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SECTION 1 GENERAL INFORMATION

1 GENERAL INFORMATION

The purpose of the present Technical Manual for the RE201 Dual Channel
Audio Analyzer is to provide all information necessary to:

* wunderstand the principles of operation for the RE201
* carry out preventive maintenance and regular adjustments
* perform troubleshooting to board level

In order to fulfill these objectives, the Technical Manual presents
detailed descriptions of electrical and mechanical features of the
RE201 Basic Unit; separate technical manuals are supplied for each
option. All operating instructions and other information concerning
operational aspects can be found in the RE201 Operation Manual.

1.1 Introduction

The RE201 Dual Channel Audio Analyzer is a modular, combined analog
and digital test instrument, designed for verification of performance
of sound reproduction equipment such as radios, record players, tape
recorders, compact disc players and audio matrices.

The instrument provides a wide range of measuring capabilities:

Level - RMS, DC, peak, selective, average
Frequency, absolute and relative

Phase

Harmonic Distortion

Intermodulation Distortion

Difference Frequency Distortion

Transient Intermodulation Distortion
Crosstalk

* % H % F ¥ F ®

This comprehensive range of features has been incorporated in one
single instrument to provide the convenience of avoiding the usual
heap of individual instruments which often makes the test bench
crowded and disorganized. Furthermore, more reliable and reproducible
test results are ensured.

To enhance the measurement capabilities of the RE201 further, a wide
range of accessories (options) is available. These options are
configured as PC boards which are easily installed in the RE20l. When
an option is mounted, the capacity of the option is automatically
available without any need for system reconfiguration. For further
information regarding the options, please refer to section 1.3.2.

RE201/TM/8709



SECTION 1 GENERAL INFORMATION

Organization of the Manual

The contents of this manual are divided into six main sections. The
scope and contents of each of these are as follows:

Section 1, General Information

- provides a general overview of the manual, and
comprises general information such as installation
instructions, specifications and code numbers for
equipment and accessories, including optionms.

Section 2, Principles of Operation

- explains the principles of operation for the RE201,
without any details concerning actual circuit
implementations. Description of the principles for the
spectral analysis capabilities, the Fast Fourier
Transform, is included.

Section 3, Circuit Descriptions

— presents detailed information about the actual circuit
implementations in order to enable a thorough understand-
ing of the instrument and to provide an aid in pin-
pointing faulty PC boards.

Section 4, Maintenance
- provides directions for dismantling and adjustments
Section 5, Troubleshooting
- provides instructions and hints to facilitate fault
diagnosis to board level in conjunction with the contents
of sections 2 and 3.
Section 6, Parts Lists and Schematic Diagrams
- comprises parts lists for all PC boards with reference
designations, component values and RE code numbers,
together with schematic diagrams including component
layout drawings.
Besides these sections, constituting the Technical Manual for the
Basic Unit without any options, room is allocated for the technical

descriptions for the various options available. These are
alphabetically ordered as follows:

RE201/TM/8709



SECTION 1 GENERAL INFORMATION
* Audio Generator 901-500
* External Keyboard, RE905 906-032
* Filter Option 901-525
* Weighting Filters 901-526
* Wow & Flutter 901-456

For options mounted in the RE201 upon delivery from the factory, the
technical manuals for the pertinent options have been inserted in the
Technical Manual binder. For options delivered separately, the manual
sections supplied with the option must be inserted in the binder.

The individual option manuals are self-contained, each comprising the
same sections as the manual for the Basic Unit:

* General Information

* Principles of Operation
* Circuit Descriptions

* Maintenance

* Troubleshooting

*

Parts list and schematic diagram

1.2 Installation

This section comprises two subsections:

* 1Installation of the RE201
* TInstallation of the analog options in the RE201

The latter subsection is a general installation guide for options
mounted in the Analog Section of the RE201 (Filter Option, Weighting
Filters and Wow & Flutter) and is included in this manual, because the
installation procedure depends on the entire option configuration.

1.2.1 RE201 Installation

When unpacking the instrument, the accessories and the packing
material should be inspected for any damage. If the RE201 and/or the
accessories should be damaged, please 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. Refer to section 1.3.1 for a description of equipment and
accessories.

If the RE201 is to be rack-mounted, the installation instructions
supplied with the rack mounting kit should be followed.

RE201/TM/8709



SECTION 1 GENERAL INFORMATION

Power Requirements

The RE201 will operate on either 115 V or 220 V AC line supplies. The
required line voltage is selected by a slide switch on the rear panel.

In order to change the line voltage the locking plate must be removed
by unscrewing the two securing screws. Switch the line switch to the
required line voltage and replace the locking plate. Install the
correct line fuse for the selected power source using one of the
bayonet heads. For more information, refer to the Installation Guide
delivered with the instrument.

Nominal AC voltage Line fuse
115 v 2 A (slow blow)
220 V 1 A (slow blow)

*%% Caution #*#*%*

Always make certain that the line voltage selector switch is set to
the correct position and that a fuse having the correct rating is
installed in the fuse holder before connecting the RE201 to any AC
power source.

Power Application

The following procedure should be used to apply power:

1. Check that the line voltage selector located on the rear
panel is set to the correct position

2. Check that the line fuse located on the rear panel has
the proper value (shown close to the fuse itself)

3. Connect the power cord supplied with the instrument
between the power connector on the rear panel of the
instrument and the AC power receptacle.

*%k%x Note ***

The three-wire power cord will, when connected to an
appropriate AC power outlet, ground the instrument
structure, If the RE201 is connected to an AC outlet
without a ground connection, the ground jack at the rear
panel must be used to ground the instrument.

4. Set the power switch to ON.

RE201/TM/8709



SECTION 1 GENERAL INFORMATION

khdhkhkhkhkkhkhkihhkrhkhkhhkhkddthhhhhhkk
*%% RE201 TEST %#%%

CRT-RAM [901-789] PASSED
EPROM [901-789] PASSED
UARTS [901-790] PASSED
EPROM (901-789] PASSED
RAM [901-789] PASSED
RAM [901-7891 PASSED
EPROM [901-527 ] PASSED
RAM [901-527 ] PASSED
BUTTERFLY UNIT [901-527] PASSED
ZOOM [901-393] PASSED

ANALOG SECTION [901-788] PASSED

kkkkhhhhhhhhhhkihhhhhhhiiiihhhkik

This screen displays the results obtained during the power-up SELFTEST
(the code Nos. in brackets indicate the board being tested). If
this test is successful another test display will appear:

%%% RE201 ***

SOFTWARE REVISIONS a.a & b.b
OPTION(S) SOFTWARE REVISION
AUDIO GENERATOR c.c

FILTER OPTION c.c
WEIGHTING FILTERS c.c

WOW & FLUTTER N/A

This display presents information of:
*  Software revision installed in the Digital Section ('a.a')
*  Software revision installed in the Analog Section ('b.b')
*# Options installed, as applicable
*  Software revisions installed on individual options ('c.c')

- for options not holding program information, 'N/A'
("Not Applicable") is displayed.

RE201/TM/8709



SECTION 1 GENERAL INFORMATION

Battery Backup

In the absence of line power, a battery power supply will be active to
retain valid data in the RAM. If the line voltage disappears, a power
fail protection circuit isolates the RAM and the battery will take
over.

If the RE201 has to be stored for more than two months without power
on, it is recommended that the battery be isolated from the RAM by
means of the jumper K4 on the 901-788 Static CPU. The Static CPU
Board is located in slot 5 in the PCB compartment to the right of the
CRT section of the instrument. K4 isolates the battery when placed in
position 2-3. The location of K4 is shown in fig. 3.2.5 in section 3.

The contents of the RAM will be lost during such periods of storage
without backup.

1.2.2 Installation of Analog Optiomns

The present installation guide describes the installation of the analog
options:

* Filter Option 901-525
* Weighting Filters 901-526
* Wow & Flutter 901-456

which are installed in the print magazine of the Analog Section of the
RE201. The Analog Section is positioned to the right of the CRT as
shown in fig. 1.1.

It is strongly recommended, that the entire installation guide is
read through thoroughly before installation is initiated in order to
prevent faulty operation and possible damage due to incorrect
installation.

Initial Dismantling of the RE201

As the Analog Section, into which the options in question are
installed, is not shielded, it is only necessary to remove the top
plate of the RE201 and the clamp bar securing the PCB's in the print
magazine to gain access to this area.

* Remove the screws securing the top plate using a Pozidrive
No. 1 screwdriver (the location of the screws is shown
in fig. 4.3.1 of the Dismantling Section in this
manual (Section 4)).

*  Remove the top plate by sliding it backwards approx.

2 cm until it disengages along the front and the rear
edges. The plate may then be lifted and removed.

RE201/TM/8709



SECTION 1 GENERAL INFORMATION
REAR
Digital Analog PCB
Section Compartment
Siot no.
o1 4 5

CRT Unit

n
3
m—_— P/
“ A PCB Clamp Bar

FRONT

Fig. 1.1 - Interior Top View

* Remove the clamp bar securing the PCB's (refer to fig.
1.1).

The print magazine comprises six slots. No. 0 is the leftmost

(viewed from the front of the RE201), and No. 5 is the rightmost.
Four slots are available for analog options, as slots No. 0 and No.

5 are used for the Analog Frontend (901-421) and the Static CPU
(901-788), respectively. These two boards are connected by a flat
cable connecting to J4 on the Analog Frontend and to J2 on the Static
CPU. The flat cable has to be disconnected from the Static CPU when
options are installed or removed.

RE201/TM/8709



SECTION 1 GENERAL INFORMATION

Board Positioning

The position of options should be in accordance with the general
scheme outlined in table 1.1, the lowest relative position number
being closest to the Analog Frontend.

Relative Position Option

Filter Option
Weighting Filters
Wow & Flutter

W=

Table 1.1 - Relative Positioning

The relative positioning should always be used; if one or more of the
options are not installed, all options with a higher relative position
number are moved one slot towards the Analog Frontend ("queuing up").

The Audio Generator is not included in the scheme, as it is always
mounted with the Analog Board (901-498) in slot No. 3 and the Digital
Board (901-499) in slot No. 4 (next to the Static CPU). Thus, if the
Audio Generator is installed, only two more analog options can be
installed (in slots No. 1 and 2). For information about installation
of the Audio Generator, please refer to Technical Manual for this
option.

Mounting

Fig. 1.2 depicts the mounting of the four options mentioned above,
i.e. excluding the Audio Generator.

For installation of options, the following must be observed:
*  Prior to insertion of the options PCB's, disconnect

the flat cable connecting the Analog Frontend and the
Static CPU board.

RE201/TM/8709
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SECTION 1
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Options are mounted with the component side of the PCB
facing towards the right side structure.

If neither the Filter nor Weighting Filters Option has
been previously installed, the blue plug mounted at J2

of the Analog Frontend must be removed, J2 is the central
connector at the top edge of the board, just beside the
clamp bar. In case the above mentioned options are
dismounted later on, the plug must be reinstalled.

Flat cables for routing of analog signals between the
individual options are most easily installed when the
receiving PCB is not fully inserted in the print magazine
during attachment of the flat cable connector - refer to
fig. 1.2, showing the Filter Option in this position,
following insertion of the cables from the Weighting
Filters Option.

The individual flat cables, fixed at one end to the
respective options, must be connected to the nearest
sockets at the upper edge of the PCB positioned one slot
closer to the Analog Frontend, ultimately to the

sockets on the Analog Frontend.

Upon completion of the installation, the flat cable
connection between the Static CPU and the Analog Frontend
must be reestablished at the Static CPU, J2. It may be
convenient to extract the Static CPU board a little for
insertion of the flat cable.

This procedure should be followed irrespective of the actual subset of
options to be installed.

Reassembling

When all options involved are properly installed, reassemble the

RE201:

Selftest

Mount the PCB clamp bar

Put the top plate in place by pushing the front and rear
edges downwards simultaneously and slide the plate
forwards until fully engaged

Fasten the screws to secure the top plate

Turn on the RE201 and watch the display during the initial selftest.
If all subassemblies pass the test, the installed software revisions

RE201/TM/8709
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GENERAL INFORMATION

In the options list, all optiomns
For option boards holding program information,

Audio Generator, Filter Option and Weighting Filters, the

For the (Wow & Flutter

option), a 'N/A' (Not Applicable) is displayed, indicating no software
is included on this board.

For selftest extents and performance test procedures, please refer to

the Technical Manual for the options in question.

1.3

Equipment and Accessories

This section is subdivided in three:

1.3.1 Equipment Supplied with the RE201

* Equipment supplied with the RE201

* QOptions
* Accessories

The equipment supplied with the instrument from the factory is listed
in table 1.2,

Description Type Code No.
Dual Channel Audio Analyzer RE201 390-979
Line Cord 220 Vv 615-303
Line Cord 110 v 615-403
Fuse 1 Amp, slow blow (2 pieces) 220 v 450-020
Fuse 2 Amp, slow blow (2 pieces) 110 v 450-123
Fuse 4 Amp, slow blow (2 pieces) 220 V 450-028
Fuse 4 Amp, slow blow (2 pieces) 110 Vv 450-130
Bayonet Head 5 x 20 mm (2 pieces) 220 Vv 460-025
Bayonet Head 6.3 x 32 mm (2 pieces) 110 v 460-026
Technical Manual 983-297
Operation Manual 983-298
Installation Instructions 983-270

RE201/TM/8709

Table 1.2 - Equipment supplied
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1.3.2 Options

Table 1.3 lists the different options available. Please note that
operating instructions for all optioms are included in the RE201
Operation Manual.

Description Code No. Technical Manual No.
Wow & Flutter 901-456 983-258
Audio Generator 901-500 983-229
Filter Option 901-525 983-259
Weighting Filters 901-526 983-260
FSK 901-777 983-290

Table 1.3 - Options Code No.

The following subsections provide a brief description of each of the
various optiomns.

Audio Generator Option

This digitally based high quality programmable AF generator makes it
possible within the RE201 to generate the required test signals and to
perform the analysis on the reproduced signal. The unit is based on a
principle which allows generation of multitone signals (up to 8
components) as well as single frequencies. Thus, it provides single
tones for THD measurement, two-tone signals for intermodulation and
difference frequency distortion measurements and multitone signals for
fast frequency response measurements. Further, standard TIM
(Transient Intermodulation) test signals are included.

Main specifications for the Audio Generator are:

Frequency range 1 Hz to 25 kHz, single tone;
10 Hz to 25 kHz, multitone
Frequency resolution 1 Hz single tone, 10 Hz multitone
Frequency accuracy +/-20 ppm
Output level range 0.8 mVp to 8.87 Vp, EMF
Output level flatness +/-0.1 dB
Output level resolution 0.1 dB
Output impedance 600 ohm floating
THD <-88 dB, typical <-90 dB

RE201/TM/8709
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Filter Option

As the main signal processing in the RE201 is performed digitally, the
dynamic range is limited by the resolution of the A/D converter. The
RE201 employs a 12 bit converter which limits the dynamic range to
approx. 75 dB. Especially for distortion measurements 75 dB 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 can be extended by approx.
30 dB for THD measurements and 10 dB for IM measurements. Furthermore
the Filter Option comprises an RMS detector which enables broadband
RMS measurements to 75 kHz and SINAD measurements (130 kHz bandwidth)
at fundamental frequencies up to 25 kHz.

Weighting Filters Option

When performing signal to noise measurements on audio equipment it is
required to measure according to approved standards in order to obtain
comparable measurement results. The different standards specify:

1. How the noise signal must be weighted (filtered)
2. How the signal is to be detected

As well the weighting as the type of detection differs from
application to application and therefore it has been necessary to
include quite many filters:

a. CCITT P53 and C-message filter for measurement of noise in
telephone systems. (CCITT P53 and US standards)

b. CCIR 468 and 31.5 Hz to 16 kHz (0.5 dB) bandpass filter for
measurement of noise in broadcasting systems. (CCIR468
standard)

c. 300 Hz to 15 kHz (3 dB) bandpass filter with a 19 kHz notch
for measurement of noise in FM radios. (DIN45633 and IEC651
standards)

d. Sound level filters A, B and C weighting for measurement of
noise. (DIN 45633 and IEC 651 standards)

e. Rumble filters for measurement of weighted and unweighted

rumble in disc record playing equipment (DIN 45539 and IEC 98A
standards)

RE201/TM/8709
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f. User recommended filters: the IBA filter for measurement of
weighted crosstalk and Dolby Lab's filter (CCIR/ARM) for mea-
surement of noise in professional as well as consumer audio
equipment.,

For each filter it is possible to select the required type of detection
which may be:

a. Quasi-peak detection (as defined in the CCIR468 standard)
b. RMS detection (broadband or selective)
c. Average detection
These filters and detectors will together cover the major part of
applications when measuring on consumer and professional audio

equipment.

Wow and Flutter Option

With the Wow & Flutter Option installed it is possible to measure W&F
in accordance with the commonly used DIN, NAB and JIS standards.

The DRIFT measurement is part of the standard facilities in the RE201 -
Basic Unit. The W&F may be measured unweighted (200 Hz or 500 Hz
bandwidth) or weighted according to the recommended weighting curves.

ZOOM Facility

Increased frequency resolution (i.e. better selectivity) is available
with the ZOOM facility. Digital mixing and lowpass filtering are used
to facilitate e.g. Intermodulation and Difference Frequency
Distortion Measurements where distortion products may be separated a
few Hz from the main components everywhere in the 20 Hz to 25 kHz
frequency band. The option may also be used in applications calling
for very selective spectral analysis as it provides a selectivity of
better than 4 Hz (80 dB) over the entire frequency range. The option
is transparent, i.e. it requires no special operator interaction.

RE201/TM/8709



SECTION 1

15

GENERAL INFORMATION

1.3.3 Accessories

Table 1.4 lists the accessories available for the RE201.

Description Code No.

Multicable for RE Memory Bus 617-761

Cable for DC-input 617-866
BNO Connector for DC-input 805-318
RE905 External Keyboard 906-032
RE201 Rack Mounting Kit 906-033
RE201 Service Kit 906-037

Multicable

DC Input Cable

BNO Connector

RE905

Rack Mounting Kit

RE201/TM/8709

Table 1.4 - RE201 Accessories

Special cable for connection of the RE201 and
other RE equipment to be controlled by the Memory
Bus. NB: The other instruments must be equipped
with a Memory Bus Interface, part No. 900-997.

Coaxical cable with BNO connector for the DC input

the RE201. 3 banana plugs in the other end of the
cable (one GROUND, one DCl input, one DC2 input).

Separate, mating connector for the RE201 DC input
(BNO). Used for the customer's cables.

A duplicate of the keyboard in the Front Panel.
Designed for use if the RE201 is placed so far
away from the test bench that it is inconvenient
to operate the RE201 from the Front Panel

(e.g. Memory Bus system applications). Provided
with approximately 2 m of flexible cord.

19" rack mounts

*%% Note ***

When rack-mounted the RE201 must be supported
by a shelf as the rack mount is not designed
to carry the full weight of the RE201.

on
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Service Kit

- Extender Board and cables necessary for per-

forming adjustments and troubleshooting. The

kit

is comprised of:

* 1 Extender Board

* 1 l4-way flat cable for Arithmetical Unit
and ZOOM

* 2 l6-way flat cable for Analog Frontend,
Static CPU, Filter Option, Weighting
Filters Option and Wow & Flutter Option

* 1 26-~way flat cable for Audio Generator

* 1 coaxial cable with BNC connector for
Audio Generator

* 1 Allen key for dismantling of the Digital
Section

* 1 wrench for Audio Generator installation/
dismantling

1.4 Specifications

The following specifications are valid for the RE201 Dual Channel
Audio Analyzer, basic instrument (i.e., excluding all optiomns). A
description of improvements and extensions obtained by options is

found in the technical manuals for the individual optioms.

The

specifications outlined in the RE201 Operation Manual are valid for

the RE201 including optioms.

Input
Full scale range
Residual noise, RMS
(input short-circuited)
Input circuit
Common mode rejection ratio
Maximum common mode
voltage range
Channel separation
Input impedance

Leakage

Connectors

RE201/TM/8709

Autoranging from 2.8 mVpeak to 22 Vpeak
(-51.8 dBu to 25.7 dBu)
Typical 9y V (- 99 dBu), 25 kHz bandwidth
4pV (~106 dBu), A weighted
8pV (100 dBu), CCIR unweighted
13V (- 97 dBu), 125 kHz bandwidth
2 balanced floating inputs, transformerless,
overload protected to 50 Vpeak
> 70 dB at 1 kHz

+/- 12V

> 110 dB at 1 kHz, > 95 dB at 15 kHz,
600 ohm generator impedance

330 kohm parallel with 100 pF

< 2pVin a l inch (25 mm) two turn loop
held 1 inch (25 mm) from the instrument
Isolated BNC, others available upon request
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Measurements

DC Level Measurement - DC

Range +/- 16V

Resolution 125 mv

Accuracy +/- 125 mV

Connector BNO type and 25 pin Sub-D female

Difference Frequency Distortion - DFIM

Standard DIN 45403
Frequency range 20 Hz to 25 kHz
Selectivity 4 Hz, -80 dB
Sensitivity -67 dB (0.02%)
Distortion products
included Selectable 2nd to 9th via spectral analysis
Accuracy +/- 2.5 dB, DFIM =45 dB
+/- 1.5 dB, DFIM > -45 dB
Display modes %, dB

Frequency - FREQ

Range 4 Hz to 25 kHz
Resolution 1 Hz, 0.1 Hz below 200 Hz
Accuracy +/- 0.1 Hz, 4 Hz to 60 Hz

+/- 0.2 Hz, 60 Hz to 125 Hz
+/- 0.8 Hz, 125 Hz to 200 Hz
+/- 1.5 Hz, 200 Hz to 25 kHz
Display modes Hz absolute, Drift (3.00 kHz or 3.15 kHz reference),
deviation Hz or % relative to stored reference

Intermodulation - IM

Standards SMPTE/DIN 45403

Frequency range 20 Hz to 25 kHz

Selectivity 4( Hz, -80 dB

Sensitivity < -67 dB (0.04%), typical -72 dB

any intermodulation product
Intermodulation products

included Selectable 2nd to 9th via spectral analysis
Accuracy +/- 2.5 dB, IM -40 dB
+/- 1.5 dB, IM > -40 4B
Display modes %, dB

RE201/TM/8709
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Peak Measurement - PEAK

Frequency range 20 Hz to 75 kHz

Flatness (ref. 1 kHz) +/- 0.1 dB

Accuracy +/- 27 + Flatness

Display modes Positive and negative peak voltages

displayed simultaneously in Volts

Phase - PHASE

Frequency range 20 Hz to 75 kHz

Range 0 degrees to 360 degrees (0 to 2ffradians)

Accuracy +/- 1 degree (+/- 0.017 radian) at input level > 20 mV
Display modes Peak to peak phase variatioms,

mean phase represented as radians or degrees,
absolute or relative to stored reference
or previously measured value

True RMS -~ RMS25

Frequency range 20 Hz to 25 kHz
Cutoff frequencies 25 kHz, -0.1 dB; 41 kHz, -85 dB
Flatness (ref. 1 kHz) +/- 0.1 dB
Accuracy +/- 1.5% + Flatness at 1.5V
+/-3% + Flatness overall
Display modes Volt, Watt, dBm, dB relative to the other

input, dB or 7% relative to stored
reference or previously measured value

Selective RMS - SEL

Frequency range 20 Hz to 25 kHz

Maximum selectivity -80 dB at +/- 4 Hz

S/N ratio Typical -74 dB

Flatness (ref. 1 kHz) +/- 0.1 dB

Accuracy +/- 1.5% + Flatness at 1.5V
+/- 3% + Flatness overall

Display modes Volt, Watt, dBm, dB or % relative to stored
reference or previously measured value

Filters available Refer to graphs below

RE201/TM/8709



SECTION 1

19

GENERAL INFORMATION

dB
0.0

FTBH

10.0

20.0

30.0
40.0

50.0

60.0

70.0

L1
L+

80.0 PN

90.0

-8 7
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-5

-4

-3

2 41 0 1 2 3 4 5 6 7 8
Bins

FTBH Window used; 1 bin corresponds to 0.98 Hz

dB
0.0

SINE

10.0

20.0
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N /]

50.0 N /\ /

60.0
70.0

o

80.0

90.0

8 -7

-6

-5

-4
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SINE Window used; 1 bin corresponds to 0.98 Hz

Separation - SEP
Description

Sensitivity

RE201/TM/8709

R/L and L/R separation simultaneously
measured selectively

> 70 dB at equal input levels

Crosstalk measurements performed using RMS25
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Harmonic Distortion - THD

Frequency range 20 Hz to 25 kHz, harmonics included
Sensitivity at 1 Vrms -70 dB (0.03%), typical -72 dB
Harmonics included Selectable 2nd to 9th
Accuracy +/-2.5 dB, THD -50 dB

+/-1.5 dB, THD >-50 dB
Maximum distortion 60% (-4.5 dB)
Display modes %z, dB

Transient Intermodulation - TIM

Sensitivity < =55 dB (0.2%)

Accuracy +/- 2.5 dB, TIM < -35 dB
+/- 1.5 dB, TIM > -35 dB

Display modes %, dB

Interface Capabilities

IEEE std. 488-1978

Capabilities

Function Subset Extent of Implementation
Source Handshake SH1 Complete capability
Acceptor Handshake AHI1 Complete capability
Talker T6 Talk only omitted
Listener L4 Listen only omitted
Service Request SR1 Complete capability
Remote Local RL1 Complete capability
Parallel Poll PPl Remote configuration
Device Clear DCO No capability

Device Trigger DT1 Complete capability
Controller co No capability

Driver Type E2 Tri-state (except during Parallel

Poll)

RE201/TM/8709
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EIA RS-232C
Capabilities
Baudrates
Stop bits
Parity

RE Memory bus

Capabilities
Number of setups

GPIO

Capabilities
Description

Monitor output
Capabilities

Impedance
Level

Non-volatile Memory Capacity

Screen dump to p

rinter, dump and load

of measurement and/or signal definitions

300 to 9600 Baud
1, 1.5 or 2 bits

O0dd, even or none

Control of other
100

Control of user

RE products

supplied products

20 bit programmable TTL outputs plus load pulses

Composite video
75 Ohms
2.3 Vpeak

Measurement definitioms

Sequences

Audio generator signals
Multi tone signals

Setups

Physical Characteristics

Height

Width

Depth

Net weight
Shipping weight

Power Requirements

Consumption
Line frequency
Line voltage

RE201/TM/8709

signal to drive external CRT monitors

10 per measurement (20 level measurements)

20, each consist
100
10, each consist

ing of up to 9 measurements

ing of up to 8 components

100, containing paired measurements and signals,
Memory bus setting and GPIO output

221.5 mm ( 8.72
440 mm (17.32
570 mm (22.44

24 kg (52.91
31 kg (68.34

90 VA
47.5 Hz to 63 Hz
90 V to 130 V AC

inches)
inches)
inches)
1bs.)
1bs.)

190 V to 260 V AC
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Environment

Operation 5° C to 40° C ( 41° F to 104° F)
Storage -40° C to 70° C (-40° F to 160° F)
Humidity 20% to 80%, non-condensing

RE201/TM/8709
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2 PRINCIPLES OF OPERATION

The RE201 Dual Channel Audio Analyzer is a modular, combined analog
and digital instrument, designed for measuring the performance of
sound reproduction equipment. In order to obtain a high degree of
versatility, a wide range of options provided as plug-in PC-boards are
available, enhancing the interface and measurement capabilities of the
instrument in accordance to the needs of the actual application.

For a short description of each of the options, refer to section 1.3.2.

2.1 Measurement Principles

In general, two different measurement principles are being employed:
Spectral analysis, based on the Fast Fourier Transform (FFT), and
analog detectors. By using digital and analog techniques throughout
the design of the instrument, it has been the goal to '"pick the best
from two different worlds".

The FFT is used for all distortion measurements (except the SINAD
measurement provided by the Filter option), for the frequency
measurement and for the selective level measurement.

Analog detectors are mainly used for the various level measurements:
* Peak
% RMS in 75 kHz bandwidth (Filter Option)
* Quasi-peak (Weighting Filters Option)

The phase measurement, the wow and flutter measurement (option) and
the SINAD measurement (Filter Option), however, also utilize analog
detectors. The latter is actually carried out as two RMS
measurements.

Dedicated digital hardware is used to calculate the true RMS value

(25 kHz bandwidth), whereas the "AVERAGE' level is calculated directly
from data samples read from the A/D converter. The DC measurement is
based on a successive approximation method, using D/A converters.

Following the analog detection, measurement results are digitized by
means of the same Analog-to-Digital converter (A/D) which is used for
spectral analysis (FFT). Most of the outputs from the analog detectors
are smoothed by digital filtering implemented in software.

The general signal handling during measurements is depicted in the

simplified Block Diagram, fig. 2.1. The basic principles are
described in the following.

RE201/TM/8708
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SECTION 2

Fig. 2.1 - RE201 Simplified Block Diagram
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In order to reduce the amount of hardware, only the input attenuators
are dedicated to each channel. Thus, measurements in both channels
are performed sequentially. The actual input channel is determined
by a channel selector (S1, S2) following the input attenuators. The
detector used for phase measurements utilizes the output from both
input attenuators, since during this measurement it is necessary to
have signals from the two channels available simultaneously at the
measuring circuitry.

Following the channel selector, the input signal is supplied to
various filters - lowpass filters, notch filters, weighting filters
etc. By means of software controlled switches, the output from the
filter applicable to the actual measurement type may be selected, or
the filters may be bypassed (S4 closed).

By means of an amplifier, programmable in 2 dB steps, the signal may
be adjusted to a well-defined level for further processing. This
processing may involve one of the analog detectors, or the AC signal
may be directly presented to the Analog-to-Digital (A/D) converter (S5
closed). Again, the actual signal path is selected by software
controlled switches.

Following the sampling and digitizing, the 12 bits of data from the
A/D converter is subject to digital signal processing, either the Fast
Fourier Transform or software filtering. A so-called Arithmetical
Unit handles the digital signal processing under microprocessor
control. For increased frequency resolution, the ZOOM may be
employed. The results are displayed on the CRT, which is controlled
by the microprocessor.

2.2 The Fast Fourier Transform

The Fast Fourier Transform is an algorithm used to speed up the
computations involved in Fourier analysis (Discrete Fourier
Transformation). Since certain complex multiplication products appear
over and over during the computations, the FFT organizes these and
calculates the required products only once. Thus, it should be noted
that the FFT is merely an efficient algorithm to calculate a Discrete
Fourier Transform - not a different kind of transform in itself. The
FFT algorithm was first published by Cooley and Tukey: "An Algorithm
for the Machine Calculation of Complex Fourier Series" in the
Mathematics of Computation (1965).

The FFT algorithm transforms N equally spaced samples of a time
function to N equally spaced samples of the associated frequency
spectrum. In the RE201, the spectrum used for spectral analysis is
computed by a microprocessor (the Main CPU). 512 data samples are
collected and stored, then the spectrum is calculated by means of a
256 point complex FFT (equivalent to a 512 point real FFT), and the
spectral components of interest are extracted. Thus, the analysis is
not real time, but repeated over and over continuously.

RE201/TM/8708
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The spectrum generated from the samples of the input signal does not,
however, resemble the output of a conventional analog spectrum
analyzer. This is a consequence of inherent properties of the digital
signal processing.

The amount of information which can be extracted from the digital
spectrum is mainly restricted by three parameters:

* The number of bits used in the analog to digital conversion
* The sampling period (T)
* The number of samples collected (N)

The first two parameters are mainly limited by the A/D converter used.
The number of bits determine the degree to which the amplitude of the
signal may be resolved, and hence this is limiting the dynamic range.
In order to benefit from all 12 bits of the A/D converter, the entire
input voltage swing for the converter must be utilized, meaning that
the peak voltage of the signal being applied to the converter must be
as close as possible to +/- 2.5 Volts. This task is handled by the
autoranging feature of the RE201.

The sampling rate is a limiting parameter, because sampling of a time
signal causes the spectrum of the time function to be repeated with
frequency distance 1/T. This repetition generates 'aliasing' in the
frequency domain. Aliasing means that following the digital
processing, parts of the spectrum have been "contaminated" with
spectral components originating from other parts of the real spectrum.

In order to avoid the aliasing, which may cause incorrect measurement
results, the frequency contents of the signal must be controlled by
means of a lowpass filter (antialiasing filter). Furthermore, the
analog signal must be sampled at a sampling rate at least twice the
highest frequency in the signal (the Nyquist rate). In order to obtain
a bandwidth of 25 kHz, a sampling rate of 64 kHz has been chosen for
the RE201. Frequency components above half the sampling frequency

(32 kHz) are removed before the analog input signal is applied to the
Analog-to-Digital converter.

The third parameter, the number of samples, together with the

sampling rate, determines the time truncation of the signal, i.e. the
final extent of the observation period (sampling period). As the
sampling period does not necessarily match a natural period of the
input signal, discontinuities are introduced at the beginning and end
of each observation period. These discontinuities are responsible for
spectral contributions, "leakage', over the entire frequency range,
meaning that sinusoids in the digital spectrum do not appear as single
lines, but as a broad spectrum.

RE201/TM/8708
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The leakage may also be regarded as a 'time domain aliasing', due to
sampling in the frequency domain, equivalent to the above mentioned
frequency domain aliasing, which is due to sampling in the frequency
domain.

In order to reduce the effect of the time truncation, a windowing
function is multiplied on the sampled data, thus reducing the order of
the discontinuities by smoothly bringing the data values to zero at
the boundaries of each observation period. Alternatively, the
windowing function may be considered as a transformation of the input
signal into a signal with a natural period equalizing the observation
period.

The actual amount of the leakage depends on the window function used.
In fact, in the digital spectrum a single frequency appears as the
sampled Fourier Transform of the window function used. The term
'window' is used, as the time signal is 'viewed' through this
function.

As may be figured from the above, the sampling rate, the number of
samples involved in the FFT and the window function used determine
altogether the minimum separation between frequency components to be
resolved. The FFT produces frequency samples with a spacing of 1/NT
(64 kHz/512 = 125 Hz for an RE201 not using the ZOOM facility). A very
useful interpretation of the results from an FFT is to think of the
output from an N-point FFT as one set of samples of the outputs from a
filter bank consisting of N identical filters, all having frequency
response equal to the Fourier Transform of the windowing function.

The center frequencies for the filters are 0, 1/NT, 2/NT and so forth.

The RE201 may utilize two different window functiomns:
* TFour Term Blackmann-Harris (FTBH)
* Sine

The Fourier Transform of the FTBH window, i.e. the equivalent filter,
has a relatively broad main lobe, whereas sidelobes are practically
not present. This window is used most of the time in order to ensure
high isolation from other signals in the input spectrum.

Spectra, actually recorded from the RE201, are shown in fig. 2.2 for
both window functions. As an example has been chosen a 3.2 kHz
triangle wave superimposed with a 15 kHz sine wave (TIM test signal).

If the sampling rate is reduced, the width of the windows in the
frequency domain is narrowed and consequently the frequency resolution
is improved. It must be ensured, however, that high-frequency
components which may cause aliasing, are removed.

RE201/TM/8708
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Fig. 2.2 - Spectra for Different Windows
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In the RE201, increased frequency resolution may be achieved by means
of the ZOOM facility.

By means of digital mixing of the digitized input signal with a
programmable, digitally synthesized frequency, the frequency band of
interest is 'moved' to DC, and then digitally lowpass filtered and
resampled with a lower sampling frequency. This method may be used to
obtain increased frequency resolution over the entire frequency range.

Using the ZOOM facility, frequency components may be obtained with a
frequency resolution down to 0.98 Hz. Fig. 2.3 depicts a part of the
same spectrum as fig. 2.2, enlarged after ZOOM processing.

For further information, refer to the ZOOM facility in the Technical
Manual.

AMPLITUDE [
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5th HARMONIC

b BN

Ij]Llhll' jllu L‘llinllgl;xull;
|3

. v
14.800 15.425 16.050 FREQUENCY, kHz

Fig. 2.3 - ZOOM Spectrum

2.3 Microprocessors

The RE201 is controlled by two 16 bit microprocessors, one providing
the interface to the operator and to the analog circuitry - the Static

RE201/TM/8708
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CPU - while the second - the Main CPU - handles the actual
measurements including calculation of the FFT.

The major tasks for each of the CPU's may be summarized as follows:
Static CPU: * Execution of LEARN MODE

* Monitoring of keyboard(s)

* Setup of analog signal paths etc.

* Autoranging of input

* Control of Memory Bus

* Control of GPIO

* Execution of DC measurements

* Control of Audio Generator Option

Main CPU: * Execution of measurements incl. FFT
* CRT display control
* TEEE488 Bus Interface
* RS232C Interface

As a microprocessor produces broadband noise making measurements on
sensitive receivers almost impossible, two different techniques have
been employed in order to overcome this problem.

One technique - the more conventional one - is shielding; this is used
for noise reduction of the Main CPU performing the measurements. The
processor and related digital circuitry performing the digital signal
processing are enclosed in a separate, shielded box to minimize
Electromagnetic Interference. All signals in/out of the box must be
filtered. Thus, the number of such interconnections has been kept at
a minimum.

The other technique is used for the frontend processor. During all
measurements and periods where the keyboard is not activated, the
computer is inactive, as the clock oscillator is stopped. As almost
all Electromagnetic Interference is related to this high-frequency
oscillator, this effectively removes EMI during periods of
measurement. As soon as e.g. a Front Panel key is activated by the
operator, the clock oscillator is enabled, and the computer is
restarted in order to pick up the input from the keyboard. Other
events restarting the CPU are overload in the analog signal path or a

RE201/TM/8708
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message (command) from the Main CPU. From this mode of operation, the
CPU is named the Static CPU.

Inputs from the operator and commands concerning analog circuit setup

must be communicated between the two CPU's. Therefore, they have been
loosely coupled using a medium speed serial bus structure, which only

needs two interconnection lines.

The instrument may thus be divided into three different sections:

* Analog Section - non-shielded, as CPU is static

* Digital Section - carefully shielded, as CPU is active

* Display section (CRT) - shielded to avoid EMI from the CRT.
Drawing No. 985-217 at the rear of this manual depicts the detailed
Block Diagram, with all interconnections between the different
sections shown. From this may be observed that all signals in/out of
the shielded sections - the Digital Section and the CRT section -~ are
either transmitted in coaxial cables or carefully filtered by means of

pi-filters.

2.4 Start of Measurements, Sequences and Setups

This section describes the various tasks being performed by the RE201
upon activation of the different facilities.

Start of Measurement

When a measurement is started, the following steps are executed:

a. The user selects the measurement using the keyboard, this is
detected by the Static CPU, monitoring the keyboard.

b. The Static CPU fetches the measurement definition from CMOS
RAM. If channel selection is 'TBD' (To Be Defined), a prompt
for actual channel is issued.

c. The Static CPU dumps the appropriate screen picture for
result display to the CRT controller via the Main CPU.

d. The measurement parameters are transmitted to the Main CPUj;
the Main CPU performs the parameter check and issues an
acknowledge message to the Static CPU. Upon receipt of this
message, the Static CPU enters the static mode (the clock
oscillator is stopped by the CPU itself).

e. The Main CPU now starts the measurement: The proper setup
for the signal path in the Analog Frontend (and analog

options, if applicable) is composed and transmitted as a
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command to the Static CPU (controlling the Analog Sectiomn),
followed by an autorange command. Upon receipt of the
commands, the Static CPU is restarted.

The Static CPU sets up the signal path and performs auto-
ranging, utilizing the peak detectors and the A/D converter
of the Analog Frontend.

The gain which is set as a result of 'f' above, is communi-
cated to the Main CPU. Then, the Static CPU is stopped again.

Having received the gain information, which is used for
result calculation, the Main CPU waits for the Frontend to
settle. The settling time depends on various factors, such as
measurement type, actual gain etc.

When the settling time has elapsed, the actual measurement
procedure is initiated.

After completion of a measurement run, the "input low"
condition is checked - this is done in different ways and
with different acceptance levels according to the actual
measurement. Overload detection is done by hardware in the
Analog Frontend.

For measurements involving spectral analysis, the Fast Fourier
Transform is employed as follows:

a.

b.

512 data samples are collected by the Arithmetical Unit and
stored in RAM.

Upon completion of this, the Arithmetical Unit notifies the
Main CPU,

The Main CPU then calculates the spectrum (employing the FFT),
utilizing dedicated hardware of the Arithmetical Unit. From
the digital spectrum the information of interest is extracted,
and the result is displayed on the CRT (transferred to the
IEEE488 bus, if the RE201 is in the REMOTE state).

For measurements involving the ZOOM facility, preprocessing of the
time samples (mixing and lowpass filtering) is carried out before the
FFT is employed (refer to the Technical Manual for the ZOOM facility
for further information).

All measurements based on analog detectors are in principle performed
in an equal manner:

a. The Analog Frontend is set up as above, routing the output

from the active detector to the A/D converter.

RE201/TM/8708
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b. The Main CPU reads the A/D converter; as the output of the
detectors usually is fluctuating, lowpass filtering, imple-
mented in software, is employed on the data samples from most
of the detectors.

Since the analog detectors produce DC output, which is not processed
by the FFT, the frequency limitation of 25 kHz due to the aliasing
problem does not apply. As an example, if the signal is routed to the
peak detectors, the 25 kHz lowpass filter is bypassed.

Start of a Sequence

When a sequence of measurements is activated, the procedure is very
similar to that of a single measurement activation. The Static CPU
fetches the information about which measurements constitute the
sequence, then it composes the result display and sends it to the Main
CPU, followed by each measurement definition. If a measurement with
channel selection 'TBD' is encountered, the user is prompted for the
channel, as for single measurements.

Before the sequence is started by the Main CPU, the measurements are
ordered so that all measurements in the left channel are carried out
before measurements in the right channel. This minimizes the need to
alternate between the two channels, thus reducing measurement time.
Autoranging is only performed once in each channel; the gain set up
for each channel is stored and reestablished after succeeding channel
changes.

It should, however, be noted, that separate gains are established for
each of the following conditions:

* 25 kHz bandwidth measurements (anti-aliasing filter
employed)

* Peak measurements (anti-aliasing filter bypassed)
* SINAD measurements (when measuring the noise and distortion)

Start of a Setup

The different activities of a setup are initiated in the following
order:

a. The setup number is output to the Memory Bus and the REMOTE
signal is activated - this causes all connected instruments
to go to the remote state and to recall the actual setup.

b. The GPIO is set up and LOAD pulses issued.

c. The Audio Generator Option is activated (if applicable).
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d. The measurement/sequence comprised in the setup is activated.

e. The Memory Bus Uncalibrated input signal is checked; if
active, a message is sent to the Main CPU. The latter checks
whether the instrument is remote controlled; if so, a Service
Request is issued via the IEEE488 Bus (refer to RE201
Operation Manual, IEEE488 Commands Description).

Upon EXIT from a setup, the Memory Bus REMOTE signal is released, thus
restoring the local state of the instruments connected to the bus.

2.5 Actual Measurement Setups

Table 2.1 gives a survey of the principles applied to the various
measurements.

Special cases are the RMS25 measurement, the Average measurement and
the DC measurement. The RMS25 measurement is implemented in digital
hardware, performing directly the squaring and summation of data
samples. After completion of the measurement period, the result is
fetched from a 48 bit register by the Main CPU, which calculates the
square root of the sum and calibrates the result according to the
actual gain of the Analog Frontend. The Average measurement is done
by direct computation from data samples collected from the A/D
converter by the Main CPU. The DC measurement is -~ as the only
measurement - performed by the Static CPU. The algorithm is a
successive approximation utilizing dedicated D/A converters, located
on the I/0 & Memory Bus Interface board.

In the following, the actual setup of switches in the Analog Frontend
is described for each type of measurement. The description is based
on an RE201 equipped with the Filter Option, Weighting Filters Option
and , Wow & Flutter Option, as this configuration is the most
complicated one. Setups for other option configurations may be
extracted from the information given. The Audio Generator Option is
not included, as it is not interfering with the signal path for the
input signal. Details concerning individual blocks are found in
section 3, Circuit Descriptions, of this manual, and in the separate
Technical Manuals for the options.

Fig. 2.4 shows a Block Diagram of the Analog Frontend and the above
mentioned options. All the switches shown are implemented by means of
FET-transistors, which are switched ON/OFF by the microprocessor in
the Analog Section (the Static CPU). For reference purposes, the
actual correspondence between switches and transistor designations for
the FET's are given.

Figs. 2.5 to 2.11 show the setups employed for various measurements.
It should, however, be noted that during actual measurements, the
setup may temporarily be changed, e.g. during autoranging or when
check of input level or the like is being performed. In the figures

RE201/TM/8708
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Measurement Principle

Average Direct software calculation from time samples

DC Successive approximation performed by the Static
CPU

DFIM FFT analysis; ZOOM used when difference frequency
< 475 Hz

Frequency FFT analysis; ZOOM used when frequency < 200 Hz

IM FFT analysis; ZOOM used when lower frequency
< 475 Hz

Peak Analog detectors (Analog Frontend)

Phase Analog detector (Analog Motherboard)

Quasi-peak Analog detector (Weighting Filters Option)

RMS 25 kHz BW
RMS 75 kHz BW
RMS relative

RMS selective
SINAD

- Separation

TIM
THD

Wow & Flutter

Digital detector (Arithmetical Unit)

Analog detector (Filter Option)

Two successive RMS25 measurements (one for each
channel)

FFT analysis; ZOOM used when bandwidth < 600 Hz

Two successive RMS75 measurements, with and without
the fundamental frequency removed by means of the
notch filter of the Filter Option; frequency
determined via FFT

FFT analysis; ZOOM used when lowest frequency

< 250 Hz or frequency difference < 475 Hz

FFT analysis

FFT analysis; ZOOM used when highest harmonic to be
included < 9812 Hz

Analog detector (Wow & Flutter Option)

Measurements exclusive for the IEEE488 Bus Interface

DATACO
RMSFIL
SPECTR
TRIMFQ
TWOLEV

Data collection from A/D converter.

FFT analysis; ZOOM user selectable

FFT output; ZOOM user selectable

FFT analysis (partial FFT)

FFT analysis; ZOOM used when frequency < 250 Hz or
frequency difference < 475 Hz

RE201/TM/8708

Table 2.1 - Measurement Principles
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Fig. 2.4 - Measurement Setup Block Diagram
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the signal path is highlighted; only switches which must be either
closed or opened are shown. This means that the position of switches
not specifically shown is arbitrary.

NORMAL Setup (Fig. 2.5)

The setup designated NORMAL is used for measurements in 25 kHz
bandwidth, i.e. RMS25, Frequency, Average and all types of distortion
measurements except SINAD.
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iter optons mstaked 0008
....... 25wt o0 Py D 0000000 o
[, EJ S5
L

000000

H
i
{ﬁ :
u§i~
i
?
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on 512 o 7110 o 314 on 611 on2115

E

axele
ZSWWW
75 kHz Bandaoih Oulput
Detecior Inpul (AC)
)
Detector Output (OC)
U}i QRRLBL2
288§222

Wow & Ptter
Wow & Flutier
WAF s9 S9 - 047
z Dwwctor z oz
$10- 0
sn
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L o
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—] W2 J,\;,'l gia-aues
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Fig. 2.5 - NORMAL Setup
The following should be noted:
* If the Filter Option is not installed, S18 on the Weighting

Filters Option is used to connect the Filter Input (pins
5/12) to the 25 kHz Bandwidth Output (pins 7/10).
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Peak Measurements (Fig. 2.6)

When peak measurements are executed, toggling between S5 and S6 is
done to accomplish sequentially measurements of positive as well as
negative peak voltages. When measuring peak voltages, the 25 kHz
antialiasing filter is bypassed to enable measurements in a bandwidth
of approx. 75 kHz.
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{5 Jn 3
wa w3

Weighting Fitters

s19 l s21

Ouasipeak -
Input Ampl [Output Amp! 7
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Fig. 2.6 - Peak Measurements

Phase Measurements (Fig. 2.7)

The input to the phase detector is taken directly from the input stage
in order to obtain simultaneous information about the input signals in
both channels. These signals are routed via the Analog Frontend board
edge connector to the Analog Motherboard where the Phase detector is
located; the output is routed likewise from the Phase detector to the
Analog Frontend. This is in contrast to other analog signals, which
are routed in flat cables connecting to the top edge of the analog
boards.

RE201/TM/8708
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Fig. 2.7 - Phase Measurements

As may be observed, the output switches from other analog detectors
connecting to the detector bus are all opened during phase
measurements.

RMS75 Measurements (Fig. 2.8)

The RMS detector used for 75 kHz bandwidth measurements is located on
the Filter Option board. The 25 kHz antialiasing filter is bypassed
for this measurement. As for the phase measurement, the output
switches for other analog detectors are opened.

THD or IM Using Filter Option (Fig. 2.9)

If all harmonics are below -64 dB, and the Filter Option is installed,
the notch filter of this option is switched in to reject the
fundamental frequency component when measuring the level of the
harmonic components (for further information, refer to the Technical
manual for the Filter Option). As 40 dB amplification of the
harmonics, relative to the fundamental, is sufficient for full range
THD measurements, only one of the Notch Filter Sections is used. If
the Filter Option is not available, or the level of one of the
harmonics is above -64 dB, the THD result is extracted from a single
spectrum, obtained with the switch setting shown as NORMAL (fig.
2.5).

The setup is identical for IM measurements employing the Filter
Option.
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