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1.1 Introduction

The Model 330 Tape Duplication Unit is a professional encoder/decoder having consumer
noise reduction characteristics. The unit is designed for use in the production of pre-
recorded tapes, either audio tapes or the audio portions of video pre-recorded tapes.

The Model 330 enables manufacturers of pre-recorded tapes to prepare masters for
duplication with Dolby noise reduction characteristies. Plug-in modules provide either
Dolby B-type or C-type noise reduction characteristics. Tapes made by means of

the Model 330 and played back through consumer replay units which incorporate Dolby
noise reduction cireuitry will benefit from a 10 dB reduction in high-frequeney noise
(B~type noise reduction) or a 20 dB reduction in middle- and high-frequeney noise
{C-type noise reduction) without alteration of the signal itself.

For recording, the Model 330 is inserted between the mixing console and the inputs

to the recorder on which the duplicating master is made. The result is a master with
either B-type or C-type characteristiecs which can be copied or duplicated conventionally.
The duplicated tapes will thus carry the noise reduction characteristies. The unit

is suitable for open-reel and cassette formats.

The noise reduction modules used in the Model 330 contain built-in calibration oscillators
to ensure the international standardization of all pre-recorded tapes using the Dolby
system. The parameters of the system are extremely stable; once installed, the Model 330
requires no day-to-day maintenance,

The unit is normally used in the encoding mode. However, for quality monitoring
the Model 330 may be switched manually to the decoding mode.

The unit is self-contained and is normally supplied for mounting in a 19" (483 mm)
rack.
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2.1 Specifications

Layout
Signal connections
Input circuit

Output cireuit

Signal levels

Meters

Panel controls

Remote control

Overall frequency
response

Total overall harmonic

distortion

Low pass filter

Overall noise level

Crosstalk

Signal delay

Phase

Matching between units

330

2.2

Two independent signal proeessors per unit.
One XLR input and output for each processor.
Bridging transformer, 10 k ohm balanced floating.

Transformer, 10 ohms output impedance, balanced floating,
will drive any load impedance from 200 ohms upwards.

Input and output levels adjusted by multi-turn potentiometers
accessible from front of unit. Minimum input 350 mV

for Dolby Level. Maximum output level +22 dB into bridging
load; +21 dB into 600 chms; +20 dB into 200 ohms (0 dB = 775 mV
rms).

Front panel meters for level calibration. Dolby Level
mark corresponds to 185 nWb/m (Ampex operating level)
on open-reel duplicates and to 200 nWb/m on cassettes.
Pushbutton for selection of:

a}) NR in-out
b} Dolby Tone
¢) Remote/local operation

Toggle switeh mode selector behind front cover plate
for seleeting encode or decode (quality monitoring) mode.

Five-pin XLR eonnector for remote control of NR in-out
and Dolby Tone oscillator. Control effected by earthing
terminals for NR out, oscillator on, Maximum resistance
in earthing lines, 1 k ohm.

(encode-decode) 30 Hz - 15 kHz, +1 dB.
At +4 dB (1.23 V) into 600 ohms, less than 0.1% at 1 kHz.
Built-in 16 kHz low pass filter giving 45 dB attenuation

at 100 kHz. Filter response below 15 kHz, + 0.5 dB,

Better than 80 dB {unweighted or according to CCIR/ARM)
below Dolby Level of +4 dB.

Better than -60 dB between channels at 1 kHz, and -40 dB
at 10 kHz and above.

27 usec,

Difference between channels less than 50, 20 Hz to 12 kHz,
overall encode-decode,

Better than 1 dB at any level and any frequency.
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2.3

Eneoding characteristics a) With Cat. No. 66 module

Dolby B-type noise reduction characteristics

+3 dB at 500 Hz
+6 dB at 1000 Hz
+10 dB from 4 kHz upwards

= b) With Cat. No. 219 module
Dolby C-type noise reduction characteristies

+3 dB at 100 Hz

+6 dB at 150 Hz

*+20 dB at 1.5 kHz up to 5 kHz, reducing above
9 kHz in controlled manner

With noise reduction switched out, system becomes a
line amplifier.

- Stability System is highly stable - does not require routine alignment,
Operating temperature Up to 45°C,
Construction Main frame plug-in accepts B-~type (Cat. No. 66) or C-type

(Cat. No. 219) noise reduction modules. Level-setting

potentiometers and mode changeover switch accessible
through front panel. Fibre-glass printed eireuit, solid-
state devices throughout.

Finish Steel case, grey stoved plastie textured f inish; front
panel clear anodized with black characters.

Size 44 x 483 mm rack mounting (1-3/4" x 19"). Maximum
projection behind mounting surface: 228 mm (8-15/16").
Maximum projection in front of mounting surface: 22 mm

(7/8™M.
Weight 5.5 kg (12 Ibs).
— Power requirements Unit is designed for operation from centrally-switched

power source, Power cable provided. 100-130 V and
200-260 V, 50-60 Hz single phase, 13 VA.

330 581/3652



Dolby 330

Tape Duplication Unit

Magel 11

@ DOoow ™ p——— . ”

The Dolby 330 is designed for
use in the preparation of master
tapes tor high speed duplication
on to cassettes, cartridges, and
open-reel tapes to be played
back on home equipment
incorporating Dolby B-type
and/or C-type noise reduction
circuitry.

The Model 330 can accom-
modate either the Cat. No. 66
B-type module or the Cat.

No. 219B C-type module. The

Cat. No. 66 comes standard
with the 330 and the Cat. No.
219B is available as an option.
User may specify the inclusion
of either module upon ordering
the unit.

The Dolby 330 is inserted
between the mixing console and
the inputs to the recorder on
which the duplicating master is
to be made. The resulting tape
will have either Dolby B-type or
C-type characteristics, and can
be duplicated as any conven-
tional duplicating master, with

noise reduction encoding auto-
matically carried over to the
duplicated tape.

For monitoring of the master
or the final product, the 330 can
be operated in the playback
mode by activating a switch
under the removable access
plate on the front panel.

Reprints of a paper describing the production of
Daolby B typecasseltes iby [ Robinson, [ Audio
Eng. Soc., vol 20, pp 835-841, [Jecember 19720 are
avatlable upon request trom Dolby Labaoratories




Dolby Model 330
Specifications

Layout:
Two independent signal processors
per untit.

Signal Connections:
Three-pin XLR input and output con-
nectors for each processor.

Input Circuit:

Balanced tloating transtormer. Input
impedance; 10 k ohm or 600 ohm, selected
by rear-mounted switch.

Output Circuit:

Transformer, 20 ochms output impedance,
balanced floating; will drive any load
impedance from 200 ohms upwards.

Signal Levels:

Input and output fevels adjusted by mulii-
turn potentiometers accessible from front
of unit. Minimum input 350 mV for Dolby
level, Maximum output level +22 dB

into bridging load; +27 dBm into

600 ohms; +20 JdBm into 200 ohms

[0dB = 0.775 rms).

Meters:

Front panel meters tor level calibration.
Dolby level mark corresponds to

185 nWh/m (Ampex operating level) on
open reel and cartridge duplicates, and to
200 nWh/m on cassettes.

Panel Controls:
PPush-buttons for selection of:

a. NR in/out

b. Dolby tone

c. Remote/local operation
Toggle switch mode selector behind access
plate for selecting encode or decode
{quality monitoring) mode.

Remote Control:

Five-pin XLR connector for remote control
of NR in/out and Dolby tone oscillator

is provided. Control effected by grounding
terminals for NR out, oscillator on.
Maximum resistance in grounding line,

1 k ohm.

Overall Frequency Response:
{encode-decode)
30 Hz-15 kHz, '1dB.

Total Harmonic Distortion:
At +4 dB, less than 0.1% at 1 kHz; less
than 0.2% from 40 Hz to 20 kHz.

Encoding Characteristics:
Dolby B-type characteristics:

{—40 dB below Dolby level)

-+3dB at 500 Hz; +6 dB at 1000 Hz;
+10 dB from 4 kHz upwards.

Dolby C-type characteristics:

{ —60 dB below Dolby level)

+8dB at 200 Hz; +16 dB at 500 Hz;
+20 dB from 2 kHz to 7 kHz.

With noise reduction switched out, system
becomes line amplifier.

Low-Pass Filter:

Built-in 16 kHz low-pass filter giving 45 dB
attenuation at 80 kHz. Filterresponsebelow
15 kHz, ».0.5 dB,

Overall Noise Level:

Better than80dB (unweighted oraccording
to CCIR/ARM), below Dolby level,

Crosstalk:
Better than 50 dB between channels,
20 Hz to 20 kHz.

Signal Delay:
20 usec,

*

Phase Difference Between
Channels:

Less than 52 20 Hz to 12 kHz, overall
encode-decode.

Matching Between Units:
Better than 1 dB at any level and any
frequency.

Stability:
System is highly stable — does not require
routine alignment,

Operating Temperature:
Up to45°C.

Construction:

Plug-in B-type (Cat. No. 66} or C-type
{Cat. No. 219B} noise reduction module,
level setting potentiometers and mode
changeover switch accessible under front
panel. Fiberglass printed circuits, solid state
devices throughout.

Finish:

Steel case, prey stoved plastic textured
finish; front panel clear anodized with
black characters.

Size:

1% "x19"rack mounting (44 mm x483 mm}.
Maximum projection behind mounting
surface: 8-5/16" {228 mm).

Maximum projection in front of mounting
surface: 7/8" (22mm).

Weight:
12 1bs. (5.5 kg).

Power Requirements:

Unit is designed for operation from
centrally-switched power source.

Power cable provided. 100-130 V and
200-260 'V, 50-60 Hz single phase, 13 VA,

00 Dolby

Dolby Laboratories Inc., 100 Potrere Avenue,

San Francisco, CA 941034813,

Telephone {4151 558.0200. Tefex 32409

346 Clapham Road, London SWa 0ADR

Yelephane (01} 720-1111, Telex 919109,

"Dolby" and the double D symbal are trademarks of
Dolby Laboratories Licensing Corporation.
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3.1

In sound recording or transmission systems, the high audio frequencies are often pre-
emphasized during recording and de-emphasized during reproduction in order to improve
the signal-to-noise ratio. However, the equalization characteristic must be ehosen

such that, even with high-level high-frequency signals, there are no detrimental effeets.
Therefore, the allowable boost with fixed equalization is not as great as it might be

for optimum utilization of the recording medium. For example, recording an instrument
such as a piano or violin does not usefully load the channel over the whole audio spectrum,

3.2

B-type Noise Reduction System

and thus high-frequeney noises are particularly noticeable during reproduction.

It is clear that the situation could be improved with a more flexible equalization method.
The Dolby B-type noise reduction system provides a characteristie, controlled by

the ineoming signal, which achieves optimum loading of the recording or transmission
channel under all signal conditions. During reproduction, a complementary characteristie
is applied which restores all frequeney components to their correct amplitudes and,

in the process, attenuates noise.

In consumer tape and broadcast applications, the main noise problem, hiss, can be
handled inexpensively but adequately by a single high-frequenecy noise reduction band.
The necessary characteristics are obtained by splitting the input signal into two paths,
one direct path and one passing only high frequencies through a low-level compressor
circuit. The encoded signal is produced by adding together the output of the compressor
to the direct path output (fig. 3.1).
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3.3

While the compressor has a compression characteristic which by itself is more like
that of a limiter, the overall law produced at the output can be deseribed as compression
(figs. 3.2, 3.3).
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Fig. 3.3 Encode processor characteristics

During playback or reception, the encoded signal is processed in a complementary
way. The decoding ecompressor is identical to that used in the encoding process, but
the side chain is eonnected such that its output is subtracted from the input to the
processor. The decode processor thus acts as an expander, and its characteristie is
such as to mirror the characteristics of the encode processor precisely; every change
in the signal during encoding is matched by an equal and opposite change in decoding.
In this way, the signal leaving the B-type unit in the decode mode is identical in all
respects to that entering prior to encoding.

Noise produced by the tape or broadeasting and reception channel is added to the

signal while it is in the B-encoded condition, in which all low-level components have

higher than normal amplitudes. During decoding, the low-level components are attenuated,
thereby restoring the signal to its original condition; the noise contribution is therefore
attenuated by the same amount.

The complementary properties of the Dolby system are of special significance where
matrix encoded signals are to be handled, whether in the form of recordings or FM
transmissions. It should be noted that in the Dolby encoding-decoding process there

are no overall changes in signal dynamics, frequency response, phase response, or

transient response. While there are changes in all of these parameters in the encoded
signal, the decoding process compensates precisely for the changes introduced. The

phase errors introduced in encoding-decoding are typically less than five degrees at

all frequencies and levels, which results in minimal interference with the matrix encoding-
decoding process.

It should be noted that, in common with all electronie eircuits, the input filter in
the Model 330 produces a signal delay, 27 usec in this case, which is constant with

frequency. Phase measurements made between input and output of the Model 330
are therefore invalid unless this delay is taken into account.
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3.2 C-type Noise Reduction System

The Dolby B-type noise reduction system is well established in consumer audio products,
providing 10 dB of noise reduction (CCIR/ARM weighted). In most applications, and

under most listening conditions, this amount is sufficient to reduce the noise level

from magnetie tape to an unobtrusive level, or at least {o a level comparable with

that of most sources available to the average consumer. However, under some circumstances
it is advantageous to be able to provide more noise reduction, and this consideration

has led to the development of the Dolby C-type system, which is offered to licensees

as an addition to the B~type system.

Similar principles to those of the B-type system can be applied to produce a system
giving substantially more noise reduction (about 20 dB), without the side effects produced
by conventional systems (such as constant slope companders). The system operates

by boosting low-level signals in two mid- and high-frequency stages in the encode

mode, and attenuating the same signals in a complementary manner in the decode

mode. bDuring the latter process, noise in the treated frequency range is also attenuated.
There is i useful reduction in power-line frequency harmonics. (However, this should
not be depended upon in tape recorder design; low-frequency noise should not be a
problem in well-designed recorders.) In addition, other parts of the circuit have been
designed (o alleviate the high-level high-frequency deficiencies of slow-speed magnetice
tape.

A necessary feature of the C-type system is that it must be switchable to provide

a B-type circuit, so that the consumer can record and play standard B-type recordings.

This is essential on at least three grounds. Firstly, most users of the C-type system

will be B-type users already, and therefore will possess libraries of B-type recordings.
Secondly, for a long time to come the great majority of produets with noise reduction

will be recorders with B-type circuits only; most of the marketplace will continue

as al present, but with the top-end high-quality units incorporating C-type. Thirdly,

for the foreseeable future, the majority of pre-recorded tapes from the major manufacturers
will be encoded with B-type noise reduction. Thus, the C-type circuitl provides a

standard B-type system when switched to that mode.

In aadition, a design feature of the C-type system is that there is a useful degree

of compatibllity between C-type and B-type systems; that is, a pre-recorded tape
encoded with the C-type system will play back with tolerable results on a machine
equipped only with the B-type system, especially if a graphic equalizer or tone control
is used to optimize tonal balance. With the large amounts of noise reduction being
used, the compatibility when a C-type recording is played back with no noise reduction
al all is ohwiously not 3o good, but nevertheless is such that many listeners would
accept ihe guality as satisfactory when playing on inexpensive portable units and

the like.

C-type encoding modifies the high-frequency characteristics of highs in a manner
to improve the high-frequency MOL of pre-recorded tapes. This allows duplicators
to overcome the common problems of high-frequency saturation and produce pre-
recorded tapes whose technical performance surpasses that of conventional dises.

The operation of the noise reduction system will be deseribed with reference to bloek
diagrams figs. 3.4 and 3.5 of an encoder and deccder respectively. Both the encoder
and decoder comprise two active stages, called the high-level stage and the low-level
stage.
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3.6

Referring to fig. 3.4, signals enter the encoder via amplifier A and pass through a
spectral skewing network M and low-pass filter J. The spectral skewing network
reduces the level of extreme high-frequency signals passing to the rest of the processor,
This desensitizes the decode processor to any high-frequency response errors in the

tape recorder, therefore reducing any potential decoding errors of low- and mid-frequency
program if extremely high frequency signals are also present. There is also an effective
improvement in the extremely high frequeney saturation characteristics of the recorder
and a corresponding reduction in intermodulation distortion. The noise reduction

action is essentially unimpaired because of the relative insensitivity of the human

ear to noise above 10 kHz when the noise level is extremely low, as it is when the
C-type system is used.

The low-pass filter attenuates all unwanted signals such as tape recorder bias, FM
stereo, or television sound multiplex signals to a level such that they are below the
thresholds of the compressors to avoid incorrect decoding.

The signal at the output of amplifier B enters the high-level stage and is split into

two paths; one, the main path, provides an unaltered signal component directly to

the output via adder E, while the other, known as the noise reduction side chain, controls
the dynamic characteristics of the processor.

The side chain contains a dynamic high-pass filter comprising capacitors C301 and
C303 and resistors R301, R302 and the controlled resistance F. Under low-level signal
conditions, F has a high value, and the first part of the filter (i.e. C301 and R301)

then controls the response of the side chain.

The output of the filter is amplified by amplifier C, and the resulting noise reduction
signal is added to the main signal in adder E. The low-level gain of the side chain

is such that the overall output is inereased by 10 dB at about 1.5 kHz when the noise
reduction signal is added. Thus the action of the high~level stage of the encoder is
similar to that of the B-type system, except that the turn-over frequency of the side~
chain filter has been moved down by two octaves.

The side-chain output is amplified further by D and then rectified and smoothed by

a non-linear integrator (block G). The resulting DC control signal is fed back to vary
resistance F. When this control voltage exceeds a threshold value, the resistance

of F falls, causing the turnover frequency of the second part of the filter (R302, C303
and F) to increase, thereby attenuating low- and medium-frequency signals in the
side chain. With increasing input levels, the side~-chain signal becomes a deereasing
proportion of the main signal.

The ouiput of the encoder is passed to a second, low-level stage of encoding which

is similar (components B!, C', ete.). The turn-over frequency of the second side-chain
filter (C501, R501, ete.) is the same as that of the high-level stage. Thus the noise
reduction action is built up to 20 dB in two successive actions, which avoids the serious
problems inherent in attempting to achieve such figures in a single-stage cireuit.

The control circuits of the low-level stage are set to provide a lower threshold than
that of the high-level stage. Moreover, since the first part of the encoder raises the
signal to the second part, the second receives a higher signal level than the first,
which eontributes to the fact that the low-level stage starts compressing first. Thus
the second part is called the "low level stage™” and the first part is called the "high
level stage'.
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A further difference between the stages is the introduction of an anti-saturation network L
in the low-level section. Together with the spectral skewing network M, this ensures

that the saturation level of the tape is always better with C-type noise reduction

than without any noise reduction; the improvement in saturation level depends somewhat
on the tape and recording bias, but is of the order of 4 dB at 10 kHz and 8 dB at 15 kHz.

The combined characteristics are shown in fig. 3.6, which shows the low level characteristies
of the C-type system encoder, and fig. 3.7, which is the encode processor characteristics
for a wide range of input signals.

The control eircuits in the detectors G and G' use a non-linear smoothing scheme

to avoid the generation of modulation produets, while providing fast response under
transient conditions. To reduce overshoots in the output during this interval, the

side chains include overshoot suppressors H and H', which operate only under extreme
transient eonditions during which the side chain is re-establishing its steady-state
operating point. Thus, for a very short period, the encoded output consists of a large,
pure signal {via the direct path) and a small clipped component (via the side chain).
Under steady-state conditions, the overshoot suppressors H and H' are inoperative.
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Fig. 3.6 Low level C-type characteristics

Fig. 3.7 C-type encode characteristies

For decoding (fig. 3.5), essentially the same cireuitry is used, but in this case the

side chain forms part of a double-negative-feedback loop in which the noise reduction
signal is subtracted from (instead of added to) the main path signal. The decoder
characteristics are therefore complementary to the encoder characteristies. Referring
to fig. 3.5, which shows the decoder, the inverters K and K' invert the phase of the
signal feeding the side chain relative to that in the encoder. Networks N and P provide
the inverse functions to the encoder networks L and M (respectively anti-saturation
and spectral skewing). A flat frequency response is thereby maintained at all levels

in the full encode-decodé® process.

330 581/3659



3.8

In the decode mode the small clipped side-chain component referred to above is now
subtracted from the main signal, thus fully compensating for the small brief distortion
in the encoded signal. Thus the overall signal has very low dynamiec distortion.

3.3 Consumer Tape Application

In professional tape recording, noise problems are distributed fairly evenly throughout
the audioc speetrum. These not only include high-frequeney hiss, but wide-band noise

at lower frequencies, print-through, crosstalk, modulation noise, and DC noise; hum
may sometimes be a problem in malfunection situations. Because of the very low noise
levels which are now expected in professional tape recording, together with the wide-
band nature of the noise reduction protection which must be provided, the Dolby A-type
wide-band noise reduction system is in universal use in the professional environment.

In consumer tape applications, the requirement for tape economy has resulted in tape
speeds and equalization characteristies which concentrate the main noise problem
overwhelmingly at the high-frequency end of the audio spectrum. This imbalance

in the noise spectrum is corrected adequately by the simple and economical Dolby B
system, which is, in practice, primarily a hiss reduction system. In addition to reducing
hiss, however, the B system usefully reduces high-frequency modulation noise, which
resuits in cleaner-sounding recordings.

The Dolby B-type noise reduetion system enables cassettes, when produced with care,

to rival the overall quality of the best conventional dises. Open-reel 7.5 ips mass-

duplicated recordings have such low noise levels when using the B system that it will

usually be found that the noise level and overall quality will be determined by the

master recording. An important objective of the recording engineer--that the master -
recording should be transferred to the consumer medium with minimal degradation--

therefore becomes achievable in practice.

The Dolby C-type noise reduction system provides 20 dB of noise reduction and &
significantly improved capability of recording very high frequencies onto slow-speed
tape, such as cassette. Such cassettes can produce superior sound quality to even
direct-cut and digitally-mastered discs, and rival digital systems in dynamic range.

330 S81/3660



330

4.1

SECTION 4

INSTALLATION

CONTROLS AND CONNECTORS

581/3661
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4,1 Planning the installation

The Model 330 is designed for the encoding of duplicating master tapes with either
B-type or C-type noise reduction characteristies and for quality monitoring of these
tapes or subsequent duplicates. The Model 330 unit should be considered as part of
the recorder and not a studio tool such as an equalizer, filter, mixer or ecompressor.

The block diagram at the end of this section shows how the noise reduection system
fits into a duplicating chain. Each Model 330 contains two independent processor
channels with common function switching. For tape duplication, the Model 330 is
normally used to provide two noise reduction encoded outputs for building up two
tracks at a time on the duplicating master. The remaining tracks are built up by repeated
passes, If simultaneous playback monitoring of this master is required, then a second
Model 330 must be used, connected in the decode mode. If simultanecus monitoring

is not required, the tape may be subsequently checked by switching the unit previously
used for encoding to the decode mode and suitably re-connecting the input and output
leads. The program level can be monitored at any point in the chain (normal signal

or encoded).

4,2 Installation

The Model 330 is designed for mounting in a standard 19" rack. However, its position
is not critical, and it can be operated in any plane.

NOTE: CHECK VOLTAGE SELECTOR BEFORE APPLYING POWER

a) Unpack Model 330 unit and check for damage. Remove top cover of unit
and check interior.

b) Mount unit in rack.
c)  Set voltage selector switch (115-230 V) appropriately.

d) Connect power cable. If power plug on cable is changed for another type,
the following wiring convention should be observed (for eable supplied
with unit).

U.S. style Power: L - black; N - white; earth - green
I.E.C style Power: L - brown; N - blue; earth - yellow/green

e) Connect signal cables to Model 330 unit using three-pin XLR cable connectors
provided. In all of the three-pin XLR signal connectors, pin 1 is earth
and pins 2 and 3 are the balanced floating winding of the input or output
transformer, with pin 2 as the 'low' side and pin 3 as the 'high' side for
standardized phasing. For unbalanced operation, pin 2 should be connected
s. to earth; pin 3 is signal.

) Check position of mode toggle switeh under front cover plate (encode
for use in recording, decode in playback).

g) Check position of rear-mounted input termination switch (fitted after
Ser, No. 35). Normal position is 10 k bridging input impedance; in the
rare case of a true 600 ochm system, move switeh to left.

h) Carry out the level adjustment procedure given in Section 5, Level Standardization
and Initial Calibration.
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4.3 Remote Operation

Remote facilities are provided for the operation of Dolby Tone and switching of noise
reduction. To utilize the remote facilities, the front panel push button must be depressed.

a)  Dolby Tone

The Dolby Tone oscillator may be activated by connecting pin 2 of the
five-pin XLR connector to earth by means, for example, of a normally

open push button at the end of the remote cable. The cable can be extended
for long distances, subject to the requirement that the total resistance

in the cable is less than 1 k ohm; standard two-conduector cable is suitable.
An earth conneection is available on pin 1 of the five-pin XLR and should

be used; do not use an earth at the remote position.

The Doiby Tone oseillator is part of the plug-in noise reduction module;
different oscillators are used to identify B-type or C-type noise reduction
lapes; see section 6.4 for details.

b)  Noise Reduetion In-Qut
Similarly, earthing pin 5 of the five-pin XLR connector removes the noise
reduction action; the unit then is a line amplifier and has a flat frequency
response. Two-conduetor cable may be used, provided the total resistance

in the cable is less than 1 k ohm. An earth connection is available on pin 1
of the five-pin XLR; do not use an earth at the remote position.
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5.1

SECTION 5

LEVEL STANDARDIZATION AND INITIAL CALIBRATION
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5.1 Standardization

Correct operation of any Dolby noise reduction sytem is dependent on only one basic
requirement - that the signal voltage in any playback processor should be the same
(within 2 dB) as that in the recording processor. However, the requirement for inter-
changeability of tapes and decoders imposes a further restriction - that the signal
levels in the noise reduction system should be related to absolute flux levels on the
duplicate.

In order to correlate the various voltage levels and flux levels used in the duplicating
chain, from master through to finished produect, the concept of "Dolby Level" is employed.
Dolby Level bears a fixed amplitude relationship to the noise reduction compression

and expansion parameters. In the B-type and C-type noise reduction systems, Dolby
Level is defined at 400 Hz,

Consumer tape decks for replay of pre-recorded tapes using the Dolby system are
factory calibrated for correct replay level. Add-on noise reduction units are equipped
with a meter which is calibrated for Dolby Level, either at the 0 VU point or by means
of a separate Dolby Level mark.

5.2  Copy Dolby Level

Dolby Level on the duplicated copy is fixed with respect to flux levels as follows:

i. For open-reel duplicates, Dolby Level is defined as a flux level of 185 nWb/m
(corresponding to Ampex operating Level),

il. For cassette duplicates, Dolby Level is defined as a flux level of 200 nWb/m.

The Model 330 Tape Duplication Unit incorporates a precision Dolby Level oscillator
whieh should be used in the initial and subsequent calibration of the duplicating chain.
The complete duplicating line must be adjusted so that this tone, when duplicated
onto the final tape format, is at the correct flux level as defined above. Regular
maintenance procedures should include tests to insure that this condition is met.

5.3 Master Dolby Level

In the past, Dolby Laboratories recommended that the flux level corresponding to

Dolby Level on the duplicating master tape should be 185 nWb/m. However, by about
1973, experience had shown that using this figure for cassette duplication did not

result in an optimum signal-to-noise ratio, particularly when using echromium dioxide
tape for the duplicate. The reason is that the thin oxide used on cassettes requires

that the peak program level must be accurately measured and controlled to prevent
unacceptable distortion. The tied Dolby Level flux relationship between the duplicate
and the duplicating master thus resulted in an under-recorded duplicating master

and a noise contribution at least comparable with that from the final cassette. In

order to take advantage of the headroom on modern master tapes, which is considerably
in excess of 185 nWb/m, we now recommend that a higher level (320 nWb/m for example)
should be used for Master Dolby Level (i.e., on the duplicating master) for cassette
duplication (but not for open-reel duplication).

It is particularly important to use peak reading meters to set the program level, and
to establish the correect program level (which is independent of the Dolby ecalibration
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level). If VU meters are used and Dolby level set equal to 0 VU, it is almost inevitable
that peak distortions will oceur; the overload properties of the thin oxide tape are

such that these distortions are very ‘obtrusive. Note that though the setting of program
level and Dolby calibration level are independent, once the master tape has been made,
they are tied together throughout the subsequent duplicating process.

From the preceding it is clear that Master Dolby Level for cassette duplication should
be 4 to 5 dB higher than the usual 185 nWb/m, making Dolby Level equal to 320 nWb/m.
This flux level recognizes the relative levels of noise, overload, and distortion between
master and cassette duplicate. It also has the merit that it is easily measured in terms
of ecommonly-available test tapes (i.e., the level setting portions of DIN 38 and 195
test tapes). A possible exception to this level is duplication at 64 times speed, where
the master tape is recorded at the slow speed of 9.5 em/sec (3 3/4 ips) when high-
frequency saturation can occur with modern program material. In this case a more
conservative Master Dolby Level/peak program level should be used. The anti-saturation
networks in C-type encoding are a benefit here, effectively raising the high-frequency
saturation of the tape. In addition, new formulations for mastering tape promise
improvements.

The situation is different for duplication of open-reel tapes, where the overload capabilities,
noise levels and headroom are similar between master and duplicate. The program

level is therefore higher on such duplicating masters, and there is no advantage to

be gained by changing the Dolby Level reference flux., Hence, in this applieation

the flux corresponding to Dolby Level should remain at 185 nWb/m (or be raised slightly
only if the output capability of the duplicating master is markedly higher than that

of the tape used for the duplicate).

In all instances, it is recommended that a short section of Dolby Tone be recorded

on the beginning of the duplicating master tape so that initial levels in the duplicating
line can be quickly cheecked out.

5.4 Calibration Tapes

For level standardization, the following test tapes should be used, as appropriate,
Refer to the drawing at the end of Section 4 (Use of Model 330 in Duplicating Chain).
The test tapes below contain sections of reference tone recorded to the known flux
level as listed. Correlation of these flux levels with that required on the duplicating
master tape (see Section 5.3) will enable Dolby Level to be calibrated correctly.

a) For calibration of duplicating master recorder, use one of the following:

For open-reel tape duplication

Ampex 0.5" 31321-05 Reproduce Alignment Tape 7.5 ips NAB 185 nWb/m
Ampex 0.5" 31311-05 Reproduce Alignment Tape 3.75 ips NAB 185 nWb/m
Ampex 1.0" 4690005-01 Reproduce Alignment Tape 15 ips NAB 185 nWh/m

For cassette duplication

BASF 0.5" Bezugsband 38, according to DIN 45513, 320 nWb/m
BASF 1.0" Bezugsband 38, according to DIN 45513, 320 nWb/m

NOTE: If a DIN tape is not available, an Ampex tape can be used, together
with a 4.5 dB level correction.
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5.6

330

b)

e)

2.4

For calibration of open-reel level eheck recorder, use one of the following:

Ampex 0.25" 31321-01 Reproduce Alignment Tape 7.5 ips NAB 185 nWb/m
Ampex 0.25" 31331-01 Reproduce Alignment Tape 3.75 ips NAB 185 nWb/m
Ampex 0.25" 31315-01 Level Set Tape 15 ips NAB 185 nWb/m

For calibration of cassette level check recorder, use one of the following:

Dolby 0.15" Cat. 31 Dolby Level Tape (pancake) 1.875 ips (4.75 em/see)
200 nWh/m

Dolby #.15" Cat. 32 Dolby Level Tape (cassette) 1.875 ips (4.75 em/sec)
200 nWb/m

Play Calibration

a)

b)

e)

d)

e)

f)

Ensure that the Model 330 unit is connected correctly according to Section 4,
Installation. Remove the front cover plate and cheek that the mode switch
is in the decode position.

Select and play the level setting portion of the appropriate test tape listed
in Section 5.4.

Adjust the playback output controls on the recorder until the desired line
levels out of the recorder are obtained. If the Model 330 unit is switched
between a duplicating master recorder and the level check recorder, then
the same line level must be used for Dolby Level on the two recorders.

Check that the Dolby Tone button on the Model 330 unit is not depressed.
Adjust the input level controls on the 330 unit until Dolby Level is indicated
by both meters.

Adjust the output level controls on the 330 unit until the desired output
level is obtained.

Replace the front cover plate. The 330 unit is now ready to use. Refer
to the operating notes in Section 6.

Record Calibration

a)

b)

e)

Ensure that the Model 330 is connected correctly according to Section 4,
Installation. Remove the front cover plate and cheek that the mode Switch
is in the encode position.

Press the Dolby Tone button. This switeches on the internal frequency
modulated 400 Hz Dolby Tone oscillator at Dolby Level. Adjust the output
level controls on the 330 unit until the desired line level is obtained from
the 330 outputs,

Adjust the record calibration controls on the duplicating master recorder
until a flux level of 320 nWb/m is recorded on the duplicating master for
cassette duplication. Similarly, adjust the record ealibration controls

on the consumer check recorder such that a flux level of 200 nWb/m is
recorded for cassettes or a flux level of 185 nWb/m is recorded for open-
reel. Verify that the correct levels are being recorded by ecomparison
with the test tapes listed in Section 5.4,

S81/3668



5.5

d) Release the Dolby Tone button. Feed signal from the duplication mixing
console and adjust the input'level controls on the 330 unit until the desired
program level is recorded onto the consumer check recorder and duplicating
master recorder.

e) Replace the front cover plate. The 330 unit is now ready to use. Refer
to the operating notes in Seetion 6.
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SECTION 6

OPERATING NOTES
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6.1 Preparation of Duplicating Master

The principal concern in the preparation of the duplicating master should be that the
final cassette product is the closest possible match with the original stereo master.

The step-by-step basie operational procedure for tape duplication is at the end of

this manual for quick reference. Initial level adjustments should follow the procedure
given in Section 5, Level Standardization. Following these initial procedures, the
following operational points can be made. Refer to the general layout at the end

of Section 4.

The master tape (usually 1/4", 15 ips, 2-track) is replayed on a normal studio recorder.

If the tape has been recorded with the Dolby A-type professional noise reduction

system, it is first replayed through an A-type playback unit before it is fed into the
duplicating mixing console for appropriate modification (equalization, limiting, reverberation,
ete.). The duplication mixing console serves also as the master level control for the

whole system; the level as established at this point will determine the level which

finally appears on the pre-recorded duplicate.

Before preparing the duplicating master tape for cassette production it is good practice
to make a trial cassette recording in real time using the same tape formulation as

that used for the final tape product, at the same level and with the same signal processing
as will be used for the produetion of the duplieating master tape. In this way, many

of the problems that would otherwise call for re-mastering can be recognized and
attended to at the dubbing studio stage.

After the correct level has been determined, the signal is fed into the duplicating
master recorder and the master is recorded. After initial ealibration of the system,
level adjustments to compensat.> for variations in tape and recorder characteristies
should not be made in the Model 330; they should be made in the duplicating master
recorder. A short section of Dolby Tone should be recorded on the duplicating master
for level standardization purposes. The resultant duplicating master can be quality
checked by replaying through a Mode! 330 unit.

In the recording of the duplicating master tape, the signal should always be fed through
the Model 330 in the forward direction. Because of the time constants of the integrator
circuits used in the Model 330, it is incorrect to process time-reversed signals (e.g.,

with two tracks being processed in the forward direction and the other two simultaneously
in the reverse direction). Of course, time-constant errors do not occur in high-speed
duplicating itself {or in making copies of noise reduction duplication masters), even
though half of the program is time-reversed, since no processing is involved.

If a high-frequency limiter is employed in the preparation of the duplicating master,

it should be situated before the Model 330 (between mixing console and Model 330).

Ideally, however, duplieating tape should be used whieh does not require the use of

a high-frequency limiter. In general, the high-frequency overload characteristics

of thin oxide tapes are better than those having thick oxides. In addition, the antisaturation
characteristies of the C-type encoding process effectively increase the high-frequency
overload characteristics, but in specific cases, some judicious high-frequeney limiting

may be beneficial,

Do not compensate for different types of program material (e.g., piano) or different
types of tape (e.g., high output) by altering any of the previously adjusted record and
playback gain controls in the chain; set the level actually recorded on the tape (both
duplicating master and resultant duplicate) only by adjusting the level of the program
source (mixer output) or by adjusting the 330 input level controls. The calibration
procedure ensures that the internal characteristics of the Model 330 are directly referred

330 S81/3671



6.3

to tape flux density, and altering the gain settings to suit program material would
destroy this relationship. These precautions are essential for international pre-recorded
tape standardization and for inter-plant interchangeability of duplicating masters.

To assist in duplicating master tape interchanges, record a section of Dolby Tone

at the beginning of each tape using the internal Dolby Tone oseillator.

These procedures should be strictly adhered to in the production of B-type tapes in

order to ensure correct frequency response during final playback. However, this will

not usually prove to be a great inconvenience, since many duplieating organizations
already find that such procedures avoid problems in normal duplication as well. The
recording engineers preparing the duplicating masters determine the levels to be recorded
on the duplicates by careful metering techniques together with experimental verification
by means of test duplicates which are made in real time. The optimum level is then
recorded on the duplication master and fixed gain conditions are used in the duplication
plant itself (i.e., at the outputs of the high-speed master reproducer and the inputs

of the high-speed slave recorders). This standardized practice avoids confusion and
errors by production personnel. Thus, the procedures to be adopted in the B-type

or C-type duplicating situation are merely extensions of normal good duplicating
practice.

If two or more duplicating masters are recorded simultaneously, it is unnecessary
to provide a separate Model 330 unit for each recorder. More than one recorder can
be bridged across each Model 330 output.

It is unnecessary to use a Model 330 unit when making copies of noise reduction encoded
duplicating masters; copies can be made with two ordinary recorders. The noise reduction
characteristic on the recording is carried straight through the copying process. Care
must be taken to ensure one-to-one level conditions and a flat frequency response.

Of course, there is no reason why the signals should not be decoded and re-encoded

via two Model 330 units if the arrangement of the dubbing room is such that this is

easier. If any level changing or processing is to be carried out when copying, then

the signal must be decoded prior to such treatment and then re-encoded on the copy.

In the preparation of four-channel duplicating masters on which four discrete tape
channels are employed for each program, two Model 330 units should be used normally
(one processor per channel). For matrix-type encoding systems, only a single Model 330
is used, as in normal two-channel stereo. In preparing the duplicating masters, the
encoder should always precede the Model 330 unit, During reproduction, the decoder
should follow the noise reduction playback unit. Other than ensuring that the encoding
and decoding are accomplished in the correct order, there are no special problems

in the use of noise reduction systems with any of the four-channel systems known

at the moment; the noise reduction system and the system operate independently.

The Model 330 noise reduction circuitry can be switehed out by the push button on
the front of the unit. With this switeh in the 'out’ position, the processors effectively
become line amplifiers. It is not necessary to pateh the unit out if a tape without
Dolby noise reduction is to be made.

6.2 Duplication

The duplicating master is reproduced at high speed and the signal is fed into the slave
recorders, with standardized levels and gain conditions being observed in the process.
After duplication, a section of the duplicated Dolby Tone should be replayed on the
level check recorder. If the duplicating chain is set up correctly, the meters on the
replay Model 330 should indicate Dolby Level.
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The Dolby Level calibration procedures deseribed previously are idealized, and during
practical duplication it may be advantageous to alter the output from the master
reproducer, even though this is theoretieally incorrect. Fortunately, Dolby noise
reduction systems are sufficiently tolerant of gain errors to permit gain adjustments
of +2 dB without affecting the resultant frequeney response following de-processing.
Changes in overall frequeney response will begin to be observed with 3 or 4 dB of
gain error. The first duplicates should be made at the nominally correct level. They
should then be checked for noise and distortion. If any distortion is observed, the
master reproducer output level can be reduced 2 dB; if no distortion is observed, a
trial run can be made with the gain increased by 2 dB. However, such changes cannot
be recommended, and it is much preferable to produce a correet master. It is thus
important in the preparation of the master to use peak meters and as well to make
trial recordings on the consumer check recorder to identify possible problem sections
of the program, and to make any necessary corrections to the master recording.

In the duplication of cassettes, the choice of the type of cassette tape used is of the
utmost importance. Without noise reduction, cassettes have an unacceptable noise

level for quality music purposes; with the B-type system, cassette noise levels become
marginally acceptable for eritical consumer use; with the C-type system, tape noise

is inaudible in even the best listening environment. It is therefore essential to select

the highest quality duplication tape obtainable. There are as yet significant differences

in the quality of available tapes with regard to hiss level, DC noise, modulation noise,
dropouts, maximum output at long wavelengths, and maximum output at short wavelengths.

It is important to obtain, by experiment, data of such parameters as maximum output
level at various frequencies and harmonie distortion versus level so that the maximum
signal loading characteristics of the tape to be used is well known. This information,
together with the known spread of adjustment of the duplication equipment can be
used to provide guidelines to the master dubbing studio in terms of allowable frequency
response, spectral distribution and dynamic range. It is clearly unwise to prepare

a duplicating master that, although a good copy of the original master, would produce
poor casseltes because of excessive high-frequeney content or unreasonable dynamic
range.

6.3 Remote Operation

A front panel button is provided for selection of remote operation. With this button
depressed, the Dolby B-type mode may be selected and the Dolby Tone oscillator
turned on. These remote operations are effected by grounding or open circuiting
the appropriate pins on the rear-mounting five-pin XLR connector (see Section 4).

6.4 Dolby Tone Oscillators

Both the Cat. No. 66 B~type module and the Cat. No. 219 C-type module carry Dolby
Tone oseillators to aid the initial level calibration. In additicn, the characteristic
"warble" tone acts as identification that the master tape has been recorded with noise
reduction.

The B-type oscillator is a 400 Hz tone, modulated by 10% upwards in frequency for
30 msec every 500 msec,

The C-type oscillator is the same 400 Hz tone, but with a double modulation; two

pulses of 10% upwards modulation oceur every 500 msee for 30 msee each and separated
by 70 msec.
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MODEL 330 NOISE REDUCTION PROCESSOR FOR TAPE DUPLICATION
SIMPLIFIED OPERATING INSTRUCTIONS

Setup

1. For playback, switeh channel mode switch under front cover plate to decode
mode. Feed each tape channel output directly into corresponding Model 330
input. Feed outputs to monitor facilities.

2. For recording, switch channel mode switches under front cover plate to
encode mode. Feed Model 330 outputs to recorder channel inputs. Feed
signals to be recorded into Model 330 inputs.

Dolby Level Definition

As a result of the different tape thicknesses and formulations used in the common
recording formats, the relative recording level on the various tapes used must

be considered. For example, the recording level on thin-oxide cassette tape

must be lower than on a master tape. To achieve optimum signal-to-noise ratio
on the final copies, "Master Dolby Level" has been defined and used for optimizing
the level on the duplicate itself (see sub-section 5.2). In the case of the cassette,
Master Dolby Level is defined as 320 nWb/m; Copy Dolby Level on the cassette

is 200 nWb/m. For open reel duplicates, Master Dolby Level coincides with

Copy Dolby Level at 185 nWb/m. These points must be borne in mind during

the following Model 330 playback or record calibration.

Play Calibration

1. Playback of encoded duplicated copies.

Play level sétting portions of appropriate test tape below and adjust playback
gains until meters of Model 330 indicate Dolby Level.

a) For replay of open-reel pre-recorded encoded tapes, use:

Ampex 0.25" 31311-01 Reproduce Alignment Tape 15 ips NAB 185 nWb/m
Ampex 0.25" 31321-01 Reproduce Alignment Tape 7.5 ips NAB 185 nWb/m
Ampex 0.25" 31331~01 Reproduce Alignment Tape 3.75 ips NAB 185 nWb/m
Ampex 0.25" 31315-01 Level Set Tape 15 ips NAB 185 nWb/m

b) For replay of encoded pre-recorded cassetles, use:

Dolby 0.15" Cat. No. 31 Dolby Level Tape (pancake) 1.875 ips 200 nWb/m
Dolby 0.15" Cat. No. 32 Dolby Level Tape (cassette) 1.875 ips 200 nWb/m

2. Playback of duplicating masters for open-reel copies
Play level setting portion of 185 nWb/m test tape and adjust playback
gain until meters of Model 330 indicate Dolby Level. Master Dolby Level
coineides with Copy Dolby Level, allowing the following standard tapes
to be used:

Ampex 0.5" 31311-05 Reproduce Alignment Tape 15 ips NAB 185 nWb/m
Ampex 1.0" 4690005 Reproduce Alignment Tape 15 ips NAB 185 nWb/m
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Playback gein calibration of duplicating master recorder

Calibrate playback gain of duplicating master recorder by replaying level
setting section of 320 nWb/m test tape (BASF or Agfa Bezugsband 38 or
19S to DIN 45513), adjusting playback gain controls until Dolby Level is
indicated on Model 330 meters. If a 320 nWb/m tape is not available,

the level can be set by measuring the voltage at the master recorder output
from a tape of known flux, and suitably ealibrating the playback controls

so that a 320 nWb/m tape would produce the correct Master Dolby Level
indication. Typical test tapes and the difference from the desired Master
Dolby Level are:

640 nWb/m, which should read 6 dB above Master Dolby Level
510 nWb/m, which should read 4 dB above Master Dolby Level
320 nWb/m, which should read 0 dB above Master Dolby Level
250 nWb/m, which should read 2.2 dB below Master Dolby Level
200 nWb/m, which should read 4 dB below Master Dolby Level
185 nWb/m, which should read 4.8 dB below Master Dolby Level
160 nWb/m, which should read 6 dB below Master Dolby Level

Record Calibration

1.

Recording of duplicating masters for open-reel copies

a) Switch on Dolby Tone oscillator (push button). Record onto blank
tape, adjusting recorder gain control such that a level of 185 nWb/m
(Master Dolby Level) is recorded on duplicating master. Check by
comparison with standard test tape used previously in Section C2
above.

b) Transfer duplieating master to high-speed master reproducer. Adjust
master reproducer level nermally and set slave recording level so
that Dolby Tone is recorded at 185 nWb/m on open-reel copies.
Verify by playing copies on machine previously calibrated, as in Section C1
above.

Recording of duplicating masters for cassettes

a) Switeh on Dolby Tone oscillator. Record onto blank tape, adjusting
recorder gain control such that a level of 320 nWb/m (Master Dolby
Level) is recorded on duplicating master. Check by comparison with
standard test tape used previously in Section C3 above.

b) Transfer duplicating master tape to high-speed master reproducer.
Adjust master reproducer normally and set slave recording level
so that Dolby Tone is recorded at 200 nWb/m. Verify by playing
copies on machine previously calibrated, as in Section C1 above.

Notes

When the complete chain (Model 330 to final duplicate) has been calibrated
by the above procedure, any level changes (e.g., to accommodate various
types of program content) greater than 2 dB must be made before the
Model 330 recording processor and not at any of the subsequent stages.
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2. If encoded duplicating masters are to be interchanged with other duplicating
organizations, it is strongly recommended that Dolby Tone is recorded
at the beginning or end of the duplicating master. Playback gain of the
final high-speed master reproducer will then be adjusted so that Dolby
Tone will be at Copy Dolby Level after duplication. It is also desirable
to include an azimuth tone and a frequency response run to ensure correct
duplication conditions.
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SECTION 7

INTERFACE CIRCUIT DESCRIPTION
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7.1 Interface Chassis

The interface assembly provides for all interface requirements between the Cat. No. §6
B-type or Cat. No. 219 C-type noise reduction module (NRM) and the tape recorder,
FM transmitter, or other equipment with which the noise reduction system is used,

As well as providing a housing for the module, the interface includes a power supply,
two meters and associated eireuitry, input and output potentiometers, and push buttons
and logic cireuits to control and indicate the functions of the module. Most of the
components are mounted on a single printed circuit board, the physical layout of which
cen be seen on the drawings in Section 8, Interface Servicing. The interface circuit
drawing (AOC 1299) is at the rear of this section and may be folded out clear of the
text for reference.

7.2 Power Supply

AC power is fed to a double primary transformer (T1) which can be set for 115 V or
230 V operation by means of a serewdriver-slot slide switeh (S1) mounted on the rear
of the unit. In the 230 V position, the unit will operate on any power line voltage
from 190 to 250 V, and over an equivalent range when the 115 V position is selected.

The AC output of the transformer secondary, nominally 19 V, is fed to the bridge

rectifier (D1} mounted on the printed circuit board. The resultant DC voltage is smoothed
by capacitor C1, which is fixed by elips in the channel immediately behind the printed
eircuit. Capacitor C2 and resistors R20 and R21 reduce power line related interference
effeets. Light-emitting diodes D2 and D3 provide an indication of the mode of the

unit and also that it is switehed on.

7.3 Signal Paths

The two channels are identical; thus only one need be described. The ecireuit reference
numbers of the second channel are in parentheses.

Audio input signals are routed from the input connector JF2 (JF4) to a tagstrip near
the input transformer T2 (T4). Switch S6 connects a 620 ohm resistor across the input
to provide a 600 ohm termination when required. Normally the input is bridging high
impedance (10 k ohm). The secondary of the transformer is routed to the printed
circuit board. The high-frequency resonance of the transformer is damped by resistor
R1 (R3) mounted on the top surface of the printed eireuit board. Trimpot RV1 (RV3),
labelled IN A, attenuates the input line level to suit the requirements of the module;
the trimpot is a serewdriver-adjust control which is aceessible when the front cover
plate is removed. The sensitivity of the unit is such that a minimum input of about
350 mV is required for Dolby Level.

The output level control RV2 (RV4), OUT A, is the NRM line amplifier gain control,
enabling the output signal to be set at levels up to +8 dB for Dolby Level. This control
is accessible when the front eover plate is removed.

The unbalanced output of the NRM is routed to the output transformer T3 (T5) through
capacitor C5 (C6), mounted under the transformer tagstrip, isolating the DC voltage
component present at the module output. The transformer has a 1:2 step-up ratio,
providing a maximum output signal in excess of +21 dBm into 600 chms. Resistor

R5 and capacitor C3 (R6, C4) form a high-frequency damping network, which damps

the 500 kHz resonance of the transformer. This high resonant frequency is a consequence
of the extremely low leakage reactance of the transformer, which is necessary to
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maintain a low output impedance (approx. 20 ohms) throughout the audio pass band.
The transformer secondary is connected to the output connector JM3 (JM5), and is
free from any earth connection.

7.4 Meter Circuit

The noise reduction module contains meter amplifiers which provide AC output signals
related to the operating parameters of the noise reduction system (see Section 5);

these in turn are related to the flux on the tape or deviation in FM transmission systems.
In order to correlate the various voltage levels or FM deviations used in the audio

chain, the concept of Dolby Level is employed. Dolby Level signals are generated

in the 330 series unit and can be used to calibrate the complete chain. Dolby Level
corresponds to meter signals of 1.85 V from the module. The meter circuits in the

330 series interface are driven by these signals and display them on calibrated scales.

Referring to the 330 series interface circuit, each meter signal is rectified by the
appropriate voltage doubler D10 and D11 acting with the meter amplifier output capacitor
in the NRM. The resulting DC is fed to the meter via a non-linear network R14 and

D12 which is used in some applications to linearize the meter and in others to protect

the meter from overload. With an input of 1.85 V, the input attenuator (R10) is factory
adjusted to give half-scale deflection corresponding to the Dolby Level mark. Under
these conditions, the voltage developed across the meter is less than 0.6 V, so that

D12 does not conduct. As the input level is raised, this diode conduets, progressively
shunting current from the meter. Full scale deflection corresponds to about 5 dB

above the Dolby Level mark.

All the meter components are mounted on a printed circuit sub-assembly which is

in turn fixed to the meter casing. The complete meter sub-assembly must be exchanged
if meter replacement is ever required, since the meter calibration procedure involves
the eharacteristies of the individual meter.

7.5 Funetions of 330 Series Unit

The 330 series units ean be used either for the production of Dolby B-type or C-type
encoded pre-recorded tapes (Model 330) or for encoding FM broadcasts (Model 334).
Linking the appropriate terminals on the interface printed eircuit board (under top
cover of unit) provides the Cat. No. 66 B-type noise reduction module with funetion
information (Tape Duplieation or FM Broadeasting) which is used together with the
mode information (encode or decode) to provide the necessary circuit configuration.
These links have no effect on the Cat, No. 219 C-type noise reduction module.

In the case of the Model 330 Tape Duplication Unit, link LK1 (Duplicator) is eonnected

so that terminal B3 on the Cat. No. 66 module is grounded. The position of the duplicator
link is marked on the upper surface of the board. In the Model 334 FM Broadeast

Unit, link LK1 is in the 'Broadeast’ position, which leaves terminal B3 on the Cat.,

No. 66 module unconnected. When used in North America, where the FM pre- and
de-emphasis time constant is 75 usec for conventional broadcasts, link LK2 is in the

'75 usec' position, which leaves terminal B2 on the Cat, No. 66 module unconnected.

In most of the rest of the world, the time constant is 50 u sec; link LK2 (in '50 psec’
position) grounds terminal B2 in this case. In case of doubt on the correct time eonstant,
check with the local broadeast authority.

7.6 Mode Switehing

The mode (encode, decode) of the Dolby Cat. No. 66 B-type or Cat. No. 219 C-type
noise reduction module is electronically controlled by transistor switches within the
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module. Both channels operate in the encode mode when a positive potential is applied
via S5 to terminals B4 and B22 of the module (S5 is located behind the front panel
access plate).

The noise reduction action may be controlled by the front panel push button switch

S2. With 82 in the out position and local operation selected (see subsection 7.8), a
ground eonnection is applied to terminal A2 of the module, removing the noise reduction
action (and, in the case of the Model 334, causing the time constant to revert from

25 to 75 or 50 psec). Removing the ground restores the noise reduction action; the
potential on terminal A2 rises to several volts, causing the transistor pair Q3 and

Q4 to switeh on. Indicator lamp LP2, inside 82, is therefore illuminated.

7.7 Dolby Tone Operation

Push button switeh 83 controls the Dolby Tone oscillator within the Cat. No. 66 or
Cat. No. 219 noise reduction module. Pushing 83 switches on transistor switeh Q2,
illuminating indicator lamp LP3 inside $3, also causing Q1 to switch on. A ground
connection is therefore applied to terminal A3 of the noise reduction module, which
starts the internsal oscillator.

7.8 Remote Operation

Operation of the remote switch S4 transfers complete control of the NR in-out function
to a remote location, such as the studio, and parallels the Dolby Tone operation to

this remote location. With S4 depressed, grounding pin 5 of the rear-mounted socket
JF6 turns off the noise reduction action, and ground pin 2 turns on the Dolby Tone
oscillator. The local Dolby Tone switeh on the unit is still in eireuit, but the local

NR in-out is isolated. In local or remote operation, the NR in-out indicator Iamp

LP2 shows the correct status of the unit.

The Dolby Tone indicator lamp LP3 is, however, illuminated whenever the Dolby Tone
switeh is pressed.

The total resistance in either remote operation line should be less than 1 k ohm. A

ground connection can be obtained from pin 1 of JF6; if possible, a remote ground
shouid not be used.
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SECTION 8

INTERFACE SERVICING

330 581/3681



26 28 30 32 34

1920212223 25

8.3

27 29 3133

40
Ny 0o
0
o] A
O
° =
©.,0.,0 1 C,
[- -] Mnua _1_}1
= et | 11
1O,ml.w _m_ W
= omm l
L_a
el ot 2
0 m

—
o) < |8
o >3 |
~ e

IIIII
™ |
wo (&
IIIIII o ——
=
S
NN |
o (2
SLC

14

10 1112 13

-
[
0=

-

e i ol o s

-.nnu.-
456
caoa Ve

LI

"

--
1
ba =

red- white

5 6789
00O O00O0OO0

lym-pas

COMPONENT CIRCUIT REFERENCES 330 SERI€S INTERFACE PC

330 A2D 1291

Issue 2

L82/08



8.4

/ (AOT)
P
SR} (
(R’ [ RE = AOT
M —{ b0 |- !

- DIl -

<L/ R4

COMPONENT CIRCUIT REFERENCES == METER PC

330 Series (75/291)



NOISE REDUCTION MODULE CAT.No.22
// REMOVABLE FROM FRONT OF UNIT AS SHOWN

L BLKEWS AND Vrhorun.x\
SECURE COVER TD UNIT I

ACCESS PLATE may et REMoven
AFTER RELEASING 2 CAPTIVE SCREWS,
GIVING ACCESS TO NOISE REDUCTION
MODULE AND RELAYS

Il

OUTPUT TRANSFORMER (T3)

INPUT TRANSFORMER(T2)

RELAYS may Be removen
FROM FRONT DF UNIT WITHOUT
PRIOR REMOVAL OF INTERFACE
CHASSIS MODEL 361 ONLY

DUTPUT CAPACITOR (C4)

POWER TRANSFORMER (T1)

METHOD OF INTERFACE CHASSIS REMOVAL

THE INTERFACE CHASSIS AND METER ASSEMBLY CAN 8E
SWUNG OVER AND BACKWARDS TO L  CLEAR OF unIT
AS SHOWN BY USING THE FOLLOWING PROCEDURE :

1. REMOVE 4 FIXING SCREWS AND WASHERS FROM INTERFACE CHASSIS

A.C. POWER COVER may sc SMOOTHING CAPACITOR (C1) METER BULB mav st 2. SUDE INTERFACE CHASSIS TOWARDS REAR OF umt 1o exrese METER RETAINER
REMOVED AFTER RELEASING 2 SCREWS MAY BE CHANGED WITHOUT REMOVAL CHANGED THROUGH APERTURE AND TG ALLOW PUSHBUTTON SWITCHES TO CLEAR THE FRONT PANEL AFTER REMOVAL OF
ON UNDERSIDE OF UNIT OF RETAINING CLIPS (N SIDE OF UNIT. . METER RETAINER, WITH SCREW AND WASHER, THE INTERFACE CHASSIS AND METER ASSEMBLY

ARE BOTH FREE

GENERAL SERVICING ACCESS — 330 and 360 Series
Drg.No. AOD 433
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SECTION 9

CAT. NO. 66 AND CAT. NO. 219 NOISE REDUCTION MODULES

CIRCUIT INFORMATION

330 581/3682



9.2

2625 90t ON Bupaeig wi 1s snee

WVHIVIO ¥3078 99 ON 1y

3 YWY 3NN g ey any

ABi+ hpuoy
“rew ADp+ %

o

=)

F——1  aem

adup Z thng g
g soyytiury aur) H a

SHTITH ONY 8 HIMdWY LN
uzn L ST p

(3591 }(azs)

ENL1 WMOys faae] Aqiog 10) sefieyas il o)
—_—— ....: UMOUS J01u00 nb G
Y1 umeys el oipty g
DpON) DPODUT LE UMONS INPORY |

ISPy ‘I [t}
Weuodwnd g * @ HY)amoys Send apoeouDs B g
nyiduny = dury 5

H
L
4

>

i

2320
ME| i
- N
T apoy

Pumg= MS ¥
Hymindue) = dwey p
opesqng = qng 7

R B R Y
Silow

i®€zn

Laeg wpow g
— (29 (w3 s0) aa s

+__
>
r___ 7
U— |
'
Esi

F
ﬁ+—+

ey dgeg
AEV |_| ||||| - (v} (o) ) pumasn)

Bpusag YN
- — Lw lllll EIORE

1050 1m0~ yy
- — _ﬁAr — & () (10N 0y pmory)

LRCEENE L)

s s i
— () ooy

—_——— e — ]

f
A
\

!
L

{7HHs2 ) _O_u
el HYS52

<[ HE] Aili_,é.

SHIM ONY ¥ HILAWY LNdNI

I
Uepu0l i) W
.} fIL
(FO0E  (Jumisuca sum

.L
4
s

404 pURDIZ | ou 1y gunGisy)

Cat. No. 66 B-type module block diagram

S581/3683

330



Live aws & sutput

Input & Ground for30ps  Output "4 Meter smp input A To meter & Output 28 Line amp & wput
e > P s .
s 2 {ag; 2 B A 25
Al ; (a3 ! B
o ks e s ¥ Line amip A powees
Wy e o
Rm; ?1,3:,, e RI3S R700 A6 Lemally F18VH
33K T 5 6K 39 ZHe
Q101 Y
BC2ULWE :
M [ ’ R0d
R105 BCIB4LE J R145 ou% CHE o
ZTine 18pF & BCIMELD R4 £ 8K
P 1} 150K 18y BCMALC | A0pF
| it g oo Ri28 R12§ ik
214
c e L Tov . goan 13K 11 3K ]
AL T l I RM R BE24 1z RTM  Rilb
27k Rn2 LT + ic " + 1K 2
e 140 iﬂ ke  enIKE ot c — |—4 K o ) - 4 o
- 270F - : R
cron  RIOT A2 MK cw lcms cha i ) T20gF +e 23000k &+ cm c00
ot 10K 10K 2200pF o8 2Z00pF e 10716 /% E 10/16 01
Ly - - : ol Dt | Dl ’ 57 A i o108 L Do
Q100 10000F INg1a e | 4T R4 BCI A, NaN Q125
R0 Blate gy f e Rita (e Ll — P 150K — P F—F >—6 JBC?SCC 2
ATOK Y R]’I;ﬁ( Q1 13w Q- Cra = Q140 Diibry tane ![ D105 o @124 o3 b8 - Eg;:{‘aw B
R e 7
s X BCIBHE | | BC3B4IC 10716, BC 182LE from oscillator prins s ¥ BCIEILC | BCiEALE Nat S
l—q —
02
10w clot | Cwz2 l C 106, R0 x Rlth RI7 R11E R132 R133 R134 10715 - D .
23k e R 2004e 22w = SaK 47K tK PRI > R R143 SRM? A6 00 R1Z6 R12? TH 47K LD 2 Rine f‘h:;lfss N1 SPAGT
56Ky CHa, [ BF z | sy ook 22K AQT S2are TNk NSl 22K 56K i LA i 3k EFRED
e H 1 1 ]_
‘ : . _ >
s B o %
¥ oo Ll NE4
Rt WK
R DK
1
. N . - . .
T
T S 10V g 2 B Em:a RiTH (I 2 e 1 E_R'gﬂ' gRﬁﬂﬂ v o Snan Rsng Ram ];Raos Ra% T ROZT
oy 3ok GEEK 5K & CIE4 27K D52 FRILY > 1R Srw | e s 220K T WK H 1w
R156 ara? I ot {] cwa d naindy [ i
oK BCBLE cd * /e 5FD122] 10/ JNatd oaon : Rib
cse RI5E R172 S i 22 6 4+ o BEALE S Ruok ) . 42
1t \ @151 BS 58K 10K +10,"|E- D153 . AL oK ik &
ar y ) BCIRALE l TG i Lo ouls -
4700pF + RiE? o, - H bk R304 T /3002 BCMILC BLI1ALD "Er-*'m“
A SFDA22 : Lo K | mic
R 150 ¥ BCIBILL 72 ortse 1 [ R !
SRS Qist 1ok 3 D T Q13 e . ! | Qi
3 0K 2M5458 N R1TH BLiBALC 1} RIB3 i - ! BC i1 capa
KA @ yo oo W Qtss Sk psor TEKS v —* 7 e
" 1s970 3 15920 c15y N S T LTI swwg | D502 P prien ) : . a
€15 - (R o PR L] Bt & R4T < ¥ " Dl fraw
Iy REFG CI81 R186 : o b4 2 alhy
R::!L T 10745 - 10,16 B7 1 z 1K Ll IR PR bt 218K k o 1 sertrlng
l e W bR . st | B¢ 214 ] L SE: 3 ] transintaes
. : 3 K » 306 3 S ol
[y 018 m SR * 110K 1ok R84 ¥ 2 ) e et Quit | 1 B
D00k 20K ‘l B3 BCAELE )
o + _ - i _‘“5:7 i +1 o
RI1SS 13T RISy SR1Y G160 4 L EERT
3 A N < - ! BC84 Lc}d 7 [+ ECED p 0 T
Rt LR 20T 1/ ] C'f’-- L g Q53 3501 PRCILS géﬁz'nuc
aoTo Pl . wie | Ly L Cis - BCIBILC . 20500 1500pF RIZE
o g% R13h BC 184 Eh BIVIS gy >
Z5- ot 1Tk bR ! Aad 12
15 8K i Lc 1 Chva
b— E: a2 as ™ I
Bé 81 | Postwefor Ground for Graund for  Noie Graund for Darlley tane uncrlitor sutiud
T - chanpel & encode dughe ator nee tethig Nolby toee
(28] trwe Lime regluc e oul o overnie
- . sonstant charrel
It B | AR A2 B12 AleAlT A
] as Output 18 Metar amp input B T meten B oalpt 2B Tie a8 g e | )
' ' ats
‘[ 1y .
i R . Riis g R300 Lo amig B pownrs
i 2k Towm 16 th ocrtially 4 T
X ]
Q20 | H
BCIMLE ) i
T e . T o7 3 f-d-';‘ ‘
80 5asLe R240 i o 2
< 10K 1 " a0 ‘
LR hot e Thet: |
v "Ik ke e !
. 5 R&04 !
23mh J o = ~ weF |, R&M  RRN e .
- = me ALY
7 n-3Ke 12 — | 4} b A
- - = Cs - .
Cree  R21 RI0Z 205 can 1% 2200pFee €n C R
01 LLL 30005F 2200pF 4 - o
L4 o e [EDY _n | n20a
ay <R
R200 B0 L S x50Ke] -
0 R204 . a | Doy tene D2nG kiin
173K QI LS st e bt 14411 B ML
" BCIB4LE, LEC3RILC . L b I :
clot - © - L] Gl cane
oy LTI Bl 1 200 ok w s ; PIERA & RME ' - AT [an
R4 204 L 2200,F " I ST . R TR Dot L N e
Sk '\.!BﬂupFI . 10t 3 : 1 Saot Lo oy . ‘ A Brs
- |
I H S
D203 oz
0202 y o2 =
N hlakiad INgH
A
IS - . . TOLERANCE
B & —y - - .- ¥ —— ey COMPaREST ANCES
"55?2 IR"M- :[R Eo Im'-n S;Rzap nase %“95 ¥ oson ! T i i . *
Gasn 1008 ™ 6K Sam o sfor 22K RIb4 na NsIen T ; S Rele R 5 Rt .
BC2uLe CDZi‘ié '_+-lc’a.| ) D C s gain ' l P ‘ n VK A ;
[PhE] 1 201 1, w0 | iz ‘ : oy
R85 BCAVILC i — | 0352 + RS e
e B0 n kK ?' e +7 5022 - T I I FUrT———"
e R2 Ll dekad T 4 e ! _ Al e iz
AN—g anzml | ooy |
Rt £ ¢ ‘ -, o | - l ! i . ADT teenimtiin e gt s Leat
R253 2350 10K b Cn [ -l |
. 3R M558 D250y i | wsnuL ) . m =
v 15920 G156 = s7vss = i
e i & cov | +en | -
R730 4. C233 BCI84LC - R285 FET R0 L Cvj”w ! Qe CHdd
ok 2 0/ R263 z 270K R2an BE Jad " T vz BC214LE
+ 3K RZS T s ! o
O oyt Yow y oz e ; 2D40
0/16 R284 15,820 T/ a2veg |,
_L ’ i o R TR M 270K cevt | ean
<251 ek | - [ T e Gous
oz2e wess | moe b Ross - eass 257 ¥ b4 BL3RILE
- Shre TR 10 16 Chy " x - . R
. . 2ok | 27KZ a0 TROT 1 T = : " ~
g | g 1 Sl = e o - I ors -
AOT AoT €207 URM6E S RI6T 016 z =5 & - i o
1 l N ‘033 im B-AK < ; !
. . 35 1 . : ——— ' . . R S R , CAT. No. 66 CIRCUIT DIAGRAM
. i - : 1 Diawing No. ADC1404
g1 B2 i 1 an < Bl b g e e 190

Poniliee fi chasnel B encods



9.4

e

ek -]

Qo

703

[/34]

pry o))

2
Cat. No. 2198

Q7
oo
(-}

[ © DOLBY i ABORATORIES INC 1981  Made m Englai

o

o

o

)

o Y 2

ot

3 £ B ﬁ
[+9
o~
[~ 4
-

@
|

imllh

]

AIC24 DI |55 .

330 Cat. No. 219 C~type module

e P!\;gi SR THED +22Y Hor,
LR
VHES
40K vadhv B
RT10 L R3¢ Ra13 .Icq““’ v
"K7 -4 A~ i S
54Kq HOK 1% | 110%1% e B o —
] a5 (PN 3 1€ 104 f702) a1
OF | ‘
’a1 Vs TLoe2 L 15K ¥a Tuokz )nrn &0
90K cany CA08  VeeF
Ic 202 ek 0015 0.018
4700pF
- = gfhz
100 S 4ES FLAHEFROOF
WI LINE AHP A’ INPUT @- 1ui_ ! __,,,-@ LiRE AMF A QUTEUT
1
' Arn \/35 {M19)
N Ic 1024 D300y e 113
% GEB FLAMEPROOF
RI0T & 0/ 16
(1AL
atoel
BFR A0
l aro8
WR oH/ OFF e Pl OUT (e 2 ¢ %02) /‘&-\ =
R/F AZ
lzs 27 25 26 sl mi \!l
kil 51 3 MONSPL OUT
METER AHP p— Vec 2 / Ic 150
INPUT & 150
ce aiwo v a1 I 13 HA 12058
@-—‘l TER = £
+ sy ToMETERA TO ALL )
(w2) 1/35 s
ang (YD Veur 4 4
c151 mm 220/10 ¥ N T,
VReF 47K 1 . L
NR
S
- - [
sheein #
5 on> 3 <
| 1) Rec v R
S L_: E3 1 W 524 A
——
< J L
INPUT A 3 R1$iu B [
104 1 | .
300wy 3000 pF 3KSL R84 L
NRarF sk R1Se y WECi6d
1090 oF oK + LL T T1ooa
P Vaes ] I—m—l c1s4 . fF
L LX.U X
@-’“—"" L1o3 / [TT S ¥ o5 o.4F RiSA
(#%) 3ot 3900pF citd 16K
r L 7L
R152 RS54 - R166
1KOS 100 T = 8Kz 12 Cleh
1.3 5600
= T * v
4(:)\—('?;—
1 DT 08¢ (PIN 7 1 %04
c1sa Vrer . v /
+
3 00pF 2200pF L DUTRUT 44 Lo aItioze
1916 {(Ms)
* R1SS
vee 4R 473 OUTPUT 2A
[ ¥ —an
FL ouT ﬁ—-’<)-o {
palal (PN 2% o# Tc 130) r ! /% (a)
[[{_/ﬂ_,n{ A Lv?- JICI028 580 mv
© NR OFF
106 rioy R/ FAr—
@ AAA A /P A1 (PN 10, IC 101b)
itk 10K
(n22) SR108 Veo
F K NOTES: UNLESS SPECIFIED OTHERWISE
£ 100 i HOTES:
R
e R/F AL (P 26, XC 150) “1'10 % ALL TRAMSISTORS AKE STH TYPES
4 rus R107 2 100K DT ON/OFF 2. ALL DIDDES ARE SILICOM TH4I48 OR E@AY
E 100K 4
T 4K DoveY Yot B Ril1 ] (P 1 IC 102 /202, Pt 1 200)
L o vons () MO -y
- 20K 3 ALL ANALUG SWITCHLE &
R113 Voo
M2 S 100K Yooz
POWER INPUT NOISE REDUCTION 2R3 072 fe2
EE ] - -, L)
+2%Y HOM, Ver 415V MG on/5FF (32) mEm———4 T =
wob 161 Rite — A 24V NOM TO LINE AMFS 4, AL DUAL GP-AMPS: —————————— - — &
;ZI',O LMIT vy HR Gn/ OFF Q104 Q804 Q6o 5. COHPONENT DESILigATiorS APPLY TO CHARNEL “A%,
@ A— — vin Vour -@ +I5¥ REQ OUT +  (rm27orIciso/2se) & BFR B0 FOR CHANMEL ‘B’ , ADD 100 Bl SEE DESIGNATIONS | BRACKETS.
FLAMEPRODF ADT | w7 . SMOOTHEDR POWER 6. FOR DuAL OP-AMPS , SUFFIx 'a’ REFERS To Pms 4,2 § 3.
W2 LRI 0/16 $22V  NOM, SUFFI% "B’ REFERS TO PINS S, 6% 7.
<601 w7 Taor ( TO LINE AMPS Q70Z, R708 7. Vrer = V2 Vee |
03 ,C60% , LI 607 DDy 4 ’ *
o1 C#03 ,CEON, CHOE, Ci = 802 ,R808)
() -1 o oz C;ﬂu o RED4
TFE01 TFO2 PR
0 TOF AND
- = = BOTTOM LOVER R&05
L rsox Cat. No. 219B Circuit Diagram

Drawing Ne. A1C2403 iss. 6

581/3684



330

10.1

SECTION 10

CAT. NO. 66 OR CAT. NO. 219 NOISE REDUCTION MODULES

SERVICING
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10.2

10.1 Introduction

Module exchange is the easiest and most reliable method of repair of either the Cat.
No. 66 or Cat. No. 219 Noise Reduction Module (NRM). However, for situations in

whieh this is not practical, this section provides some basic guidance in user-servicing.

The NRM has been designed for accuracy, reliability and long life. The individual
circuits operate well below their dissipation limits, and close-tolerance high-stability
components ensure repeatability and accuracy of system parameters. There is no
need for adjustment of the printed eircuit card; the critical parts of the circuit are
pre-adjusted during manufacture with fixed-value selected components using custom-
designed test equipment and procedures.

Routine maintenance is confined to verification of the system performance. Repair
is usually and most practically achieved by module interchange; faulty modules are
then exchanged by loeal distributors or Dolby Laboratories offices. All modules are

guaranteed by Dolby Laboratories for & period of one year from receipt by the customer,

the guarantee including freight charges. Subject to the particular customs formalities
of the customer's country, the repair will usually be effected on & replacement basis,

with a new or factory-tested module, ensuring that inconvenience is kept to a minimum.

10.2 Fault Repair

Most failures are catastrophie, usually involving a single component in a particular
section of the circuit. Such failures are readily traceable and, in general, repairs

can be made by substitution of a new ecomponent. Most parts are general purpose
devices; however, the field effect transistors in the Cat. No. 66 module (Q150 and
Q250) and the integrated eireuits in the Cat. No. 219 (IC 150 and IC 250) are specially
selected and only available from Dolby Laboratories; in the event of failure of these
parts, the module must be returned to the nearest distributor for exchange. Similarly,
if any of the reference voltages fail, replacement of the devices alone will probably
not be satisfactory, since several adjust-on-test (AOT) components depend critically
on the exact value of the reference voltage. Here too, the module must be returned
for exchange and recalibration.
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