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PRECAUTIONS FOR ELECTRICAL EQUIPMENT

All electrically powered equipment can be dangerous. At RE TECHNOLOGY AS we have taken great care to
ensure safety during the design and production of our equipment. Incorrect installation, handling, or interference,
can, however, be hazardous.

INSTALLATION

This is a Safety Class I product which requires protective earthing. Normally this is obtained by the use of an IEC
320 power inlet together with a 3-wire power cable, but if the building’s power installation does not include a
protective earth, a separate earth connection must be established. The protective action must not be impaired by
use of an extension cord (power cable) without a protective conductor. Even if the unit requires separate signal
grounding, through external connections to the unit chassis, the protective earth must not be disconnected. Ensure
that the line fuses have the correct value according to the voltage and power consumption.

WARNING
Disconnecting the protective earth conductor, inside or outside the equipment, is potentially hazardous to the
operator. Removing the covers may expose parts carrying dangerous voltages.

SERVICE

Only trained service personnel should attempt to dismantle and repair the unit. Take great care during the
installation and service of the unit, especially when adjusting or measuring an open unit under voltage. Before
removing any covers, switch off the unit and remove the line cable from the power outlet.

Capacitors inside the unit may hold dangerous charges for a considerable time after the unit has been switched
off. If it is necessary to replace components in the line connected partition or area, use only new parts of the
correct and approved type. Take special care to maintain or re-establish the protective earthing.

The conductivity must be measured after the service or repair is finished. Do not remove any warning labels, but
replace any damaged or illegible warning labels with new ones.

ESD (Electrostatic Discharge)

RE TECHNOLOGY products contain electrostatic sensitive components. You should not attempt to open a unit
without proper precautions against electrostatic discharge, that is use a wrist strap and conductive work-bench
surface. Otherwise the unit may fail or be degraded!

BACK-UP BATTERIES

For units with lithium back-up batteries ensure, when replacing them, that they are of the same type and are
correctly installed before you switch the power on to the unit. Do not recharge the batteries or expose them to
temperatures above 100 °C (212 °F). Dispose of used batteries according to your national/local regulations. The
batteries contain chemicals which can be harmful to the environment. When you dispose of the unit itself, first
remove the batteries and dispose of them separately. The estimated battery lifetime is four years.

EMC REQUIREMENTS
To meet the EMC requirements of Directives 89/336/EEC and 92/31/EEC you must use correctly shielded cables

of good quality for all external connections when installing the unit. This implies that all multi-connector cables
must have conductive connector housings with shield clamps, and the coaxial cables must be of the double-

braided type.

SAFETY SYMBOLS
Warning. The unit will be marked with this symbol when it is necessary for the user to refer

to the manual.

1 Ground terminal (sometimes used in the manual to indicate circuit common connected to the

chassis).

Attention. Observe precautions for handling Electrostatic Sensitive Devices.

Warning label for laser radiation. The product is marked with this symbol if it is necessary
to protect against laser radiation which is invisible and can cause permanent damage to the

A Danger. Live voltage exceeding 1000 V.

eye.

Use of Product Names. The product names mentioned herein are used for identification purposes only, and may be
trademarks and/or registered trademarks of their respective companies.

Copyright© March, 96 RE TECHNOLOGY AS '
All rights reserved. No part of this publication may be reproduced or distributed in any form or by any means

without prior consent in writing from RE TECHNOLOGY AS.
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SECTION 2 PRINCIPLE OF OPERATION

2. PRINCIPLE OF OPERATION
This section contains a description of the different parts of the RE 204 and how they

work. The description emphasizes the functional aspects that you have to consider
when you want to program the instrument for optimum performance.

2.1 General Description

In order to obtain a high measuring speed, the RE 204 uses digital signal processing
to the widest extent possible. The tasks of the analog circuitry are reduced to a
minimum, that is preparation of the raw input signal prior to analog-to-digital
conversion. Refer to the block diagram shown in Fig. 2.1.

All filtering and the various detectors offered by the RE 204 are implemented using
digital filter techniques, using a digital signal processor.

Before A/D conversion, the input signal passes through a low-pass filter and is level-
adjusted in order to use as much of the dynamic range of the A/D converter as

possible.

The analog inputs are configured as two identical dual-channel inputs. A separate
input circuitry has been dedicated to each of the four inputs, while the gain section
and the low-pass filter are common for two inputs.

The outputs of the Analog Frontends are routed to one 16-bit A/D converter via a
multiplexer operating at a frequency which is double the sampling frequency. The
sample values coming out of the converter alternate between the left and right
channels. The converter transmits serial data to the signal processor.

The A/D converter and the signal processor handle two input channels
simultaneously. A four-channel measurement is made by first measuring in the two
front channels and then measuring in the two rear channels.

The Audio Generator option includes a separate digital signal processor, interfacing
to two D/A converters, one for each output channel.

The Stereo Generator option is a conventional analog modulator with the L/R
modulation signals supplied from the audio generator. Pre-emphasis is handled by
adjusting the L/R levels from the audio generator.

An Intel 80C186 microprocessor controls the entire instrument and handles the
interface to the IEEE 488 bus. The tasks of the processor include:

* Setup of the analog circuitry.

* L oading of the appropriate digital filter and measurement specifications to
the signal analyzing processor.

" RE 204/SM/010/9603
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SECTION 2 PRINCIPLE OF OPERATION

* (Calibration of the measurement results obtained from the signal
Processor.

* Calculation of frequency data for the audio generator.

Mechanically, the instrument is divided into two sections: an open frame structure
holding the analog circuitries including the power supplies, and a shielded enclosure
holding all digital circuitries. As some kind of filtering is necessary for each
connection to and from the shielded enclosure, the number of connections are held at
an absolute minimum.

2.2 Input Ranges and Autoranging

As the dynamic range of a digital instrument is dependent on the number of bits used
in the analog-to-digital conversion, it is essential that the full input range of the A/D
converter is used. On the other hand, it is important, that the maximum voltage is not
exceeded, as this causes distortion and measurement €rrors.

You can control the range in different ways. For optimum measurement speed always
set the input range from the IEEE 488 controller. However, in many cases this is not
practically possible. Therefore, you can select auto ranging, meaning that the input
range is automatically changed if the input peak voltage either overloads the A/D
converter, or exceeds the dynamic range tolerance limit.

During the measurement, input overload is constantly monitored. For this purpose,
analog peak detectors interfacing to a separate 8-bit A/D converter are included. The
80C186 microprocessor reads the peak detectors while the signal analyzing processor
handles the measurement. When the measurement is completed, the input-low
condition is also checked.

If the level is inadequate for the required measurement accuracy, the gain is adjusted
and the measurement restarted.

The auto ranging procedure may also be disabled and the input range fixed for
maximum measurement speed. In this case, an input level outside the selected range
causes the RE 204 to report the error using a service request accompanied by a serial
poll code indicating the nature of the error.

When an error occurs during a measurement, and the RE 204, despite the service
request issued, is asked to output a measurement result, the result delivered is O,
except for SINAD and Wow & Flutter where a result of 100 % indicates an error.
For some level measurements, however, results are delivered regardless of input-low
conditions. Therefore always interrogate the serial poll code to avoid measurement

errors.

The peak voltages for full scale are given in Table 2.1 together with the
corresponding gain settings.
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Peak Voltage Gain Setting
30 Vp -24 dB
24 Vp -18 dB
12 Vp -12 dB
6 Vp -6 dB
3 Vp 0 dB
1.5 Vp 6 dB
750 mVp 12 dB
375 mVp 18 dB
187 mVp 24 dB
- 93 mVp 30 dB
46 mVp 36 dB
23 mVp 42 dB
11 mVp 48 dB

Table 2.1 - Full Scale Ranges

When the range is changed across the borders 0 dB/-6 dB and -12 dB/-18 dB, a relay
is activated/deactivated. In these cases a delay of approximately 10 ms is added.

The dynamic range, that is the difference between the actual input level and the full
scale level, depends on the measurement type. The RE 204 operates with the
following dynamic ranges:

Measurement Dynamic Range
RMS or Average, without filter 18 dB
RMS or Average, with filter 12 dB
Peak 24 dB
Quasi-Peak 18 dB
Frequency 18 dB
SINAD, fine range 6.5 dB
SINAD, coarse range 12 dB
Wow & Flutter 18 dB

Table 2.2 - Dynamic Ranges
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2.3 Filters

The only hardware filter in the RE 204 is a 25 kHz low-pass filter used to bandlimit
the input signal before A/D conversion. All other filters (weighting filters as well as
the notch filter for the SINAD measurement) are created digitally by the digital signal
Processor.

Note that a given filter's characteristics may be created using either single or double
precision in the signal processor calculations. Single precision filters create additional
noise through truncation errors in the filter calculation, but allow measurements to
take place in two channels simultaneously. Consequently, measurements involving
double precision filters increase measurement time. At high input frequencies,
however, the general measurement overhead is the dominating factor for the
measurement speed, implying that the difference between single and double precision
measurements are not significant.

2.3.1 Notch Filters

The notch filter is programmable, that is it may be tuned to any frequency between
20 Hz and 23750 Hz in steps of 1 Hz. For low notch frequencies, the filter may only
be used if it is allowed to operate in double precision, that is measurements can only
take place in one channel at a time.

Normally, the RE 204 automatically selects between single and double precision,
depending on the selected notch frequency: a frequency below 700 Hz selects double
precision, a frequency above 700 Hz selects single precision. It is possible, however,
to control the precision from the IEEE 488 controller, for example if the notch depth
at lower frequencies is not required to exceed 60 dB you can, through the filter
command, force the RE 204 to use single precision and thus increase measurement
speed. Selecting double precision at higher frequencies increases the depth of the
notch to more than 70 dB. Refer to Fig. 2.2.

In the same way as the general-purpose notch filter, you can also use the SINAD
notch filter as a single or double precision filter. Double precision is mandatory for
frequencies below 700 Hz when measuring in the "fine" range, and for frequencies
below 440 Hz when measuring in the "coarse" range.

Using a double-precision weighting filter with a SINAD measurement requires a
double-precision notch filter. In this case, the "fine/coarse" selection is of no
importance, as a double-precision filter covers the entire range from 10 % and

downwards.
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Fig. 2.2 - Notch Filter Depth

2.3.2 Band-pass Filters

The band-pass filter is programmable, that is it may be tuned to any frequency
between 20 Hz and 23750 Hz in steps of 1 Hz. For low center frequencies, you can
only use the filter if it is allowed to operate in double precision, that is measurements
can only take place in one channel at a time.

Normally, the RE 204 automatically selects between single and double precision,
depending on the selected center frequency: single precision for frequencies below
1 kHz and double precision for frequencies above 1 kHz. It is possible, however, to
control the precision from the IEEE 488 controller, for example if the stop-band
attenuation at lower frequencies is not required to exceed 60 dB.

In this case, selecting a single precision filter increases measurement speed. Selecting
double precision at higher frequencies improves the stop-band attenuation by several
dB. For example, the band-pass filter tuned to 1 kHz is shown for single and double
precision in Fig. 2.3 and 2.4 respectively.

"RE 204/SM/010/9603



SECTION 2 PRINCIPLE OF OPERATION

. - v

. \ ; \

\ 4 \\
“ i N e \\
pd N

o e V4 \\

e A \
1

©o aB oo at \
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2.3.3 User Filters

To satisfy different needs for different applications, it is possible to define digital
filters for the RE 204 externally, and download them at any time. Through this
feature, the number of different filters that you can use in a test sequence becomes
practically unlimited. All you have to do is download new user filter coefficients to
the RE 204 when you need to change a filter.

For most filters, especially filters with large attenuation at low frequencies and/or
filters with tight frequency specifications, the definition of the coefficients is not a
straight forward task, as topics such as internal filter gain, absolute gain, settling
time, stability etc. all must be investigated.

Therefore, we do strongly recommend, that this task is handled by
RE TECHNOLOGY AS based on your filter description. The resulting filter
parameters may then be downloaded as explained in the programming section of the
Operating Manual.

2.4 SINAD Measurement

The SINAD measurement uses a separate programmable notch filter. Due to the fact
that the input signal is known to have a dominant component, the fundamental
frequency, it is possible for the RE 204 to obtain a better dynamic range compared to
using the notch filter on an arbitrary signal. The penalty for this is, that only a
specific range of SINAD values can be covered by the same filter. Thus, it must be
specified, whether the SINAD value is expected to be "coarse" or "fine".

The "coarse" range covers 10 % down to 0.1 %, while the "fine" range covers 0.3 %
and downwards. However, if the RE 204 finds that a given result is outside the
selected range, the range automatically changes and the measurement repeated. This
increases measurement time, so selecting the correct range speeds up things.
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If the fundamental frequency is below 700 Hz and/or if a double-precision
weighting filter is applied, the notch filter is always double precision. In this case,
the "coarse/fine" selection is of no importance, since a double precision filter covers
the entire range.

The fundamental frequency is measured and the notch filter calculated accordingly. If
the frequency is identical to the last one used for this channel, the filter calculation is
omitted. This saves approximately 150 ms.

If the signal used for the test is known to originate from the audio generator, either
directly or via the AM/FM stereo generator, the actual fundamental frequency
measurement may be omitted. It is assumed, that left output from the audio generator
is used for measurement in left front and left rear, and that right output is used for
measurement in right front and right rear.

The SINAD value is calculated as:

Signal excluding the fundamental . 1o09
Entire signal

In other words, the SINAD value is the output of the notch filter divided by the input
to the notch filter. Both the signal, and the signal excluding the fundamental
frequency, that is noise and distortion, are measured simultaneously. Note that a
weighting or a band-limiting filter used with a SINAD measurement only affects the
noise and distortion measurement and 7ot the signal measurement.

If the measurement time is not specified, 10 times the period of the fundamental
frequency is automatically used, except for frequencies above 10 kHz, as the
measurement time cannot be set below 1 ms. Note, however, that the noise and
distortion measurement may call for a significantly higher measurement time for an
accurate result. In this case, the measurement time must be specified in the SINAD
command.

2.5 RMS, Average and Quasi-Peak Measurements

All three detectors are implemented digitally, and weighting filters may be applied.
The quasi-peak measurement, however, only accepts the CCIR 468 filters CW and
CB.

When measuring RMS or average, the measurement time is determined as follows:

1. If the measurement time is specified, this value is of course used.

2. If a frequency is given as parameter, that is the input frequency, the
measurement time is set to 10 times the signal period.
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3. If the audio generator is known to be the origin of the test signal, possibly
via the AM/FM stereo generator, the measurement time is selected
according to the following rules:

a. If the frequencies in the two channels left and right differ, a
measurement time of 10 times the largest signal period is
selected.

b. If the frequency is below 400 Hz, a measurement time equal
to one signal period is selected, otherwise 3 times a signal
period.

4. If no parameter is given, the frequency is measured and the measurement
time set to 10 times the signal period. If no frequency is found, as for
noise measurements, a period of 250 ms is selected. If different
frequencies are found for the left and right input channels, the
measurement time is determined by the lowest of the frequencies.

As the two front channels are measured simultaneously, and then the two rear
channels, the measurement time may differ for the front/rear measurements.

In addition to the rules above, note that a measurement time of less than 1 ms is
never used.

As the quasi-peak measurement is used for noise measurements, linking to a specific
frequency is not a legal choice.

2.6 Peak Measurement

Peak measurements are made using analog detectors, preceded by full-wave
rectifiers. As the antialiasing filter is not used, the bandwidth is extended to 75 kHz,

and the ripple of 0.1 dB is eliminated.

2.7 DC Measurement

The DC voltage from the separate input connector is routed to the 16-bit A/D
converter. The output from the converter is then averaged in 50 ms by the signal
processor, the result is compensated for gain, high or low range, and delivered to the
IEEE 488 interface.

Note that no auto ranging between high and low range is implemented.

To facilitate implementation of different ranges, the gain factor may be defined,
according to the actual hardware configuration.
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2.8 Frequency Measurement

The frequency measurement is based on a zero-crossing detection, performed by the
signal processor.

The frequency measurement algorithm searches for frequency, from the lower
frequency range and upwards. If nothing is anticipated about the input, it is necessary
to scan from 20 Hz and upwards. For accurate frequency determination, at least two
periods of the signal are needed, so for an unknown input frequency, the minimum
observation period is:

2 = 100 ms
20 Hz

In practice, it is 135 ms. This amount of time is not needed if it is known that the
frequency is above a certain limit, for example 500 Hz. In this case, it is only
necessary to observe the signal for a period of:

2
500 Hz

= 4 ms

that is a speed improvement of 25 times. Such a known lower frequency band, or
alternatively an observation period, may be specified as part of the frequency
measurement command in order to speed up the measurement.

High noise levels on the input signal may disturb the zero-crossing detection and
result in fluctuating results. This problem is more significant when measuring at low
frequencies, because the signal is in the area around zero for a longer period of time
where noise may cause the signal to cross the zero line more than once. In order to
measure low frequencies with a high noise content, a digital low-pass filter can be
used. In this way, stable readings are obtained even in the presence of rather large
noise components.

The low-pass filter is a 2nd order Butterworth filter with a cut-off frequency of
2500 Hz. Enabling/disabling of this filter is a parameter for the frequency
measurement command. However, if this parameter is omitted, the RE 204
automatically detects whether the low-pass filter is required or not: if the rms level
without the filter is more than 4 times the rms level with the filter, that is the main
component of the signal is below approximately 3 kHz, then the filter is used during
the frequency detection.

2.9 Meter Updating

The bargraph displays are used for monitoring the input levels of all four channels
simultaneously, regardless of the channels set active for measurements. No filter is
employed.
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Each bargraph is composed of 10 LED segments, showing the peak input voltages as
shown in Table 2.3. A bar lights as soon as the input level has passed the
logarithmical middle of the distance between two bars. For example, the 10 Vp bar
lights when the input level is above 5.62 Vp, which is the logarithmic middle
between 3.16 Vp and 10 Vp.

Note that an input which is left open normally shows a level of approximately 10 -
100 mVp.

When the meter is deactivated, the upper and lowermost bars light.

Display Input Level
10 Vp >5.6 Vp
3.16 Vp >1.7 Vp
1 Vp >560mVp
316 mVp >170mVp
100 mVp >56 mVp
31.6 mVp > 17 mVp
10 mVp >5.6 mVp
3.16 mVp >1.7 mVp
1 mVp >0.5 mVp

Table 2.3 - Meter Ranges

Fig. 2.5 shows that all four inputs are routed to analog peak detectors, which are
allowed to charge for 50 ms. Then, the Main Computer reads the voltage using a
four-input 8-bit A/D converter.

The computer compensates the reading for the actual gain set in the programmable
amplifiers and reads out the result to the bargraph displays. Auto ranging may take
place if the level is inappropriate, regardless of the enabling of the general auto

ranging feature.

Note that updating the meters has a lower priority than making a measurement, that
is when a measurement is started, updating of meters is suppressed. Consequently, if
measurement commands are issued continuously by the IEEE 488 controller, the
display never changes. You can deal with this problem in two ways:

* Make your program halt for approximately 100 ms whenever an update is
wanted, thus allowing the meter procedure to complete.

* ssue a new MR, ON command which forces the meter to update.
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Fig. 2.5 - Meter Operation

2.10 Calibration

The fast measuring speed of the RE 204 is due to the DC coupling of the signal path.
However, a DC component originating from offset voltages due to aging,
temperature changes etc. will inevitably be present. When measuring, e.g. SINAD or
very low rms voltages without a highpass filter, this DC voltage may corrupt the
measurements.

Hence, it must be ensured, that it is always kept as low as possible. The hardware
calibration feature handles this task.

The calibration may be performed either automatically or governed by the external
controller. In case of automatic calibration the scheme is as follows:

* For the first 5 minutes, i.e. the initial warm-up period, no calibration is
done.

* During the next 30 minutes, calibration takes place each minute. This is
the final warm-up period.

*  After the first 30 minutes, calibration takes place every 15 minutes.
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Calibration must be performed for each channel and for each gain step and is time
consuming. We recommend that you disable the automatic calibration and let the
IEEE 488 controller initiate calibration during natural pauses in the test sequence.

The calibration interval necessary depends on the actual dynamic range needed. If
SINAD, for example is only measured down to approximately 0.15 % and RMS
down to 1 mV, it may not be necessary to calibrate so often. In this case a calibration
once a week is probably enough. The actual interval depends on the temperature
cycle of your set-up.

The calibration procedure, which is controlled by the Main Computer, is as follows:
* The external input is disconnected and a short circuit established.

* The DC voltage is measured using the same signal path as for
measurements.

* A compensation DC voltage is inserted using a D/A converter.

* The DC measurement is repeated in order to store the residual DC value
together with the D/A converter setting.

The calibration procedure is repeated for each channel. Whenever the gain and/or
channel is changed, the correct DC compensation voltage is established from a stored
table. When measuring small RMS values, the RE 204 may correct the result by
subtracting the residual DC.

2.11 Wow & Flutter

When measuring Wow & Flutter, an optional board is installed in the right frontend
channel. This board removes amplitude variations from the input signal using a
clipper. The signal is then routed via the 25 kHz low-pass filter to the A/D

converter. After digitalization, the signal processor performs the following steps

digitally:
* 4.5 kHz low-pass filtering to remove carrier harmonics.
* FM demodulation.
* Filters the demodulated signal, 0.2 to 500 Hz, or 0.5 to 200 Hz filters.
* Weighting according to DIN standard, if selected.
* Detection according to the selected standard:
RMS for JIS standard.

Average for NAB standard.
Quasi-peak for DIN standard.
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* Low-pass filtering of the detector output to simulate a meter response
with 7 = 60 ms.

* Calculation of mean value, sigma value and the result: mean + 2 - o.
Before the Wow & Flutter measurement, the frequency is measured in order to tune

the digital FM demodulator to the actual frequency.

2.12 Audio Generator

The Audio Generator is composed of two boards:

* A Digital Board comprising a TMS320C10 signal processor and a sine
wave look-up table.

*  An Analog Board comprising two channels, each equipped with a 16-bit
D/A converter, an antialiasing low-pass filter, programmable level
setting, and balanced output buffers.

The signal processor generates digital samples for a single sine wave by reading
samples from the look-up table and multiplying them by a level factor. This factor is
determined by the 80C186 Main Computer and includes three compensations:

* As the gain on the Analog Board is only programmed in steps of 3 dB,
the finer gain adjustments are made digitally.

* The frequency response of a low-pass filter (not the antialiasing filter) is
compensated.

* It is known from the sampling theory, that when using a staircase signal
in the D/A conversion process instead of delta functions, the frequency
response of the output signal follows with a sin x/x function, x = 27fT/2,
where T is the sampling period. Thus, the level factor must compensate
for this frequency dependency.

As the latter two compensations are frequency dependent, different settings of the
analog attenuator may be seen for the same output level at different frequencies.

2.13 Stereo Generator

The Stereo Generator option offers both FM stereo and AM stereo. In both cases, the
L/R signals must be supplied by the audio generator.
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2.13.1 FM Stereo

The FM stereo generator is a conventional analog design, with the exception of the
pre-emphasis function which is implemented as a digital compensation of the left and
right input signals.

The composite signal is generated using the time multiplexing principle, which gives
completely uniform handling of the left and the right channel signals.

The modulator, operating at 38 kHz, is an integrated balanced switch modulator
driven by a 38 kHz square wave. The modulator itself suppresses the 38 kHz carrier,
but it produces unwanted sidebands at odd harmonics of 38 kHz.

The sidebands at the third harmonics of 38 kHz, that is 114 kHz, are balanced out by
a signal from a 114 kHz modulator similar to and synchronized to the 38 kHz
modulator. Higher sidebands, that is at 190 kHz and upwards, are removed by a
composite filter with a linear phase response and a flat amplitude response up to
53 kHz, resulting in high L/R separation.

The sine wave pilot signal is generated by integration of a 19 kHz square wave
derived from the same digital circuit which generates the 38 kHz carrier. This results
in a negligible pilot phase deviation in relation to the 38 kHz carrier.

The harmonics of the 19 kHz square wave are balanced out and removed by filters.
The third and the fifth harmonics, that is 57 kHz and 95 kHz, are compensated using
a 57 kHz and a 95 kHz square wave. The seventh harmonic is eliminated by a 133
kHz trap while the remaining harmonics are attenuated by the composite filter.

You can set the pilot level in steps of 0.5 % composite level using an attenuator.

The left and the right signals are pre-emphasis-weighted in the audio generator. Thus,
the left and right output signals available at the audio generator output connectors
incorporate this weighting. Note that the pre-emphasis weighting is implemented as
attenuation of the lower frequencies instead of amplification of the higher
frequencies, as shown in Fig. 2.6.

Output level control is accomplished by adjusting the L/R levels from the audio
generator, which you program in percent. You can adjust the actual output level for
100 % composite signal using a potentiometer.

2.13.2 AM Stereo

For modulation of an RF generator, for example the RE 122 Signal Generator, an
AM stereo matrix is generated using the audio generator. The audio generator left
output generates the L-R+25 Hz pilot, while the right channel generates L+R. As

all components are digitally calculated, the resolution for the L/R level as well as for

the pilot is very fine.
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Fig. 2.6 - FM Pre-emphasis
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3. DISMANTLING

This section describes how you get access to the individual printed circuit boards of
the RE 204. Reassembling is not described, as it is the opposite of the dismantling

operation.

Fig. 3.1 shows the location of the individual sections of the RE 204:

Trafo Section
Digital Section
Analog Section
Front Panel.

* % % ¥

Digital
Section

Analog
Section

Trafo
Section

Front
Panel

Fig. 3.1 - RE 204 Sections

The Trafo Unit contains the power-line inlet with fuses and line filter, the line
transformer, and the +5 V Power Supply (901-844).
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The Digital Section contains:
* 80C186 Main Computer (901-870)
* ADSP-2100A Signal Analyzing Processor (901-840)

* TMS320C10 Signal Processor constituting the Audio Generator Digital
Board (901-867) (optional)

* Digital Motherboard (901-845).
The Analog Section contains all analog boards:

* Two Analog Frontend Boards (901-839) (one for the left channels and
one for the right channels)

* A/D Converter Board (901-842)

* Audio Generator Analog Board (901-868) (optional)

* Analog Motherboard (901-841), which provides all interconnections
between the individual sections of the instrument, and in addition holds
the +15 V and -5 V power supplies

* Stereo Generator (901-871) (optional).

In addition to these analog boards, a Wow & Flutter Board (901-840) may be
installed on the Analog Frontend board for the right channel inputs.

The only circuitry contained in the Front Panel is the Meter Board (901-869).

3.1 Top and Bottom

The top and bottom plates are secured by two screws, located at the rear of the
instrument. At the front, the plates are held by the Front Panel.
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3.2 Front Panel Section

The Front Panel Section holds only one PCB assembly, the Meter Board.

To remove the Front Panel cover, unscrew the three screws indicated in Fig. 3.2.
Note that the top and/or bottom plates do not need to be removed. Make sure that the
cable for the Sub-D connector mounted in the cover plate is disconnected from the
Meter Board during removal. ’

o E=Do

RE20¢ AUDIO ANALYZER

b\

Fig. 3.2 - Removing the Front Panel Cover

In order to gain access to the Analog Motherboard, it is advantageous to remove the
entire Front Panel.

To remove the entire Front Panel unscrew the two screws on each side of the
instrument. The screws are located immediately behind the rack mounting flanges.
When removing the Front Panel you must disconnect the flat cable connecting the
Front Panel to the Analog Motherboard.

3.2.1 Meter Board

To remove the Meter Board, remove the Front Panel cover as previously described.
Remove the top plate and disconnect the cable connecting the Meter Board to the
Analog Motherboard at the motherboard. Yoy may then remove the board from the
stands using a screwdriver.
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3.3 Trafo Section

To remove the Trafo Section remove the screws indicated in Fig. 3.3. Insert a
screwdriver into the slot between the rear panel and the chassis of the RE 204. You
can then remove the transformer unit (transformer board, transformer and line plug).
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Fig. 3.3 - Removing the Trafo Unit

The protective ground connection of the instrument is via the
rear panel of the transformer unit. Therefore, if the
transformer board is mounted on an extender board, it is
mandatory that this connection is established using a wire or

similar.
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3.4 Digital Section

To disassemble the Digital Section remove the screws indicated in Fig. 3.4. Insert a
screwdriver into the slot between the rear panel and the chassis of the RE 204. You
can then remove the Main CPU Board and the rear panel of the Digital Section.

Fig. 3.4 - Dismantling the Digital Section

When you have removed the Main CPU Board, you have access to the two other
digital boards: the Signal Analyzing Processor and the Audio Generator Signal
Processor (if the Audio Generator Option is installed). If either of these two boards is
to be mounted on an extender board, it is recommended that you remove the rear
panel from the Main CPU Board. To do this, unscrew the screws shown in Fig. 3.5.
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Fig. 3.5 - Removing the Rear Panel from the Main CPU

3.4.1 Digital Motherboard

To gain access to the Digital Motherboard, you must remove the shielding box of the
Digital Section. First, remove the top and bottom plates (see section 3.1). Then
disconnect the two flat cables connecting the Digital Section and the Analog
Motherboard by unscrewing the screws securing them to the Digital Section.

When you have removed the four screws on the top and the four screws on the
bottom of the shielding box, you may remove the entire box. It may be necessary to
loosen some of the screws securing the card holders in the Analog Section in order to
get the box out.

The Digital Motherboard is mounted on the cover plate. To remove it, unscrew the 6
screws and loosen the four hexagonal screws holding the two Sub-D connectors
mounted in the cover plate.
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3.5 Analog Section

To gain access to the boards in the Analog Section, remove the screws shown in
Fig. 3.6. The location of the individual boards is shown in Fig. 3.7.

3.5.1 Analog Motherboard
To remove the Analog Motherboard:

1. Remove all printed circuit boards in the Analog Section.

2. Remove the entire Front Panel (see section 3.2).

3 Disconnect the two flat cables connecting the motherboard and the Digital
Section by unscrewing the screws securing the cables to the
Digital Section.

Remove the connector to the fan.

Unscrew the screws holding the motherboard (5 at the top, 6 at the
bottom) and pull it out.
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Fig. 3.6 - Removing the rear panel of the Analog Section
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Fig. 3.7 - Analog Board Positioning
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4. VERIFICATION AND MAINTENANCE
4.1 Performance Check

Before adjustments are made, the RE 204 must be allowed to warm-up for a period
of at least one hour.

The procedures in this section test the electrical performance of the RE 204, using the
specifications in section 17 as the performance standards. The performance tests are
suitable for incoming inspection, troubleshooting, verification or preventive
maintenance.

You require an IEEE 488 controller for practically all the tests. You should be able
to output single commands, obtain measurement results from the RE 204 and display
them. Before you perform any test, we recommend that you reset the RE 204 and
switch on the calibration. You do this with the following command: "RT CL, ON"

Section 4.2 lists the equipment required for the performance tests.

After verification and maintenance we recommend that you reset the RE 204
Audio Analyzer with the following command: "RT, CL, ON"
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4.2 Required Test Equipment

Instrument Critical Specification Recomm. Model
Audio Generator 50 Hz to 25 (60) kHz, B&O TG 8 or
SINAD <-80 dB RE 204 Audio

Generator Option

DC Power Supply | 0to 30V DC

RMS Voltmeter 50 Hz to 100 kHz HP 34401
absolute accuracy: 0.1 %
transfer accuracy: 0.01 %

Distortion Analyzer| THD <-110 dB Audio Precision
SINAD <-80 dB System One
Frequency Counter | accuracy: 0.1 Hz HP 34401
DC Voltmeter accuracy: 0.05 % HP 34401
Stereo Analyzer Stereo Separation =60 dB R&S Modulation
Analyzer FMAB
Oscilloscope Capability of 40 dB over- ADVANCE

drive without distortion of | OS3000
zero line and a sensitivity
of 5 mV/div.

Spectrum Analyzer | Freq. range 10 Hz to 1 MHz| HP 3583A

Table 4.1 - Required Test Equipment

4.3 Audio Generator

This section describes how to make a performance test of the Audio Generator of the
RE 204. For further information about commands refer to the Operating Manual. Do
not use the RE 204 as an analyzer for these tests, as some of the specifications are up
to or better than the specifications of the RE 204 analyzer part.

4.3.1 Output Level

Equipment
RMS Voltmeter

Specification
Accuracy +0.1dB
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Procedure

1.  Connect the RMS voltmeter to the left output channel of the RE 204
2. Send the following command: "AF,B, 1000Hz"

3.  Check the Output Level accuracy according to Table 4.2

4. Repeat the measurements for the right channel.

Step | Attenuation lé](;i rr%r% nd Measuring and Tolerance
1 -48 dB "AL,B,10mVp" 7.071 mV ¢ £0.1dB
2 -45 dB "AL,B,16mVp" 11.31 mV o £0.1dB
3 -42 dB "AL,B,25mVp" 17.68 mV o £0.1dB
4 -39dB "AL,B,35mVp" 24.75 mV o £0.1dB
5 -36 dB "AL,B, 50mVp" 35.36 mV . +£0.1dB
6 -33dB "AL,B,70mVp" 49.50 mV o £0.1dB
7 -30dB "AL,B,100mvp" |70.71 mV ¢ +0.1dB
8 -27 dB "AL,B,135mVvp" [95.46 mV ¢ +0.1dB
9 -24 dB "AL,B,190mvp" |(134.4mV . +0.1dB
10 -21dB "AL,B,270mvp" [190.9 mV . +0.1dB
11 -18 dB "AL,B,375mVp" [265.2 mV ¢ +0.1dB
12 -15dB "AL,B,530mvp" |[374.8 mV ¢ +0.1dB
13 -12dB "AL,B,750mvp" |530.3 mV . +0.1dB
14 -9 dB "AL,B,1.100Vp" [777.8 mV ¢ +0.1 dB
15 -6 dB "AL,B,1.500Vp" |1.060 V.  +0.1dB
16 -3dB "AL,B,2.120Vp" [1.49V . +0.1dB
17 0dB "AL,B,3.000Vp" (2.121 Vo +0.1dB
18 3dB "AL,B,4.250Vp" [3.005 Vo +£0.1dB
19 6 dB "AL,B,6.000Vp" |4.243 V. +0.1dB
20 9dB "AL,B,8.500Vp" |6.010 Vo +£0.1dB

Table 4.2 - Output Level Accuracy

Adjustments
Refer to section 12.2 for any relevant adjustments.
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4.3.2 Frequency Response

Equipment
RMS Voltmeter

Specification
Accuracy +0.05 dB 20 Hz to 10 kHz
+0.1dB 10 kHz to 25 kHz

Procedure

1.  Send the following command to the RE 204: "AL, B, 1Vp AF,B,1000Hz"
2.  Connect the RMS Voltmeter to the Left Output BNC connector of the RE 204
and read the value. Store this value as a reference and check the level at the

following frequencies:
25Hz, 500Hz, 2kHz, 10kHz, 15kHz, and 25kHz
3.  Repeat the measurements for right channel.

The permissible error is +0.05 dB at 25 Hz, 500 Hz, 2 kHz and 10 kHz
+0.1dB at 15 kHz and 25 kHz

Adjustments
Refer to section 12.2 for relevant adjustments.

4.3.3 Total Harmonic Distortion (THD)

Equipment
Distortion Analyzer

Specification
THD <-86 dB

Procedure

1. Connect the Distortion Analyzer to the Left Output BNC connector of the
RE 204

2.  Send the following command: "AF,B,1000Hz AL,B,1Vp"

3.  Check, using the Distortion Analyzer, that the THD is within limits

4. Repeat the measurement for the right channel.

The permissible value is <-86 dB

Adjustments
Refer to section 12.2 for relevant adjustments.
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4.3.4 SINAD

Equipment
Distortion Analyzer

Specification
SINAD <-80 dB

Procedure

1.  Connect the Distortion Analyzer to the Left Output BNC connector of the

RE 204
2. Send the following command: "AF,B,1000Hz AL,B,1Vp"
3. Check, using the Distortion Analyzer, that the SINAD is within limits
4 Repeat the measurement for right channel.

The permissible value is <-80 dB
Adjustments

Refer to section 12.2 for any relevant adjustments.

4.3.5 Frequency Measurement

Equipment
Frequency Counter

Specification
Accuracy +25ppm

Procedure

1.  Send the following command: "AL,B,1Vp AF,B,24000Hz "

2. Connect the Frequency Counter to the Output Left BNC connector

3 Check, by connecting the frequency counter to the Output Left BNC connector
of the RE 204, that the frequency is within limits

4 Repeat the measurement for the right channel.

The permissible value is 24000 Hz +0.6 Hz.

Adjustments
No relevant adjustments.
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4.4 Stereo Generator

This section describes how to make a performance test of the Stereo Generator. For
further information about commands refer to the Operating Manual.

Check that the Audio Generator is present and verified before making the
performance check of the Stereo Generator.

Before the performance check of the Stereo Generator, adjust the Comp Output level
to 1 V¢ follows:

1. Issue the following command:
"GE,FM AL,B,100 AF,B,1000 FC,MN PT,ON PV,0% CT,ON"

2. Adjust the Comp Output level with the LEVEL ADIJ potentiometer located on
the rear panel.

See section 4.4.6 for re-adjustment of the output level.

4.4.1 Pilot Frequency and Level

Equipment
Frequency Counter
RMS Voltmeter

Specification

Frequency 19000 Hz +1 Hz
Level 775 mV ¢
Procedure

1.  Connect the Frequency Counter to the 19 kHz sync BNC output of the RE 204

2.  Check that the 19 kHz frequency is within limits

3 Exchange the Frequency Counter with the RMS Voltmeter and check the pilot
level.

Permissible frequency 19000 Hz +1 Hz.
Permissible level 775 mV ¢ £10 mV.

Adjustments
Refer to section 13.2 for any relevant adjustments.
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4.4.2 Stereo Separation

Equipment
Oscilloscope
Overload Protection
(Stereo Analyzer)

Specification
Separation >65dB, 1 kHz

>55dB, 22 Hz to 15 kHz
Procedure

This test is difficult to perform with the recommended test instruments.

The R&S Stereo Analyzer specifies a stereo separation of 60 dB at 1 kHz and,
therefore, if you are using this instrument for verification, please take note of this

limit.
If you want to conform to specifications, follow the procedure described below.

If you find it difficult to locate the recommended oscilloscope, you can use the
overload protection circuit described below.

1.  Set the RE 204 using the following command:
GE,FM AF,L,1000Hz AL,L,100% FC,L PT,OFF CT,ON

2. Connect the Comp Output BNC connector of the RE 204 to the Y-input of the
oscilloscope, via the Overload Protection Circuit, and the left channel output
from the Audio Generator to the Ext. Trigger input (see Fig. 4.2)

3.  Set the Oscilloscope controls as follows:
Ext. trigger
DC Mode
Volt/cm: When Switch S1 in Fig. 4.2 is open: 1 V/cm equals 1.4 Vp

When Switch S1 in Fig. 2.4 is closed: 10 mV/cm

4.  Check the stereo separation by measuring the voltages A and B shown in Fig.
4.1 and by using the equation: Stereo Separation 20*log (A/B).

Adjustments
Refer to section 13.2 for any relevant adjustments.
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Fig. 4.1 - Stereo Separation

Overload Protection Circuit

To prevent the oscilloscope from overload, which can severely degrade the
measurements, a simple circuit should be inserted between the Comp Output BNC
connector and the oscilloscope, as shown in Fig. 4.2.

RE 204 O
O O T@ @' Oscilloscope
OO QOO .
R
1kQ
Comp Output
P L} Or
CR1 Sé}& CR2
S 1
Left Output Trigger

Fig. 4.2 - Overload Protection Unit

The diodes should be schottky diodes, for example Hewlett Packard type
5082-2812.
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4.4.3 Comp Output Level, Stereo and Mono Mode, Pilot and AUX

Equipment

RMS Voltmeter

AF Generator (60 kHz)

Specification

Comp Output level, Stereo Mode Vo

Comp Output level, Mono Mode Vo £0.1 %
Comp Output level, Pilot 8 % 0.08 * Vg £0.5 %
Comp Output level, Pilot 4 % 0.04 - Vg £0.5 %
Comp Output level, Pilot 2 % 0.02°Vy+1.0%
Comp Output level, Pilot 1 % 0.01°Vy+1.0%
Comp Output level, Pilot 0.5 % 0.05°Vy +1.0 %

Comp Output level, AUX

Procedure

1.  Send the following command to select modulation level to 100 %, modulation
frequency to 1000 Hz, pilot level to O %, and stereo mode to ST:
"GE,FM AF,B,1000Hz AL,B,100% FC,ST PT,ON PV,0% CT,ON"

2 Connect the RMS Voltmeter to the Comp Output BNC connector measure the
output level, Vg (-1 V1,0

To check the mono level:
1. Send the command "FC,MN" to switch to mono. Measure the Comp Output

voltage, and check that it does not differ from V¢ by more than +0.1 %.

To check the pilot level:

1.  Send the following command: "GE, FM FC,OFF PT,ON PV, 8% CT, ON"
2.  Check, using the RMS Voltmeter, that the pilot level is within limits

3. Change the pilot level by issuing the command "PV, 4%" and check the level
4. Repeat the measurements for 2 %, 1 % and 0.5 % pilot levels.

Permissible values, see the specifications above.

To verify the AUX input:
1.  Send the following command to set modulation level to 0 %, pilot level to 0 %,
stereo mode to ST and enable the AUX input by sending:
"GE,FM AL,B,0% FC,ST PT,ON PV, 0% AN,ON CT,ON"
2. Apply the following signal from the AF Generator: 57 kHz, 0.707 V., and
connect it to the AUX Input of the RE 204. Check, using the RMS V%Ptmeter,
that the Comp Output level is Y/10 £1 mV.

Adjustments
Refer to section 13.2 for any relevant adjustments.

NOTE Remember to switch off the AUX input with the command "AN, OFF".

'RE 204/SM/010/9603



36

SECTION 4 VERIFICATION AND MAINTENANCE

4.4.4 Distortion

Equipment
Distortion Analyzer

Specification
Distortion in the 25 kHz bandwidth, THD <0.02 %

Procedure

1. Send the following command to select modulation level to 100 %, modulation
frequency to 1000 Hz, pilot level to 0 % and mode to stereo:
"GE,FM AF,B,1000Hz AL,B,100% FC,ST PT,ON PV,0% CT,ON"

2.  Connect the Distortion Analyzer to the Comp Output BNC connector of the
RE 204 and check that distortion is within limits

3.  Check mono mode with the following command "FC, MN".

The permissible limit is <0.02 %.
Adjustments

Refer to section 13.2 for any relevant adjustments.

4.4.5 Residual 38 kHz and spurious above 53 kHz

Equipment
Spectrum Analyzer

Specification
38 kHz residual <-64 dB
Spurious above 53 kHz <-60 dB

Procedure
1.  Send the following command to the RE 204:
"GE,FM FC,ST AL,B,0% PT,ON PV,10% CT,ON"

2.  Connect the Spectrum Analyzer to the Comp. Output connectors and check the
limits.

The permissible values are: <-64 dB at 38 kHz
<-60 dB above 53 kHz

Adjustments
Refer to section 13.2 for any relevant adjustments.
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4.4.6 Re-adjustment of Comp Output Level

Equipment
RMS Voltmeter

Specification
Comp Output Level 530.3 mV o £0.53 mV

Procedure

1. Send the following command to set the RE 204 to modulation 100 %,
modulation frequency 1 kHz, pilot level to 0 % and mode to stereo:
"GE,FM AF,B,1000Hz AL,B,100% FC,ST PT,ON PV, 0% CT,ON"

2 Connect the RMS Voltmeter to the Comp Out BNC connector and adjust it to
530.3 mV using the Comp Output level potentiometer on the rear panel of the
RE 204.

4.5 Wow & Flutter

This section describes how to make a performance test on the Wow and Flutter
Option of the RE 204. For further information about commands refer to the

Operating Manual.

4.5.1 Residual Wow & Flutter

Equipment
AF Generator

Specification
Residual Wow and Flutter <0.001 %

Procedure

1. Apply a 3000 Hz 1.0 Vp signal to the Right Front Input of the RE 204
2. Check the residual wow and flutter with the following command:
"CH,RF WD,DN,WT WF"

Note that it takes at least 8 seconds to complete the measurement and have the result
ready.

The permissible value is: <0.001 %.

Adjustments
Refer to section 14.2 for any relevant adjustments.
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4.6 Audio Analyzer
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