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Safety Instructions
1.1 Introduction

1

1.1 Introduction

Read these pages carefully before beginning to install and use the test tool.

The following paragraphs contain information, cautions and warnings which must be

followed to ensure safe operation and to keep the test tool in a safe condition.

Warning

Servicing described in this manual is to be done only by
qualified service personnel. To avoid electrical shock, do not
service the fest tool unless you are qualified to do so.

1.2 Safety Precautions

For the correct and safe use of this test tool it is essential that both operating and service

personnel follow generally accepted safety procedures in addition to the safety

precautions specified in this manual. Specific warning and caution statements, where

they apply, will be found throughout the manual. Where necessary, the waming and
caution statements and/or symbols are marked on the test tool.

1.3 Caution and Warning Statements

Caution

Used to indicate correct operating or maintenance procedures
to prevent damage to or destruction of the equipment or other

property.

Warning

Calls attention to a potential danger that requires correct
procedures or practices to prevent personal injury,

1.4 Symbols

The following symbols are used on the test tool, in the Users Manual, in this Service
Manual, or on spare parts for this test tool.

See explanation in Users Manual

O

DOUBLE INSULATION {Protection
Class}

Live voltage ~;r-i:,:~ Earth Ground
Static sensitive components Recycling information
(black/vellow).

NI MH

Disposa! information

Ce

Conformité Européenne

Safety Approval

@

Safety Approval

1-3




Fluke 192B/196B-C/199B-C
Service Manual

1.5 Impaired Safety

Whenever it is likely that safety has been impaired, the test tool must be turned off and
disconnected from line power. The matter should then be referred to qualified
technicians. Safety is likely to be impaired if, for example, the test toel fails to perform
the intended measurements or shows visible damage.

1.6 General Safety Information

Warning

Removing the test tool covers or removing parts, except those
to which access can be gained by hand, is likely to expose live
parts and accessible terminals which can be dangerous to life.

The test tool shall be disconnected from all voltage sources before it is opened.

Capacitors inside the test tool can hold their charge even if the test tool has been
separated from all voltage sources.

When servicing the test tool, use only specified replacement parts.
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2.1 Introduction

2.1 Introduction
Performance Characteristics

FLUKE guarantees the properties expressed in numerical values with the stated
tolerance. Specified non-tolerance numerical values indicate those that could be
nominally expected from the mean of a range of identical ScopeMeter test tools.

Environmental Data

The environmental data mentioned in this manual are based on the results of the
manufacturer’s verification procedures.

Safety Characteristics

The test tool has been designed and tested in accordance with Standards ANSI/ISA
$82.01-1994, EN 61010.1 (1993) (IEC 1010-1}, CAN/CSA-C22.2 No.1010.1-92
(including approval), UL3111-1 (including approval} Safety Requirements for Electrical
Equipment for Measurement, Control, and Laboratory Use.

This manual contains information and warnings that must be followed by the user to
ensure safe operation and to keep the instrument in a safe condition. Use of this
equipmment in a manner not specified by the manufacturer may impair protection provided
by the equipment.

2.2 Dual Input Oscilloscope

2.2.1 Isolated Inputs A and B (Vertical)

Bandwidth, DC Coupled
FLUKE 199B-C..iiiiiiiiceeeece s 200 MHz (-3 dB)
FLUKE 196B-C....ocoooimiiinriieciicccae 100 MHz (-3 dB)
FLUKE 192B .. 60 MHz (-3 dB)
Lower Frequency Limit, AC Coupled
with 101 probe .. <2 Hz (-3 dB)
AIrect (11} o e <5 Hz (-3 dB)
Rise Time (typical, calculated)
FLUKE 199B-C ..o, 1.7 ns
FLUKE 196B-C...oooiiciicciccie 3.5ns
FLUKE 192B. e 5.8 ns
Analog Bandwidth Limiters ..., 20 MHz and 10 kHz
Input Coupling ..., AC, DC
Polarity. oo Normal, Inverted
Sensitivity Ranges C Versions, software V5.04 and higher
with 10:1 probe....... 20 mV to 1000 V/div
direct (111) v 2 mV to 100 V/div
Sensitivity Ranges B Versions, and C versions software below V5.04
with 1001 probe...ov e 50 mV to 1000 V/div
AITeCt {11} oo SmV to 100 V/div
Trace Positioning Range...........ccoovvenecnnn o B4 divisions

Input Impedance on BNC
DC Coupled .o 1 M (1 %)/15 pF (22 pF)
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AMax. Input Voltage

with 10:1 probe.....cooviveinceenrecen e 600V CATIL 1000V CATI
AIrect {1:1) i e 300V CATII
(For detailed specifications, see “Safety”)
Vertical ACCUTACY .oviveviiiicii et (1.5 % + 0.04 range/div)
+{2.5 % + 0.08 range/div) for 2 mV/div
range

For voltage measurements with 10:1
probe, add probe accuracy, see section
"10:1 Probe’ on page 17

Digitizer Resolution.......coceerviririicncri 8 bits, separate digitizer for each input

2.2.2 Horizontal

Maximum Time Base Speed:

FLUKE 199B-C..ooviiieiiiiiinin e eieeinivians 5 ns/div
FLUKE 196B-C.orrririricisvorcinnsisenrrnnerennees 5 ns/div
FLUKE 192B et 10 ns/div

Minimum Time Base Speed (Scope Record} .. 2 min/div

Real Time Sampling Rate (for both inputs simuitaneously):

FLUKE199B-C:
Susto 2 Hs/AIV up to 2.5 GS/s
SUsto 120 8/diV o 20 MS/s
FLUKE 196B-C:
508102 US/AIV i up to 1 GS/s
SUS 0 120 8/dIV e 20 MS/s
FLUKE 192B:
10nst0 2 s /div v up to 500 MS/s
S5Us 10 120 8/d1V v 20 MS/s
Record Length
Scope Record Mode.........ooooiiie = 270060 points on each input
Scope Normal Mode ..o < 1200 points on each input
Scope Glitch Capture Mode ..o 300 min/max pairs on each input
Glitch Detection
2usto 120 8/dive i displays glitches as fast as 50 ns
Waveform DISplay....c.ooiecveeienci e A B, A+tB, A-B, A*B, Avs. B
Normal, Average (2,4.8,64x), Persistence
Time Base ACCUTACY ...oviveveiriviiiinirieerressirienes %= {100 ppm + 1 pixel)

2.2.3 Trigger and Delay

Trigger MOdes oo Automatic, Edge, External, Videco,
Pulse Width

Trigger Delay ..o up to +1200 divisions

Pre Trigger VIEW ..o one fuli screen length

Max. Delay ..o 12 seconds
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2.2.4 Automatic Connect&View Trigger
SOUICE oo e et e et a e e eetbian e an A, B, EXT

SIODE et Positive, Negative

2.2.5 Edge Trigger

Sereen Update ..o Free Ran, On Trigger, Single Shot
BOUTCE vuvvviii s ovees e imervae et irsbre e ernstreaassaaasaenmenes A B, EXT
SIOPE o Positive, Negative
Trigger Level Control Range.......coccveciven 4 divisions
Trigger Sensitivity A and B

DCto 5 MHz at >3 mV/idiv..ooerin 0.5 divisions

DC to 5 MHz at 2 mV/div & 5 mV/div...... 1 division

200 MHz (FLUKE 199B-C) ..o 1 division

250 MHz (FLUKE 199B-C)....ccocvviecerrinnee 2 divisions

100 MHz (FLUKE 196B-C)....ccccococoiee 1 division

1530 MHz (FLUKE 196B-C)....ocoiie 2 divistons

60 MHz (FLUKE 192B) ..o, 1 division

100 MHz (FLUKE 192B) .o 2 divisions

2.2.6 Iscolated External Trigger

Bandwidth.....oooiiiiriice e 10 kHz
MOGES vt Automatic, Edge
Trigger Levels (DC to 10 kHz) 120mV, 12V

2.2.7 Video Trigger

StANdards o PAL, PAL+, NTSC, SECAM
OAES 1ot eeers Lines, Line Select, Field 1 or Field 2
Source ........ e teeeeeaneteeerte et are et e bt e ane e eanas A

POLATITY ..o Posttive, Negative

SenSItiVIEY vooes e SUTURPON 0.7 division sync level

2.2.8 Pulse Width Trigger

Screen Update...ooovviviinnceerenes On Trigger, Single Shot

Trigger Condiflons.....ccoovvvireeinvcvenorcecrene <T, >T, =T (10 %), #T(£10 %)
SOULCE covoiionv e cecrins ooy e A

POlarity .o Positive or negative pulse

Pulse Time Adjustment Range ................c...... 0.01 div. to 655 div.

with a minimum value of 300 ns (<T, =T or 500 ns (=T, #T),
a maximum value of 10 s,
and a resolution of 0.01 div. with a minimum value of 50 ns.
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2.2.9 Continuous Auto Set

Autoranging attenuators and time base, automatic Connect&View™ triggering with
automatic source selection,

Modes
NOFIAL e 15 Hz to max. bandwidth
Low Frequency ..o vcnieciecennnen 1 Hz to max. bandwidth
Minimum Amplitude A and B
DCto LMHZ oo 10 mV
1 MHz to max. bandwidth ........ocooveeeeeenn 20 mV

Forviewing screens, see Replay function.

2.3 Automatic Scope Measurements

The accuracy of ali readings is within + (% of reading + number of counts) from 18 °C to
28 °C. Add 0.1x (specific accuracy) for each °C below 18 °C or above 28 °C. For
voltage measurements with 10:1 probe, add probe accuracy, see section "10:1 Probe’ on
page 17. At least 1.5 waveform period must be visible on the sceen.

2.3.1 General

INPUS s Aand B
DC Common Mode Rejection (CMRR)....... =100 dB
AC Common Mode Rejection ...ocvveenvnecnnee >60 dB at 50, 60, or 400 Hz

2.3.2 DC Voltage (VDC}

Maximum Voltage

with 10:1 probe ..o 1000V

AITECt (111 e 3006V
Maximum Resolution

with 10:1 probe.....ooovvciiiicieee 1 mV

AIrECt {111 i 100 uv
Full Scale Reading.....ooooveveivvcccieeeniienn, 1100 counts
Accuracy at 5§10 5 US/EV e +(1.5 % +35 counts)

+(1.5% + 10 counts} for 2 mV/div
Normal Mode AC Rejection at 50 or 60 Hz ...>60 dB

2.3.3 AC Voltage (VAC)
Maximum Voliage
with 10:1 probe...ccioicv e 1060 V
direct {111} oo e 300V
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Maximum Resolution

with 10:1 probe . I mV
direet (11T) o 100 pv
Full Scale Reading........ccoovviiiiiiiicinicence F100 counts
Accuracy
DC coupled:
DCt0 60 Hz. oo +(1.5 % +10 counts)
AC coupled, low frequencies:
S0Hz direct {1: 1) 2.1 % + 10 counts}
60 Hz direct {11 oo +(1.9 % + 10 counts)

With the 10:1 probe the low frequency rell off point wiil be lowered to 2 Hz, which
improves the AC accuracy for low frequencies. When possible use DC coupling for
Maximum accuracy.

AC or DC coupled, high frequencies:
60 Hz 1o 20kHz i (2.5 %6 +15 counts)
20kHzto | MHz oo, (5 % +20 counts)
P MHzto 25 MHzZ. oo, +(10 % +20 counts)

For higher frequencies the instrument’s frequency roll off starts affecting accuracy.
Normal Mode DC Rejection........ccoeveienncnnns =50 dB

All accuracies are valid ift
» The waveform amplitude is larger than one division
s At least 1.5 waveform period is on the screen

2.3.4 AC+DC Voltage (True RMS)

Maximum Voltage

with 10:1 probe..coi e 1000 V
AIrect {1:1) i 00V
Maximum Resolution
with 10:1 probe. o ImV
direct {1:1) o 100 pv
Full Scale Reading........ccccoveimvicnniinccnnn, 1100 counts
Accuracy
DCI0 60 HZ oot +(1.5 % +10 counts)
60 Hzto 20 kHZ .ovooooiv e (2.5 % +15 counts)
20kHzto TMHzZ oo (5 % +20 counts)
FMHz 1025 MHZ. o (18 % +20 counts)

For higher frequencies the instrument’s frequency roll off starts affecting accuracy.

2.3.5 Amperes (AMP)
With Optional Current Probe or Current Shunt
Ranges .....cooeeiiiicce e, same as VDC, VAC, VAC+DC
Probe Sensitivity ..o 100 uV/A, 1 mV/A, 10 mV/A, 100 mV/A,
1 V/A, 10 V/A, and 100 V/A
ACCUFACY 11t rereerereeensen it ee it eemrnre v e ree s senesne s same as VDC, VAC, VACHDC

(add current probe or -shunt accuracy)
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2.3.6 Peak

Maximumre Voltage
with 10:1 probe
direct (1:1)

Maximum Resolution
with 10:1 probe
direct (1:1)

Full Scale Reading

Accuracy
Max peak or Minpeak ...
Peak-to-peak ..o

2.3.7 Frequency (Hz)
Range ..ooooereiiee e
Full Scale Reading

Accuracy
1 Hz to full bandwidth ..o,

2.3.8 Duty Cycle (DUTY)
Range oo

2.3.9 Pulse Width (PULSE)

Resolution

Full Scale Reading

Accuracy
1 Hz to full bandwidth ...

2.3.10 Vpwm (C versions only)

Purpose

Principle

Accuracy

Max peak, Min peak, or pk-to-pk

1000V
00V

10 mV
1mV

800 counts

+0.2 division
+0.4 division

1.000 Hz to full bandwidth

9 999 counts, with at least 10 waveform
periods on screen.

+(0.5 % +2 counts)

4.0 % to 98.0 %

1/106 division
999 counts

+(0.5 % 12 counts)

to measure on pulse width modulated
signals, like motor drive inverter outputs
readings show the effective voliage based
on the average value of samples, over a
whole number of periods of the
fundamental frequency

as Vrms for sinewave signals
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2.3.11 Power

PoWer FFactor. st
Range .o

WEH et
Full Scale Reading......coooeveeminnnenininnnns

VA s
Full Scale Reading....cooovivvveenivinrivienveeeinns

VA Reactive .o
Full Scale Reading........ccoccvvvniicninnns

2.3.12 Phase

Accuracy
QI Hzto I MHZ o
T MHzto IOMHz.

2.3.13 Temperature (TEMP)
With Optional Temperature Probe
Ranges (°C or °F)

Probe Sensitivity....coiiri e

ACCUTACY 1ot

2.3.14 Decibel (dB)
dBV

ratio between Waits and VA
£.00 to 1.60

RMS reading of muitiplication
corresponding samples Input A (volts)
and Input B (amperes)

998 counts

Vrms x Arms
999 counts

(VAW
999 counts

-180 to +180 degrees
1 degree

+2 degrees

.E£3 degrees

-40.0 to +100.0 ©
~100 to +250 °
~100 to +500 °
-106 to +1000 °
-100 to + 2500 °

1 mV/°C and 1 mV/°F
as VDC (add temp. probe accuracy)

dB relative to one volt

dB relative to one mW in 50 €2 or 600 £
VDC, VAC, or VACHDC

same as VDC, VAC, VAC+DC
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2.4 Meter

2.4.1 Meter Input

Iput Coupling...coiveeiviiiiieciceies e DC

Frequency Response ....oovieienioceciciennne DC to 10 kHz (-3 dB)

Input Impedance ... 1 MQ (1 %)/10 pF (£1.5 pF)
AMax. Input Voltage ..o 1000V CATIL 600 V CAT III

(For detailed specifications, see “Safety™)

2.4.2 Meter Functions
Ranging.......cocoeviiiiiniiirrnc e Auto, Manual

OAES v e e e et re e Normal, Relative

2.5 DMM Measurements on Meter Inputs

The accuracy of all measurements is within + (% of reading + number of counts) from
18 °C 1o 28 °C.

Add 0.1x (specific accuracy) for each °C below 18 °C or above 28 °C,

2.5.1 General

DC Common Mode Rejection (CMRR).......... >100 dB
AC Common Mode Rejection .......c.oovvvveveennen. >60 dB at 50, 60, or 400 Hz
2.5.2 Ohms (£)

RANGES vvvvvvveerienirievinrsirenrereniinsssninessnensnnneeennns 50000 €2, 5.000 kO, 50.00 kO,
500.0 kQ, 5.000 MQ, 30.00 MQ

Full Scale Reading

500 t0 5 ME e 5000 counts

JOMEO i 3000 counts
ACCULBCY 1ottt ressa e eer s 0.6 Y +5 counts)
Measurement CurTent ..o, 0.5 mA to 50 nA, £20 %

decreases with increasing ranges

Open Circuit Voltage.......coeo v, <4V

2.5.3 Continuity (CONT)
Beep <50 Q(F30 Q)
Measurement Current ......oocoveerniveieiinveeviiee e, 0.5 mA, £20 %

Detection of shorts 0f .o > ms
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2.5 DMM Measurements on Meter Inputs

2.5.4 Diode
Maximum Voltage Reading........ocooooiein 28V
Open Circuit Voltage.......occovvniiininicin, <4V
ACCUTACY oot iaree e e (2 % +35 counts)
Measurement COrrent ..o en e 0.5 mA, F20%

2.5.5 Temperature (TEMP}
With Optional Temperature Probe

Ranges (PCor °F) v 400t +100.6° . -100.0t0 +2500°;
-100.0 to +500.0 °; -100 to +1000 °
~100 to + 2500 °

Probe SensiivItY oo e 1 mV/”~C and I mV/°F

ACCUIACY oerre et as VDC (add temp. probe accuracy)

2.5.6 DC Voltage (VDC)

RATZES (virreiieeiesrescrs e e e e st senenissieie 500.0 mV, 5.000 V, 50.00 V, 500.0 V,
1100V

Fuli Scale Reading........cooooveiiviicicce 5000 counts

ACCUTACY 1vevrrieeneeeeee e amce e entee st sitiessssasre s +(0.5 % +5 counts)

Normal Mode AC Rejection.......oooeveeenccrnnn, >60 dB at 30 or 60 Hz +1 %

2.5.7 AC Voltage (VAC)

RANEES ot 500.0 mV, 5.000 V, 50.00 V, 5000 V,
1106 'V
Full Scale Readinng....ccoooovvvvicniinnnicncinn, 5000 counts
Accuracy
FS5Hzt0 60 HE o (1 % +10 counts)
60 Hzto ] kHz.oooovoiiiiicre (2.5 % +15 counts)
For higher frequencies the frequency roll off of the Meter input starts affecting
accuracy.
Normal Mode DC Rejection ..o, >50 dB

2.5.8 AC+DC Voltage (True RMS)

RANEES covecvieii et eee e e e 300.0 mV, 5.000V, 50,00 V, 3000 V,
100 V
Full Scale Reading .o.covveeercvcieiccrccen 5000 counts
Accuracy
DCto 60 HzZ e, (1 % +10 counts)
60Hzto L kHz e +(2.5 % +15 counts)
For higher frequencies the frequency roll off of the Meter nput starts affecting
accuracy.

All accuracies are valid if the waveform amplitude is larger than 5 % of full scale.
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2.5.9 Amperes (AMP)

With Optional Current Probe or Curvent Shunt.

Ranges ..ot same as VDU, VAC, VAC+DC

Probe Sensitivity. .o crireeriesineries 100 LV/A, 1 mV/A, 10 mV/A, 100 mV/A,
1 V/A, 10 V/A, and 100 V/A

ACCUTATY 1o vveeerivvvnrrronssvresessirenrtenreareesreesteesenans same as VDC, VAC, VAC+DC

(add current probe or -shunt accuracy)

2.6 Recorder

2.6.1 TrendPlot (Meter or Scope}

Chart recorder that plots a graph of min and max values of Meter or Scope measurements
over time.

Measurement Speed....ooiveeviiviiieeceeeeeeeee > 5 measurements/s

TIMe/DivV.. . 5 s/div to 30 min/div

Record Size......cccoiviiiiiiiiccenne 18000 points

Recorded Time Span ... e 60 min to 22 days (single reading)

30 mir to 11 days (dual reading)

Time Reference. ..o time from start, time of day
2.6.2 Scope Record

Records scope waveforms in deep memory while displaying the waveform in Roil mode.

SOUWCE . oeeiriiceiir bt e Input A, Input B

Max. Sample Speed (5 ms/div to 1 min/div}...20 MS/s

Glitch capture (5 ms/div to 1 min/div)............ 50 ns

Time/Div in normai mode ..., 5 ms/div to 2 min/div

Record Size ..o 27000 points per input

Recorded Time Span .....oooveeviiiiiieeiccee e 6 s to 48 hours

Acquisition Modes......c.ocoeeviniiinniinnnees Single Sweep
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2.7 Zoom, Replay and Cursors

2.7.1 Zoom

Horizontal Magnification
Scope Record.....oooivivniiiniiireen
TrendPlot

2.7.2 Replay

up to 120x
up to 96x
up to 8x

Displays a maximum of 100 captured dual mput Scope screens.

Replay modes

2.7.3 Cursor Measurements

Cursor Modes

Markers

Measurements

2.8 Miscellaneous

2.8.1 Display

VEEW ATERuiuiiiierireeeeeteseeeeetrte e et e eeeereee e eenneeean
Backlight. oot

Brightness
Power Adapter:
Batteries

2.8.2 A Power

Rechargeable NIMH Batteries:
Operating TIMe ........cccriveveiirnrenrcrirc v
Charging Time
Allowable ambient temperature
during charging......oovveevvirenvecriccnrcnenns
Auto power down time (battery saving)

Step by Step, Replay as Animation

single vertical cursor
dual vertical cursors
dual horizontal cursors (Scope mode)

automatic markers at cross points

value at cursor |

value at cursor 2

difference between values at cursor 1 & 2
time between cursors

Time of Day (Recorder modes)

Time from Start (Recorder modes)

Rise Time

115x 86 mm (4.5 x 3.4 inches)

Cold Cathode Fluorescent {CCFL)
Temperature compensated

C-versions B-Versions
80 cd/m’ 125¢d/ m’
50 cd/ m? 75 cd / m?
4 hours

4 hours

0to 40 °C (32 to 104 °F)
3 min, 30 min or disabled
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Battery Charger / Power Adapter BC190:

BC190/801 Universal Eurepean line plug 230 V £10 %

BC190/803 North American Hne plug 120 V =10 %

BC190/804 United Kingdom line plug 230 V =10 %

BC190/806 Japanese line plug 100 V £10 %

BC190/807 Australian line plug 230 V =10 %

BC190/808 Universal switchable adapter 115V +£10 % or 230 V 10 %,
with plug EN60320-2.2G

Line Frequency ..o, 50 and 60 Hz.

# & 8 ¢ @

2.8.3 Probe Calibration

Manual pulse adjustment and automatic DC adjustment with probe check.

Generator OutPul ..o e, 3 Vpp / 500 Hz square wave
2.8.4 Memory
Number of Scope Memories.......ocooovveeeeeeennee.. 10

Each memory can contain two waveforms plus corresponding setups

Number of Recorder Memories. ... 2
Each memory can contain:
s adual input TrendPlot (2 x 9000 points)

» adual input Scope Record (2 x 27000 points)
» 100 dual input Scope screens

2.8.5 Mechanical
SIZE e 04 x 169 x 256 mm (2.5 x 6.6 x 10.1 in)
WEIENE Lo 2 kg (4.4 1bs) including battery

2.8.6 Optical Interface Port
Via RS-232, optically isolated

To Printer
Supports Epson FX, LQ, HP Deskjet®, Laserjet®, and Postscript
Serial via PM9080 (optically isolated RS-232 adapter/cable, optional).
Parallel via PAC91 {optically isolated Print Adapter Cable, optional).

To PC/Notebook
Serial via PM9080 (optically isolated RS-232 adapter/cable, optional), using SWOOW
(FlukeView® softwarc for Windows®).

2.9 Environmental

Environmental ....coooeeeovervieeviercneesene s s MIL-PRF-28800F, Class 2
Temperature
Operating:
battery operated ....coooveieiiieenie e e 0to50°C (3210 122 °F)
power operated ..o, 01040°C (32 to 104 °F)
SEOTAZE oot -20 to +60 °C (-4 to +140 °F)
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2.10 Safety
Humidity
Operating:
0to 10°C(B21050°%F) v noncomdensing
10t030°C {530t 86 °F) e 95 %
30t040°C (86 to 104 °F) i, 75 %
40t0 50 °C (10410 122 °F) v, 45 %
Storage:
-20t0 60 °C (-4 10 140 °F)iivi noncondensing
Altitude
OPETATING cvveivverreerre oo ireesene e seeesrnes 3 km (10 060 feet)
STOTAZE ..ot 12 km (40 000 feet)
Vibration (sinusoidal).......ooovcoviiiniieiinnnn max. 3 g
SHOCK cooiteirieee et max. 30 g
Electromagnetic Compatibility (EMC)
Emission and immunity EN-IEC61326-1 (1997)
Enclosure ProteClion......ocoviv v vovineevesrnenensens P51, ref: IEC529
2.10 A\ Safety

Designed for measurements on 1000 V Category II Instaliations, 600 V Category 111
Instaliations, Pollution Degree 2, per:

¢ ANSIISA 582.01-1994
o EN61010-1 (1993) (IEC1010-1)
e CAN/CSA-C22.2 No.1010.1-92

o UL311}-1
AX Max. Input Voltages
Input A and B directly ..o 300V CAT 1T
Input A and B via 10:1 probe ..o 1000 V CATH, 600 VCATIH
METER/EXT TRIG inputs......ococorriivaevnns 1000 V CAT I 600 V CAT I
& Max. Floating Voltage
from any terminal to ground....oooveivvvenenns 1000 V CATIL, 600 V CAT III
between any terminal..........ooeveiiiiinnn, 1000V CAT 11, 600 V CAT 111

Voltage ratings are given as “working veitage”. They should be read as Vac-rms
(56-60 Hz) for AC sinewave applications and as Vdc for DC applications,
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Figure 2-1. Max. Input Voltage vs. Frequency

Note

Overvoltage Category I refers to distribution level and fixed installation
circuits inside a building. Overvoltage Category IT refers to local level,
which is applicable for appliances and portable equipment.
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Figure 2-2. Safe Handling: Max. Input Voltage Between Scope References, Between Scope

References and Meter Reference, and between Scope References/Meter Reference and earth ground




Characteristics
2.11 10:1 probe VPS200

2.11 10:1 probe VPS200

2.11.1 Safety

A Max. Input Volfage ..o 1000 V CAT 11, 600 V CAT I
A Max. Floating Voltage
from any terminal to ground.............oeee 1606 V CATIL 600V CAT 1T
2.11.2 Electrical specifications
Input Impedance at probe fip ..o 10 MG (£2 %)//14 pF (12 pE)
Capacity Adjustment Range ... 10 to 22 pF
Attenuation at DC {1 ML input) ..o, 10 x
Bandwidth (with Fiuke 199C) ..., DC to 200 MHz (-3 dB)
Probe accuracy when adjusted on the test tool
DC 0 20KHZ 1o 1%
AC20kHz to IMHZ. oo, 2%
AC IMHzZ to 23MHZ oo 3%

For higher freqeuncies the probe’s frequency roll off starts affecting the accuracy,

2.11.3 Environmental

Temperature
OPETBHRZ veovv et 01050 °C (3210 122 °F)
STOTAZE 1veevi i e cene e 20 to +60 °C (-4 to 140 °F)
Altitude
OPErating ....ccocveiivnn s 3 km (10 000 feet)
SEOTAZE . veevr e eeeesrecreee et e reee e eeeeiees 12 km (40 000 feet)
Humidity
Operating at 10 to 30 °C (50 to 86 °F) ... 95 %
MAK. INPUT
YOLTAGE {Vrms)
% 000, p e el E‘:AT ;;;
\ - \; CAT ti
jaks \\
100 \\
50 \\
20 \
<
10 \
R
AN
N
001 002 008 H1 02 05 1 2 8 10 2 B0 100 260
e FREQUENCY [MFZ)
STRGIE.WMF
Figure 2-3. Max Voltage from VPS200 Probe Tip to Ground and from VPS5200 Probe Tip to Probe

Reference
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2.12 Electromagnetic Immunity

The Fluke 190 series, including standard accessories, conforms with the EEC directive
89/336 for EMC immunity, as defined by EN-61326-1, with the addition of the following
tables.

Scope Mode (10 ms/div): Trace disturbance with VPS200 probe shorted

Table 2-1. Scope No Visible Disturbance at E=3 V/im

No visible disturbance E=3Vim

Freguency range 10 kHz to 20 MMz 2 mV/div to 100 V/div
Freguency range 20 MHz to 100 MHz 200 mV/div to 100 V/div
Fregquency range 100 MHz o 1 GHz 500 mV/div to 100 V/div *)

"} With the 20 MMz Bandwidth Filter switched on: no visible disturbance
With the 20 MHz Bandwidth Filter switched off. disturbance is max 2div.

Table 2-2. Scope Disturbance <10% at E=3 V/im

Disturbance less than 10% of full scale E = 3V/m
Frequency range 20 MHz to 100 MHz 10 mV/div to 100 mV/div

Test Tool ranges not specified in tables 2-1 and 2-2 may have a disturbance of more than
10% of full scale.

Meter Mode (Vdc, Vac, Vactde, Ohm and Continuity): Reading disturbance with
test leads shorted

Table 2-3. Meter Disturbance <1% at 3 V/m

Disturbance less than 1% of full scale E = 3Vim
Frequency range 10 kHz to 1 GHz 500 mV 1o 1000 V , 500 Ohm fo 30 MOhm ranges
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Circuit Description
3.1 Infroduction

3

3.1 introduction

The Fluke 192B/196B-C/199B-C ScopcMeter test tools have three input channels that
are electrically floating with respect to each other, and with respect to the power adapter

mp,

Channel A and channel B are oscilloscope channcls with a 60/100/200 MHz bandwidth.
The Meter/External Trigger channel is a combined DMM and external trigger channel
with a imited (10 kHz) bandwidth.

The B versions have a black&white LCD, the C versions have a color display.

Section 3.2 describes the functional block diagram. It provides a quick way to get
familiar with the test tool basic buiid-up.

Section 3.3 describes the test tool start-up sequence, and basic operating modes.

Section 3.4 describes the principle of operation of the test tool functions in detail, on the
basis of the circuit diagrams.

3.2 Block Diagram

For the overall block diagram of the test tool see Figure 3-1. Fluke190B-C Block
Diagram. The dashed frames indicate the division into the detailed circuit diagrams

Figures 9-1 to 9-10.

Table 3-1 shows the main functions of the circuits in diagrams Figure 9-1 to 9-10.

Table 3-1. Fluke190B-C Main Functional Blocks

Circuit Diagram Name Main Functions Figure
SCOPE CHANNEL A Scope Input A signal conditioning G-1
SCOPE CHANNEL B Scope Input B signal conditioning 9-2
METER/EXTERNAL Multimeter Input signal conditioning 9-3
TRIGGER CHANNEL Exiernal trigger input, probe calibration output signal
SAMPLING/TRIGGER Sampling of conditioned input signals 9-4
Trigger generation
S-ASIC SUPPLY, TRIGGER | Fiitering/de-coupling of various supply voitages for the S-ASIC 9-5
QUALIFIER EXTENDER Processing of trigger quaifier signal
ADC's, Analog fo Digital Conversion of the Input A and B, and Meter 9-6
Input signals.
DIGITAL CONTROL Acouisition of ADC samples 9-7
Micro controller (EP-ROM-RAM)
Keyhoard- and LCD control
LCD CONTROL/SUPPLY LCD control signals buffer 9-8
LCD supply voltages
POWER Power supply , Battery charger 9-8
BACKLIGHT, SLOW ADC, TL converter for LCD backdight , Slow- ADC, Optical RS232 9-10
SERIAL INTERFACE interface

All circuits, except the Liquid Crystal Display (LCD) unit and the KEYBOARD, are
tocated on one Printed Circuit Assembiy, called the MAIN PCA.

Many functions are incorporated in Application Specific Integrated Circuits (ASIC’s).
The ASIC’s are referred to as C-ASIC (Channel ASIC), S-ASIC (Sampling ASIC),
P-ASIC (Power ASIC), and D-ASIC (Digital ASIC),
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Scope Channel A& B

The Scope Channel A and Scope Channel B circuit are identical.

An input voltage connected to the BNC input is supplied to the C-ASIC LF and HF path.
The C-ASIC converts {attenuates, amplifies) the input voltage to a normalized HF
voltage and a normalized LF output current.

The floating HF output voltage is transferred to the non-floating S-ASIC HF input path
via a transformer.

The fleating LF output current drives an optocoupler LED via a transistor. The resulting
non-floating optocoupler photediode current is converted into a voltage by the S-ASIC
LF input path. An additional phototransistor is used for feed back of a copy of the non-
floating LF signal.

The S-ASIC HF and LF input circuits convert the HF input voltage and the LF input
current to one normalized signal. The S-ASIC samples this signal, stores the samples in
an analog way, and supplies the samples to the ADC.,

The D-ASIC acquires the digital equivalents of the samples to process them and show
them on the display as traces and readings.

The D-ASIC provides the SDAT and SCLK controf signals for the C-ASIC, e.g. to select
the required attenuation factor, via optocouplers.

The C-ASIC supply voltages are supplied via a transformer.

Meter/External Trigger Channel

3-4

The input signal is connected to the banana jack mputs. The Meter/External trigger
Channel bandwidth is 10 kHz.

Voltage measurements

The input voltage is attenuated by a factor 4, 40, 400 or 4000. The attenvated voltages
are supplied to a de-multiplexer. Depending on the selected range, one of the de-
multiplexer input voltages is supplied to an amplifier that drives the current in the
photodiode of an optocoupler. The optocoupler phototransistor is sensed by the S-ASIC
LF path. An additional phototransistor is used for feed back of the optocoupler transfer
characteristic.

The S-ASIC LF input circuit converts the input current to a normalized signal. The
S-ASIC supplics this signal to the ADC.

External triggering

The S-ASIC can also use the transferred input voltage for triggering if External
Triggering is selected.

Resistance, continuity, and diode measurements

A current source supplies a current to the banana jack inputs via the Ohms relay and a
protection PTC. The voltage drop across the connected resistance or diode is supplied to
the de-multipiexer via the Ohm buffer (attenuation factor 1 or 10}. The de-multipiexer
supplies the voltage to a x1.2 amplifier, which drives the current in the photodiode of an
optocoupler. From the measured voltage and supplied current the resistance value is
calcuiated.

Control

The D-ASIC provides the SDATEXT and SCLKEXT control signals for the
de-muitiplexer and relays via optocouplers.
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3.2 Block Diagram

Probe calibration

By switching a current on and off, a 500 Hz square wave for probe calibration is
generated,

Supply voltages

To achieve floating inputs, the supply voltages are supplied via a transformer.

Sampling/Trigger

The S-ASIC conditions the Channel A, Channel B circuit output signals, and samples
them simultancously at a maximum sample rate of 2.5 Giga Samples per second. The
samples are stored in an internal analog memory array, and can be read out at a lower
speed. The read out samples are supplied to the ADC’s (ANAOUTA, ANAOUTB).

The Meter/External Trigger circuit output signal is conditioned, and passed by the
S-ASIC to the Channel B ADC (not sampled in the S-ASIC).

The S-ASIC also contains the trigger circuitry. Scope Channel A, Scope Channel B, and
the Meter/External Trigger Channei can be seiected as trigger source. For video
triggering a video synchronization separator IC (VIDEQ) is installed.

ADC’s

For the Channiel A and Channel B signal an ADC is provided to convert the analog input
signal into an: 8-bit digital code. The Meter signal uses the Channel B ADC.

Digital Control

The D-ASIC includes a micro processor, ADC sample acquisition logic, trigger
processing logic, display and keyboard control logic, I/O ports, and various other logic
circuits.

The instrument software is stored in the FlashROM, the RAM is used for temporary data
storage as processed ADC samples (traces).

The digitized Input A, Channel B, and Meter/Ext Channel input signals are acquired
from the ADC’s, and processed by the D-ASIC.

The D-ASIC supplies control data and display data to the LCD module. The LCD
module consists of the LCD, LCD drivers, and a Cold Cathode FLuorescent (CCFL)
back light lamp. As the module is not repairable, no detailed description and diagrams
are provided. The back light supply voltage is generated by the back light TL converter
on the MISCELLANEOUS CIRCUITS part.

The keys of the kevboard are arranged in a matrix. The D-ASIC drives the rows and
scans the matrix. The ON-OFF key is not included in the matrix, but is sensed by a logic
circuit in the D-ASIC that is continuously powered.

The D-ASIC sends control data to the C-ASIC’s via the SCLK and SDAT serial control
lines. The SDATEXT and SCLKEXT lines supply the control data for the
Meter/External Trigger Channel,

The D-ASIC controls the Slow-ADC. Via the Slow ADC it reads the battery
temperaturce, -voltage, -current, and -type.

The D-ASIC includes a UART (Universal Asynchronous Receiver Transmitter) for serial
communication via the serial interface (R5232) circuit.
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Power

The test tool can be powered by the BC190 Battery Charger/Power Adapter, or by the
NiMH (Nickel Metal Hydride) battery pack.

If the power adapter voltage is present, it supplies the test tool power, and the battery
charge current via the Charger circuit (VBAT voltage). The battery charge current is
sensed, and controlied by the P-ASIC by changing the output current of the Charger
circuit.

If the power adapter voltage is not present, the battery pack supplies the VBAT voltage.

The VBAT voltage supplies the P-ASIC power, and is also supplied to the Fly Back
Converter (switched mode power supply).

If the test tool is turned on, the Fly Back Converter generates supply voltages for various
test tool circuits. The Fly Back Converter is controlled by the P-ASIC,

The +3V3GAR supply voltage powers the D-ASIC, RAM, and FlashROM. If the test
ool is turned off, the battery supplies the +3V3GAR voltage via the 3V3 Supply circuit.
This circuit is controlled by the P-ASIC. So when the test tool is turned off, the D-ASIC
can still control the battery charging process, the real time clock, the on/off key, and the
serial RS232 interface (to turn the test tool on via the interface).

To monitor and control the battery charging process, the P-ASIC senses and buffers
various battery signals, as temperature, voitage , and current. These signals are supplied
to the Slow ADC to be measured by the D-ASIC. Using the results, the D-ASIC controls
the battery charge current. The P-ASIC also contains circuits that can switch off the
battery charging process if the charge conditions are not OK (e.g. temperature too high).

Miscellaneous

3-8

Slow ADC

Via the Slow ADC various analog signals can be measured by the D-ASIC, for example
the battery voltage, battery type, battery temperature, and battery current The signals are
used for control purposes.

Back Light TL Converter

The Back Light TL Converter generates the 400V ! supply voltage for the LCD
fluorescent back light lamp. If the lamp is defective a 1.5 kV voltage can be present for
0.2 second maximum.

RS232 Optically 1solated Serial Interface

Serial communication with a PC or printer is possibie via the RS232 optically isolated
interface.

The circuit converts the optical input signal (light or no-light) into a voltage which is
supplied to the D-ASIC serial data input.

Serial data sent by the D-ASIC are converted into an optical signal (light or no-light).
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3.3 Starf-up Sequence, Operaling Modss

3.3 Start-up Sequence, Operating Modes

The test tool sequences through the following steps when power is applied {(see Figure
3-2 and Figure 9-9 (Power Circuit).

I.

The P-ASIC is directly powered by the battery or power adapter voltage VBAT (pin
60). Initially the Fly Back Converter is off, and the D-ASIC is powered by supply
voltage +3V3GAR. The +3V3GAR voltage is derived from VBAT by the 3V3
Supply circuit (V4000).

If the voltage +3V3GAR is below 3.05V, the P-ASIC signals this to the D-ASIC pin
64VIDDVAL line tow), and the D-ASIC will not start up. The test tool is not
working, and 1s in the Idle mode.

If the voltage +3V3GAR is above 3.05V, the P-ASIC makes the line VDDVAL high,
and the D-ASIC will start up. The test tool is operative now. If it is powered by
batteries only, and not turned on, it is in the Off mode. In this mode the D-ASIC
is active: the real time clock runs, and the ON/OFF key is monitored to see if the fest
tool will be turned on.

If the power adapter is connected (P-ASIC output pin 12 and MAINVAL high),
and/or the test toel is turned on, the embedded D-ASIC program, calied mask
software, starts up. The mask software checks if valid instrument software is present
in the Flash ROM, If not, the test tool does not start up and the mask software
continues running unti} the test tool is turned off, or the power is removed. This is
called the Mask active mode. The mask active mode can also be entered by
pressing the up (™) and right (>} arrow key when turning on the test tool.

If valid instrument software is present, one of the following modes will become
active:

Charge mode

The Charge mode is entered when the test fool is pewered by the power adapter,
and is turned off. The Fly Back Converter is off. The Charger circuit charges the
batteries.

Operational & Charge mode

The Operational & Charge mode is entered when the test fool is powered by the
power adapter, and is turned on. The Fly Back Converter is on, the Charger
circuit supplies its primary current. The batteries will be charged.

Operatienal mode
The Operational mode is entered when the test tool is powered by batteries only,
and is turned on. The Fly Back Converter is on, the batteries supply its primary

current. If the battery voltage (VBAT) drops below 4V when starting up the fly back
converter, the Off mode is entered.
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VDDVAL-L Idle mode

VDDVAL=H
g
Off mode “
TURN ON or
MAINVAL=H
i Flash ROM

. - NOT OK | Mask Active | TURN OFF

Mask StartUp OR ¥ mode
Flash ROM OK @

+ TURN ON

Extemn Starﬁjp MAINVAL=1 + (TURN OFF or BATTVOLT=<6V)
Software

TURN ON+ BATTVOLT » 6 V + MAINVAL=L I i TURN OFF+ MAINVAL=H

TURN ON +§ MAINVAL=H

4 MAINVAL=H 4 TURN OFF ¥
Operational y Operational & » Charge Mode
Mode ¢ Charge Mode |
MAINVAL =L TURN ON
BATTVOLT <6 V MAINVAL-L

or
AuteShutDown
or
TURN OFF

& 2,

190BC-modas.wm?

Figure 3-2. Fluke 190B-C Start-up Sequence, Operating Modes

Table 3-2 shows an overview of the test tool operating modes.

Table 3-2. Fluke190B-C Operating Modes

Mode Conditions Remark

idie mode No power adapter and no battery no activity

Off mode No power adapter connected, battery P-ASIC & D-ASIC powered
instalied, test tool off {(VBAT & +3V3GAR).

Mask active mode No valid instrument software, or * and > key Mask software runs
pressed when turning on

Charge mode Power adapter connecied and iest fool off Batteries wiill be charged

Operational & Power adapter connected and test tool on Test tool operational, and

Charge mode batteries will be charged

Operational mode No power adapter connected, battery Test toof operational, powered by
installed, and test tool on batteries
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3

3.4 Detailed Circuit Descriptions

Note:

Capacitors of 0 pF, and resistors of 100 M2 shown in circuit diagrams are
not placed on the PCA. They are drawn in the circuit diagrams for PCA
lavout purposes. In the lavout design process they create locations on the
PCA where capacitors or resistors can be placed.

3.4.1 Scope Channel A - Scope Channel B

See eircuit diagrams Figure 9-1 and Figure 9-2,

As the Scope Channel A and B circuits are identical, a description is given for Scope
Channel A only.

The Channel A/B circuitry is built-up around a C-ASIC OQ0260. The C-ASIC is placed
directly behind the input BNC, and does the analog signal conditioning for the channel.

The C-ASIC 0Q0260

Figure 3-3 shows the simplified block diagram of the 0Q0260 C-ASIC. The C-ASIC
consists of separate input paths for HF and LF signals, an output stage that drives
separate HF and LF isolation facilities, and a contro! block that allows software control
of all modes and adjustments. The tramsition frequency from the LF input path to the HF
input path is approximately 10 kHz. The transition frequency of the HF and LF output
signal is 25 kHz.

CHANNEL ASIC OQ 6260

HF attenuator HFD +—{HF trafo out
] Il m == HE-PATH | OUTPUT l—iHF feed back
f_ HF2 STAGE rpiLF opto out
t —iF feed back

l"“AC

LE in
I M -~
DC ‘ :
LE-PATH CONTROL SUPPLY
INPUT R feedback
AAAAAAAAA i Yy A
©n i

REFERENCE BUS SUPPLY

Figure 3-3. C-ASIC OQ0260 Block Diagram

LF input

The LF-nput {pin 59) is connected to a LF decade attenuator consisting of an inverting
amplifier with switchable external feedback resistors R1031 to R1034. Depending on
the selected range the LF attenuation factor which will be set. The input of the LF
attenuator is a virtual ground, which is connected to the BNC input via a | M£ resistor
(R1050..R1052). The LF decade output signal is supplied to a gain adjust stage, and
then added to the HF path output signal. The resulting signal 1s suppiied to the C-ASIC
output stage,

The AC/DC input coupling relay K 1000 is controlted by C-ASIC output ACDC (pin 61),
and V1004. The Input B relay is mounted reverse with rtespect to the Input A relay, and
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has reverse control pulses!

Resistor R1053 limits the discharge current of C1050 when switching from AC coupled
to DC coupled input. At AC coupled input, the maximum voltage across C1050 is
limited by voltage divider:

(10 M of 10:1 probe if connected)+R1050+R1051+R1052 / R1055+R1056.

HF input

The HF component of the input signal is connected to a HF decade attenuator via
CI001-C1002 {:1) and C1003-C1004 (attenuated). The HF decade attenuator contains
four separate current input amplifiers, which are connected to external capacitive
dividers: HFO (:1), HF1 (:10), HF2 (;100), HF3 {:1000). Only onc amplifier is active at a
time. Inputs of inactive input buffers are internally connected to ground to eliminate
crosstalk. To conirol the DC bias of the buffers inputs, the HF output path voltage is fed
back via resistors R1010, R1001, R1002, R1003, and-R1004. To obtain a large HF gain
filter RIOO0/C1000 eliminates HF feed back. The HF attenuator output voltage is
supplied to a HF pre-amplifier with switchable gain factors, and then to a gain adjust
stage. Finally the HF signal is added to the LF signal. The resulting signal is suppiied to
the C-ASIC output stage.

Output Stage
The output stage splits the combined HF/LF input signal into a LF and a HF part.

LI output signal

The LF output signal drives a current in the LED of an optocoupler (H1120) via
transistor V1120 (output pin 30). For stability the V1120 emitter voltage is fed back to
the LF output driver (CLED pin 28). The current in the optocoupler photodiode is
converted into a voltage by R1136 and R1133. This voltage (LFA1, LFA2) is measured
by a differential amplifier in the S-ASIC (sce 3.4.3 Acquisition Section).

A copy of the LF output signal is fed back to the C-ASIC to optimize the overall
frequency respense flatness and to optimize the LF path linearity. The current in the
second optocoupler photodiode is converted into a voltage by R1123 and R1124. The
voltage (pin 34 and 35) is measured by a differential amplifier in the C-ASIC. The
output signal of the amplifier is fed back via filter R1122/C1125.

]
. ]
C-ASIC | ;
. 1
: i
30 'J
LT output Pt Vii2o i
28 " |
E RI1130 | E
: 44 LF
26 R oo »
LF feedback 4 | RLEA2
; I
27 1
: |
RI1123
LF Input LF Input

ak-fioat.wm?

Figure 3-4. LF Floating to Non-Floating
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HF output signal

The HF output signat supplies a voltage to the primary side of HF transformer T1100 (C-
ASIC pin 40, 41). This voltage is proportional to the input voltage. The voltage at the
secondary side of the transformer is referred to the non-floating ground level via R1110,
Rilll, etc. The secondary voltage (HFA1, HFAZ2) 1s supplied to the sampling system
S-ASIC (see 3.4.3 Acquisition Section ).

Any HF output DC offset is fed back to C-ASIC pin 32,33 to be eliminated. This
prevents saturation and distortion in the HF transformer.

Feedback of the HF signal via C-ASIC pin 37, 38 mininmzes the LF-HI turn over error.
Due to the parasitic capacitance between the primary and secondary transformer
windings, large common mode input voltage steps can cause voltage spikes on the
fransformer lines. Diodes V1100...1105 will clamp these spikes to the supply voltage.
Circuit VEI06/CI112/R1112-R1116 Hmits the consequences of fast common mode
voltage spikes caused by for example motor control systems.

Calibration signals (PWMA, CALOUTA)

The PWM output (pin 21) supplies a pulse width modulated square wave to
filter/attenunator C1039-R1046-R1068-C1045. By changing the square wave duty cycle,
a linear ramp is created for linearization during the pre-cal stage of the calibration. The
ramp voltage (LINA) is supplied to pin 62 of the C-ASIC. The PWM output contro}
pulses are supplied by the D-ASIC SDATFLT line to C-ASIC input pin 22 (FASDAT
line) via the C-ASIC CONTROL LINEARIZATION circuit (see Figure 9-4). See also
below Contro! - Linearization.

The CALOUT output {pin 49) supplies a -0.5V or +0.5V voltage to the CALSIG input
(pir 53) via R1065, R1049, and R1041 for dynamic (that is periodical during normal
operation) gain calibration. The CALOUT voltage is derived from the 1.225V reference
diode voltage VREFPA at pin 47.

Control - Linearization

Control information for the C-ASIC, for example selection of the attenuation factor, is
sent via the SDATFLT data line to optocoupler H1150. The D-ASIC SCLK line controls
the synchronization clock signal SCLKFLT. Optocoupler H1150¢ transfers the non-
floating control signals to the floating C-ASIC.

+3V45 P H11568
SCLK =¥ -
%SCLKFU | >
S’

1 R1152 |
~—~ SDATFLT " ?Zi Z&
|RHSS I
SDAT—E—— b w Scope Channel A

OFFSETADP— e ' +3V45 P T He3sp
D206 3
E 1R1352 }
LINTAB _§Z ES ZS

1
o 1RI353 |
Acauisition/Triager Scope Channel B.

Figure 3-5. C-ASIC Control Circuit

D2000 on the C-ASIC CONTROL LINEARIZATION circuit (see Figure 9-4) connects
the SDATFLT line to the D-ASIC SDAT data line, or to the D-ASIC OFFSETAD line.
The SDAT line provides the control data to change the C-ASIC settings. The

OFFSETAD line provides a Pulse Width Modulated signal that is used for linearization
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of the C-ASIC during calibration.
Signal LINTAB, supplied by the D-ASIC, controls whether D2000 input pin 12 or 13 is
connected to output pin 14,

IREF

A 100 pA reference current into pin 48 is derived via R1083 from reference diode
voltage VREFPA (V1010) for biasing internal C-ASIC circuits.

Supply Veltages
When the test tool is on, the Fly Back Converter on the POWER circuit suppiies the

primary veltage for supply transformer T1102. The floating secondary voltages are
rectified, filtered, and supplied to the C-ASIC,

3.4.2 Meter/Ext Trigger Channel
See Figure 3-6. Meter/Ext Channel Block Diagram, and Circuit Diagram Figure 9-3.

The Meter/Ext Channel can measure voltages up to 1000V, resistance up to 30 MQ,
continuity, and diode voltage. It provides no frace but only readings, except in the
Trendplot mode. The input is always DC coupled, and the channel has a limited
bandwidth of 10 kHz. The Meter/Ext Channel input is floating with respect to Input A
and Input B, and with respect to the power supply ground.

The channel can also be used as external trigger input, and as a probe cal generator.

K15008 . oo )
P Led B0 WX Gain
: N1500 D156 D1502
O e .
pIC Ohm w’
M15G1A
Cutpit Stage

K1500C I |
3V Glamp th :ioutput

Rx Reference .

or Probe SOUNCe *

Uln Cai V155G .
(75 (57 oo

: < Control :

Profection "
757
Current .

Source - Y
é €| Supply ig supply

win-ex-Glogk wmf

Figure 3-6. Meter/Ext Channel Block Diagram

Section 7.5.7 provides a table that shows the control line status for all meter channel
functions.

Voltage Measurements

The input voltage Uin is applied to the “volts” attenuation stage via KI500B. This stage
consist of opamp N1500 , switch D1500 and resistors R1504-R1507. Possible
attenuation factors are :4 (R1504), 140 (R1505), :400 (R1506), and :4000 (R1507).
Switch D1501 connects one of the attenuator outputs (pin 1,5,2,4) to the “gain” stage
(see below),

312
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Ohms/Continnity/Diode Measurements

A current source (see below) supplies a constant current to the unknown resistance Rx
connected to the banana input X1000C pin 5. The current flows via K1500C and PTC
resistor R1535, The voltage across the unknown resistor is supplied to the “ohms”
buffer N1501A pin 3. The buffered voltage is supplied to D1501 pin 15 (for ranges up
to 5 MQ). For the 30 MQ range a :10 voltage is supplied to D1501 pin 14. Switch
D15G1 supplics the “ohms™ voltage to the “gain” stage (see below).

In Ohms C1550 is connected to the current source via DI500B pin 11-13 to limit hum
mfluences, specially in the 30 MQ range

Continuity measurements and diode measurements use a current of 0.5 mA.

External Triggering

In the External trigger mode the input signal is supplied to the output stage via K1500B,
volts attenuator path :4 (R1504, trigger level 120 mV) or :40 (R1505, trigger level
1.2V),and D150]1 pin 1 to 3 or pin 5 to 3.

Reference Source V1550
A +250 mV reference voltage derived from diode V1550 is supplied to D1501 pin 13.

A -250 mV reference voltage is derived from V1550 via R1511-R1509, D1502 pin 14-3,
and N1501.

During measuring, occasionally the reference voltage, and the ground (D1501 pin 12) are
sensed for calibration.

The -250 mV reference is also added to the Ohms voltage via the gain stage, see “gain 4
stage”.

Gain Stage
The gain stage consists of opamp N1501B, switch D1502, and R1508-R1512. Tt
provides:

e axl gain for diode measurements, zero calibration, positive reference voltage
measurement (internal calibration), and probe calibration {D1502 pin 3 to 1,2,4,5).

¢ a gain factor x2 in the Volts mode (D1502 pin 3 to pin 13)

¢ a gain factor 1.2 for the Ohms voltage plus an offset voltage of -0.25 V (D1502 pin 3
to pin 14). By adding the negative offset, a large (line) interference voltage does not
cause the hardware to clamp. The software will “filter” the interference voltage.

« a gain factor 6 in the External trigger mode.

Output Stage

The voltage at N1501B pin 7 controls the current in the H1525 LED via opamp N1525B
and transistor V1525, Via Hi525 pin 5-6 the signal is transferred to the S-ASIC LF
input (LFEXT1, LFEXT2). The operation is identical to the Input A LF input (see
3.4.1).

Feedback of the LF signal via diode H1525 pin 3-4 and N1525 provides good linearity.
The clamp circuits N1515A B and related parts limit the output voltage to + or - 150 mV,
This prevents the S-ASIC and ADC from being overloaded.

Current Source
Reference diode V1555 provides a 1.2 V reference voltage with respect to +5VEXT.

For the 50 nA current (Ohms ranges 5 MQ and 50 ML), the switches in D1560 are all
open, In this case the reference voltage is lowered by a factor 10 by R1556-R1557. The
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530 nA curreat flows via R1558+R 1559 and FET V1560 to the input terminal X1000C
pin 5. The voltage drop across R1558+R 1559 is controtied by feeding it back to the
inverting input of N1540B via R1560.

For the higher currents the switches in IY1560 are closed in pairs. For the 0.5 mA current
D1560 pin 3 is connected to pin 1, and pin 13 is connected to 12, Now R1560 is shorted.
The 0.5 mA current flows from +5VEXT, via R1561, D1560, and FET V1560 to the
input terminal X 1000C pin 5. The voltage drop across R1561 is fed back to N15408B pin
6. The other currents can be set by connecting resistors R1562 {500 pA), R1563

(50 pA), and R1564+R1565+R1565 (5 UA).

Ohms Input Protection and Clamp

When a voltage is applied to the input in the Ohms function V1533, V1536 and V1537
will limit the voltage on the current source. The resulting current is limited by PTC
resistor R1535. Under normal conditions the voltage across V1535-V1536 is made zero
by buffer amplifier N1540; this prevents measurement errors due to leakage.

The “open input” voltage is limited to about 4 V by FET V1544, The V1544 gate is set
to 3 V by N1541 output pin 1. The FET acts as a low leakage diode.

Probe Calibration Output

For DC probe calibration the current source supplies 0.5 mA to R1544 via D1500 pin 13
to pin 12. The resulting 3.1 V is supplied to the red banana input terminal. The voltage
1s measured by the Meter channel via the Ohms circuit N1501, D1501 pin 14 to 3, etc.
The voltage is also measured via the connected probe by Scope channel A or B. From
the two measured values a probe correction factor is calculated and applied.

For AC probe adiustment D1572D, R1538 and C1538 gencrate a 1 kHz square wave
voltage on D1572D pin 11. This voltage alternately connects D1500 pin 13 to pin 14
(ground) and pin 12 (R1544). The 0.5 mA current will now resultina 500 Hz 3V
square wave on the red banana inpuf terminal.

Control

Control data and clock signal are supplied to optocoupler H1580 by the D-ASIC (pin P1
and P2) via the SDATEXT data line and the SCLKEXT clock line. The output data and
clock are supplied to pulse shapers D1572. Data are shifted into registers D1570 and
D1571 on CLKO (D1572 pin 3). After the last data bit has been shifted into the register,
the clock signal CLK is kept low. Now the shift register strobe input signal (D1572 pin
6) goes high and the data appear at the outputs.

Meter Channet linearization

(see C-ASIC CONTROL LINEARIZATION in Figure 9-4)

If the D-ASIC makes line LINTAB (ID2000 pin 9,10,11) high, D2000 pin 1 and 15 are
mmterconnected, and D2000 pin 3 and 4 are interconnected. The D-ASIC PWM output
signal OFFSETAD is supplied to integrating amplifier N2000, Via D2000 pin 3-4, the
resulting analog output voltage is supplied to the S-ASIC Meter/Ext channel input
(N2001 pin 59 LFEXT2). This voltage is used for linearization of the Meter channel
during calibration.

Supply Voltages

The suppiy voltages are provided by the Fly Back Converter on the POWER circuit via
transformer T1575.
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3.4.3 Sampling&Triggering (S-ASIC)
See circuit diagram Figure 9-4.
The core of the Sampling& Triggering section is the S-ASIC, which includes a signal
processing section and a trigger processing section section,
Signal path
See Figure 3-7. S-ASIC signal section block diagram and Figure 3-8. S-ASIC Input

Circuit.

: ¥ Sample&Memory
From Scope | _ :
Chamnet o 1 "2 | InputA Direct pats A ANAOUTA |

{ To ADC

Readout A :

S »
From Meter L EXT ) .
7Ext Trigger ;:'fi'f i Iaput EXT Direct path EXT
Channel

i ANAOUTB |

LEB Sample&Memory Readout B ToADC
From Scope oo .
Channel B | I B Inpu{ B Pirect path B

1!!"
TRIGGER

Figure 3-7. S-ASIC signal section block diagram

The S-ASIC has the analog input circuits:

I. Input A, for the Scope Channel A HF and LF signals

2. Input B, for the Scope Channel B HF and LF signals

3. Input EXT for the Meter/External Trigger Channel LF signal

The three analog input circuits are identical, except the input EXT circuit that has no HF
input. These circuits convert the LF current input signal and the HF voltage input signal
into one combined HF+LF signal.
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Figure 3-8. 5-ASIC Input Circuit

The LF output from the Channel A circuit (see section 3.4.1) controls the current in the
LED of H1120. The resulting current in the H1120 photodiode is 5 pA/div., and is
converted into a voltage by R1136 and R1133. This voltage (LFA1, LFAZ2) is measured
by a differential amplifier in the S-ASIC. The output signal RLFA1 is supplied to the
LF/HF adding point via filter R1132/C1131. For the Meter/Ext input the photodiode
(H1525) current is 2.5 pA/div.

The HF output from the input A circuit is supplied to transformer T1100. The secondary
transformer voltage is 30 mV/div, and suppiied to a differential voltage input of the
S-ASIC (HFAL, HFA2) .

The S-ASIC mput circuits provide three types of output signals to other internal S-ASIC
circuits:

¢ A current output for the Sample&Memory circuits (not for the Input EXT circuit)
* A voltage output routed directly to the Readout circuit (Direct Path)
e A voltage output for triggering {see Trigger Path below).

The S-ASIC includes a 10 kHz and a 20 MHz bandwidth limiting circuit (C2000 -
C2002). For the scope inputs these circuits can be turned on/off via the Input A/B
OPTIONS memu,

Sample&Memory

The current output signal supplied to the Sample&Memory circuit represents the
measurement signal. The Sample&Memory circuit can operate in two modes, the TCM
(Time Conversion Mode) and the WARS (Write And Read Simultaneously) mode.

In time base settings 2 ps/div and faster, the TCM is active. The circuit samples the
Input A(B) circuit output current using a high speed current switch. The current samples
are converted into voltages by loading various memory capacztors with a current Sdmé)le
Up to 3000 input signal samples can be stored at a maximum sample rate of 2.5 x 10
samples per second. The sampling clock is generated in the S-ASIC PLL (Phase Locked
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Loop). The PLL is synchronized with the external crystal B2000.

The Readout circuit can output the memory capacitor voltages one after another at a
lower speed.

In time base setting siower than 2 ps/div the WARS mode is active. The Input A(B)
circuit output signal is sampled at a speed of 20 MS/s (MegaSamples per second). The
samples are directly available on the sample and memory output.

Direct path

The Direct Path voltage output supplies the combined HF-LF signal directly to the
Readout circuit. The Input A and Input B direct path monitors the input signal. The
monitored signal is not given as a measurement resuit, but is used for control purposes as
for example autoranging.

Readout cireuits
The input EXT direct path uses the Readout B circuit.

Low temperature coefficient resistors R2050 and R2034 are connected to the S-ASIC
Readout stage to obtain a temperature independent current-to-voltage conversion.

The output voltages of the Readout circuits {pin 2 ANAOUTA, pin 119 ANAOUTB) are
supplied to an ADC at an output rate of maximal 20 MS/s (CLKJILL to pin 133, see
below CLOCK Signais).

The REFADCT reference voltage is supplied to the top of the ADC resistor ladders.

To improve the METER accuracy in the WARS mode, a generator i the S-ASIC adds a
dither voltage to the measurement signal. Contro! signals for the generator are
RAMPCLK (pin 131) and RSTRAMP (pin 129).

The METER/EXT channel uses the same ADC as the Scope Channei B.

Trigger Path
See Figure 39, Trigger Circuit for the functional block diagram of the trigger circuit.

§ TRIG ON A S-ASIC
N
E TRIG EXT From $-ASIC
TRIGON B Ioput cireuit
§ L TRIGDT
: “NORMAL” ;
E ~On_ > TRIGGER CIRCUIT > ALLTRIG
Bt | | vipso P EXTTRIG
: CIRCUIT :
CON’.?ROM l
...... B A £ & B
rvout «— TRIGQUALJ
DD/EVEN
CMPVID Y , b ———«— HOLDOFF
SCANRATE]
N RSET | N2020 | VSYNC
SCANRATE? ——— _L T aEw
. CMPSYNC | e TRIGLEV2
" L« TRIGLEV3
- TRIGLEVA
fRi-trigowimd

Figure 3-9. Trigger Circuit
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Depending on the test tool trigger source setting, one of the S-ASIC Input Circuit trigger
output signals TRIGEXT, TRIGONB or TRIGONA is supplied to the S-ASIC trigger
circuit.

For VIDEO triggering, the trigger signal (composite video) is supplied to the VIDEO
CIRCUIT that removes chroma and video information. The output is supplied to the
Video Sync separator IC N2020. This IC extracts timing information from the composite
sync sigral. Used output signais are Odd/Even field, Composite Sync, and Vertical
Sync. By changing the current level at the RSET input, the N2020 can be adjusted for
video signals with line scan frequencies from 15.625 Hz to 15.750 kHz. For this
purpose, the lines SCANRATE] and SCANRATE? can be floating or be connected to
ground by the CONTROL circuit. The output signals are supplied to the S-ASIC trigger
circuit. Only Input A provides Video triggering.

For “NORMAL” triggering, one of the signals TRIGEXT, TRIGONB or TRIGONA is
directly supplicd to the trigger circuit.

The trigger circuit has two trigger input circuits (TRIGLEVA and TRIGLEVB) that each
can compare the input signal to the set trigger levels (TRIGLEVIA-TRIGLEV2A, and
TRIGLEVIB-TRIGLEV2B). The analog trigger level voltages are supplied by the
D-ASIC by means of filtered PWM (Pulse Width Modulated) signals. Each trigger
input circuit generates a trigger signal if the input signal crosses the trigger levels.

To prevent triggering on noisy signals a large trigger gap can be created by setting the
two trigger levels of each trigger input circuit.

The trigger circuit provides three output signals:
+ ALLTRIG includes all triggers (all trigger level crossings).

e TRIGDT gives the final acquisition trigger for the D-ASIC in WARS mode, and is
not used in TCM mode.
TRIGDT can be a qualified trigger, for example at Scope Pulse Triggering with
trigger condition >T (e.g. > 10 ms), TRIGDT gives a trigger pulse if the input pulse
meets the condition > 10 ms; TRIGDT can also be equal to the ALLTRIG signal.

e EXTTRIG is used to supply an odd/even ficld indication for video triggering to the
D-ASIC. In normal trigger mode EXTTRIG can be used for triggering on a time
slot.

Control signals for the trigger circuit are:

¢  HOLDOFF releases the trigger system. It goes low if the acquisition system is able
to validate new triggers. HOLDOFF is supplied by the D-ASIC (pin B17).

e  TRIGQUAL (or TRIGQUALIJ in the old Main PCA) qualifies (conditions) the
trigger to be supplied to the TRIGDT output. For example at video triggering on line
n, the ALLTRIG triggers are counted down and only trigger n is passed to the
TRIGDT output.

In the OLD Main PCA version, the TRIGQUALI signal is supplied by the trigger
qualifier extender circuit D3202-13203, see circuit diagram Figure 9-5. The circuit
qualifies triggers in the Trigger on Pulse Width mode for short pulses (< 300 ns).
Without this circuit the system is unable to qualify short pulses due to (software)
processing time.

If the ENSHPULS lme 1s low, the TRIGQUAL signal is directly routed to the
TRIGQUALJ output. If the ENSHPULS line is high, the circuit generates a new
trigger qualifier signal TRIGQUALL.

In the NEW Main PCA version the TRIGQUAL signal is directly supplied by the
D-ASIC.
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RAMP

The RSTRAMP and RAMPCLK control a dither signai generator, The output signal of
this generator 1s used to improve the measuring accuracy.

Control (data/address butfer)

Via the buffered address/data bus {D2001, D2002) the D-ASIC can program the S-ASIC
as required by the firmware.

The Read and Write control signals are derived from the ROMRD# and ROMWR#
signals supplied by the D-ASIC.

CLOCK Signals

Crystal B2000 provides the synchronization ciock signal for the TCM mode PLL
oscillator (high sample rate).

The 20 MHz CLKJILL clock signal {pin 133) is used for readout of the samples, and is
supplied by the D-ASIC (pin B18), During a high sample rate acquisition in the S-ASIC
TCM mode, the INTRP line (5-ASIC pin 8 to D-ASIC pin A18) tells the D-ASIC to turn
this clock off. This prevents the input signal samples from being influenced by the
CLKJILL signal.

C-ASIC Control Linearization.

The C-ASIC Control Linearization circuit is used for control of the input circuits (see
section 3.4.1) and the lincanization of the Meter channel (see section 3.4.2).

3.4.4 S-ASIC supply
See circuit diagram Figure 9-5.

The S-ASIC supply section provides mutually decoupled supply voltages for the various
circuits in the S-ASIC.

The supply veltages VIPSTOA (S-ASIC pin 17) and VIPSTOB (S-ASIC pin 93) control
the offset voltage of the S-ASIC output signal in TCM mode (time base 2 s or faster,
see preceding section “Sample&Memory™ ). They are derived from the REFADCT
voltage, and from PWM controlled voliages supplied by the D-ASIC (pins €13 and
D12). The voltages are set to such a value that the offset difference between TCM mode
and WARS mode is zero. If the offset difference is not eliminated, AUTORANGE and
OL {OverLoad) indication will not function correctly.

For the QUALIFIER EXTENDER circuit (D3202, 133203} see section 3.4.3, sub section
“Trigger Path”.

3.4.5 ADC’s
See circuit diagram Figure 9-6,

The S-ASIC output voltages are supplied to ADC Channel A and ADC Channel B. The
Meter/External Trigger channel uses the ADC Channel B. The ADC’s sample the analog
voltages, and convert them into 8-bit data bytes (D0-D7). The sample rate is 20 MHz.
The sample clock SMPCLK is providd to pin 15 {new) or 24 (oid). The output data are
read and processed by the D-ASIC on the Digital Control section..

The reference veltage REFADCT (from S-ASIC pin 157) determines the input voltage
swing that corresponds to an output data swing of 00000000 to 11111111 (D0O-D7).
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See circult diagram Figure 9-7,

The Digital circuit is built up around the D-ASIC D3500. Tt provides the following
functions:

ADC data acquisition and processing for traces and numerical readings

‘Trigger processing

Microprocessor, Flash EPROM and RAM control

Display control

Keyboard control, ON/OFF control

Miscellaneous functions, as PWM signal generation, SDA-SCI. serial data control,
probe detection, Slow ADC control, serial RS232 interface control, buzzer control,
etc.

D-ASIC, RAM, ROM Supply

The D-ASIC is permanently powered by the +3V3GAR voltage supplied by the Power
Circuit if at least the battery pack is present (+VD after filtering). The P-ASIC indicates
the status of the +3V3GAR voltage via the VDDVAL line connected to D-ASIC pin N2.
If+3V3GAR is >3V, VDDVAL is high, and the D-ASIC wili start-up. As aresuit
D-ASIC functions are operative regardiess of the test tool ON/OFF status.

The RAM supply voltage +VDR2 and FlashROM supply voltage +VF are also derived
from +3V3GAR.

Controlled switch off

The programmabie logic device D3550 provides a conirotled power down of the
D-ASIC. In case of a non-controlled power down, a 6 mA D-ASIC supply current can
flow after switching the test tool off. The normal D-ASIC supply current at power of is
about 140 pA.

Watchdog

In case a software hang-up arises, the watchdog circuit D3507 will reset the D-ASIC to
re-start the software.

ADC data acguisition

The test tool software starts an acquisition cycle. The D-ASIC acquires the sample data
from the ADC, and stores them internally in a Fast Acquisition Memory (FAM). A
separate MIN/MAX FAM stores the samples with the highest and lowest value. From
the FAMs the required ADC data are processed and output as LCD control data. Data
can also be output via the UART to the optical RS232 interface.

Triggering

The D-ASIC controls an processes the frigger control signals HOLDOFF, TRIGDT,
ALLTRIG, EXTTRIG and TRIGQUAL. See 3.4.4 sub section Trigger Path for a
description of these signals.

Microprecessor, ROM and RAM control, mask ROM
For control purposes the D-ASIC includes a microprocessor.

The instrument software is loaded in Flashh ROM located on the Flash/SRAM module Al
that is inserted into X3501.

The Flash/SRAM module also has RAM for temporary data storage.

The Flash/SRAM module for the OLD and the NEW Main PCA units are NOT equal.
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Additional RAM 18 provided by D3502 and D3503 (D3503 for OLD Main PCA only).
This RAM is used for, amongst others, the video information.

The D-ASIC has on-chip mask boot ROM. If no valid Flash ROM software is present
when the test tool is turned on. the mask ROM software will become active, The test
tool can be forced to stay in the mask ROM software by pressing and holding the ~ and >
key, and then turning the test tool on. When active, the mask ROM software generates a
HF triangular wave on measurement spot MS3603 (pinCS of the D-ASIC, Row 1),

Display Contrel
The displayed screen consists of:

o information that 1s captured by the acquisition sysiem, and is then processed and
displayed (e.g. traces and numerical readings). This information is stored in RAM.

» information that is permanently stored in the test tool FlashROM memory, so called
bitplanes (e.g. grids).

The D-ASIC supplies the LCD data and control signals to the LCD control circuit
(section 3.4.7).

Keyboard Control, ON/OFF Control

The keys are arranged i a 6 rows x 6 columns matrix, The D-ASIC drives the rows, and
senses the columns, see Figure 3-10. Initially the ROW lines are low, the column lines
are high via a pull-up resistance in the D-ASIC. If a key 15 pressed a column line goes
low, and causes an interrupt. Then the D-ASIC supplieq pulses to the sequential ROW
lines, and senses the column lines to detect which key is pressed.

av N h
i : |
ROW i f=50ms 5{)(} Hs pulses Release key
oo a
COLUMN wg =50ms LSOO Us pulses Release key

Figure 3-10. Keyboard Control Signals

The ON/OFF key is not included in the matrix. This key toggles a flip-flop in the
D-ASIC via the ONKEY line (D-ASIC pin F4). As the D-ASIC is permanently powered
by +3V3VGAR, the flip-flop can signal the test tool on/off status.

PWM Signals

The D-ASIC generates various pulse signals, by alternately cornecting an output port to
a reference voltage (REFPWMI or REFPWM?2) and ground(PWMA, PWMB pins 26-
40). The duty cycle of the pulses is controlled by the software. By filtering the pulses in
low pass filters (RC), software controlled DC voltages are generated. The voltages are
used for various control purposes, see Table 3-3.
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Table 3-3. D-ASIC PWM Signals

PWM signal Function Destination Reference
TRGLV1AD, TRIGLVZAD | Trigger level control S-ASIC REFPWM1
TRGLVIBD, TRIGLVZBD

OFFSETAD Meter/Ext linearization 02000 REFPWM1
BACKBRIG Back light brightness control Back light converter REFPWMA
CONTR-D Display contrast control LCD unit REFPWMA
DDTOFSA, DRTOFSB S-ASIC offset control S-ASIC REFPWM1
SADCLEVD Siow ADC eomparator voliage | SLOW ADC REFPWM2
CHARCURD Battery charge current control | P-ASIC REFPWM2

Serial Bus SDAT/SCLK - SDATEXT/SCLKEXT

The D-ASIC SDAT line (pin A2) is used to send control data to the C-ASIC’s via the
D2000 on the C-ASIC CONTROL LINEARIZATION circuit (Fig.9-4). The LINTAB
signal (pin R3) controls D2000. The SCLK line {(pin A3} transmits the 1.25 MHz

synchronization clock .

The SDATEXT hine pin P2 used to send contro!l data to the Meter/External Trigger

channel. The SCLKEXT line pin P1 transmits the synchronization clock.

D-ASIC Clocks
A 32 kHz oscillator runs if the 3V3GAR supply voltage is present, so if any power

source is present (crystal B3301). The clock activates Power On/Off control circuit, and
the real time clock (time and date).

A 40 MHz oscillator runs if the test tool 1s ON, and/or if the power adapter voltage is
present (crystal B3502),

A 3.6864 MHz UART oscillator for the Serial RS232 communication runs if the 40 MHz
oscillator runs (crystal B3500).

Buzzer

The buzzer is directly driven by a 4 kHz square wave from the D-ASIC (pin T4) via FET
V4211, If the test tool is on, the +30VD supply from the Fly Back converter is present,
and the buzzer sounds loudly, If the +30VD is not present, e.g. when the Mask (boot)
software runs, the buzzer scunds weak.

3.4.7 LCD Control

See circuit diagram Figure 9-8.

The Liguid Crystal Display is built up of 320 columns of 240 pixels each. 1t is focated
on the LCD unit, which also includes the LCD drivers and the {luorescent back light
lamp. The unit is connected to the main board via connector X3601.

The D-ASIC (Fig. 9-7) provides the LCD control signals to D3601 and D3602:

e LCDDATAQ..7 + DATACLK: dispiay data for the display column drivers
On the NEW Main PCA D3700 is installed to change the LCDDATAO-4 signal order.
This order is different for a color LCD and b/w LCD.
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FRAME: during a frame pulse the LCD picture is refreshed

LINECLCK: sequentially transfers the data to the column driver outputs.
DISPON: turns the display on or off

M _ENARB: back planc modulation signal, sce below.

The LCD supply circuit gencrates various voltage levels V(...V4 for the LCD. The
various levels are supplied to the driver outputs, depending on the supplied data and the
M(ultiplex) signal. The M signal (back plane modulation) is used by the LCD drivers to
supply the various DC voltages in such an order, that the average voltage does not
contain a DC component. A DC component in the LCD drive voltage may cause
memory effects in the LCD.

The CONTRAST voltage controls the LCD contrast by changing the LCD Supply
voltages. Is controlled by a D-ASIC PWM signal (pin A10, CONTR-D) to PWM filter
R3311/C3310. The voltage REFPWMT is used as bias voltage for the contrast
adjustment amplifier N3600.

3.4.8 Power

See circuit diagram Figure 9-9.

Power Sources , Operating Modes
Figure 3-11 shows a simplified diagram of the power supply and battery charger circuit.

SUPPLY
_OFLY BACK
P CONVERTER | TOVIGAR
V4000
VBAT
- E J (O i'\? 5 8 + - g m—— T
FROM POWER CHARGER/CONVERTER paisy VBATSUP 80 & &
: — 64 VRDVAL
ADAPTER val02 LAt = ? n {> ‘ >
{73 LU 3 VBATHIG 7 Vref sy !
R 104 dod _L |
VRATT a | ‘
P Ve carld T X TEMP 6 |79 _BATTEMP
| e 3 TEMPHL 4 Amplify
P ol Level
1 BATP 3 . 771 BATCUR
NTC |
RA1DI ¥
CHAGATE 46 | CHARGE | gy cHARCUR
<~ CONTROL
CHASENS 14 —FEFK %
CHASENG 15 437 OOSC
. 190k i
R ymaxcH '8 = o123
VCHDRIV 48
R4LI0
R vapaLow 18 ‘
12 MAINVAL,
VADAPTE D V4111 >
= DAPTERI26 v
T oz
supply for charge 18 | P7YCH
control circuit
’""!T“Cczl?_l
POWER ASIC

Figure 3-11. Power Supply Block Diagram

As described in Section 3.3 the test tool operating mode depends on the connected power
source.
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The voltage VBAT is supplied either by the power adapter via V4102/1.410x, or by the
battery pack. It powers a part of the P-ASIC via R4112 to pin 60 (VBATSUP). If the
test tool is off, the Fly Back Converter is off, and VBAT powers the D-ASIC via
transistor V4000 (+3V3GAR). This +3V3GAR voltage is controlled and sensed by the
P-ASIC. If it 1s NOT OK (<3.05V), the output VDDVAL (pin 64) is low. The
VDDVAL line is connected to the D-ASIC, and 1f the line 18 low, the D-ASIC is
inactive: the test tool is in the 1die mode. A low VDDVAL line operates as a reset for
the D-ASIC.

TEVDDVAL is ligh (+3V3GAR > 3.05V), the D-ASIC becomes active, and the Off
mode is entered. The D-ASIC monitors the P-ASIC output pin 12 via V4111-V4112
(MAINVAL), which indicates the presence of the power adapter voltage (high =
present). The D-ASIC also monitors the test tool ON/OFF status (by pressing the
ON/OFF key, a bit in the D-ASIC, indicating the test tool ON/OFF status is toggled). If
neither a correct power adapter voltage is supplied (MAINVAL is low), nor the test tool
18 turned on, the Off mode will be maintained.

If a correct power adapter voltage is supplied (MAINVAL high), or if the test tool is
turned on, the mask software starts up. The mask software checks if vaiid instrument
software is present. If not, e.g. no instrument firmware is loaded, the mask software will
keep runring, and the test tool is not operative: the test tool is in the Mask active state.
For test purposes the mask active mode can also be entered by pressing the ~ and > key
when the test tool is turned on.

If valid software is present, one of the three modes Operational, Operational &
Charge or Charge will become active. The Charger/Converter circuit is active in the
Operational & Charge and in the Charge mode. The Fly back converter is active in the
Operational and in the Operational & Charge mode.

Charger/Converter (See Figure 3-11.)

The power adapter powers the Charge Control circuit in the P-ASIC via an internal linear
regulator, The power adapter voltage is applied to R4104. The Charger/Converter
circuit controis the battery charge current. If a charged battery pack is installed, the
nominal VBAT 1s 7.2 V (up to 9 V). If no battery pack is instailed, VBAT is about 11 V.
The voltage VBAT is supplied to the battery pack, to the P-ASIC, to the Fly Back
Cenverter, and to transistor V4000. The FET control signal CHAGATE 1s a 100 kHz
square wave voltage with a variable duty cycle , supplied by the P-ASIC Control circuit,
The duty cycle determines the amount of energy loaded into L410x/C4114. By
controliing the voltage VBAT, the battery charge current can be controlled. The various
test tool circuits are supplied by the Fly Back Converter, and/or V4000.

Required power adapter veltage

The P-ASIC supplies a current to reference resistor R4120 (VADALOW pin 8). It
compares the voltage on R4120 to the power adapter voltage VADAPTER on pin 20
(supplied via R4110, and attenuated in the P-ASIC). If the power adapter voltage is
below 14 V, the P-ASIC output pin 12, and the line MAINVAL, are low, This signal on
pin 12 is also supplied to the P-ASIC internal control circuit, which then makes the
CHAGATE signal high, As aresult FET V4102 becomes non-conductive, and the
Charger/Converter is off.

Battery charge current

The actual charge current is sensed via resistor R4101, and filter R4103-C4102, on pin 9
of the P-ASIC (IBATP). The sense voitage is supplied to the control circuit in the
P-ASIC. The required charge current information is supplied by the D-ASIC via the
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CHARCUR line and filter R4121-C4122 to pin 80. A centrol loop in the control circuit
adjusts the actual charge current to the required value.

Depending on the required charge current the filtered CHARCUR voitage range on
pin 80 is:

e (V foral A charge current.

e 1.75V fora0.35 A charge current
s 2.5V fora0.09 A charge current
e 2.6V fora0.06 A charge current

e 2.7V forno charge current {0 A), for example if the battery temperature Hmit is
exceeded (>50 °C)

# >3 Volt if the charger converter is off (V4102 permanently non-conductive). This
happens for exampie 1f no BC190 1s connected

The D-ASIC derives the required charge current value from the battery voltage VBAT.
The D-ASIC measures this voltage via the Siow ADC (see 3.4.9. Slow ADC). The
momentary value, and the temperate change as a function of time (-dT/dt), are used as
control parameters. If the dT/dt exceeds 0.75 °C per minute the battery is full.

Battery low indication
The battery empty indication on the LCD is given for a battery voltage < 6.9 V. If the

voltage drops below 6.0 'V, the test tool turns off.
Charging the battery

Battery Refresh
If a battery refresh is started the following actions are performed:

¢ the I A charge current is applied to the battery until it is full

e the charger is turned off, and as much as possible circuits are activated in order to
discharge the battery in the shortest time. The initial discharge current is about T A.

» when the battery is discharged (batterv voltage < 6.4V) the 1 A charge current is
applied wntil the battery is full; then the 90 mA charge current is applied continuosly.

Battery Charger BC190 connected, test tool off, battery compietely discharged

s the 1 A charge current is applied until the battery is full (takes about 3.5 hrs)
e the 0.35 A charge current is applied for 2 hrs.
o the 90 mA charge current is applied continuosly.

Battery Charger BC190 connected, test tool on

e the 60 mA charge current is applied continuosly.

Battery temperature monitoring

The P-ASIC supplies a current to a NTC resistor in the battery pack (TEMP pin 5,
battery connector pin 3). The P-ASIC conditions the voltage on pin 5 and supplies it to
output pin 79 BATTEMP. The D-ASIC measures this voltage via the slow ADC. It uses
the BATTEMP voltage for control purposes (set charge current).

Additionally the temperature is monitored by the P-ASIC. The P-ASIC supplies a
current to reference resistor R4102 (TEMPHI pin 4), and compares the resulting
TEMPHI voltage to the voltage on pin 5 (TEMP). If the battery temperature is too high,
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the P-ASIC Control circuit will set the charge current to zero, in case the D-ASIC fails to
do this.

During charging, the measured temperate change as a function of time (-dT/dt) is used to
sce if the battery 1s completely charged.

If the battery temperature monitoring system fails. a temperature switch in the battery
pack mterrupts the battery current if the temperature becomes higher then 70 °C

Maximum VBAT

The P-ASIC supplies a current to reference resistor R4113 (VBATHIGH pin 7). Tt
compares the voltage on R4113 to the battery voitage VBAT on pin 3 (after being
attenuated in the P-ASIC). The P-ASIC limits the voltage VBAT to 11 V via its internal
Control circuit. This situation arises in case no battery or a defective battery (open) is
present.

Battery Identity

The BATTIDENT line (pin 90} i1s connected to R4100 on the Power Circuit, and to a
resistor mn the battery pack. The voltage level indicates the installed battery type. If the
battery 1s removed, the BATTIDENT line goes high.

Charger/Converter input current

The input current is sensed by R4104. The P-ASIC supplies a reference current to
R4114. The P-ASIC compares the voltage drop on R4104 (CHASENSP-CHASENSN
pie 14 and 15) to the voltage on R41 14 (IMAXCHA pin 6). It limits the input current
(¢.g. when loading C4114 and C4000/C4001 just after connecting the power adapter) via
its internal Control circuit,

CHAGATE control signal

The CHARGE CONTROL circuit in the P-ASIC supplies the CHAGATE control signal.
The contro! circuit end stage supply voltage is VCHDRIVE. The CHAGATE high level
makes V4102 non-conductive (“OFF”, Vgs > (). The CHAGATE low level Is limited to
VCHDRIVE minus 13V, and makes V4102 conductive (“ON”, Vgs negative).

VCHDRIVE e — Va102 “OFF
VCHDRIVE -13V . NN l V4102 “ON”

10 {s

Fy
L 4

Figure 3-12. CHAGATE Conirol Voltage

+3V3GAR Voltage

When the test tool is not turned on, the Fly Back Converter does not run. In this
situation, the +3V3GAR voltage for the D-ASIC, the FlashROM, and the RAM is
supplied via transistor V4000. The voltage is controlled by the VGARDRYV signal
supplied by the P-ASIC (pin 69). The current sense voltage across R4000 is supplied to
pin 70 (VGARCURR). The voltage +3V3GAR is sensed on pin 66 for regulation. The
internal regulator in the P-ASIC regulates the +3V3GAR voltage, and limits the current,
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Reference voltage REFPWM?2

The +3.3 V voltage REFPWM?2 is used KL Prasic
as reference voltage for one of the :
PWM circuits in the D-ASIC. Ttis
derived from reference diode V4114, as
shown in Figure 3-13. REFPWM2 Mm Wm
circuit,

Figure 3-13. REFPWM2 circuit

Fly Back Converter

When the test tool is turned on, the D-ASIC makes the PWRON line (P-ASIC pin 62)
high. Then the self osciilating Fly Back Converter becomes active. It is started up by
the internal 100 kHz oscillator that is also used for the Charger/Converter circuit. First
the FLYGATE signal (pin 49) turns FET V4001 on (sec Figure 3-14), and an increasing
current flows in the primary transformer winding to ground, via sense resistor R4003. If
the volitage FLY SENSP across this resistor exceeds a certain value, the P-ASIC tumns
FET V4001 off. Then a decreasing current flows in the secondary windings to ground.
If the windings are “empty” (all energy transferred), the voltage VCOIL sensed by the
P-ASIC (pin 52) via R4001 is zero, and the FLYGATE signal will turn FET V4001 on
again.

IPRIMARY CURRENT |

FLYGATE SIGNAL m V4001 “ON”

V4001 “OFF”
Figure 3-14. Fly-Back Converter Current and Control Voltage

The output voitage is regulated by feeding back a part of the +3V45 output voltage via
attenuator R4011-R4012-R4013 to pin 54 (VSENS). This voltage is compared in the
P-ASIC to a 1.23V reference voitage. Any deviation of the +3V45 voltage from the
required 3.45V changes the current level at which current FET V4001 will be switched
off. If the output voltage increases, the current level at which V4001 is switched off will
become lower, and less energy is transferred to the secondary winding. As a result the
oufput voltage will become lower.

An current source in the P-ASIC supplies a current to R4020. The resuiting voltage is a
reference for the maximum allowable primary current (IMAXFLY). The voltage across
the sense resistor (FLYSENSP) is compared in the P-ASIC to the IMAXFLY voltage, If
the current exceeds the set limut, FET V4001 will be turned off.

Another internal current source supplies a current to R4014. This resulting voltage 1s a
reference for the maximum allowable output voltage (VOUTHI). The secondary output
voltage -1V8 is supplied to the P-ASIC, and then compared to the VOUTHI voltage. If
the voltage -1V8 exceeds the set limit, FET V4001 will be turned off,

The FREQPS signal drives the P-ASIC output stage that supplies the FET drive
FLYGATE signal. It is also supplied to the D-ASIC, in order to detect if the Fiy Back
converter is running within specified frequency limits (used in factory test only).
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3.4.9 Slow ADC, RS232 Serial Interface, LCD Backlight

See circuit diagram Figure 9-10.

Slow ADC
With the Stow ADC the D-ASIC can measure various signals for control and test
puposes:

D4300 pin 12-15: battery current (BATCUR), battery voltage (BATVOLT), battery
temperature (BATTEMP), battery identity (BATIDENT).

D4300 pin I: REFADCT can be measured for calibration and test purposes.

D4300 pin 5 : the internal test tool temperature is monitored by measuring the voltage on
the PTC silicon sensor V4205, The resulf is used for control purposes, for example to
control the LCD contrast.

1D4300 pin 4 : sense the MAIN PCA version, depending on values of R4304 and 4305
D4300 pin 2 : backlight lamp current.

De-multiplexer D4300 supplies one of its input signals to comparator N4300 (pin 4).
The D-ASIC suppiies the D4300 control signals SELMUXO0-2. The Slow ADC works
according to the successive approximation principle. The D-ASIC changes the voltage
ievel on pin 3 of the comparator (SADCLEV) step wise, by changing the duty cycle of
the PWM signal SADCLEVD. The comparator output SLOWADC is monitored by the
D-ASIC, in order to detect if the previous input voltage step caused the comparator
output to switch. By decreasing the voltage steps, the voltage level can be approximated
within the smallest possible step of the SADCLEV voltage. From its set SADCLEVD
duty cycle, the D-ASIC determines the voltage leve! of the selected input.

Optical RS232 inferface
Transmit, TXD1

The optical interface output LED H3400 is directly connected to the TXDI line
controlled by the D-ASIC (pin L1).

Receive, RXD1
The RXD1 line is sensed by the D-ASIC (pin L2)

If no light is received light sensitive diode H3401 does not conduct. Opamp N3401B pin
2 is at ground level, pin 3 is approximately +0.25V, so the RXD1 line is high,

If light is received H3401will conduct. The voltage at the cathode of the upper diode in
V3401 1s directly supplied to opamp N3401B pin 2. The voltage at the lower diode in
V3401 1s divided by R3403/R3404 and then supplied to N3401B pin 3. As as result the
RXD1 line is low.

The +3V3SADC supply voltage is present if the test tool is turned on, or if the Power
Adapter is connected (or both). So if the Power Adapter is present limited serial
communication is possible, even when the test tool is off. In this way the test tool can be
turned on by means of a command sent via the serial interface.

Backlight Converter
The LCD back light is provided by a 2.4 mm fluorescent lamp in LCD unit, The back
light converter generates the 300-400 Vpp ! supply voltage. The circuit consist of:

¢ A pulse width modulated (PWM) buck regulator to generate a variable, regulated
voltage (V4200, V4202, L4200, C4210).
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e A zero voltage switched {(ZVS) resonant push-puil converter to transform the
variable, regulated voliage into a high voltage AC output (V4201, T4200).

The PWM buck regulator consists of FET V4200, V4202, 1.4200, C4202, and a control
circuit it N4200. FET V4200 is turned on and off by a square wave voltage on the
COUT output of N4200 {pin 14). By changing the duty cycle of this signal, the output
on C4210 provides a variable, regulated voltage. The turn on edge of the COUT signal is
synchronized with each zero detect.

Outputs AOUT and BOUT of N4200 provide complementary drive signals for the push-
pull dual FET V4201. If V4201B conducts, the circuit consisting of the primary
winding of transformer T4200 and C4211, will start oscillating at its resonance
frequency. After half a cycle, a zero voltage is detected on pin 9 {ZO) of N4200,
V4201B will be turned off, and V42018 is turned on. This process goes on each time a
zero is detected. The secondary transformer current is sensed by R4201, and fed back to
N4200 pin 7 and pin 4 for regulation of the PWM buck regulator output voltage.

If the TLON signal, controllied by the D-ASIC, goes high the backlight is turned on
(N4200 pin 13 ENABLE is high).

Feedback of the lamp current is established by sensing the voltage across R4202 on
N4200 pin 7. If the voltage drops below approximately 1.5V an “open lamp” is detected
and the converter is turned off. Soft start wput N4200 pin 5 and R4207/C4201 allow
time for the lamp to strike and conduct the programmed level of current before enabling
the “open lamp” detection.

The BACKBRIG signal supplied by the D-ASIC provides a pulse width modulated
(variable duty cycle) square wave. By changing the duty cycle of this signal, the average
on-resistance of V4210 can be changed. This will change the secondary current, and
thus the back light intensity. The voltage on the “cold™ side of the lamp is limited by
V4204 and V4203, This limits the emission of electrical interference.

W Voltage at T4200 pin 4
’_—].______j—!_______[__] Voliage ACUT
l l_l u u L_J L_l Voltage COUT

f t

Ze70 ZEeT0
detset detect

Figure 3-15. Back Light Converter Voltages
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Performance Verification 4
4.1 introduction

4.1 Introduction

Warning

Procedures in this chapter should be performed by qualified
service personnel only. To avoid electrical shock, do not
perform any servicing unless you are qualified to do so.

The Fluke 192B/196B-C/199B-C ScopeMeter® test tool (referred to as test tool) should
be calibrated and in operating condition when you receive it.

The following performance tests are provided to ensure that the test tool is in a proper
operating condition. If the test tool fails any of the performance tests, calibration
adjustment (see Chapter 5) and/or repair (sec Chapter 7} is necessary.

The Performance Verification Procedure is based on the specifications, listed in
Chapter 2 of this Service Manual. The values given here are valid for ambient
temperatures between 18 °C and 28 °C.

The Performance Verification Procedure is a quick way to check most of the test tool’s
specifications. Because of the highly integrated design of the test tool, it is not always
necessary to check all features separatety.

4.2 Equipment Required For Verification

The primary source instrument used in the verification procedures is the Fluke 5500A. If
a 3500A is not available, you can substitute another calibrator as long as it meets the
mHnimuem test requirements.

¢ Fluke 5500A Multi Product Calibrator, including SC300 or SC600 Oscilloscope
Calibration Option.

e Stackable Test Leads {4x), supplied with the S500A.

o 50Q Coax Cables (2x), Fluke PM9091 (1.5m) or PM9092 (0.5m).

e Male BNC to Dual Female BNC adapter (1x), Fluke PM9093/001

¢ 500 feed through termination, Fluke PM9585.

¢ Dual Banana Plug to Femaie BNC Adapter (1x), Fluke PM9081/001.

s Dual Banana Jack to Male BNC Adapter (1x), Fluke PM9082/001.

s TV Signal Generator, Philips PM5418, NOT required if SC600 Oscilloscope
Calibration Option is used.

s 750 Coax cable (1x), Fluke PM9075.
s 75£) Feed through termination {1x), I'TT-Pomona model 4119-75.

4.3 General Instructions
Follow these general instructions for all tests:
e For all tests, power the test tool with the BC190 power adapter/battery charger. The
battery pack must be installed.
o Allow the 5500A to satisfy its specified warm-up period.
o TFor each test point , wait for the 5500A to settle.
¢  Allow the test tool a minimum of 30 minutes to warm up.
s One division on the LCD consists of 25 pixels ( 1 pixel = 0.04 division).
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4.4 Operating Instructions

4.4.1 Resetting the test tool

Proceed as follows to reset the test tool:
e Press to turn the test tool off.

€ Press and hold &

e Press and rclease to furn the test tool on.

e Wait until the test tool has beeped twice, and then release . When the test tool
has beeped twice, the RESET was successful.

4.4.2 Navigating through menu’s
During verification you must open menus, and to choose items from the menu.

Proceed as follows to make choices in a menu :
e Reset the test tool

¢ Open a menu, for exampie press , then press §
as showed in Figurc 4-1 will be opened.
Active functions arc marked by B .inactive functions by [ .
If more than one menu groups are available, they will be separated by a vertical line.
The menu you opened mdicates that READING 1 (that is the upper left reading)
shows the result of a V ac+dc measurement (M V ac+de ) on Input A (Mon A).

{READING 1). The menu

& to highlight the function to be selected.

i (ENTER) to confirm the selection.
The actwe function in the next menu group will be highiighted now. If the
confirmation was made in the fast (most right) menu group, the menu wili be closed.

ws-readt.bmp

Figure 4-1. Menu item selection




Performance Verification
4.5 Display and Backlight Test

4.4.3 Creating Test Tool Setup1

Before starting the verification procedure you must define a standard test tool setup,
called SETUP 1. During verification you will be asked to recall this setup. This defines
the initial test tool sctup for each verification.

Proceed as follows to create SETUPT:
1. Reset the test tool. Input A 15 ON, Input B is OFF now,

|29

. The inverse text indicates the acteal settings.

3. {toggle key) to select INPUT B ON. The Input B trace will become
4. 2 to change the PROBE B setting.

5. Select Probe Type: M Voltage | Attenuation: M 1:1 .

6. . The inverse text indicates the actual settings.

7. . to change the PROBE A setting.

8. Sclect Probe Type: B Voltage | Attenuation: M 1:1.

9. Press

29 to select READINGS ON

READING 1, and sclectBon A|RV dc
READING 2, and sclectMon B |V dc

9 select SCREEN+SETUP 11 {or M 1),

SAVE to save the actual test tool settings in sefup memory 1.

to teave the HOLD meoede.

4.5 Display and Backlight Test
Proceed as tollows to test the display and the backlight:

I, Press & to turn the test tool on.
2. Remove the BC190 adapter power, and verify that the backlight is dimmed.
3. Apply the BC190 adapter power and verify that the backlight brightness increases.

4, Press and hold (USER), then press and release N/ (CLEAR MENU)




Fluke 192B/196B-C/199B-C

Service Manual

4-6

1.

The test tool shows the calibration menu in the bottom of the display.

e Do not press now! If you did, turn the test tool off and on, and start at 4.

s Pressing will toggle the menu on-off,

Press 1) PREVIOUS threce times.
The test tool shows Contrast {(CL 0100):

Press J CALIBRATE .

The test tool shows a dark display;
the test pattern as shown in Figure
4-2 may be not visible or hardly
visible.

Observe the display closely, and
verify that the display shows no
abnormalities, as for example very
light pixels or lines.

Figure 4-2. Display Pixel Test Pattern

Press i) .
The test pattern is removed; the test tool shows Contrast (CL 0100):

Pressl 2 again to do the next step Contrast (CL 0110}:

Press | CALIBRATE

The test tool shows the display test pattern shown in Figure 4-2, at default contrast.
Observe the display closely, and verify that the display shows no abnormalities.
Also verify that the contrast of the upper left and upper right square of the test
pattern is equal.

Press i
The test pattern is removed; the test tool shows Contrast (CL 0110):

13.

The test tool shows a light display; the test pattern as shown in Figure 4-2 may not
be visible or hardly visible,
Observe the display closcly, and verify that the display shows no abnormalities.

Turn the test tool OFF and ON to exit the calibration menu and to return to the
normal operating mode.

If the maximum, minimum, or default display contrast is not OK, then you can set these
items without performing a complete calibration adjustment; refer to Section 5 for
detailed information.
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4.6 Scope Input A&B Tests

4.6.1 Input A&B Vertical Accuracy Test

WARNING

Dangerous voltages will be present on the calibration source
and connecting cables during the following steps. Ensure that
the calibrator is in standby mode before making any connection
between the calibrator and the test tool.

Proceed as follows:

i.

Connect the test tool to the 5500A as shown in Figure 4-3.

Connect both channels in paraliel.
Use PMAI3 {(banana-to-BHC) and PRIYEY3 {zsingle-to-dual BNC).
Do HOT use a 58 Ohm termination !

alS5ah mp

alf%ah,amp

Figure 4-3. Test Tool input A&B te 5500 Normal Quiput

2. Select the following test tool setup:

Recall the created SETUP 1 (see section 4.4.3): press
select SCREEN+SETUP M1 press |

Press press i INPUT A OPTIONS... , and sclect M Polarity Normal |
Bandwidth: I 10 kHz {HF reject)

Press press INPUT B OPTIONS... , and select M Polarity Normal |
Bandwidth: ll 10 kHz (HF reject)

Press &/ to clear the softkey menu, and to see the full screen.
Note:

The 10 kHz bandwidth limiter rejects calibrator noise. It does not affect the gain
accuracy at a 30 Hz input signal
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3. Using change the time base to select manual time base ranging, and lock the
time base on 10 ms/div.

4. Using &= move the Input A ground level (indicated by the zero icon i in
the left margin) to the center grid line.

5. Using .. move the Input B ground level (indicated by the zero icon lllin
the left margin) to the grid line one division below the center grid line.

6. Using 4 and L) set the Input A and B sensitivity range to the first test point in
Table 4-1.

Set the 5500A to source the appropriate initial ac voltage.

Adjust the 5500A output voltage until the displayed Input A trace amplitude is 6
divisions.

9. Observe the 5500A output voltage and check to see if it is within the range shown
under the appropriate column,

10. Adjust the 5500A output voltage until the displayed Input B trace amplitude is 6
divisions.

11. Observe the 5500A output voltage and check to see if it is within the range shown
under the appropriate columm.

12. Continue through the test points.
13. When you are finished, set the 5500A to 0 (zero) Volt, and to Standby.

Table 4-1. Vertical Accuracy Verification Points

Range Initial 5500A Setting, Allowable 5500A output for trace amplitude of
V ac, sine, 50 Hz 6 divisions
2 mV/div " 4.243 mV 4.081 to 4.405
5 mVidiv 10.606 mV 10.247 to 10.966
10 mVidiv 21213 mv 20.495t0 21.932
20 mV/div 42.426 mvV 40.980C to 43.862
50 mV/div 106.06 mV 102.475 to 109.657
100 mV/idiv 21213 mV 204.850 to 219.314
200 mV/div 42426 mvV 4089.80 to 438.62
500 mV/idiv 1.0607 V 1.02475 1o 1.09657
1 Vidiv 21213V 2.04850 t0 2.19314
2 Vidiv 4.2426 V 4.0980 0 4.3862
5 Vidiv 16.606 V 10.2475 10 10.8657
10 Vidiv 21213V 20.4950 to 21.9314
20 Vidiv 42426 V 40.890 t0 43.862
50 Vidiv 166.06 V 102.47 to 109.65
100 Vidiv 21243V 204.95 t0 219.31

Y ¢ versions only
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Note
The vertical accuracy test can also be done with de voltage. This method is
advised for automatic verification using the Fluke Met/Cal Meivology
Saftware. For each sensitivity range vou must proceed as follows:
[. Apply a +3 divisions voltage, and adjust the voltage until the itrace is ar
+3 divisions. Write down the applied voltage V1

o

Apply a -3 divisions voltage, and adjust the voltage unitil the trace is at
-3 divisions. Write down the applied voltage V2
3. Verify that VI-V2 = 6 x range *(1.5% + 0.04 X range)..
Example for range 10 mVidiv.:
The allowed VI - V2 =60 mV HG.015x 60+ 0.04 x 10}
= GOml 709+ 0.4) = 60mV £1.3mV

4.6.2 Input A&B DC Voltage Accuracy Test

WARNING

Dangerous voltages will be present on the calibration source
and connecting cables during the following steps. Ensure that
the calibrator is in standby mode before making any connection
between the calibrator and the test tool.

Proceed as foliows to verify the automatic dc voltage scope measurement:

1.
2.

Connect the test tool to the 5500A as for the previous test (see Figure 4-3).

Select the following test tool setup:

s Recall the created SETUP 1 (see section 4.4.3); press s
select SCREEN+SETUP M1, press RECALL SETUP.

. then press INPUT A OPTIONS ...
¢ Select Polarity: Ml Normal | Bandwidth: B 10 kHz (HF Reject)

RECALL ,

Using change the time base to select manual time base ranging, and lock the

time base on 10 ms/div.

| select manual vertical ranging and set the Input A and B
sensitivity range to the first test point in Table 4-2.
The sensitivity ranges are indicated in the left and right lower display edge.

Set the 3500A to source the appropriate dc voltage.

Observe the readings (1.A and 2.B) and check to see if it is within the range shown
under the appropriate column,
Due to calibrator noise, occasionally OL (overload) can be shown.

Continue through the test points.
When you are finished, set the 5500A to 0 (zero) Volt, and to Standby.
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Table 4-2. Volts DC Measurement Verification Points

Range 5500A output V dc Input A&B Reading

2 mVidiv 7 +6.0 mV +4.9 to +7.1
-6.0 mV -4.910-71

5 mV/div +15.0 mV +14.3 to +15.7
-15.0 mV -14.3t0 -15.7

10 mV/div +36.0 mV +29.1 t0 +30.8
-30.0 mV -29.110-30.9

20 mVidiv +680.0 mV +58.6 to +61.4
-60.0 mV -58.6 10 -61.4

50 mV/div +150 mY +143 fo +157
-150 mvV «143 to 157

100 mV/div +300 mv +291 to +309
-300 mv -291 to -309

200 mv/div +600 mv +586 to +614
-600 mv -586 to -614

500 mV/div +1.50V +1.43 10 +1.57
-1.50V -1.431to -1.57

1 V/div +3.00V +2.91 to +3.09
-3.00V -2.91 to -3.09

2 Vidiv +6.00V +5.86 to +6.14
-6.00 V -5.86 to -6.14

5 Vidiv +150V +14.3t0 +15.7
-15.0V -14.31t0-15.7

10 Vidiv +300V +28.1 to +30.9
-300V -29.1 %0 -30.9

20 Vidiv +60.0 V +58.6 1o +61.4
-60.0 V -58.6 10 -61.4

50 Vidiv +150 V +143 10 +157
-150 V -143 to -157

100 Vidiv +300 V +291 to +309
-300 V -291 to -309

1 .
) C versions only.
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4.6.3 Input A&B AC Voltage Accuracy Test (LF)

This procedure tests the Volts ac accuracy with de coupled inputs up to 50 kHz. The
high frequencics are tested in sections 4.6.10 and 4.6.12.

Warning

Dangerous voltages will be present on the calibration source
and connecting cables during the following steps. Ensure that
the calibrator is in standby mode before making any connection
between the calibrator and the test tool,

Proceed as follows to test the Input A and B automatic scope ac Voltage measurement
accuracy.

1.
2

Connect the test tool to the 5500A as for the previous test (see Figure 4-3).

Select the following test tool setup:

» Reeall the created SETUP 1 (see section 4.4.3): press N RECALL ,

selcct SCREEN+SETUP W 1, press RECALL SETUP .

o) INPUT A OPTIONS ...

e Select Polarity: B Normal | Bandwidth: B 20 MHz

INPUT B OPTIONS ...
¢ Select Polarity: Ml Normal | Bandwidth: it 20 MHz

e DPress

READING 1, and selectMon A | BV ac.

e Press , then press

o Press

e Press

READING 2, and selectMlon B | MV ac.

s  Press to clear the softkey menu, and to see the full screen.

Using hange the time base to select manual time base ranging. Lock the

time base on 20 ps/div for the 20 kHz signals, and on 10 ms/div for the 60 Hz signal.

Using B4 and b2 move the Input A and B ground level (indicated by the zere icon
B in the left margin} to the center grid line,

Using arxd select manual vertical ranging, and set the Input A and B
sensitivity range to the first test point in Table 4-3.
The sensitivity ranges are indicated in the left and right lower display edge in gray.

Set the 5500A to source the appropriate ac voltage.

Observe the readings (1.A and 2.B) and check to see if it is within the range shown
under the appropriate column.

Continue through the test points,
When you are finished, set the S500A to 0 (zero} Volt, and to Standby.
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Tabhle 4-3. Volits AC Measurement Verification Points

Range 5500A output Input A&B Reading
Vac Freguency

2 mvrdiv ! (Sefect 10 ms/div) 4my 60 Hz 3.0 mV10 5.0 mv
Set input A&B Bandwidth 10 kHz
to prevent OL due to calibrator
noise: see step 2.
5 mVW/div (Select 20 ps/div). 10 mv 20 kHz 8.3mVio11.7 mV
Set input A&B Bandwidth 20 MHz
10 mV/div 20 mV 20 kHz 18.0mVi0 22.0 mv
20 mV/div 40 mVv 20 kHz 37.5mVto425 mv
50 mV/div 100 mV 20 kHz 86.0 mV to 104.0 mV
100 mVidiv 200 mvV 20 kHz 180 mV to 220 mV
200 mV/div 400 mV 20 kHz 375 mV to 425 mV
500 mV/div {Select 10 ms/div) 900 mV 60 Hz 877 mV to 923 mV
500 mV/div {Select 20 usidiv} 900 mV 20 kHz 863 mV io 937 mv
1 Vidiv 2V 20 kHz 1.80Vio 220V
2 Vidiv 4V 20 kHz 375Vi0d25V
5 Vidiv 9V 20 kHz 863Vio937V
10 Vidiv 20V 20 kHz 18.0Vic 220V
20 Vidiv 40V 20 kHz 37.5Vto4d425YV
50 Vidiv 90 Vv 20 kHz 86.3Vto 93.7V
100 Vidiv 200V 20 kHz 186V 10220V

Y ¢ versions only

4.6.4 Input A & B AC Coupled Lower Frequency Test
Proceed as follows to test the ac coupied input low frequency accuracy:
1. Conneet the test tool fo the S500A as for the previous test {(see Figure 4-3).
2. Select the following test too] setup:

¢ Recall the created SETUP 1 (see section 4.4.3); press
sclect SCREEN+SETUP M1, press U4 RECALL SETUP

s Press

JREADING 1. and selectlon A |V ac.
) READING 2 ,and selecton B MV ac.
& sclect COUPLING AC
select COUPLING AC

e Press

¢ Press|

e Press , then using

s Press , then using :
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to clear the softkey menu, and to see the full screen.

3. change the time base to sclect manual time base ranging, and lock the
time base on 50 ms/div,

4, move the Input A and B ground level (indicated by the zero icon
Il in the teft margin) to the center grid line.

5. select manual vertical ranging, and set the Input A and B
sensitivity range o 500 mV.

6. Set the 5500A to source the appropriate ac voltage and frequency, according to
Table 4-4.

7. Observe the readings (1.A and 2.B} and check to see if it is within the range shown
under the appropriate column.

8. Continue through the test points.

9. When you are finished, set the 5500A to O (zero) Volt, and to Standby.

Table 4-4. Input A&B AC Input Coupling Verification Poinis
5500A output, Vrms 5500A Frequency Reading 1.A and 1.B

900 mV 60 Hz 873 mV to 927 mV
900 mV 5 Hz >6306 mV

4.6.5 Input A and B Peak Measurements Test

WARNING

Dangerous voltages will be present on the calibration source
and connecting cables during the following steps. Ensure that
the calibrator is in standby mode before making any connection
between the calibrator and the test tool.

Proceed as foliows to test the Peak measurement accuracy:

1.
2.

Connect the test too! to the 5500A as for the previous test (sce Figure 4-3).

Select the foliowing test tool setup:

¢ Recall the created SETUP 1 {see section 4.4.3): press §
select SCREEN+SETUP M1, press

¢ Press

; READING 1, and sclect Mon A |l Peak.
Seclect M Peak-Peak from the Peak menu,

READING 2 , and sclect Mon B | B Peak.
Seiect M Peak-Peak from the Peak menu.

k2

RECALL SETUP .

/ to clear the softkey menu, and to see the full screen.

Using 2z 24 change the time base to select manual time base ranging, and lock the
time base on 1 ms/div.
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4, Using |24 and I move the Input A and B ground level (indicated by the zero icon
B i the left margin) to the center grid line.

5. Using select manual vertical ranging, and set the Input A and B
sensitivity range to 100 mV.

6. Set the 5500A to source the appropriate ac voltage and frequency, according to
Table 4-5.

7. Observe the readings (1.A and 2.B) and check to see if it is within the range shown
under the appropriate column.

8. Continue through the test points.
9. When you are finished, set the 5500A to 0 (zero) Volt, and to Standby.

Table 4-5, Voits Peak Measurement Verification Pointis

5500A output, Vrms (sine) 5500A Frequency

Reading A-B

21213 mV (0.6 V pp) 1 kHz

0.56t0 0.64

4.6.6 Input A&B Frequency Measurement Accuracy Test

4-14

Proceed as follows to test the frequency measureiment acouracy:

1. Connect the test tool to the 55300A as shown in Figure 4-4, Do NOT use 50 Q
terminations!

Cormnect bath channels in parailel.
Use PMIGE] single-to.dual BHC.
Use HO 56 Ohm termination !

alSSgeab hmp

al55scal bmp

Figure 4-4. 5500 Scope Output to Test Tool tnput A&B

2. Sclect the following test tool setup:

¢ Recall the created SETUP 1 (see section 4.4.3): press
select SCREEN+SETUP M1, pressl

¢ Press
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¢ Pross| READING 1, and select Mon A | M Hz.

READING 2 | and sclect M on B | B Hz.

o Press

3. Using and | i select range 100 mV/div for A and B.

4, Using sclect the required time base setting.

5. Set the 5500A to source a sine wave according to the first test point in Table 4-6.
As no 500 termination is applied, the 5500 leveled sine wave output amplitude will
be twice the set value,

6. Observe the readings (1.A and 2.B) and check to sce if it 1s within the range shown
under the appropriate colurmnn.

7. Continue through the test points.

& When you are finished, set the 5500A to 0 (zero) Volt, and to Standby.

Table 4-6. Input A&B Frequency Measurement Accuracy Test

Model | Time base | 5500A-8C... MODE | Voltage Frequency Input A&B Reading
alt 20 ms/div wavegen, sine 600 mVpp 16 Hz 15.90 to 16.10
192B 20 ns/div levsine 300 mVpp 60 MHz 596810 60.32
196B-C | 26 ns/div levsine 300 mVpp 100 MHz 99.3 toc 100.7
199B-C | 26 ns/div levsine 300 mVpp 200 MHz 108.8 10 201.2
Note

Duty Cyvele and Pulse Width measurements are based on the same
principles as Frequency measurements. Therefore the Duty Cycle and
Pulse Width measurement function will not be verified separately.

4.6.7 Input A&B Phase Measurements Test

Proceed as foilows to test the phase measurement accuracy:
1. Connect the test tool to the 5500A as for the previous test {see Figure 4-4),
2. Select the following test tool setup:

RECALL ,

sclect SCREEN+SETUP M1 . press

«  Press

1 select the required time base setting.

Set the 5500A to source a sine wave according to the first test point in Table 4-6.
As 1o 500 termination 18 applied, the 5500 leveled sine wave output amplitude will
be twice the set value.
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6. Observe the reading 1.A and 2.B and check to sce if they are not outside the range
shown under the appropriate column.
7. Continue through the test points.
8. When you are finished, set the 5500A to 0 (zero) Volt, and to Standby.
Table 4-7. Phase Measurement Verification Points

Time base 5500A-8C... MODE Frequency Voltage Input A&B Reading ...Deg
20 ms/div wavegen, sine, 1 MQ 10 Hz 600 mVpp -21t0 +2
200 ns/div levsine 1 MMz 300 mVpp -210 +2
20 ns/div levsine 10 Miiz 3G0 mVop -3to +3

4.6.8 Time Base Test

Proceed as follows to test the time base accuracy:

1.

Connect the test tool to the 5500A as shown in Figure 4-5.

al5Sscabmp

aisheca.bmp

Figure 4-5. 5500A Scope Output fo Test Tool Input A

Set the 5500A to source a 8 ms time marker (MODE marker).

Select the foliowing test tool setup:

L]

Reset the test tool

Using ¥ select manual vertical ranging, and set the Input A
sensitivity range to SV (probe A is 10:1, so input sensitivity is 500 mV/div).

Using change the time base to sclect manual time base ranging, and
lock the time base on 10 ms/div),

g &

Using _ 4 move the trace to the [eft. After moving the trace 2 divisions,
the trigger delay time with respect {o the first vertical grid line will be indicated
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in the center of the display bottom.
Adjust the trigger delay time to 8.000 ms (A1 -] 8.00 ms )

set the time base on 10 us/div.

g I move the trace to the right until the indicated trigger delay is
7.990 ms.

5. Examine the rising edge of the time marker pulse at the height of the trigger level
indicator top. Verify that the rising edge is at the second grid line from the left. The

allowed deviation is £3 pixels, see Figure 4-6.

6. Select the following test toel setup:

o Usingi
lock the time base on 10 ms/div).

¢ Using
(AT 800.0 ps).

move the trace fo adjust the trigger delay time to 800.0 us

e Usingl | set the time base on 1 ps/div.

7. Set the 5500A to source a 0.8 ms time marker (MODE marker}.
Using
799.0 us.

move the trace to the right until the indicated trigger delay is

change the time base to sclect manual time base ranging, and

9. Examine the rising edge of the time marker pulse at the vertical height of the trigger
level indicator top. Verify that the rising edge is at the second grid line from the left.

The allowed deviation is £3 pixels, sece Figure 4-6.

i

Figure 4-8. Time Base Verification

4.6.9 Input A Trigger Sensitivity Test
Proceed as follows to test the Input A trigger sensitivity:
1. Connect the test tool to the 5500A as for the previous test (see Figure 4-5).
2. Select the following test tool setup:

o Reset the test tool

190e-t0 T.6mp
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s  Using | change the sensitivity range to select manual sensitivity
ranging, and lock the Input A sensitivity range on 2 V/div.

3. Using J select the time base indicated under the second column of Table 4-8.
4. Set the 5500A to source the leveled sine wave for the appropriate test tool model.
5. Adjust the 5500A output voltage until the displayed trace has the trigger amplitude
indicated under the last column of Table 4-8.
6. Verily that the signal és well Erigg{:red.
[f it is not, press Gaiwssd , then using | enable the up/down arrow keys for manual
Trigger Level adjustment Adjust the trigger level and verify that the signal will be
triggered now. The trigger level is indicated by the trigger icon ().
7. Continue through the test points.
8. When vou are finished, set the 5500A to Standby.
Table 4-8. Input A Trigger Sensitivity Test Points
UUT UuT 5500A SC... MODE levsin uuT
Model Time base Initial Input Voltage Frequency Trigger Amplitude
AlLL 200 ns/div 100 mV pp 5 MHz 0.5 div
1928 10 ns/div 400 mV pp 80 MHz 1 div
10 ns/div 800 mV pp 100 MHz 2 div
186B-C 10 ns/div 400 mV pp 100 MMz 1 div
10 ns/div 800 mV pp 150 MMz 2 div
1998-C 10 ns/div 400 mV pp 200 MKz 1 div
10 ns/div 800 mV pp 250 MMz 2 div
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4.6.10 Input A AC Voltage Accuracy (HF) & Bandwidth Test

Proceed as follows to test the Input A high frequency automatic scope ac voltage
measurement accuracy, and the bandwidth:

1. Connect the test tool to the 5500A as for the previous test (see Figure 4-5),

2. Select the following test tool setup:

o Recall the created SETUP | (see section 4.4.3); press RECALL ,

select SCREEN+SETUP M1 press RECALL SETUP .

¢ Press , then press

o select autoranging (AUTO in upper right LCD edge)

J READING 1, and select Mon A | BV ac.

e Presst

¢ Using and change the sensitivity range to select manual sensitivity
ranging, and lock the Input A sensitivity range on 500 mV/div. (AUTO in upper
right LCD edge disappears)
3. Set the 5500A to source a sine wave, to the first test point in Table 4-9,

4. Observe the Input A reading and check to see if it is within the range shown under
the appropriate column.

Continue through the test points.
6. When you are finished, set the 5500A to Standby.
Table 4-8. HF AC Voltage Verification Points

uuT 5500A SC... MODE levsin uuT
Model Voltage Frequency Reading A
alt 2.545 Vpp 1 MHz 835 mV fo 985 mV
all 2.545 Vipp 25 MHz 790 mV to 1.010 V
1928 2,545 \ipp 60 MHz >630 mV
196B-C 2.545 Vpp 100 MHz >630 mV
188B-C 2.545 \pp 200 MHz >630 mV
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4.6.11 Input B Trigger Sensitivity Test
Proceed as follows to test the Input B trigger sensitivity:

1. Connect the test tool to the 5500A as shown in Figure 4-7,

4-20

al5Ssch hugp

zibisch.bmp

Figure 4-7. 5500A Scope Output to Test Tool Input B

Select the following test tool setup:

¢ Reset the test tool

s Press and use to turn Input B on.

¢ Press and use [ 2 to turn Input A off.

move the Input B trace zero to the center grid line.
to select Input B as trigger source.

. | change the sensitivity range to select manual sensitivity
ranging, and lock the Input B sensitivity range on 2 V/div.

select the time base indicated under the first colunmn of Table 4-10,
Set the 5500A to source the leveled sine wave given in the first row of Table 4-10.

Adtust the 5500A output voltage until the dispiayed trace has the amplitude
indicated under the appropriate column of Table 4-10.

Verify that the si nai is well trlggcrcd

If it is not, press } , then using [ 2] enable the up/down arrow keys for manual
Trigger Level adjustznent. Adjust the trigger level and verify that the signal will be
triggered now. The trigger level is indicated by the trigger icon (I).

Continue through the test points.

When you are finished, set the 5500A to Standby.
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Table 4-10. Input B Trigger Sensitivity Test Poinis

UUT uuT 5500A SC... MODE levsin UuUT
Model Time base Initial Input Voltage Frequency Trigger Amplitude
ALL 200 ns/div 100 mV pp 5 MHz 0.5 div
192B 10 ns/div 400 mV pp 60 MHz 1 div
10 ns/div 800 mV pp 160 MHz 2 div
196B-C 10 ns/div 400 mV pp 100 MHz 1 div
10 ns/div 800 mV pp 150 MHz 2 div
199B-C 10 ns/div 400 mV pp 200 MHz 1 div
10 ns/div 800 mV pp 250 MHz 2 div

4.6.12 Input B AC Voltage Accuracy (HF} & Bandwidth Test

Proceed as follows to test the Input B high frequency automatic scope ac voltage
measurement accuracy, and the bandwidth:

1.

Connect the test tool to the 5500A as for the previous test {sec Figure 4-7).

2. Select the following test tool setup:
e Recall the created SETUP 1 (sce scction 4.4.3): press ki) .,
select SCREEN+SETUP M1 | press RECALL SETUP .
e Press , then press READING 2, and sclectMon B | RV ac,
e lect autoranging {AUTO in upper right LCD edge)
¢  Using :' <] change the sensitivity range to select manual sensitivity
ranging, and fock the Input B sensitivity range on 500 mV/div.
Set the 5500A to source a sine wave, to the first test point in Table 4-11.
4. Observe the Input B reading and check to see if it is within the range shown under
the appropriate column of table 4-11.
Continue through the test points.
6. When vou are finished, set the 5500A to Standby.
Table 4-11. HF AC Voltage Verification Points
UuT 5500A 5C... MODE levsin uuT
Model Voltage Frequency Reading B
all 2.545 Vipp 1 MHz 835 mV to 965 mv
all 2.545 Vpp 25 MHz 790 MV to 1.010 V
192B 2.545 \pp 60 MHz >830 mV
186B-C 2.545 Vpp 100 MHz >630 mV
19eB-C 2545 Vpp 200 MHz >B30 mV
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4.6.13 Video test using the Video Pattern Generator

4-22

You can skip this test if you do the test 4.6.74 Video test using the SC600 Scope

Calibration option
Only one of the systems NTSC, PAL, PALplus, or SECAM has to be verified.
Proceed as follows:

1. Connect the test tool to the TV Signal Generator as shown in Figure 4-8.

p

54 18 Vides Paliern Generator

al-tv-a.bmp

Figure 4-8. Test Tool Input A to TV Signal Generator

2. Select the following test tool setup:

¢ Reset the test tool

}, then press [t open the Trigger Options menu.
e Choose MVIDEO on A..., then from the shown opened menu choose

Polarity: MPOSITIVE | ll PAL { or MINTSC W PALplus Bl SECAM )
e Presslidto select ALL LINES

o Press@ T
e Using &40 select line number:

622 for PAL, PALplus, or SECAM
525 for NTSC,

® si select the time base to 20 ps/div.

3. Setthe TV Signal Generator to source a signal with the following properties:

e the system selected m step 2
® gray scale

o enable the arrow keys for selecting the video line number.

al-tv-a.bmg

4 set the Input A sensifivity to 2 V/div (the actual probe setting
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e sync pulse amplitude > 0.7 div.
¢ chroma amplitude zero.

4. Observe the trace, and check to sec if the test tool triggers on line number:
622 for PAL or SECAM, see Figure 4-9
525 for NTSC, see Figure 4-10.

s ' Trig: Line6ez
e ﬁ LIME HR.
P & 5 5 et

e "-\z aowedlegny  B22v

Figure 4-9. Trace for PAL/SECAM line 622

L . :
Figure 4-10. Trace for NTSC line 525

. AMES I &

5. Using w2 select line number:
310 for PAL or SECAM
262 for NTSC

6. Observe the trace, and check to se¢ if the test tool triggers on:
line number 310 for PAL or SECAM. see Figure 4-11.

line number 262 for NTSC, see Figure 4-12.

Figure 4-12. Trace for NTSC line 262

7. Apply the inverted TV Signal Generator signal to the test tool.
Invert the signal by using a Banana Plug to BNC adapter (Fluke PM9081/001) and a
Banana Jack to BNC adapter (Fluke PM9082/001), as shown in Figure 4-13.
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P 5418 videp Pattern Senerator

pMang2
PM30g1 . 3

al-tv-ai.bmp

ab-fy-zi bmp

Figure 4-13. Test Tool Input A to TV Signal Generator Inverted

8. Select the foliowing test tool sctup:

to open the Trigger Options menu.
e Choosc MVIDEO on A... , then from the shown opened menu choose
Polarity: MNEGATIVE | M PAL ( or INTSC MPALplus B SECAM )

9 select Hne number 310 (PAL or SECAM) or 262 (NTSCO)

9. Using @

10. Observe the trace, and check to see if the test tool triggers on line number 310 (PAL
or SECAM, sce Figure 4-14), or line number 262 (NTSC, sce Figure 4-15).

j: Line3is

LIHE HR.
Figure 4-14. Trace for PAL/SECAM line 310 Figure 4-15. Trace for NTSC [line 262 Negative
Negative Video Video

4.6.14 Video test using SC600 Scope Calibration Option

You can skip this test if you did test 4.6.13 Video test using the Video Pattern
Generator.

Only one of the systems NTSC, PAL, PALplus, or SECAM has to be verified.
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4

Proceed as follows:

1. Connect the test tool to the calibrator as shown in Figure 4-16.

alffscabmp

abSsca. bmn

Figure 4-16. Test Tool Input A to TV Signal Generator

2. Select the following test tool setup:

s Reset the test tool

e Pressk

, then press j to open the Trigger Options menu.

e Choose BVIDEO on A... | then from the shown opened menu choose
Polarity: RPOSITIVE | B PAL { or MNTSC M PALplus Bl SECAM )
to select ALL LINES

+ Press

e Press | to enable the arrow keys for selecting the video line number.
e Using & 5 select ine number:
622 for PAL, PALplus, or SECAM

525 for NTSC.

e Using and

is 10:1).

set the Input A sensitivity to 2 V/div (the actual probe setting

e Using select the time base to 20 ws/div.

3. Set the calibrator to mode video with amplitude +100%. Set format and marker line
number to :

PAL 622 (even), for PAL and PALplus
SECAM 622 (even), for SECAM
NTSC 262 even, for NTSC.

4. Observe the trace, and check to see if the test tool triggers on the negative puise
before the marker puise (see Figure 17).
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10,
11

12.

7 select test tool line number:

310 for PAL, PALpius or SECAM
262 for NTSC

Using &

Set the calibrator format and marker line number to
PAL 310 (odd), for PAL and PALplus
SECAM 310 (odd), for SECAM
NTSC 262 odd, for NTSC.

Observe the trace, and check to see if the test toot triggers on the negative pulse
before the marker.

Select the following test tool setup:

¢ Press to open the Trigger Options menu.

¢ Choose M VIDEO on A... , then from the shown opened menu choose
Polarity: MNEGATIVE | M PAL ( or BENTSC M PALpius M SECAM )

Set the calibrator video trigger output signal to -100%
¥ select Hoe number 310 (PAL, PALplus or SECAM) or 262 (NTSC)
Set the calibrator format and marker line number to :

PAL 310 (odd), for PAL and PALpius

SECAM 310 (odd), for SECAM

NTSC 262 odd, for NTSC.

Using &

Observe the trace, and check to see if the test tool triggers on the positive pulse
before the marker.

;-n\ﬂ;'k&?j)tlis&~-';*“-;----;----;'-~-;~'-;--~';""j'"';

video-scB0.bmp

Figure 4-17. SC600 Marker Pulse
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4.7 External Trigger Level Test

Proceed as follows:

L.

Connect the test tool to the 5500A as shown in Figure 4-18.

al5Sexw b

(9]

al8Baxzw bmp

Figure 4-18. Test Tool Meter/Ext Input to 5500A Normal Qutput

Select the following test tool setup:
¢ Reset the test tool

o Press

select the TRIGGER OPTIONS... menu
Select M On Edges... from the TRIGGER OPTIONS menu
Select Update: M Single Shot | Noise reject Fiiter: ll On

EDGE TRIG select Ext .

e Using

o Usinglk
SLOPE select positive slope triggering (trigger icon J ).

o Using Ext LEVEL select 1.2V
Set the 53500A to source 0.4V de.

¢ Using

Verify that no trace is shown on the test tool display, and that the status line at the

display top shows SINGLE MANUAL. or SINGLE WAITING. If the display shows the

trace, and status SINGLE HOLD then press L2
Set the 5500A tosource 1.7V

Verify that the test tool is triggered by checking that the trace becomes visible.
To repeat the test, start at step 3.

Set the 5500A to Standby.

o re-arm the test tool for a trigger.
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4.8 Meter (DMM) Tests

4.8.1 Meter DC Voltage Accuracy Test

WARNING

Dangerous voltages will be present on the calibration source
and connecting cables during the following steps. Ensure that
the calibrator is in standby mode before making any connection
between the calibrator and the test tool.

Proceed as follows to test the meter de voltage measurement accuracy:
1. Connect the test tool to the 5500A as for the previous test {see Figure 4-18).
2. Select the following test tool setup:

¢ Press (this key will toggle the menu bar on and off if the test tool is
already in the meter modce)

¢ Press  to open the Measurement menu, and select IV dc

o select MANUAL ranging; use 2
Set the range to the first test point in Table 4-12.

e Press to sclect the ranges.

4. Set the S500A to source the appropriate dc voltage.

Observe the reading and check to see if it 1s within the range shown under the
appropriate column.

6. Continue through the test points.
When you are finished, set the 5500A to 0 (zero) Volt, and to Standby.

Table 4-12, Meter Volts dc Measurement Verification Points

Range 5500A output V dc Meter Reading
500.0 mV + 500 mv 497.0 to 503.0
- 500 mV -497.0 to -503.0
0 mv -0.5t0 +0.5

5.000 V +5.000V 4.970 {0 5.030
- 5000V -4.970 0 -5.030

50.00 V +50.00V 49.70 to 50.30
- 50.00 V -49.70 {0 -50.30

5¢0.0 V + 5000V 497.0 {0 503.0
-500.0V -497.0 t0 -503.0

1100V + 1000V 0.990 to 1.010
- 1600V -0.990 t0 -1.010
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4

4.8.2 Meter AC Voltage Accuracy & Frequency Response Test

Warning

Dangerous voltages will be present on the calibration source
and connecting cables during the following steps. Ensure that
the calibrator is in standby mode before making any connection
between the calibrator and the test tool.

Proceed as follows to test the ac voltage measurement accuracy:
1. Connect the test tool to the 5500A as for the previous test (see Figure 4-18).

2. Select the following test tool setup:

s Press

e Press|

to open the Measurement menu, and sclect MV ac
to select MANUAL ranging; use &
Set the range to the first test point in Table 4-13.

¢ Press

# fo select the ranges

4, Set the 5500A to source the appropriate ac voltage.

Observe the reading and check to see if it is within the range shown under the
appropriate column.

6. Continue through the test points.
7. When you are finished, set the 5500A to 0 (zero) Volt, and to Standby.

Table 4-13. Meter Volts AC Measurement Verification Points

Range 5500A output V ac Frequency Meter Reading
500.0 mV 560.0 mV 60 Hz 494.0 to 506.0
1 kHz 486.0to 514.0

10 kiHz >350.0
5060V 5,000V 60 Hz 4.940 10 5.060
1 kHz 4.860 10 5,140

10 kHz >3.500
50.00 V 50.00 V 60 Hz 48.40 to 59.80
1 kHz 48.60 10 51.40

10 kHz >35.00
500.0 vV 5000V 60 Hz 4940 to 508.0
1 kHz 486.0 t0 514.0

10 kHz >3580.0
1100V (1.1 kV) 1000V 60 Hz 0.980 t0 1.020
1 kHz 0.960 to 1.040

10 kHz >{.700
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4.8.3 Continuity Function Test

Proceed as follows:

I.

b

R

Select the following test tool setup:

s Press

s Press

244 to open the Measurement menu, and select I Continuity
Connect the test tool to the S500A as for the previous test (see Figure 4-18).

Set the S500A to 20 Q. Use the 5500A “COMP 2 wire” mode,
Listen to hear that the beeper is on.

Set the 5500A to 80 £2.

Listen to hear that the beeper is off.

When you are finished, set the 5500A to Standby.

4.8.4 Diode Test Function Test

Proceed as follows to test the Diode Test function :

I

A o

Select the following test tool setup:

+ Press

} to open the Measurement menu, and select M Diode
Connect the test tool to the 5500A as for the previous test (see Figure 4-18).

Set the 5500A to 1 kQ. Use the 5500A “COMP 2 wire” mode.

Observe the main reading and check to see if it is within 0.4 V and 0.6 V.

Set the 5500A to 1V de.

Observe the main reading and check to see if it is within 0.975 V and 1.625 V.
When you are finished, set the 5500A to Standby.

s Presst

4.8.5 Ohms Measurements Test

Proceed as follows to test the Ohms measurement accuracy:

1.

Connect the test tool to the 5500A as shown in Figure 4-19,
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al55exdw hawp

aiSsexdw.omp

Figure 4-19. Test Meter Tool Input to 5500A Normal Qutput 4-Wire

Select the following test tool setup:

¢« Press

o Press(L ] to open the Measurement menu, and select B Ohms

e Press s to select AUTO ranging.

Set the 5500A to source the appropriate resistance value for the first test point in
Table 4-14.

Use the 5500A “COMP 2 wire” mode for the verifications up to and including
50 kQ. For the higher values, the 5500A will turn off the “COMP 2 wire” mode.

Observe the reading and check to see if it is within the range shown under the
appropriate cohuma.

Continuc through the test points.
When vou are finished, set the 5500A to Standby.

Table 4-14. Resistance Measurement Verification Points

5500A output Meter Reading
16:9) 0.0t00.5

4000 397.1 10 402.5

4 kQ 3.871104.029

40 kQ 39.71 to 40.29
400 kQ 397.1t0 402.9

4 MO 3.97110 4.029

30 MQ 29.77 to 30.23
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4.9 Probe Calibration Generator Test

To verify the internal probe calibration square wave generator, you can do a Probe
Calibration as described in section 5.8, If no square wave appears on the screen, either

e the probe is defective: try another probe, check the probe with an external voltage in a
scope application,

or

e the internal square wave generator is defective.

This is the end of the Performance Verification Procedure,
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Calibration Adjustment
5.1 General

S

5.1 General

5.1.1 Introduction

The following information, provides the complete Calibration Adjustment procedure for
the Fluke 192B/196B-C/199B-C ScopeMcter test tool (referred to as test tool). The test
tool allows closcd~case calibration using known reference sources. It measures the
reference signals, calculates the correction factors, and stores the correction factors in
RAM. After completing the calibration, the correction factors can be stored in
FlashROM,

The test tool should be calibrated after repair, or if it fails the performance test. The test
tool has a normal calibration cycle of one year.

5.1.2 Calibration number and date

When storing valid calibration data in FlashROM after performing the calibration
adjustment procedure, the calibration date is set to the actual test tool date, and
calibration number 1s raised by one. To display the calibration date and - number:

i. Press . then press to see the Version & Calibration data (see Figure 5.1}

2. Press to return to exit the Version & Calibration screen,

Uersion & Calibration

Morbal Humber : 198¢C
Software Uersion: L ENH]
talibration Humber: 1
Catibration Date: 014012002
Battery Befresh Date; 0tf0i1s 2002

wm-verseat.bmg

Figure 5-1. Version & Calibration Data

Note:

The calibration date and calibration number will not be changed if only the
Contrast Calibration Adjustment and /or the Probe Calibration is done

5.1.3 General Instructions
Follow these general instructions for all-calibration steps:

¢ Aliow the 5500A to satisfy its specified warm-up period. For each calibration point ,
wait for the 5500A to settle.

e  The required warm up period for the test tool is included in the WarmingUp &
PreCal calibration step.

¢ FEnsure that the test tool battery is charged sufficiently.
s Power the test tool via the BC190 Battery Charger/Power Adapter
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5.1.4 Equipment Required For Calibration

The primary source instrument used in the calibration procedures is the Fluke 5500A. If
a 55004 is not available. you can substitute another calibrator as long as it meets the
minimum test requirements.

Fluke 5500A Multi Product Calibrator, including SC300 or SC600 Oscilloscope
Calibration Option.

Stackable Test Leads (4x), supplied with the 5500A.

50€2 Coax Cable (2x), for example Fluke PM9091 (1.5m) or PM9092 (0.5m).
50€ feed through termination, Fluke PM9585.

Male BNC to Dual Female BNC Adapter (1x), Fluke PM9093/001.

Dual Banana Plug to Female BNC Adapter (1x), Fluke PM9081/001,

5.2 Calibration Procedure Steps

To do a complete calibration adjustment you must do ali following steps:

1.

S O i

Select the Cabibration Mode, section 5.3

Do the Contrast Calibration Adjustmment, section 5.4

Do the WarmingUp & PreCalibration, section 5.5

Do the Final Calibration, section 5.6

Save the Calibration Data and Exit the calibration mode, section 5.7

Do the probe Calibration, section 5.8

The following partial calibrations are allowed:

]

®

Contrast calibration, do the above-mentioned steps 1, 2, and 5.
I during normal operation the display cannot be made dark or light enough, or if the
display after a test tool reset is too light or too dark, you can do this calibration.

Probe calibration, do the above-mentioned step 6.
The probe calibration matches the probe to the used input channel.

5.3 Starting the Calibration

Follow the steps below to start the calibration:

1.
2.

Power the test tool via the power adapter input using the BC190 power adapter.

Check the actual test tool date, and adjust the date if necessary (the calibration date
will become the test tool date when saving the calibration data):

e Press (toggles the menu bar on-off)

s press i i) to open the OPTIONS menu

e using &4 select DATE ADJUST...

®  press J to open the DATE ADJUST menu

¢ ad:ust the date if necessary,
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3. Select the calibration mode.

The Calibration Adjustment Procedure uses built-in calibration setups, that can be
accessed in the calibration mode.

To enter the calibration mode proceed as foliows:

s Press and hold &g/ . press and release release
The display shows the CAL MODE (Calibration Adjustment) screen.

The display shows the calibration step Warming Up (CL 0200) , the calibration
status :IDLE {valid) or :IDLE (invalid) , and the sottkey menu.

Continue as indicated in section 5.2,

You can leave the calibration mode without changing the calibration data by turning the
test tool off.

Explanation of screen messages and key functions.

When the test tool is in the calibration Mode, only the J soft keys, th

key, and the key can be operated, unless otherwise stated.

The calibration adjustment screen shows the actual calibration step (name and number)
and its status: Cal Name  (CL nnnn) :Status {...)

Cal Name Name of the selected calibration step, ¢.g. WarmingUp
(CL nninn) Number of the calibration step
Status {...) can be:

IDLE (valid) After (re)entering this step, the calibration process is not started.
The calibration data of this step are valid. This means that the
last time this step was done, the calibration was successful. It
does not necessarily mean that the unit meets the specifications
related to this step!

IDLE (invalid) After (re)entering this step, the calibration process is not started.
The calibration data are invalid. This means that the last time this
step was done, the calibration was not successful. Most probably
the unit will not meet the specifications if the actual calibration
data arc saved.

BUSY aaa% bbb% Calibration adjustment step in progress, progress % for Input A
and Input B. During WarmingUp the elapsed time is shown.

READY Calibration adjustment step finished.

Error :xxxx Calibration adjustment failed, due to wrong input signal(s} or
because the test tool is defective.
If the error code is <5000 you can repeat the failed step.
If the error code is 25000 you must repeat the complete final
calibration (start at 5.6.1}.
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Functions of the keys F1-F4 are:
PREV  select the previous step
NEXT  select the next step

CAL start the calibration adjustment of the actual step

EXIT leave the calibration mode

5.4 Contrast Calibration Adjustment
After entering the calibration mode the display shows:
WarmingUp (CL 0200):iDLE (valid)

Do not press & now! If you did, turn the test tool off and on, and enter the
calibration mode again,

Proceed as follows to adjust the maximum display darkness (CL 0100), the default
contrast (CL 0110}, and the maximum display brightness (CL 0120).

hree times to select maximum darkness calibration Contrast (CL 0100):

CALIBRATE . The display will show a dark test pattern, see Figure 5-2

: adjust the display to the maximum darkness at which the test pattern
is only fust visible.

J to return to the softkey menu.

2 to select default contrast calibration Contrast (CL 0110):

) CALIBRATE. The display shows the test pattern at default contrast.
A set the display to optimal (becomes default) contrast.

J to return to the softkey menu.

J to select maximum brightness calibration Contrast {CL 0120):

J to return to the softkey menu.

13. Now you can cither
s Exit, if only the Contrast had to be adjusted. Continue at Section 5.7,
or

® Do the complete calibration. Press | .
and continue at Section 5.5,

| to select the next step (WarmingUp),
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Figure 5-2. Display Test Pattern

5.5 Warming Up & Pre-Calibration

The WarmingUp & Pre-Calibration state will be entered after entering the calibration
mode (section 5.3}, or after selecting the next step if you have done the Contrast
Calibration step CL 120 (section 5.4). The display will show

WarmingUp (CL 0200):IDLE (valid) or (invalid).

Unless you want to calibrate the display contrast only, you must always start the

calibration adjustment at the Warming Up {CL 0200) step. Starting at another step will
make the calibration mnvahd!

The WarmingUp & Pre-Calibration consists of a 30 minutes warming-up period, and
several internal calibration adjustment steps that do not require input signals.

Proceed as follows to do the WarmingUp & Pre-Calibration:
1. Remove all input connections from the test tool.

2. Press to start the Warming-Up & Pre-Calibration.
The display shows the calibration step in progress, and its status.
The first step is WarmingUp (CL 0200) :BUSY 00:29:59 . The warming-up period
is counted down from 00:29:59 to 00:00:00. Then the remaining pre-calibration
steps are performed automatically. The entire procedure takes about 60 minutes.

3. Wait until the display shows End Precal: READY
The PreCat data have now been stored in FlashROM,
If you tumn off the test tool now by accident, turn it on again immediately; now you

can select the calibration mode, and continue with step 4 below (press
several times, see 5.6).

If you turn off the instrument now, ard vou do not turn on immediately, the test tool
has cooled down, and you must repeat the WarmingUp and PreCalibration (select the
calibration mode and start at CL 0200).

4, Press NEXT and continue at Section 5.6.

Error Messages

If error message 1000 is displayed during WarmingUp or PreCalibration step CLO215,
the Main PCA hardware version i1s not suitable for the instalied software version. Other
error messages during WarmingUp or PreCalibration indicate that the test tool is
defective, and should be repaired.

5-7
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5.6 Final Calibration

Before starting the final calibration you must have done the WarmingUp &
PreCalibration (section 5.5}!

The final calibration requires input conditions that will be described in each step. After
starting a step. several steps that require the same input conditions will be done
automatically. So if you start for example calibration step CL. 0913, the calibration can
inciude also step CL 0916, and at the end the display then shows CL 0916: READY

You must always start the Final Calibration at the first step, see Section 5.6.1. Starting at
another step will make the calibration invalid!

If you proceeded to calibration step N (for example step CL 0620), then retum to a
previous step (for example step CL 0616) , and then calibrate this step, the complete
final calibration becomes invalid; then you must repeat the calibration starting at 5.6.1.

It is allowed to repeat a step that shows the status :READY by pressing jagain,

Error messages
Proceed as follows if an error message ERROR: nnnn is displayed during calibration:

¢ if nann < 5000 then check input signal and test leads, and repeat the current step by
pressing again.

¢ ifnnnn 2 5000 then check input signal and test leads, and repeat the final calibration
starting at scction 5.6.1.

If the error persists the test tool is defective.

5.6.1 Input A LF-HF Gain

5-8

Proceed as follows to do the Input A LF-HF Gain calibration:
1. Connect the test tool to the 5500A as shown in Figure 5-3.

al35scabmp

albisca.bmp

Figure 5-3. 5500A SCOPE OQutput to Test Tool Input A
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2. The display must show step CL 0654, If it does not, then press
select the first calibration step in Table 5-1.

[#%)

Set the 5500A SCOPE output to source the signal required for the first calibration
point in Table 5-1.

4. Set the S500A in operate {OPR) or standby (STBY) as indicated.

5. Pres -} to start the calibration.

6. Wait until the display shows calibration status :READY .

7. Press\ to sclect the next calibration step, set the 5500A to the next calibration
point signal, and start the calibration.
Continue through ali calibration points of Table 5-1.

8. When vou are finished, sct the 5500A to Standby.

9. Continue at Section 5.6.2.

Table 5-1. Input A LF-HF Gain Calibration Poinis

Cal step UUT input signal 5500A Setting
CL 0654 none STANDBY
CL 0400 0.5 Vpp square wave, 1 kHz SCOPE edge, 0.5 Vpp, 1kHz
CL 0704 none STANDBY
CL 0420 0.5 Vpp sguare wave, 1 kHz SCOPE edge, 6.5 Vpp, 1 kiz
CL 0480 0.5 Vpp sine wave, 50 kHz SCOPE levsine, 0.5 Vpp, 50 kHz
CL 0481 0.5 Vpp sine wave SCOPE levsine, 0.5 Vpp,

Fluke 1998-C: 221 MHz 221 MHz

Fluke 1968-C: 141 MHz 141 MHz

Fiuke 192B: 91 MHz 91 MHz

5.6.2 Input B LF-HF Gain
Proceed as follows to do the Input B LF-HF Gain calibration:

i, Press

to select the first calibration step in Table 5-2.

2. Connect the test tool to the 3500A as shown in Figure 5-4.
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al55zeh bngp

alhgen.bmp

Figure 5-4, 5500A SCOPE OQutput to Test Tool Input B

3. Setthe S500A SCOPE output to source the signal required for the first calibration
point m Table 5-2.
4. Set the 5500A in operate (OPR) or standby (STBY) as indicated.
5. Press  to start the calibration.
6. Wait until the display shows calibration status :READY .
7. Press  to select the next calibration step, set the 3500A to the next calibration
point signal, and start the calibration.
Continue through all calibration points of Table 5-2.
When you are finished, set the 5500A to Standby.
9. Continue at Section 5.6.3.
Table 5-2. Input B LF-HF Gain Calibration Poinis
Cal step UUT input signal 5500A Setting
CL 0874 none STANDBY
CL 0410 0.5 Vpp square wave, 1 kHz SCOPE edge, 0.5 Vpp, 1 kHz
CL 0724 none STANDBY
CL 0421 0.5 Vpp square wave, 1 kHz SCOPE edge, 0.5 Vpp, 1kHz
CL 0482 0.5 Vpp sine wave, 50 kHz SCOPE levsine, 0.5 Vpp, 50 kHz
CL 0483 0.5 Vpp sine wave SCOPE levsine, 0.5 Vpp,
Filuke 199B-C: 227 Mz 221 MHz
Fiuke 196B-C: 141 MHz 141 MMz
Fluke 192B: 91 MHz 91 MHz

5-10
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5.6 Final Calibration
5.6.3 Input A&B LF-HF Gain

Proceed as follows to do the Input A&B LF-HF Gain calibration.
1. Press to select the first calibration step in Table 5-3.
2. Connect the test tool to the 5500A as shown in Figure 5-5.

Cuanrect both channeds in parailel.

Lize PMIRS3 single-to-dual BHC.

Lise HO 56 Ghm termination !

alSSscab hanp

aiscaibmp

Figure 5-5. Test tool Input A&B to 5500 Scope Output

3. Set the 5500A to supply a 1 kHz square wave (SCOPE, MODE volt, SCOPE Z
1 MQ), to the first calibration point in Table 5-3.

A Warning

Dangerous voltages will be present on the calibration source
and connection cables during the following steps. Ensure that
the calibrator is in standby mode before making any connection
between the calibrator and the test tool,

4. Set the 5500A to operate (OPR),

5. Press{ to start the calibration.

6. Wait until the display shows calibration status :READY.

7. Press Ui to select the next calibration step, set the 5500A to the next calibration

point, and start the calibration. Continue through all calibration points of Table 5-3.

8. Set the 5500A to Standby, and continue at Section 5.6.4.
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Table 5-3. Input A&B Gain Calibration Points

Cal step UUT input value (5500A SCOPE, MODE volt, SCOPE Z 1 MQ, 1 kMz)
CL 0860 300 mv

CL 0604 500 mv

CL 0637 none {5500 standby)

CL 0504 500 mV

CL 0824 none {5500 standby)

CL 0599 10 mv

Nt for software versions
V05.01 and V05,02

CL 0800 25 mv
CL 0601 50 mv
CL Q802 100 mV
CL 0603 250 mV
CLOBB2 2V
CL 0805 1V
CL 0606 25V
CL 08G7 5V
CLOGG54 20V
CL 0608 10V
CL 0608 25V
CL 0610 50V (set 5500A to OPR!)

5.6.4 Input A&B Position

Proceed as follows to do the Input A&R Position calibration;

1. Press i 43 to select calibration adjustment step CL 0620 (software versions V05.01
and V05.02), or CL 0619 (software versions V05.03 and newer).

Remove all nput A and Input B connections {open inputs).

o) to start the calibration

Wait until the display shows calibration status :READY.

A

Continue at Section 5.6.5
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5.6 Final Calibratioti

5.6.5 Input A&B Volt Gain

A Warning

Dangerous voitages will be present on the calibration source
and connection cables during the following steps. Ensure that
the calibrator is in standby mode before making any connection
between the calibrator and the test tool.

Proceed as follows to do the Input A&B Volt Gain calibration.

1. Press to select the first calibration step in Table 5-4.

2. Connect the test tool to the 5300A as shown in Figure 5-6.

Connect Both channels in parzliel.
Use PR908T ibanana-to-BHC) and PRSI (single-to-duat BHC).
Bo HOT use & 50 Ohm termination |

alS5ah hmp

aiEhan b

Figure 5-6. Test tool Input A&B to 5500 Normal Qutput

3. Set the 5500A to supply a DC voltage (NORMAL output), to the first calibration
point in Table 5-4.

Set the 5500A to operate (OPR).

Press & to start the calibration.

Wait until the display shows calibration status :READY.

Ny e

Pres to select the next calibration step, set the S500A to the next calibration
point, and start the calibration. Continue through all calibration points of Table 5-4.

8. Set the 5500A to Standby, and continue at Section 5.6.6.
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Table 5-4. Input A&B Gain Calibration Points

Cal step UUT input value {5500A NORMAL)
CL 0824 250 mV
CL G788 5 mv
Not for software versions V05.01 and V05.02
CL. G800 125 mv
CL 0801 26 mv
CL 0802 50 mv
Ci. 0803 125 mV
CL 0805 500 mV
Cl. 0806 125V
C1. 0807 25V
CL 0808 5V
ClL. 0809 125V
CL. 0810 25V
CLO811 50V (set 5500A to OPRY)
CL 0812 125V
CL 0§13 250V

5.6.6 DMM Volt Gain

A Warning

Dangerous voltages will be present on the calibration source
and connection cables during the following steps. Ensure that
the calibrator is in standby mode before making any connection
between the calibrator and the test fool.

Proceed as follows to do the DMM Volt Gain calibration.

1. Press to select the first calibration step in Table 5-5.

2. Connect the test tool to the 5500A as shown in Figure 5-7.
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5.6 Final Calibration

alBBealw hmp

25%ex2w. bmp

Figure 5-7. 5500A NORMAL Qutput to Test Tool Banana Input

3. Setthe 5500A to supply a DC voltage, to the first calibration point in Table 5-5.
4, Setthe 5500A to operate (OPR).
5. Press ] to start the calibration.

6. Wait until the display shows calibration status :READY.

7. Press } to select the next calibration step, set the 5500A to the next calibration
point, and start the calibration. Continue through all calibration points of Table 5-4

8. Set the 5500A to Standby, and continue at Section 5.6.7.

Table 5-5. DMM Gain Calibration Points

Cal step UUT input value {5500A NORMAL)}
CL 0840 500 mv
CL 0849 25V
CL 0841 5V
CL 0842 50V (set 5500A to OPR!)
CL 0843 500 V
CL 0844 1000 V

5.6.7 Input A& B, and DMM Zero
Proceed as follows to do the Input A&B, and the DMM Zero calibration:

1. Press 23 to select calibration adjustment step CLO852

2. Short circuit Input A and Input B.
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A AT

Short circuit the banana jack Meter inputs properly (calibration includes Ohms
zerol),

Press to start the zero calibration
Wait until the display shows the status :READY.
Remove the input terminations.

Continue at Section 5.6.8.

5.6.8 DMM Ohm Gain
Proceed as follows to do the DMM Ohm Gam calibration:

5-16

1.
2.

Press ( to select first calibration adjustment step in Table 5-6.

Connect the test tool to the S500A as shown in Figure 5-8.
Notice that the sense lcads must be connected directly to the test tool.

alSSexdwhmp

oo

e

albfexdw smp

Figure 5-8. Four-wire Ohms calibration connections

Set the 5500A to the first test point in Table 5-6, Use the 5500A “COMP 2 wire”
mode for the calibration adjustments up to and including 100 k€. For the higher
values, the 5500A will turn off the “COMP 2 wire” mode.

Set the 5500A to operate (OPR).

Press to start the calibration.

Wait until the display shows the calibration status :READY.

to select the next calibration step, set the 5500A to the next calibration
point, and start the calibration. Continue through all calibration points.

When you are finished, set the 5500A to Standby.

Continue at Section 5.6.9,




Calibration Adjustment

5.6.9 Calculate Gain

Table 5-6. Ohm Gain Calibration Points

Cal Step UUT input Value (5500 NORMAL)
ClL. 0910 100 Q
Cl. 0911 1 kQ
CL 0912 10 k(2
CL 0913 100 k@
CL 0914 1 MQ
CL 0215 10 MQ

5.6.9 Calculate Gain
I. Remove all test leads from the test tool inputs.

2. Press i to select calibration adjustment step CL 0920,

3. Press to start the calibration.

4. Wait until the display shows the calibration status :READY.

Continue at section 5.7

5_.7 Save Calibration Data and Exit

Proceed as follows to save the calibration data, and to exat the Maintenance mode:

1. Removc all test leads from the test tool inputs.

2. Press

j EXIT. The test tool will display:

Calibration data valid.
Save data and exit maintenance mode?

Note

Calibration data valid indicates that the calibration adjustment procedure
is performed correctly. It does not necessarily mean that the test tool
meets the characteristics listed in Chapter 2.

3. Press | YES to save and exit.

Noie |

After saving the calibration data, the calibration number and - date will be
updated if the calibration data have been changed and the data are valid.

The calibration number and - date will not change if:

- the calibration mode is entered and lefi withoui doing o calibration adjustment.
- only the contrast calibration adjustment (5.4) and/or the probe calibration is
done.

Note 2

If vou press | i NO .the test tool returns to the calibrarion mode. You can

either calibrate the test tool again, or press YES 1o save and
exit.
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Possible error messages.
The following messages can be shown on the test tool display:

WARNING: Calibration data not valid.
Save data and exit maintenance mode?

Proceed as follows:

e Ifvou did the WarmingUp and Pre-Calibration successfully (section 5.5), and you
want to store the Pre-Calibration data before continuing with the Final Calibration:

Press
When turning the test tool off and on again, it will show the message:

The instrument needs calibration.
Please contact your service center.

The calibration date and number will not be updated. You must continee with the Final
Calibration!

¢ To return to the Maintenance mode, if you want to repeat the complete calibration:

Press

Now press &2i48 until the display shows WarmingUp (CL 0200):IDLE, and
calibrate the test tool, starting at section 3.5.

¢« If you want to exit and maintain the old calibration data:

Turn the test tool off.




Calibration Adjustment
5.8 Probe Calibration

5.8 Probe Calibration

To meet full user specifications, you need to adjust the supplied red and gray VPS200
voitage probes for optimal response.

To adjust the VPS200 probes, do the following:
1. Connect the red probe from the red Input A BNC to the banana jacks. See figure 5-9

I

-

nnnnnn

ETTag1 WM

STE41GWME

Figure 5-9. 10:1 Probe Calibration Connection Figure 5-10. 10:1 Probe Calibration

and then [ to open the Probe on A menu

3. Select Probe Type: W Voltage | Attenuation: l10:1 , B Probe Cal...

. o start the probe calibration. A square wave appears on the screen. See
F1gurc 5 iO (the lower half of the screen is covered with operating instructions).

5. Adjust the trimmer screw in the probe housing until a pure square wave 1s displayed.

6. Press to continue with automatic dc calibration.
The test tool automatically calibrates itself to the probe. A message indicates that he
dc calibration has been completed successfully.

7. Repeat the procedure for the gray VPS200 probe, connected from the gray Input B
BNC to the banana jacks.
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Disassembling the Test Tool
8.1. Introduction

6.1. introduction
This section provides the required disassembling procedures. The printed circuit

assembly removed from the test tool must be adequately protected against damage.

Warning

To avoid electric shock, disconnect test leads, probes and
power supply from any live source and from the test ool itself.
Always remove the battery pack before completely
disassembling the test tool. Only qualified personnel using
customary precautions against electric shock should work on a
disassembled unit with power on

6.2. Disassembly & Reassembly Procedures

6.2.1 Required Tools
To access all the assernblies, you need the following:
e  Static-free work surface, and anti-static wrist wrap.
e #10 Torx screwdriver.

* Cotton gloves (to avoid contaminating the lens, and the PCA).

6.2.2 Removing the Tilt Stand & Hang Strap

Use the following procedure to remove the tilt stand and hang strap (Figure 6-5, item 15
and item 10}.

1. Set the tilt stand to a 45-degree position respective to the test tool bottom.

2. The hinge consists of a circular raised rim in the tilt stand that is located over a
circular lowering in the bottom case. Pull sideward on the front edge of the tilt stand
until the hinge releases. Then rotate the stand to the rear to remove it. You can
remove the hangstrap now.

6.2.3 Repliacing the Side-Strap, Changing the Side-Strap Position

The side-strap (figure 6-5, item 15) can be attached at the right or left side of the test
tool. Use the following procedure to replace the strap, or to change the strap position.

1. To remove the strap, unfold the strap ends (provided with Velero tape), and pull the
ends out of the strap holders (item 16).

2. To change the strap position open the test tool (see Section 6.2.4), remove the strap
with the strap holders, attach them to the other side, and reassemble the test tool.

6.2.4 Opening the Test Tool, Removing the Battery
Use the following procedure to open the test tool, and to remove the battery:
1. Loosen the two M3 Torx screws that secure the input cover (Figure 6-1).
2. Loosen the two M3 Torx screws that secure the bottom helster (Figure 6-2),

3. Pull off the input cover and the bottom holster (Figure 6-3).
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Unscrew the two screws that lock the bottom case.
Lift the bottom case at the lower side to remove it.

Lift out the battery pack (Figure 6-4).

Unplug the cable leading to the Main PCA (pull the cable gently backwards).

ST8583 WME

am
STA568 WMF

Figure 6-1, Loosen 2 Input Cover Screws

Figure 6-2. Loosen 2 Botiom Hoister Screws

v
ST560.WME

STRETOWME

Figure 6-3. Opening the Test Tool

Figure 6-4. Removing the Battery Pack




Disassembling the Test Tool
6.2. Disassembly & Reassembly Procedures

{2x}

STAT38WMF

Figure 6-5. Final Assembly Details

6.2.5 Removing the Main PCA Unit and the Fan

Caution

To avoid contaminating the flex cablie contacts with oil from
your fingers, do not touch the contacts (or wear gloves).
Contaminated contacts may not cause immediate instrument
failure in controlled environments. Failures typically show up
when contaminated units are operated in humid areas.
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Referring to Figure 6-5. use the following procedure to remove the main PCA unit.

1.
2.

3.

Open the test tool (see Section 6.2.4).

Disconnect the blue keypad foil (item 5) flat cable, and the white LCD (item 7) flex
cable. Unlock each cable by lifting the connector latck at the left and right edge
using a small screw-driver, see Figure 6-6. The latch remains attached to the
connector body.

=rinez
STES2WMF

Figure 6-6. Flex Cable Connectors
Unplug the two-wire backlight cable.

Warning

If the battery pack or the power adapter is connected, the LCD
backlight voltage on the wire cable is 400V ! {when the test tool
is on).

Remove the two screws (item 14) that secure the Main PCA unit to the top case.
Slide the Main PCA unit in the input cover direction to remove it

To remove the fan from the main PCA unit, unplug the fan connector and unscrew
the screws item 24,

6.2.6 Removing the Display Assembly

There are no serviceable parts in the display assembly. Referring to Figure 6-3, use the
following procedure to remove the display assembly.

I
2.
3.

Remove the main PCA unit (see Section 6.2.3).
Unscrew the four screws item 10,

Remove the display assembly (item 7} with the mounting frame (item &),
To prevent finger contamination, wear cotton gloves, or handle the display assembly
by its edges.

Remove the display from the mounting frame.




Disassembling the Test Tool
6.2. Disassembiy & Reassembly Procedures

6.2.7 Replacing the LCD Window/Decal

The LCD window/decal (Figure 6-5, item 2} is glued on the top cover. To replace it do
the following:

1. From the inside of the top cover push the window outwards until it comes of.

2. Carcfuily remove remains of ghic from the top cover . The bulk of the glue can be
removed with sticky tape. This action must be completed by cleaning the surface
with alcohol.

Remove the protection foil from the new window

4. Firmly press the new window on the top cover.

6.2.8 Removing the Keypad and Keypad Foil

Caution

To avoid contaminating the keypad contacts, and the keypad
foil contacts with oii from your fingers, do not touch the
contacts (or wear gloves), Contaminated contacts may not
cause immediate instrument failure in controlied environments.
Failures typicaliy show up when contaminated units are
operated in humid areas.

Referring to Figure 6-3, use the following procedure to remove the keypad and the
keypad foil.

1. Remove the display assembly (see Section 6.2.6).
2. Remove the keypad support plate item 6.

3. Remove the keypad foil item 5. Notice the keypad foil positioning pins in the top
case for reassembly.

4. Remove the keypads item 3 and item 4.

6.2.9 Disassembling the Main PCA Unit

Caution

To avoid contaminating the main PCA with oil from your
fingers, do not touch the contacts (or wear gloves). A
contaminated PCA may not cause immediate instrument failure
in controlled environments. Failures typically show up when
contaminated units are operated in humid areas.

Referring to Figure 6-7, use the following procedure disassembie the main PCA unit.

1. Unscrew the four M3x10 Torx screws (items 9) that secure the shielding cover
(item 8), and remove the shielding cover.

2. Unscrew the M3x 135 standoffs (item 10) that secure the PCA to the shielding box
item 1.

Remove the PCA from the shielding box.

4, To remove the isolation strip pull one end out of the steeves in the PCA {pull at
points A). Then pull out the other end (pull at points B).
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5. To get access to the input circuits on the PCA, unscrew the Torx screws item 7 and

remove the metal input circuit shielding boxes.

§TLETS

SresTaWME

Figure 6-7. PCA Unit Assembly

6.2.10 Reassembling the Main PCA Unit

Reassembling the main PCA unit is the reverse of disassembly (see figure 6.7). However
you must follow special precautions when reassembling the main PCA unit,

1.

Instal! the metal input circuit shielding boxes (items 6) carefully. Take care that the
notches at the edges of the boxes match the holes in the PCA. The plate spring in the
hput A and Input B box must touch the C-ASIC N1000 (Input A) or N1200 (Input
B) for cooling. Do not bend the springs!

Caution

A good thermal coupling between the C-ASIC’s (N1000, N1200)
and the input boxes is achieved by self adhesive thermal
conductive pads. These pads can either be stuck on the spring
in the box, or on the C-ASIC. If stuck on the C-ASIC, you can
re-use the pad when replacing the C-ASIC.

Attach the isolation strip carefully! Insert the ends of the strip info the slots in the
PCA, and push firmly until the strip is in its original posttion,

Put the PCA in the shiciding box, and fasten the 2 hexagonal standoffs (item 10).

Attach the shielding cover (item 8). Ensure that the small optical gate PCA mounted
on the main PCA sticks through the slot in the shielding cover.

Ensure that the rubber sealing ring (item 5) for the power connector is present




Disassembling the Test Tool
6.2. Disassembly & Reassembly Procedures

6.2.11 Reassembling the Test Tool

Reassembling the test tool is the reverse of disassembly. However you must follow

special precautions when reassembling the test tool. Refer to figure 6-5,

Reassembling procedure for a compietely disassembied unit:

1. Clean the inside of the lens with a moist soft cloth if necessary. Keep the lens firee
of dust and grease.

2. Install the keypads item 3 and item 4. Press the edges of the keypads into the sealing
groove of the top case. Ensure that the keypads iay flat in the top case, and that all
keys are correctly seated.

3. Install the keypad foil item 5. Align the positioning holes m the keypad foil to the
positioning pins in the top case.
4. Install the keypad support plate item 6.

Clean the display glass with a moist soft cloth if necessary. Install the display
assembly and its mounting frame, and fasten the 4 screws {item 10).

6. Verify that the fan cable connector 18 plugged into the Main PCA fan connector.

Slide the Main PCA unit into the Top Case from the display end. Make sure that the
tabs on the Shielding Box go into the slots in the top of the Top Case. Fasten with
the 2 screws (item 14).

8 Verify that the backlight wires are twisted to minimize interference voltages.
Reattach the backlight cable. Reaitach the LCD flex cable, secure that cable in the
connector with the connector latch.

9. The keypad foil is provided with a grounded shielding flap that covers the backlight
cable. This decreases the electromagnetic emission. The flap should cover the cable
connection area and lay over the PCA shield. Reattach the keypad flex cable, secure
the flat cable in the connector with the connector latch.

10. Install the battery pack, and re-attach the cable.

11. Install the bottom case with the strap holders and strap, and fasten the 2 screws
item 18.

12. With the bottom cover up, start the screws (itemn 20) into the square nuts, then press
in on the bottom holster to latch the tabs on the top case. Finish tightening the 2
SCITWS.

13. Slide the input cover on and fasten with the 2 M3 Torx screws.

14, Calibrate the display contrast (see section 5.4) if you replaced the display.
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Corrective Maintenance
7.1 Introduction

v

7.1 Introduction

This chapter describes troubleshooting procedures that can be used to isolate problems

with the test tool.
A\Naming

Opening the case may expose hazardous voltages. For example,
the voltage for the LCD back light fluorescent lamp is >400V!
Always disconnect the test tool from all voltage sources and
remove the batteries before opening the case. If repair of the
disassembled test tool under voitage is required, it shall be carried
out only by qualified personnel using customary precautions
against electric shock,

e If the test too! fails, first verify that you are operating it correctly by reviewing the
operating instructions in the Users Manual.

¢ Use the following ground when making measurcments for fault finding:

Input A input circuit, floating part {circuit diagram Figure 9-1): Red BNC
common to PCA wire

Input B input circuit, floating part (circuit diagram Figure 9-2): Gray BNC
cornmon to PCA wire

Meter input circuit, floating part (circuit diagram Figure 9-3). Black banana to
PCA wire

All other circuits (non floating): metal shicld near the connectors. or the metal
around the holes for the fastening screws

s To access the Main PCA for measurements, proceed as follows:

1. Remove and disassemble the Main PCA unit, see Section 6.

2. Connect the Display Assembly flat cable, the Backlight cable, and the Keypad
Foil flex cable to the Main PCA unit. The test too! without the case is operative
now. Figure 7-1 shows the operative opened test tool with removed metal
shielding of the Chammel B and of the Meter input circuit.

3. Power the PCA via the Power Adapter and/or battery pack. Waltch out for short-
circuiting due to metal parts on your desk!

Caution

Do not power the unit when the LCD backlight cable is
disconnected. The output voltage of the backlight voltage
converter possibly can cause damage to the Main PCA when no
load is connected for more than some minutes.
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Figure 7-1. Operative Test Tool without Case

7.2 Starting Fault Finding.

After each step, continue with the next step, unless stated otherwise.

Power the test tool by the battery pack only, then by the power adapter only.

1. The test tool operates with the power adapter, but not with the battery only:
install a charged battery (VBAT = 7.2 V nominal}, and check the connections
between the battery and the test tool (X4100, R4101).

2. The test tool operates with the battery pack, but not with the power adapter only, and
the battery pack is not charged by the test tool: continue at 7.3 Charger Circuit,

3. The test tool operates neither with the battery pack, nor with the power adapter:
continue at 7.4 Starting with a Dead Test Tool.

4. Particular functions are wrong:

continue at 7.5 Miscellaneous Functions.

Table 7-1. Starting Fault Finding
Power adapter Battery Pack Check
1 oK NOT OK Battery pack, connector, sense resistor
2 NOT OK OK See Section 7.3 Charger Circuit
3 NOT OK NOT OK See Section 7.4 Starting with a Dead Test Tool
4 Partly OK Partly OK See Section 7.5 Miscellaneous Functions
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7.3 Charger Circuit
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7.3 Charger Circuit
See circuit diagram Figure 9-9.
1. Power the test tool by the power adapter only. Do not switch on.
2. Check M4106 for 15...23 V. if wrong, check the power adapter input circuit.

Check VBAT (X4100:1) for about 11 V;if correct go to 4,

Check P-ASIC N4000:16 for a 13 Vpp (about 20 to 7 V) pulse signal (period
10...20 us, some missing pulses allowed).

If wrong, check the charger circuit parts, and the connections to the P-ASIC N400OO;
replace N4000.

4, Connect a charged battery. VBAT (X4100: 1) must be now about 8 V.

Check P-ASIC N4000: 18 (P7VCHA) for =7V.
If wrong, check N4000:20 for =19V (supplied via R4110). 1f 19V on pin 20 is not
correct, check C4112, replace N400O.

P7VCHA is the supply voltage for the charger control circuit in N4G0O0. 1t is
derived from VADAPTER (pin 20}, by an internal linear supply in P-ASIC N4000.

6. Check N4000:12 (NETVALD) for +2.7V, and M4101 (MAINVAL) for about +3V.

The MAINVAL signal indicates to the D-ASIC that a correct power adapter voltage
is connected. The NETVALD and MAINVAL signal enable control of the P-ASIC
CHARGE circuil (controls V4102 by 100 kHz, 13 Vpp square wave).

If correct continue at step 7.
If wrong, then:

a. Check +3V3GAR (P-ASIC N4000:66) for +3.3 V.
If wrong, possibly caused by V4000, R4000, short to ground, loose pins of
N4000, N4000 defective.

b, Check N4000:8 (VADALOW) for=1.6V
If wrong:

1. Check R4120 and connections.

The P-ASIC supplies a current to R4120. The current scurce uses
REFPWAM?2 and IREF, see 2 and 3 below.

2. Check N4000:73 (REFPWM?2, supplied by N4000) for +3V3. Check
N4000:72 (REFP) for 1.2 V, check V4114 and connected parts.

3. Check N4000:74 (IREF) for 1.6V.
If wrong, possibly caused by R4021, loose pin 74, or N4000 defective.

¢. Check +3V3SADC on N4000:63 for about +3V, If not OK see section 7.5.3
+3V3SADC,

7. Check N400G:80 (CHARCURRY):
The CHARCURR signal controls the battery charge current.

If< 2.7V continue at step 7a.
If > 2.7V continue at step 7b.
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a.

Check if charger FET V4102 is controlled by a =100 kHz, 13 Vpp square wave
(20 to 7 V) from P-ASIC N4000:16 (CHAGATE). If correct check V4102.
If wrong, check:

1. the voltage between N4000:4 and 9 for = 140 mV. If wrong, check R4102,
R4103 and connections.

2. the voltage between N4000:5 and 9 for = 400...500 mV for a battery
temperature of about 20 °C. The voltage increases when the temperature

rises. If wrong check the NTC in the battery pack for =10 kQ at 20 °C
{X4100 pins 3 and 2); check connections to N4000.

3. N4000:6 (IMAXCHA) for = 400 mV. If wrong check R4114, and
comnections to N4000.

4. N4000:7 (VBATHIGH) for = 1.8 V. If wrong check R4113, and
connections to N4GOO,

Steps [ to 4 verify that N40OO supplies a 47 [A current to cach of the
resistors R4102, battery NTC, R4113, R4114, and R4120.

5. Check N40G0:9 for the same voltage as on M4105 (sense resistor R4101).
6. If 1 to 5 above correct, then most probably N4000 is defective.

Connect N4000:80 for a short time (max. ! minute) to ground, and see if
N4000:16 then shows a 100 kHz pulse signal.

If it does not, continue at step 7d.

If it does, the CHARCURR control signal is wrong, continue at step 7c¢.

Check the CHARCURR control signal:

The CHARCURR voltage on N4000.:80 is controlled by a pulse width modulated
voltage (CHARCUR) from the D-ASIC D3500 (pin 40). The D-ASIC measures
the required signals needed for control, via the Slow ADC (see circuit diagram
Figure 9-10).

1. Check the SLOW ADC, see Section 7.5.3,

2. Check VGARVAL (N4000:64), for +3.3V. If wrong, check if the line is
shorted to ground. If it is not, then replace N4000.

3. Trace the CHARCURR signal path to R4121, R3313 and D3500 (D-ASIC)
output pin 40. Check the PWM output for 3.3 V pulses, see also 7.5.10.

Check the following:

I. Parts and connections to N4000:10 and :11

2. Connections between V4102 and N4000:16 (CHAGATE).
3. The voltage at N4000:19, VCHDRIVE for= 15..20 V.,
4

The voltage at N4000:43 for a triangle wave form, 80...100 kHz, +1.6 V to
+3.2V.

5. If 1 to 4 correct, then replace N4000,
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7.4 Starting with a Dead Test Tool

If the test tool cannot be turned on, when powered by a charged battery pack, or by the
power adapter, follow the steps below to locate the fault.

1. Connect a power adapter and a charged battery pack.
2. Turn the test tool on and listen if vou hear a beep.
If you hear no beep. continue at 7.4.1 Test Tool Completely Diead.
b. If you hear a weak beep, continue at 7.4.2 Test Tool Software Do¢s not Run.,

¢. If you hear a “normal” beep, the software runs, but obviously the test tool is not
operative. Continue at 7.4.3 Software Runs, Test Tool not Operative.

7.4.1 Test Tool Completely Dead

1. Turn the test tool off. Keep the keys €& and: & pressed, and tumn the test tool on
again. This will start up the mask software.
If you still hear no beep, continue at step 2.
If you hear a weak beep now, continuce at Section 7.4.2.

2. Check Keyboard ROW 1 (MS3603 next to X3600) fora 3.3 V, 416.5 kHgz signal,
To see the signal you must load the test point with 1 MS2 for example connect it
directly to a Scope Meter input (no 101 probe!)

If wrong, continue at step 3.
If correct, the mask software runs, but the buzzer circuit does not function. Check
the buzzer function (Section 7.5.10), and then continue at Section 7.4.2,

3. Check P-ASIC N4000:60 (VBATSUP) for =4.8V. If wrong check R4112, and
connections to battery pack.

4. Check P-ASIC N4000:66 (+3V3GAR) for +3.3V.,
If wrong, this is possibly caused by V4000, R4000, short to ground, loose pins of
N4000, or N4000 defective. Check the supply veltages for the D-ASIC (+VD},
ROM (+VDF), and RAM (+VDR1, +VDR2), denived from the +3V3GAR supply
voltage.

5. Check P-ASIC N4000:64 (VGARVAL) for +3.3V. H wrong:
a.  Check if the line is shorted to ground.

b. Check N4000:73 (REFPWM?2, supplied by N4000) for +3.3 V. If not OK check
N4000:72 (REFP) for 1.2 V, check V4114 and connected parts. Ifno 1.2 V, and
parts and connections are correct, then replace N4000.

¢. Check N4000:12 (NETVALID) for +2.6V. If wrong, proceed as indicated in
Section 7.3, step 6.

d. Check the Power ON/OFF function, see Section 7.5.13,

6. Check X-tal signals on M3504 (32 kHz}, M3506 (40 MHz), and M3505
(3.6864 MHz); if wrong check connections, replace X-tals, replace D3500. If the
test tool is off AND not powered by the Battery Charger/Power Adapter, only the 32
kHz clock runs. If the 3.6864 MHz clock is present, then continue at Section 7.4.3,
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7.4.2 Test Tool Software Does not Run.

I.
2.

A

Turn the test tool OFF and ON again.

Check Keyboard ROW1 (MS3603 next to X3600) fora 3.3 V, 416.5 kHz signal.

To see the signal you must load the test point with 1 MG for example connect it
directly to a ScopeMeter input (no 10:1 probe!)

If not present, but you heard a weak beep, the test tool software runs, but the buzzer
circuit does not function correctly. Go to Section 7.5.10 to check the buzzer circuit,
then continue at Section 7.4.3 to see why the test tool cammot be operated.

If a 416.5 kHz signal is present, the MASK software runs. Continue at step 3.

Do the RAM test, see Section 7.5.12.

Load new software to see if the loaded software is corrupted. See Section 7.6,
Check for bad soldered address/data lines and IC pins.

Replace FlashROM/SRAM Module Al, and/or RAM D3502, D3503.

7.4.3 Software Runs, Test Tool not Operative

I.
2.
3.

Check the Display and Backlight function, see Section 7.5.1
Check the Fly Back Converter, see Section 7.5.2
Check the Keyboard function, see Section 7.5.4.

7.5 Miscellaneous Functions

7.5.1 Display and Back Light

AWaming

The voitage for the LCD back light fluorescent lamp is >250V!

See circuit diagram Figure 9-8 (LCD control) and 9-10 (Backlight control),

I

2.

Connect another LCD unit to see if the problem is caused by the LCD unit. The unit
13 not repairabie.

Check the LCD control signals on measurement spots MS3501..MS3522 (near to the
LCD and keypad foil connectors). You can disconnect the backlight cable to get
access to all measurement spots.

MS3501 +30V +30V (from Fly Back Converter).
MS3504 REFPWM1 +33V

MS33505 +3V45 +345V

MS3506 +5V2 +52V

MS3508 M_ENABL_C pulses with 2.2 ms period
MS3509 +VD +33V

MS3510 FRAME C 75 us pulses, peried =20 ms
MS3511 LINECLK_C 10 ns pulses, period 80 s
MS3513 LCDTO C pulses

MS3514 LCDT1 C pulses

MS3516 LCDT2 C pulses

MS3517 LCDT3 C pulses

MS3519 DATACLK € pulse bursts with 80 Us period
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MS3520 GROUND UAY
MS3521 LCDON C 5V
MS3523 LCDT4 C pulses
MS3524 LCDTS C pulses
MS3525 LCDT6 C pulses
MS3526 LCDT7 C pulses
MS3502 REFPWM2 +33V

MS3507 P7VCUHA =+7.5V
MS3512 +2Vo6 26V
MS3503 Vo 125V *
MS3528 Vi +235V ¥
MS3529 V2 422V *
MES3530 V3 431V *
MS3531 V4 +1.5V ¥

* these voltages depend on the actual contrast setting. Their mutual velation should
not change.

Bad contrast.

a. Check the voltage on R3604 (CONTRAST) for a voltage between +1 to +3.5 'V,
depending on the LCD contrast setting. Verify that the voltage changes if the
contrast is changed.

It wrong check PWM circuit (Section 7.5.14).

b. Check the supply voltages V...V4, see step 2.

Defective backlight (TL converter), see circuit diagram Figure 9-10:
The voltage at the hot side of the lamp (X4201:1) must be 350...400 Vrms, 70 kHz .
Check VBAT on the battery connectorpm 1 for>7V

Turn the test tool on, and monitor the voltage on T4200:3 or 5 fora 12 Vpp,
70 kHz, half-rectified sine wave. If not present on both pin 3 and pin 5
continue, else go to step ¢. If a half rectified sine wave, with an increasing
amplitude, is present for about 0.2 second directly after power on, then the
secondary circuit is defective:

- check the resistance between T4200:10 and 11 for =3000

- check V4203, V4204,

- install a new LCD unit.

c. Check T4200:3 and 5 for a 12 Vpp, 70 kHz, half-rectified sine wave. If it is
present only on pin 3 or only on pin 5, then replace V4201,

d. Check M4200 and M4201 for a 10 Vpp, 70 kHz, square wave. If wrong then
check M4203 (TLON) for +3V3. If TLON is correct, then replace N4200.

¢. Check (replace) V4200, V4202.

f.  Required voltages on other test points:
M4210 ;10 Vpp 140 kHz square wave.
M4211, M4212 : +1.5 Vde.
M4213 : 12 Vpp rectified sine wave, 140 kHz (basic sine wave 70 kHz).
M4202 : 10 Vpp 140 kHz rectangular waveform, duty cycle about 30%.
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5. Backlight brightness control wrong:
Check the M4203 (BACKBRIG, supplied by D-ASIC)
- For low brightness: 20 kHz , 3.3 V pulses, pulse width 50 ns
- For medium brightness: 20 kHz, 3.3 V pulscs , pulse width 14 us
- For high brightness: 20 kHz, 3.3 V pulses , pulse width 30 us
Check M4212: +1.5 Vdc.
Check V4210, R4203,

7.5.2 Fly Back Converter
See circuit diagram Figure 9-9.

. Check the fly back converter output voltages +5V2, +3V3GAR (+3.3 V), +3V45,
+2Ve, -1VS8, -5V2 and +30V.
Check FLTPOWINIand FLTPOWIN2 (6.5Vrms, = 70 kHz) on for example T1102
pin 3 and pin 3
See the pictures below.

SLp-v-hotwrt

sup-v-top.wml
Figure 7-2. Supply voltages PCB TOP Figure 7-3. Supply voltages PCB bottom
See also Fig.9-11 and 9-13 location A2-A3 See also Fig.9-12 and 9-14, location D2.D3

a. If one or more voltages are correct, then check the rectifier diodes, coils, and
capacitors of the incorrect voltage (s)

b. Ifnone of the voltages is correct, then the fly back converter does not run
correctly, continue at step 2,

2. Check VBATT for »>7 V.

3. Check N4000:49 (FLYGATE) for a square wave voltage of at least some volts (for a
correct Fly Back Converter 50...100 kHz, =8 Vpp).

If no square wave is present on N4000:49 go to step 4

If a square wave is present on pin 49 (maybe not the correct value), then check
N4000:535 (FLYSENSP) for a saw tooth voltage of 50...100 kHz, 300 mVpp.
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a. If no sawtooth voltage is present on N4000:55, no current or a DC current flows
in FET V4001. The primary coil of T4001 or V400! may be defective. Check
also R4101 (current sensc resistor); it can be fused due to a short in FET V4001,

b.  An incorrect sawtooth on N4000:55 can be caused by:
- overloaded outputs (Frequency too low, <<50 kHz)
- undertoaded outputs (Frequency too high, >>100 kHz)
-bad FET V4001 (Sawtooth voltage is not lincar).

4. Check N4000:62 (PWRONOFF) for >+3V. If wrong, see Section 7.5.13 Power
ON/OFF.

5. Check N4000:43 (COSC) for a triangle wave form, 50...100 kHz, +1.6 Vo +32 V.
If wrong check C4123 and connections; check IREF, see step 6.
If all correct. then replace N4GOO.

6. Check N4000:74 (IREF) for 1.6 V. If wrong:

a. Check N4000:73 (REFPWM2) for +3V3. REFPWM2 is supplied by N4000, and
derived from REFP. Check N4000:72 (REFP) for 1.22 V. If wrong, check
V4114 and connected parts.

b. Check R4021, replace N4000.

7. Check N4000:51 {VOUTHD for <2.5 V (nominal value 1.8 V). If wrong check
R40G14 and connections to N4000.

8. Check N4000:37 (IMAXFLY) for 2570 mV. If wrong check R4020 and connections
to N4000.

7.5.3 Slow ADC, +3V3SADC
See circuit diagram Figure 9-10.
Check the following signals:

1. +3V3SADC (supplied by P-ASIC N4000:65) must be +3.3V. If the unit can be
turned on and +3V3SADC is not OK, the line is shorted fo ground or N4000 is
defective.

2. BATCUR (D4300:12 from P-ASIC N4000:77), must be about
{1.6+(6.7 x IBATP)} Volt. IBATP (N4000:9) senses the battery current.
If wrong, replace N4000,

3. BATVOLT (D4300:14), must be (0.3 x VBAT) Volt.
VBAT is the voltage on the battery connector X4100:1.

4. BATTEMP (D4300:15 from P-ASIC N4000:79), must be approximately the same as
the voltage between battery connector X4100 pins 3 and 2, that is the voitage over
the battery NTC. The voltage is about 350 mV at room temperature with opened
ScopeMeter.

N4000:5 sources 50 LA into NTC i battery pack . If the NTC voitage is ok, and
BATTEMP is wrong, then replace N4000.

5. LCDCONTROL (D4300:5 from PTC V4205, must be about 1.8V at room
temperature.

6. BATIDENT (D4300:13) senses an battery type identification resistor in the battery
pack. Must be about 0 V.

7. REFADCT (D4300:1) mustbe 1.5V
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8. MBVRSIND {D4300:4) must be about 1 V. The voltage can be changed by
installing different resistors R4301 and R4305 to identify a different Mainboard PCB
version, see also Chapter 10 “Hardware modifications”.

9. Check the multiplexer control lines (from the D-ASIC)
SELMUXG0 (M4300): positive pulses, duty cycle 25%, period 1200 ms
SELMUX1 (M4301): positive pulses, duty cycle 50%, period 600 ms
SELMUXZ2 (M4302): positive pulses, duty cycle 25%, period 1200 ms

10. Check M4303. [f the instrument 1s on, it must aiternately show the voltage levels on
D4300 pins 5, 12, 14, and 15; if at a fixed level, then replace D4300. When starting
up, also the other inputs are sensed once.,

11. Check M4304. In 300 ms the veltage levels successively approximate the values
measured on M4303; if wrong, trace the signal to the PWM circuit on the Digital
Control part (Figure 9-7).

12, Check M4305 for 3 V pulses with varying width; if at a fixed level then replace
N4300.

7.5.4 Keyboard

Proceed as follows if one or more keys cannot be operated. Table 7-2 shows how the
keys are connected to the rows and columns. For the ON/OFF key see Section 7.5.13.

Table 7-2. Test Tool Key Matrix

ROW — 0 1 2 3 4 5

coLl test spot | MS3602 MS3603 MS3604 MS3605 | MS3606 | MS3607

0 MS3608

1 MS3609 &

2 MS3610 E‘%

3 MS3611

4 MS3612 @jﬁ

5 MS3613

1. Try a new keypad. and keypad foil to see if this cures the problem.
2. Press a key, and check ROW(...5 (measure spots MS3602..MS3607) for the signal

shown below :

&
' =50 ms LSOG Us pulses Release key

+3.3V

o
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When a battery is installed, and no key is pressed the ROW lines are low.

When no battery is installed and no key is pressed (mains adapter supply), the ROW
lines show 300 ms pulse bursts (dotted lines in the above figure).

During the time a key is pressed, the ROW lines show continuously pulses.

3. Check COLQ...5 (measure spots MS3608..MS83613) for a +3.3V level. Then press
and hold a key, and check the matching COL line for the signal shown below:

- [T

e . F 3
{= 50 ms T—-300 Us pulses Release key

If wrong, check the connections from X3600 to 3500,

7.5.5 Optical Port (Serial RS232 Interface)
See circuit diagram Figure 9-10.
Receive (RXD1)
1. Check the voltage or M3401 for about+ 3.2V

2. Check the voltage on N3401 pin | (measure for example on R3406):
dark: +3V
light ( shine with a lamp in the optical port H3401: 0 V.,

Send (TXD1).
1. Check the voltage TXD on M3400 for +3.3V.

.J PRINT to start the test tool print data output,

3. Check the line TXD on M3400 for a burst of pulses (pulses from +2.3 V to 3.3 V).
The length of the burst and the pulses depends on the selected baud rate.

/. and then press

7.5.6 Channel A, Channel B Measurements
See circuit diagram Figure 9-1 and 9-2.

When measuring in the input circuits of a the disassembled test tool, the backlight
control voltage can cause noise on the measured signals. Do NOT power the unit when
the backlight cable is disconnected!

1. Select SCOPE, and turn both channels on.,

2. Apply a 200 kHz sine wave with a peak-to-peak value of & divisions to the inputs.
For example at 1 V/div apply 8 Vpp. Select manual ranging.

3. Check the S-ASIC output voltage for channel A on D3000 pin 5, and for channel B
on D3100 pin 5. The voltage must be 1.2 Vpp (8 x 125 mV per division), on a
+750 mV DC level. For time base settings of 2 1s/div and faster the measured
frequency can alternately change from 200 kHz to 80 kHz.

4. Set the input signal frequency to 200 Hz (same amplitude) and repeat step 3 (check
for 200 Hz). Ifsteps 3 and 4 are OK, then check the ADC’s etc., else continue with
the next step.
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The following tests are described for Channel] A. Channel B can be tested in the same
way, using simtilar test points.

1. Check the supply voltages on:

a.

T1102:3 and 5 for a 50...100 kHz, 15 Vpp ac voltage (use the non-floating
ground!)

T1102:9 and 5 for a 50...100 kHz. 15 Vpp ac voltage
T1102:10, and 12 for a 50...100 kHz, 12 Vpp ac voltage (use the floating
ground!)

2. Check the HF path:

a.

Apply a 200 kHz sine wave with a peak-to-peak value of 8*range to the inputs.
For example at 1 V/div apply 8 Vpp.

Check the Channel A HF output voltage between T1100:6 (HFA1) and T1100:7
(HFA2), for a 300 mVpp sine wave; occasionally the sine wave can be
interrupted for internal calibration measurements.

The voltage on T1100:6 and 7 w.r.t. ground is 150 mVpp on a 700 mV dc level

Check the Channef A HF signal between T1100:2 and 3 (supplied by C-ASIC
NI200 pins 40-41) for 300 mVpp (150 mVpp or 3 Vde on each pin referred to
input ground !).

Check also M1021 and M 1022 for the same voltage.

3. Check the LF path:

d.

Apply a 200 Hz sine wave with a peak-to-peak value of 8*range to the inputs.
For example at 1 V/div apply & Vpp.

Check C-ASIC N1000 output pin 30 on M1027 for a 800 mVpp sine wave on a
3V de level.

Check the channel A LF input of the S-ASIC N2001on M1100 and or M1102
for a 200 Hz, 250 mVpp sine wave (signal has some HF noise). Use non-floating
ground!

4. Check the control part:

a.

MI1030 (C-ASIC pin 23) and M1031 (C-ASIC pin 22) must show a 0.5 ... 5 ms
pulse burst (+3.3 V to 0) when selecting another range. Periodically dynamic
calibration will cause bursts to be shown if no key is pressed. Use floating input
groungd!

Measure on R1152 and R1153 for same pulse burst (2.4 to 0.8 Vyasina. Use
the non-floating ground!
If wrong See 7.5.8, sub section C-ASIC Control/Linearization Chreuit

5. Check the calibration line PWM (pin 21, MT018):

after power on the line supplies a 100 ms, +1.4 V reset pulse to the C-ASIC

during the calibration adjustment pre-calibration step CL 340 it provides a
repetitive ramp (25 s period, 1.5 Vpp) for linearization. If the ramp is wrong, an
crror message will be generated at step CL 340.

6. Ifali OK the S-ASIC control probably does not function correctly, or the S-ASIC is
defective: continue at Section 7.5.8. 8-ASIC Control.
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7.5.7 Meter Channel (Ext Trigger, Probe Cal)
Sece Circuit diagram Figure 9-3.

When measuring in the input circuits of a the disassembled test tool, the backlight
control voltage can cause noise on the measured signais. Do NOT power the unit when
the backlight cable is disconnected!

The Meter Channel and Channel B use the same S-ASIC output and ADC. If both
channels fail, and Channel A is OK, then check the S-ASIC and ADC (section 7.5.9)
first.

Table 7-3 shows the control line status for the vanious Meter Channel functions.

Table 7-3. Meter Channel Control Line Status

MODE ATTO |ATT1 |ATT2 [GAING [ GAIN1 10 1 2 RELO REL1 PRCALAC |SELO |SELj
I gy s s s g i g e g e
D157y an s e 14 B o Tr e

Voit 308mV 1 0 UL jRJb g |o io 0 1 ann AN
Volt 5V 0 0 Y | N | S I | O 1 A K 0 o o 0 1 i L T )
Volt 50V 1 1 [ ¢ N I I | O I 0 o o o 1 anm |HY
Volt 500V 0 1 | 1 H | N ¢ S A o o o 0 1 |
Volt 1000V 0 1 IRE HIEEE o |o o o i HIEEY B
500 Ohm 0 1 0 1 n_R ic 0 ] 0 0 1 amRn Ty
5K Ohm ¢ 1 0 1 AT i+ 0 g lo 0 1 aaAr Uy
50K Onhm o 1 0 1 AAL o |y N 0 1 s (U o
500K Ghm o 1 0 1 Jdl 41 1 0 0 0 4 amnm |
5M Ohm o 4 0 1 0 |0 |o 1 i 0 1 wmen (uTU
30M 0 i 0 1 J_ |o Jo 1 0 0 i I W AR
Trig Ext 120 mV 1 0 1 1 1 g G 0 1 0 0
Trig Ext 1.2 V 9 0 1 1 1 " o} 1 1 0
Probe Cal DC - - * * - * . . * - 1 > -
Probe Cal AC i * * - * * * " * * 0 * *
Diode 0 1 0 1 3 o o o {0 0 1 AR
K1500 set to VOLT o M5 ms
K1500 set to OHM Hi1sms |0

Volts function,

I. Select METER ( ) . MEASURE (E220)), V ac+de.

Select manual ranging.

Apply a positive de voltage of 50% full scale to the input.

2w

Check D1501:3 for a -60 mV voltage level, interrupted by reference level puises:
-+220 mV, each 2.5 seconds from D1501:13; zero, cach 400 ms from D1301:12.
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10.

Check N1501:7 for a -120 mV voltage level (gain N1501 is x2), interrupted by
reference level pulses:
- +220 mV and -240 mV, each 2.5 seconds ; zero, cach 400 ms

Check N1525:5 : the voltage levels must be 0.33x the levels measured in step 3.
Check N1525:7 for a+2.6 V level with reference level pulse sequence as in step 6.
Check N1525:1 for a +300 mV level with reference level pulse sequence as in step 6.
Check the H1525 diodes, resistors R1528-R1533, and connections to S-ASIC,

If all OK the S-ASIC control probably does not function correctly, or the S-ASIC is
defective: continue at Section 7.5.8. S-ASIC Control.

Ohms fanction

L.
2.
3.

Verify the Volts function. if OK continue below, else check the Volts function first
Select the Ohm function. manual ranging,

Connect a dc ampere meter between the banana jack inputs. Check the currents
(20 % ) supplied by the current sourcc for all ranges:

range 500 O 5 ke S0k | 500k | 5MO 30 MG
current | 0.5 mA | B0uA | 5pA 0.5 uA 50nA | 50nA

10 a 1 ¢ 1 0 0
! 0 0 1 1 0 -0
i2 0 0 Y 0 1 I

a. Ifall wrong check the connection from X1000 to FET V1560, V1560, N1540 and
connected parts, check N1541:1 for +3 V, check the V1536 emitter, base, and
collector for the same voltage.

b. If one or more currents OK. then check D1560 and control signals 10, I1, 12.
Apply a resistor of 50% of full scale (e.g. 250 € in the 500 Q range) to the input.
Check N1501:1 for about +110 mV (rarrow spikes are allowed).

Check D1501:3 for 100 mV de, interrupted by reference level pulses:
-+220 mV, each 2.5 seconds ; zero, each 400 ms

Select the 30 MQ range, remove the input resistor {open input).

Check D1501:3 for a +280 mV level (input voltage attenuated by R1547-R1548)
interrupted by reference level pulses:
-+220 mV, each 2.5 seconds ; zero, cach 400 ms

Check N1501:7 for a +80 mV level interrupted by reference levels:
- +220 mV, each 2.5 seconds; -250 mV, each 400 ms

External trigger function

The external trigger path uses the Volts 500 mV and 5 V range circuit.

Select SCOPE ( SCOPE) ) Trigger menu (
0.12V (i
Apply a 100 Hz, 0 to +0.5 V square wave to the banana jack inputs.
Check D1501:3 for a 0 to -125 mV square wave.

), Trig Ext (L

). Ext LEVEL
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4. Check N1501:7 for a 0 to -750 mV square wave, The N1501 gain is set to 6x via
D1502:3 to 15, and (R1I508+R1STHRIS512Y/RI512.

5. Select Ext LEVEL 1.2 V, and apply a 100 Hz, 0 to +5 V square wave to the mputs.

6. Do step 3 and step 4.

7. Remove the input signal.

Probe Cal function

1. Select SCOPE ( ), Faput a menu {
ENTER, Yes (| )

2. Check D1500:13 for a =500 Hz, 0 to +3 V square wave.,
If OK, check signal path to red banana input X 1000, else continue at 3.

Check D1500:10 for a 500 Hz 0 to =5 V square wave, and D1500:9 for 0 V.

), probe A { 3, Probe Cal +

4. Check the 0.5 mA current source used for de probe cal, sce Ohms.

5. Check D1571:14 for a low level. Now press » Continue to start the 10:1 probe
de calibration, and verify that the PRCALAC line at V1545 pin goes high. Probe dc
calibration can only be done if probe 10:1 has been selected.

Control signals

Control signals are supplied by the D-ASIC (D3500:P1 and P2) via the SCLKEXT and
SDATEXT lines.

1. Select the Ohums or Volts function.

Check D1570:1 for 1.5 ms positive pulses
Check D1570:2 and 3 for positive pulses.
Check D1571 pin 2 for positive pulses.

T SO TR ¥

Using Table 7-3 at the beginning of this section to verify the control line voltage
levels for the various functions.

3V Clamp, Protection
1. Check N1541:1 for +3V

2. Select Ohms, manual ranging, 500 Q , and check N1540 pin 1:
- open input, about +3.6V
- shorted input, about +0.5 V.

7.5.8 Input Signal Acquisition
See circuit diagram Figure 9-4 and 9-5.
Supply veltages
Check the S-ASIC supply voltages, see circuit diagram Figure 9-5.
C-ASIC Control/Linearization Circuit

If the circuit 1s defective, an error can occur during calibration (pre-cal linearization step
CL340, 341, 345), or the input C-ASIC’s cannot be controlled (e.g. no ranging).

1. Select SCOPE mode and check D2000:

7-17
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2.

a. pin9-106-11: LOW

b. pin 12 (=M3502 SDAT) and pin 14: HIGH; a pulse burst {about 700 1s) must be
scen when e.g. selecting another range in SCOPE mode.,

If linearization fails during calibration. then select calibration mode ( &7 -

).
a. Pressi (NEXT), and then (PREVIOUS) a number of times until you
see Lin 20 MS A (CL 0340): IDLE (valid) or (invalid).
Press CALIBRATE and check D200¢:9,10,11for a HIGH level
Check D2000:13 and 14 for a 5 kHz square wave with changing duty cycle.
If OK trace the signal to M1031 (pin 22 of the C-ASIC N140G).
If still OK check M 1018 (Channel A circuit) for repetitive ramp voltages.

b. Repeat step a. for calibration step LIN MS B (CL341), and trace same signals to

the Channel B circuit.
c. Select calibration step Lin 20 MS E (CL 345).

Press i i) CALIBRATE and check D2000:9,10,11 for a HIGH level.

Check D2000:4 for a very low frequency {period 50 3) sawtooth voltage (1.6 V
to -0.8 V).

D2000:1 and 15 must show a 5 kHz square wave with changing duty cycle.

8-ASIC Control

1.

3.

Check the DATA lines, ADDRESS lines, and control lines (pin 13) on D2001 and
D2002 for puises.

Check D2003 and D2004

D2603: 1 pulses D2004: 1 high
2 pulses 2 pulses
3 pulses 3 pulses
4 pulses 4 high
5 pulses 5 pulses
6 pulses 6 pulses
7 fow 7 low
8 pulses 8 pulses
5 pulses 9 high
10 low 10 pulses
Il pulses 11 high; at power off: T LI
12 puises 12 high
13 low i3 high
14 high 14 high
Check N2001:
& INTRP M2006 pulses if time base 2 ps/div or faster, else high

84 TRIGLEV4 M2010 500 mV

85 TRIGLEV3 M2011 500 mV

86 TRIGLEV2 M2012  200...600 mV when moving trigger levet

87 TRIGLEV1 M2013  200..600 mV when moving trigger level

109 EXTACQHO 300 mV pulses; 5 V pulses on HOLDOFF R2028

123 TRIGDT M2000  select “EDGE triggering - Wait for trigger”, apply
input signal that must cause triggering :
3V pulses if trace must be updated, else low

124 ALLTRIG M2001 3V pulse each time input signal crosses trigger level
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127 EXTTRIG M200t 3V pulsc each time input signal crosses trigger level

129 RSRMPCML 0.5 V {on RSTRAMP 5 V) positive pulses
131 RMPCLCML 0.5V {on RAMPCLK 5 V) low pulses with noise
133 ADCCLCML Clock pulses 0.5 V ( CLKHLL 5 V). in SCOPE

mode 20 MHz: in METER mode 4 MHz.
137 XOSCBUF M2008 25 MHz 0.4 V pp (X-tal B2000) on 1.8 V dc

138 XQOSCIN 25 MHz 6.4 V pp (X-tal B2000) on 1.8 V dc
152 TREF1 +14V

155 MIDADC +0.7 V {from ADC D3000)

156 REFPWM +33V

157 REFADCTOP M2033 +14V

4, Check the QUALIFIER EXTENDER circuit (Figure 9-5):
Select Scope, Trigger Options {press TRIGGER), Pulse Width on A, Pulses ©,
Condition <t, Update On Trigger. Select WIDTH (softkey F1) and set to 300 ns.
Apply a 5 MHz square wave to Input A (pulse width is 100 ns),

Check:
-M3201 , M3202: high with 10...50 ns low pulses
- M2001 (ALLTRIG): 5 MHz “square” wave

- D3203 pin 10 (ENSHPULS):  low

5. Check VIDEO SYNC SEPARATOR N2020 signals
Select Video Triggering, and apply a video signal to the Input A

N2020 pin | +3.3 V with 250 us low pulses (60 Hz at NTSC)
2 +3.3 V with 5 us low pulses 1.5 Vpp (15.7 kHz at NTSC)
3 +5V with 250 us low pulses (60 Hz at NTSC)
6 +1.2V
7 square wave 2 Vpp (30 Hz at NTSC)

7.5.9 ADC’s
See circuit diagram Figure 9-6.
Check the foliowing signals on D3000 and D3001 (SCOPE, A&B on):

OLD MAIN PCA:

- pin 14-21 3V pulses

-pin 5 =125 mV per division trace amplitude; +0.7 V for zero trace.
-pin 6 +345V

-pin 7 +1.7V

- pin 8 +1.4V

-pin 9 +0.7 V {only for D3000:9)

- pin 24 D3000 SCOPE mode input A on: 20 MHz, 3 Vpp clock

- pin 24 D3160 SCOPE mode input B on: 20 MHz, 3 Vpp clock
METER mode: 4 MHz, 3 Vpp-clock; occasionally
20 MHz clock bursts.
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NEW MAIN PCA

-pin 5-12 for activity (3 V pulses)

-pin 27 =125 mV per division trace amplitude; +0.7 V for zero trace.
-pin 2, 28 +3V45

-pin 2! +1.4 V; check M3003 for +0.7 V

- pin 15 D3000 SCOPE mode input A on: 20 MHz, 3 Vpp clock

-pin 15 D3100 SCOPE mode input B on; 20 MHz, 3 Vpp clock
METER mode: 4 MHz, 3 Vpp-clock; occasionally
20 MHz clock bursts.

7.5.10 Digital Control & Memory

See circuit diagram Figure 9-7,

Check the following;

1. +3V3GAR and derived voltages +VD, +VDF, +VDR2 for +3.3 V.
2. Do the RAM test, see 7.5.12

3. Replace FlashROM/SRAM module Al

Check D3550:
Power the test tool by the battery only, and switch it on. Check:

D3550:34 +3.3 V; when the test tool is switched off a 60 us low pulse
35 +0.3 V; when the fest tool is switched off a 60 us high pulse
38 32kHz, 3.3 Vclock
39 +33V; whenthetesttoolisoff OV
40 40 MHz, 3.3 V clock; when the test tool is off +2,6 V
43 433V

D3550 ensures that the supply current for the D-ASIC 3500 is limited to about 0.8 mA
when the test tool is off, while powered by the battery only. If D3550 is defective the
current can be 8 mA, and will discharge the battery in about two weeks.

Check D3507 (Watchdog)

pin 1 nustbe + 3.3V

pin4  power on/off with power adapter, or power on with battery only: 33 Hz, +3.3
V pulses
power off with battery only or mask mode: 1 Hz, +1.5 V pulses

7.5.11 Buzzer Circuit

7-20

See circuit diagram Figure 9-7.
1. Select METER mode, Measure Continuity

2. Short circuit the Meter Input banana jacks. The buzzer is activated now.

3. Check M3360 for a 4 kHz, (...3V square wave during beeping (+3 V if not
activated).
If the =30V is not present you will hear a weak beep. This happens if only the mask
software is running.




Corrective Maintenance
7.5 Miscellaneous Functions

v

7.5.12 RAM Test
You can use the Microsoft Windows Terminal program or MetCal to test the RAM,
To use the Microsoft Windows Terminal proceed as foilows:
1. Connect the Test Tool to a PC via the Optical Interface Cable PM9080.

2. Start the Terminal program, and select the following Settings:

Terminal Emulation TTY (Generic)

Terminal Preferences Terminal Modes CR -» CR/LF
BILine Wrap Inbound
Bl ocal Echo L1 Outbound
ElSound

Communications Baud Rate 9600
Data Bits 8
Stop Bits 1
Parity None
Flow Control Xon/Xoff
Connector COMn

3. Tum the test tool off. Keep the keys + 5@ pressed, and tumn the test tool on
again. This will start up the mask software. You will hear a very weak beep now.

4. In the terminal program type capital characters X (no ENTER!). After a number of
characters the test tool mask software will respond with an acknowledge O (zero).
This indicates that the communication between the Terminal program and the test
tool is accomplished.

5. Type 1D
and press  [Enter]
The test tool will return an acknowledge 0 (zero), and the string
Universal Host Mask software; UHM V3.0
If it does not, check the Terminal program settings, the interface connection, and the
test tool Optical Port (Section 7.5.5).

6. To test D3502+D3503:
Type EX11,#H20400000,#H100000 {for the OLD Main PCA)
or
EX11,#H20400000,#H80000 (for the NEW Main PCA D3202 only)
and press [Enter]
The test tool wili retarn one of the following acknowledges:

0 RAM is OK.
I syntax error in the typed command
6 the RAM does not property function, replace one or two RAMs.

7. To test the RAM on the FlashROM/SRAM module Al:
Type WW10000000,2,00020002 and press [Enter]
The test tool must return acknowledge 0 (zero)

Type EX12,#H44000000, #H100000 and press [Enter]

The test tool will return one of the following acknowledges:

0 RAM is OK.

1 syntax error in the typed command

6 the RAM does not properly function, replace the Al module.
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Note:

On the Terminal Screen, the ScopeMeter acknowledge overwrites the first
character of the message that has been sent 10 the test tool.

You can use the following MetCal program to do the test:

1.001 PORT {P1200,n,8,1,x]
1.002 PORT em[13] [i]
1.003 PORT FLUKETHM [13] [4]
1.004 PCRT {dz000]
1.005 PCORT KHEIKHKAIA[4]
1.006 PORT id[12] {4] [1%]
1.007 LABEL repeat
1.008 PCRT (18]
1,009 JMPL repeat ZCMPT (mem2, 70"}
1.010 PCRT ex1l, #H20400000, #H100000 {131 {1} (OLD Main PCR)
ex1l, #H20400000, #H80000[23] {i] I{NEW Main PCA)
1.011  JMPL errorl mem > 0
1.012 DISP RAM D3302, D3503 ok
1.013 PORT WW10000000,2,0002,00021237 1]
1.014 FORT EX12,#H44000000, $B100000 {1237 [41}
32.015  JMPL errors mem > 0
1.01s DIgPp 21 module ok
1.017 JMPL sTop
1.018 LABEL errorl
1.019 DIsp RAM D3302 or D303 defective
1,020 JMPL SLOD
1.021 LABEL error?
1.022 DISP RAEM on Al module defective
1.023 LABEL stop
1.024 END
7.5.13 Power ON/OFF
Check MS3614 for +3 V (supplied by D3500:F4). If the ON key is pressed, MS3614
must go low,

If wrong, do the Section 7.4.1. tests first!

7.5.14 Battery

Battery operating time is does not meet the specification (4 hours):

1.
2.

Turn the ScopeMeter on (battery power only)

Check the voltage across R4101 {near the battery connector) for about 140 mV. This
corresponds to a current of about 0.95 A. If the current is much higher the cause of
the problem is not the battery.

Battery is discharged when ScepeMeter is not used for some time (2 or 3 weeks)

1.
2.

Turn the ScopeMeter on (battery power only)

Check the voltage across R4101 (near the battery connector) for about .15 mV.
This corresponds to a current of about 1 mA. Turn the ScopeMeter off and on, and
check the voltage again for 0.15 mV. Do this about 10 fimes.

If one or more times a current of about 1.2 mV is measured (8§ mA), the cause is a
defective IC D3550. This IC takes care of a correct power state of D3500.

As the 8 mA discharge current can have damaged the battery, you must check the
battery capacity as described below.

If the current is much higher then 8 mA the cause of the problem is not or is not only
D3550 .

To check if the battery has a correct capacity:

L.

Do a battery refresh : USER, OPTIONS.. ., Battery Refresh
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2. Disconnect the BC190 Battery Charger/Power Adapter

3. Start a TrendPlot: RECORDER

4, When the battery is discharged the ScopeMeter will shut down. Now connect the
BC190, turn the power on and check the length of the TrendPlot trace. For a new
battery pack this should be about 4 hours. Depending on the number of applied
charge cycles the battery capacity will decrease. If the TrendPlot trace has a length
of 3 houss or less you may consider to repiace the battery pack.

7.6 Loading Software

To lead a new software version in the test tool contact an authorized Fluke Service
center, see section 8.3.
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List of Replaceable Parts
8.1 Introduction

8.1 Introduction

This chapter contains an iltustrated list of replacecable parts for the models 192B, 1968,
196C, 1998 and 199C ScopeMeter test tool. Parts are listed by assembly; alphabetized
by item number or reference designator. Each assembly is accompanied by an
iltustration showing the location of each part and its item number or reference
designator. The parts st gives the following information:

¢ [tem number or reference designator (for example, “R1227)

s An indication if the part is subject to static discharge: the * symbol

s Description

¢ Ordering code

Caution

A * symbol indicates a device that may be damaged by static
discharge.

8.2 How to Obtain Parts

Contact an authorized Fluke service center, see section 8.3,

To locate an authorized service center refer to the second page of this manual (back of the
title page).

In the event that the part ordered has been replaced by a new or improved part, the
replacement will be accompanied by an explanatory note and installation instructions, if
necessary.

To ensure prompt delivery of the correct part, include the following information when
you place an order:

o Instrument model (for example Fluke-196C), 12 digit instrument code (9444 ... ... )
and serial number {DM.......). The items are printed on the type plate on the bottom
cover.

¢ Ordering code

¢ Item number - Reference designator
® Description

e Quantity

8.3 Service Centers

To locate an authorized service center, call Fluke using any of the phone numbers listed
below, or visit on the World Wide Web: www.fiuke.com

USA and Canada: 1-888-99-FLUKE (1-888-993-5853)
Europe: +31-40-2675-200

Japan: +81-3-3434-0181

Singapore: +65-738-5655

Anywhere in the world: +1-425-446-5500
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8.4 Final Assembly Parts

See Table 8-1 and Figure 8-1 for the Final Assembly parts.

Table 8-1. Final Assembly Parts

Hem Description Ordering Code

1 Top case assembly Fiuke 1928, 1968, 196C, 199B, 199C (without 4022 244 98331

LCD, without window/dacal)
2 Display window/decal Fluke 1928 4022 240 12501

Dispiay window/decal Fluke 1968 4022 240 12511

Dispiay window/decal Fluke 196C 4022 240 12541

Display window/decal Fluke 199B 4022 240 12521

Display window/decal Fluke 198C 4022 240 12551

3+4 Keypad set (includes large & small keypad) 4022 243 09762

5 Keypad foil 4022 245 04962
6 Keypad support assembly 4022 244 98401
7 Display unit Color Fluke 196C, 1938C 4022 244 63261

Display unit B/W Fiuke 192B, 196B, 199B 4022 244 93271

The Display unit does not include the fiat cable

Flat cable for display unit (both versions) 4022 303 40111
8 Dispiay mounting frame assy 4022 244 88421
9 Input cover {including screws) 4022 244 98121
10 EJOT Pt screw 4022 244 92551
14 Main PCA unii for all models. 4022 244 98481

Unit is provided with sticker 190B/C (see note 1 below)

On delivery the Fluke 199C testsoftware is loaded!

Load appropriate software and type number, then

always calibrate the unit!

See Section 10.4 for more information.
12 Hang strap 4022 244 98321
13 Botiom case assembly {see note 2 below) 4022 244 98131
14 Combi-screw Torx M3x10 (screw + split spring} 4022 325 42101
15 Strap 4022 244 98181
16 Strap holder 4022 244 98201
17 Tilt stand {(bail) 4022 244 98211
18 Combi-screw Torx M3x10 {screw + fiat washer) 4022 244 81231
19 Bottom holster 4022 244 98221
20 Combi-screw Torx M3x10 {screw + fiat washer) 4022 244 51231
23 Battery Pack (see note 3 below) BP190
22 Spacer M2.5x3 for Fan 4022 244 94701
23 Fan Assy 4622 246 19631
24 Screw M2.5x12, countersunk Torx for Fan 2522 203 04016

Note ]

Units with sticker 190C (4022 244 98411) will become obsolete. These
uniis can be used for the Flukel 96C and 199C only. They can be provided

with the newest software version.

Note 2

Do not use the old version bottom case assembly of the Fluke 192-196-

199! See Figure 8-2 and Figure §-3.
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<l

Ni MH

Note 3

The test tool contains a NiMH batrery (item 21). Do not mix
with the solid wastestream. Spent batteries should be disposed
of by a qualified recyeler or hazardous materials handler.

BTETH

@

(2x)
SIBT38.wmt

Figure 8-1. Final Assembly Details
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The raised border is open at the edge

Figure 8-2. New version bottom cover

The raised border is NOT open at the edge

Figure 8-3. Old version bottom cover, NOT for
1928, 196B-C, 1998-C

¥-bmp

8.5 Main PCA Unit Parts
See Table 8-2 and Figure 8-4 for the main PCA Unit parts.

Table 8-2. Main PCA Unit Parts

tem

Description

Ordering Code

(s34 N SV G

= O o =~

Shieiding box assy (includes rubber spacer, see fig. 8-5)
Insulation foil

PT-Screw K35x8

Input connector unit

sealing ring for power connector

Input attenuator shislding:

- METER channel top

- METER channel bottom

- SCOFE channel A top

- SCOPE channel B top

- BCOPE channet A&B botiom

Screw Torx M3x20

Shielding cover

Combi-screw Torx M3x10 (screw + split spring)
Hexagonal spacer M3x16.5

4022 244 98431
4022 244 98241
4022 244 927N
4022 244 98251
4022 244 98331

4022 244 98261
4022 244 98271
4022 244 98281
4022 244 98291
4022 244 98301
2522 201 08038
4022 243 08931
4022 325 42101
4022 244 93071

8-6

Note |

If the main PCA must be veplaced, you must order the complete main PCA Unit.




List of Replaceable Parts
8.5 Main PCA Unit Paris

38

Note 2

The Scope channel A and B input attenuator top shieldings are provided with a
plate spring. The spring end is provided with heat conducting tape; it contacts
the C-ASIC’s N100OO and N 1200, and transports the heat from the C-ASIC o the
shielding.

Do not bend the springs, keep the tape on the spring end free of dust, and put the
shielding on the correct position.

©

{4x)

@@ @

STEETS
STBETE.wral

Figure 8-4. Main PCA Unit

rubber-spacer-tigray.ipg

Figure 8-5. Rubber Spacer on Shielding Box Assy
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8.6 Main PCA Parts

See Figure 9-11 and Figure 9-12 at the end of Chapter 9 for the main PCA reference
designation views.

If a part has a an ordering code that depends on the Main PCA Unit version, this is
indicated with (OLD) and (NEW) behind the parts description. See Section 10.4 for
more information about the old and new version Main PCA unit,

Table 8-3. Main PCA Parts

ltem Description Location on Ordering Code
Main PCA
top bottom

A201 FLASH/SRAM MODULE 1M x 16 {OLD) | D1 4022 246 19431

FLASH/SRAM MODULE 512k x 16 (NEW) | D1 4022 246 19841
82000 QUARTZ CRYSTAL 25.00MHZ c2 4022 303 20181
83500 QUARTZ CRYSTAL 3.6864MHZ B1 4022 303 20201
B3501 QUARTZ CRYSTAL 32 768KHZ C1 4022 303 20291
83502 QUARTZ CRYSTAL 40.00MHZ Bt 4022 303 20271
C1000 CERCAP X8R 1206 10% 1UF Ab 5322 126 14089
C1001 CERCAP 1500V 2% 12PF D5 2222 654 10129
c1002 CERCAP 1500V 2% 12PF D5 2222 654 10128
C1003 CER CAP 1500V 2% 12PF D5 2222 654 10129
C1004 CER CAP 1500V 2% 12PF D& 2222 654 10128
C1010 CER CAP 1500V 0.25PF 2.2PF D5 2222 654 09228
C1011 CER CAP 1 500V 0.25PF 2.2PF D5 2222 654 09228
C1012 CER CAP 1 500V 0.25PF 2.2PF C5 2222 654 08228
C1013 CER CAP 1500V 0.25PF 2.2PF C5h 2222 654 09228
C1014 CER CAP 1 500V (.25PF 2.2PF C5 2222 654 09228
C1025 CC 4.7PF 8% 0805 NPO 50V A5 4022 301 60131
C1029 CC 12PF 5% 0805 NPQ 50V B5 4022 301 60181
C1030 CC 12PF 5% 0805 NPO 50V B5 4022 301 6018+
C1031 CC .47PF 50% 0805 NPG 50V D4 4022 301 60611
C1032 CC 10PF 5% 0805 NPQ 50V D4 4022 301 60171
C1033 CC 100PF 5% 0805 NPQ 50V D4 4022 301 80291
C1034 CC tNF 5% 0805 NP{) 50V D4 4022 301 6041+
C1038 CC 1NF 5% 0805 NPQ 50V Ad 4022 301 60411
C1039 CC 22NF 10% 0805 X7R 50V Ad 4022 301 6049+
C1040 CC 470PF 5% 0805 NPG 50V A4 4022 301 60371
C1041 CC 470PF 5% 0805 NPG 50V D4 4022 301 606371
C1044 CER CAP 1 500V (.25PF 1.2PF D5 2222 654 03128
C1045 CC 22NF 10% 0805 X7R 50V D4 4022 301 60491
C1050 MKC CAP 250V 10% BB8NF D5 2222 344 48683
C1082 CC 100NF 10% 0805 X7R 50V Ad 4022 301 61331
C1083 CC 100NF 10% 0805 X7R 50V B4 4022 301 61331
C1084 CC 100NF 10% 0805 X7R 50V Ad 4022 301 61331
C1065 CC 100NF 10% 0805 X7R 50V Ad 4022 301 61331
C1073 CC 4.7NF 10% 0805 X7R 50V C4 4G22 301 80451
C1082 CC 22NF 10% 0805 X7R 50V o] 4022 301 604N
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Hem Description Location on Ordering Code
Main PCA
top bottom

1083 CC 100NF 10% 0805 X7R 50V A4 4022 301 61331
C1092 CC 100NF 10% 0805 X7R 50V Ad 4022 301 61331
C10093 CC 100NF 10% 0805 X7R 50V B5 4022 301 61331
C1094 CC 100NF 10% 0805 X7R 50V Ad 4022 301 81331
C1095 CC 100NF 10% 0805 X7R 50V Ad 4022 301 61331
C1096 CC 100NF 10% 0805 X7R 50V Ad 4022 301 61331
C1097 CC 100NF 10% 0805 X7R 50V Ad 4022 301 81331
C1098 CC 100NF 10% 0805 X7R 50V A5 4022 301 61331
C1099 CC 190NF 10% 0805 X7R 50V A5 4022 301 61331
C1100 CC 33PF 5% 0805 NP0 50V C4 4022 301 60231
1101 CC 33PF 5% 0805 NP0 50V D4 4022 301 60231
C1102 CERCAP X5R 1206 10% 1UF A4 5322 126 14089
C1104 CERCAP X5R 1206 10% 1UF Ad 5322 126 14089
C1108 ELCAP 25V SMD 20% 10UF C3 5322 124 11838
C1109 CC 100NF 10% 0805 X7R 50V C3 4022 301 61331
Ct112 CC 1ONF 10% 0805 X7R 50V C4 4022 301 60471
C1125 CC 2.2NF 1% 1206 NPO 25V B4 4022 301 61181
cii CC 2.2NF 1% 1206 NPQ 25V B3 4022 301 61181
C1133 CC 1NF 5% 0805 NPO 506V B3 4022 301 80411
C1140 TACAP 6V SMD 20% 88UF (OLD) | D4 4022 301 81341

CAP 88UF 20% 6.3V NBO CASE-C  (NEW) | D4 4022 301 63731
C1141 TACAP 6.3V SMD 20% 100UF (OLD) | D4 4022 301 861211

CAP 22UF 8.3V 10% X8R 1210 (NEW) | D4 4022 101 00021
C1142 TACAP B8V SMD 20% B6BUF (OLDY | D4 4022 301 61341

CAP 68UF 20% 6.3V NBO CASE-C  (NEW) | D4 4022 301 83731
C1143 TACAP 6.3V SMD 20% 100UF {OLDYy 1 D4 4022 301 61211

CAP 22UF 63V 10% X5R 1210 (NEW) | D4 4022 101 00021
C1144 TACAP 8V SMD 20% B68UF {OLD) | D4 4022 301 61341

CAP 68UF 20% 6.3V NBO CASE-C {NEW) | D4 4022 301 63731
C1145 TACAP 6.3V SMD 20% 100UF (OLD) ; D4 4022 301 61211

CAP 68UF 20% B.3V NBO CASE-C  (NEW) : D4 4022 101 00021
C1150 CC 10GNF 10% 0805 X7R 50V Ad 4022 301 61331
C1200 CERCAP X5R 1206 10% 1UF D5 5322 1286 14089
C1201 CER CAP 1500V 2% 12PF Ab 2222 654 10128
C1202 CER CAP 1500V 2% 12PF AB 2222 654 10129
C1203 CER CAP 1500V 2% 12PF Ab 2222 654 10129
Ci204 CER CAP 1500V 2% 12PF Ab 2222 654 10129
ci210 CER CAP 1 5006V 0.25PF 22PF Ab 2222 654 09228
ci211 CER CAP 1 500V 0.25PF 2.2PF A5 2222 854 09228
C1212 CER CAP 1500V G.25PF 2.2PF B5 2222 B54 092238
C1213 CER CAP 1500V 0.25PF 2.2PF BS 2222 654 09228
C1214 CER CAP 1500V 0.25PF 2.2PF B5 2222 854 09228
C1225 CC 4.7PF 6% 0805 NP0 50V D5 4022 301 60131
C1229 CC 12PF 5% 0805 NP0 50V Cs 4022 301 60181
C1230 CC 12PF 5% 0805 NPO 50V C5 4022 301 60181
C1231 CC .47PF 50% 0805 NPG 50V B4 4022 301 60011
C1232 CC 10PF 5% 0805 NPO 50V B4 4022 301 60171
C1233 CC 100PF 5% 0805 NP0 50V B4 4022 301 60291
C1234 CC 1NF 5% 0805 NPO 50V B4 4022 301 60411
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C1238 CC 1NF 5% 0805 NPG 50V D4 4622 301 60411
C1239 CC 22NF 10% 0805 X7R 50V D4 4022 301 60491
C1240 CC 470PF 5% 0805 NPQ 50V C4 4022 301 60371
C1241 CC 470PF 5% 0805 NPQ 50V B4 4022 301 60371
C1244 CER CAP 1500V Q.25PF 1.2PF A5 2222 654 03128
C1245 CC 22NF 10% 0805 X7R 50V Ad 4022 301 60491
C1250 MKC CAP 250V 10% B68NF A5 2222 344 48683
c1282 CC 100NF 10% 0805 X7R 50V D4 4022 301 61331
C1263 CC 100NF 10% 0805 X7R 50V D4 4022 301 61331
C1264 CC 100NF 10% 0805 X7R 50V D4 4022 301 61331
C1285 CC 100NF 10% 0805 X7R 50V D4/C4 4022 301 61331
C1273 CC 4.7NF 10% 0805 X7R 50V Ad 4022 301 60451
c1282 CC 22NF 10% 0805 X7R 50V Ad 4022 301 80481
C1283 CC 100NF 10% 0805 X7R 50V D4 4022 301 61331
C1282 CC 100NF 10% 0805 X7R 50V D4 4022 301 61331
C1293 CC 100NF 10% 0805 X7R 50V D5 4022 301 61331
C1294 CC 100NF 10% 0805 X7R 50V D4/C4 4022 301 61331
1285 CC 100NF 10% 0805 X7R 50V D4 4022 301 61331
C1296 CC 100NF 10% 0805 X7R 50V D4 4022 301 61331
C1297 CC 100NF 10% 0805 X7R 50V D4 4022 301 61331
1298 CC 100NF 10% 0805 X7R 50V D5 4022 301 681331
C1299 CC 100NF 10% 0805 X7R 50V C5 4022 301 61331
C1300 CC 33PF 5% 0805 NP0 50V Ad 4022 301 60231
1301 CC 33PF 5% 0805 NP0 50V B4 4022 301 60231
C1302 CERCAP X5R 1206 10% 1UF D4 5322 126 14089
C1304 CERCAP X5R 1206 10% 1UF D4/C4 5322 126 14089
C1308 ELCAP 25V SMD 20% 10UF B3 5322 124 11838
C1309 CC 100NF 10% 0805 X7R 50V C3 4022 301 61331
C1312 CC 10NF 10% 0805 X7R 50V B4 4022 301 60471
C1325 CC 2.2NF 1% 1206 NPO 25V A4 4022 301 61181
C1331 CC 2.2NF 1% 1206 NPO 25V B3 4022 301 61181
C1333 CC INF 5% 0805 NP0 50V B3 4022 301 60411
C1340 TACAP 6Y SMD 20% 68UF (OLD) | A4 4622 301 61341

CAP 88UF 20% 6.3V NBQ CASE-C  (NEW) | A4 4022 301 63731
C1341 TACAP 6.3V SMD 20% 100UF (OLD) @ A4 4022 301 61211

CAP 22UF 6.3V 10% X5R 121G (NEW) | A4 4022 101 00021
C1342 TACAP &Y SMD 20% 88UF (OLD) | A4 4022 301 61341

CAP 88UF 20% 6.3V NBO CASE-C  (NEW)} A 4022 301 63731
1343 TACAP 6.3V SMD 20% 100UF (OLD) | Ad4 4022 301 81211

CAP 22UF 6.3V 10% X5R 1210 {(NEW} | Ad 4022 101 00021
C1344 TACAP &Y SMD 20% 68UF (OLD) | A4 4022 301 61341

CAP 22UF 8.3V 10% X5R 1210 (NEW) | Ad 4022 101 00021
1345 TACAP 6.3V SMD 20% 100UF {OLD) | Ad 4022 301 81211

CAP 22UF 8.3V 10% X5R 1210 (NEW) | A4 4022 101 066021
1346 CC 10NF 10% 0805 X7R 50V D3 4022 301 80471
C1350 CC 100NF 10% 0805 X7R 50V D4 4022 301 61331
C1500 CC 10NF 10% 0805 X7R 50V C4 4022 301 60471
C1501 CC 10NF 10% 0805 X7R 50V C4 4022 301 60471
C1504 CC 22PF 5% 0805 NPO 50V C4 4022 301 86211
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C1505 CC 220PF 5% 0805 NP0 50V C4 4022 301 60331
C1508 CC 2.2NF 10% 0805 X7R 50V C5 4022 301 60431
C1507 CC 22NF 10% 0805 X7R 50V C5 4022 301 60491
C1508 CC 22PF 5% 0805 NPG 50V B4 4622 301 60211
C1523 CC 22PF 5% (805 NPQ 50V C4 4022 301 60211
C1524 CC 150PF 5% 0805 NPO 50V C4 4022 301 60311
C1526 CC 22PF 5% 0805 NPG 50V C4 4022 301 60211
C1530 CC 1INF 5% 0805 NPQ 50V B3 4022 301 60411
C1538 CC 22NF 10% 0805 X7R 50V B4 4022 301 60491
C1550 CC 10NF 10% 0805 X7R 50V C5 4022 301 60471
C1551 CC 100NF 10% 0805 X7R 50V B5 4022 301 61331
C1560 CC 100PF 5% 0805 NPQ 50V 4022 301 680291
C1570 CC 1tNF 5% 0805 NP0 50V B4 4022 301 60411
C1575 CERCAP X5R 1206 10% 1UF C4/B4 5322 126 14089
C15786 ELCAP 25V SMD 20% 10UF C4 5322 124 11838
C1577 TACAP 10V SMD 20% 1C0UF (OLD) c4 4022 301 61231

CAP 100UF 10% 10V SMD MNR (NEW) 4022 301 81531
C1578 ELCAP 25V SMD 20% 10UF B4 5322 124 11838
C1579 TACAP 10V SMD 20% 100UF (OLD) C4 4022 301 61231

CAP 100UF 10% 10V SMD MNR {(NEW) 4022 301 61531
C1580 CC 100NF 10% 0805 X7R 50V C4 4022 301 61331
C1586 CC 100NF 10% 0805 X7R 50V C4 4022 301 61331
C1587 CC 100NF 10% 0805 X7R 50V B4 4022 301 61331
C1588 CC 100NF 10% 0805 X7R 50V C4 4022 301 61331
1589 CC 100NF 10% 0805 XTR 50V C4 4022 301 61331
C1580 CC 100NF 10% 0805 X7R 50V C4 4022 301 61331
C1592 CC 100NF 10% 0805 X7R 50V B4 4022 301 61331
C1593 CC 100NF 10% 0805 X7R 50V CH 4022 301 61331
C1594 CC 100NF 10% 0805 X7R 50V B4 4022 301 61331
C1585 CC 100NF 10% 0805 X7R 50V B4 4022 301 61331
C1598 CC 100NF 10% 0805 X7R 50V C4 4022 301 81331
1597 CC 100NF 10% 0805 X7R 50V B85 4022 301 61331
C2000 CC 2.2NF 10% 0805 X7R 50V 83 4022 301 80431
C2001 CC 2.2NF 10% 0805 X7R 50V B3 4022 301 60431
C2002 CC 2.2NF 10% 0805 X7R 50V B3 4022 301 60431
C2003 CC 22NF 10% 0805 X7R 50V C3 4022 301 60491
C2004 CC 22NF 10% 0805 X7R 50V C3 4022 301 60491
C2005 CC 22NF 10% 0805 XTR 50V C3 4022 301 80491
2008 CC 22NF 10% 0805 X7R 50V C3 4022 301 80481
C2007 CC 100NF 10% 0805 X7R 50V B3 4022 301 61331
C2008 CERCAP X5R 1206 10% 1UF B3 5322 126 14089
C2010 CC 220PF 5% 0805 NP0 50V C2 4022 301 60331
C2011 CC 10NF 10% 0805 X7R 50V B2 4022 301 60471
C2015 CC 470PF 5% 0805 NPO 50V B2 4022 301 60371
C2020 CC 100NF 10% 0805 X7R 50V B3 4022 301 61331
C2021 CC 100NF 10% 9805 X7R 50V B2 4022 301 61331
cz2022 CC 100NF 10% 0805 X7R 50V B2 4022 301 61331
C2023 CC 1PF 25% (0805 NPG 50V cz 4022 301 80051
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C2024 CC 1PF 25% 0805 NPG 50V C2 4022 301 80051
C2025 CC 1PF 25% 0805 NPOQ 50V c2 4022 301 606051
2028 CC 15PF 5% 0805 NPG 50V B2 4022 301 60191
C2028 CC 2.2PF 11% 0805 NP] 50V B1 4022 301 800691
C2036 CC 2.2PF 11% 0805 NPQ 50V B1 4022 301 60091
C2031 CC 2.2PF 11% 0805 NPQ 50V B1 4022 301 60091
C2032 CC 2.2PF 11% 0805 NPJ 50V B1 4022 301 80091
C2033 CC_1PF 25% 0805 NP 50V B2 4022 301 60051
C2034 CC 4.7PF 8% 0805 NPG 50V B2 4022 301 80131
C2036 CC 39PF 5% 0805 NPG 50V cz 4022 301 80241
2037 CC 39PF 5% 0805 NPO b0V B2 4022 301 80241
C2038 CC 39PF 5% 0805 NPO 50V B2 4022 301 80241
C2039 CC 2.2NF 10% 0805 X7R 50V B2 4022 301 60431
C2050 CC 100NF 10% 0805 X7R 50V B2 4022 301 61331
C2051 CC 100NF 10% 0805 X7R 50V B2 4022 301 61331
C2052 ELCAP 25V SMD 20% 10UF c2 5322 124 11838
C2053 CC 100NF 10% 0805 X7R 50V B2 4022 301 81331
C2054 CC 100NF 10% 0805 X7R 50V Bz 4022 301 61331
C2055 ELCAP 25V SMD 20% 10UF B2 5322 124 11838
C2058 CC 100NF 10% 0805 X7R 50V D2 4022 301 61331
C2059 CC 100NF 10% 0805 X7R 50V D2 4022 301 61331
C2060 CC 4 7NF 10% 0805 X7R 50V B2 4022 301 60451
C2061 CC 100NF 10% 0805 X7R 50V B2 4022 301 61331
c2062 CC 100NF 10% 0805 X7R 50V c2 4022 301 61331
C2063 CC 22NF 10% 0805 X7R 50V B2 4022 301 604N
C2064 CC 100NF 10% 0805 X7R 50V B2 4022 301 61331
C2085 CC 100NF 10% 0805 X7R 50V B2 4022 301 61331
C2200 ELCAP 25V SMD 20% 10UF B3 5322 124 11838
Ce201 CC 100NF 10% 0805 X7R 50V B3 4022 301 61331
C2202 CC 100NF 10% 0805 X7R 50V 82 4022 301 61331
2203 CC 100NF 10% 0805 X7R 50V 82 4022 301 61331
C2204 CC 100NF 10% 0805 X7R 50V B3 4522 30161331
C2205 CC 100NF 10% 0805 X7R 50V B2 4022 301 61331
22086 TACAP 6.3V SMD 20% 100UF B2 4022 301 81211
C2210 CC 100NF 10% G805 X7R 50V B3 4022 301 61331
C2211 CC 100NF 10% 0805 X7R 50V B3 4022 301 61331
C2212 CC 100NF 10% 0805 X7R 50V B3 4022 301 61331
C2213 CC 100NF 10% 0805 X7TR 50V B3 4022 301 61331
C2214 CC 100NF 10% 0805 X7R 50V B2 4022 301 61331
C2218 TACAP 8.3V SMD 20% 100UF B3 4022 301 81211
C2220 CC 100NF 10% 0805 X7R 50V c2 4022 301 61331
C2221 CC 100NF 10% 0805 X7R 50V B2 4022 301 61331
2222 CC 160NF 10% 0805 X7R 50V B2 4022 301 61331
C2230 ELCAP 25V SMD 20% 10UF B3 5322 124 11838
2231 CC 100NF 10% 0805 X7R 50V B3 4022 301 61331
2232 CC 100NF 10% 0805 X7R 50V B2 4022 301 861331
C2233 CC 100NF 10% 0805 X7R 50V B2 4022 301 81331
C2240 ELCAP 25V SMD 20% 10UF B2 5322 124 11838
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C2241 CC 100NF 10% 0805 X7R 50V B2 4022 301 61331
C2242 ELCAP 25V SMD 20% 10UF B2 5322 124 11838
C2243 CC 100NF 10% 0805 X7R 50V B2 4022 301 61331
C2256 ELCAR 25V SMD 20% 10UF B3 5322 124 11838
C2251 CC 100NF 10% 0805 X7R 50V B3 4022 301 61331
C2252 CC 1006NF 10% 0805 X7R 50V B2 4022 301 61331
C2253 CC 100NF 10% 0805 X7R 50V B2 4022 301 61331
C2254 CC 100NF 10% 0805 X7R 50V B3 4022 301 81331
C2255 CC 100NF 10% 0805 X7R 50V B3 4022 301 61331
C2260 CC T00NF 10% 0805 X7R 50V B3 4022 301 81331
C2261 CC 100NF 10% 0805 X7R 50V 82 4022 301 81331
C2262 CC 100NF 10% 0805 X7R 50V B2 4022 301 61331
C2263 CC 100NF 10% 0805 X7R 50V B2 4022 301 61331
C2264 CC 100NF 10% 0805 X7R 50V B2 4022 301 61331
C2270 ELCAP 25V SMD 20% 10UF B3 5322 124 11838
C2271 CC 100NF 10% 0805 X7R 50V B3 4022 301 81331
cz272 CC 190NF 10% 0805 X7R 50V B3 4022 301 61331
C2273 CC 100NF 10% 0805 X7R 50V B3 4022 301 81331
C2274 CC 100NF 10% 0805 X7R 50V B2 4022 301 81331
C2280 CC 100NF 10% 0805 X7R 50V B3 4022 301 61331
C2281 CC 100NF 10% 0805 X7R 50V B3 4022 301 61331
C2282 CC 100NF 10% 0805 X7R 50V B2 4022 301 61331
C2283 CC 100NF 10% 0805 X7R 50V B2 4022 301 81331
C2284 CC 100NF 10% 0805 X7R 50V B2 4022 301 61331
C2291 CC 100NF 10% 0805 X7R 50V B2 4022 301 61331
C2282 CC 100NF 10% 0603 X7R 16V Ccz 4022 301 61681
C3600 CC 4.7PF 8% 0805 NP0 50V B2 4022 301 60131
C3001 CC 100NF 10% 0805 X7R 50V (OLD) B2 4022 301 61331

ELCAP 25V SMD 20% 10UF (NEW) | B2 5322 124 11838
C3002 ELCAP 25V SMD 20% 10UF (NEW) | B2 5322 124 11838
C3003 CC 100NF 10% 0805 X7R 50V B2 4022 301 61331
C3004 CC 100NF 10% 0805 X7R 50V B2 4022 301 61331
C3010 CC 100NF 10% 0805 X7R 50V B2 4022 301 81331
C3011 ELCAP 25V SMD 20% 10UF (OLDj) { B3 5322 124 11838

CC 100NF 10% 0805 X7R 50V {NEW) B2 4022 301 61331
C3012 CC 100NF 10% 0805 X7R 50V B2 4022 301 61331
C3013 CC 100NF 10% 0805 X7R 50V B2 4022 361 81331
C3014 CC 100NF 10% 0805 X7R 50V B2 4022 301 61331
C3015 ELCAP 25V SMD 20% 10UF B2 5322 124 11838
C3018 CC 100NF 10% 0805 X7R 50V B2 4022 301 61331
C3018 CC 4.7NF 6% 0805 NP0 50V B2 4022 301 60131
C3051 CC 100NF 10% 0805 X7R 50V B2 4022 301 61331
C3100 CC 4.7PF 6% 0805 NP0 50V B2 4022 301 80131
C3101 CC 100NF 10% 0805 X7R 50V c2 4022 301 81331
3103 CC 100NF 10% 0805 X7R 50V B2 4022 301 81331
C3104 CC 100NF 10% 0805 X7R 50V B2 4022 301 81331
C3110 CC 100NF 10% 0805 X7R 50V B2 OLD | 4022 30161331

C2 NEW
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C3111 CC 100NF 10% 0805 X7R 50V C2 4022 30161331
C3112 CC 100NF 10% 0805 X7R 50V B2 4022 301 61331
C3113 CC 100NF 10% 0805 X7R 50V B2 4022 301 61331
C3114 CC 100NF 10% 0805 X7R 50V B2 4022 301 61331
C311i5 ELCAP 25V SMD 20% 10UF C2 5322 124 11838
C3116 CC 100NF 10% 0805 X7R 50V B2 4022 3C1 61331
C3119 CC 4.7PF 6% 0805 NPQ 50V Ccz 4022 301 60131
C3200 CC 100NF 10% 0805 X7R 50V c2 4022 30161331
C3201 CC 100NF 10% 0805 X7R 50V c2 4022 361 61331
C3300 CC 4.7NF 10% 0805 X7R 50V B1 4022 301 60451
C3301 CC 4, 7NF 10% 0805 X7R 50V B1 4022 301 60451
€3302 CC 4.7NF 10% 0805 X7R 50V B1 4022 301 80451
C3310 CC 4.7NF 10% 0805 X7R 50V B1 4022 301 604561
C3311 CC 100NF 10% 0805 X7R 50V Bt 4022 301 61331
C3312 CC 100NF 10% 0805 X7R 50V B1 4022 301 81331
C3313 CC 100NF 10% 0805 X7R 50V B1 4022 301 61331
C3401 CC 100NF 10% 0805 X7R 50V A2 4022 301 61331
3402 CC 100NF 10% 0805 X7R 50V A2 4022 301 61331
C3403 CC 47PF 5% 0805 NPQ 50V D2 4022 301 60251
C3500 CC 100NF 10% 0805 X7R 50V B1 4022 301 61331
C3501 CC 100NF 10% 0805 X7R 50V C1 4022 301 61331
C3502 CC 100NF 10% 0805 X7R 50V C1 4022 301 61331
C3504 CC 100NF 10% 0805 X7R 50V B1 4022 301 61331
3505 CC 190NF 10% 0805 X7R 50V B1 4022 301 61331
C3506 CC 100NF 10% 0805 X7R 50V Bt 4022 301 61331
C3507 CC 100NF 10% 0805 X7R 50V B1 4022 301 61331
3510 CC 22NF 10% 0805 X7R 50V C1 4022 301 60491
C3511 CC t00NF 10% 0805 X7VR 50V B1/CH 4022 301 61331
C3512 CC 100NF 10% 0805 X7R 50V Ct 4022 301 681331
C3513 CC 100PF 5% 0805 NP0 50V C1 4022 301 60291
C3514 CC 100PF 5% 0805 NP0 50V Ci1 4022 301 60291
C3515 CC 100NF 10% 0805 X7R 50V C1 4022 301 81331
3519 CC 22NF 10% 0805 X7R 50V D1 4022 301 80491
C3533 CC 100NF 10% 0805 X7R 50V B1 4022 301 61331
£3534 CC 100NF 10% G805 X7R 50V B1 4022 301 81331
C3540 CC 47PF 5% 0805 NPQ 50V C1 4022 301 80251
C3541 CC 47PF 5% 0805 NPQ 50V Ct 4022 301 60251
3543 CC 18FF 5% 0805 NPQ 50V C1 4022 301 80201
C3544 CC 18PF 5% 0805 NPO 50V C1 4022 301 80201
C3546 CC 4.7PF 6% 0805 NPQ 50V C1 4022 301 80131
C3550 CC 100NF 10% 0805 X7R 50V c2 4022 301 81331
C3600 CC 100NF 10% 0805 X7R 50V D3 4022 301 61331
C3611 CC 100NF 10% 0805 X7R 50V A3 4022 301 61331
C3612 CC 100NF 10% 0805 X7R 50V A3 4022 301 61331
C3613 CC 100NF 10% 0805 X7R 50V A3 4022 301 61331
C3614 CC 100NF 10% 0805 X7R 50V AZ 4022 301 61331
C3615 CC 100NF 10% 0805 X7R 50V Al 4022 301 61331
C36186 CC 100NF 10% 0805 X7R 50V Al 4022 301 61331




List of Replaceable Paris
8.6 Main PCA Paris

8

Item Description Location on Ordering Code
Main PCA
top bottom

C3617 CC 100NF 10% 08065 X7R 50V At 4022 301 81331
3618 CC 100NF 10% 0805 X7TR 50V At 4022 301 61331
C3619 ELCAP 35V SMD 4.7UF D2 2020 021 91157
3621 CC 100NF 10% 0805 X7R 50V D1 4022 361 61331
C3622 CC 100NF 10% 0805 X7R 50V D1 4022 301 81331
£3623 CC 22NF 10% 0805 X7R 50V A3 4022 301 80491
C3700 CC 100NF 10% 0805 X7R 50V A 4G22 301 81331
4000 ELCAP 25V RAD 20% 470UF B2 4022 301 61271
4001 ELCAP 25V RAD 20% 470UF B2 4022 301 61271
4002 CC 100NF 10% 0805 X7R 50V D2 4022 301 61331
C4004 CC 10NF 10% 0805 X7R 50V D2 4022 301 80471
4005 CC INF 5% 0805 NPQ 50V D2 4022 301 60411
C4008 TACAP 8.3V SMD 20% 100UF {OLD) c2 4022 301 81211

CAP 100UF 20% 6.3V NBO CASE-D (NEW) c2 4022 101 0021
C4009 CC 100NF 10% 0805 X7R 50V Ct 4022 301 61331
C4010 TACAP 6.3V SMD 20% 100UF A2 4022 301 81211
C4011 TACAP 6.3V SMD 20% 220UF {OLD) | A2 4022 301 62071

CAP 220UF 6.3V 10% X5R 1210 {NEW) | A2 4022 301 83741
C4012 TACAP 6.3V SMD 20% 100UF (OLD) | A2 4022 301 81211

CAP 22UF 6.3V 10% X5R 1210 {NEW) | A2 4022 101 0GG21
C4014 TACAP 6V SMD 20% 68UF (OLD) B2 4022 301 61341

CAP 68UF 20% 6.3V NBO CASE-C (NEW) D2 4022 301 83731
C4015 TACAP 6.3V SMD 20% 100UF (OLD} D2 4022 361 61211

CAP 22UF 6.3V 10% X5R 1210 {NEW} D2 4022 101 00021
C4016 ELCAP 25V SMD 20% 10UF 83 5322 124 11838
C4020 TACAP 6.3V SMD 20% 100UF (OLD}) | A3 4022 301 81211

CAP 22UF 6.3V 10% X5R 1210 (NEW) | A3 4022 101 00021
c4021 TACAP &V SMD 20% 68UF (OLD) D3 4022 301 61341

CAP B8UF 20% 6.3V NBO CASE-C (NEW) D3 4022 301 63731
C4022 TACAP 6.3V SMD 20% 100UF (OLD) | A3 4022 301 61211

CAP 22UF 6.3V 10% X5R 1210 (NEW) | A3 4022 101 00021
C4023 TACAP 6V SMD 20% 68UF {(OLD) D3 4022 301 61341

CAP 88UF 20% 6.3V NBO CASE-C (NEW) D3 4022 301 83731
C4024 ELCAP 35V SMD 20% 47UF A3 5322 124 11842
C4025 ELCAP 25V SMD 20% 10UF A3 5322 124 11838
C4030 CERCAP X5R 1206 10% 1UF D2 5322 126 14089
C4031 CC 22NF 10% £805 X7R 50V A1l 4022 301 60491
4032 CC 22NF 10% 0805 X7R 50V D1 4022 301 60491
4033 CC 22NF 10% 0805 X7R 50V D2 4022 301 80481
C4034 ELCAP 25V SMD 20% 10UF Al 5322 124 11838
4040 CC 100NF 10% 0805 X7R 50V D2 4022 301 81331
C4100 CC 100NF 10% 0805 X7R 50V C1 4022 3061 81331
C4101 CC 100NF 10% 0805 X7R 50V C1 4022 3061 61331
Cc4102 CERCAP X5R 1206 10% 1UF D1 5322 126 14089
C4103 CERCAP X5R 1206 10% 1UF C1 5322 126 14089
C4104 CC 100NF 10% 0805 X7R 50V D1 4022 301 61331
C4110 CERCAP Y5V 1206 10% 1UF D5 2022 552 94107
Ca1it ELCAP 25V RAD 20% 470UF Al 4022 301 61271
C4112 ELCAP 25V SMD 20% 10UF B2 5322 124 11838
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C4113 CC 100NF 10% 0805 X7R 50V C1 4022 301 61331
C4114 ELCAP 25V RAD 20% 470UF B1 4022 301 61271
C4115 CC 10ONF 10% 0805 X7R 50V D1 4022 301 60471
C412G ELCAP 25V SMD 20% 10UF A2 5322 124 11838
C4121 CC 100NF 10% 0805 X7R 50V D1 4022 301 81331
C4122 CC 100NF 10% 0805 X7R 50V D1 4022 301 61331
C4123 CC 150PF 5% 0805 NP0 50V A2 4022 301 60311
4266 CC 100NF 10% 0805 X7R 50V A2 4022 301 61331
C4201 CERCAP X5R 1206 10% 1UF A2 5322 126 14089
4202 CC B80PF 5% 0805 NP0 50V A2 4022 301 60391
C4203 CC 100NF 10% 0805 X7R 50V A3 4022 301 61331
C4204 CC 1ONF 10% 0805 X7R 50V A3 4022 301 80471
C4210 CC 47NF 20% 085 X7R 28V D3 4022 301 60551
C4211 MKT FILM CAP 83V 10% 100NF D3 2222 370 78104
C4212 CER.CAP. 2KV +-5% 33PF D2 5322 126 14047
C4213 CERCAP X5R 1208 10% 1UF D2 5322 126 14089
C4214 TACAP 100UF 18V AVX A3 4022 301 62301
C4220 CC 100NF 10% 0805 X7R 50V A3 4022 301 61331
C4221 CC 1INF 5% 0805 NPD 50V A2 4022 301 60411
C4222 CC 100NF 10% 0805 X7R 50V A3 4022 301 61331
C4223 CC 100NF 10% 0805 X7R 50V D2 4022 301 81331
C4300 CC 100NF 10% 0805 X7R 50V DA 4022 301 61331
C4301 CC 100NF 10% 0805 X7R 50V D1 4022 301 61331
4302 CC 100NF 10% 0805 X7R 50V D1 4022 301 81331
£4303 CC 100NF 16% 0805 X7R 50V Al 4022 301 61331
£4304 CC 100NF 10% 0805 X7R 50V B1 4022 301 81331
4310 CC 22NF 10% 0805 X7R 50V B1 4022 301 80491
D1500 2X4-IN MUX/DM 74HC40520 C4 9337 148 30653
D1501 8-INP MUX  74HC4051D C4 9337 148 20653
D1502 8-INP MUX  74HCA4051D C4 9337 148 20653
D1560 2X4-IN MUX/DM 74HC4052D B5 9337 148 30653
D1570 8-8T SH/ST REG 74HC4004D C4 8337 148 50653
D1571 8-ST SH/ST REG 74HC4094D B4 9337 148 50653
D1572 4 X 2-INP SCHM 74HC132D B4 9337 141 30653
D2000 3X2Z INP AIMUX 74HC4053D Ccz 9337 148 40853
D2001 8X TRANSC.3ST 74LVCH43APW D2 4022 304 10311
D2002 BX TRANSC 38T 74L.VC543APW D1 4022 304 10311
D2003 4 X 2-INP OR 74LVC32APW c2 4022 304 10771
D2004 4 X 2-INP AND 74LVCOBAPW c2 4022 304 11541
D2005 NC7WZ17 B2 4022 304 11691
D3000 LOW VOLT ADC TDAB792M/C2/R1 {OLD} | C2 5322 209 14837

8B AD-CONV AD92BOARSRIL SSOP28 (NEW) | C2 4022 103 00121
D3100 LOW VOLT ADC TDABT92M/IC2/R1 (OLD} | C2 5322 209 14837

8B AD-CONV AD9ZBOARSRL $SSOP28 (NEW) | C2 4022 103 00121
3202 2 X D-FF  74LVC74APW B2 4022 304 10961
D3203 4 X 2-INP NAND 74LVCOOAPW B2 4022 304 10971
D3500 D-ASIC SPIDER C1 4022 304 11551
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D3502 512KXBSRAM 32-TSOP-F {OLD) B1 4022 304 10411

4 MB SRAM 256x16 TSOP2 70 ns (NEW) B1 4022 30413241
D3503 512KXBSRAM 32-TSOP-F Ad 4022 304 10411
D3507 6320PUK25CY-T B1 4022 304 11701
D3550 XCR3032XL B1 4022 244 9844+
3551 NCTWZ17 B1 4022 304 11691
D3601 TAHCTS41PW D1 4022 304 11561
D3602 TAHCTS541PW DA 4022 304 11561
p3700 TALVC157AD-T QUAD ZINPUT MUX Al 4022 304 13111
D4300 8-INP MUX  74HC4051D At 9337 148 20653
H1120 H.L. AN.OPTOCPLR HCNR201 B3 4022 304 10111
H1150 2X HS OPTOCPLR HCPLA4534 A3 4022 304 10121
H1320 H.LAN.OPTOCPLR HCNR201 C3 4022 304 10111
H1350 2X HS OPTOCPLR HCPL4534 D3 4022 304 10121
H1525 H.LAN.OFTOCPLR HCNR201 B3 4022 304 10111
H1580 2X HS OPTOCPLR HCPL4534 C3 4022 304 10121
H3400 IRLED SFH409-2 {OLD} | A2 5322 130 61296

IR LED OP266A (NEW) | A2 4022 103 01621
H3401 PHOTODIODE OP206 OPT A2 5322 130 10777
H3500 PE SOUNDER PKM13EPP-40(2 B3 5322 280 10311
K1000 RELAY DPDT TQ2SA-L-1.5V-Z D4 4022 303 20051
K1200 RELAY DPDT TQ25A-L-1.5V-Z Ad 4022 303 20051
K1500 DPDT RELAY  DE1A1B-L5V B4 4022 303 20011
L1001 CHIP INDUCT. 47UH 10% D4 4822 157 70794
L1002 CHIP INDUCT, 47UH 10% D4 4822 157 70794
L1003 CHIP INDUCT. 22UH 10% D4 4022 301 82081
L1100 CHIP INDUCT. 0.027UH 5% C3 2422 535 96815
11101 CHIP INDUCT. 0.027UH 5% C3 2422 535 96815
L1201 CHIP INDUCT. 47UH 10% Ad 4822 157 70784
L1202 CHIP INDUCT. 47UH 10% Ad 4822 157 70794
1.1203 CHIP INDUCT. 22UH 10% Ad 4022 301 92081
L1300 CHIP INDUCT. 0.027UH 5% C3 2422 535 96815
L1301 CHIP INDUCT. 0.027UM 5% Cc3 2422 535 96815
12200 CHIP INDUCT. 1UH 5% C3 5322 157 63648
L2203 CHIP INDUCT. 22UH 19% B3 4022 301 82061
L2212 CHIP INDUCT. 22UHM 10% C2 4022 301 92061
L2230 CHIP INDUCT. 1UH 5% C3 5322 157 83648
L2250 CHIP INDUCT.  1UH 5% C3 5322 157 63648
L3000 CHIP INDUCT. 47UH 10% B3 OLD | C2ZNEW | 4822 157 70794
L4000 CHOKE 100UH B1 4022 301 92071
L4001 CHIP INDUCT, 47U 10% AZ 4822 157 70794
14002 CHOKE 100UH A3 4022 361 82071
L4003 CHOKE 100UH Al 4022 301 82071
L4004 CHOKE 100UH A3 4022 301 32071
L4010 CHIP INDUCT. 47UH 10% D2 4822 157 70794
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L4015 CHIP INDUCT. 47UH 10% C3 4822 157 70794
.4100 SHIELDED CHOKE 22UH B1 4022 301 92041
L4101 SHIELDED CHOKE 22UH Al 4022 301 92041
L4260 CHIP INDUCT. 150UH D3 4022 301 92341
L4201 CHIP INDUCT. 100UH D3 4022 301 92351
N16G0 C-ASIC 0Q0260 D4 4022 244 89993
N1200 C-ASIC 0Q0260 Ad 4022 244 89993
N150C HIGH PREC.OPAMP OPSYEP B4 4022 304 106811
N1501 2X CMOS OPAMP L MB62AIM B4 4022 304 10551
N1515 2X JFET OPAMP TLE2082CD B4 5322 209 12943
N1525 2X CMOS OPAMP LMBB2AIM C4 4022 304 10551
N1540 2X CMOS OPAMP LMBB2AIM C5 4022 304 10551
N1541 LOW POW OPAMP LMC7101BIM5X Cs 5322 209 15144
N1575 L.D.O. VOLT.REG EP2981MEX-50 C4 4022 304 11051
N1578 NEG.LDOVOLT. REG ILLC7362CM-50 C4 4022 304 10591
N20o0 LOW POW OPAMP LMCT7101BIM5X B2 5322 209 15144
N2001 S-ASIC IBMOOO1 JILL c2 4022 244 89982
N2020 VID.SYNC.SEP. LM1881M C2 9322 005 78685
N3401 LM393D IC (A) SO-8 D2 9336 559 706823
N3600 MC33171D Al 4022 304 11571
N3601 MC33174D A2 4022 304 11581
N4000 P-ASIC 0Q0258 Al 4022 244 89203
N4200 LAMP CNTRLLR UC3872DW A2 5322 209 14851
N4300 LOW POW OPAMP LMC7101BIM5X B1 5322 209 15144
R1000 SMDRES 10K 1% MIX 0805 Ab 4022 301 23091
R1001 SMDRES 10M 5% TC200 (805 A5 4022 301 22451
R1002 SMDRES 10M 5% TC200 0805 A5 4022 301 22451
R1003 SMPRES 10M 5% TC200 0805 AB 4022 301 22451
R1004 SMDRES 10M 5% TC200 0805 B5 4022 301 22451
R10190 SMDRES 464K 1% TC50 0805 Ch 4022 301 22651
R1011 SMDRES OE 0805 D5 4022 301 21281
R1012 SMDRES 100E 1% TC100 0805 D5 4022 301 21591
R1013 SMDRES 147E 1% TC100 0805 D5 4022 301 21631
R1014 SMDRES 100E 1% TC100 0805 D5 4022 301 21591
R1020 SMDRES 100E 1% TC100 0805 D5 4022 301 21591
R1021 SMDRES 46E4 1% TC100 0805 D5 4022 301 21511
R1022 SMDRES 46E4 1% TC100 0805 D5 4022 301 21511
R1023 SMDRES 178E 1% TC100 0805 Ch 4022 301 21651
R1024 SMDRES 46£4 1% TC100 0805 C5 4022 301 21511
R1030 SMDRES 100E 1% TC100 0805 C5 4022 301 21591
R1031 SMDRES 819K 1% TC50 0805 Ad 4022 301 22791
R1032 SMDRES 81K9 1% TC50 0805 Ad 4022 301 22851
R1033 SMDRES 8K19 1% TC50 0805 Ad 4022 301 22881
R1034 SMDRES 819E 1% TC50 0805 Ad 4022 301 22871
R1038 SMDRES 261K 1% TC50 0805 D4 4022 301 22591
R1040 SMDRES 2K15 1% TC100 0805 D4 4022 301 21911
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R1041 SMDRES 819K 1% TC50 0805 D4 4022 301 22791
R1046 SMDRES 909K 1% TC50 0805 D4 4022 301 22431
R1048 SMDRES 121K 1% TC100 0805 D4 4022 301 22321
R1050 MTLFILM RST MRS25 1% 487K D5 2322 156 24874
R1051 MTL FILM RST MRS25 1% 487K D5 2322 156 24874
R1052 SMDRES 26K1 1% TC50 0805 A5 4022 301 22581
R1053 RES RC12H 0805 1% 1M A5 4822 117 11948
R1054 SMDRES 3K16 1% TC100 0805 A5 4022 301 21951
R1055 RES RC12HO805 1% 1M A5 4822 117 11948
R1056 RES RC12H 0805 1% 1M A5 4822 117 11948
R1065 SMDRES 1M 1% TC50 0805 D4 4022 301 22441
R1066 RES RC12H 0805 1% 1M D4 4822 117 11948
R1067 SMDRES 10M 5% TC200 0805 D4 4022 301 22451
R1068 SMDRES 121K 1% TC100 0805 D4 4022 301 22321
R1073 SMDRES 31K6 1% TC100 0805 Ad 4022 301 22181
R1082 SMDRES 2K15 1% TC100 0805 Ad 4022 301 21811
R1083 SMDRES 12K1 1% TC100 0805 D4 4022 301 22091
R1092 SMDRES 1E 1% TC250 0805 Ad 4022 301 21291
R1093 SMDRES 4E64 1% TC250 0805 B4 4022 301 21331
R1094 SMDRES 10E 1% TC100 0805 Ad 4022 301 21351
R1095 SMDRES 10E 1% TC100 0805 A4 4022 301 21351
R1096 SMDRES 10E 1% TC100 0805 Ad 4022 301 21351
R1097 SMDRES 4E684 1% TC250 0805 B4 4022 301 21331
R1098 SMDRES 4E£64 1% TC250 0805 A4 4022 301 21331
R1099 SMDRES 10E 1% TC100 0805 Ad 4022 301 21351
R1100 SMDRES 1K 1% TC50 0805 C4 4022 301 21831
R1101 SMDRES 1K 1% TC50 0805 D4 4022 301 21831
R1102 SMDRES 48E4 1% TC100 0805 B4 4022 301 21511
R1103 SMDRES 46E4 1% TC100 0805 Ad 4022 301 21511
R1104 SMDRES 484K 1% TC50 0805 C4 4022 301 22651
R1105 SMDRES 31E6 1% TC100 0805 C4 4022 301 21471
R1106 SMDRES 31E6 1% TC100 0805 D4 4022 301 21471
R1107 SMDRES 484K 1% TC50 0805 D4 4022 301 22651
R1108 SMDRES 3K83 1% TC100 0805 C3 4022 301 21971
R1108 SMDRES 1K 1% TC50 0805 Cc3 4022 301 21831
R1110 SMDRES 58E2 1% TC100 0805 C3 4022 301 21531
R1111 SMDRES 56E2 1% TC100 0805 C3 4022 301 21531
R1112 SMDRES 464E 1% TC100 0805 D4 4022 301 21751
R1113 SMDRES 484E 1% TC100 0805 D4 4022 301 21751
R1114 SMDRES 178E 1% TC100 0805 D4 4022 301 21651
R1115 SMDRES 178E 1% TC100 0805 D4 4022 301 21651
R1116 SMDRES 464K 1% TC50 0805 C4 4022 301 22651
R1147 SMDRES 4£64 1% TC250 0805 C3 4022 301 21331
R1118 SMDRES 4EB4 1% TC250 0805 D3 4022 301 2133
R1122 SMDRES 3K16 .1% TC25 1206 C4 4022 301 22781
R1123 SMDRES 3K16 1% TC100 0805 C4 4022 301 21951
R1124 SMDRES 3K18 1% TC100 0805 C4 4022 301 21951
R1128 SMDRES 1K 1% TC50 0805 B4 4022 301 21831
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R1129 SMDRES 1K 1% TC50 0805 Ad 4022 301 21831
R1130 SMDRES 68E1 1% TC100 0805 B4 4022 301 21551
R1131 SMDRES 2K87 1% TC100 0805 B3 4022 301 21941
R1132 SMDRES 3K16 1% TC25 1208 B3 4022 301 22781
R1133 SMDRES 3K16 1% TC100 0805 B3 4022 301 21951
R1134 SMDRES 1K 1% TC50 0805 B3 4022 301 21831
R1135 SMDRES 1K 1% TC50 0805 B3 4022 301 21831
R1136 SMDRES 3K18 1% TC100 0805 B3 4022 301 21951
R1139 SMDRES 7K5 1% TC100 0805 Ad 4022 301 22041
R1150 SMDRES 1K 1% TC50 0805 D4 4022 301 21831
R1151 SMDRES 1K 1% TC50 0805 D4 4022 301 21831
R1152 SMDRES 46E4 1% TC100 0805 A3 4022 301 21511
R1153 SMDRES 46E4 1% TC100 0805 A3 4022 301 21511
R1200 SMDRES 10K 1% MIX 0805 D5 4022 301 23091
R1201 SMDRES 10M 5% TC200 0805 D5 4022 301 22451
R1202 SMDRES 10M 5% TC200 0805 b5 4022 301 22451
R1203 SMDRES 10M 5% TC200 0805 D& 4022 301 22451
R1204 SMDRES 10M 5% TC200 0805 C5 4022 301 22451
R1210 SMDRES 464K 1% TC50 0805 B5 4022 301 22651
R1211 SMDRES OE 0805 A5 4022 301 21281
R1212 SMDRES 100E 1% TC100 0805 A5 4022 301 21591
R1213 SMDRES 147E 1% TC100 0805 A5 4022 301 21631
R1214 SMDRES 100E 1% TC106C 0805 A5 4022 301 21591
R1220 SMDRES 100E 1% TC1006 0805 A5 4022 301 21591
R1221 SMDRES 46E4 1% TC100 0805 A5 4022 301 21511
R1222 SMDRES 46E4 1% TC1C0 0805 A5 4022 301 21511
R1223 SMDRES 178E 1% TC160 0805 B5 4022 361 21651
R1224 SMDRES 46E4 1% TC10C 0805 B5 4022 301 21511
R1230 SMDRES 100E 1% TC100 0805 B5 4022 301 21591
R1231 SMDRES 619K 1% TC50 (805 C4 4022 301 22791
R1232 SMDRES 61K8 1% TC50 06805 c4 4022 301 22851
R1233 SMDRES 6K12 1% TC50 0805 C4 4022 301 22861
R1234 SMDRES B819E 1% TC50 0805 C4 4022 301 22871
R1238 SMDRES 261K 1% TC50 0805 Ad 4022 301 22591
R1240 SMDRES 2K15 1% TC100 0805 B4 4022 301 21911
R1241 SMDRES 619K 1% TC50 0805 B4 4022 301 22791
R1248 SMDRES 908K 1% TC50 0805 A4 4022 301 22431
R1249 SMDRES 121K 1% TC100 0805 Ad 4022 301 22321
R1250 MTL FILM RST MRS25 19 487K AB 2322 156 24874
R1251 MTL FILM RST MRS25 1% 487K A5 2322 156 24874
R1252 SMDRES 26K1 1% TC50 0805 D5 4022 301 22581
R1253 RES RC1ZH 0805 1% 1M D5 4822 117 11848
R1254 SMDRES 3K16 1% TC100 0805 D5 4022 301 21951
R1255 RES RC12H 0805 1% M D5 4822 117 11948
R1256 RES RC12H 0805 1% 1M D5 4822 117 11848
R1265 SMDRES 1M 1% TC50 0805 Ad 4022 301 22441
R1266 RES RC12H 0805 1% M Ad 4822 117 11948
R1267 SMDRES 10M 5% TC200 0805 B4 4022 301 22451
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R1268 SMDRES 121K 1% TC100 0805 Ad 4022 301 22321
R1273 SMDRES 31K6 1% TC100 0805 D4 4022 301 22191
R1282 SMDRES 2K15 1% TC100 C8C5 D5 4022 301 21911
R1283 SMDRES 12K1 1% TC100 0805 Ad 4022 301 22091
R1292 SMDRES 1E 1% TC250 0805 D4 4022 301 21291
R1293 SMDRES 4E8&4 1% TC250 0805 D4 4022 301 21331
R1294 SMDRES 10E 1% TC100 0805 D4 4022 301 21351
R1295 SMDRES 10E 1% TC100 0805 D4 4022 301 21351
R1298 SMDRES 10E 1% TC100 0805 D4 4022 301 21351
R1297 SMDRES 4E64 1% TC250 0805 D4 4022 301 21331
R1298 SMDRES 4E64 1% TC250 0805 D5 4022 301 21331
R1209 SMDRES 10E 1% TC100 0805 C4 4022 301 21351
R1300 SMDRES 1K 1% TC50 0805 A4 4022 301 21831
R1301 SMDRES 1K 1% TC50 0805 B4 4022 301 21831
R1302 SMDRES 46E4 1% TC100 0805 o4 4022 301 21511
R1303 SMDRES 48E4 1% TC100 0805 C4 4022 301 21511
R1304 SMDRES 484K 1% TC50 0808 B4 4022 301 22651
R1305 SMDRES 31EB 1% TC100 0805 B4 4022 301 21471
R1308 SMDRES 31E6 1% TC100 0805 B4 4022 301 21471
R1307 SMDRES 464K 1% TC50 0805 B4 4022 301 22651
R1308 SMDRES 3K83 1% TC100 0805 C3 4022 301 21971
R1309 SMDRES 1K 1% TC50 0805 C3 4022 301 21831
R1310 SMDRES 56E2 1% TC100 0805 C3 4022 301 21531
R1311 SMDRES 56E2 1% TC100 0805 C3 4022 301 21531
R1312 SMDRES 464E 1% TC100 0805 B4 4022 301 21751
R1313 SMDRES 464E 1% TC100 0805 B4 4022 301 21751
R1314 SMDRES 178E 1% TC100 0808 Ad 4022 301 21651
R1315 SMDRES 178E 1% TC100 0805 Ad 4022 301 21651
R1318 SMDRES 464K 1% TC50 0805 B4 4022 301 22651
R1317 SMDRES 4E64 1% TC250 0805 B3 4022 301 21331
R1318 SMDRES 4E64 1% TC250 0805 B3 4022 301 21331
R1322 SMDRES 3K16 .1% TC25 1208 Ad 4022 301 22781
R1323 SMDRES 3K16 1% TC100 0805 Ad 4022 301 21851
R1324 SMDRES 3K16 1% TC100 0805 Ad 4022 301 21951
k1328 SMDRES 1K 1% TCB0 0805 D4 4022 301 21831
R1329 SMDRES 1K 1% TC50 0805 C4 4022 301 21831
R1330 SMDRES 88E1 1% TC100 0805 c4 4022 301 21551
R1331 SMDRES 2K87 1% TC100 0805 B3 4022 301 21941
R1332 SMDRES 3K16 .1% TC25 1206 B3 4022 301 22781
R1333 SMDRES 3K16 1% TC100 0805 B3 4022 301 21851
R1334 SMDRES 1K 1% TC50 0805 C3 4022 301 21831
R1335 SMDRES 1K 1% TC50 0805 B3 4022 301 21831
R133% SMDRES 3K16 1% TC100 0808 B3 4022 301 21951
R1339 SMDRES 7K5 1% TC100 0805 D4 4022 301 22041
R1350 SMDRES 1K 1% TC50C 0805 Ad 4022 301 21831
R1351 SMDRES 1K 1% TC50 0805 Ad 4022 301 21831
R1352 SMDRES 46E4 1% TC100 0805 D3 4022 301 21511
R1353 SMDRES 48E4 1% TC100 0805 D3 4022 301 21511
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R1500 MTL FILM RST MRS25 1% 332K C5 2322 156 13324
R1501 MTL FILM RST MRS825 1% 332K B5 2322 156 13324
R1502 MTL FILM RST MRS25 1% 332K B5 2322 156 13324
R1503 SMDRES 3K83 1% TC100 0805 C5 4022 301 21971
R1504 SMDRES 281K 1% TC50 0805 C5 4022 301 22591
R1505 SMDRES 26K1 1% TC50 0805 C4 4022 301 27581
R1506 SMDRES 2K61 1% TC50 0805 C5 4022 301 22571
R1507 SMDRES 261E 1% TC50 0805 C5 4022 301 22561
R1508 SMDRES 3K16 1% TC100 0805 B4 4022 301 21951
R1509 SMDRES 19K6 1% TC50 0805 C4 4022 301 22801
R1510 SMDRES 1K86 1% TC100 0805 B4 4022 301 21901
R1511 SMDRES 100K 1% TC50 0805 C4 4022 301 22311
R1512 SMDRES 1K 1% TC50 0805 C4 4022 301 21831
R1513 SMDRES 2K61 1% TC50 0805 C4 4022 301 22571
R1514 SMDRES 2K15 19% TC100 0805 B4 4022 301 21911
R1515 RES RC12H 0805 1% 1M B4 4822 117 11848
R1516 SMDRES 2K15 1% TC100 0805 B4 4022 301 21911
R1517 RES RC12H 0805 1% 1M B4 4822 117 11948
R1518 SMDRES 51K1 1% TC100 0805 B4 4022 301 22241
R1518 SMDRES 1K82 1% TC100 0805 B4 4022 301 21881
R1520 SMDRES 51K1 1% TC100 0805 B4 4022 301 22241
R1521 SMDRES 31K8 1% TC100 0805 C4 4022 301 22181
R15622 SMDRES 2K15 1% TC100 0805 C4 4022 301 21911
R1523 SMDRES 6K19 1% TC50 0805 C4 4022 301 22861
R1524 SMDRES 1K 1% TC50 0805 C4 4022 301 21831
R1525 SMDRES 1K 1% TC50 0805 C4 4022 301 21831
R1526 SMDRES 8K19 1% TC50 0805 C4 4022 301 22861
R1527 SMDRES 100E 1% TC100 0805 C4 4022 301 21591
R1528 SMDRES 1K 1% TC50 0805 B3 4022 301 21831
R1528 SMDRES 6K19 1% TC50 0805 B3 4022 301 22861
R1530 SMDRES 6K19 1% TC50 0805 B3 4022 301 22861
R1531 SMDRES 0QE 0805 B3 4022 301 21281
R1532 SMDRES 1K 1% TC50 0805 B3 4022 301 21831
R1533 SMDRES 6K18 1% TC50 0805 B3 4022 301 22861
R1534 SMDRES 1K82 1% TC100 0805 B4 4022 301 21881
R1535 PTC THERM DISC 1600V 1K1 B5 4022 301 22491
R1538 SMDRES 3K16 1% TC100 0805 C5 4022 301 21951
R1537 SMDRES 511E 1% TC100 0805 C5 4022 301 21761
R1538 RES RC12H 0805 1% 100K B4 4822 117 10837
R1538 RES RC12H 0805 1% 100K Ch 4822 117 10837
R1540 SMDRES 21K5 1% TC50 0805 Ch 4022 301 22151
R1541 SMDRES 31K6 1% TC100 0805 Ch 4022 301 22191
R1544 SMDRES 6K19 1% TC50 0805 B5 4022 301 22861
R1545 SMDRES 1K 1% TC50 0805 C4 4022 301 21831
R1546 SMDRES 10K 1% TC50 0805 C4 4022 301 22071
R1547 SMDRES 100K 1% TC50 0805 C4 4022 301 22311
R1548 SMDRES 10K 1% TC50 0805 C4 4022 301 22071
R1549 SMDRES 21KE 1% TC50 0805 B4 4022 301 22151
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R1550 SMDRES 100K 1% TC50 0805 B4 4022 301 22311
R1551 SMDRES 21K5 1% TC50 0805 B5 4022 301 22151
R1555 SMDRES 31K8 1% TC100 0805 B5 4022 301 22191
R1556 SMDRES 100K 1% TC50 0805 C5 4022 301 22311
R1557 SMDRES 9K09 1% TC50 0865 C5 4022 301 22671
R1558 SMDRES 1M 1% TC50 0805 C5 4022 301 22441
R1559 SMDRES 1M 1% TC50 0805 C5 4022 301 22441
R1560 SMDRES 1M 1% TC50 0805 Ch 4022 301 22441
R1561 SMDRES 2K61 1% TC50 (0865 B5 4022 301 22571
R1562 SMDRES 26K1 1% TC50 0805 B5 4022 301 22581
R1563 SMDRES 261K 1% TC50 0805 B5 4022 301 22591
R1564 SMDRES 1M 1% TC50 08G5 Cbh 4022 301 22441
R1565 SMDRES 1M 1% TCS50 0805 C5 4022 301 22441
R1586 SMDRES 819K 1% TC50 0805 C5 4022 301 22791
R157C RES RC12H 0805 1% 1M B4 4822 117 11948
R1575 SMDRES 100E 1% TC100 0805 C4 4022 301 21591
R1580 SMDRES 1K47 1% TC100 0805 B4 4022 301 21871
R1581 SMDRES 1K47 1% TC100 0805 B4 4022 301 21871
R1582 SMDRES 48E4 1% TC100 0805 B3 4022 301 21511
R1583 SMDRES 48E4 1% TC100 0805 B3 4022 301 21511
R2003 SMDRES 51K1 1% TC100 0805 C3 4022 301 22241
R2004 SMDRES 51K1 1% TC100 0805 C3 4022 301 22241
R2005 SMDRES 51K1 1% TC100 0805 C3 4022 301 22241
R2006 SMDRES 51K1 1% TC100 0805 C3 4022 301 22241
R2007 SMDRES 511E 1% TC100 0805 B2 4022 301 21761
R2008 SMDRES 51K1 1% TC100 G805 B2 4022 301 22241
R2015 SMDRES 82K5 1% TC100 08G5 C3 4022 301 22291
R2016 SMDRES 82K5 1% TC100 0805 C3 4022 301 22291
R2047 SMDRES 82K5 1% TC100 0805 C3 4022 301 22291
R2018 SMDRES 82K5 1% TC100 0805 C3 4022 301 22291
R2020 SMBDRES 287K 1% TC100 0805 B2 4022 301 24681
R2021 RES RC12H 08065 1% 1M B2 4822 117 11948
R2022 SMDRES 881K 1% TC100 0805 B2 4022 301 22411
R2023 SMDRES 13K3 1% TC100 0805 B2 4022 301 22101
R2024 SMDRES 14K7 1% TC100 0805 B2 4022 301 22111
R2025 SMDRES 14K7 1% TC100 0805 B2 4022 301 22111
R2027 SMDRES 10K 1% MIX 0805 B2 4022 301 23091
R2028 SMDRES 10K 1% MIX 0805 B1 4022 301 23091
R2030 SMDRES 10K 1% MIX 0805 B1 4022 301 23091
R2031 SMDRES 51K1 1% TC100 0805 B1 4022 301 22241
R2032 SMDRES 51K1 1% TC100 0805 B1 4022 301 22241
R2033 SMDRES 10K 1% MIX_ 0805 B2 4022 301 23091
R2034 SMDRES 1K 1% TC50 0805 B2 4022 301 21831
R2035 SMDRES 100E 1% TC100 0805 B2 4022 301 21591
R2037 SMDRES 10E 1% TC100 0865 B2 4022 301 21351
R2049 SMDRES 1K47 1% TC10C 0805 A2 4022 301 21871
R2050 SMDRES 1K 1% TC50 0805 B2 4022 301 21831
R2051 SMDRES 100E 1% TC1006 0805 c2 4022 301 21591
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R2052 SMDRES 17K8 1% TC100 0805 B2 4022 301 22131
R2053 SMDRES 422E 1% TC100 0805 B2 4022 301 21741
R2058 SMDRES 100K 1% TC50 0805 A1 4022 301 22311
R2060 RESRC12H 0805 1% 1M B2 4822 117 11948
R2061 SMDRES 383K 1% TC100 0805 B2 4022 301 22381
R2062 SMDRES 42K2 1% TC100 0805 B3 4022 301 22221
R2063 SMDRES 178K 1% TC100 0805 B2 4022 301 22341
R2202 SMDRES 1E 1% TC250 0805 B2 4022 301 21291
R2204 SMDRES 1E 1% TC250 0805 B2 4022 301 21291
R2210 SMDRES 1E 1% TC250 0805 B3 4022 301 21291
R2213 SMDRES 1E 1% TC250 0805 B3 4022 301 21291
R2214 SMDRES 1E 1% TC25( 0805 B2 4022 301 21291
R2220 SMDRES 1E 1% TC250 0805 B2 4022 301 21291
R2221 SMDRES 1E 1% TC250 0805 B2 4022 301 21291
R2222 SMDRES 1E 1% TC250 0805 cz 4022 301 21291
R2232 SMDRES 1E 1% TC250 0805 C3 4022 301 21291
R2233 SMDRES 1E 1% TC250 0805 B2 4022 301 21291
R2240 SMDRES 2K15 1% TC100 0805 82 4022 301 21911
R2242 SMDRES 2K15 1% TC1900 0805 B2 4022 301 21911
R2252 SMDRES 1E 1% TC250 0805 B2 4022 301 21291
R2253 SMDRES 1E 1% TC250 0805 B2 4022 301 21291
R2254 SMDRES 1E 1% TC250 0805 B3 4022 301 21291
R2260 SMDRES 1E 1% TC250 0805 83 4022 301 21291
R2281 SMDRES 1E 1% TC250 0805 B2 4022 301 21291
R2262 SMDRES 1E 1% TC250 0805 B2 4022 301 21291
R2263 SMDRES 1E 1% TC250 0805 B2 4022 301 21291
R2264 SMDRES 1E 1% TC250 0805 B2 4022 301 21291
R2270 SMDRES 1E 1% TC250 0805 B3 4022 301 21291
R2272 SMDRES 1E 1% TC250 0805 B2 4022 301 21291
R2273 SMDRES 1E 1% TC250 0805 B2 4022 301 21291
R2280 SMDRES 1E 1% TC250 0805 B3 4022 301 21291
R2282 SMDRES 1E 1% TC250 0805 B2 4022 301 21291
R2283 SMDRES 1E 1% TC250 0805 B2 4022 301 21291
R2284 SMDRES 1E 1% TC250 0805 B2 4022 301 21291
R2291 SMDRES 1E 1% TC250 06805 C2 4022 301 21291
R3000 SMDRES 21K5 1% TChH0 0805 B2 4022 301 22151
R3001 SMDRES 1E 1% TC250 0805 C2 4022 301 21291
R3002 SMDRES 1E 1% TC250 0805 C2 4022 301 21291
R3003 SMDRES 1E 1% TC250 0805 Ccz 4022 301 21291
R3010 SMDRES 1E 1% TC250 0805 B2 4022 301 21291
R3011 SMDRES 1E 1% TC250 0805 B2 4022 301 21291
R3050 SMDRES 10K 1% TC50 0805 B2 4022 301 23091
R3051 SMDRES 10K 1% TCA0 0805 B2 4022 301 23091
R3100 SMDRES 21K5 1% TC50 0805 c2 4022 301 22151
R3102 SMDRES 1E 1% TC250 0805 Ccz 4022 301 21291
R3103 SMDRES 1E 1% TC250 0805 cz2 4022 301 21291
R3110 SMDRES 1E 1% TC250 0805 C2 4022 301 21291
R3111 SMDRES 1E 1% TC250 0805 cz2 4022 301 21291
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R3200 SMDRES OE 0805 c2 4022 301 21281
R3300 SMDRES 147K 1% TC50 0805 B1 4022 301 22331
R3301 SMDRES 147K 1% TC50 0805 B1 4022 301 22331
R3302 SMDRES 147K 1% TC50 0805 B1 4022 301 22331
R3303 SMDRES 42K2 1% TC100 0805 B2 4022 301 22221
R3304 SMDRES 42K2 1% TC100 0805 B1 4022 301 22221
R3310 SMDRES 147K 1% TC50 (0805 B1 4022 301 22331
R3311 SMDRES 26K1 1% TC50 0805 B1 4022 301 22581
R3312 SMDRES 3K186 1% TC100 0805 Bt 4022 301 21951
R3313 SMDRES 1K47 1% TC100 0805 B1 4022 301 2187+
R3400 SMDRES 182E 1% TC100 0805 AZ 4022 301 21641
R3401 SMDRES 10E 1% TC100 0805 A2 4022 301 21351
R3402 SMDRES 14K7 1% TC100 0805 D2 4622 301 22111
R3403 SMDRES 511E 1% TC100 0805 AZ 4022 301 21761
R3404 SMDRES 511E 1% TC100 G805 A2 4022 301 21761
R3405 RES RC12H 0805 1% 100K AZ 4822 117 10837
R3406 SMDRES 4K64 1% TC100 0805 A2 4022 301 21891
R3407 SMDRES 1G0E 1% TC100 0805 B1 4022 301 21591
R3408 SMDRES 14K7 1% TC100 0805 D2 4022 301 22111
R340% SMDRES 21K& 1% TC50 0805 A2 4022 301 22151
R3500 SMDRES CE 0805 B1 4022 301 21281
R3501 RES RC12H 0805 1% 10K c2 4022 301 61331
R3502 SMDRES 1K 1% TC50 0805 D1 4022 301 21831
R3503 RES RC12H 0805 1% 100K D1 4822 117 10837
R3504 RES RC12H 0805 1% 100K D1 4822 117 10837
R3505 RES RC12H 08065 1% 42K2 C1 4022 301 22221
R3507 SMDRES 1K 1% TC50 0805 C1 4022 301 21831
R3510 SMBRES 10K 1% MIX 0805 B2 4022 301 23091
R3511 SMDRES 100E 1% TC100 0805 B1 4022 301 21591
R3512 SMBDRES 100E 1% TC100 0805 B1 4022 301 21591
R3520 SMDRES (E 0805 C1 4022 301 21281
R3522 SMDRES 0E 0805 C1 4022 301 21281
R3523 SMDRES 3K16 1% TC100 0805 C3 4022 301 21951
R3524 SMDRES 3K16 1% TC100 0805 C3 4022 301 21951
R3530 RES RC12H 0805 1% 1M C1 4822 117 11948
R3531 SMDRES 82E5 1% TC100 0805 C1 4022 301 21571
R3532 SMDRES 511E 1% TC100 0805 C1 4022 301 21761
R3533 RES RC12H 0805 1% 1M C1 4822 117 119848
R3542 SMDRES OE 0805 C1 4022 301 21281
R3551 SMDRES 100K 1% TC50 0805 C1 4022 301 22311
R3552 SMDRES 10K 1% TC50 08C5 C1 4022 301 23091
R3554 SMDRES 1M 1206 C1 4022 301 21231
R3555 SMDRES 10K 1% TC50 (0805 B1 4022 3G1 23091
R3601 SMDRES 10E 1% TC100 0805 D3 4022 301 21351
R3603 RES RC12H 0805 1% 100K Al 4822 117 10837
R3604 SMDRES 23K7 1% TC100 0805 Al 4022 301 22161
R3606 SMDRES 38K3 1% TC100 0805 Al 4022 301 22211
R3807 SMDRES 42K2 1% TC100 0805 Al 4022 301 22221
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Main PCA
top bottom
R3608 SMDRES 215K 1% TC50 0805 Al 4022 301 22351
R3609 SMDRES 14E7 1% TC100 0805 A2 4622 301 21391
R3611 SMDRES 6K81 1% TC100 0805 Al 4022 301 22031
R3612 SMDRES BK81 1% TC100 0805 A2 4022 301 22031
R3613 SMDRES 82K5 1% TC100 0805 A2 4022 301 22291
R3814 SMDRES 6K81 1% TC100 0805 AZ 4022 301 22031
R3615 SMDRES 6K81 1% TC100 0805 AZ 4022 301 22031
R3621 SMDRES 14E7 1% TC100 0805& A3 4022 301 21391
R3822 SMDRES 14E7 1% TC100 0805 A3 4022 301 21391
R3623 SMDRES 14E7 1% TC100 0805 A3 4022 301 21391
R3624 SMDRES 14E7 1% TC100 0805 AZ 4022 301 21391
R3631 SMDRES 14E7 1% TC100 0805 A3 4022 301 21391
R3832 SMDRES 14E7 1% TC100 0805 A3 4022 301 21391
R3633 SMDRES 14E7 1% TC100 0805 A3 4022 301 21391
R3634 SMDRES 14E7 1% TC100 0805 A2 4022 301 21391
R4000 SMDRES .33E 5% TC700 1206 Al 4022 301 21261
R4001 RES RC12H 0805 1% 100K A2 4822 117 10837
R4002 SMDRES 100E 1% TC100 0805 D2 4022 301 21591
R4003 SMDRES 0.1E 5% TC899 1206 C2 4022 301 21251
R4010 SMDRES 10E 1% TC100 0805 1 4022 301 21351
R4011 SMDRES 237E 1% TC100 0805 D2 4022 301 21881
R4012 SMDRES 3K83 1% TC100 0805 D2 4022 301 21971
R4013 SMDRES 2K15 1% TC100 0805 D2 4022 301 21911
R4014 SMDRES 38K3 1% TC100 0805 D2 4022 301 22211
R4020 SMDRES 12K1 1% TC100 0805 D2 4022 301 22091
R4021 SMDRES 34K8 1% TC100 0805 D1 4022 301 22201
R4022 SMDRES 51K1 1% TC100 0805 D2 4022 301 22241
R4023 SMDRES 1G0E 1% TC100 0805 A2 4022 301 21591
R4024 SMDRES 10E 1% TC100 0805 D2 4022 301 21351
R4025 SMDRES 10K 1% MIX 0805 D1 4022 301 23091
R4100 SMDRES 10K 1% MIX 0805 D1 4022 301 23091
R4101 SMDRES 0E15 1% TC75 2010 B1 4022 301 22471
R4102 SMDRES 2K87 1% TC100 0805 ™ 4022 301 21941
R4103 SMDRES 46E4 1% TC100 0805 D1 4022 301 21511
R4104 SMDRES 0.1E 5% TC999 1206 D1 4022 301 21251
R4110 SMDRES 1CE 1% TC100 0805 At 4022 301 21351
R4112 SMDRES 10E 1% TC100 0805 D2 4022 301 21351
R4113 SMDRES 38K3 1% TC100 0805 D1 4022 301 22211
R4114 SMDRES 8K25 1% TC100 0805 D1 4022 301 22051
R4120 SMDRES 34K8 1% TC100 0805 D1 4022 301 22201
R4121 SMDRES 1K47 1% TC100 0805 D1 4022 301 21871
R4122 RES RC12H 0805 1% 100K D1 4822 117 10837
R4123 RES RC12H 06805 1% 100K D2 4822 117 10837
R4124 RES RC12H 0805 1% 100K D2 4822 117 10837
R4130 RES RC12H 0805 1% 1M D1 4822 117 11948
R4200 SMDRES 10K 1% MIX 0805 A3 4022 301 23091
R4201 RES RC12H 0805 1% 100K D2 4822 117 10837
R4202 SMDRES 5K11 1% TC100 0805 AZ 4022 301 22001
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R4203 SMDRES 1K 1% TC50 03805 A2 4022 301 21831
R4204 SMDRES 46E4 1% TC100 0805 A2 4022 301 2151+
R4205 SMDRES 4E64 1% TC2Z50 0805 B2 4022 301 21331
R4208 SMBRES 10K 1% MIX 0805 D2 4022 301 23091
R4207 SMDRES 6K19 1% TC50 0805 A2 4022 301 22861
R4208 SMDRES 10K 1% MIX 0805 A2 4022 301 23091
R4300 SMDRES 21K5 1% TC50 0805 B1 4022 301 22151
R4301 RES RC12H 0805 1% 10CK D1 4822 117 10837
R4302 SMDRES 42K2 1% TC100 0805 D1 4022 301 22221
R4303 SMDRES 160E 1% TC100 0805 1 4022 301 21591
R4304 RES RC12H 0805 1% 100K (OLD) D1 4822 117 10837

RES RC12H 0805 1% 82K5 (NEW) DA 4022 301 22291
R4305 SMDRES 42K2 1% TC100 0805 {OLD) D1 4022 301 22221

SMDRES 61K9 1% TC100 0805 (NEW) D1 4022 301 22851
R4306 SMDRES 2K15 1% TC100 0805 D1 4022 301 21811
71100 K20 FLOAT SIGNAL TRANSF. C3 4022 301 92221
T1102 EF16 FLOAT POWER TRANSF. D3 4022 301 92211
T1300 K20 FLOAT SIGNAL TRANSF. B3 4022 301 92221
T1302 EF16 FLOAT POWER TRANSF. Al 4022 301 92211
T1575 EF168 FLOAT POWER TRANSF. C3 4022 301 92211
74001 FLYBACK TRANSF. B2 4022 301 92361
T4200 SMD TRANSF. 678XN-1081 D2 5322 146 10634
V1004 PNP/NPN TR.PAIR BCVE5 Ad 5322 130 10762
V1009 PREC.VOLT.REF. L1 M4041CIM3X-1.2 Ad 4022 304 10571
V1100 SWITCH DIODE BAV9S C4 5322 130 34337
V1101 SWITCH DIODE BAVYS D4 5322 130 34337
V1102 SWITCH DIODE BAV99 A3 5322 130 34337
V1103 SWITCH DIODE BAVS9 A3 5322 130 34337
V1104 SWITCH DIODE BAVS9 B4 5322 130 34337
V1105 SWITCH DIODE BAVS9 A4 5322 130 34337
V1108 HF TRANSISTOR BFRa2A C4 0335 515 60215
V1120 LF TRANSISTOR BCB48CLTH B4 4022 304 11011
V1150 LF TRANSISTOR BC848CLT1 Ad 4022 304 11011
V1151 LF TRANSISTOR BC848CLT1 Ad 4022 304 11011
V1152 SCHOTTKY DIODE BAT74 D4 9337 422 90215
V1160 SCHOTTKY DIODE MBRS1100T3 Ad 5322 130 10675
V1161 SCHOTTKY DIODE MBRS340T3 A4 5322 130 10674
V1162 SCHOTTKY DIODE MBRS34073 Ad 5322 130 10874
V1204 PNP/NPN TR.PAIR BCVB5 D4 5322 130 10762
V1208 PREC.VOLT.REF. EM4041CIM3X-1.2 D4 4022 304 10571
V1300 SWITCH DIODE BAV99 Ad 5322 130 34337
V1301 SWITCH DIODE  BAVED B4 5322 130 34337
V1302 SWITCH DIODE BAVS9 Cc3 5322 130 34337
V1303 SWITCH DIODE BAVA9 C3 5322 130 34337
V1304 SWITCH DIODE BAVES D4 5322 130 34337
V1305 SWITCH DIODE BAV9S C4 5322 130 34337
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V1306 HE TRANSISTOR BFR92A B4 9335 515 60215
V1320 LF TRANSISTOR BCB48CLT1 C4 4022 304 11011
V1350 LF TRANSISTOR BCB848CLT1 D4 4022 304 11011
V1351 LF TRANSISTOR BC848CLT1 D4 4022 304 11011
V1352 SCHOTIKY DIODE BAT74 Ad 9337 422 90215
V1360 SCHOTTKY DICDE MBRS110073 D4 5322 130 10675
V1361 SCHOTTKY DIODE MBRS340T3 D4 5322 130 10674
V1362 SCHOTTKY DIODE MBRS34067T3 D4 5322 130 10674
V15615 SWITCH DICDE BAVA9 B4 5322 130 34337
V1518 SWITCH DIODE  BAVAS B4 5322 130 34337
V1525 LF TRANSISTOR BCB48CLT1 C4 4022 304 11011
V1535 LF TRANSISTOR BC868 Cs 9336 787 70115
V1538 LF TRANSISTCR BC868 C5 9336 787 70115
V1B37 VOLT REG DIODE BZD27-C7V5 Cs 9338 674 50115
V1544 P-CHAN FET SST270 Cch 4022 304 10541
V1545 SWITCH DICDE BAVSS C4 5322 130 34337
V1550 PRECVOLT REF. | M4041CIM3X-1.2 B5 4022 304 10571
V1555 PREC.VOLT.REF. LM4041CIM3X-1.2 B5 4022 304 10571
V1560 P-CHANFET 887270 SiX C5 4022 304 10541
V1575 SCHOTTKY DIODE MBRS11007T3 C4 5322 130 10675
V1578 SCHOTTKY DIODE MBRS1100T3 B4 5322 130 10675
V1580 LF TRANSISTOR BCB848CLT1 B4 4022 304 11011
V1581 LF TRANSISTOR BC848CLT1 B4 4022 304 11011
V1582 SCHOTTKY DIODE BAT74 B4 0337 422 80215
V1583 LF TRANSISTOR BC858C C3 4022 304 11021
V1584 LF TRANSISTOR BC858C C3 4022 304 11021
V2000 L.F TRANSISTOCR BC858C B2 4022 304 11021
V2001 LF TRANSISTOR BC858C B2 4022 304 11021
V2002 SCHOTTKY DIODE BASSS B2 9338 765 40115
V3401 SCHOTTKY DIODE BAS28 A2 5322 130 80214
V3402 SCHOTTKY DIODE BAT74 A3 9337 422 90215
V3500 SCHOTTKY DIODE BAT74 B1 9337 422 90215
V4000 LF TRANSISTOR BCB86% A2 0336 787 80115
V4001 N-CHANN FET NDC651N Cc2 4022 304 10341
V4004 RECTDIODE  BYDT7D D2 9338 123 60115
V4005 SCHOTTKY DIODE MBRS340T3 D2 5322 130 10674
V4011 SCHOTTKY DIODE MBRS8340T3 D3 5322 130 10674
V4012 SCHOTTKY DIODE MBRS340T3 D3 5322 130 10674
V4013 SCHOTTKY DIODE MBRS340T3 D3 5322 130 10674
V4014 RECTDIODE  BYDV7D D2 9338 123 60115
V4015 SCHOTTKY DIODE MBRS1100T3 2 5322 130 10675
V4025 RECT DIODE  BYDV7D D2 9338 123 60115
V4100 SCHOTTKY DIODE MBRS340T3 D1 5322 130 10674
V4101 SCHOTTKY DICDE MBRS340T3 D1 5322 130 10674
V4102 POWER TMOS FET MTD5POBET4 C1 5322 130 10671
V4104 SIL DIODE ~ BAS1S6 D1 5322 130 31928
V4105 DUAL SCH.DIODE 6A 80V D-PAK C1 4022 304 11241
V4110 VOLT REG DIODE BZX84-B7V5 D1t 9336 860 10215
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V4111 LF TRANSISTOR BC848CLT1 D2 4022 304 11011
V4112 LF TRANSISTOR BC848CLTH D2 4022 304 11011
V4114 PREC.VOLT.REF. LM4041CIM3X-1.2 D2 4022 304 10571
V4200 TMOS P-CH FET MTSFZP03HD D2 4022 304 11591
V4201 TMOS N-CH FET MMDF3NO4HD A3 4022 304 10221
V4202 SCHOTTKY DIODE MBRS1100T3 A3 5322 130 10675
V4203 SIL DICDE  BAS16 D2 5322 130 31328
V4204 LF TRANSISTOR BC858C D3 4022 304 11021
V4205 PTC SILICON TEMP SENSOR 2K 1% c2 0019 103 00121
V4210 N-CHAN FET BSN20 A3 0340 125 00215
V4211 N-CHAN FET BSN20 D3 9340 125 00215
X3501 FLASH/SRAM MODULE CONNECTOR D1 0016 105 00041
X3600 KEYBOARD CONNECTOR 15-P D1 5322 265 10725
X3801 DISPLAY CONNECTOR 22-P D3 4022 303 10571
X4000 FAN CONNECTOR 2-P c2 4022 303 10561
X4100 BATTERY CONNECTOR 4-P B1 4022 303 10071
X4101 POWER ADAPTER CONNECTCR A5 4022 244 92561
X4200 BACKLIGHT CONNECTOR 2-P D2 4022 303 10581
74100 EMI-FILTER 50V 10A Al 5322 156 11139
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8.7 Accessories

Table 8-4. Standard Accessories

Iltem

Ordering Code

Battery Charger, available models:
Universal Europe 230 V, 50 and 60 Hz
North America 120 V, 50 and 60 Hz
United Kingdom 240 V, 50 and 60 Hz
Japan 100 V, 50 and 60 Hz
Australia 240 V, 50 and 60 Hz
Universal 115 V/230 V, 50 and 60 Hz
The universal adapter is standard equipped with a plug EN60320-2.2G. For
connection to the mains outfef use a line plug that complies with Nafional
Standards. The 230V rating of the BC190/808 Is not for use in North
America.

BC190/801
BC180/803
BC190/804
BC190/806
BC190/807
BC190/808

Vaoltage Probe Set (Red), designed for use with the Fluke ScopeMeter 190 series
fest tool.
The set includes the following items (not available separately):

+ 10:1 Voltage Probe (red)

+ 4-mm Test Probe for Probe Tip {red)

e Hook Clip for Probe Tip (red)

» Ground Lead with Hook Clip (red)

s Ground Lead with Mini Alligator Clip (black)

« Ground Spring for Probe Tip (black}

VP266-R

Voltage Probe Set (Gray), designed for use with the Fluke ScopeMeter 180 series
fest {ool.
The set includes the following items (not available separately):

» 10:1 Voltage Probe (gray)

« 4-mm Test Probe for Probe Tip {gray)

+« Mook Clip for Probe Tip (gray)

* Ground Lead with Mook Clip (gray)

» Ground Lead with Mini Alligator Clip (black)

VP200-G

Test Lead Set

TL75

Accessory Set (Red)
The set includes the foliowing items (not available separately):
s Industrial Alligator for Probe Tip (red)
e 2-mm Test Probefor Probe Tip (red)
e Industrial Alligator for Banana Jack (red}
s Z-mm Test Probe for Banana Jack (red)
e Ground Lead with 4-mm Banana Jack {black)

AS200-R

Accessory Set (Gray)
The set includes the following items {not available separately);
» Industrial Alligator for Probe Tip (gray)
» Z2-mm Test Probe for Probe Tip (gray)
« Industrial Aliigator for Banana Jack {gray)
¢ 2-mm Test Probe for Banana Jack (gray)

« Ground Lead with 4-mm Banana Jack (black)

AS200-G




List of Replaceable Parts
8.7 Accessories

8

Table 8-5. Standard Accessories {continued)

kem

Ordering Code

Replacement Set for Voltage Probe VP200
The set includes the following items (not available separately);
o 2x,4-mm Test Probe for Probe Tip (red and gray)
¢ 3x ., Hook Clip for Probe Tip (2 red, 1 gray)
s« 2%, Ground Lead with Hook Ciip (red and gray)
«  2x, Ground Lead with Mini Alligator Clip {biack)
o 5x Ground Spring for Probe Tip {black)

R520C

Table 8-6. Users Manuals

Itemn

Ordering Code

Getting Started Manual {English)

Getting Started Manual (German)

Getting Started Manual (French)

Getting Started Manual (Spanish)

Getting Started Manua! (Portuguese)

Getting Started Manual (l{alian)

Getting Started Manual (Chinese)

Getting Started Manual (Japanese)

Getting Started Manuat (Korean)

CD with Users Manuals {English, German, French, Spanish, Portuguese, ltalian,
Chinese, Japanese, Korean)

4822 872 30701
4822 872 30702
4822 872 30703
4822 872 30704
4822 872 30705
4822 872 30706
4822 872 30707
4822 872 30708
4822 872 3C709

4022 240 12370

Table 8-7. Optional Accessories

Hem

Ordering Code

Software & Cable Carrying Case Kit SCC180
Set contains the following parts:

s Optically isolated RS-232 Adapter/Cable PM2080

« Hard Carrying Case C180

« FlukeView™ ScopeMeter Software for Windows 85® |, 98® , Me® , 2000® SWaow

and NT4®

Onptically isolated RS-232 Adapter/Cable PMO080
Hard Case C190
Soft Case C195
Current Shunt 4-20 mA CS20MA
Print Adapter Cable for Paralle! Printers PAC91
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9.1 Introduction

This chapter contains all circuit diagrams and reference designator views of the test tool.
There are no serviceable parts on the LCD unit. Therefore no circuit diagrams and
reference designator views of the LCD unit are provided.

9.2 Tracing signals in circuit diagrams

Signal lines ending with an arrowhead indicate that the signal goes from one circuit
diagram to another. To trace these signals, you can use the coordinates on the edges of
the diagrams and Table 9-1, see the example below.

For example:

2296y 12VE o
[ ove | s | spio |

indicates that signal +2V6 goes from circuit diagram Figure 9-8 location G1, to circuit
diagram Figure 9-5 location D10.

9.3 Locating Parts & Test Points

Note:
Capacitors of 0 pF, and resistors of 100 M2 shown in circuit diagrams are
not placed on the PCA. They are drawn in the circuit diagrams for PCA
lavout purposes. In the layout design process they create locations on the
PCA where capacitors or resistors can be placed.

Use Table 8-3 (Chapter 8) to locate parts on the reference designator views of the Main
PCA Top View (Figure 9-12, 9-14) and Bottom View (Figure 9-11, 9-13). The drawings
are provided with coordinates at the edges.

Use Table 9-2 to locate test points (Mxxxx) on the PCA Top Side indicated in
Figure 9-11 or Figure 9-13.
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9-4

+2V6

+30V

EXTTRIG

RLFB2

+3IVAGAR

FLTPOWINI

i-Al

RLFEXT!

3-Bl

RLFEXT2

+3IV3ISADC

FLTPOWINZ

-Al

RSTRAMP

ROMA(0:6)

+3V45

ROMCSH

ROMD(24:31)

5-D5

ROMRDW

ROMWR#

+3V45)

ROMWRDLD

RXDI

3-B!
FRAME {8-B1
FREQPS 73
HEAL
HEA2
HFB
HEB2

HOLDOFF

SADCLEV

SCLEK

INTRP

SCLKEXT

SCLKFLT

LCDDATAMGT

LFA!

SDAT

LFAZ

SDATEXT

LFBI

SDATFLT

L.FB2

ADC A

LINECLK

SELMUX0

LFEXTH

SELMUX!

ADC-A-D(O:T)

LFEXT2

SELMUX2

SLOWADC

ADC B

LINTAB

SMPCLKA

MAINVAL

7-A3

SMPCLKB

ADC-B-D(0:7)

M ENAB

B-B1

ALLTRIG

MIDADC

4-D1

TLON

TRGLEVIA

BACKBRIG

110-C5

OFFSETAD

TRGEEVIB

BATCUR

10-BS

TRGLEV2A

BATIDENT

:17-B3

PWRON

TRGLEV2E

10-B3

TRIGDT

BATTEMP

TRIGOUAL

RAMPCLK

CHARCUR

REFADCT

TRIGQUALJ

XD

CLEJILL

COLOR#

CONTRAST

REFPWM]

VIPSTOA

DATACLK

VIPSTOB

DISPON

REFPWM2

VBAT

RIFAl

ENSHPULS

RLFA2

VDDVAL

RIFBI




Circuit Diagrams

9.3 Locating Parts & Test Points

9

Table 9-2. Location of Test Points on PCA Top Side

MI1008 04 M1 100 3 M1232 Ad M2022 B2 MA105 Bi
M1010 D4 M1101 C3 M1233 Ad M2036 2 MA106 B1
MI01] D4 M1102 C3 M1234 Ad M2053 2 M4107 71
MI1012 03 MI103 3 M1233 Ad M2200 B3 M4200 02
M1013 D4 M1104 C4 M1236 Ad M2232 B2 M4201 02
M1014 3 MI1208 Ad M1234 B3 M2250 B2 M4202 02
WHOE 4 MI209 Ad M 1300 C3 M2276 B3 MA203 [2y
MEO16 D4 MI210 A4 M1301 C3 M3000 Bl M4204 D3
MiO17 133 MI2E] Ad M1302 3 M3001 B2 M4210 D3
MEOLR D4 Mi212 Adt M1303 3 M3002 BI M4211 D2
M1019 D4 Mi2I3 Ad M 304 Ad MI003 2 M4z12 D2
M1020 C4 Mi214 Ad M1500 3 M3 100 B2 M4213 D3
MI1021 D4 MIZT3 Ad M1501 3 M3101 B2 M4300 Al
M1022 D4 Mi216 Ad Miso2 <3 M3201 Ii2 M4301 Al
M1023 C3 MI217 Ad MI1503 3 M3202 B2 M4302 Al
M1024 C4 MI1218 Ad M13504 Ca M3400 A2 M4303 Al
M1025 D4 M1219 Ad M2000 2 M3401 A2 MA4304 Al
M1G26 3 M1220 Ad M200] C2 M33500 A3 M43G5 B
M1027 C4 M1221 Ad M2002 2 M3501 B2 MS... Di
M1028 Ca M1222 Ad M20073 Al M3302 B1 D2
M1029 4 M1223 A3 M2604 Al M3303 Cl D3
MI1030 D4 M1224 B4 M2006 2 M504 Bi

MI03E D4 M 1225 B4 M200H 2 M3505 Bl

M1032 D4 M1226 Ad M2010 B3 M3506 BI

M1033 D4 MI1227 Ad M201} B3 M3507 Cl

M 1034 D4 MI1228 Ad M2012 B3 M3508 C2

M 035 D4 M 1229 Ad M2013 B3 M4000 A2

Mi036 D4 M1230 Ad M2014 B3 M4100 B!

M103% 3 Mi231 Ad M202] B2 M4101 A2

9-5
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9.4 Diagrams

See next pages for circuit diagrams and PCB layout drawings.

The table below shows the row/column matrix of the keypad. The keypad is connected to
the D-ASIC via X3600 (Figure 9-7)

The On/Off key 1s not included in the keyhoard layout matrix, Tt is directly connected 1o
an input of the D-ASIC (ONKEY , pin F4)

Table 9-3. Keyboard Layout

ROW — 0 1 2 3 4 5
COL! | testspot MSE3602 MS3803 MS3804 MS3605 MS3606 MS3607
0 MB3608
1 MS3609
2 MS3610
3 MS3611
4 MS3612
5 MS83613
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Figure 9-12. OLD Main PCA Bottom View
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Figure 9-13. NEW Main PCA Top View
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Figure 9-14. NEW Main PCA Bottom View
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Chapter 10
Modifications
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Modiﬁcaﬁons1 O
10.1 General

10.1 General

Changes and improvements made to the test tool are documented in Product Change
Notices (PCN). and on supplemental change/errata sheets (MSU) .

10.2 Software modifications

Changes and improvements made to the test tool software are 1dentified by incrementing
the software version number.

To see the test too] software version number press W/ . then press & to open the

VERSION & CAL... menu.

10.3 Hardware modifications
PCA (Printed Circuit Assembly)

Changes and improvements made to the test tool PCA (Printed Circuit Assembly)
hardware are identified by incrementing its revision number (the revision numbers need
not necessarily to be increased by 1). This number is printed on a sticker located on the
Main PCA unit shielding box. Figure 10-1 shows the sticker for revision number 07.

status sticker jpg

07

Figure 10-1. PCA revision number sticker
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Fluke 192B-196B-C/199B-C

Service Manual

PCB (Printed Circuit Beard)

The PCB (Printed Circuit Board without parts) version can be identified by checking its
12 digit code. This code is located on the board edge near the optical gate diodes
H3400-H3401.

The code is 4022 245 0497x ; x 1s the version number of the PCB.

10.4 Main PCA Unit Versions, Software Versions.

10-4

All models Fluke 192B. 196B and 199B are shipped with a revised version Main PCA
unit, referred to as NEW Main PCA unit. From November 2002 onwards, also the Fluke
196C and 199C can have the NEW Main PCA unit. The Mam PCA umt used in the
Fluke 196C and 199C before December 2002 will be referred to as OLD Main PCA unit.

To see if a Main PCA is a NEW or an OLD version check the PCB version (see 10.3):
¢ The NEW Main PCA unit has PCB version 6 or higher.

e The OLD Main PCA unit has a PCB version below 6.

The NEW Main PCA unit must have software version V05.04 or higher.

The NEW Main PCA unit can be used as replacement for the OLD Main PCA unit,

- Software versions V05.04 and newer can also be loaded in the OLD Main PCA unit.




