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SECTION 1 GENERAL INFORMATION

1 GENERAL INFORMATION

This manual provides technical information and maintenance
instructions for the RE201 Filter Option Board. The circuit board
description, theory of operation and adjustment instructions are
included to provide the information necessary to service the Board.

1.1 Introduction

The Filter Option for the RE201 Dual Channel Audio Analyzer is
designed to extend the dynamic range of the THD and IM measurements
and the frequency range of the RMS measurement. Furthermore,
measurements of SINAD (Signal, Noise and Distortion) to 25 kHz
fundamental frequency are added to the capabilities of the RE201l.

When using the Filter Option, THD below -100 dB from 20 to 25 kHz
(harmonics included) and RMS voltage up to 75 kHz can be measured.
Measurements on a standard IM signal can be improved by using the
Filter Option. The dynamic range is extended to approx. =70 dB for
each intermodulation product.

The increased dynamic range is obtained by means of a programmable
notch filter, which attenuates the fundamental signal component but
not the harmonics. The notch frequency and attenuation are set
automatically by the RE201. To enable measurements of RMS voltage up
to 75 kHz possible, the Filter Option also includes an analog RMS
detector.

The Filter Option circuitry is located on a separate Printed Circuit
Board which plugs into the RE201 Analog Motherboard. A PROM
containing all software for handling of the notch filters and
attenuators is located on the Filter Option Board. Thus, no changes
have to be made to the software located elsewhere in the instrument.

1.2 Installation

When unpacking the Option Board the packing material should be
visually inspected for physical damage. If damaged notify the carrier
and your local RE INSTRUMENTS representative or the factory. The
packing material should be retained for inspection by the carrier in
case of complaint.

For a description of the installation refer to the RE201 Basic Unit
Technical Manual section 1.2.2.

1.3 Equipment and Accessories

Description Code No.
RE201 Filter Option 901-525
Technical Manual for the RE201 Filter Cption 983-259

RE201 FILTER/TM/8709
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1.4 Specifications

True-rms

Frequency range

Cut-off frequencies
Flatness (1 kHz reference)

Accuracy
Display modes

Harmonic Distortion (THD)
Sensitivity
(0.5 Vrms to 1.5 Vrms)

Sensitivity

(5 mVrms to 15 Vrms)
Sensitivity as a function
of input level

Accuracy

Intermodulation (IM)
Sensitivity

Accuracy

Distortion and Noise (SINAD)

Fundamental frequency range
Noise bandwidth
Residual SINAD at 1 V rms

Residual SINAD at 10 V rms
Residual SINAD as a function
of input level

RE201 FILTER/TM/8709

20 Hz to 75 kHz

75 kHz, -0.2 dB; 240 kHz, -3 dB

+/- 0.1 dB, 20 Hz to 50 kHz

+/- 0.2 dB, 50 kHz to 75 kHz

+/- 2 7 + flatness

Volt, Watt, dBm, dB or 7 relative to
stored reference or previously
measured value

< -100 4B (0.001 %), typical -105 dB
50 Hz, 150 Hz and 15.625 kHz
components below -87 dB, -90 dB and
-95 dB respectively

As specified above

Increases approx. 1 dB when the
input level is increased by 1 dB
from 5 mVrms to 0.5 Vrms and from
1.5 Vrms to 5 Vrms

+/- 2.5 dB, THD < =70 dB;

+/- 1.5 dB, THD > -70 dB

< -67 dB (0.04%), typical -72 dB,
any intermodulation product

+/- 2.5 dB, IM < =50 dB

+/- 1.5 dB, IM > -50 dB

20 Hz to 25 kHz

125 kHz

< -90 dB, typical -93 dB, 40 Hz to
25 kHz

< -86 dB, typical -89 dB, 20 Hz to
40 Hz

As specified above

Refer to graph below
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dB Residual SINAD

-50

-70

-90

10m 100m 10 1j5 10
Volt
Residual SINAD as a function of input level

Accuracy +/- 1.5 dB
Display modes %, dB

The environmental requirements for the Filter Option are identical to
those of the RE201 Basic Unit.

RE201 FILTER/TM/8709



SECTION 2 PRINCIPLES OF OPERATION

2 PRINCIPLES OF OPERATION

As the main signal processing in the RE201 is performed digitally, the
dynamic range is limited by the resoiution of the A/D converter. The
RE201 employs a 12 bit converter which limits the dynamic range to
approx. 75 to 80 dB. Distortion measurements of 80 dB dynamic

range may be a serious limitation so the Filter Option is designed to
overcome this constraint. The Filter Option, which is fully
transparent, uses a programmable notch filter to filter out the main
component so that the full dynamic range of the A/D converter can be
used for the harmonics.

Hereby, the measurement range of the RE201 may be extended by more
than 20 dB for THD measurements and 10 dB for IM measurements.

Furthermore, the Filter Option is provided with an RMS detector which
enables broadband RMS measurements at fundamental frequencies up to 75
kHz. By using this detector, measurements of noise and distortion for
fundamental frequencies up to 25 kHz are possible.

To fully understand the operation of the Filter Option please refer
to the simplified block diagram in fig. 2.1, which presents the Filter
Option and the Frontend of the the RE201 Dual Channel Audio Analyzer.

The notch filter, which consists of two identical sections, is
inserted just after the input amplifier, whereas the RMS detector is
inserted just before the S/H amplifier and A/D converter.

The measurements which use the Filter option are detailed in the
following sectionms.

A detailed block diagram of the entire Filter Option is shown in fig.
3.1.

2.1 Measuring RMS

The RMS detector on the Filter Option Board can be used to measure RMS
voltage levels up to 75 kHz. During this measurement the 25 kHz
antialiasing filter in the RE201 Frontend is circumvented -~ switches
S5 and S7 are in closed position. The fluctuating DC voltage output
from the RMS detector is digitized by means of the A/D converter of
the Analog Frontend. Following this, a software lowpass filter is
employed. The result is calibrated according to the actual gain
setting and the result is displayed. ’

When the RE201 is equipped with the Filter Option, ome of the eight
softkeys under the LEARN LEVEL menu becomes the RMS75 key.

The accuracy of the RMS75 measurement is +/- 3 7 - crest factor <= 7.

RE201 FILTER/TM/8709
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Fig. 2.1 - Filter Option & Frontend Block Diagram
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SECTION 2 PRINCIPLES OF OPERATION

2.2 Measuring THD

When a THD measurement is activated, the RMS level of the signal and
the frequency of the fundamental signal component are obtained with
switches S2, S13 and S4 in the closed position. It is then checked
that each harmonic component is more than -64 dB below the fundamental
signal component.

If one of the harmonic components is less than 64 dB below the
fundamental signal component, the THD measurement will progress
without using the Filter option, i.e. THD will be measured by the
RE201 as if the Filter Option were not installed.

If, however, all the harmonic components are more than -64 dB below
the fundamental signal component, the first section of the notch
filter is automatically inserted between the input amplifier and the
25 kHz antialiasing filter in the RE201 Frontend. In order to
accomplish this - switches S1l4, S2 and S4 are in the closed position.
The notch frequency of the filter is then set in accordance with the
frequency of the fundamental signal component.

The response of the filter section is shown in fig. 2.2. The harmonic
components are amplified by 40 dB whereas the fundamental signal
component is attenuated by more than 60 dB compared to the harmonic
components. In this way, the harmonics may utilize the entire input
range of the Analog to Digital converter. This method of increasing
the dynamic range and reducing the noise floor is illustrated in fig.
2.3.

Now, the levels of the harmonic components are measured, the THD
calculated and the results displayed on the RE201 CRT. The results
will appear exactly as the results for the THD measurements without
the Filter Optionm.

At 1 kHz and an input level of 1 Vrms, THD below -100 dB (0.001 %)
can be measured by the RE201 equipped with the Filter Option.

The THD measurement can only be performed in the frequency range from
20 Hz to 12.5 kHz, as the maximum frequency component, which by means
of an FFT analysis can be measured by the RE201, is 25 kHz.

With fundamental components having a frequency of 12.5 kHz, only the
2nd harmonic can be included in the measured THD. Where the 3rd
harmonic component is important, the THD measurement can only be
performed at a fundamental frequency up to 8.3 kHz.

At higher frequencies the THD measurement must be performed as a SINAD
measurement which uses the entire notch filter and the RMS detector
located on the Filter Option Board. This is described in the
following sectionmn.

RE201 FILTER/TM/8709
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Fig. 2.2 - Notch Filter for THD Measurement

2.3 Measuring SINAD

When the RE201 is equipped with the Filter Option, one of the eight
softkeys in the EXECUTE menu becomes the SINAD key.

The SINAD measurement starts with a measurement of the frequency of
the fundamental signal component. This measurement is performed with
switches S2, S13 and S4 in the closed position, refer to fig. 2.l.
The 25 kHz antialiasing filter is bypassed and the RMS level of the
fundamental and the noise is measured using the 75 kHz detector -
switches S1, S17 and S7 in the closed position.

The notch frequency of the filter is automatically set in accordance
with the measured frequency of the fundamental signal component, and
the two identical sections of the notch filter, each comprising more
than 60 dB rejection of the fundamental, are inserted between the
input stage and the main amplifier in the RE201 Frontend, i.e. the
amplifier following the 25 kHz antialiasing filter, by opening switch
S1 and closing S16 and S3.

The gain is adjusted according to the level of the noise and
distortion by performing ar autoranging procedure employing the
amplifiers of the Filter Option and the main amplifier of the Amalog
Frontend. The gain of the Frontend input stage is maintained in order

RE201 FILTER/TM/8709



SECTION 2

FUNDAMENTAL FREQUENCY

f

0odB

2nd harmonic
3rd harmonic

l
b Jl

PRINCIPLES OF OPERATION

4th harmonic

|
I *l lL
---------- ,—--—--—--r— ==------tF--- NOISE FLOOR

1000 2000

(a) Spectrum of applied signal

0 dB

\
‘ |
|
-30 l
-40
2nd harmonic

-50 k 3rd hbl;'"nonic
-60 l l ‘: 4th ?aﬂmonic
-70--------ptp------- [t~ -=-=---pFF------- ‘1---- NOISE FLOOR

d ] I f

9 l !u J Jﬂ! 11 .h '|-| ‘1 u AJLA

1000 2000 3000 4000 f/Hz

(b) Spectrum after notching and amplification

Fig. 2.3 -~ Measuring THD
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SECTION 2 PRINCIPLES OF OPERATION

not to overdrive the input of the notch filters. Thus, the noise and
distortion may be amplified from O to 98 dB in steps of 2 dB (0 - 60
dB in the Filter Option and O - 38 dB in the Frontend).

The frequency response of the total notch filter is shown in fig. 2.4.
The fundamental signal component is attenuated by more than 100 dB
compared to the harmonic components and the noise. A lowpass filter
with a cut-off frequency of 130 kHz ensures a well-defined noise

bandwidth.
dB

40

30

20 [

. AT N |

-10

-20

0
01fq 0.2f5 03f, 0.5f, fo 2fy 3fg Sfp 10fo
fo = Notch frequency

Fig. 2.4 - Notch Filter for SINAD Measurement

The RMS value of the filtered signal is then measured by the RMS
detector located on the Filter Option Board. The RMS detector is
inserted between the main attenuator and the S/H amplifier in the
RE201 Frontend. During this operation switches S7 and S17 are
closed.

The output from the RMS detector for this set-up is the RMS value of
the distortion and noise.

The inverse SINAD is calculated by the RE201 as the ratio between the
RMS level of the distortion and noise, and the RMS level of the
fundamental signal component, with due corrections for the different
gain settings. The result is then displayed on the RE201 CRT in
either % or dB.

RE201 FILTER/TM/8709



SECTION 2 PRINCIPLES OF OPERATION

2.4 Measuring IM

The dynamic range of the IM measurement is extended by using the
Filter Option Board. For this purpose, the signal is routed through
the first section of the notch filter on the Filter Option - as in the
case of a THD measurement - switches Sl4, S2 and S4 are closed.

The notch filter will be set for attenuation of the low frequency
component, the amplitude of which is four times that of the high
frequency component for a standard IM signal. The amplification of
the high frequency components, including the intermodulation products,
will be 10 dB, i.e. the dynamic range of the IM measurement is
increased from -60 dB to =70 dB. This principle is illustrated in
fig. 2.5. The notch filter frequency response is as fig. 2.2, with
the exception that the amplification is only +10 dB instead of +40 dB.

In order to obtain the above mentioned increase in dynamic range, the
input signal must fulfil the following conditions:

* the IM signal must be a standard IM signal.
* the lower frequency of the intermodulation products to be

included must be at least twice the frequency of the low
frequency component in the IM signal.

RE201 FILTER/TM/8709
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Fig. 2.5 - Measuring IM
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3 CIRCUIT DESCRIPTIONS

Referring to the Block Diagram in fig. 3.1 and the schematic diagram
985-203 the Filter Option may be divided into two analog constituents:
the notch filters and the RMS detector. Furthermore, the Board
comprises digital circuitry for the interface to the Static CPU and
program memory.

3.1 Notch Filters

As described in section 2, Notch Filter Section 1 is used solely for
THD and IM measurements and together with Notch Filter Section 2 for
SINAD measurements.

Each Notch Filter Section comprises two notch filters and a highpass
filter coupled in cascade, as shown in the Block Diagram in fig. 3.1.

Each notch filter is implemented as a Bandpass Filter in the feedback
path of an amplifier. The Bandpass Filters are implemented as 'State
Variable' filters containing two integrators. The frequency response
for one notch filter set to 0 dB gain, is shown in fig. 3.2.

The programmability is obtained through a 10-bit programmable resistor
network, which selects between approx. 1000 different resistor
configurations in the notch filter sections to obtain a variation in
the notch frequency over a limited frequency range. In order to extend
the programmable frequency range, the entire range of interest has
been divided into three subranges, where each subrange is selected by
alteration of the feedback capacitors. Table 3.1 shows the three
different ranges and the frequency resolution obtained within each
range.

Frequency Range Resolution
20 - 400 Hz 0.4 Hz

400 - 3200 Hz 3.2 Hz

3200 - 25000 Hz 25.6 Hz

Table 3.1 - Programmable Notch Frequency

In order to ensure flat response from one octave above the center
frequency (for correct measurement of the second harmonic), the notch
filter response is sharpened by means of an additional highpass filter
section. These highpass filters are also implemented as 'State
Variable' filters. The frequency response for the highpass filters is
shown in fig. 3.3.

RE201 FILTER/TM/8709
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SECTION 3 CIRCUIT DESCRIPTIONS

The highpass filters have a fixed gain of 10 dB each, while the gain
of each of the notch filters is programmable. The gain of each filter
block is shown in the Block Diagram in fig. 3.1. Notch3 includes a
-20 dB gain setting facility, in order to be able to select a total
gain of 0 dB during SINAD measurements in spite of the gain of the two
highpass filters.

In section 2, fig. 2.2, the frequency response for Notch Filter
Section 1 is shown, i.e. the combination of two notch filters and one
highpass filter, with the gain set to a total of 40 dB. This gain is
always used for the THD measurement. For IM measurements, the
programmable gain is set to 0 dB, leaving only the 10 dB amplification
of the highpass filter.

For SINAD measurements, Notch Filter Sections 1 and 2 are used
together. The gain is programmed in accordance with the actual level
of the noise and distortion. The frequency response for both Notch
Filter Sections is shown in fig. 2.4 in section 2.

Key figures are given in table 3.2 for the accumulated attenuation,
relative to imput level, following each of the filter blocks shown in
fig. 3.1, for the notch frequency as well as for some of the harmonic .
frequencies.

The filter is set to a total gain of O dB, i.e. Notch3 is programmed
for -20 dB in order to compensate for the gain in the two highpass
filters.

Frequency Notchl Notch2 HPI1 Notch3 HP2 Notch4

0 dB 0 d8 +10 dB -20 dB +10 dB 0 dB
Notch -32 dB -64 dB -57 dB -109 dB -102 dB -134 dB
2nd harmonic -3.3 dB -6.6 dB +10 dB -13.3 dB  +3.3 dB 0 dB
3rd harmonic =-1.3 dB -2.6 dB +10 dB -11.3 dB  +1.3 dB 0 dB
4th harmonic -0.14 dB -0.3 dB +10 dB -10.15 dB +0.15 dB 0 dB

Table 3.2 - Attenuation at 0 dB total gain

3.2 RMS Detector

For RMS detection an integrated circuit, AD637, is used, which offers
true RMS-to-DC conversion with an error of less than 1% for crest
factors up to 7. The RMS value is computed directly from the input

RE201 FILTER/TM/8709
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signal by the AD637. The output is 1 V DC for 1 V RMS. A noise
limiting filter with a cut-off frequency of 270 kHz is included,
placed in front of the RMS detector.

The output of the detector may be connected to the detector bus of the
RE201 via an FET switch. The voltage from the detector is digitized by
means of the Analog-to-Digital Converter of the Analog Frontend and
then lowpass filtered by software.

3.3 Program Memory and Switch Control

The Filter Option is operated by the Static CPU located in the Analog
Section. The notch frequency as well as the gain is fully
programmable by means of the Communication Register Interface of the
Static CPU. Refer to the RE201 Technical Manual, section 3.2.2.

The Filter Option Board comprises additional program memory for the

Static CPU, containing the software for performing the actual set-ups
(QD12). Decoding of the control signals from the Static CPU to select
the option being addressed is implemented by means of a Schottky PROM

(QD7).

As the Filter Option shares address space with the Audio Generator, a
means is provided for the Static CPU to select the option being
addressed. The Filter Option is selected when the CPU has written a
'l' to QD1, pin 9. This action at the same time disables the other
options. When the Filter Option is selected, Il4 is pulled low by
QD9, pin 3. This feature allows the Static CPU to detect the presence
of the option during the power-up initialization procedure.

The HEF4724, an 8 bit programmable latch, is generally used as a latch
for set-up information from the Static CPU. Level transformation from
TTL levels to levels usable for control of the FET switches is
implemented using LM324 opamps as comparators. Due to the diode
connected to the gate of each FET switch, the FET will only go off,

if =15 V is supplied to the cathode of the diode. As the inverting
input of the LM324 comparator is held at 2.5 V, a TTL '0' at the
non-inverting input implies an output voltage of -15 V, while a TTL
'1' forces the output to +15 V.

RE201 FILTER/TM/8709
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4 MAINTENANCE

This section describes maintenance and adjustment procedures for the
Filter option. The reader is expected to be acquainted with the
operation of the RE201.

It is recommended that section 2, Principles of Operation, and section
3, Circuit Description, are studied before adjustments are commenced.

4.1 Recommended Test Equipment

Table 4.1 lists the test equipment necessary to carry out a qualifying
performance test and to adjust the Filter Option if necessary.

Instrument Critical Specificatioms Recommended Model

1) LF Signal THD < -110 dB, B&0, Model TG8
Generator SINAD < -100 dB,
Frequency range 20 Hz to

75 kHz
2) RMS/DC Accuracy of reading 0.2% Fluke RMS differential
Voltmeter at 20 Hz to 75 kHz and Voltmeter, Model 8506A
at DC
3) Multitone 3 sine waves simultaneous- RE201 Audio Generator
Generator ly, THD < =75 4B (901-500)

Table 4.1 - Recommended Test Equipment

4,2 Performance Tests

All tests outlined in this section may be performed using measurements
in either channel of the RE201l, as the performance of the Filter
Option is independent of the selected channel.

It is recommended to carry out all programming of the RE201 before the
test is initiated. The following is a survey of the definitionmns
necessary to carry out the entire performance test.

RMS75 Measurement: Duration 500 ms, display VOLT
Duration 500 ms, display DB REF

THD Measurements: TRACK, 2nd to 9th harmonic included, dB display
TRACK, 2nd to 7th harmonic included, dB display

RE201 FILTER/TM/8709



SECTION 4 MAINTENANCE

TRACK, 2nd to 3rd harmonic included, 4B display
TRACK, 2nd harmonic only included, dB display

SINAD Measurement: TRACK, duration 500 ms, display dB

RMS Detector

Adjust the LF generator (1) to a frequency of 1 kHz and an output
level of 1.000 Vrms +/- 5 mV by means of the RMS voltmeter (2).
Instigate an RMS75 measurement in volts and check that the result is
0.99 V - 1.01 V. Press <STO REF>. With the 1 kHz measurement as
reference, check the frequency response of the RMS detector in
accordance with table 4.2 by performing an RMS75 measurement with the
display in dBr.

Frequency Tolerance = reading of RE201 display
1 kHz 0.0 dB

10 kHz +/- 0.1 dB

50 kHz +/- 0.1 dB

75 kHz +0.1 dB/-0.2 dB

Table 4.2 -~ RMS Detector Frequency Response

Notch Filters

Adjust the LF generator (1) to an output level of 1.000 Vrms +/- 10
mV. Check that the distortion fulfils the requirements set out in
table 4.3 by performing THD measurements with the pertinent number of
harmonics included.

Frequency Harmonics Included THD Single Harmonic

25 Hz 2nd to 9th < - 83 dB * 2nd < - 87 dB
* 6th < - 90 dB
Others < -105 dB

300 Hz 2nd to 9th < -100 4B < =105 dB
1.0 kHz 2nd to 9th < -100 dB < -105 dB
3.125 kHz 2nd to 7th < - 89 dB * 5th < - 90 dB
Others < -105 dB
7.0 kHz 2nd to 3rd < -100 4B < -103 dB
12.0 kHz 2nd < -100 dB

Table 4.3 - Distortion

RE201 FILTER/TM/8709



SECTION 4 MAINTENANCE

Note: Should any of the requirements marked with an asterisk (*) be
exceeded, the fault is due to excessive 50 Hz/150 Hz/15.625 kHz
components in the RE201 and not due to the Filter Optionm.

With the same output level as above, verify the SINAD measurements to
be in accordance with the requirements set out in table 4.4.

Frequency SINAD

20 Hz < -86 dB

300 Hz < -90 dB
3.0 kHz < =90 dB
10.0 kHz < =90 4B
24,9 kHz < =90 dB

Table 4.4 - SINAD

Verification of the gain in the Filter Option may, if necessary, be
done by measuring SINAD for signals with a well-defined SINAD, e.g.
multitone signals. As the gain of each amplifier on the Filter Option
is a multiple of 10 dB, it is recommended to utilize multitones
yielding SINADs of -10 dB, -20 dB etc.

4.3 Adjustments

Should any of the performance tests above fail, some adjustments can
be performed, assuming the failures are out by a small margin.

The RMS detector has a total of three adjustment possibilities (for
offset and gain).

The cut-off frequencies for the highpass filters, contributing to the
total filter frequency response for the THD and SINAD notch filters
(refer to section 3) have one adjustment each. The adjustment
corrects the value measured for the second harmonic.

The locations of the test points and the potentiometers used for
adjustments are shown in fig. 4.1.

Note that the RMS detector is used for the SINAD measurement, and
consequently, the performance of the detector should be verified prior
to adjustments of Notch Filter Section 2.

RMS Detector

When adjusting offset for the RMS75 detector, R306 must be
shortcircuited. The location of R306 and the potentiometers mentioned
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Fig. 4.1 - Filter Option Component Layout
shown in fig. 4.1. Using the voltmeter (2), proceed as follows:
Adjust R312 to obtain 0.000 mV (DC) +/- 0.5 mV in TPI.

Activate an RMS75 measurement and adjust R321 to obtain 0.000
mvV (DC) +/- 0.5 mV on the output (J3/W3, pins 2/15).

Remove the shortcircuit of R306 and connect the LF generator
(1) to the RE201. Adjust frequency to 1 kHz and output level
to 1.000 V +/- 1 mV and activate an RMS75 measurement.

Adjust R319 to obtain 1.000 V (DC) +/- 1 mV on the output
(J3/w3, pins 2/15, ground e.g. at pin 16).

Verify the frequency response of the RMS detector in
accordance with table 4.2.
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Notch Filter Section 1 (THD)

For adjustment of Notch Filter Section 1, used for THD measurements, a
multitone is used with a fundamental component of 1 kHz and two
'harmonic' components of 2 kHz and 9 kHz, each -65 dB below the
fundamental signal component. The THD of the 1 kHz component must be
insignificant compared to the two artificial harmonic components.

This multitone may be generated by the RE201 Audio Generator (3) set
up as follows:

RIGHT CHANNEL — Multitone with 2 kHz and 9 kHz components, relative
levels 1:1, signal level 0.80 mVrms.

LEFT CHANNEL - 1 kHz reference tone, signal level 1.00 Vrms.

Connect the two outputs together and feed the resulting multitomne into
the RE201. Activate a THD measurement in dB, including the 2nd to 9th
harmonics, with 5 averaging loops. Observe the levels at the 2nd and
9th harmonic components, and adjust R259 to obtain equal levels at the
2nd and the 9th harmonics. The location of R259 is shown in fig.

4.1,

Notch Filter Section 2 (SINAD)

Before any adjustments of this section are initiated, be sure that
Notch Filter Section 1 is correctly adjusted, as Section 1 is used in
conjunction with Section 2 for SINAD measurements.

Two multitones are used for the adjustment. The multitone generator
(3) should be set as follows:

MULTITONE 1 - 1 kHz and 9 kHz, relative levels 500:1, signal level
1.00 Vrms

MULTITONE 2 - 1 kHz and 2 kHz, relative levels 500:1, signal level
1.00 Vrms.

a. Feed Multitone 1 to the RE201 and measure SINAD for a
fundamental of 1 kHz. Note the value of SINAD.

b. Feed Multitone 2 to the RE201 and repeat the SINAD measure-
ment. Adjust R283 to obtain the same SINAD result as for a.
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5 TROUBLESHOOTING

The scope of this section is to provide some troubleshooting hints,
which may help to identify whether an observed error is originating
from the Filter Option board. Before this conclusion is drawn,
various types of other measurements should be performed and verified,
in order to make sure that the error is not generated by the RE201
Basic Unit. For instance, the Performance Test described in section
4.2 of the RE201 Basic Unit Technical Manual could be carried out.

It is recommended that section 2, Principles of Operation, and section
3, Circuit Description, of the present manual are carefully studied
before troubleshooting is commenced.

Faults originating from the Filter Option board during measurements
are most often easily detected, as the Filter Option is used
exclusively during the following measurements:

* RMS75
* SINAD

* THD, if the level of each harmonic component is at least
~64 dB below the fundamental

* IM, if a standard IM test signal is used (refer to section
2.4)

Whenever the notch filter is actually inserted in the signal path, CR7
of the Static CPU (901-411) is lit. CR7 is the 3rd LED from the left
when viewing the PCB from the component side. Thus, during
measurements utilizing the notch filter, e.g. a THD measurement, CR7
will be OFF during estimation of frequency and level for the
fundamental, and ON during measurement of the level of the harmonics.

The first step, if any errors are detected, is to check that the flat
cables W2 and W3 connecting the Filter Option to the Analog Frontend
are properly inserted and not defective. W2 is used for input/output
to the filters, whereas W3 is used for input/output to the RMS
detector. When bypassing the notch filters, e.g. for RMS25 or
frequency measurements, Ql66 of the Filter Option is activated.
Improper operation of this switch will jeopardize all measurements -
similarly, if W2 is defective. Further information may be found in
section 2.5, Actual Measurements Set-up, in the RE201 Basic Unit
Technical Manual.

The troubleshooting will depend on whether the error is observed
during a selftest or during a performance test.
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5.1 Selftest Errors

If the Analog Section fails during a selftest, the first step to
perform is to obtain more information about which part of the Analog
Section has caused the error. This is done by reading the error code
displayed on the Light Emitting Diodes (LEDs), CR1-CR8, on the top
edge of the Static CPU board. The error code for errors on the Filter
Option is as shown (facing the component side of the Static CPU):

11000119

where 'l' designates LED on, O LED off. The leftmost diode on the
board is not part of the error code display.

During the selftest procedure performed by the RE201, the program
EPROM QD12 is tested, using a Cyclic Redundancy Code Check (CRCC).
When testing this device, the CARD ON circuit (QD6-QD9) and the
functioning of the data/address lines are also verified.

If the error is due to a fault in the CARD ON circuit, the Static CPU
will be unable to gain access to the Filter Option (refer to section

3.3 for further information). Check that JP25 is mounted correctly,

i.e. in position 1-2.

5.2 Performance Test Errors

Even if the Filter Option has passed the selftest procedure on
power-on, the board might be defective, as the notch filters and the
RMS detector are not tested.

RMS75 Errors

If RMS75 measurements yield results different from RMS25 measurements
and/or peak measurements, it is very likely that the RMS detector of
the Filter Option is faulty. A fault relating to the RMS detector
will also affect SINAD measurements.

If RMS75 measurement results are very small, independent of the input
voltage, the error is probably due to faulty FET switches, either in
the discharge circuitry of the Filter Option board, in the output of
the RMS75 detector (Ql73), or in the input to the Analog Frontend
(901-421, Q45). 1If the error is due to the latter, other measurements
involving analog detectors, except from the peak detectors,(i.e.
Phase, Quasi-peak, Wow & Flutter), will also produce erroneous
results. The error may be caused by faults in the decoding and
control circuit for the pertinent FET switch.

THD Errors

When troubleshooting faulty THD measurements, a signal with a
well-defined THD (below -64 dB for each harmonic) may be of use. Such
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a signal may be generated by using the 1 kHz reference tone of the
Audio Generator as the fundamental component and a multitone as
synthesized harmonics (an example is given in section 4.3 for
adjustment of the Notch Filter Section 1). An external resistive
divider/summation circuit makes it possible to obtain well-defined,
very small THD values.

If the filters are working properly for some frequencies, but not for
all, emphasis should be put on the fact that the frequency range is
subdivided according to table 3.1 in three subranges, which are
selected by change of capacitors in the feedback circuitries. Thus, a
notch frequency of 200 Hz is programmed by selecting the lowest
frequency subrange and programming the resistor value for 200 Hz/0.4 Hz
= 500. The same resistor configuration is used for 1600 Hz =

500%#3,.2 Hz in the middle range and for 12.8 kHz = 500%25.6 Hz in the
highest range.

SINAD Errors

If the THD and RMS75 measurements are operating properly, but the
SINAD measurements are not, the error is related to Notch Filter
Section 2 and/or related signal coupling switches, e.g. the switch in
the output, Q163 (refer to the Block Diagram, fig. 3.1.).

Programming of notch frequencies is done as described for the THD
measurements.
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6 PARTS LIST AND SCHEMATIC DIAGRAM

6.1 Parts List

All electronic components are included in the parts list. Parts
marked with a * are manufactured by RE INSTRUMENTS AS.

When ordering spare parts it is important that you give the following
information.

* Code No. and description of the part.
* Circuit reference from the schematic diagram.

* Complete type designation of RE product.
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Filter (901-525)

CAPACITORS
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C Ceramic 56p0 2% 100V NPO

C Polystyrene 1n5 1% 63V

C Ceramic 100p 2% 100V NPO

C Polystyrene 12n4 1% 63V

C Polypropylen 100n 1% 63V 150PPM
C Ceramic 56p0 2% 100V NPO

C Polystyrene 1n5 1% 63V

C Ceramic 100p 2% 100V NPO

C Polystyrene 12n4 1% 63V

C Polypropylen 100n 1% 63V 150PPM
C Ceramic 56p0 2% 100V NPO

C Polystyrene 1n5 1% 63V

C Ceramic 100p 2% 100V NPO

C Polystyrene 12n4 1% 63V

C Polypropylen 100n 1% 63V 150PPM
C Ceramic 56p0 2% 100V NPO

C Polystyrene In5 1% 63V

C Ceramic 100p 2% 100V NPO

C Polystyrene 12n4 1% 63V

C Polypropylen 100n 1% 63V 150PPM
C Polystyrene 787p 1% 63V

C Ceramic 100p 2% 100V NPO

C Polystyrene 6n34 1% 63V

C Ceramic 390p 10% 100V

C Polypropylen 51nl 1% 63V 150PPM
C Polystyrene 787p 1% 63V

C Ceramic 100p 2% 100V NPO

C Polystyrene 6n34 1% 63V

C Ceramic 390p 10% 100V

C Polypropylen 51nl 1% 63V 150PPM
C Ceramic 56p0 2% 100V NPO

C Polystyrene 1n5 1% 63V

C Ceramic 100p 2% 100V NPO

C Polystyrene 12n4 1% 63V

C Polypropylen 100n 1% 63V 150PPM
C Ceramic 56p0 2% 100V NPO

C Polystyrene 1n5 1% 63V

C Ceramic 100p 2% 100V NPO

C Polystyrene 12n4 1% 63V

C Polypropylen 100n 1% 63V 150PPM
C Polystyrene 787p 1% 63V

C Ceramic 100p 2% 100V NPO

C Polystyrene 6n34 1% 63V

C Ceramic 390p 10% 100V

C Polypropylen 51nl 1% 63V 150PPM
C Polystyrene 787p 1% 63V

C Ceramic 100p 2% 100V NPO

C Polystyrene 6n34 1% 63V

C Ceramic 390p 10% 100V

C Polypropylen 51nl 1% 63V 150PPM
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243-312
213-211
243-311
242-302
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243-312
213-211
243-311
242-302
213-210
243-312
213-211
243-311
242-302
213-210
243-312
213-211
243-311
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243-313
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243-314
213-021
242-301
243-313
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243-314
213-021
242-301
213-210
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243-311
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213-211
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242-302
243-313
213-211
243-314
213-021
242-301
243-313
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C Ceramic 56p0 2% 100V NP0

C Polystyrene 1n5 1% 63V

C Ceramic 100p 2% 100V NP0

C Polystyrene 12n4 1% 63V

C Polypropylen 100n 1% 63V 150PPM

C Ceramic 56p0 2% 100V NPO

C Polystyrene 1n5 1% 63V

C Ceramic 100p 2% 100V NPO

C Polystyrene 12n4 1% 63V

C Polypropylen 100n 1% 63V 150PPM

Electrolytic Bipolar 4u7 25V

C Ceramic 100n 20% 50V

Electrolytic 100/25, 2000h/85°, R:6.3*11, RM2

C Ceramic 22n0 -20+80% 63V

C Ceramic 2p70 p25 100V NPO

Electrolytic 100/25, 2000h/85°, R:6.3*11, RM2

C Ceramic 1p80 p25 100V NPO

Electrolytic Bipolar 4u7 25V

Electrolytic 33/16, 2000h/85°, Low II, R:5*%11, RM2
Electrolytic 33/16, 2000h/85°, Low II, R:5*11, RM2
C Ceramic 22n0 -20+80% 63V

C Ceramic 2p70 p25 100V NPO

Electrolytic 33/16, 2000h/85°, Low I, R:5*11, RM2
C Ceramic 3p90 p25 100V NP0

C Ceramic 2p70 p25 100V NPO

Electrolytic 33/16, 2000h/85°, Low I, R:5*%11, RM2
C Ceramic 10p0 2% 100V NP0

Electrolytic 33/16, 2000h/85°, Low I, R:5*11, RM2
C Ceramic 10p0 2% 100V NPO

C Ceramic 15p02% 100V NPO

Electrolytic 33/16, 2000h/85°, Low II, R:5*11, RM2
C Ceramic 2p70 p25 100V NPO

C Ceramic 6p80 p25 100V NP0

C Ceramic 2p70 p25 100V NPO

Electrolytic 33/16, 2000h/85°, Low II, R:5%11, RM2
Electrolytic 33/16, 2000h/85°, Low I, R:5*11, RM2
C Ceramic 15p02% 100V NP0

C Ceramic 15p0 2% 100V NPO

C Ceramic 10p0 2% 100V NPO

C Ceramic 2p70 p25 100V NPO

Electrolytic 33/16, 2000h/85°, Low II, R:5*11, RM2
C Ceramic 6p80 p25 100V NP0

Electrolytic 33/16, 2000h/85°, Low Il, R:5*11, RM2
C Ceramic 22n0 -20+80% 63V

Electrolytic Bipolar 4u7 25V

C Ceramic 100n 20% 50V

MKT, 1/63/10, R:6*11.5%7.2, RM2

Electrolytic 33/16, 2000h/85°, Low I, R:5*11, RM2
C Ceramic 330p 2% 100V N750

C Ceramic 150p 2% 100V N750

Electrolytic 33/16, 2000h/85°, Low II, R:5*%11, RM2
C Ceramic 100n 20% 50V

C Ceramic 100n 20% S50V

MKT, 1/63/10, R:6*¥11.5%7.2, RM2
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213-210
243-312
213-211
243-311
242-302
213-210
243-312
213-211
243-311
242-302
261-301
213-401
261-073
213-011
213-201
261-073
213-219
261-301
261-086
261-086
213-011
213-201
261-086
213-223
213-201
261-086
213-205
261-086
213-205
213-216
261-086
213-201
213-204
213-201
261-086
261-086
213-216
213-216
213-205
213-201
261-086
213-204
261-086
213-011
261-301
213-401
241-064
261-086
213-214
213-212
261-086
213-401
213-401
241-064
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115
117
118
119
120
121
122
123
124
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
162
163
165
166
167
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C solid AL 10u 20% 16V

Electrolytic 100/25, 2000h/85°, R:6.3*11, RM2
Electrolytic 100/25, 2000h/85°, R:6.3*11, RM2

C solid AL 10u 20% 16V
C solid AL 10u 20% 16V
C solid AL 10u 20% 16V
C Ceramic 100n 20% 50V
C Ceramic 100n 20% 50V
C Ceramic 100n 20% 50V
C Ceramic 100n 20% 50V
C Ceramic 100n 20% 50V
C Ceramic 100n 20% 50V
C Ceramic 100n 20% 50V
C Ceramic 100n 20% 50V
C Ceramic 100n 20% 50V
C Ceramic 100n 20% 50V
C Ceramic 100n 20% 50V
C Ceramic 100n 20% 50V
C Ceramic 100n 20% 50V
C Ceramic 100n 20% 50V
C Ceramic 100n 20% 50V
C Ceramic 100n 20% 50V
C Ceramic 100n 20% 50V
C Ceramic 100n 20% 50V
C Ceramic 100n 20% 50V
C Ceramic 100n 20% 50V
C Ceramic 100n 20% 50V
C Ceramic 100n 20% 50V
C Ceramic 100n 20% 50V
C Ceramic 100n 20% 50V
C Ceramic 100n 20% 50V
C Ceramic 100n 20% 50V
C Ceramic 100n 20% 50V
C Ceramic 100n 20% 50V
C Ceramic 100n 20% 50V
C Ceramic 100n 20% 50V
C Ceramic 100n 20% 50V
C Ceramic 100n 20% 50V
C Ceramic 100n 20% 50V
C Ceramic 100n 20% 50V
C Ceramic 100n 20% 50V
C Ceramic 100n 20% 50V
C Ceramic 100n 20% 50V
C Ceramic 100n 20% 50V
C Ceramic 100n 20% 50V
C Ceramic 100n 20% 50V
C Ceramic 100n 20% 50V
C Ceramic 100n 20% 50V
C Ceramic 100n 20% 50V

C Ceramic 150p 2% 100V N750
C Ceramic 330p 2% 100V N750
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265-008
261-073
261-073
265-008
265-008
265-008
213-401
213-401
213-401
213-401
213-401
213-401
213-401
213-401
213-401
213-401
213-401
213-401
213-401
213-401
213-401
213-401
213-401
213-401
213-401
213-401
213-401
213-401
213-401
213-401
213-401
213-401
213-401
213-401
213-401
213-401
213-401
213-401
213-401
213-401
213-401
213-401
213-401
213-401
213-401
213-401
213-401
213-401
213-401
213-212
213-214
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DIODES

CR 1
CR2
CR3
CR 4
CR5
CR 6
CR7
CR 8
CR9
CR 10
CR 11
CR 12
CR 13
CR 14
CR 15
CR 16
CR 17
CR 18
CR 19
CR 20
CR 21
CR 22
CR 23
CR 24
CR 25
CR 26
CR 27
CR 28
CR 29
CR 30
CR 31
CR 32
CR 33
CR 34
CR 35
CR 36
CR 37
CR 38
CR 39
CR 40
CR 41
CR 42
CR 43
CR 44
CR 45
CR 46
CR 47
CR 48
CR 49
CR 50
CR 51
CR 52

Diode BAV10 Si Vr-60V If-600mA
Diode BAV10 Si Vr-60V If-600mA
Diode BAV10 Si Vr-60V If-600mA
Diode BAV10 Si Vr-60V If-600mA
Diode BAV10 Si Vr-60V If-600mA
Diode BAV10 Si Vr-60V If-600mA
Diode BAV10 Si Vr-60V If-600mA
Diode BAV10 Si Vr-60V If-600mA
Diode BAV10 Si Vr-60V If-600mA
Diode BAV10 Si Vr-60V If-600mA
Diode BAV10 Si Vr-60V If-600mA
Diode BAV10 Si Vr-60V If-600mA
Diode BAV10 Si Vr-60V If-600mA
Diode BAV10 Si Vr-60V If-600mA
Diode BAV10 Si Vr-60V If-600mA
Diode BAV10 Si Vr-60V If-600mA
Diode BAV10 Si Vr-60V If-600mA
Diode BAV10 Si Vr-60V If-600mA
Diode BAV10 Si Vr-60V If-600mA
Diode BAV10 Si Vr-60V If-600mA
Diode BAV10 Si Vr-60V If-600mA
Diode BAV10 Si Vr-60V If-600mA
Diode BAV10 Si Vr-60V If-600mA
Diode BAV10 Si Vr-60V If-600mA
Diode BAV10 Si Vr-60V If-600mA
Diode BAV10 Si Vr-60V If-600mA
Diode BAV10 Si Vr-60V If-600mA
Diode BAV10 Si Vr-60V If-600mA
Diode BAV10 Si Vr-60V If-600mA
Diode BAV10 Si Vr-60V If-600mA
Diode BAV10 Si Vr-60V If-600mA
Diode BAV10 Si Vr-60V If-600mA
Diode BAV10 Si Vr-60V If-600mA
Diode BAV10 Si Vr-60V If-600mA
Diode BAV10 Si Vr-60V If-600mA
Diode BAV10 Si Vr-60V If-600mA
Diode BAV10 Si Vr-60V If-600mA
Diode BAV10 Si Vr-60V If-600mA
Diode BAV10 Si Vr-60V If-600mA
Diode BAV10 Si Vr-60V If-600mA
Diode BAV10 Si Vr-60V If-600mA
Diode BAV10 Si Vr-60V If-600mA
Diode BAV10 Si Vr-60V If-600mA
Diode BAV10 Si Vr-60V If-600mA
Diode BAV10 Si Vr-60V If-600mA
Diode BAV10 Si Vr-60V If-600mA
Diode BAV10 Si Vr-60V If-600mA
Diode BAV10 Si Vr-60V If-600mA
Diode BAV10 Si Vr-60V If-600mA
Diode BAV10 Si Vr-60V If-600mA
Diode BAV10 Si Vr-60V If-600mA
Diode BAV10 Si Vr-60V If-600mA

RE201/TM/9212

Section 6

350-022
350-022
350-022
350-022
350-022
350-022
350-022
350-022
350-022
350-022
350-022
350-022
350-022
350-022
350-022
350-022
350-022
350-022
350-022
350-022
350-022
350-022
350-022
350-022
350-022
350-022
350-022
350-022
350-022
350-022
350-022
350-022
350-022
350-022
350-022
350-022
350-022
350-022
350-022
350-022
350-022
350-022
350-022
350-022
350-022
350-022
350-022
350-022
350-022
350-022
350-022
350-022
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CR 53
CR 54
CR 55
CR 56
CR 57
CR 58
CR 59
CR 60
CR 61
CR 62
CR 63
CR 64
CR 65
CR 66
CR 67
CR 68
CR 69
CR 70
CR 71
CR 72
CR 73
CR 74
CR 75
CR 76
CR 77
CR 78
CR 79
CR 80
CR 81
CR 82
CR 83
CR 84
CR 85
CR 86
CR 87
CR 88
CR 89
CR 90
CR 91
CR 92
CR 93
CR 94
CR 95
CR 96
CR 97
CR 98
CR 99

Diode BAV10 Si Vr-60V If-600mA
Diode BAV10 Si Vr-60V If-600mA
Diode BAV10 Si Vr-60V If-600mA
Diode BAV10 Si Vr-60V If-600mA
Diode BAV10 Si Vr-60V If-600mA
Diode BAV10 Si Vr-60V If-600mA
Diode BAV10 Si Vr-60V If-600mA
Diode BAV10 Si Vr-60V If-600mA
Diode BAV10 Si Vr-60V If-600mA
Diode BAV10 Si Vr-60V If-600mA
Diode BAV10 Si Vr-60V If-600mA
Diode BAV10 Si Vr-60V If-600mA
Diode BAV10 Si Vr-60V If-600mA
Diode BAV10 Si Vr-60V If-600mA
Diode BAV10 Si Vr-60V If-600mA
Diode BAV10 Si Vr-60V If-600mA
Diode BAV10 Si Vr-60V If-600mA
Diode BAV10 Si Vr-60V If-600mA
Diode BAV10 Si Vr-60V If-600mA
Diode BAV10 Si Vr-60V If-600mA
Diode BAV10 Si Vr-60V If-600mA
Diode BAV10 Si Vr-60V If-600mA
Diode BAV10 Si Vr-60V If-600mA
Diode BAV10 Si Vr-60V If-600mA
Diode BAV10 Si Vr-60V If-600mA
Diode BAV10 Si Vr-60V If-600mA
Diode BAV10 Si Vr-60V If-600mA
Diode BAV10 Si Vr-60V If-600mA
Diode BAV10 Si Vr-60V If-600mA
Diode BAV10 Si Vr-60V If-600mA
Diode BAV10 Si Vr-60V If-600mA
Diode BAV10 Si Vr-60V If-600mA
Diode BAV10 Si Vr-60V If-600mA
Diode BAV10 Si Vr-60V If-600mA
Diode BAV10 Si Vr-60V If-600mA
Diode BAV10 Si Vr-60V If-600mA
Diode BAV10 Si Vr-60V If-600mA
Diode BAV10 Si Vr-60V If-600mA
Diode BAV10 Si Vr-60V If-600mA
Diode BAV10 Si Vr-60V If-600mA
Diode BAV10 Si Vr-60V If-600mA
Diode BAV10 Si Vr-60V If-600mA
Diode BAV10 Si Vr-60V If-600mA
Diode BAV10 Si Vr-60V If-600mA
Diode BAV10 Si Vr-60V If-600mA
Diode BAV10 Si Vr-60V If-600mA
Diode BAV10 Si Vr-60V If-600mA

CR 100 Diode BAV10 Si Vr-60V If-600mA
CR 101 Diode BAV10 Si Vr-60V If-600mA
CR 102 Diode BAV10 Si Vr-60V If-600mA
CR 103 Diode BAV10 Si Vr-60V If-600mA
CR 104 Diode BAV10 Si Vr-60V If-600mA
CR 105 Diode BAV10 Si Vr-60V If-600mA
CR 106 Diode BAV10 Si Vr-60V If-600mA
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350-022
350-022
350-022
350-022
350-022
350-022
350-022
350-022
350-022
350-022
350-022
350-022
350-022
350-022
350-022
350-022
350-022
350-022
350-022
350-022
350-022
350-022
350-022
350-022
350-022
350-022
350-022
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Parts List

CR 107 Diode BAV10 Si Vr-60V If-600mA
CR 108 Diode BAV10 Si Vr-60V If-600mA
CR 109 Diode BAV10 Si Vr-60V If-600mA
CR 110 Diode BAV10 Si Vr-60V If-600mA
CR 111 Diode BAV10 Si Vr-60V If-600mA
CR 112 Diode BAV10 Si Vr-60V If-600mA
CR 113 Diode BAV10 Si Vr-60V If-600mA
CR 114 Diode BAV10 Si Vr-60V If-600mA
CR 115 Diode BAV10 Si Vr-60V If-600mA
CR 116 Diode BAV10 Si Vr-60V If-600mA
CR 117 Diode BAV10 Si Vr-60V If-600mA
CR 118 Diode BAV10 Si Vr-60V If-600mA
CR 119 Diode BAV10 Si Vr-60V If-600mA
CR 120 Diode BAV10 Si Vr-60V If-600mA
CR 121 Diode BAV10 Si Vr-60V If-600mA
CR 122 Diode BAV10 Si Vr-60V If-600mA
CR 123 Diode BAV10 Si Vr-60V If-600mA
CR 124 Diode BAV10 Si Vr-60V If-600mA
CR 125 Diode BAV10 Si Vr-60V If-600mA
CR 126 Diode BAV10 Si Vr-60V If-600mA
CR 127 Diode BAV10 Si Vr-60V If-600mA
CR 128 Diode BAV10 Si Vr-60V If-600mA
CR 129 Diode BAV10 Si Vr-60V If-600mA
CR 130 Diode BAV10 Si Vr-60V If-600mA
CR 131 Diode BAV10 Si Vr-60V If-600mA
CR 132 Diode BAV10 Si Vr-60V If-600mA
CR 133 Diode BAV10 Si Vr-60V If-600mA
CR 134 Diode BAV10 Si Vr-60V If-600mA
CR 135 Diode BAV10 Si Vr-60V If-600mA
CR 136 Diode BAV10 Si Vr-60V If-600mA
CR 137 Diode BAV10 Si Vr-60V If-600mA
CR 138 Diode BAV10 Si Vr-60V If-600mA
CR 139 Diode BAV10 Si Vr-60V If-600mA
CR 140 Diode BAV10 Si Vr-60V If-600mA
CR 141 Diode BAV10 Si Vr-60V If-600mA
CR 142 Diode BAV10 Si Vr-60V If-600mA
CR 143 Diode BAV10 Si Vr-60V If-600mA
CR 144 Diode BAV10 Si Vr-60V If-600mA
CR 145 Diode BAV10 Si Vr-60V If-600mA
CR 146 Diode BAV10 Si Vr-60V If-600mA
CR 147 Diode BAV10 Si Vr-60V If-600mA
CR 148 Diode BAV10 Si Vr-60V If-600mA
CR 149 Diode BAV10 Si Vr-60V If-600mA
CR 150 Diode BAV10 Si Vr-60V If-600mA
CR 151 Diode BAV10 Si Vr-60V If-600mA
CR 152 Diode BAV10 Si Vr-60V If-600mA
CR 153 Diode BAV10 Si Vr-60V If-600mA
CR 154 Diode BAV10 Si Vr-60V If-600mA
CR 155 Diode BAV10 Si Vr-60V If-600mA
CR 156 Diode BAV10 Si Vr-60V If-600mA
CR 157 Diode BAV10 Si Vr-60V If-600mA
CR 158 Diode BAV10 Si Vr-60V If-600mA
CR 160 Diode BAV10 Si Vr-60V If-600mA
CR 161 Diode BAV10 Si Vr-60V If-600mA
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350-022
350-022
350-022
350-022
350-022
350-022
350-022
350-022
350-022
350-022
350-022
350-022
350-022
350-022
350-022
350-022
350-022
350-022
350-022
350-022
350-022
350-022
350-022
350-022
350-022
350-022
350-022
350-022
350-022
350-022
350-022
350-022
350-022
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350-022
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Parts List

CR 162 Diode BAV10 Si Vr-60V If-600mA
CR 163 Diode BAV10 Si Vr-60V If-600mA
CR 164 Diode BAV10 Si Vr-60V If-600mA
CR 165 Diode BAV10 Si Vr-60V If-600mA
CR 166 Diode BAV10 Si Vr-60V If-600mA
CR 167 Diode BAV10 Si Vr-60V If-600mA
CR 168 Diode BAV10 Si Vr-60V If-600mA
CR 169 Diode BAV10 Si Vr-60V If-600mA
CR 172 Diode BAV10 Si Vr-60V If-600mA
CR 173 Diode BAV10 Si Vr-60V If-600mA
CR 174 Diode BAV10 Si Vr-60V If-600mA

CR 175 Diode Schottky BAT41 S 150V 250mA

CR 177 Diode zener BZX79-C3V6 0.4W
CONNECTORS

J 2 Connector Socket for 16-Pin
J3 Connector Socket for 16-Pin

TRANSISTORS

Transistor J109-18 n Fet
Transistor J109-18 n Fet
Transistor J109-18 n Fet
Transistor J109-18 n Fet
Transistor J109-18 n Fet
Transistor JFet-N J112, TO92
Transistor JFet-N J112, TO92
Transistor JFet-N J112, TO92
Transistor JFet-N J112, TO92
10  Transistor JFet-N J112, TO92
11  Transistor J109-18 n Fet
12 Transistor J109-18 n Fet
13 Transistor J109-18 n Fet
14 Transistor J109-18 n Fet
15 Transistor J109-18 n Fet
16 Transistor JFet-N J112, TO92
Transistor JFet-N J112, TO92
18 Transistor JFet-N J112, TO92
19  Transistor JFet-N J112, TO92
20 Transistor JFet-N J112, TO92
21 Transistor J109-18 n Fet
22  Transistor J109-18 n Fet
23  Transistor J109-18 n Fet
24 Transistor J109-18 n Fet
25 Transistor J109-18 n Fet
26 Transistor JFet-N J112, TO92
27 Transistor JFet-N J112, TO92
28 Transistor JFet-N J112, TO92
29 Transistor JFet-N J112, TO92
30 Transistor JFet-N J112, TO92
Transistor J109-18 n Fet
Transistor J109-18 n Fet
Transistor J109-18 n Fet

VOO NP WN =

loJelelelelelololololelelelololololelelelolololololololololololole)
<

W WWw
W N -

RE201/TM/9212

Section 6

350-022
350-022
350-022
350-022
350-022
350-022
350-022
350-022
350-022
350-022
350-022
350-061
350-626

816-217
816-217

360-188
360-188
360-188
360-188
360-188
360-114
360-114
360-114
360-114
360-114
360-188
360-188
360-188
360-188
360-188
360-114
360-114
360-114
360-114
360-114
360-188
360-188
360-188
360-188
360-188
360-114
360-114
360-114
360-114
360-114
360-188
360-188
360-188



Parts List Section 6

Q 34 Transistor J109-18 n Fet 360-188
Q 35 Transistor J109-18 n Fet 360-188
Q 36 Transistor JFet-N J112, TO92 360-114
Q 37 Transistor JFet-N J112, TO92 360-114
Q 38 Transistor JFet-N J112, TO92 360-114
Q 39 Transistor JFet-N J112, TO92 360-114
Q 40 Transistor JFet-N J112, TO92 360-114
Q 41 Transistor J109-18 n Fet 360-188
Q 42 Transistor J109-18 n Fet 360-188
Q 43 Transistor J109-18 n Fet 360-188
Q 44 Transistor J109-18 n Fet 360-188
Q 45 Transistor J109-18 n Fet 360-188
Q 46 Transistor JFet-N J112, TO92 360-114
Q 47 Transistor JFet-N J112, TO92 360-114
Q 48 Transistor JFet-N J112, TO92 360-114
Q 49 Transistor JFet-N J112, TO92 360-114
Q 50 Transistor JFet-N J112, TO92. 360-114
Q 51 Transistor J109-18 n Fet 360-188
Q 52 Transistor J109-18 n Fet 360-188
Q 53 Transistor J109-18 n Fet 360-188
Q 54 Transistor J109-18 n Fet 360-188
Q 55 Transistor J109-18 n Fet 360-188
Q 56 Transistor JFet-N J112, TO92 360-114
Q 57. Transistor JFet-N J112, TO92 360-114
Q 58 Transistor JFet-N J112, TO92 360-114
Q 59 Transistor JFet-N J112, TO92 360-114
Q 60 Transistor JFet-N J112, TO92 360-114
Q 61 Transistor J109-18 n Fet 360-188
Q 62 Transistor J109-18 n Fet 360-188
Q 63 Transistor J109-18 n Fet 360-188
Q 64 Transistor J109-18 n Fet 360-188
Q 65 Transistor J109-18 n Fet 360-188
Q 66 Transistor JFet-N J112, TO92 360-114
Q 67 Transistor JFet-N J112, TO92 360-114
Q 68 Transistor JFet-N J112, TO92 360-114
Q 69 Transistor JFet-N J112, TO92 360-114
Q 70 Transistor JFet-N J112, TO92 360-114
Q 71 Transistor J109-18 n Fet 360-188
Q 72 Transistor J109-18 n Fet 360-188
Q 73 Transistor J109-18 n Fet 360-188
Q 74 Transistor J109-18 n Fet 360-188
Q 75 Transistor J109-18 n Fet 360-188
Q 76 Transistor JFet-N J112, TO92 360-114
Q 77 Transistor JFet-N J112, TO92 360-114
Q 78 Transistor JFet-N J112, TO92 360-114
Q 79 Transistor JFet-N J112, TO92 360-114
Q 80 Transistor JFet-N J112, TO92 360-114
Q 81 Transistor J109-18 n Fet 360-188
Q 82 Transistor J109-18 n Fet 360-188
Q 83 Transistor J109-18 n Fet 360-188
Q 84 Transistor J109-18 n Fet 360-188
Q 85 Transistor J109-18 n Fet 360-188
Q 86 Transistor JFet-N J112, TO92 360-114
Q 87 Transistor JFet-N J112, TO92 360-114
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Transistor JFet-N J112, TO92
Transistor JFet-N J112, TO92
Transistor JFet-N J112, TO92
Transistor J109-18 n Fet
Transistor J109-18 n Fet
Transistor J109-18 n Fet
Transistor J109-18 n Fet
Transistor J109-18 n Fet
Transistor JFet-N J112, TO92
Transistor JFet-N J112, TO92
Transistor JFet-N J112, TO92
Transistor JFet-N J112, TO92
Transistor JFet-N J112, TO92
Transistor J109-18 n Fet
Transistor J109-18 n Fet
Transistor J109-18 n Fet
Transistor J109-18 n Fet
Transistor J109-18 n Fet
Transistor JFet-N J112, TO92
Transistor JFet-N J112, TO92
Transistor JFet-N J112, TO92
Transistor JFet-N J112, TO92
Transistor JFet-N J112, TO92
Transistor J109-18 n Fet
Transistor J109-18 n Fet
Transistor J109-18 n Fet
Transistor J109-18 n Fet
Transistor J109-18 n Fet
Transistor JFet-N J112, TO92
Transistor JFet-N J112, TO92
Transistor JFet-N J112, TO92
Transistor JFet-N J112, TO92
Transistor JFet-N J112, TO92
Transistor FET J106 N 25V
Transistor FET J106 N 25V
Transistor FET J106 N 25V
Transistor FET J106 N 25V
Transistor FET J106 N 25V
Transistor FET J106 N 25V
Transistor J109-18 n Fet
Transistor J109-18 n Fet
Transistor J109-18 n Fet
Transistor J109-18 n Fet
Transistor J109-18 n Fet
Transistor J109-18 n Fet
Transistor J109-18 n Fet
Transistor J109-18 n Fet
Transistor J109-18 n Fet
Transistor J109-18 n Fet
Transistor J109-18 n Fet
Transistor J109-18 n Fet
Transistor J109-18 n Fet
Transistor J109-18 n Fet
Transistor J109-18 n Fet
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360-114
360-114
360-114
360-188
360-188
360-188
360-188
360-188
360-114
360-114
360-114
360-114
360-114
360-188
360-188
360-188
360-188
360-188
360-114
360-114
360-114
360-114
360-114
360-188
360-188
360-188
360-188
360-188
360-114
360-114
360-114
360-114
360-114
360-261
360-261
360-261
360-261
360-261
360-261
360-188
360-188
360-188
360-188
360-188
360-188
360-188
360-188
360-188
360-188
360-188
360-188
360-188
360-188
360-188
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142 Transistor J109-18 n Fet
143 Transistor J109-18 n Fet
144 Transistor J109-18 n Fet
145 Transistor J109-18 n Fet
146 Transistor J109-18 n Fet
147 Transistor J109-18 n Fet
148 Transistor J109-18 n Fet
149 Transistor J109-18 n Fet
150 Transistor J109-18 n Fet
151 Transistor J109-18 n Fet
152 Transistor J109-18 n Fet
153 Transistor J109-18 n Fet
154 Transistor J109-18 n Fet
155 Transistor J109-18 n Fet
156 Transistor J109-18 n Fet

158 Transistor FET J106 N 25V
159 Transistor FET J106 N 25V
160 Transistor J109-18 n Fet
161 Transistor J109-18 n Fet
162 Transistor J109-18 n Fet
163 Transistor J109-18 n Fet
164 Transistor J109-18 n Fet
165 Transistor J109-18 n Fet
166 Transistor J109-18 n Fet
167 Transistor J109-18 n Fet
168 Transistor J109-18 n Fet
169 Transistor J109-18 n Fet
170 Transistor FET J106 N 25V

173 Transistor J109-18 n Fet
174 Transistor J109-18 n Fet
175 Transistor 2N3904 pnp
176 Transistor BC547B npn

RO

INTEGRATED ANALOG CIRCUITS

QA1 IC NES5532A Dual OP-Amp low noise

QA2 IC 5534A OP-Amp low noice

QA 3 IC NES532A Dual OP-Amp low noise
QA 4 IC NES5532A Dual OP-Amp low noise
QA5 IC NES5532A Dual OP-Amp low noise
QA 6 IC NES532A Dual OP-Amp low noise
QA 7 IC NES5532A Dual OP-Amp low noise

QA 8 IC 5534A OP-Amp low noice
QA9 IC 5534A OP-Amp low noice
QA 10 IC LF356 op amp
QA 11 IC LF356 op amp
QA 12 IC 5534A OP-Amp low noice

QA 13 IC NES5532A Dual OP-Amp low noise
QA 14 IC NES532A Dual OP-Amp low noise

QA 15 IC 5534A OP-Amp low noice
QA 16 IC 5534A OP-Amp low noice

RE201/TM/9212

157 Transistor JFet-N J112, TO92

172 Transistor JFet-N J112, TO92

177 Transistor BC327-25 SI PNP 45V 1A 800mW TO-92

Section 6

360-188
360-188
360-188
360-188
360-188
360-188
360-188
360-188
360-188
360-188
360-188
360-188
360-188
360-188
360-188
360-114
360-261
360-261
360-188
360-188
360-188
360-188
360-188
360-188
360-188
360-188
360-188
360-188
360-261
360-114
360-188
360-188
360-064
360-159
360-224

364-640
364-518
364-640
364-640
364-640
364-640
364-640
364-518
364-518
364-203
364-203
364-518
364-640
364-640
364-518
364-518
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QA 17 IC LF356 op amp
QA 18 IC LF356 op amp

QA 19 IC NES5532A Dual OP-Amp low noise
QA 20 IC NES532A Dual OP-Amp low noise
QA 21 IC NE5532A Dual OP-Amp low noise

QA 22 1IC TLO082 dual op amp

QA 23 IC AD637] RMS to DC converter
QA 24 1C LM324N Quad OP-Amp

QA 25 IC LM324N Quad OP-Amp

QA 26 1IC LM324N Quad OP-Amp

QA 27 1IC LM324N Quad OP-Amp

QA 28 IC LM324N Quad OP-Amp

QA 29 IC LM324N Quad OP-Amp

QA 30 IC LM324N Quad OP-Amp

QA 31 IC LM324N Quad OP-Amp

INTEGRATED DIGITAL CIRCUITS

QD 1 IC HEF4724BP 8-bit adessable latch
QD 2 IC HEF4724BP 8-bit adessable latch
QD 3 IC HEF4724BP 8-bit adessable latch
QD 4 IC HEF4724BP 8-bit adessable latch
QD 5 IC HEF4724BP 8-bit adessable latch

QD 6 IC CD74HCT138 3-to-8 line dec.
QD 8 IC CD74HCT138 3-to-8 line dec.

QD 9 IC SN74LS03 Quad 2-input Nand gate open collector
QD 11 IC SN74LS245 Octal bus transceiver

RESISTORS

AAARAAAAA AN AN AANAAAAIAAADA
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R Thick Film
R Thick Film
R Thick Film
R Thick Film
R Thick Film
R Thick Film
R Thick Film
R Thick Film
R Thick Film
R Thick Film
R Thick Film
R Thick Film
R Thick Film
R Thick Film
R Thick Film
R Thick Film
R Thick Film
R Thick Film
R Thick Film
R Thick Film
R Thick Film
R Thick Film
R Thick Film
R Thick Film

RE201/TM/9212

10¥100K 5% 0.1W
10*¥100K 5% 0.1W
10*100K 5% 0.1W
10*100K 5% 0.1W
10¥100K 5% 0.1W
10*100K 5% 0.1W
10*100K 5% 0.1W
10*100K 5% 0.1W
10¥100K 5% 0.1W
10*100K 5% 0.1W
10*100K 5% 0.1W
10*100K 5% 0.1W
4*100K 5% 0.1W
4*100K 5% 0.1W
4*100K 5% 0.1W
4*100K 5% 0.1W
4*100K 5% 0.1W
4*100K 5% 0.1W
4*100K 5% 0.1W
4*100K 5% 0.1W
4*100K 5% 0.1W
4*100K 5% 0.1W
4*100K 5% 0.1W
4*100K 5% 0.1W

Section 6

364-203
364-203
364-640
364-640
364-640
364-619
364-618
364-176
364-176
364-176
364-176
364-176
364-176
364-176
364-176

364-412
364-412
364-412
364-412
364-412
364-570
364-570
364-329
364-332

146-015
146-015
146-015
146-015
146-015
146-015
146-015
146-015
146-015
146-015
146-015
146-015
146-014
146-014
146-014
146-014
146-014
146-014
146-014
146-014
146-014
146-014
146-014
146-014



13

Parts List

ORI A IO AA I IO I I I I I IO I I I I I AAI I I I I IO I I DD DT

R Metal Film 7K68 0.5% 0.4W TC50
R Metal Film 82ES 1% 0.5W TCS50

R Metal Film 15K4 0.5% 0.4W TC50
R Metal Film 137E 1% 0.5W TCS50

R Metal Film 30K9 0.5% 0.4W TC50
R Metal Film 178E 1% 0.5W TC50

R Metal Film 61K9 0.5% 0.4W TC50
R Metal Film 261E 1% 0.5W TC50

R Metal Film 124K 0.5% 0.4W TC50
R Metal Film 332E 1% 0.5W TCS50

R Metal Film 249K 0.5% 0.4W TC50
R Metal Film 499K 0.5% 0.4W TC50
R Metal Film 1M00 1% 0.5W TC50
R Carbon Film 2M 5% 0.2W

R Carbon Film 3M9 5% 0.2W

R Metal Film 82ES5 1% 0.5W TCS50

R Metal Film 7K68 0.5% 0.4W TC50
R Metal Film 137E 1% 0.5W TC50

R Metal Film 15K4 0.5% 0.4W TC50
R Metal Film 178E 1% 0.5W TCS50

R Metal Film 30K9 0.5% 0.4W TC50
R Metal Film 261E 1% 0.5W TCS50

R Metal Film 61K9 0.5% 0.4W TCS50
R Metal Film 332E 1% 0.5W TC50

R Metal Film 124K 0.5% 0.4W TC50
R Metal Film 249K 0.5% 0.4W TC50
R Metal Film 499K 0.5% 0.4W TCS50
R Metal Film 1M00 1% 0.5W TCS50
R Carbon Film 2M 5% 0.2W

R Carbon Film 3M9 5% 0.2W

R Metal Film 7K68 0.5% 0.4W TC50
R Metal Film 82ES 1% 0.5W TCS50

R Metal Film 15K4 0.5% 0.4W TC50
R Metal Film 137E 1% 0.5W TC50

R Metal Film 30K9 0.5% 0.4W TC50
R Metal Film 178E 1% 0.5W TC50

R Metal Film 61K9 0.5% 0.4W TC50
R Metal Film 261E 1% 0.5W TC50

R Metal Film 124K 0.5% 0.4W TC50
R Metal Film 332E 1% 0.5W TC50

R Metal Film 249K 0.5% 0.4W TCS50
R Metal Film 499K 0.5% 0.4W TC50
R Metal Film 1M00 1% 0.5W TCS50
R Carbon Film 2M 5% 0.2W

R Carbon Film 3M9 5% 0.2W

R Metal Film 82ES 1% 0.5W TCS50

R Metal Film 7K68 0.5% 0.4W TC50
R Metal Film 137E 1% 0.5W TC50

R Metal Film 15K4 0.5% 0.4W TC50
R Metal Film 178E 1% 0.5W TC50

R Metal Film 30K9 0.5% 0.4W TC50
R Metal Film 261E 1% 0.5W TC50

R Metal Film 61K9 0.5% 0.4W TC50
R Metal Film 332E 1% 0.5W TCS50
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141-145
112-825
141-146
113-137
141-147
113-178
141-149
113-261
141-064
113-332
141-063
141-142
117-100
106-720
106-739
112-825
141-145
113-137
141-146
113-178
141-147
113-261
141-149
113-332
141-064
141-063
141-142
117-100
106-720
106-739
141-145
112-825
141-146
113-137
141-147
113-178
141-149
113-261
141-064
113-332
141-063
141-142
117-100
106-720
106-739
112-825
141-145
113-137
141-146
113-178
141-147
113-261
141-149
113-332
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79
80
81
82
&3
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
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R Metal Film 124K 0.5% 0.4W TC50
R Metal Film 249K 0.5% 0.4W TC50
R Metal Film 499K 0.5% 0.4W TCS50
R Metal Film 1M00 1% 0.5W TC50
R Carbon Film 2M 5% 0.2W

R Carbon Film 3M9 5% 0.2W

R Metal Film 7K68 0.5% 0.4W TCS50
R Metal Film 82ES 1% 0.5W TCS50

R Metal Film 15K4 0.5% 0.4W TC50
R Metal Film 137E 1% 0.5W TC50

R Metal Film 30K9 0.5% 0.4W TCS50
R Metal Film 178E 1% 0.5W TC50

R Metal Film 61K9 0.5% 0.4W TCS50
R Metal Film 261E 1% 0.5W TC50

R Metal Film 124K 0.5% 0.4W TC50
R Metal Film 332E 1% 0.5W TC50

R Metal Film 249K 0.5% 0.4W TC50
R Metal Film 499K 0.5% 0.4W TC50
R Metal Film 1MO00 1% 0.5W TCS50
R Carbon Film 2M 5% 0.2W

R Carbon Film 3M9 5% 0.2W

R Metal Film 7K68 0.5% 0.4W TC50
R Metal Film 82ES 1% 0.5W TC50

R Metal Film 15K4 0.5% 0.4W TCS50
R Metal Film 137E 1% 0.5W TC50

R Metal Film 30K9 0.5% 0.4W TC50
R Metal Film 178E 1% 0.5W TC50

R Metal Film 61K9 0.5% 0.4W TCS50
R Metal Film 261E 1% 0.5W TC50

R Metal Film 124K 0.5% 0.4W TCS50
R Metal Film 332E 1% 0.5W TC50

R Metal Film 249K 0.5% 0.4W TCS50
R Metal Film 499K 0.5% 0.4W TC50
R Metal Film 1M00 1% 0.5W TC50
R Carbon Film 2M 5% 0.2W

R Carbon Film 3M9 5% 0.2W

R Metal Film 7K68 0.5% 0.4W TC50
R Metal Film 82ES 1% 0.5W TC50

R Metal Film 15K4 0.5% 0.4W TC50
R Metal Film 137E 1% 0.5W TC50

R Metal Film 30K9 0.5% 0.4W TC50
R Metal Film 178E 1% 0.5W TC50

R Metal Film 61K9 0.5% 0.4W TCS0
R Metal Film 261E 1% 0.5W TC50

R Metal Film 124K 0.5% 0.4W TC50
R Metal Film 332E 1% 0.5W TC50

R Metal Film 249K 0.5% 0.4W TCS0
R Metal Film 499K 0.5% 0.4W TCS0
R Metal Film 1M00 1% 0.5W TC50
R Carbon Film 2M 5% 0.2W

R Carbon Film 3M9 5% 0.2W

R Metal Film 82ES 1% 0.5W TC50

R Metal Film 7K68 0.5% 0.4W TC50
R Metal Film 137E 1% 0.5W TC50

RE201/TM/9212

Section 6

141-064
141-063
141-142
117-100
106-720
106-739
141-145
112-825
141-146
113-137
141-147
113-178
141-149
113-261
141-064
113-332
141-063
141-142
117-100
106-720
106-739
141-145
112-825
141-146
113-137
141-147
113-178
141-149
113-261
141-064
113-332
141-063
141-142
117-100
106-720
106-739
141-145
112-825
141-146
113-137
141-147
113-178
141-149
113-261
141-064
113-332
141-063
141-142
117-100
106-720
106-739
112-825
141-145
113-137
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133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165
166
167
168
169
170
171
172
173
174
175
176
177
178
179
180
181
182
183
184
185
186

AR ARII IR I DI IR AI I II I A AA A AAAAAIAAIAAAIAAAI A IO IDIIADD

R Metal Film 15K4 0.5% 0.4W TCS50
R Metal Film 178E 1% 0.5W TC50

R Metal Film 30K9 0.5% 0.4W TC50
R Metal Film 261E 1% 0.5W TCS0

R Metal Film 61K9 0.5% 0.4W TC50
R Metal Film 332E 1% 0.5W TC50

R Metal Film 124K 0.5% 0.4W TC50
R Metal Film 249K 0.5% 0.4W TC50
R Metal Film 499K 0.5% 0.4W TCS50
R Metal Film 1M00 1% 0.5W TC50
R Carbon Film 2M 5% 0.2W

R Carbon Film 3M9 5% 0.2W

R Metal Film 7K68 0.5% 0.4W TC50
R Metal Film 82ES 1% 0.5W TC50

R Metal Film 15K4 0.5% 0.4W TC50
R Metal Film 137E 1% 0.5W TC50

R Metal Film 30K9 0.5% 0.4W TC50
R Metal Film 178E 1% 0.5W TC50

R Metal Film 61K9 0.5% 0.4W TC50
R Metal Film 261E 1% 0.5W TC50

R Metal Film 124K 0.5% 0.4W TC50
R Metal Film 332E 1% 0.5W TCS50

R Metal Film 249K 0.5% 0.4W TC50
R Metal Film 499K 0.5% 0.4W TC50
R Metal Film 1MO00 1% 0.5W TC50
R Carbon Film 2M 5% 0.2W

R Carbon Film 3M9 5% 0.2W

R Metal Film 7K68 0.5% 0.4W TCS50
R Metal Film 82ES 1% 0.5W TCS50

R Metal Film 15K4 0.5% 0.4W TCS50
R Metal Film 137E 1% 0.5W TCS50

R Metal Film 30K9 0.5% 0.4W TC50
R Metal Film 178E 1% 0.5W TCS50

R Metal Film 61K9 0.5% 0.4W TCS0
R Metal Film 261E 1% 0.5W TC50

R Metal Film 124K 0.5% 0.4W TCS50
R Metal Film 332E 1% 0.5W TC50

R Metal Film 249K 0.5% 0.4W TCS50
R Metal Film 499K 0.5% 0.4W TCS50
R Metal Film 1MO00 1% 0.5W TC50
R Carbon Film 2M 5% 0.2W

R Carbon Film 3M9 5% 0.2W

R Metal Film 7K68 0.5% 0.4W TC50
R Metal Film 82ES 1% 0.5W TC50

R Metal Film 15K4 0.5% 0.4W TCS50
R Metal Film 137E 1% 0.5W TC50

R Metal Film 30K9 0.5% 0.4W TCS50
R Metal Film 178E 1% 0.5W TC50

R Metal Film 61K9 0.5% 0.4W TC50
R Metal Film 261E 1% 0.5W TC50

R Metal Film 124K 0.5% 0.4W TC50
R Metal Film 332E 1% 0.5W TC50

R Metal Film 249K 0.5% 0.4W TC50
R Metal Film 499K 0.5% 0.4W TC50

RE201/TM/9212

Section 6

141-146
113-178
141-147
113-261
141-149
113-332
141-064
141-063
141-142
117-100
106-720
106-739
141-145
112-825
141-146
113-137
141-147
113-178
141-149
113-261
141-064
113-332
141-063
141-142
117-100
106-720
1<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>