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OPERATOR SAFETY INFORMATION

This meter has been designed and tested according to IEC Publication 1010-1.
Follow all safety and operating instructions to ensure that the meter is

used safely and is kept in good operating condition.

¢ Never use the meter if the meter or test leads look damaged.

e Always turn off power to the circuit before cutting, unsoldering, or
breaking the circuit. Small amounts of current can be dangerous.

e Never measure resistance in a circuit when power is applied to the circuit.

e Never touch the probes to a voltage source when the test leads are plugged into the 10A or
40 mA input jack.

e To avoid damage or injury, never use the meter on unprotected circuits that exceed 14000
volt-amps.

e Never apply more than 600V dc or ac rms (sine) between any input jack and earth ground.

e Always be careful when working with voltages above 60V dc or 30V ac rms. Such voltages
pose a shock hazard.

e Always keep your fingers behind the finger guards on the probe when making
measurements.

e Always use a high voltage probe to measure voltage if the peak voltage might exceed
600V.

SYMBOLS MARKED ON EQUIPMENT

5 DANGER - High voltage.

A Attention - refer to the manual. This symbol indicates that
information about usage of a feature is contained in the manual.

== Fuse information.

USE THE PROPER FUSE

To avoid fire hazard, use only a fuse identical in type, voltage rating, and
current rating as specified on the case bottom fuse rating label.

DO NOT OPERATE DISASSEMBLED METER
Always operate the meter with case top and bottom properly assembled.

Access procedures and the warnings for such procedures are contained in this
Service Manual. Service procedures are for qualified service personnel only.

DO NOT ATTEMPT TO OPERATE IF PROTECTION MAY BE IMPAIRED

If the meter appears damaged or operates abnormally, protection may be
impaired. Do not attempt to operate it. When in doubt, have the meter
serviced.




Table of Contents

Chapter Title Page

1 Introduction and Specifications...........cccciiuiiiieiniciicnniser e 1-1
I-1. INrOUCHION ..ocviiieeeiieiriitieiesteete et e e e ae et e seseesn e e sana s ns e senneennans 1-3
1-2.  Organization of the Service Manual .........ccceeeveevrenreeveerenceeeeceeeeenee, 1-3
1-3 CONVENLIONS ..couvernteeeuceerieetereeeeanteesneeseeeesssaeeeasssesseasssessenssesseessssenns 1-4
1-4.  SPeCifiCations .......c.ccoeiriiiiiiiiiicicci et 1-4

2 Theory of Operation .........cccccciiieerinnnnin st aenees 2-1
2-1.  IDOUCHON .coiiveieieiiiencetenieesteetee e et et st etestase e s s e essaeennessaeeeesrnens 2-3
2-2.  Functional Block DeSCIIPLiON ......ccccccceveeveemenerveneneneennneseeeenrenreseeensnens 2-3
2-3.  Circuit DeSCTIPLIONS .....cceverreerirsrirrieetreeneeeenteseessesseeesaeeesesessenaes eeeeeeene 2-4
24, Input Overload Protection ........cc.cceeceeeeveeveevienseencesseneneeseeceeceeesseenns 2-4
2-5. Rotary Knob SWitCh ......cccovieieiiiiiiiniiiireceeeceectensee et 2-4
2-6. Input Signal Conditioning CirCuits ......c..ccccceevveerceeersreresueeseeesereeennes 2-4
2-7. VOlts FUNCHONS .....coeveiiieienieiieieniieieteresteeeeseeeeeeeeee e e 2-4
2-8. OhmsS FUNCHONS .....uviiiiiiiiiriecteeeeeeesertee e sae s aeeesae e e enneene 2-5
2-9. Current FUNCHONS ....cooviiiiiiiiiiriceienerrercee e eceee e 2-6
2-10. Continuity, Low Ohms and Diode Test Functions ........................ 2-7
2-11. Analog Section Of Integrated Multimeter IC (U4) ..........cceeuumeennneen. 2-7
2-12. Capacitance Measurements .........ccoccceceerveeerueesneereueseneesssessssecesens 2-9
2-13. Frequency Measur€ments ......ccccccceveeereeeneersueeseeessunenessessssessseeeessens 2-9
2-14. Microcomputer COntrol ..........ccccceirvericreernenieineerree e eseeeeneecesaees 2-9
2-15. Peripherals To U4 ...ttt crre et 2-9
2-16. AC BUFTET .ttt ae et e 2-9
2-17. AC CONVEITET ..coonneieuireieeriieieeeeitesetrssssaeesassaesassesesssessseesssssensees 2-10
2-18. ACtiVE FIlter .....ucivmiiiiiiiiiiiiiicie et 2-10
2-19. A/D CONVETLEL ....oveeereiniereiereeeeteeeesteseessesssassssnsessessssesssesesssens 2-11
2-20. BEEPET ittt e 2-11
2-21. POWET SUPPLY .evviniiiiiniectneee ettt 2-11
2-22. DISPIAY c.ecviiiiieiiiiciitrt ettt et s 2-11

3 Maintenance..........cociiiiniiiimnrn s e e 3-1
3-1. INrOUCHION ..eeeiiiiiiiiiiciecicee e e et e e rte st s e s ve e s e e e s e e e e e e e e e be s e enns 3-3
3-2. Recommended EQUIPIMENt ......ccocceviiiiereiiienienieeiesenieesteeeeceeeseeeeesnans 3-3

i



79/29
Service Manual

3-3.  Operator Maintenance ...........c.coevvueeescninucenseseeseesessessesesseasssssesessenns 3-4
3-4. Case DiSaSSEMDLY ......ccceevueierirecirrirerrirrtisreesreeeseseeeeereeernecereeseesnnes 34
3-5. Battery Replacement ........co.coceiveriieceicecnienieecsieeccenneenesee e cee e 3-4
3-6. FUSE TSt ...ttt ee et e et 3-4
3-7. Fuse Replacement .........ooueveeviivieniiiciiniinecicneeececre e see e 3-4
3-8. Circuit Assembly Removal .........cccoccvvieniinieineererenieececeececeeneeane 3-6
3-9. DiSPlaY ACCESS ...couviuiiriiiiiiiiitetccerere et st e et e st s snae e se s eneas 3-6
3-10.  CleaNING .....ccccourruirrinririeiieiiteiteenintetrieaeesesseaeesseete s s estesssesaessassesersssens 3-6
3-11.  Performance TESES .......ccccceveerurruereerrerieeenerineeneessessessesseseeseesneseesesseens 3-7
3-12. SEIUDP wootiitittiiintitctt ettt sttt e st s r s ae s ste s ae e ereaeesaenns 3-7
3-13. DiSPIAY TESt ....cceeuireiirerririeieeerteeeeec ettt e e st e e sreesaeeaeaeesneseesesaseseas 3-7
3-14. DC VOItage TEeSt ...cocevueeiiinieieerieieeeeeteeereteeeeeseresaeeeescaeeereeas e nns 3-8
3-15. MV DC TESL ettt et st ste e sae s ee e e ssa e 3-8
3-16. AC VOItage TeSst ...coveveeeniiriiieiicieeciteie et eeete e e sceeeaeseeresaeenns 3-9
3-17. Frequency TeSt ....ccouiivuieiiieiiineeneeecteesee e ereteecesee e e sae e 3-9
3-18. ORIMS TESt ..veinvieiiieieenteeteete ettt ettt re s ee et e e sn e nes 3-10
3-19. Capacitance TSt .......ccccevceeiererrirrereeieree et see e e ne e e sasenes 3-11
3-20. ContiNUILY TESE ....evveeueeeeeieeeeieerie et estee e seesseeeeteeere s e e seesreennes 3-11
3-21. DiIOAE TESE ...ueviueinieieeeenieetrrteeceeieeteteseesetss e eesasesaaeeseesaeesreseensenns 3-11
3-22. DC and AC Current TESt ......cccceeveeveeerirreenerereneesnreeseeneereeevessesseene 3-11
3-23.  Calibration ........ccccveviiniiiuiiniiiirenteeieeeeeesieeeseeste e sesaesaaesaeaeesesaeseennens 3-12
3-24.  TroubleShOOtINg .......ccceceevuiruiiiiieiinieietrteieetesee ettt eae e 3-13
3-25. Surface Mount ASSEMDLIES .......cccceveererrenerneeeierineereeneseeceere s 3-13
3-26. Power Supply Related Troubleshooting ...........ccccccovvvnvnnnrnecnnnnnee. 3-14
3-27. Common (Shunt) Regulator Troubleshooting ..........cccceeeuveenreennnn.... 3-15
3-28. Vdd (Series) Regulator Troubleshooting .........cccccceeeveeeeeeeeeneeninnnenne 3-16
List of Replaceable Parts........c.ccccceviiiiveeriisicecnicsssscn s cee e s s seensenenns 4-1
4-1.  INOAUCHION ....covviiveiruiiieiniieeetetenesee e eeee e s e ee st aesteasseesnsessesseensenseens 4-3
4-2.  How to Obtain Parts .........ccccceeveeeiivenensirirreenseertecste et eressresens 4-3
4-3.  Manual Status Information ..........ccccceeeecirveeniernienseeerreereese e 4-3
4-4. Newer INSIIUMENLS ....cccceveirieriiircininieeentereeeeeeereeesteesreeeeeserseeseseens 4-3
4-5.  SEIVICE CENLETS ...cccevurrrireueeirnrerreeestesieessesesrsesseeesssesssesssesessssessesssessesns 4-4
Schematic Diagrams.........cccccceciriimminnsenssnnnsssneesssssssssssssnssssssssssnssssanes 5-1

i



List of Tables

Table Title Page
1-1. SPECIHICALIONS....cuiuiiiiiiiiiiicetet ettt ettt se et e et et e sae s e s s e te st e sessasssenssensensseseses 1-5
2-1.  Typical Voltage Levels and TOIErance .........c.cceeevvueereeneeerernecrcneneeneeecssessesseeenns 2-11
3-1.  Recommended Test EQUIPIMENLt .......cccccoiiiiiiinnieericineiiitesreeecteseeesteeeeaeeeneeenaeesenes 3-3
3-2.  DC VOIAGE TESL ....uueroeiieieeiieieeteerreestessesseseesstesssaesseessreeessessesssseesssseeesssssssssessnas 3-8
3-3. V DC VOItage TESt ...ccvueiruiiieciiieiinieieeetenteneeeseesstesesiesssessessessssssesssessssessesssseessenses 3-8
34, AC VOIAGE TSt ..ueeiineiieiieiieeteeeeerceett e srteessee s stestaessasesseesssessaessaeesssesessseessnsenseas 3-9
3-5. FrequenCy TESE ..cucoiiviiiiiiiiciriciieiecieeeieeeeetes sttt es e e e veenessne s e e staessseeseesseennan 3-9
3-6.  ReSIStANCE TESt ....uciviiriiiiiiiiiieciciectre ettt sttt e et se e re e areaes 3-10
3-7. CapacitanCe TeSt.....occviiiiiiiiiiiiiiniieieee e eree et sttsstece e s e e saesraessaaesseesseenseennes 3-11
3-8, CONLNUILY TSt ...ccuieeiiriieeieisiteeteertrsrteee e sestesesreseesaeessseesseesseesssesnsseessesssesenneens 3-11
3-9. DC and AC MA TESt...ciiiriuieiieirrienieeeenteteertesstestestesssessresssesaesasssssesssessesssessssesses 3-12
3-10.  DC APS TESE c.ueiueieiiiiiiiiciieieeerrieesie st eesteteerte et estesatessesaesessesessaseessseseessesssesnses 3-12
3-11. Functional Description of Power Supply Components.............cceeeeeeeeeuvecreeereeennenne 3-14
3-12. VOItage LEvVelS ...ttt e 3-15
4-1.  Final Assembly (Models 79,29)......ccccerirrrirnieeiniinrecieeseesstesieeesseessseessesessneesnens 4-5
4-2. Al Main PCA (MOdEIS 79,29)......cccuiiriirrinrieieietrinene et eeesesaesesaessaesaeseee e 4-8

iii



79/29
Service Manual

iv



List of Figures

Figure Title Page
2-1.  BIlOCK DIaGram....cccuuiiuiiiieitiiieiecieteete e eeee et seecereesaesae s seessasssrnassaeaaeaessesnnaaes 2-3
2-2. 4V Range Simplified SChematiC........cccceeeueeiirsiersirninsieneeciecee e, 2-5
2-3 Ohm Range Simplified SChematicC.......cccccerriieiierirriertirienereeteereer e 2-6
2-4 A/D CONVEITET ....uviiriiiiiiinicniienescieies et sstssste e s ssesaessseste e e sesstessnsasstanssanssesnses 2-8
2-5 F Range Simplified Schematic ..........cccocuieeeciiniiiiieiiennircecccecne e 2-10
3-1 Assembly Details .........coooeiiiiiiiiiiciieet ettt 3-5
3-2 DISPIAY ..cueitiiiitiiticitci st sttt ettt e s ta e e ennan 3-7
3-3 Calibration Adjustment POINES..........cccceereerieenieeneneerierentesteesseeesseesareseeseressnesnnes 3-13
4-1 Final Assembly (ModElS 79,29).....cccocuieeeeeeeeeieeeeeee et eee e e sareesssaesessnne 4-6
4-2 A1 Main PCA (Models 79,29)....cc.coouiiiiiniiiiiiiiiicniettnceciteseee e sees st 4-10



79/29
Service Manual

vi



=
RS

Chapter 1
Introduction and Specifications

Title Page
INtrOAUCHION ...ceeieieieieeeet ettt ettt e s ee e 1-3
Organization of the Service Manual...........ccoccoevviiiiiniinniiiiiicennennnene 1-3
CONVENLIONS.....eurieerirrrrerrrieereeereeeieresasesesitsessstessiseesssesesssaseessssssaesssseans 1-4

SPECIICALIONS ....cveeueeneciriiriteiiei ettt tecatrieatstcestesaest e ses st s e eseeseeseaes 1-4



79/29
Service Manual

1-2



Introduction and Specifications 1
Introduction

Introduction 1-1.

This service manual provides information on maintaining, troubleshooting, and repairing
the Fluke 79 and 29 Multimeters. The manual also provides specifications, theory of
operation, calibration routines, testing and troubleshooting procedures, parts replacement
information, and schematic diagrams.

A meter under warranty will be promptly repaired or replaced (at Fluke's option) and
returned at no charge. See the registration card for warranty terms. If the warranty has
expired, the meter will be repaired and returned for a fixed fee. Contact the nearest
Service Center for information and prices. A list of U.S. and International Service
Centers is included at the end of Chapter 4 of this manual.

Organization of the Service Manual 1-2.
The following descriptions for the various chapters serve to introduce the manual.

Chapter 1. Introduction and Specifications

This chapter describes both use of the Service Manual and application of special
terminology (conventions) to describe the meter's circuitry. A complete set of
specifications appears at the end of this chapter.

Chapter 2. Theory of Operation

This chapter first categorizes instrument circuitry into functional blocks, with a
description of each block's role in overall operation. A detailed circuit description is then
given for each block. These descriptions explain operation to the component level and
support the troubleshooting and repair procedures defined in Chapter 3.

Chapter 3. Maintenance

This chapter provides complete maintenance information ranging from general
maintenance, cleaning instructions, and detailed troubleshooting to repair procedures
involving component-level adjustments. Troubleshooting and repair procedures rely
heavily on both the Theory of Operation presented in Chapter 2 and the Schematic
Diagrams shown in Chapter 5.

Chapter 4. List of Replaceable Parts
The chapter includes parts lists for all standard assemblies. Information on how and

where to order parts is also provided.

Chapter 5. Schematic Drawings

This chapter provides a schematic diagram for the main pca.

1-3
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Conventions 1-3.

Throughout the manual, certain notational conventions are used. A summary of these
conventions follows:

e Printed Circuit Assembly
The term "pca” is used to represent a printed circuit board and its attached parts.
e Circuit Nodes

Individual pins or connections on a component are specified by a dash (-) following
the component reference designator. For example, pin 19 of U30 would be U30-19.

e User Notation

Generally, function switch positions to select, input terminals to use, and display
notation to be read are presented in this manual as they are seen on the multimeter.

Special terms (mnemonics) used in text descriptions of multimeter circuitry
correspond to terms used on the schematic diagrams in 5.

Specifications 1-4.
Specifications for Models 79 and 29 are presented in Table 1-1.

Accuracy is specified for a period of one year after calibration, at 18°C to 28°C (64°F to
82°F) with relative humidity to 90%. AC conversions are ac-coupled, average
responding, and calibrated to the rms value of a sine wave input.

Accuracy Specifications are given as:

+([% of reading] + number of least significant digits)

1-4
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Specifications

1

Table 1-1. Specifications

Maximum Voltage
Between any Terminal
and Earth Ground:

Fuse Protection:

Display:

Operating Temperature:
Storage Temperature:

Temperature Coefficient:

EMC:

Relative Humidity:

Battery Type:

Battery Life:

Continuity Beeper:
Shock, Vibration:

Size (HxWxL):

Weight:

Safety:

1000V dc, 750V ac rms(sine)

40 mA: 1A 600V FAST Fuse
10A: 15A 600V FAST Fuse

Digital: 4000 counts, update rate 4/sec
Analog: 63 segments, updates 40/sec
Frequency: 9,999 counts
Capacitance: 9,999 counts

0°C to 55°C

-40°C to 60°C

0.1 x (specified accuracy)/°C
(<18°C or >28°C)

In an RF field of 1 V/m on all ranges and functions:

Total Accuracy = Specified Accuracy + 0.5% of range
Performance above 1 V/m is not specified

0% to 90% (0°C to 35°C)
0% to 70% (35°C to 55°C)
9V, NEDA 1604 or 6F22 or 006P

700 hrs typical with alkaline
500 hrs typical with carbon zinc

4096 Hz
Per MIL-T-28800 for a Style B, Class 2 Instrument

1.12inx 2.95 in x 6.55 in
(28cmx7.5cm x 16.6 cm)

12 oz (340g)

Designed to Protection Class Il per IEC 348,
ANSI/ISA-S82, UL1244, and CSA C22.2 No.231
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Table 1-1. Specifications (cont)
BURDEN
FUNCTION RANGE RESOLUTION ACCURACY VOLTAGE
(TYPICAL)
VAC 400.0 mV 0.1 mv +(1.9%+4)
(45 Hz to1 kHz) 4.000V 0.001V +(1.9%+2)
40.00V 0.01Vv +(1.0%+2) Not Applicable
400.0V 0.1V +(1.0%+2)
750V 1V 1(1.0%+2)
To 20 kHz +1.5 dB typical
VvDC 4.000V 0.001V $(0.3%+1)
40.00V 0.01V +(0.3%+1) Not Applicable
400.0V 0.1V +(0.3%+1)
1000V 1V +(0.3%+1)
mVDC 40.00 mV 0.01 mV +(0.3%+5) Not Applicable
400.0 mV 0.1 mVv 1(0.3%+1)
Q 400.0Q 0.1Q +(0.4%+2)
4.000 kQ 0.001 kQ +(0.4%+1)
40.00 kQ 0.01 kQ +(0.4%+1) Not Applicable
400.0 kQ 0.1 kQ 1(0.4%+1)
4.000 MQ 0.001 MQ +(0.4%+1)
40.00 MQ 0.01 MQ +(1%+3)
Capacitance 99.99 nF 0.01 nF +(1.9%+2)’
999.9 nF 0.1 nF +(1.9%+2)'
9.999 uF 0.001 pF +(1.9%+2)’ Not Applicable
99.99 uF 0.01 uF +(1.9%+2)"
999.9 pF 0.1 uF 1(1.9%+2)’
9999 uF 1uF +10% typical
)] 400Q 0.1Q 5% typical Not Applicable
40Q 40Q 0.01Q 5% typical
(Lo-Ohms) 400Q 0.1Q 5% typical Not Applicable
8 kQ 1Q 10% typical
Diode Test 2.450V 0.001V +2% typical Not Applicable
AAC 4.000 mA 0.001 mA 1(1.5%+4) 11 mV/mA
(45 Hz to1 kHz) 40.00 mA 0.01 mA +(1.5%+2) 11 mV/mA
4A 0.001A +(1.5%+4) 0.03 V/A
10.00 A 0.01A +(1.5%+2) 0.03 V/A
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Specifications
Table 1-1. Specifications (cont)
BURDEN
FUNCTION RANGE RESOLUTION ACCURACY VOLTAGE
(Typical)
ADC 4.000 mA 0.001 mA +(0.5%+5) 11 mV/mA
40.00 mA 0.01 mA +(0.5%+2) 11 mV/mA
4A 0.001A +(0.5%+5) 0.03 V/A
10.00 A® 0.01A +(0.5%+2) 0.03 V/A
Frequency’ 99.99 0.01 Hz +(0.01%+1)
(1 Hz to 20 kHz) 999.9 0.1 Hz +(0.01%+1) Not Applicable
9.999 kHz 0.001 kHz +(0.01%+1)
20.00 kHz 0.01 kHz +(0.01%+1)
20.00-99.99 9 kHz £0.01 kHz Usable
>99.99 kHz 0.1 kHz Usable

FREQUENCY COUNTER SENSITIVITY AND TRIGGER LEVEL

Input Range* Minimum Sensitivity (RMS Sine Wave)
500 Hz to 20 kHz 1.0 Hz to 500 HZ’
400 mV ac 150 mV 500 mV
4V ac 0.3V 0.7V
40V ac 3V v
400V ac 30v 70V
750V ac 300V 700V
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Table 1-1. Specifications (cont)

INPUT COMMON MODE NORMAL
FUNCTION OVERLOAD IMPEDANCE REJECTION RATIO MODE
PROTECTION+ (NOMINAL) (1 KQ UNBALANCE) REJECTION
vDC 1000V dc >10 MQ, >120 dB at dc, >60 dB at 50
750V ac rms <100 pF 50 Hz, or 60 Hz Hz or 60 Hz
(sine)
mVDC 1000V dc 10 MQ, >120 dB at dc, >60 dB at 50
750V ac rms <100 pF 50 Hz, or 60 Hz Hz or 60 Hz
(sine)
VAC 1000V dc’ >10 MQ, >60 dB, dc to
750V ac rms <100 pF 60 Hz
(sine) (ac-coupled)
Q 500V dc,
500V rms (sine) Open Circuit Full Scale Voltage Short Circuit
Test Voltage Current
To 4.0 MQ 40 MQ
<1.3Vdc <450 mV dc <1.3Vdc <500 A
—»+ 500V dc, 500V <3.1V dc 2.45V dc - 800 pA
rms (sine) typical
NOTES
' With film capacitor or better and open lead reading subtracted from measurement. This meter uses a dc-type
measurement technique.
# 10A continuous, 20A for 30 seconds maximum.
® For rectangular waveforms 25% < duty cycle < 75%.
* Maximum input for specified accuracy = 10 x Range or 750V.
® Display rattle for sine wave below 500 = 5 counts.
¢ 10" V-Hz max.

1-8
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Theory of Operation 2
Introduction

Introduction 2-1.

This chapter describes the theory of operation for the Fluke 79 and Fluke 29 Multimeters. Unless
otherwise specified, the descriptions apply to both instruments.

Functional block descriptions present an overview of circuit operation followed by circuit
descriptions, which detail the major circuit functions. Schematic diagrams are provided in
Chapter 5.

Functional Block Description 2-2.

The instrument is partitioned into analog and digital chapters. (See Figure 2-1 Block Diagram.)
The integrated multimeter chip (U4) performs both analog and digital functions, which are
explained in more detail below.

The analog section of U4 contains the a/d converter, active filter, ac converter, frequency
comparator, analog signal routing, range switching, and power supply functions.

The digital chapter of U4 executes software functions, formats data for the display, drives the
display, and controls most analog and digital logic functions. The push button initiates various
operating modes for the meter. Output from the digital chapter can be viewed on the liquid crystal
display (LCD) and is audible through the beeper.

L INPUTS |

v

| INPUT PROTECTION |

v

INPUT SIGNAL
CONDITIONING

[mm—m—m e e e ——
| i U1 INTEGRATED MULTIMETER IC :
I

ANALOG < POWER

l
v r—p

REF [ , SECTION : SUPPLY

| |

Tt '

|

|

l

|

I
N—— I
BEEPER [_}«¢——1— MICROPROCESSOR |«
/ I

I_—___—i ________________ J

FUNCTION
SWITCH

z1f.eps

Figure 2-1. Block Diagram

2-3



79/29
Service Manual

Circuit Descriptions 2-3.

The following paragraphs discuss the functional blocks in Figure 2-1. Consult the schematic
diagrams, located in Chapter 5, for additional circuit details not provided in this chapter.

Input Overload Protection 2-4.

The VQ—» input is protected from overload by a network consisting of two metal-oxide
varistors (RV1 and RV2), three current-limiting resistors (R1, R2, and RT1), and spark gap E1.
The presence of an extremely high energy signal causes R1 (1 k€2, 2W), a fusible resistor, to
open. Thermistor RT1 rises to a high impedance during a sustained voltage overload in the
millivolts dc, ohms, or continuity mode. Transistors Q1 and Q2 form a voltage clamp network.
This clamp performs a circuit limiting function on the overload current to U4 at 10 mA during
ohms and continuity overloads. Power supply regulation and system operation is maintained
during any of these overloads.

The mA input is protected from overloads by F1 (1A/600V), while F2 (15A/600V) protects the A
input. Milliamp shunt resistor RS is protected from overload currents below the F1 fusing level
by the U1 and CR1 diode clamp network.

Rotary Knob Switch 2-5.

Input signals are routed from the overload protection circuits to a double-sided switch wafer. This
switch wafer provides the necessary connections to implement signal conditioning and function-
encoding for U4.

Input Signal Conditioning Circuits 2-6.

Each input signal is routed through signal conditioning circuitry before reaching multimeter chip
U4. Incoming signals received through the VQ—¥ input are routed to precision resistor network
Z1. This divider network precisely scales the input for the various voltage ranges and provides
precision reference resistors that are used for the ohms and capacitance functions.

Input divider Z1 is used in two modes, series and parallel. In volts functions, a series mode
provides four divider ratios. In the ohms function, a parallel mode provides five reference
resistors. During the following discussion, refer to schematic and signal flow diagrams in Chapter

5.

Volts Functions 2-7.

In volts functions, signal flow for input divider Z1 begins with a voltage that appears at the
VQ-» input. (See Figure 2-2, 4V Range Simplified Schematic.) This input is connected to the
high end of the 9.996 M resistor (Z1-1) through R1 and RT1. If the AC volts function is
selected, dc blocking capacitor C1 is also connected in series. If the DC volts function is selected,
Cl1 is shorted by S1 (contacts 6 and 7).

Internal switches connect the 9.996 MQ and 1.1111 MQ resistors (Z1-2 and -3). The low end of
the 1.1111 MQ resistor (Z1-7) is connected to the COM input through S1 contacts 11 and 12.
This produces the divide-by-10 ratio needed for the 400 mV ac, 4V ac, and 4V dc ranges. The
400 mV ac and 4V ac ranges require frequency compensation, which is supplied by C20 (not
shown in Figure 2-2.)
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For the 40V range, internal switches connect the Z1-4 (101.01 kQ) resistor to provide a divide-
by-100 ratio. In the 400V range, Z1-5 (10.01 k) produces a divide-by-1,000 ratio. And in the
1000V range, the Z1-6 (1.0001 k) resistor provides a divide-by-10,000 ratio.

Ohms Functions 2-8.

When the 400-ohm range is selected, internal switches connect the resistor Z1-2 (9.996 MQ) to
resistor Z1-6 (1.0001 k). (See Figure 2-3, 400-Ohm Range Simplified Schematic.) Then
through switch contacts S1 6, 7, and 9, these resistors form a reference resistor of 1 kQ.

The source voltage is connected internally at both VO and V4 of U4. The current is routed
through two parallel resistors Z1-6 and Z1-2 (1.0001 k€2 and 9.996 MQ), into S1 at contacts 6
and 9. The signal then travels out of S1 at contact 7, through R1 and RT1 and to the VQ—>+
input. The signal then goes through the unknown resistance, and back to the COM input. The
same current flows through the unknown resistance and the reference resistor. The voltage
dropped across the unknown resistance is sensed from the VQ—»+ input jack through R2 and S1
(contacts 2 and 3) to OVS of U4.

The a/d converter senses the voltage drop across the 1 k€2 reference resistor through the low
(RRS of U4 through R13) and high (VO and V4) points. These two voltages are used by the a/d
converter to perform a ratiometric measurement. Since the same current flows through the
reference and unknown resistors, the ratio of the resistance values is the same as the ratio of the
voltage drops across them.

R2 3 2

VR

R1+RT1

. pC
ACTIVE N
s "—®'—' FILTER > HIGH
z1
1.1111
Y7 A/D
11 AC
AC
s — ® > CONVERTER
12
com(O : i > LOW

z2f.eps

Figure 2-2. 4V Range Simplified Schematic

2-5



79/29
Service Manual

OHMS AND
CAPACITANCE
VOLTAGE
SOURCE
Ixt
»LOW
REFERENCE AD
RESISTOR . INTEGRATE
2
71 ; 21 >+VRREF REFERENCE
9.996M 1.0001k 5 -
R13
AN »| HIGH
6 9
St S1
7 7
R1+RT1
R2 ACTIVE
VY ™ ALTER HIGH
Rx AD
INTEGRATE
UNKNOWN S VR, UNKNOWN
RESISTOR ¥ — R
<L > LOW

VRXx _ _IxRx RXx

VRREF ~ IX*RREF ~ RREF

23f.eps

Figure 2-3. 400Q Range Simplified Schematic

For the 4 kQ range, the 10.010 k< resistor (Z1-5) used in parallel with the 9.996 MQ resistor
(Z1-2) forms a 10 k€2 reference resistor. For the 40 kQ range, 101.01 kQ (Z1-4) and 9.996 MQ
form a 100 k€2 reference resistor. And for the 400 kQ range, 1.1111 MQ (Z1-3) and 9.996 MQ
provide a 1 MQ reference resistor. The 4 MQ and 40 MQ ranges use the 9.996 MQ resistor
alone.

Current Functions 2-9.

Input current through R5+R6 (for mA) or R6 (for amps) develops a voltage that is proportional to
the input. The dc voltage is routed to the active filter and a/d converter inside U4. The ac voltage
is routed to the ac buffer, ac converter, active filter, and a/d converter. The 4 mA dc and 4A dc
ranges use the a/d converter 40 mA range. The 4 mA ac and 4A ac ranges use the times 10 ac
buffer range.
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Continuity, Low Ohms and Diode Test Functions 2-10.

Q13 provides the source current for the continuity, low ohms and diode test functions. Inputs are
sensed through R2. R2 and R62 form a 10:1 divider for measuring voltages in diode test and the 8
kQ range of low ohms. The continuity function is the 400€2 range of low ohms, and uses a
comparator to turn on the beeper when the input drops below about 30Q2. Low ohms makes
voltage measurements of the input to provide the higher resolution readings of the 40Q2 range.
Diode test also makes voltage measurements of the input. A single beep sounds when the input
drops below about 0.75v; a continuous tone sounds for inputs below about 60 mV.

Analog Section Of Integrated Multimeter IC (U4) 2-11.

The a/d converter, autorange switching, frequency comparator, and most of the remaining analog
circuitry are contained in the analog section of U4. Peripherals to this U4 analog section include
the crystal clock, the system reference voltage, and the filter and amplifier resistors and
capacitors.

U4 uses the dual-rate, dual-slope a/d converter circuit shown in Figure 2-4, A/D Converter. For
most measurements, the basic a/d conversion cycle is 25 ms, for a rate of 40 measurements per
second. A single conversion at this rate is called a minor cycle sample. Each minor cycle sample
is used to provide updates at a rate of 40 per second for the fast response bar graph display, and
fast autoranging.

Eight minor cycle samples are necessary to accumulate data for displaying a full-resolution
(4000-count full scale) measurement on the digital display. A 40 ms autozero phase occurs
following every eight-sample sequence. Therefore, each digital display update requires 240 ms,
approximating four updates per second.

Basic a/d conversion elements and waveforms are illustrated in Figure 2-4, A/D Converter. A
voltage level proportional to the unknown input signal charges (integrates) integrator capacitor
C11 for an exact amount of time. This capacitor is then discharged by a reference voltage of
opposite polarity. The discharge time, which is proportional to the level of the unknown input
signal, is measured by the digital circuits in U4 and sent to the display.

Basic timing for the a/d converter is defined as a series of eight integrate and read (de-integrate)
cycles, followed by a 40 ms autozero phase. However, the 40 MQ, capacitance, overload
recovery, autoranging, and Touch Hold® modes all require variations from the basic timing.
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Capacitance Measurements 2-12.

Refer to Figure 2-5, 100-nF Range Simplified Schematic. Capacitance measurements to

10,000 pF are made by measuring the charge required to change the voltage across the unknown
capacitor from zero to the system reference voltage. This technique is referred to as a ballistic
type of measurement, the configuration of which is the same as for ohms. The unknown capacitor
is discharged through the 1.0001 k€2 resistor of Z1, then charged during the a/d converter
integrate cycle through the appropriate Z1 resistor. The voltage drop across the Z1 resistor is
integrated by the a/d converter. During the a/d read cycle, the charge is held on the capacitor, and
a count is accumulated. The microcomputer calculates a display value from the latched count, the
capacitor is discharged, and the cycle repeats.

Frequency Measurements 2-13.

A voltage comparator is used for both signal detection in frequency mode and threshold detection
in continuity mode. In frequency mode, digital pulses from the voltage comparator are routed to
the counter. Pressing the range push button while in frequency mode causes a range change in the
primary function (ac volts) that may change the sensitivity.

Microcomputer Control 2-14.

A microcomputer, integrated within U4, controls the various instrument functions and drives the
display. The position of the rotary switch, S1, is decoded by the microcomputer from the three
inputs FO, F1, and F2. All function modes, input ranging, signal routing, active filter enable, a/d
timing and mode are controlled by the microcomputer.

The Touch Hold mode is a secondary software function. This means that the microcomputer
performs a different control algorithm on the data. When the Touch Hold function is selected, the
microcomputer does not allow a full resolution conversion to be completed unless the input signal
is stable. When a stable reading occurs, the conversion is completed, and the microcomputer
generates and freezes the corresponding display. The microcomputer now waits for a change in
the signal to exceed a certain threshold, then begins watching for a stable reading again. Note that
a reading is forced when the Touch Hold function is first selected. Also, open test lead signals
generally do not update the display.

The SMOOTHING™ mode is another secondary software function. In the Smoothing function,

the equivalent of eight readings are averaged, resulting in a more stable display of noisy input
signals.

Peripherals To U4 2-15.

In addition to input overload protection and input signal conditioning circuits, other devices
peripheral to U4 are needed to support the meter's features. The ac converter, active filter, and a/d
converter circuits require off-chip resistors and capacitors. Digital drive and level-shifting circuits
are needed for the beeper drive. A voltage reference is generated separate from U4, and some
discrete resistors and transistors support the power supply.

AC Buffer 2-16.

The ac buffer can be configured for an ac gain of 1 or 10. R14 and R15 provide for the X10 gain.
C5 blocks any dc gain and provides a driven guard voltage. The ac buffer drives the frequency
comparator.
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Figure 2-5. 100-nF Range Simplified Schematic
AC Converter 17

The averaging ac converter uses components R30, R31, R34, R40, C24, C28, and C29. This ac
converter is a full-wave rectifying converter with a differential output, and it is gain selected to
give a dc output equal to the rms value for a sine wave input. Filtering is provided by C28 and
C29.

Active Filter 2-18.

The active filter uses components R17, R18, C8, and C9. The active filter is a second order low-
pass filter with two poles at 5.9 Hz in normal mode. It filters input signal noise and ac ripple from
the ac converter, yielding stable a/d converter readings. The microcomputer can disable the filter
completely or enable the filter fast response mode by shorting R17 and R18 with internal IC

switches.
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A/D Converter : 2-19.

Precision resistor network Z1-8, 9, and 10 connects to the three a/d buffer/integrator range
resistors. Z1-8 connects to 190 k€2 for the 1-volt range (de-integrate). Z1-9 connects to 166 kQ
for the 400 mV range, and Z1-10 connects to 16 k2 for the 40 mV range. Z1-11 is the summing
node of the integrator circuit. The autozero capacitor (C10) stores op amp and comparator offsets.
The integrator capacitor is C11.

The system reference voltage (1.23V) is generated by VR1 and R44. The 1.000V reference
voltage for the a/d converter is supplied through U4-1 (REFI). This voltage is adjusted by R21,
the dc calibration potentiometer in conjunction with R19 and R20. In addition to generating the
a/d reference, the VR1 voltage is used for power supply reference, voltage comparator offset
generation, and the ohms and capacitance source voltage.

Beeper 2-20.
Devices Q9, Q11, R57, R63, and R64 make up the beeper drive circuit.

Power Supply 2-21.

The power supply consists of two regulators, one shunt and one series, which set Vdd at +3.0V
and Vss at -3.2V for all battery voltages down to 6.5V. The shunt (common) regulator sets
IVdgnd - Vssl (Vdgnd = COM = 0V) and consists of an op amp and current shunt devices
integrated on U4. Resistors R37 and R38 provide voltage division. The series (Vdd) regulator,
which sets [Vdd-Vdgnd|, is made up of another on-chip op amp, along with devices Q3, R24, and
R25. Q3 is the series regulator element, and R24 and R25 are for voltage sensing. Capacitors C14
and C21 provide circuit compensation and power supply decoupling for the shunt and series
regulators, respectively. Q10 provides base drive for Q3 at turn on. Voltage level information is
presented in Table 2-1.

Display 2-22.

The liquid-crystal display (LCD) operates under control of the microcomputer. Segments are
driven by the computer and displayed on the LCD. Both digital readings and an analog bar-graph
display are presented in conjunction with annunciators and decimal points. Refer to the Fluke
79/29 User's Manual for information about the display.

Table 2-1. Typical Voltage Levels and Tolerance (Referenced to Common)

VDD 3.0+0.2

VSS -3.2+0.2

VBT- -6.1 (battery at full 9V charge)

' -3.2 (battery at low charge of 6.5V)

REFH 1.23+0.04

PSO 1.23+0.15

PS1 0+0.15

VOA 2.2 to0 1.7 (referenced from VSS)
VOB 1.07 to .85 (referenced from VSS)
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@ static awareness

- A Message From
Fluke Corporation

Some semiconductors and custom IC's can be
damaged by electrostatic discharge during
handling. This notice explains how you can

o minimize the chances of destroying such devices
=D ™\ o
o 1. Knowing that there is a problem.
2. Leaning the guidelines for handling them.

3. Using the procedures, packaging, and
bench techniques that are recommended.

The following practices should be followed to minimize damage to S.S. (static sensitive) devices.

[T

|
z

3. DISCHARGE PERSONAL STATIC BEFORE
HANDLING DEVICES. USE A HIGH RESIS-
1. MINIMIZE HANDLING TANCE GROUNDING WRIST STRAP.

2. KEEP PARTS IN ORIGINAL CONTAINERS
UNTIL READY FOR USE. - 4.HANDLE S.S. DEVICES BY THE BODY.



[

5. USE STATIC SHIELDING CONTAINERS FOR 8. WHEN REMOVING PLUG-IN ASSEMBLIES
HANDLING AND TRANSPORT. HANDLE ONLY BY NON-CONDUCTIVE
EDGES AND NEVER TOUCH OPEN EDGE
CONNECTOR EXCEPT AT STATIC-FREE
WORK STATION. PLACING SHORTING
STRIPS ON EDGE CONNECTOR HELPS
PROTECT INSTALLED S.S. DEVICES.

_

6. DO NOT SLIDE S.S. DEVICES OVER
ANY SURFACE.

P 9. HANDLE S.S. DEVICES ONLY AT A
STATIC-FREE WORK STATION.
10. ONLY ANTI-STATIC TYPE SOLDER-
SUCKERS SHOULD BE USED.
11. ONLY GROUNDED-TIP SOLDERING
IRONS SHOULD BE USED.

7. AVOID PLASTIC,VINYL AND STYROFOAM®
IN WORK AREA.

PORTIONS REPRINTED
WITH PERMISSION FROM TEKTRONIX INC.
AND GENERAL DYNAMICS, POMONA DIV.

® Dow Chemical
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