listed in 
Tab1 e 6-3. 

TABLE 6-3. 
AC Attenuation Gain Setting Components 

Range Gain Set Relay Attenuation Freq. Comp. 
Components Energized Capac i tars 

200 mV Rll8, RI26 KIOI I (x10*) ~106, CIII 

2 v Rll8, RI26 KIOI I ~106, CIII 

20 v RIIY, RI.27 K102 0.1 ~106, ~112 

206 v R120, RI28 Kl03 0.01 ~106, ~113 

ID00 V Rl21, Rl22, Kl04 0.001 ~106, ~114 
RI29 

* Signal applied to XI0 ac amplifier UlO2. 

2) On the 200 millivolt and 2 volt ranges, high frequency compensation is adjusted 
with capacitor Clll, as shown in Table 6-3. On the 20 volt range, adjustment is per- 
formed with CIIZ. On the 200 and IO00 volt ra?ges, adjustment is performed with ~106. 
Some low frequency rolloff is introduced by input blocking capacitor Cl45, and ac 
converter input capacitors Cl15 and ~116. 

6-4. AC CONVERSION. The ac converter is a monolithic TRMS module. 
Potentiometer RI43 provides gain adjustment, 

Output Vdc -&m 
and RI42 establishes output zero. 

Settling time and ripple are determined by Cl10 and Cl20. Low frequency rolloff is a 
function of Cl20. 

6-5. D.iMS CONVERSION. During calibration, the IO MR input resistance (RI02 and Rl03) 
end all attenuator feedback resistors are adjusted for both ratio and absolute value. 
Therefore, these resistors can also serve as reference (current setting) for resistance 
measurements. In the Q mode, the attenuation (feedback) resistors are disconnected from 
the output of the attenuation amplifier (UIOI) and are connected instead to the A/D 
converter reference voltage. Since two reference voltages and two A/D converter gains 
are available, the Model 179 DMM provides the option of measuring resistance $i:- the 
sense current reduced by a factor of 10. 

Range Selection._ Operation of the range pushbuttons selects range resisi~ 
pr%ide the reference current listed in Table 6-4. 

to 
Operation of the HI/LO pushbut.~, 

selects the I volt or 0.1 volt reference, respectively. Relay KlO5 is always energized 
in the 9 mode. 
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TABLE 6-4. 
Resistance Range Setting Components 

Range Resistors Relay/Switch 

RIZI, R122, R129 

R120, RI28 

Rll9, RI27 

Rll8, R126 

RIOZ. RI03 

Nom. lREF 

in HI R 

Kl04 

K103 

KIOZ 

KlOl 

1000 switch, 
pins 17, and 
n 8, 9. 

IOOuA 

IOuA 

IUA 

O.luA 

Nom. lREF 

in LO n 

lOOpA 

10!~A 

l!LA 

O.luA 

b. 5I Circuit. For resistance measurements, relay Kl05 and terminals 4. 5, and 6 of 
the p pushbutton connect the input HI terminal directly to the amplifier summing node. 
Input LO is disconnected from ground and is connected to the A/D converter input through 
the protection components described below. The unknown resistance (Rx) then becomes 
the amplifier feedback resistance. 

1) Current flow in the.unknown resistance is from input HI to input LO. At full 
scale, the voltage across R, is either 2 volts (HI) or 200 millivolts (LO). Reference 
source loading dbes not affect accuracy since the A/D converter is ratiometric. 

2) The HI terminal is clamped to analog common by QlOl and QlO2. The instrument 
protection network at the amplifier output consists of a pulldown resistance (RI04 and 
CRl03, CR104 and CRIOS). RI04 sinks approximately 150 microamps. 'During in-range 
measurements,. this current is supplied by the reference voltage through CR105 and 
voltage through the amplifier (IJIOI) and CR104. Overloads with input HI positive are 
sustained by CR105; diodes CR103 and CR104 sustain neqative overloads. Open circuit 
voltage is set to less than 5V by RI50 and RI51 through CR103 and CRl05. A/D 
protection in n Is the same as in V except RIO5 is substituted for R106. 

6-6. A/D CONVERTER. The A/D converter operates on the dual slope principle. The timing 
is divided into three periods as described below. Operation with high and low reference 
voltages is described separately in subparagraph d. 

a. Auto-Zero. The auto-zero period (A, Figure 6-3) is 100 milliseconds in length, 
which corresponds to 10,000 clock pulses. During this period, reference voltage VREF 
(see subparagraph d) is stored on capacitor Cl24. Capacitor Cl17 stores VREF + VOS, -VOs 2 

b. Siqnal-integrate. The signal-integrate period (B, Figure 6-3) is 100 milliseconds 
in length. The A/D input is buffered by UlO4 (see subparagraph d) and integrated by UlO3. 
Positive signals generate a negative-going ramp at the integrator output (pin l4), while 
negative signals produce a positive-going ramp. The level of the integrated signal at 
the end of the signal-integrate period is proportional to the average df the applied 
signal during this period. Since signal integration continues for 100 miiliseconds,the 
A/D converter exhibits high normal mode rejection for ac signals in multiples of 10 
hertz, particularly the 50 and 60 hertz line frequencies. 
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c. Reference-lnteqrste. The reference-integrate period (C or D, Figure 6-3) is 200 
milliseconds or 20,000 counts in length. During this period, the integrator is returned 
to baseline level by applying a reference voltage of a polarity opposite to that of the 
signal. A positive-going ramp is obtained by grounding the buffer input, while a negative 
going ramp is produced by -the integration of 2 x VBEF (that is, VREF : the voltage stored 
on C124). The time, or number of clock pulses required for discharge 1s proportional to 
the signal input. Digital output is from latches within ~106 which store the number of 
clock pulses required for the integrator to return to baseline level. The maximum count 
during this period is 20,000 which corresponds to a discharge period of 200 milliseconds 
or full scale input. 

d. Reference Voltages. Reference voltage VREF may be either I volt or 0.1 volt. 
Switching through the pushbuttons turns on either Q104 (for I volt) or 4103 (for 0.1 
volt). The voltages are provided by a divider across a temperature compensated zener 
diode. An operational amplifier on UlO3 provides the saner with a self-regulating bias. 
Use of the 0.1 volt reference increases converter sensitivity to 200 millivolts full 
scale, permitting accurate LO ohms operation, 10 microvolt resolution on dc voltage 
measurements, and dc amperage measurements with a full scale burden of 200 millivo'ts. 
Increased sensitivity is accomplished by switching input buffer UlO4 into a gain-of-10 
configuration by turning on Ql05. Auto-zero charging on Cl24 is to a 100 millivolt 
reference instead of a I volt reference. Integrator and comparator voltage levels are 
unaffected by buffer gain. Buffer offset voltage is zeroed, and resistors ~146 plus 
RI44 or R145, which are selected at test, null any remaining zero offset on the 200 
millivolt range. 

6-7. DISPLAY. Five light-emitting diodes (LED) are driven by UZOI, which is a CHOS BCD- 
to-seven segment decoder/driver with bipolar current-sourcing outputs. Segment currents 
are limited to approximately 20 milliamperes peak by resistor network 17202. The LED 
readout is a multiplexed, common-cathode configuration with Darlington array U202 
sequentially sinking currant from each digit. Blanking of the overrange digit is 
accomplished by gates UlO7A and U107B. Em'itter-follower QlO8 ensures that CIIOS- 
compatible levels are maintained on UlO7A, pin I, regardless of the loading of U202. 
The minus polarity readout is blanked on ac voltage and resistance ranges by contacts on 
the pushbutton switch. Proper decimal point position is determined by the combination 
of function and range selected. 

6-B. CURRENT MEASUREMENTS. In the A mode. the signal is switched into one of five 
currant shunts ahead of the attenuator section. For dc currant measuraments, the shunt 
voltage drop is applied directly to the A/D converter input at 200 millivolts full scale. 
For ac current measurements, the shunt voltage drop is treated as a 200 millivolt ac 
signal and passes through the ac attenuator and the X10 ac amplifier. Overload clamping 
occurs at three diode drops which is a level high enough to permit high crest factor 
current waveforms. On the Model 179-20A. a sixth currant shunt is added and the principle 
of operation is the same as that described above. 

6-Y. AC POWER SUPPLY. When the Ml is operated from ac line power, the power supply 
furnishes +5, +15, and -15 volts from regulators VR104, VR102 and VRlOl, respectively. 
Full-wave rectified ac from bridge rectifiers CR101 and CR102 is filtered by reservoir 
capacitors C108, Cl04 and Cl03 and is applied to the linear voltage regulators. 
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FIGURE 6-3. A/D Converter Function (Sheet 2 of 2) 
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&IO. MODEL 1788 BATTERY~PACK. When the Model 1788 Battery Pack is installed in the DMH, 
S102 must be set to the BAT position to provide additional secondary voltage for battery 
charging. SlO2 also switches the input to VRl04 from bridge rectifier CR101 to batteries 
BT301. Four Z-volt, 2.5 ampere-hour lead-acid cells supply approximately 9.8 volts at 
full charge. After six hdurs of use on battery power, the battery pack should be re- 
charged to ensure long battery life. 

a. Battery Charging Circ'uit. While the OHM is plugged into line power and the 
battery pack is installed, battery charging proceeds as follows: 

I) Full-wave rectified voltage from CR101 is applied to the anode of Q3Ol which is 
an SCR which regulates charging voltage. When 4301 is triggered on by a sufiicient 
gate-cathode voltage differential, the batteries receive charge. Charging continues 
as long as the bridge output voltage exceeds battery voltage by I volt or more. 
Resistor R304 limits charging current when recharging a set of completely discharged 
Gel IS. A filtered positive output from CR102 (or 1301) provides the necessary gate 
turn-on bias thr h R306 and diode CR301. Resistor P.303 ensures proper high- 
temperature operar,.' of Q301. 

2) When the battery voltage reaches the preset float voltage of 9.8 volts, zener 
VR301 conducts sufficient current to turn on Q302 and thus remi~e the gate trigger 
voltage from Q3Ol. Float voltage is adjusted with R301. This is a factory adjustment 
which normally does not need field readjustment. 

b. Battery Operation and Shutdown Circuit. The DMH operates as follows on battery 
power : 

I) When the power is turned on, the batteries are connected to the input of VRl04 
to supply +5 volts for the logic, display and the clock circuit. The clock output is 
appfied to the A/D converter as described in Paragraph 6-6 and also to U301, which is 
a divide-by-four binary counter. The outputs of U301 drive a dc-to-dc inverter which 
is synchronized to the A/D converter to filter out inverter noise. The 25 kilohertz 
operating frequency is optimal for the small transformer size, and results in low 
switching losses. Blocking capacitors C301 and C302 protect'Q307 and Q308 from damage 
if the drive is lost. Two half-wave rectifiers (CR304 and CR305) on the secondary of 
T30l provide rectified ac to filter capacitors C304 and C305 which provide power to 
+I5 and -15 volt regulators "RI02 and VRIOI. 

2) To prevent permanent loss of battery capacity caused by deep discharge, a shut- 
down circuit stops operation on battery power when the battery voltage drops below 
approximately 7.2 volts. Shutdown is erformed by micropower voltage detector U302. 
The open-collector output (U302, pin 4 P saturates low and turns off pass transistor 

Q309 when the input'voltage (at U302, pin 3) drops below 1.15 volts (typical). 
Resistor R314 provides sufficient hysteresis to prevent discharge from resuming when 
the battery voltages rises following disconnection of the load. 
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SECTION 7. REPLACEABLE PARTS 

7-l. GENERAL. This section contains information for ordering replacement parts. The 
parts list is arranged in alphabetical order of their Circuit Designations. 

7-2. ORDERING INFORMATION. To place an order or to obtain information concerning re- 
placement parts, contact you Keithley representative or the factory. See the inside 
front cover for addresses. When ordering, include the following information: 

a. Instrument Model Number. 

b. Instrument Serial Number. 

c. Part Description: 

d. Circuit Designation (if applicable). 

e. Keithley Part Number. 

7-3. MODEL 1783 MAINTENANCE KIT. The Model 1789 contains a complement of spare parts 
that will maintain up to ten Models 178, 179, or l79-20A DHMs (or any combination there- 
of) for approximately one year. Specify Model 1789 Maintenance Kit when ordering. 

7-4. FACTORY SERVICE. If the instrument is to be returned to the factory for service, 
please complete the Service Form which follows this section, and return it with the 
instrument. 

7-5. SCHEMATIC. 

a. Model 179 4-l/2 digit TRMS Multimeter: Schematic No. 28992E (Page 7-101. This 
schematic also describes the Model 1788 Rechargeable Battery Pack. 

7-6. COMPONENT LAYOUT. 

a. Model I79 4-l/2 Digit TRHS Hultimeter (Page 7-11). 

b. Model 1788 Rechargeable Battery Pack (Page 7-13). 

7-7. SPECIAL HANDLING OF STATIC SENSITIVE DEVICES. CMOS devices are designed to func- 
tion at very 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 destrov these 
devices. The following steps list the static sensitive devices in your Model 179 and 
provide instruction on how to avoid damaging them when they must be removed/replaced. 

a. Static sensitive devices: 

Keithley Reference 
Part Number Designation 

IC-IO2 UlO7 
it-103 U3Ol 
IC-168 u201 
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b. The above integrated circuits should be handled and transported only in protective 
containers. Typica~l1:y.r they will be received in metal tubes or static protective foam. 
Keep the devices in.their original containers until ready for use. 

c. Remove the devices from their protective containers 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 ajso be 
grounded to the bench or table. 

f. Use only anti-static type solder suckers. 

g. Use only grounded tip soldering irons. 

t,. After soldering the device into the board, or properly inserting it into the 
mating receptacle, the device is adequately protected and normal handling can be resumed. 
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TABLE 7-1. 
Cross-Reference of Manufacturers 

FED. FED. 
MFR. SUPPLY MFR. SUPPL 
CODE NAME AND ADDRESS CODE CODE NAME AND ADDRESS CODE 

A-B Allen-Bradley Carp DLE Dale Electronics Inc. 
Milwaukee, WI 53204 01121 Columbus, NE 68601 91637 

&-D Analog Devices Inc. DTN Dielettron (Consolidated) 
Norwood, MA 02026 24355 New York City, NY 10013 

4c I American Components, Inc. ECI Electra Cube Inc. 
Conshohocken, PA 19428 14298 San Gabriel, CA 91776 14752 

1MP Amphenol EDI Electronic Devices, Inc. 83701 
Broadview, IL 60153 02660 Yonkers, NY 10710 

JPX Amperex EFJ E. F. Johnson Co. 
Elkqrove Vlg, IL 60007 73445 Waseca, MN 56093 74970 

SEC Beckman Inst. Inc. ERI Erie Technological Prod. 
Fullerton. CA 92634 73138 Erie, PA 16512 72902 

1LD Belden Mfg. Co. F-l Fairchild Inst. Corp. 
Chicago, IL 60644 70903 MOUntafn Vlw, CA 94043 07263 

)RG Berg Electronics Inc. FUS Bussman Mfg. (Fusetron) 
New Cumberland, PA 17070 22526 St. Louis, MO 63107 71400 

IRN Bourns, Inc. G-E General Electric Company 
Riverside, CA 92507 80294 Syracuse. NY 13201 03508 

IUS Bussman Mfg. Div. G-l 
71400 

General Instrument Corp. 
St. Louis. MO 63017 Newark, NJ 07104 72699 

:-I Components, Inc. GLD 
Biddeford, ME 04005 

Gould, Inc. 
06751 St. Paul, MN 55165 52431 

:-I~ Continential-Wirt Elec. Corp. H-P Hewlett-Packard 
Warminster, PA 18974 79727 Palo Alto, Ca 94304 50434 

:AD Caddock INT lntersil Inc. 
Riverside, CA 92507 I9647 Cupertino, CA 95014 32293 

:AN ITT Cannon Electric IRC IRC Division 
Santa Ana, CA -92702 71468 Burlington, IA 52601 07716 

:LB Centralab Division K-l Keithley Instruments, Inc. 
Milwaukee, WI 53201 71590 Cleveland, Ohio 44139 80164 

LR Clarostat Mfg. Co., Inc. L-F Littlefuse, Inc. 
Dover, NH 03820 12697 Des Plaines, IL 60016 75915 

'TS CTS Corporation HOL tlolex 
Elkhart, IN 46514 71450 Downers Grove. IL 60515 27264 

'I c Dickson Electronics Corp. MOT Motorola Semi Prod. Inc. 
Scottscale, AZ 85252 12954 Phoenix, AZ 85008 04713 
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TABLE 7-l. (Cont'd) 

FED. FED. 
MFR. SUPPLY MFR. 
CODE NAME AND ADDRESS 

SUPP 
CODE CODE NAME AND ADDRESS CODE 

NAT National Semi Corp. TEP 
Santa Clara, CA 95051 27014 

Tepro Electric Corp. 
Rochester, NY 14606 0298 

NCI National Components, Inc. TPL Temple 
West Palm Beach, FL Tecate, CA 92080 2950, 

NEL Northern Engr. Labs TRW 
Burlington, WI 53105 00815 

TRW Capacitor Div. 
Ogallala, NB 69153 844 I 

P&B Potter & Brumfield VIS 
Princeton, IN 47670 

Vishay Resistor Products 
12300 Malvern, PA 19355 1861: 

'AK Paktron VRN Vernitron 
Vimna, VA 22180 Laconia, NH 03246 1315( 

'OM Pomona Electric WAB 
Pomona, CA 91766 05276 

Wabash-Hagnetics 
Wabash, IN 46992 01101 

ZTN Q-Tron 
Santa Ana, CA 92705 25525 

(AY Raytheon Company 
Qyincy, MA 94144 

ICA RCA Corporation 
Moorestwn, NJ 08050 02734 

LCL RCL Electronics, Inc. 
Manchester, NJ 03102 01686 

iIE Siemens Corporation 
Iselin, NJ 08830 25088 

,IG Signetics Corp. 
Sunnyvale, CA 94086 I a324 

IL Siliconix Inc. 
Santa Clara, CA 95054 17856 

jPG Sprague Electric Co. 
Visalia, CA 93278 14659 

;oL Solitron Devices Inc. 
San Diego, CA 92123 22229 

iTD Standard Condenser 
Chicago, IL 97419 

.-I Texas Instruments, Inc. 
Dallas, TX 75231 01295 

'EL Tel Labs 
Manchester, NH 03102 94322 

I 
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4.7"F. ZO”. 
4.7uF. 
47OYF, 
470°F. __, ..~. 
O.IYF. IOOO”. nr 
.*5 
IOOODF, 
**oo”F. ._. 
l.lPf. fO.??~, _.~~~, ~~ 
1°F. IOO”. n,ot. HPF 
.25-t .sPF; .*ooo\ 
I.9-15.6pF, 250”. 7rinrnr 
I100c.F. 5OO”OC. ilP. Silver nica 
IiO0c.F. 5OO”OC. tit. Silver nica. .~ 
33°F. I::, pT/ : :. . . . 
33"F, I . . . 
,YF. IOO”. f102. 11‘ -.-_. . ..‘F. . 
.ZZ”F. 200 “DC, t,ot. HPF 

‘F. ...... 
.‘IOO”.~*O%.~*PF ....... 

1000”. ccro. ....... 

o-4 
E-4 
E-5 
E-5 
F-5 
F-4 
F-4 
D-3 
E-3 
E-3 
E-3 
6-3 
F-3 
F-3 
E-3 
E-3 
O-2 
o-2 
--- 
F-l 
o-2 
D-2 
E-2 
E-l 
F-2 

KNS475AO*oK 
KNS475A020K 
35EU470 
35ELA470 
"*"-F-O.IEF 
273-101 
CPR-1000 
lbFLA2200 
cmoo-383 
4109c-,051 
273-1-I 
167-0109-005 
Ro"I9FoII*FOj 
ROb4l9FOI1,FO, 
M633600I5K 
KHS3360015K 
4309(3-,05K 
2*-ZOO-IO-Xl63W 

c-119-4.7 
c-179.4., 
C-289-470 
C-269-470 
C-2W.i 
cl*4 
c-13*-1000 
c-290-2200 
c-291-3.lP 

X’ 
C-264 
c-278-1,OP 
C-Z,&, ,ooprlc, c ‘ -rl‘-!,L 
C-228-33 
C-228-33 
c-*94- I 
C-269-.22 

4309C-105K C-294-I 
KNS4,5AO201: C-179-4.1 
KHS475AO20X c-179-4.7 
6256lC104 c-z*,-. I 
0109-5412 c-294-4 
00-101 C-64-low 

c-179-4.7 

c-179-4.7 
c-119-4.7 
C-256-I 
c-295-100 
c-295-100 

CR,01 aridge Rectifier. IOO". *I\ C-6 D-5 EOI PO10 RF-16 
CRT02 Bridge ReScifiCr. Ifi, 400" c-7 o-5 ED, PF40 RF-46 
CRIO, Silicon Rectifier. IA. 1000". . E-3 F-5 T-1 IN4007 RF-50 
CR, 04 Silicon Rectifiw. IA. IOOO". E-3 F-5 T-1 RF-50 
CR105 Silicon Rectifier, IA. IOOO". . . E-, G-5 T-l I::::: RF-50 
CR106 R.Ctifi.r, 756, 75". . . . O-8 o-1 T-I IN914 RF-** 
CR107 Rectlfler, 75md. 75". ,-* o-2 T-I IH9l4 RF-26 
CR108 Restlfier, 75d. 75". ,-2 O-2 T-I IW4 w-z* 

AA 7-5 



REPLACEABLE PARTS INSTRUCTION MANUAL 
Dlgital MuMmeter 

Model 173 

, 

AA 



REPLACEABLE PARTS 

H-Ghan. JET. 
H-Ch.3”. IFET. 
WEha”. JET. 
NICb”, JET. 
H-Ch.“. JET. 
N-clmn. JET. 
w&an. JET. 
HPN, SWiKh 

.n-2 o-2 INT brE4j92 x.3 
Ii-2 c-2 IHT ITE439Z X-77 
J-l o-2 IHT ITE4,SZ x-7, 
G-3 E-2 I(-, --- TG-12a 

2H3725 
m13725 
ws-!A5 

F-j i-i BEC 
D-3 E-l CRC 
D-3 
o-3 ::; “EP I RC 
E-Z E-3 TRY 
E-2 E-l TR” 

a9i 

2 
“8 
,0-69-P 
30-69-P 
**R-5 

R-*6,-I” 
R-265-9.881r 
w-89-200X 
R-Z-IOOK 
R-3-47* 
*-,-47* 
w-64- 100 
*-64-*00 
R-Lhl-99.ar (28798A\ 
R.~~I.*.w. c*a79**: 
R-88-93’ 
w-91-50.. 
ada-7m 
a-76-1.8” 
R-aa- 00 
R-263-4.99x 
R-263-44.91 
R-264-998X 
R-*6,-99.*r 
R-263-9.99X 
R-26,-! .00*1. 
R-76-2101 
R-232-.898 
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INSTRUCTION MANUAL 
Digital MdliT;:er 

2 

47~0, iot. 1i4w, CCW . . F-; 

, 

SA3 
(IFF-I/Z-TO-900 
HFF- i/Z-TO-90 
Co,-TO-IIK 
CEA-TO-19.6X. 
72P11R 
IZPEIR 
CRZS, 5% 
CR25. 5% 
CR25. 5% 
CR25, 5% 

:,":5s 5% 
CR25, 5% 
CR25, 5% 
--- 
-__ 
SPECIAL 

"200" Series (Sch. 28992E-Pg. 7-11, 
(PC-Baard 49*+g.,-13, 

120n. 1/4v. Camp. . H-7 c-2 MEP CRZ5. 5% 
4x. ThiCi FiIrn "etwolr . .J-7 E-2 BEC 899-3-R47 

"300" SDliCS (Sch. 2899ZE-Pg. 7-1,) 
LPC-Bomd 451~P9.7-15) 

. . . 

. 

I . 

. 

. . . 

. 

. . 

. . 

. 

. 

I 

. . 

E-7 
E-7 
E-6 
O-6 
E-7 
o-a 
F-l E-3 w.25. 5a 
F-l E-3 %F CRZ5. 5% 
o-a F-4 A-B CB-100-IO% 
D-8 F-4 A-B Ca-lOO-lOt 
E-6 E-3 H(tP CR25, 5% 
E-6 E-3 llw CR.2'1. 54. 

R-*6*-.1000 
R-76-120 
w-97-s 
w-9,.500 
w-97-50 
RP-Y,-50K 
n-263-143 
n-263-856 
R-88-mm 
R-88-26.7~ 
R-88-3.01K 
n-65 
n-F47K 
R-252-9 
R-169-900 
~-169-90 
a-aa-!tK 
R-88-19.61( 
w-97-m 
RF-97-500 
R-,6-i (5~~1 

R-,6-4% 
R-X-**H 
w-89-200K 
~-76-3.3~ 
R-76-,*1 
eaa-• 
,q-aa-+ 
R-2,4-.01 

R-76-1*0 
V-64 

w-97-20X. 
R-76-330 
R-76-1~ 
Z-268-3.9 
R-76-4.X 
R-76-3.3~ 

z66-88: - _ 
R-76-10 
R-76-10 
R-,6-100~ 
R-76-IOOK 
R-,6.6.Lw 
R-76-6.&, 
R-68-5,61( 
R-88-1001( 

i 

AA 



INSTRUCTION MANUAL REPLACEABLE PARTS 

“300” series (Sch. 28992E-Pg. 7-11) 
(PC-Board 451~P9. ,-,5) 

YR3Ol 8.2 volt. *cocr E-6 c-1 HOT 1~765~ W-6 I 

7-9 AA 
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Dlgital hM&;$r 

7-10 AA 
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I I ! n.t I 
EI 

I 

FIGURE 7-4. Component Layout, PC-451, Battery Pack Board. 



KEITHLEY INSTRUMENTS, INC. 
28775 AURORA ROAD 

CLEVELAND, OHIO 44139 
SERVICE FORM 

MODEL NO. SERIAL NO. P-0. NO. DATE 

NAME PHONE 

COMPANY 

ADDRESS CITY STATE ZIP 

El : Describe problem and symptoms using quantitative data whenever possible (enclose 
readings, chart recordings, etc.) 

(Attach additional sheets as necessary). 

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

Kl the instrument. 
List the positions of fi controls and switches on both front and rear panels of 

El Describe input signal source levels, frequencies, etc. 

q . List and describe all cables used in the experiment (length, shielding, etc.). 

q for each. 
List and describe all other equipment used in the experiment. Give control settings 

El Environment: 
Where is the measurement being performed? (Factory, controlled laboratory, 
out-of-doors, etc.) 
What power line voltage is used? - Variation? ~- Frequency? 
Ambient temperature? OF.--- Variation? "F. Rel. humidity? -_ _---- 
Other --__ -__ 

Additional Information. (If special modifications have been made by the user, 
please describe below.) 
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