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PREFACE 

This book provides a simplified, practical system of troubleshooting and repair 
for laser-based consumer electronic equipment now in common use. Although 
the emphasis is on compact-disc (CD) audio players and CDV (CD video) players 
(also known as Laserdisc andlor Laservision), the basic principles described here 
can also be used by technicians and field-service engineers working with other 
laser-based systems such as CD interactive (CD-I) and CD-ROM drives. 

It is virtually impossible in one book to cover detailed troubleshooting and re
pair for all laser-based equipment. Similarly, it is impractical to attempt such cov
erage, since rapid technical advances soon make such a book's details obsolete. 

To overcome the problem, this book concentrates on a basic approach to CD 
and CDV player service, an approach that can be applied to any CD or CDV 
player (both those now in use and those to be manufactured in the future). The 
same approach can also be applied to CD-I and CD-ROM drives and is based on 
the techniques found in the author's best-selling troubleshooting books. 

Chapter 1 is devoted to the basics of CD players, including their relationship 
to stereo systems, and to CDV players, including their relationship to TV receiv
ers and monitors. With the basics established, the chapter then describes the 
technical characteristics for the various models of CD and CDV players now in 
use. 

Chapter 2 describes the encoding and decoding processes used for compact 
discs. The chapter also describes the basic principles of optical readout used in 
all laser-based CD and CDV systems. An understanding of these processes and 
principles is most helpful, even for the very practical technician whose main con
cern is with efficient troubleshooting. 

Chapter 3 describes user controls, operating procedures, and installation of 
laser-based CD and CDV players. Although CD and CDV players are not difficult 
to install or operate, the basic procedures are quite different from those of a typ
ical LP phonograph or a VCR. 

Chapter 4 describes the test equipment and tools needed for CD and CDV 
player service. The chapter also discusses routine maintenance for CD and CDV 
players and CD and CDV discs. Special emphasis is placed on safety (including 
laser safety) and the relationship of features found in present-day test equipment 
to specific problems in service of laser-based equipment. 

Chapter 5 describes the theory of operation for typical laser-based CD player 
circuits. By studying the circuits found in Chap. 5, the reader should have no 
difficulty understanding the schematic and block diagrams of similar CD players. 

ix 
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Circuit descriptions are supplemented with partial schematics and block diagrams 
that show such important areas as signal flow paths, input-output, adjustment 
controls, test points, and power-source connections (the most important areas for 
service). The chapter concludes with an explanation of major differences be
tween consumer audio CD players and computer-oriented CD-ROM drives, in
cluding line-by-line connections between a CD-ROM and host computer. 

Chapter 6 provides coverage of CDV players that is similar to that for CD 
players in Chap. 5. 

Chapter 7 describes operation of the mechanical sections for typical CD and 
CDV players. Although many players are covered, the chapter concentrates on 
mechanical operation 9f the most popular models, including manufacturer
recommended adjustment and replacement procedures. This information is es
sential since most CD and CDV player faults are the result of failure of (or tam
pering with) the mechanical section. 

Chapter 8 describes troubleshooting and service notes for a cross section of 
CD players, including electrical adjustments (to complement the mechanical ad
justments described in Chap. 7). Using these examples, the reader should be able 
to relate the procedures to a similar set of adjustment points on most CD players. 

Where it is not obvious, the chapter also describes the purpose and results of 
the procedures, including waveforms measured at various test points. By study
ing these waveforms, the reader should be able to identify typical signals found in 
most players, even though the signals may appear at different points for a partic
ular player. 

With adjustments well established, the chapter then describes circuit-by
circuit troubleshooting for laser-based CD players. This approach is based on 
failure or trouble symptoms and represents the combined experience and knowl
edge of many CD player service specialists and managers. 

Chapter 9 provides coverage of CDV player circuits that is similar to that for 
CD players in Chap. 8. 

John D. Lenk 
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CHAPTER 1 
INTRODUCTION TO 

LASER-BASED 
DISC PLAYERS 

This chapter is devoted to the basics of laser-based disc players, both video and 
audio. To understand operation of such players, it is essential that you first un
derstand the basics of both TV and stereo systems. If you need refreshers on how 
TV and/or stereo systems work, read Lenk's Video Handbook and Lenk's Audio 
Handbook (Lenk, McGraw-Hill, 1991). 

Before we go into any descriptions in this chapter, we take a brief look at the 
laser-based disc scene, both past and present. With the basics established, we 
then describe operation of the two most common types of home-entertainment 
disc players: the compact disc (CD) audio player and the compact disc video 
(CDV) player. 

1.1 THE LASER DISC SCENE 

First, let us resolve the disc versus disk question. The author generally spells disk 
with a k rather than a c. There are those who feel disc should be used for con
sumer audio and video products and disk for magnetic data devices. Still others 
feel that disc should be used only with laser recording and playback, and disk for 
other video recording. As a practical matter, most audio and video player man
ufacturers have settled on disc, so we will do the same. 

To further complicate the problems, various manufacturers produce laser
discs; videodiscs; laservideo, or LV; Laservision; and so on; all of which are the 
same. That is, the discs have both video and audio information, are played by 
means of a laser beam, and can be shown on a TV or monitor. In this book, we 
call the devices on which any form of video discs are played compact disc video, 
or CDV, players. We also discuss compact disc, or CD, players, which repro
duce only audio (and are generally used with stereo systems or amplifier-speaker 
combinations). 

Note that there are devices that will play both CDVs and CDs. We devote a 
good part of the book to such players. This is on the assumption that if you un
derstand the operation of and troubleshooting for such a complex player, you 
should have no difficulty with any other player (CD or CDV). We devote there
mainder of the book to the less complex (but far more popular) CD player. 

Also note that there are compact disc interactive (CD-I) and CD-ROM (read
only memory) devices that use laser-based discs. In fact, the circuits of the CD-

1.1 



1.2 CHAPTER ONE 

ROM player are quite similar to those of an audio CD player, except for the lack 
of user operating controls and for one or two additional ICs used to decode digital 
information. The CD-ROM is used with computers as a substitute for disk drives 
(both floppy and hard), thus few (if any) operating controls are needed (beyond 
possible on-off switches, power LEDs, etc.). 

We do not dwell on either CD-I or CD-ROM in this book. If you understand 
the audio CDs, you should have no difficulty with a CD-ROM. A possible excep
tion is the control and interaction between the CD-ROM and the computer. For 
that reason, we describe interconnections and commands for a typical CD-ROM 
and computer combination .. 

1.1.1 The CD Story 

CD players are also called compact audio disc players, digital audiodisc players, 
or simply disc players in some literature. However, the terms CD player and 
compact-disc player are now in the most common use. 

We cover CD players designed to reproduce sound from digital compact 
discs, or digital CDs. Such discs are not to be confused with the older analog long 
playing (LP) records or with pulse code modulation (PCM) records (so-called 
"digital recordings"). The CDs described here are not interchangeable (electri
cally or physically) with either LP or digital PCM discs. 

1.1.2 The CDV Story 

One of the earliest videodisc systems, called TeD, used a pressure pickup (piezo
electric) and was introduced by Teledec Telefunken Decca of Germany in 1975. 
The TeD system was soon removed from the market. Another system that never 
quite got off the ground was the transparent disc developed by Thomson-CPS. 

The reflective optical pickup now used for both CD and CDV was developed 
by NV Philips in the Netherlands and by MCA. The system was called video long 
play at one time and was introduced in the United States in 1978. 

A system called CED using capacitive pickup was developed by RCA Labo~ 
ratories and was introduced in the United States in 1981. This was at a time when 
VCRs were first becoming popular. Since the CED cannot record (as can a 
VCR), the CED system soon disappeared (although there are some CED players 
and discs in existence). 

Still another system, known as video high density, or VHD, with a companion 
audio high density, or AHD, was developed by the Victor Company of Japan 
(JVC) and introduced in 1982. Both systems soon disappeared, primarily because 
of the VCR popularity. 

1.2 INTRODUCTION TO THE CD SYSTEM 

The following paragraphs are for readers who are totally unfamiliar with the CD 
system. A CD player is a very specialized form of phonograph, record player, or 
turntable. CD players play prerecorded discs (carrying music, speech, etc.) 
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through a conventional hifi or stereo system (amplifier and loudspeakers). The 
most common CD is the 5-in disc [the disc is actually 4.75 in (120 mm) in diam
eter], which can contain between 60 and 70 min of audio. There is also a 3-in CD 
that contains about 20 min of audio. 

Both CDs are single-sided and spin at a high rate of speed compared with con
ventional audio records. Both use a light-beam and optical-pickup system instead 
of the stylus and arm found on LP record players. In addition to superior sound 
(to either analog LP or digital PCM recordings), CD players can provide imme
diate access to audio at any part of the disc. It is also possible to program CD 
players to play only selected portions of the audio material. 

Figure 1.1 shows the block diagram of a typical CD player. We describe each 
of the blocks and their functions throughout the remainder of this book. Before 
we get into such details, let us consider some basic differences between CD and 
LP players. If you are familiar with conventional record players of any kind, even 
those capable of reproducing digital recordings, you will see that a CD player is 
quite different (although the overall purpose is the same). 

Track of pits 
and flats on 
underside of 
CD 

Radial 
~tracking and 

focus control 

Turntable motor 

Photodetector 

Disc turntable 
motor speed control 

FIGURE 1.1 Block diagram of a typical CD player. 

Left 
L 

R 

Front-panel operation 
indicators and user 

controls 
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1.2.1 Pickup System and Drive Motors 

One basic difference between a phonograph and a CD player is in the pickup. 
Phonograph records are played with a needle on top of the record. The beginning 
of the record is at the outside edge, and the needle moves inward as the music is 
played. 

A CD is played from the underside with a light beam. The beginning of the CD 
is near the center and the light beam moves outward toward the edge as the pro
gram plays. The beam is focused up onto the bottom, or underside, of the CD 
through an objective lens (also called the object lens), located below the CD (or 
on the underside of the CD in the case of those players that rotate the CD in a 
vertical plane). 

As the CD is played from beginning to end, the lens is driven by a servo
operated pickup motor across the disc. The light beam reflects from microscopic 
pits on the underside of the CD. These pits are coded with music or other audio, 
as well as with synchronization.and identification data. Note that the lens is part 
of a pickup assembly (sometimes called the actuator). 

Figure 1.2 shows two basic types of pickups. In one configuration, the optical 
system (including the objective lens) is mounted at the end of a rotating arm. The 
arm and lens are rotated (by the servo motor) so that the lens moves from the CD 
center to the edge. The rotating arm type of pickup has generally been replaced 
by the slide-type pickup (sometimes called the sled), which is driven across the 
CD underside by the motor. While on the subject of motors, there is also a servo
operated tumtable drive motor in all CD players (to spin the CD) and usually a 
loading motor (to insert and remove the CD from the player). 

1.2.2 CD versus LP 

Conventional LP record players reproduce the audio signal by tracing the 
grooves in the record. A CD player reproduces audio by extracting signal infor
mation from the disc using a laser beam with no physical contact between the CD 
itself and the signal pickup mechanism. 

The laser beam used to extract the audio is generated by a small, low-power, 
semiconductor diode, made of aluminum gallium arsenide (AlGaAe), which emits 
an invisible infrared light. The laser beam is focused onto the CD by the objective 
lens, which acts like the lens of a microscope and focuses the beam onto a spot 
slightly less than 1 IJ.m in diameter. The spot is then used to retrieve the infor
mation contained on the CD. 

Figure 1.3a shows a magnified view of a CD. As shown, the CD is composed 
of thousands of circular "tracks" made in a continuous spiral from the inside to 
the outside of the CD. The tracks are similar to grooves in a conventional LP 
record. However, the tracks on a CD are not true grooves. Instead, CD tracks 
consist of tiny pits, or indentations, in the disc material. The width of the pits is 
0.4 to 0.5 IJ.m, and they are 0.1 IJ.m deep. The distance between the spiral tracks 
is held constant at 1.6 IJ.m, which is called the track pitch. (This is not to be con
fused with pit spacing, which is about 2.0 IJ.m from the centerline of one track to 
the centerline of the next track.) The combination of pits and flats (area between 
the pits) is used to reproduce the recorded information. 

Each groove of an LP record contains two signals, one each for the left and 
right stereo channels, which must be simultaneously read and reproduced by con
ventional turntable systems. The CD carries left and right channel information 
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Focus 

Bidirectional optical 
system (including 
objective lens) 

Turntable -----+ 
drive motor 

Objective lens 

CD Turntable drive motor 

(a) 

(b) 

Slide assembly 
driven by 
pickup motor 

Focus coil 

FIGURE 1.2 Two basic types of laser optical pickups. (a) Slide type; 
(b) rotating arm type. 

1.5 

separately, with two sets of information aligned successively on the CD. There is 
a fixed time interval between the two sets of information. As a result, only one 
information-carrying track is required, and crosstalk between left and right chan
nels is reduced to zero (in theory). In actual practice, channel separation of 90 dB 
(and better) is quite realistic. 
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Label side 

t ~~m 
Protectiv~Trr 
~~~e~ ------~ _:_____________----~----~------~--~1_._,_m_m __ 
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refle~tive 
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Transparent base Laser beam 

(b) 

Pits Flats 
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FIGURE 1.3 Magnified views of a CD showing tracks of pits and flats. 
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In forming signals contained on the CD, the original music or other audio is 
divided into 44,100 separate signals per second. That is, the original audio is sam
pled 44,100 times per second, using a sampling frequency of 44.1 kHz. The com
position (frequency, level, etc.) of each separate signal sample is then converted 
into a binary format such as that used in computers (a series of 1s and Os). This 
form of storage is called pulse code modulation, but it is not to be confused with 
the PCM of other digital recorders. 

The CD signal composition is measured on a scale of 216
, or 65,536, grada

tions, and the result is expressed as a 16-place number (combination of 1s and 
Os). The 16-bit system offers a wider range in which to express the divided signal 
level than other PCM digital recordings (which generally use a 13-bit system). 
Theoretically, the dynamic range that can be expressed by the 16-bit system is 
about 98 dB. However, most CD player manufacturers claim about a 90- to 95-dB 
dynamic range. 

1.2.3 CD Structure and Tracks 

As shown in Fig. 1.3b, the CD consists of a reflective evaporated aluminum layer 
covered by a transparent, protective plastic coating. Handling a CD presents far 
less problems than does handling LP records. For example, even if the CD has 
some dirt on the transparent base, the laser beam can still operate properly be
cause the beam is directed at the reflective aluminum layer beneath the surface 
(rather than at the surface). The only possible surface contamination on a CD that 
can affect playback is something with reflective properties (which can reflect and 
distort the laser beam). A possible exception is where the dirt completely blocks 
the beam. 

The pits and flats representing the digital information are located 1.1 mm from 
the transparent surface. The light beam passes through the base material to re
trieve the information. The light reflected by the pit is not as bright as the light 
reflected by the flat area. The CD rotation, combined with the pits and flats pass
ing over the light beam, create a series of on and off flashes of light that are 
reflected back into the system, thus modulating the light beam. 

As shown in Fig. 1.3c, the length of the pits and flats determines the informa
tion contained on the track. The pits and flats can vary in length from about 1 to 
3 j.Lm. The analog waveform shown below the pits and flats represents the de
coded signal after digital-to-analog (D/A) conversion. The pits reflect less light 
than the flat area, and the length of the two vary to recreate the original analog 
signal. 

1.2.4 CD Optical Pickups 

Figure 1.4 shows the basic elements of the optical pickup (also called the optical 
·readout) used by most CD players with the slide-type pickup. We discuss optical 
pickups in greater detail in Chap. 2. For now, let us consider the basics. 

The laser beam is developed by the laser diode and is applied to the reflective 
surface of the CD through an optical system (a series of lenses, prisms, gratings, 
and possibly mirrors, depending on the type of optics). With all three systems, 
the beam is then reflected back through the optics to a photodiode detector (typ
ically six diodes). The detector produces an output that corresponds to the audio 
stored on the CD. It also produces tracking and focus signals. 



Three beams (focused) 

Focus lens _c_D __ -r-/--~~ ~ Underside of CD 
(operated by .............__ ~ 
focus coil) -......_ 

Diffraction grating -
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FIGURE 1.4 Basic elements of laser optical pickup. 

1.8 
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CD Radial Tracking. With the system shown in Fig. 1.4, the CD spins in a hor
izontal plane. In many CD players, the CD spins vertically. Either way, it is es
sential that the laser beam follow the track of pits and flats as the optical pickup 
is drawn across the CD by the pickup motor, regardless of any possible CD ec
centricity. This is called radial tracking and usually involves a radial-tracking 
coil, which is operated by a tracking seJVo that moves the lens (and beam) as 
necessary. 

The radial-tracking system uses the three-beam principle shown in Fig. 1.4. 
This technique uses two subbeams to detect tracking errors and uses the main 
beam as the audio-signal detector. The subbeams are produced by routing the la
ser beam through a glass diffraction grating, which creates several images on the 
same object. 

The two sub beams are located ahead of and behind the main laser beam. Also, 
the subbeams are shifted slightly to the left and right of the main beam. After 
being reflected by the CD, each laser beam is routed through the optical system 
to corresponding photodetectors. The error signal from the two subbeams is con
verted into an electrical signal and then fed to an error-signal amplifier. 

As long as CD tracking is precise, the output of the error-signal amplifier is 
zero. However, if even the slightest radial-tracking error is detected, the input 
differential between the two error signals (right and left) produces an output. This 
output is then fed to the radial-tracking servo and coil, which move the objective 
lens (at right angles to the track) as necessary to correct the position of the main 
laser beam. 

In the rotating arm type of pickup (Fig. 1.2), a coil moves the entire arm and 
pickup as necessary to restore proper tracking. In most slide-type pickups, the 
tracking coil moves the optical system (lenses, etc.) in relation to the remainder 
of the pickup assembly to restore radial tracking. 

In a third system, the tracking coil operates a rotary mirror. This mirror is 
placed between the laser and lens so that the beam makes a 90° turn when re
flected by the mirror. The tracking-error signals cause the tracking coil to rotate 
the mirror (ever so slightly) and direct the beam back to the track. 

CD Optical Pickup Replacement. From a troubleshooting standpoint, the exact 
configuration of the optical pickup lenses, coils, etc., is of little importance. In 
most present-day CD players, you must replace the entire pickup assembly as a 
package. You can trace error signals from the pickup diodes, through the servo, 
and back to the pickup radial-tracking coil. Then you must replace the entire as
sembly if: (1) the diode signals to the servo are missing or (2) if signals from the 
servo are available, but the tracking coil does not move the lens (or mirror). 
About the only replaceable parts on the pickup are the drive motor, drive belt (if 
any), and possibly some of the drive gears. The laser optics are rarely replaceable 
(or even adjusted in most cases). 

CD Automatic Focus. In addition to radial tracking (keeping the beam centered 
on the track), the optical pickup also provides for automatic focusing {AF) of the 
beam to compensate for vertical movements of the CD. This focusing system 
moves the objective lens (toward or away from the CD) if the laser beam is not 
focused precisely (within ± 1 IJ.m) on the pits. 

The focusing mechanism uses the astigmatism principle. In the simplest of 
terms, the main laser beam is detected by four equally spaced photodiodes, 
shown in Fig. 1.4. (These same diodes also reproduce the audio signal.) If the 
main beam is properly focused, the beam spot is round, and all four diodes re-
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ceive the same amount of light (and produce signals of the same strength). If the 
beam is not properly focused, the beam spot is elliptical, and the four diodes re
ceive different amounts of light (and produce different outputs). 

The outputs from the four diodes are summed in error amplifiers. The output 
from the amplifiers represents the focus error. This error (if any) is fed to a focus 
coil or actuator that moves the objective lens up or down as necessary to correct 
the focus. The focus coil is similar to a loudspeaker, and the objective lens op
erates somewhat like a loudspeaker cone. 

1.2.5 CD Signal Processing 

The block diagram in Fig. 1.1 shows the sequence of signal processing within a 
CD player. We discuss all of these circuits and more (in fascinating detail) 
throughout Chap. 5. For now, let us run through the signal sequence quickly. 

Preamp and Data Strobe. Since the output signal originating at the optical-pickup 
photodetectors is very low, the signal is amplified in a preamp stage to a usable 
level. The signal then enters a data-strobe circuit to discriminate between the 1s 
and Os. The data strobe extracts and separates sync signals from the music and 
other audio signals. These sync signals are encoded on the CD, along with the 
music, when the CD is manufactured. (The sync signals make it possible for the 
CD player to reproduce audio at particular points on the CD track, among other 
functions.) 

Data Processor. The next stage is the data processor (or signal processor), which 
has multiple functions: demodulation of the signal data, error detection and cor
rection, determination of 1 or 0 status, compensation for possible missing parts of 
the sync signal (performed in conjunction with the data-strobe circuit), random 
access memory (RAM) control, rearranging data for temporary storage in the 
RAM, and overall control of the signal-processing circuits. 

Interleaving and Deinterleaving. All CD-player circuits include some form of 
deinterleaving or the rearrangement (unscrambling) of signal data. When a CD is 
recorded, the music or other audio is interleaved before being recorded on the 
CD. The interleaving process is especially useful when a relatively large part of 
the signal is missing. With interleaving, the effects of dropouts in the audio (from 
any cause) can be minimized. 

In the simplest of terms, interleaving involves dividing the audio to be re
corded into a series of random sections and then lining up the sections in a new, 
fixed order before the actual recording. During playback, the sections are rear
ranged by the opposite process to recreate the original music or other signal. The 
playback rearrangement processing (deinterleaving) is done by temporarily stor
ing the data in a RAM (usually part of the signal-processing integrated circuit, or 
IC) and then retrieving the data in the original order. 

Thanks to interleaving, even if a relatively large part of the signal is lost, the 
losses are distributed over various smaller "gaps" in the recreated, final music 
signal. Because the signals adjacent to the gap are still present, it is easier to com
pensate for the loss by inserting what are presumed to be the missing parts. 

Note that the interleaving or scrambling is done by the recording equipment 
during CD manufactures and cannot be changed by the CD player. It is the play-
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er's function to restore the original signal condition according to information re
corded on the CD. 

Audio Restoration. AD/A converter follows the signal-processing circuits. The 
function of the D/A converter is to transform the digital signal back into an analog 
signal. The converted audio signal is then restored to pure two-channel audio by 
a sample and hold (S/H) circuit and applied to the left and right stereo output (and 
to a headphone jack in most CD players). 

Servo Control. In addition to the signal circuits shown in Fig. 1.1, most CD play
ers have two servo circuits. One servo controls the CD turntable motor speed (to 
maintain a constant linear velocity, or CLV, as discussed in Sec. 1.2.7) by lock
ing motor speed to signals recorded on the CD. (This function is sometimes called 
tangential tracking and is discussed further in Sec. 1.3.) The other servo controls 
both radial tracking and the focus of the optical pickup and also controls the 
pickup motor. 

' Laser and System Control. In most CD players, the laser has separate laser 
power-supply and power-control circuits. The system-control circuits shown in 
Fig. 1.1 control overall operation of the player by accepting commands from the 
user controls and displaying operating functions on front-panel operation indica
tors. Generally, the system-control functions are produced by a microprocessor 
IC, as discussed in Sec. 1.2.9. 

1.2.6 CD Audio Reproduction 

Figure 1.5 shows the sequence of conversion that occurs within a CD player. The 
analog waveform A (original music, speech, etc.) is sampled and measured at 
short intervals as shown in waveform B. The measured values are converted into 
binary numbers and encoded into a pulse train (also called a bit stream) as shown 
in waveform C. This process involves quantization. That is, the maximum signal 
amplitude that may occur is divided into a number of levels equal to the available 
number of binary codes. The real value of the analog signal is then rounded to a 
quantized value that comes closest to the analog value. 

The pulse train, or bit stream, shown in waveform C is placed on the CD in the 
form of pits and flats. The reflected beam is modulated by the pits and flats to 
create a pulse train of digital information. The detected pulse train is applied 
to the D/A converter, as shown in waveform D. The detected information is 
converted back to the original waveform by the D/A converter as shown in 
waveform E. 

To summarize, the audio waveform is sampled at 44.1 kHz, and the value of 
each sample is measured and converted to a binary number (using quantization). 
The stream of successive binary numbers is the digital equivalent of the audio 
waveform. As long as the binary numbers maintain their true values, the 
waveform is expressed with an accuracy that depends only on the sampling speed 
of the binary number. The advantage of the binary code, in this respect, is that 
binary has two conditions, 0 and 1, which can be easily represented by electrical 
circuits being switched on and off. As long as digital circuits can detect the dif
ference between these two conditions, the stream of numbers is perfectly pre
served. 
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(b) 

Quantization 
--llsllll7lllllllllllllll 

Pulse train --J1ILILI1iL.Il.J 
(bit stream) 

Quantized data 
taken from CD 
track 

..--llslll17111111111111111 

I \ 
0011 0111 

(c) 

(d) 

(e) 

FIGURE 1.5 Sequence of conversion within a CD 

player. (a) Analog input; (b) sampling (44.1 kHz); 

(c) ND conversion (quantization); (d) conversion 

oversampling (176.4 kHz) and filtering; (e) analog 

output. 

1.2.7 Constant Linear Velocity 

The CD is scanned by the servo-controlled optical pickup at a CL V of 1.3 m/s. To 

get the scan rate, the rotational speed of the CD is progressively changed from 

500 rpm at start-up to 200 rpm at the outside edge of the CD. 

The data stream of digital information taken from the CD is kept at a constant 

rate by a memory. The memory is allowed to fill to half capacity; then data bits 

are taken from it at the same rate as data comes in, thus maintaining the half-full 

condition. 
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If incoming data bits are received at too fast a rate, the memory exceeds the 
half-full condition and an error signal is developed. This error signal is applied to 
the turntable motor (through a servo), and CD speed is reduced until the memory 
remains at the half-full condition. If the CD slows down so that the memory falls 
below the half-full condition, the error signal polarity is reversed. This causes the 
turntable motor to speed up, increasing the incoming data-bit rate and restoring 
the memory to the half-full condition. Disc speed changes are not detected in the 
reproduced sound since the rotational speed change of the CD has no effect on 
the rate of speed at which the data bits are removed from memory. 

1.2.8 CD Advantages 

The most obvious advantage of the CD system is the accuracy of the reproduced 
sound. If the CD player can tell the difference between a 1 and a 0, the player 
reproduces the audio exactly as encoded, rounded off to the nearest bit in a range 
from 0 to 65,536 bits. Not quite so obvious is the ability to insert extra informa
tion, or to manipulate the sequence, in a CD data stream. The interleaving and 
deinterleaving described in Sec. 1.2.5 are examples of this. 

These insertions and/or manipulations are done without affecting the original 
information. This makes it possible to insert automatic error-correcting bits (such 
as parity bits used in computer systems) into the data-bit stream. Automatic error 
correction using the added bits can compensate for signal losses resulting from 
marks or scratches on the CD or from temporary losses in the electronic circuits 
(dropouts). · 

1.2.9 CD Player Features 

The following are typical features found in present-day CD players (and should 
be of most interest to technicians facing CD players for the first time). 

Front and Top Load. Most present-day CD players are loaded from the front, but 
many early CD players load from the top. Top-load models are best suited as 
stand-alone components, but they can also be mounted as top-rack components 
in an audio system. On most top-load models, the CD compartment cover or lid 
is opened by a push button but must be closed by hand. Top-load CD players do 
not require a loading motor and are thus simpler than front-load models. 

Front-load CD players can be used as stand-alone components or can be op
erated at any location in an audio-system rack. There are two basic versions of 
front-load models: horizontal and vertical. 

With horizontal front loading, you press a front-panel button to open a drawer 
or tray, insert the CD, and close the drawer (manually) or tray (with a control). In 
the drawer version of horizontal front loading, the entire turntable and optical 
pickup are mounted in a drawer and are moved in and out of the front panel. With 
this system, you operate a front-panel control, the CD drawer slides out auto
matic:dly, a:nd a CD pressure plate raises. You then position the CD on the turn
table and push the drawer back into the player. This pulls the pressure plate over 
the CD and places the player in a ready-to-play condition. 
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Note that, in general, the top-load and drawer-type front-load players use the 
rotating arm pickup (Fig. 1.2b), whereas the horizontal-tray and vertical front
load players use the slide-type pickup (Fig. 1.2a ). The present trend is for 
horizontal-tray design in all CD players, even those with multiple CD capability. 

With the tray version of horizontal front-load, the turntable and pickup are in 
the player, and the CD is inserted and removed by means of the front-panel tray. 
The tray is operated by a loading motor in response to a load-unload (or open
close) control. One touch of the control moves the tray out to a position where 
the CD can be inserted (or removed). Another touch of the control causes the 
tray to be pulled in (and to position the CD over the turntable). 

With vertical front loading, the turntable and pickup are in the player. A load
ing motor opens and closes a vertical door (hinged at the bottom) so that the CD 
can be inserted and removed. 

On virtually all CD players, there are circuit breakers and safety switches (in
terlocks) that prevent operation of drive motors and the laser when the CD 
drawer or tray covers are open. We discuss these interlocks and switches, and 
the mechanism they control, in Chaps. 5 and 7, respectively. 

Random Memory Programming. With a CD player capable of random memory, 
you can preset up to 15 or 20 programs (individual selections on the CD) for play
back in any order. Typically, you enter the number of the desired programs by 
first pressing a Program button; then you use the buttons marked 1 and 10. If the 
first program you want is the third program on the CD, you press the Program 
button and enter the number 3 by pushing the 1 button three times. The program 
indicator displays the number 3 for confirmation. Pushing the Play button after 
the full sequence has been entered starts playback of the program sequence en
tered. 

Self-Program Search. During playback, CD players with a self-program option 
let you skip forward and backward to locate the beginning of each program on the 
CD. In a typical CD player, you press the FF (fast forward) control once, and the 
optical pickup advances to the beginning of the next program (and begins playing 
the CD at that point). When you press the FB (fast backward) control once, the 
pickup moves back to the beginning of the current program to begin play. If you 
press the FB control twice, the pickup moves back to the beginning of the pre
vious program on the CD to begin play. 

CD Scanning. On players equipped with scanning, the player is placed in the 
scan mode when the play control and the FF or FB control are operated simul
taneously. This causes a brief sample of the current program to be played. Then 
the pickup advances to a point about 30 s ahead (or behind) the CD play time, and 
another brief sample is played. This process continues as long as the FF or FB 
controls are engaged. 

Memory Stop. On CD players with memory stop, you can mark any point on the 
CD for instant location with the FB control. In either play or pause modes, you 
mark the current CD location (the beginning of a favorite program, for example) 
by pushing the memory stop control. The point can then be returned to while in 
play or pause modes by pushing the FB control. The pickup moves back to the 
memory-stop location, and the player automatically goes into the pause mode. 
You then push the Play control to start play from the memory-stop point. 
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Repeat Plo.y. Play of the entire CD, or play of a random memory programming 
sequence, can be repeated continuously on most CD players. 

For play of the entire CD, you push the repeat control at any point prior to or 
during play of the CD. After the full CD is played, the pickup returns to the be
ginning and begins play again. Repeat play of a random memory programming 
sequence is generated in the same way. 

Display Callouts. On some CD players, there is a call control which determines 
what display is shown on the front-panel indicators. Typically, there are indica
tors on the front panel that show such conditions as total CD playing time, 
elapsed playing time, number and total time of programs entered (via random 
memory programming), and possibly the track or index numbers being played. 
We go into typical operating procedures for CD players in Chap. 3. 

Microprocessors. As in the case of most present-day electronic equipment, CD 
players are under the control of at least one microprocessor. This makes possible 
all of the features described thus far. We do not go into all features here, since 
such functions are described in Chaps. 5 and 7. However, it is important to note 
that one major function of the microprocessor is to provide for random memory 
programming in conjunction with the disc directory. 

Disc Directory. CDs are digitally encoded at the beginning of the program mate
rial so the player will know the length of the program. Also encoded at the be
ginning of each selection is an individual code that identifies the location of that 
particular selection. This system of identification (called the disc or CD directory) 
allows each selection on the CD to be accessed using the microprocessor and ran
dom m~mory programming feature. 

Typical CD Plo.yer Specifications. The following specifications are for a "typical" 
CD player and are included here for reference: 

Audio 
Number of channels: 2 
Frequency response: 5 to 20,000 Hz ± 0.5 dB 
Dynamic range: 93 dB 
Signal-to-noise ratio: 94 dB 
Harmonic distortion: 0.003 percent (at 1 kHz) 
Channel separation: 92 dB (at 1 kHz) 
Wow and flutter: Less than measurable limits (crystal controlled) 
Output voltage: 2.1 V rms (with full scale; 0 dB into 50 k) 
Headphone output: 20 mW (0 dB in 8 fl) 

Signal format 
Sampling frequency: 44.1 kHz 
Quantization number: 16-bit linear/channel 
Transmission bit rate: 4.32 Mb/s) 

Pickup 
System: Objective lens drive system (optical pickup) 
Lens drive system: Two-dimensional parallel drive 
Optical source: Semiconductor laser 
Wavelength: 7900 A 
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Discs used 
Playing time: 60 to 70 min on one side 
Diameter: 120 mm 

Functions 
Random memory search (15 tracks), self-program search system, skip play, 
memory stop, pause, repeat, output volume adjust 

Displays 
Play position (5-min steps), number of tracks, playing track number, elapsed 
play time, output volume level 

Outputs 
Two sets of output terminals (variable and fixed level) on rear panel 
Variable-level headphone jack on front panel 

Accessories 
Connecting pin cords for connection to stereo system 
Demonstration CD (part of the user operating instruction package) 

1.3 INTRODUCTION TO THE CDV SYSTEM 

The following paragraphs are for readers totally unfamiliar with the CDV system. 
As in the case of CD, the CDV system uses discs on which information is re
corded in the form of pits and flats. The pit and flat track format shown in Fig. 
l.3a is the same for both CDs and CDVs. However, much more information is 
required for CDVs since both audio and video are involved. 

Figure 1.6 shows the block diagram of a combination player for both CD and 
CDV discs, while Fig. 1.7 shows the frequency spectrum for CDV. As shown, 
the output of the player is both audio and video. 

When the player is used for standard 8- or 12-in videodiscs (Laservision discs, 
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FIGURE 1.6 Block diagram of a combination player for both CD and CDV discs. 
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or LD), the composite video and left-right analog audio are output to a color mon
itor or TV. When the player is used with 3- or 5-in CDs, only the digital audio is 
output to a hifi stereo system. The player in Fig. 1.6 can also be used with the 
newer 5-in discs (so-called Gold CD or CDV Single discs) that contain both dig
ital and analog audio, as well as composite video. 

1.3.1 CDV Frequency Spectrum and Encoding 

As shown in Fig. 1.7a, the composite video signal is frequency-modulated with a 
deviation of 1.7 MHz, from 7.6 MHz (TV sync tip) to 9.3 MHz (at TV white 
peak). The TV black level is located at 8.1 MHz. 

The left analog audio channel (audio 1) is frequency-modulated on a carrier at 
2.3 MHz, while the right channel (audio 2) uses a carrier at 2.8 MHz. Both analog 
audio carriers have a maximum deviation of 100 kHz. The digital audio is pulse
width modulated (PWM) at frequencies below 1. 7 MHz. 

The signals are summed as shown in Fig. 1.7b. (Although four signals are in
volved, only two signals are shown.) The combined signal results in the PWM 
signal used to etch the pits onto the disc. The disc encoding process is discussed 
further in Chap. 2. 

1.3.2 CDV Control Codes 

Control codes are included with the composite video and audio information. 
These codes are placed on TV horizontal lines during the vertical blanking inter
val, as shown in Fig. 1.8. For example, line 17 of the first TV field contains a 
digital code which represents the picture (frame) number for a constant angular 
velocity (CA V) disc or the elapsed time for a CLV disc (Sec. 1.3.3). Line 280 
contains a code which represents the chapter. Lines 18 and 281 are duplicates of 
lines 17 and 280, respectively, which provide backup if the previous lines are lost 
because of dropouts. Other data may be included on other lines during the ver
tical blanking interval, such as stop codes for interactive discs. 

l-- CDV -l-- CDV --: 
1 control control 1 
l code 1 code l 1 
~Line 17--:- Line 18--:-- Line 19--: 
1 Frame no. 1 Same as 1 1 

l (CAV) . l line17 l : 
I Elapsed time I I I 

l (CLV) l l l 
l- Line 280-l- Line281-J- Line 282-+J 
l Chapter l Same as l (VIAS) l 

(CAVor CLV) line 280 

1+------- Vertical blanking interval 

FIGURE 1.8 CDV control codes placed on TV horizontal line during the vertical blanking 
interval. 
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1.3.3 Disc Formats (CLV and CAV) 

In addition to the variation of sizes, there are two different videodisc formats for 
placing the video information on the disc. The two formats are the extended play, 
or CLV, disc, and the standard play, or CAY, disc. Figure 1.9 shows the rela
tionship among the disc sizes, while Fig. 1.10 shows the CL V and CA V formats 
for the 12-in disc. 

Standard Play CAV. Each revolution of a standard play CAY disc contains one 
frame of video information (Fig. 1.10a ). One TV frame consists of two interlacing 
fields. Thus, the TV screen is scanned twice for each revolution of the CA V disc. 

Each field is separated by the vertical blanking interval, which becomes longer 
as the interval extends to the outer circumference of the disc. This format allows 
the disc to be played at the same speed of 1800 rpm, which is equivalent to 
the National Television System Committee (NTSC) frame rate of 30 Hz 
(1800 + 60 = 30) throughout the disc. 

The CA V format allows the disc to be interactive and provides for special 
playback effects such as still, fast slow, and strobe. The disadvantage of CAV is 
that the video content is limited to 30 min per side on a 12-in disc (54,000 frames 
per side divided by 1800 rpm equals 30 min). The 8-in CAY disc contains about 14 
min of video per side. 

Extended Play CLV. Unlike CAY, CLV discs do not maintain the constant ar
rangement of vertical fields. Instead, the field is of equal length throughout the 
diameter of the disc, as shown in Fig. 1.10b. CL V allows the signal information to 
be packed more densely on the disc, which extends the play time of a 12-in disc 
to 1 hr per side (108,000 frames). The 8-in CLV disc contains about 20 min of 
video per side. In general, CLV also results in reduced signal-to-noise (SIN) ratio 
and frequency response (because of the denser packing of signal information. 
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FIGURE 1.9 Relationship among disc sizes. 
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FIGURE 1.10 CLY and CAY formats for the 12-in disc. (a) Standard play or CAY disc (motor 

speed constant; vertical field track length variable); (b) extended play or CLY disc (motor speed 
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As a CL V videodisc plays, the rotation speed of the disc is reduced when the 
pickup laser beam tracks from the inside to the outside circumference (as dis
cussed for the CD system in Sec. 1.2.7). The velocity of the track passing the 
pickup beam is the same over the entire disc. Typically, videodisc speed starts at 
about 1800 rpm when tracking closest to the center of the disc. Toward the outer 
diameter, disc speed changes to about 500 rpm. 

1.3.4 Lead-In and Lead-Out Tracks 

Both CA V and CL V videodiscs have lead-in and lead-out tracks. Lead-in tracks 
are located prior to the start of program material and contain a start code used by 
the player to move the pickup beam to the start of materiaL Lead-out tracks (typ
ically a minimum of 600 tracks on both CA V and CL V) are located at the end of 
program material and contain an end code to identify the end of materiaL On 
most videodiscs, there is also a lead-out code that instructs the pickup beam to 
return to the start of the disc. 

1.3.5 Gold CD and CDV Single 

As shown in Fig. 1.9, the Gold CD or CDV Single disc (5-in) contains video 
tracks in the CL V format, as well as standard CD audio tracks. The video tracks, 
with accompanying audio, are located toward the outer circumference of the 
disc. The CD audio tracks are located at the inner circumference. The diameter 
of the Gold CD is much smaller than the conventional 8- or 12-in videodisc. The 
video information is thus contained within a smaller radius. 

The outer tracks of the Gold CD are located about where the inner tracks be
gin on the 8- or 12-in disc. As a result, tlte Gold CD must spin faster than the 
larger discs. The speed of the video portion of the Gold CD is from 2700 to 1800 
rpm. The CD audio portion speed is from 500 to 300 rpm. Note that the audio 
portion of the Gold CD may also be played on any standard CD player (Sec. 1.2) 
since it is identical to the standard CD. 

1.3.6 Basic CDV Operation 

By comparing Fig. 1.6 with Fig. 1.1, you will see that operation of the CDV 
player is similar to that of the CD player described in Sec. 1.2. The following 
paragraphs summarize both the differences and similarities. 

Laser Pickup. Like CD, the CDV player reads prerecorded information with a 
noncontact optical pickup system using a low-power laser beam. The beam spot 
(with a diameter of 1 J.Lm) strikes microscopic pits as the disc spins. This creates 
reflected light that varies in intensity according to the spacing and length of the 
pits. The laser beam is locked on the track of the pits by a servo-controlled sys
tem to keep the laser beam on track and in focus. Disc rotational speed is also 
controlled by the servo. 

Advantages and Features. As in the case of CD, the optical pickup used by CDV 
players provides important advantages and playback features. We discuss typical 
features in Sec. 1.3.7. 
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Chapters and Frames. Most CA V videodiscs contain segments, or chapters, as 

well as numbered frames (pictures) which may be displayed on the monitor or 

TV. Usually, the number of the information being displayed appears on the TV 

screen (on-screen. display, or OSD) and on the front panel of the player. 

RF and Control-Code Processing. RF from the laser pickup is sent to the video 

processing circuit where information read from the disc is converted to compos

ite video. Control codes recorded on the disc are decoded and used by system 

control to operate the player and to provide display information to the front panel 

and OSD (for display on the monitor or TV screen). 

Time-Base Co"ection (TBC). Video is also fed to the TBC circuit to provide tim

ing information to the spindle-control circuit. In turn, the spindle-control circuit 

provides speed correction and start-up signals to the spindle (disc turntable) mo

tor through the spindle-drive circuit. The TBC also provides time-base correction 

to the video signal before video is sent to the monitor or TV. 

Vuleo Processing. The video-processing circuits send audio RF to the analog 

audio-processing circuits for demodulation of the FM analog signal. The video

processing circuits also send high-frequency (HF) signals to the digital audio

processing circuits for decoding. 

1.3.7 CDV Player Features 

The following are typical features found in present-day CDV players (and should 

be of most interest to technicians facing CDV players for the first time). 

Disc Compatibility. Early CDV players are generally limited to 8- and 12-in vid

eodiscs. Present-day CDV players can also play 3- and 5-in CDs, as well as the 

newer Gold CD and CDV Single discs. 

Displays. Virtually all present-day CDV players provide for on-screen display of 

chapter and frame information on the monitor or TV. This same information is 

also displayed on the player front panel (usually with a fluorescent tube, but with 

an LED display in some cases). 

Special Effects. Most CDV players can provide both multispeed and still and 

step play. 

Audio Features. Virtually all present-day CDV players have dual 16-bit digital
to-audio converters (DACs) and provide for CX noise reduction. The CX noise

reduction system serves to cut down noise by about 10 dB or more without 

compromising the frequency response. CX thus expands the dynamic audio range 

and enables reproduction of audio with a good SIN ratio. 
Note that when discs recorded with CX-encoded audio are played, it is nec

essary to press a ex button to activate the ex noise-reduction circuits. This sets 

the encoded audio signal to a normal level, but the noise is reduced. Also note 

that playing a normal (nonencoded) disc with the ex system on, or playing a ex
encoded disc without the CX system on, results in unnatural reproduction of the 

audio. 
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Most CDV players provide 4 x oversampling of the audio and have stereo 
headphone jacks (with separate volume control). Many players provide for ran
dom play as well as favorite-track selection (FTS) of the CD audio. 

Miscellaneous Features. Most CDV players can be operated by remote [using an 
infrared, remote (IR) system] and are capable of repeat play as well as chapter 
and track programming (with 15 or 20 selections). The most sophisticated (and 
expensive) players provide for S-VHS or S-Video outputs. Typically, a CDV 
player provides 425 lines of horizontal resolution. 

Digital Special Effects. The most sophisticated CDV players provide a number of 
special effects (using the remote control) for CA V, CLV, and CDV Single discs 
(but not for CD audio discs). Such effects are described further in Chap. 3. Typ
ical effects include still and step, multispeed, search, skip, picture freeze, strobe, 
memory, and jog (for continuous adjustment of playback speed). 





CHAPTER 2 

ENCODING, DECODING, AND 
OPTICAL READOUT 

In this chapter we discuss the process involved in encoding the original audio and 
video onto the CD or CDV in the form of pits and flats and then decoding the 
tracks of pits and flats back to audio and video suitable for reproduction on a 
monitor, TV, and/or stereo system. Remember that the encoding takes place at 
the time of disc manufacture and cannot be altered. It is the job of the player to 
decode the disc signals. However, to understand operation of the player decoder 
circuits, it is most helpful (if not essential) to understand the encoding process. 
We also describe additional optical readout principles not covered in Chap. 1. 

2.1 ENCODING A CD 

Figure 2.1 "shows a simplified block diagram of the encoding process, which is 
typical for the equipment used in CD recording. To produce a CD, the audio sig
nals are digitized and encoded before any other processing takes place. The first 
step in the process involves the use of low-pass filters (LPFs). 

2.1.1 LPFs 

Both left and right input audio signals are passed through sharp-cutoff LPFs, as 
shown in Fig. 2.1a. These filters limit the bandwidth to a maximum frequency 
if,,) equal to (or less than) the sampling frequency ifs) of 44.1 kHz. If the audio 
frequency to be sampled is greater than the sampling frequency, intermodulation 
distortion can occur because of frequency foldover, as shown in Fig. 2.1b. 

2.1.2 Sample and Hold (S/H) 

Before the stereo signals are recorded on the CD, the signals are converted into 
a digital format. One of the first conversion steps is to sample the audio signals at 
fixed intervals, or time points (also called sampling points). This sampling is done 
by the S/H circuits shown in Fig. 2.1a. Figure 2.2 shows the waveforms produced 
when a single cycle of audio is sampled. 

2.1 



2.2 

input 

CHAPTER TWO 

or 
symbols 

- Serial data output 
to laser 

Cutting or 
recording 

laser 

(a) 

fm fs 2fs 
I I 
I I 

CD master 

~~s band-limiting rt\ rt\ 
t 1 1 Frequency 

Amplitude hr-x-Yl l 
Without 
band-limiting LPFs 

I I 

~Frequency foldover 

(b) 

FIGURE 2.1 CD encoding process. 

In addition to sampling, the S/H circuits also measure the values for each sam
ple of the audio signal, as shown in Fig. 2.2b. The measured value is held for a 
moment to permit conversion to a binary-coded waveform, as shown in Fig. 2.2c. 
The maximum audio signal frequency that can be sampled in this way is one-half 
the sampling frequency. The sampling rate of 44.1 kHz is more than sufficient for 
the typical audio range of 0 to 20 kHz. 
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FIGURE 2.2 Sampling and conversion of audio waveforms. 

2.1.3 Analog-to-Digital (AID) Conversion 

2.3 

After sampling the analog signal, the next step is to convert each sample into a 
two's complement binary code, as shown in Fig. 2.2d. One of the problems with . 
this process is that audio signals can assume an infinite number of levels, whereas 
the number of binary codes available to reproduce the levels are finite. To over
come this problem, the sample signal is quantized. That is, the maximum value 
that occurs is divided into a number of levels equal to the available number of 
binary codes. This process occurs in the ND converters, which produce a num
ber of binary bits representing the quantized level of each sample. 

2.1.4 Multiplexing 

Sampling, quantization, and conversion to binary code are operations performed 
separately for the left and right stereo channels. However, both channels are ul
timately stored on the CD, one after the other on a single track. To accomplish 
this, the first multiplexer circuit is used to pass the information, in sequence, to 
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the Cross Interleaved Reed-Solomon Code (CIRC) error-correction encoder cir
cuit. 

2.1.5 Error Correction (CIRC) 

The error-correction circuit processes the digital signal (binary bits from the mul
tiplexer) by a method called CIRC, which involves both parity bits and interleav
ing. As shown in Fig. 2.1a, there are two outputs from the CIRC encoder. One 
output carries data and the other carries parity bits. The two outputs are applied 
to a second multiplexer which, in turn, feeds the signals in sequence to the chan
nel modulator. It is at this point in the process that the control and display en
coding is mixed with the data and parity bits. 

2.1.6 Control and Display Encoding 

The control and display encoding provides operating features for the CD player 
which cannot be found in conventional record players. At the beginning of each 
CD is encoded the numtier of selections on that CD. Each musical selection is 
identified separately so that the selection can be readily accessed. 

Identification codes can also be used for other purposes. For example, the 
codes that identify the pause between two musical selections can be used to iden
tify whether or not the recording is made with preemphasis. (This makes it pos
sible to switch the deemphasis circuits of the player on or off automatically.) 
Timing information can be encoded for displaying elapsed time or the length of 
time a particular piece of music has played. 

Control and display information is nonaudible and is encoded separately. The 
control and display encoder outputs 8-bit symbols, permitting the implementation 
of eight different information channels. The control and display information is 
usually referred to as subcoding and is added to the data and parity bits in the 
second multiplexer. 

2.1. 7 Sync Generation 

The output of the second multiplexer is fed (serially) to the channel modulator, 
with the data arranged in blocks. In order to recognized the blocks of data, the 
sync generator is used to generate a unique pattern (which is not contained in the 
normal data). The sync pattern is passed to the channel modulator, which adds 
the pattern to the data at intervals based on timing pulses received from the tim
ing generator. 

2.2 CHANNEL MODULATION 
(CUTTING THE MASTER) 

Now that we have gone through the basic encoding process, let us go back 
through the encoding circuits using some typical audio signals. We will see how 
the circuits in Fig. 2.1 are used to modulate the cutting or recording laser to pro-
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duce a corresponding track of pits and flats on the CD master (used to manufac
ture CDs). 

The information created from the two stereo channels during the sampling 
period is used to convert the signals to a binary code. The code is then used to 
control the cutting laser by modulating the laser beam during the manufacture of 
the CD master. Once the master is cut, the CDs are produced by a stamping pro
cess. 

Note that the right-channel signal is somewhat lower in amplitude than that of 
the left channel and is almost twice as long (lower in frequency). However, both 
Land R channels are sampled six times. This configuration is called a frame, as 
discussed next. 

2.2.1 Frame Organization 

As discussed in Chap. 1, a CD is composed of billions of tiny pits, which repre
sent the digital encoded data. In order for the CD player to recognize this data, it 
is necessary to organize the data into patterns. In all CDs, the pattern is orga
nized into a block structure, which is the frame. The frame is a period of time that 
contains six audio samples (of both channels). . 

The six audio samples of the frame are made up of six sample periods of both 
left- and right-channel audio so as to equal 12 sample periods. The two channels 
of audio are applied through separate LPFs to the S/H circuits. In turn, the S/H 
circuits measure (or sample) the voltage level of the analog signals in short 
(22.7 IJ.S) intervals at a frequency of 44.1 kHz. This measurement is then con
verted into a binary code by the AID converter. 

The output of the ND converter is a 16-bit binary code representing that sam
pling period of the audio signal in digital form. Note that the 16-bit code is in 
two's complement form (Fig. 2.2d) to accommodate both positive and negative 
swings of the audio signal. Also, in most CD literature, each 16-bit number is 
called a word, and each word is split into two symbols of 8 bits each. 

No matter what it is called, conversion of the audio signal to a 16-bit binary 
code is done separately (from each other) by two channels containing the same 
circuitry (and synchronized to each other by the timing generator). The two chan
nels of data (each containing six sample periods of sequential data) are applied to 
the first multiplexer, which switches the two data streams into one sequential 
data stream. 

The output of the first multiplexer is one single data stream containing the 12 
sample periods (words) of both Land R channels intermixed with each other so 
that the L sample period is followed by an R sample word. The sequential data 
stream from the first multiplexer is applied to the error-correction circuit, where 
interleaving takes place. 

2.2.2 CIRC Interleaving 

One function of the error-correction circuit is to break each 16-bit word into two 
8-bit symbols. During this process, the two 8-bit symbols are interleaved (rearranged or scrambled). After interleaving, the next step is to provide a method by 
which the CD player can check for errors in the data stream. This is done 
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by parity bits generated in the error-correction circuit. The parity bits are gener

ated as 8-bit data words and are called a parity symbol. 

2.2.3 Parity Symbol 

Two channels of information are produced by the CIRC error-correction circuit, 

as shown in Fig. 2.1a. One channel contains the data symbols representing the 

audio samples; the second channel represents the parity symbols. The data and 

parity symbols are blocked out of the error correction to the second multiplexer 

at intervals determined by the timing generator. The multiplexer adds the parity 

symbols to the correct location in the data stream so that the decoder in the CD 

player can check for errors in the data symbols. 

2.2.4 Subcode Data Symbol 

The subcode data symbol (often called the subcode) not only provides identifica

tion of the entire frame of data symbols but also provides a sync pattern used by 

the CD player to process the data symbols. The subcode is processed by a mi

croprocessor in the player, and it provides the system with updated information 

as to where the optical pickup is located (in the pickup's travel across the CD). 

This information is displayed on. the front panel of the player. The subcode also 

provides control information to aid the microprocessor in locating that particular 

frame on the CD. The output of the second multiplexer, which contains the 

subcode (8 bits) 24 data symbols of audio (also 8 bits each) and 8 parity symbols 

(again 8 bits each), is applied to the input of the channel modulator. 

2.2.5 Channel Modulator and EFM 

The frame is applied to the channel modulator which, in turn, provides modula

tion to the cutting, or recording, laser. Note that the data stream is not placed 

directly on the CD in the 8-bit format. Instead, the 8-bit code is converted into a 

14-bit code called eight-to-fourteen modulation, or EFM. As the name implies, 

each group of 8 data bits is converted .into a 14-bit data symbol. In effect, the 

process "stretches" the distance between adjacent pits and flats, as shown in 

Fig. 2.3. The stretching from 8 to 14 bits prevents the laser beam (in the player) 

from converting two adjacent transitions (from a pit to flat and vice versa) at the 

same time. 
There is no direct relationship between an 8-bit and a 14-bit code in their nat

ural state. So, to make the two codes compatible with each other, two conditions 

are placed on the 14-bit code. First, there must always be at least two Os between 

successive 1s. Second, there can be no more than 10 consecutive Os in a 14-bit 

run of the code. When these two conditions are applied, all but 277 possible com

binations are eliminated. The 277 codes remaining can be further reduced by 

eliminating 21 codes that contain the longest run of Os, which leaves 256 possible 

combinations. An 8-bit code contains 256 combinations (28 = 256), so the two 

codes (8-bit and conditioned 14-bit) have a direct one-to-one relationship. 

The EFM process is reversed in the CD player to provide correct decoding. 

Typically, this is done by placing the 8-bit code in a lookup table in a ROM 

(which is part of the CD player's decoder integrated circuit (I C), as discussed in 

Chap. 5). 
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FIGURE 2.3 Effect of EFM conversion. 

2.2.6 Symbol Sync and Frame Sync 

2.7 

In addition to EFM conversion, the channel modulator adds a unique sync pat
tern, created by the sync generator, to the EFM data stream. The sync pattern 
generated by the subcode (Sec. 2.2.4) is used to process the data symbols during 
error correction and is called symbol sync. The 24-bit sync pattern that is placed 
at the beginning of the frame is used to provide clock and timing signals for the 
player decoding system and is called frame sync. 

Merging bits are added to the end of each symbol. Without the merging bits, 
the symbols would violate the two conditions placed on the 14-bit code since the 
symbols are linked together serially. The merging bits contain no audio or other 
information and are therefore skipped by the decoding system in the CD player. 

2.2.7 Conversion to Pits and Flats 

The output of the channel modulator provides the data stream to the control cir
cuit of the cutting laser. The signal modulates the laser beam, thus cutting bits 
into the master (sequentially, in a spiral pattern from the beginning to the end of 
the master). 

2.2.8 Subcode Information 

At the beginning of the encoding of a master, the subcode contains information 
indicating the number of selections recorded on the CD. This information is en-
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coded in the same frame structure as all other data, except that the subcode data 
symbols in the frame contain no audio information. This is done by placing all 
zeros at the subcode data symbols. 

The subcode also contains a bit (known as the pause bit) to provide informa
tion as to when a selection is about to begin. The pause bit is placed at the be
ginning of each selection of music in an area containing no audio and is used to 
tell a microprocessor in the CD player that a selection is ready to begin. This 
allows the microprocessor to read the subcode and determine if the selection is 
correct (as determined by the front-panel controls). 

2.2.9 System Frequency 

The frequency of the CD system is based on the six audio samples that contain 
the 12 sample periods of left- and right-channel audio. There are 588 channel bits 
in one frame. The frame can then be divided into six audio samples, which equals 
98 channel bits per audio sample. The 98 channel bits are then multiplied by the 
sampling frequency of 44.1 kHz to produce a system frequency of 4.3218 MHz. 
Note that the system frequency is sometimes referred to as high frequency, or 
HF, in CD player literature. 

2.3 DECODING THE CD 

Figure 2.4 shows the simplified block diagram of the decoding process. If you 
compare this to the block diagrams in Chaps. 1 and 5, you will see that Fig. 2.4 is 
essentially a block diagram of the complete CD player, but the focus and radial
tracking functions have been omitted. 

As shown in Fig. 2.4, the HF signal retrieved from the CD by the optical 
pickup is amplified and filtered in the high-frequency amplifier. The output of the 
amplifier is a frame-structured data stream containing the EFM format. The am
plified HF signal is applied to the EFM demodulator, which forms the front end 
of the decoding system. 

The EFM demodulator supplies the demodulated data and timing signals to 
the error-correction (ERCO) circuits, as well as to the control and display de
coder. The HF signal is also applied to the clock regeneration and synchroniza
tion detecting and timing circuits to recover the bit clock and sync pattern from 
the data stream (which, in turn, provides timing for the system). 

2.3.1 Error Correction during Decoding 

The error-correction IC performs the task of error detection and correction. This 
information is supplied to the interpolation and muting IC, together with a flag 
signal. The ERCO compares the derived clock signal to a reference frequency 
(crystal controlled at 4.3218 MHz) to detect any discrepancy in the data stream. 
If an error is detected in the data stream by a comparator in the ERCO, an error
correction signal (the motor-control error signal) is applied to the turntable motor 
servo amplifier. 

If the data rate coming into the ERCO is less than 4.3218 MHz, the error sig-
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nal increases the turntable motor speed, and vice versa. The motor-control error 
signal controls CD speed as play continues from the inside of the CD (about 500 
rpm) to the outside edge (about 200 rpm), thus maintaining constant linear veloc
ity (Sec. 1.2.7). 

2.3.2 Interleaving and Deinterleaving 

The majority of errors that may occur during playback of a CD results from 
scratches, dust, and dirt that may reflect the laser beam (producing erroneous 
bits). Because of the high density of information on CDs, such defects or reflec
tions can easily wipe out several adjacent bits or samples on the track. If all the 
affected samples belong to the same frame, a great many multiposition e1rors can 
occur inside each frame. Interleaving is used to avoid multiposition errors in a 
frame during playback. 

Interleaving is based on the fact that analog signals are continuous signals that 
usually do not change abruptly. The amplitude of the signal during the first sam
ple does not differ greatly from that of the second sample. The amplitude during 
the third sample does not differ much from the second sample, and so on. If the 
value of the second sample is lost, but the value of the first and third samples is 
known to be good, then an approximation or interpolation can be made to com
pute the second sample. 

The basic principles of interleaving and deinterleaving are shown in Fig. 2.5. 
Remember that interleaving is done by means of delay lines (having different de-
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FIGURE 2.5 Basic principles of interleaving and deinterleaving. (a) Without interleav
ing; (b) with interleaving. 

lay times) allocated to specific samples during the encoding process (at the time 
of CD manufacture). Deinterleaving occurs in the CD player at the time of play
back. 

In Fig. 2.5a, the sequence of signal processing is shown without interleaving. 
The audio signal is first sampled at time points 1, 2, 3, and so on, and is digitized 
and recorded onto the CD. If there is a dropout during playback of the CD, there 
are some symbols missing in the received data. In the example used, three sym
bols (5, 6, and 7) are missing, producing a serious dropout. 

In Fig. 2.5b, the same sequence of signal processing is shown with interleav
ing. Again, the audio signal is sampled, but with the samples rearranged prior to 
CD recording. Such interleaving results in the recording of data in a sequence 
which does not represent an increasing time scale. During reading of the CD, the 
same dropout occurs and again results in three missing data symbols (4, 6, and 8). 
Deinterlea'Ying is then performed in the CD player to restore the original se
quence of data symbols. 

It can be seen that with interleaving there are no multiposition errors and that 
the single missing data bits can be approximated by interpolation. For example, 
symbol 4 can be interpolated as a value between symbols 3 and 5 (less than sym
bol 3 but greater than symbol 5). 

2.3.3 Digital Filter and Demultiplexer 

The deinterleaved and interpolated data stream is applied to the digital filter and 
demultiplexer IC where the stream is filtered and separated into left- and right
channel data. Digital filtering provides a higher reproduction quality than is found 
in conventional record players. However, to get this quality, the sampling signal 
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frequencies must also be filtered out. If the series of binary numbers representing 
quantized samples are simply converted to analog values, a series of sampling 
spikes can occur, as shown in Fig. 2.6a. 

Although the outline of the spikes resembles the audio waveform, the constant 

on-off switching produces an infinite series of frequencies. To overcome this 
problem, each sample is held until the next sample arrives. This produces a step 
waveform, as shown in Fig. 2.6b. The step waveform is much nearer the shape of 
the original audio waveform than is the series of spikes. The S/H function occurs 
in the digital-to-analog (D/A} converters. 

2.3.4 D/A Converters and Oversampling 

DIA conversion is the last step in the processing sequence before stereo audio 
amplification. The right and ·left D/A converters transform the 16-bit digital code 
into an analog signal that has the same shape as the original audio signal. Simul
taneously, the converters use oversampling, which acts as a preliminary filter, to 
refine the step waveform shown in Fig. 2.6c to a step waveform resembling that 
in Fig. 2.6d. 

(a) (b) 

(c) (d) 

FIGURE 2.6 Effects of sainple-and-hold, oversampling, and digital filtering. (a) Sampling 

spikes; (b) step waveform; (c) audio waveform sampled at 44.1 kHz; (d) audio waveform sampled 

at 176.4 kHz. 
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The oversampling, or preliminary filtering, is done by digital filters that oper
ate at 4 times the sampling frequency (4 x 44.1 kHz = 176.4 kHz). Because of 
the oversampling, a relatively simple LPF is used following the D/A conversion 
process. (Very elaborate filtering of the audio signals would be required were it 
not for the preliminary filtering provided by the oversampling process.) Note that 
some CD players use an 18-bit digital filter to provide 8-times oversampling. 
However, this is not the usual case for either CD or CDV players. 

2.3.5 Stereo Audio Amplifiers 

A CD player includes some form of audio amplification after the SJH and LPF 
circuits. Generally, the audio amplifiers are in IC form, and they raise the left
and right-channel audio to a level of about 2 V. In some cases (particularly the 
early-model CD players), the audio output level is fixed. However, most late
model CD players have an adjustment (volume control) to set the audio output 
level. Also most CD players have some form of stereo headphone output (usually 
adjustable). 

2.4 CD AND CDV OPTICAL 
PICKUPS (READOUTS) 

The following paragraphs describe additional optical pickup principles not cov
ered in Chap. 1. As discussed, digital information contained on the CD or CDV is 
retrieved by means of a laser which generates a light beam to detect the track of 
pits and flats on the disc. The laser beam is applied to, and reflected from, the 
track through an optical pickup or readout (a series of lenses, prisms, mirrors, 
etc.). 

Remember that there are several types of optical readouts for both CD and 
CDV players currently in use, and new systems are being developed. However, 
as discussed in Chap. 1, the optics are part of a pickup or readout assembly that 
must be replaced as a package (in most players). We describe some typical re
placement procedures in Chap. 7. 

2.4.1 Focus and Tracking 

In addition to recovering the audio and/or video information, the optics also pro
vide for laser-beam focus and tracking of the pits and flats. Present-day players 
provide for focus and tracking by means of focus and tracking coils which move 
the objective lens in relation to the CD (Chap. 1). The coils are driven by error 
signals that originate from the optical-system photodiodes. 

Older CDV players (such as the many Laservision players still in use) provide 
tracking by means of movable mirrors. Such players provide both radial and 
tangental tracking (in addition to focus correction), as discussed in Sec. 2.4.4. 

2.4.2 CD Optics 

Figure 2. 7 shows the components for typical slide-type optics (the most com
monly used type of CD optics). When the laser diode is activated, light is emitted 
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and passes through a collimator lens. The function of this lens is to take the light 
rays of the laser beam and make them parallel, as shown in Fig. 2.7c. (In this 
case, the laser is considered as a point source.) The parallel rays from the colli
mator lens enter the diffraction grating. 

A diffraction grating is a screen that contains a very large number of very nar
row slits, uniformly spaced at distances only a few times the wavelength of the 
laser beam. When a beam of light passes through narrow slits, the exiting beam 
not only continues in a straight line but also diffracts at different angles, as shown 
in Fig. 2. 7 d. (If you focus the exiting beam on a screen, you see a row of bars or 
dots with the center dot or bar being the brightest, and the dots on both side de
creasing in intensity.) 

In the optics of a CD player, we are concerned with the main center beam 
(central image) and the two beams (first-order image) that are to the immediate 
right and left of the center beam. The center beam is used for reproduction of the 
audio, tracking, and focusing, while the two first-order beams are used for radial 
tracking only. 

The three beams from the defraction grating go through a beam splitter (also 
called a half prism). The beam splitter is like a one-way mirror or window 
mounted at 45°. When the three beams from the laser approach the beam splitter, 
one side looks like a window. To the beams returning from the CD, the splitter 
looks like a mirror. The beams from the beam splitter are reflected (at a 90° angle) 
to the optics in the bidirectional lens actuator by a right-angle prism. 

The next device in the path from the laser diode to CD is the 114 waveplate. A 
Y4 waveplate is an optical device that produces and detects circularly polarized 
light. (This is the physics definition of the 1/4 waveplate.) For our purposes, con
sider the 1/4 waveplate as a device that changes some of the properties of the 
beam to distinguish which beam is being reflected from the CD and which beam 
is coming from the laser diode. 

The beams reflect, or do not reflect, depending on the absence or presence of 
a pit. The reflected beam returns to the beam splitter (half prism) via the objec
tive lens, 1/4 waveplate, and right-angle prism. At the beam splitter, the beams 
reflect from the mirrored surface and are applied (at another 90° angle) to the 
photodiodes through a series of lenses (typically convex, cylindrical, and con
cave). 

Note that Fig. 2.7 shows two optical-pickup configurations. In Fig. 2.7a, the 
right-angle prism is required to reflect the beam up to the CD since the laser di
ode is mounted on the side of the pickup assembly. In Fig. 2.7b, the right-angle 
prism and collimator lens are omitted since the laser diode is mounted directly in 
line with the objective lens. The configuration in Fig. 2. 7b also has a different 
placement for the convex, concave, and cylindrical lenses. 

2.4.3 CDV Optics 

Figure 2.8 shows the components for the optics of a CDV player. Note that these 
optics are used to play both CD and CDV discs of all types (including the newer 
Gold CD, older Laservision, and so on). 

Laser Beam. The laser diode emits a light beam which first passes through the 
grating to split the beam into a primary and two secondary beams. The center 
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beam, which is the brightest of the three beams, is used to focus the beam of the 
reflective surface of. the disc and to read the tracks on the disc. The secondary 
beams (one at each side of the main beam) are used strictly for radial tracking 
(and are also known as radial beams). 

Part of the light (some light passes through the mirror and is lost) from the 
three beams (light bundle) is reflected from the half mirror toward the collimator 
lens, which forms a column with the three beams parallel to each other. The light 
bundle exits the collimator lens toward the mirror and is directed up through the 
objective lens, which focuses the laser beam onto the reflective surface of the 
disc. The reflected light bundle returns through the objective lens, the mirror, and 
the collimator lens. About half of the reflected light bundle passes straight 
through the half mirror to strike the photodiodes. 

The reflected light from the main beam is intensity-modulated by the pits in 
the track that moves across the beam at a high velocity as the disc spins (Fig. 
2.8b). The secondary beams strike the disc in between tracks, as shown. The an
gle between the secondary beams and the main beam is known as the grating 
angle and is set by the grating angle adjustment. 

Focus. Figure 2.9 shows the photodiode arrangement and focus principle. There 
is some wobbling as the disc spins over the laser beam since a disc is never per
fectly flat. Therefore, there is a need to constantly adjust the focus of the laser 
beam on the reflective surface as the disc is spinning. An elliptical shape of the 
beam occurs if the disc is too close to or too far from the objective lens. For ex
ample, if the disc is too far from the objective lens, photodiodes D 1 and D2 re

~ 
~ 

(a) 

~ 
~ 

(b) 

(c) 

FIGURE 2.9 Typical photodiode arrange
ment and focus principles. (a) Disc perfectly 
focused; (b) disc too far from lens; (c) disc too 
near lens. 

ceive more light than D 3 and D 4 • The 
opposite occurs if the disc moves too 
close to the objective lens. 

Photodiode Operation. All of the 
photodiodes operate in the photo
conductive (reverse biased) mode. The 
arrangement of the photodiodes allows 
the three beams to fall, as shown in 
Fig. 2.9. The center beam falls on the 
four center photodiodes D 1 through 
D 4 , and the secondary beams fall on 
the two adjacent photodiodes D5 and 
D 6 • The elliptical shape falling on D 5 
and D 6 has no effect on the operation 
of the player. 

If the beam is perfectly focused on 
the reflective surface of the disc, the 
center beam falls equally on each of 
the four center photodiodes D 1 through 
D 4 • Therefore, the sum current of 
photodiodes D 1 and D2 is equal to the 
sum current of photodiodes D3 and D4 • 

If the beam is out of focus, the 
shape of the beam falling on the 
photodiodes becomes elliptical and the 
total current of one pair of photodiodes 
is greater than the other pair. The dif

ference in the photodiode pairs creates the focus error (FE) signal which is used 
by the focus servo to make the necessary focus corrections. 
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Radial Tracking. Figure 2.10 shows the method used to maintain proper radial 
tracking. When the main beam is directly centered over the track, the radial 
beams fall just outside the track. If the beams move either to the right or left of 
center, the intensity of one reflected beam is greater than the other. For example, 
when there is a shift to the right of the track, the reflection of radial beam R is 
greater than the reflection from radial beam L. The reflection is less from radial 
beam L because much of the beam is falling on the track which contains pits. 

Since much of the light falling on a pit is diffused, Jess light intensity reaches 
the corresponding photodiode D 5 • Therefore, the current from D 5 is less than the 
current from D 6 • Photodiodes D 5 and D 6 are equally illuminated when the beam is 
perfectly centered on the track. The current of D 5 is therefore equal to the cur-

Radial beam R 0 

Main beam 

Radial beam L 0 

(a) 

ID5 < ID6 

(b) 

FIGURE 2.10 Typical photodiode diode arrangement and radial-error 
principles. 
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rent of D 6 • The radial error (RE) signal is created by the difference in current 
between D 5 and D 6 • 

2.4.4 Laservision (LV) Optics 

Figure 2.11 shows the components for the optics of a Laservision, or LV, player. 
Note that the LV player uses a helium-neon (H-N) laser, as well as fixed and 
movable mirrors. This system has generally been replaced by the CDV optics dis
cussed in Sec. 2.4.3. However, there are still many LV players in use. Before we 
discuss operation of the LV optical system, let us review the characteristics of 
light and light polarization (for those who are interested). 

Light Characteristics. Light is electromechanical energy with wavelengths that 
are visible to the human eye. For our purposes, think of a light beam as a high
frequency sine wave passing through space. (The red light emitted by the H-N 
laser has a wave length of 6328 A and is generally visible to the human eye. The 
beam produced by a solid-state laser is generally not visible and has a wave 
length of about 7900 A.) 

Generally, a light wave changes direction of polarization at random and is re
ferred to as nonpolarized light. Various light polarizations are shown in Fig. 
2.11b. If the direction of polarization is constant, the light is said to be linearly 
polarized, and polarization can be vertical, horizontal, or circular. 

The LV player uses optical components which are affected by the polarity of
light, as are polarized sunglasses. The special lenses of polarized sunglasses do 
not pass light that is polarized horizontally. Since most light from glare and re
flection is horizontally polarized, the light does not pass through the lenses. 

LV Optics Operation. The red light beam from the laser shown in Fig. 2.11a is 
vertically polarized. The first optical component encountered by the vertical light 
beam is the first fixed mirror, which reflects the beam around a comer to the sec
ond [TXed mirror. In tum, the second fixed mirror reflects the beam around an
other corner and onto the grating. Note that the fixed mirrors serve only to fold 
the beam around so that the optics can be housed in a compact space. 

r The grating (a piece of optical glass with several fine etched horizontal lines) 
divides the main beam into three beams: a center or main beam and two second
ary beams (above and below the main beam). The secondary beams are less 
bright than the main beam. (Actually, the grating creates more than three beams, 
but other beams are of such reduced brightness that the additional beam can be 
ignored.) 

The center, or main, beam is used to read the tracks on the videodisc, while 
the secondary beams are used for tracking. The three beams are collectively re
ferred to as a light bundle. For our purposes, we consider the light bundle as a 
single beam. 

The light bundle from the grating is applied to a prism through a diverging 
lens, which focuses the beam to the correct size to completely fill the aperture of 
the objective lens. The prism bends the light in a direction determined by the po
larity of the light beam. The vertically polarized light from the laser is bent in the 
opposite direction to horizontally polarized light. 

As the beam exits the end of the prism, the beam passes through the '14 
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waveplate, which changes the beam into a circularly polarized beam. The circular 
beam is then reflected from the tracking and tangential mirrors into the objective 
lens. 

As shown in Fig. 2.1lc, radial tracking refers to keeping the light beam cen
tered on the tracks. Without some form of radial tracking, the light beam can drift 
between the tracks, resulting in a lost picture. Radial movement of the beam is 
always perpendicular to the tracks. Tangential tracking refers to keeping the 
beam in line with the track. This direction of movement is necessary to compen
sate for momentary speed errors as the track passes over the beam. Both radial 
and tangential tracking are accomplished by the two movable mirrors. 

As in the case of CD and CDV optical systems, the diodes generate an RE 
voltage if the beam tends to drift off the track. The RE voltage is applied to the 
radial-tracking mirror through a radial-tracking servo. The error voltage moves 
the mirror to bi"ing the beam back to the center of the track. 

In the LV player, signal-processing electronics generate a tangential-error 
voltage which is proportional to the momentary speed errors in tracking. (The 
tangential-error voltage is in addition to a turntable speed-error voltage.) The 
tangential-error voltage is applied to the tangential-tracking mirror through a sep
arate tangential-tracking servo. The error voltage moves the mirror to move the 
beam as necessary to compensate for the momentary speed error (often caused 
by slightly elliptical tracks or an offset center hole in the disc). 

Operations of the objective lens, cylindrical lens, and photodiodes for the LV 
player (Fig. 2.1la) are essentially the same as for corresponding components in a 
CD or CDV player (Figs. 2.7 and 2.8). 

2.5 CDV TRACK FORMATS 

The following paragraphs describe additional CDV tracking principles not cov
ered in Chap. 1. This includes converting movie film to CDV videodiscs, CDV 
special operating modes, CDV track-jumping formats, and CDV search modes. 

2.5.1 Converting Movie Film to LV Videodiscs 

Movie cameras use a frame rate of 24 Hz, while TV uses 30 Hz. To overcome this 
problem, movie film is converted to TV fields according to the format in Fig. 
2.12a when recorded on videodiscs. The film frames are alternately scanned for 
three video fields and then two video fields, as shown. So five video frames are 
consumed while scanning four film frames. 

Picture numbers are added only to the first video field per film frame. Since 
only four picture numbers are used for each five video frames, the picture num
bers reach only about 43,200 ('Ys x 54,000) at the end of a 30-min videodisc. 

2.5.2 Videodisc Special Operating Modes 

Videodisc players are capable of many special operating modes, such as reverse 
play, fast forward, still picture, and slow motion (all under control of a micropro-
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cessor, as discussed in Chap. 6). These modes are possible because the beam can 
be made to "jump" from track to track at appropriate times by controlling the 
radial-tracking servo. 

To prevent the jump from being seen on the TV screen, all track jumping takes 
place only during the TV vertical sync interval. Since two vertical sync intervals 
occur for each revolution of the disc, a maximum of two jumps per revolution can 
take place. Note that this condition of two sync intervals per revolution is found 
only on CA V videodiscs. As a result, the special operating modes are not avail
able on CL V videodiscs. 

2.5.3 Track-Jumping Formats 

Figure 2.12b shows the track-jumping formats required to create the various 
modes of operation. Each spiral drawing represents a few tracks of the videodisc. 
The left half (solid line) is one field of the TV vertical scan, and the right half 
(dotted line) is the other field of the vertical scan. The dark line represents the 
path of the beam. The path begins at the heavy dot in each illustration of Fig. 
2.12b. 

In the nonnal play mode no track jumping takes place. The beam follows the 
spiral track from the inside to the outside. Reverse play requires the beam to 
jump back one track after each field. At the end of each revolution, the beam is 
on track inside of where the beam is started. The result is nonnal speed reverse 
play. 

A still picture occurs when one track is continuously repeated. One track is 
read and then the beam jumps back one track and repeats. The result is the same 
whether the forward or reverse Still-Picture button is pressed on the front panel. 
However, once the still-picture mode is in effect, additional actuations of the 
Still-Picture button makes the picture move forward or backward. 

When the Still-Picture Reverse button is pressed, the beam is made to jump 
inward on track (shown as reverse in Fig. 2.12b). However, this jump takes place 
on the field opposite that of the previous jump. (If this were not so, the beam 
would have to jump two tracks to get the original track.) Pressing the Still-Picture 
Forward button allows the beam to continue on to the next track. After one rev
olution, the beam simply begins repeating the next track. 

Slow motion is a series of still pictures, each one lasting for a certain number 
of revolutions. The slow-motion control determines how long each still picture 
remains on until the beam continues to the next track and creates the next still 
picture. The effect is the same as rapid manual actuations of the Still-Picture For
ward button. Slow-motion reverse uses the same principles, except the still pic
tures advance in the reverse direction. 

Fast foFWard is created by jumping forward one track after each field. After 
one revolution, the beam is three tracks further out than it was. As a result, the 
fast-forward speed is actually 3 times the normal forward-play speed. 

2.5.4 Search Modes 

Figure 2.12c shows the beam action during videodisc search modes. When search 
is activated, the optical pickup (slide assembly) begins to move rapidly across the 
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bottom of the videodisc. Sections of the picture are momentarily displayed during 
the search process. 

During search [01ward, the beam displays a series of pictures and then skips 
several hundred tracks, displays another series of pictures, and so on. These pic
tures are displayed very rapidly because the optical pickup takes only about 25 s 
to scan the entire videodisc. The search-reverse action is the same except that 
the beam moves inward when skipping the tracks. 





CHAPTER 3 
USER CONTROLS, 

OPERATING PROCEDURES, 
AND INSTALLATION 

Although CD players are not difficult to operate or install, the basic procedures 
are quite different from those of a typical LP player. The same is true of CDV 
players. This chapter describes the basic user controls and operating procedures 
for CD and CDV players. We also discuss typical installation procedures and pre
cautions. A careful study of these procedures will help you understand the oper
ation of the player circuits (which are discussed in Chaps. 5 and 6) and the 
mechanical assemblies (Chap. 7). 

Remember that you must study the operating controls and indicators of any 
CD or CDV player you are servicing. This book describes "typical" controls and 
indicators, but there are subtle differences in operation you must consider. For 
example, the disc compartment of some players must be closed manually, while 
most others are automatic. In some players, the compartment closes automati
cally when the Play button or key is pressed. In other players, you must push the 
Open/Pose key (to close the compartment) before you press Play. There is noth
ing more frustrating than troubleshooting a failure symptom when the player is 
supposed to work that way. 

3. 1 OPERATIONAL SAFETY CHECKS 

It is assumed that you are familiar with basic operational safety checks for con
sumer electronic equipment (such as a Leakage current test). Virtually all service 
manuals describe the necessary safety procedures in full detail, so we will not 
repeat the tests here. However, we recommend that you follow all of the proce
dures (for your own sake and for the sake of the customer). 

As an important example, if there is current leakage, indicating that metal 
parts of the player are in electrical contact with one side.of the power line, this 
can result in damage to the player or possible shock to anyone touching the ex
posed metal parts. So, before you release a player to the customer (after service 
or when the player is first sold), check for any leakage current as described in the 
service manual. 

In addition to operating checks, there are certain safety precautions to be per
formed during service. These are discussed in Chap. 4. 

3.1 
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3.2 TRANSIT OR SHIPPING RESTRAINTS 

Many CD and CDV players have a transit or shipping screw to hold the optical 
pickup in place when the player is moved or shipped. Without such a restraint, 
the optical assembly can move back and forth, causing possible damage to the 
delicate optics. Typically, the transit screw is accessible from the bottom of the 
player. 

Always remove or loosen the transit screw before using the player. In some 
players, the screw is captive and cannot be removed (the screw is to be loosened 
only). In others, the screw is supposed to be left in place (after it is loosened) but 
can be removed if you keep turning the screw. In other players, the screw is sup
posed to be removed. Be sure not to lose the screw. (It is the customer's job to 
lose it.) 

Make sure the screw is properly installed when transporting or shipping the 
player. Typically, the screw can be installed only when the optical pickup is in 
one position (the at-rest or secured position). For example, you must turn on the 
power, make sure there is no disc installed, and then shut the tray, drawer, lid, or 
door electrically. With the optical pickup in the secured position, turn off the 
power and install the screw. 

The transit screw brings up an obvious problem. When the customer brings in 
a CD player to the shop for service, he or she will probably forget the screw or 
not tighten it, possibly damaging the optics. The opposite occurs if you tighten 
the screw upon returning the player to a customer. When they get the player 
home, they will promptly call you with a complaint that the player "no longer 
works after you fixed it." You must patiently explain these facts to the customer. 
Good luck. 

3.3 EXTERNAL CONNECTIONS 

External connections between a CD player and stereo system are usually made at 
the back of the player, as shown in Fig. 3.1. Connections between a CDV player 
and the TV receiver or monitor are also made at the back, as shown in Fig. 3.2. 

Note that the stereo audio output of most CDV players can also be connected 
to a stereo system if desired. On certain advanced CDV players (such as the 
Philips CDV488), the digital audio output (digital bit stream) is also available at 
the back connectors. These outputs are for transmission over a fiber optics cable 
and/or digital coaxial cable to an advanced CD player [so that you get the benefits 
of the CD player's superior digital-to-analog (D/A) decoding and reproduction] 
before the audio is applied to the stereo system. Note that most CDV players do 

not provide this digital bit stream output. 

3.3.1 CD Electrical Connections 

Typically, a pin cord is supplied with the player (or possibly the amplifier) for 
connection between the player L and R stereo outputs and the corresponding in
puts on the amplifier. Although the connections are very simple, certain precau
tions must be observed (for all players). 

Never connect a CD player to the Phono input of an amplifier. Instead, use the 
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(b) 
FIGURE 3.1 Operating controls, indicators, and connections for composite CD player. 

CD Aux or possibly the Tape Play inputs. The CD player output is about 2 V, 
which can damage the amplifier and/or speakers and will overdrive the amplifier. 

Even on those CD players where the output is adjustable, the player imped
ance (50 k) is best matched to the CD/Aux/Tape inputs. As is the case with any 
audio component, always switch off the power before making or breaking con
nections between the player and amplifier. 

Before connecting the player to a power source, check that the operating volt
age of the player is identical to the voltage of the local power supply. Unlike most 
home electronic components (TV, VCR, etc.), many CD players are designed for 
worldwide use and can be operated at 120, 220, and 240 V. The operating voltage 
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FIGURE 3.2 Operating controls, indicators, and connections for composite CDV 
player. 

is selected by special connections and/or switch settings, so check the seiVice or 
operating literature. 

3.3.2 CDV Electrical Connections 

As shown in Fig. 3.2, the rear-panel connectors for a CDV are similar to those of 
a VCR. (If you are not familiar with VCRs, read Lenk's Video Handbook, 
McGraw-Hill, 1991, immediately). 
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If the CDV is used with a standard TV (not a monitor), the composite RF sig
nal from the CDV is applied to the TV through the VHF Out connector. The out
put from VHF Out is either {1) a TV broadcast signal or (2) the CDV video and 
audio signals converted to a VHF channel 3 or 4 signal by the built-in RF con
verter, as selected by the VHF Channel switch. A VHF antenna (or cable input) 
is connected through the ANT In connector. 

If the CDVis used with a monitor-type TV, the video from the CDV is applied 
directly to the monitor through the Video Out connector, thus bypassing the RF 
converter. Likewise, the monitor can receive audio directly through the 1/L and 
2/R Digital/Analog connectors. 

If the TV or monitor is capable of super-VHS (S-VHS) operation, the S-VHS 
video is applied to the monitor through the S-Output connector (as is the case for 
a VCR capable of super-VHS'operation). 

The CDV audio can also be applied to a stereo system or amplifier and 
speaker combination through the 1/L and 2/R Digital/Analog connectors. 

The Remote Control connectors are used only when the player is controlled 
from other components through a remote-control system {the Philips RC-5 sys
tem in this case). The hand-held remote control is normally used with the front
panel remote sensor, as discussed in Sec. 3.6. 

If the CDV player is to be used with an advanced CD player (such as the 
Philips LHHlOOO) to take advantage of the superior decoding and reproduction 
(Sec. 3.3), both the Opt Out and Digital Out connectors are used. 

The Opt Out connector outputs the CD, CDV, and CDV-LD audio signal in 
digital format for transmission over an optical-fiber cable. The Digital Out ·con
nector provides a similar output in electrical form. As discussed in Sec. 3.3, these 
digital outputs are not found on most CDV players. 

3.4 GENERAL OPERATING AND 
INSTALLATION NOTES 

The following precautions and tips should be followed when operating any CD or 
CDV player. Chapter 4 also includes a series of precautions and tips that apply 
primarily to service and handling. 

3.4.1 CD Operating and Installation Notes 

Again, check· that the operating voltage of a CD player is identical with the volt
age of the local power supply. As discussed, some CD players can be operated at 
120, 220, and 240 V, while other players can be operated at only one specific line 
voltage. Usually, there are special connections, or switch settings, required for 
dual-voltage players. Always check the service and/or operating literature for 
such connections or settings. 

Figure 3.3 shows the power-line connections for a CD player with a rear-panel 
voltage selector switch. Note that the correct tap on the player power trans
former is selected by the switch. 

When the CD player is not in use, turn off the power. This conserves energy 
and extends the life of the player. Unplug the player from the power output if the 
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FIGURE 3.3 Power-line connections for a CD player with rear-panel voltage-selector switch. 

player is not to be used for an extended period (and is not part of a system, such 
as a modular component that receives power from an amplifier). 

Any type of player (CD or CDV) that uses a laser beam produces strong mag
netic fields. Do not place video or audio cassettes on or near the player. 

Do not install the player near heat sources such as radiators or air ducts ot in 
a place subject to direct sunlight, excessive dust, mechanical vibration, or shock. 

Good air ventilation is essential to prevent internal heat buildup in the player. 
Place the player where adequate air circulation is assured. Pay particular atten
tion to the top ventilation holes (which should never be obstructed). 

Do not place the player on a soft surface, such as a rug, which might block the 
bottom ventilation holes. 

If the player is brought directly from a cold to a warm place, or is placed in a 
very damp room, moisture may condense on the optical-pickup lenses. The 
player will not operate properly (if at all) should the lenses become fogged. In 
such a case, remove the CD and leave the player turned on for about an hour to 
evaporate the moisture. 

Although CDs are not delicate and should last forever, CDs should be handled 
with some care. For example, always handle the CD by the edges. Try to avoid 
touching the rainbow-colored surface. Smudges or other dirt on this surface can 
reflect the laser beam and cause dropouts or other undesired performance. 

Do not stick paper or tape on the labeled surface. While such paper or tape 
will not hurt the CD, it can get caught in the drive mechanism (particularly the 
clamp). Do not expose the CD to direct sunlight or heat sources, such as hot-air 
ducts, or leave a CD in a car parked in direct sunlight (where there can be con
siderable rise in temperature). 

Before playing, clean the CD with a soft cloth. Many CD players include a 
cleaning cloth (usually packaged along with the pin cord and operating instruction 
manual). After playing, store the CD in its case. Never use solvents such as ben
zine, thinner, commercially available cleaners, or antistatic spray intended for LP 
records. Any of these can eat through the sealant and destroy the CD. However, 
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there are cleaners specifically designed for CDs (Chap. 4). 
Some CD players cause interference to radio and TV reception. Usually, the 

problem can be eliminated if the player is moved a few feet away from the radio 
or TV. 

Setting CD Player Volume Controls. Probably the most important operating pre
caution for those not familiar with CD players involves setting the volume con
trols. The dynamic range of the CD player is much greater (90 dB or greater) than 
any LP record player, and the peaks are recorded with hifi. Also, you get a much 
greater signal-to-noise (SIN) ratio (also 90 dB or greater) with a CD player. Back
ground noise is practically eliminated in most CD players. 

If you turn up the volume, either on the player or the stereo amplifier, while 
listening to a portion of the CD where no audio signals (or very low-level signals) 
are recorded, the speakers may be damaged when that portion of the CD with 
peak signals is played. Likewise, if you are listening with stereo headphones con
nected to the front panel of the player and set the player volume in an attempt to 
hear background noise, you can drill a hole from ear to ear when you get to the 
audio peaks. 

3.4.2 CDV Operating and Installation Notes 

Most of the operating notes for CD players (Sec. 3.4.1) also apply to CDV play
ers~ However, the installation procedures are quite different. Installation of a 
CDV involves connecting the player to an antenna or cable, a monitor TV, the 
power source, and possibly to a stereo and/or CD player. Although the following 
notes apply to a specific CDV (the Philips CDV488), the connections are typical. 

Connecting the VHF Antenna. If the antenna (or cable outlet) uses a 75-!l coaxial 
cable, disconnect this cable from the TV set and reconnect the cable to the Ant In 
connector shown in Fig. 3.2h. (If the antenna is of the 300-!l ribbon type, an 
adapter is required between the antenna cable and the Ant In connector.) Next, 
connect the player VHF Out connector to the TV set antenna input, in place of 
the antenna (or cable outlet) coaxial cable. Often, a coaxial cable with F-type 
connectors on both ends is supplied with the player for this purpose. Again, use 
an adapter if necessary to match the 75-!l output of the player to the TV set. 

Setting the Channel Selector. Set the player VHF Channel switch to Channel 3 or 
4, whichever is not used for commercial TV broadcasts in the area. Then set the 
TV to the same channel. 

Connecting Power. Connect the ac power cord to a wall outlet (120 V, 60Hz). 

UHF/VHF Installations. If there is a separate UHF antenna and cable, leave the 
UHF antenna connected to the TV set. Where a combination VHF/UHF antenna 
is used, separate the VHF and UHF signals using a signal separator. Connect the 
VHF lead-in to the player and the UHF lead-in to the TV set~ Most combination 
antennas have a built-in signal separator, but you may need a separator for some 
installations. 

Control of the VHF Signal. With the connections described thus far, VHF sig
nals from the antenna and player to the TV set are switched by the player. 
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Installation with a VCR. If you are using a VCR (with a built-in TV tuner), con

nect the output cable from the VCR VHF connector to the player Ant In con

nector. Then connect the player VHF Out connector to the TV set antenna input, 

in place of the VCR cable. Remember that with this installation, both the VCR 

and CDV must be switched off (or as directed in the VCR and CDV operating 

instructions) before the TV set is connected to the antenna (or cable outlet). 

Caution. Connections between the player VHF Out connector and the antenna 

terminals of a TV set should be made only as described in this section (or as spec

ified in the operating instructions for the player). Failure to do so may result in 

operation that violates FCC regulations regarding the use and operation of RF 

devices. You may broadcast CDV programs to the entire neighborhood. Never 

connect the output of the player (VHF Out) to an antenna or make simultaneous 

(parallel) antenna and player connections at the antenna terminals of the TV. 

Installation with a Monitor Tv. If the player is used with a monitor TV, connect 

the player Video Out terminal to the corresponding Video In terminal on the TV. 

Then connect the Digital/Analog 1/L and 1/R terminals to the corresponding 

audio-input terminals on the TV. The video connection requires a coaxial cable, 

while the audio is usually made through a pin cord. If the monitor or TV is ca

pable of S-VHS (super-VHS) operation, connect the playerS-Output connector 

to the corresponding S-VHS input on the TV. (This requires a special S-VHS 

cable.) 

Installation with a Stereo System and Tv. If the player is used with a stereo sys

tem, connect the Digital/Analog 1/L and 2/R terminals to the corresponding 

audio-input terminals on the stereo (usually at the Auxiliary input or the tuner

input jacks on the stereo amplifier or receiver). For best results, place the TV set 

(on which the player video is displayed) between the stereo speakers. Turn down 

the TV volume control to minimum to eliminate any audio from the TV speakers. 

Note that on a few very old CDV players, it is necessary to select stereo opera

tion. 

Installation with a CD Player. If the CDV player is to be used with a CD player 

(or any system where the digital bit stream from the player optical system is used 

directly without D/A processing) make the connections at the Opt Out and/or 

Digital Out connectors. The Opt Out connector requires a fiber optics cable, 

while the Digital Out connector uses a coaxial cable. 

Antenna Signal Level. Make certain that the signal level from the antenna is ad

equate. Inside any CDV player, the antenna signal is distributed to the TV set 

through some form of switching network (usually a coaxial switch). If the antenna 

output is very low, signal loss caused by the distribution may result in deteriora

tion of the off-air TV picture (when the CDV is not in use). The antenna

switching circuits of properly functioning CDVs are well designed and introduce 

a minimum of loss. However, it is possible to have trouble with a "borderline" 

TV antenna. Needless to say, the customer will blame the CDV. 

Fine Tuning. Check that the TV fine tuning is properly adjusted for the inactive 

channel. The player output signal uses the inactive channel of the TV, but since 

this channel is not ordinarily used, the fine tuning may not be precisely adjusted. 

Play a disc of known quality and adjust the TV fine tuning for best reception. The 
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VHF output of most players is not adjustable (cannot be fine tuned). However, 
this should be checked on older CDV players. 

Battery Replacement. Some CDV players (such as the Philips CDV488) require a 
battery to maintain power on the memory functions. This keeps customer pro
gramming information in memory when the player is disconnected from power. 
Usually, a lithium battery is used and need not be replaced frequently (usually 
they last for years). However, always check the battery (if any) when you en
counter a "this player won't stay programmed" trouble symptom. Also check 
the battery when the player is first installed. 

Demonstration. If you have the job of demonstrating the use of a CDV player to 
customers, go over the operating instructions in the user manual with them in 
detail. Although operation of a CDV is simple to an electronic wizard such as 
yourself, it may not be so to the general public, since CDV has many capabilities 
beyond those of a record player, CD, stereo system, or a TV set. 

3.4.3 After-Installation Checkout (Preliminary Troubleshooting) 

Before concluding that a CDV player is out of order, run through the following 
notes and make sure that there is not a simple remedy for the problem. When a 
CDV player is first placed in operation, the vast majority of performance prob
lems are setup errors, bad. connections to other equipment, or malfunctions of 
other equipment (TV, stereo, antenna, etc.). So, before you get into the detailed 
service notes and troubleshooting described in Chap. 9, where we discuss spe
cific troubles related to the major functional sections of CDVs, let us review 
some simple, obvious steps to be performed (before you start actual trouble
shooting). 

If the. disc tray (or lid on some players) does not open, check that the power 
cord is plugged in and that the Power button or key is pressed. If these pro b-

. !ems check out, try pressing the Open/Close key. 

If the disc does not appear to rotate (if you cannot hear the disc motor run
ning), check that the power cord is plugged in and that the Power button is 
pressed. Also check that the disc tray is fully in (to close interlock contacts). 

If the disc stops rotating soon after running, it is possible that you are playing 
an unrecorded side of the disc. Try turning the disc over. 

If the disc mtates (motor running) but there is no picture, check the following: 
Is the TV set turned on? Turn it on. 
Are the connections between player and TV set (and/or stereo) correct 
(Fig. 3.2b)? 
Is the TV set turned to channel 3 or 4? Set the TV to the channel (3 or 4) 
that is not used for TV broadcasting in the area. 
Is the player set to the same channel as the TV? 
Is the player in a pause mode? Press the Play button. 

If the picture quality is bad and you have checked the connections between 
player and TV set and have checked that both are on the same channel, check 
the fine tuning on the TV set. If the picture quality is still bad, try a different 
disc (a known good disc). 

If the TV no longer receives other channels after being connected to the 
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player, make sure that the antenna cable is connected to the player (antenna 
cable to Ant In connector on player). Then check that the player is in the off 
condition (Power switch off, etc.). Remember, to view regular TV broadcasts, 
the player must be turned off (using whatever buttons, controls, or levers are 
required). 

If only a particular part of a disc does not produce a good picture, the disc is 
probably damaged. Try pressing the Scan (or Rapid Access or Visual Search) 
buttons to skip over the damaged portion. 
If the hand-held remote control does not work but the player can be operated 
by the front-panel controls, try replacing the remote-control batteries. Also 
check for obstacles between the player and the remote control and that the 
remote control is aimed directly at the player (preferably at the remote sensor, 
Fig. 3.2a). 

3.5 BASIC CD PLAYER USER CONTROLS 

Figure 3.1a shows the operating controls and indicators for our CD player (a 
composite of many players). Compare the following with the controls and indi
cators of the player you are servicing (which, of course, will be different). Press 
Power to turn the player on or off. Press Open/Close to alternately open or close 
the CD drawer. When the drawer opens, a red Open indicator turns on. Pressing 
Open/Close while a CD is playing stops the mechanism and opens the drawer, the 
repeat function is canceled (if on), and program memory is erased. 

Display Track number: When the CD drawer is closed with the Open/Close 
button, when the CD has played to the end and stopped, or when the Stop/ 
Clear button is pressed, the total number of tracks on the CD is displayed (on 
the fluorescent display). At all other times, the track number being played is 
displayed. 

Display Index number: If index decoding exists on the CD, the index number 
is displayed while the CD is played. 
Display time indicator: When tlie number indicating the total number of 
tracks is displayed, the total playing time is also shown. At other times, the 
elapsed playing time is displayed for the track that is being scanned. 
Display Play indicator: Play turns on during normal play. 
Display Repeat indicator: Repeat turns on when the repeat function is active. 
Display Pause indicator: Pause turns on when the pause function is active. 
Display Memory indicator: Memory turns on when a program sequence is in 
memory. 
Display Open indicator: Open turns on when the CD drawer is opening. 
The button with double arrows pointing to the right scans the CD in a forward 
direction. When first pressed, the audio material is heard at about 3 times nor
mal speed. If the button is held, the player begins sampling short segments. 
Release the button to resume normal play. The button may also be pressed 
with the Play button to skip to the beginning of the next track. 
Pressing the button with the double arrows pointing to the left scans the CD in 
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a reverse direction. The button may also be pressed with the Play button to 
restart the selection (being played) at the beginning. 

The Stop/Clear button stops playback and clears any program from memory. 

The Play button initiates play. It may also be used to close the CD drawer and 
begin play. 

Press Pause to interrupt playback. Press Play to resume playback. The Pause 
button may be used to close the CD drawer. The directory of selections (also 
called the CD directory, disc directory, or simply directory) is read, and the 
player pauses at track 1. 

The Output control adjusts the output level to both the headphone jacks and to 
the rear-panel output jacks. (This is not always true on all CD players.) Make 
certain to observe the note in Sec. 3.4.1 regarding the Output control. It might 
save your ears. 

The 0 through 9 buttons are used to select a track or index number. After a 
track number is selected, the display flashes that number. Push Memory to 
enter the track into memory. Repeat for each track to be programmed. 

Push Repeat to repeat the entire CD or the selections that have been pro
grammed into memory. 

Note that most of the front-panel controls have remote-control counterparts. 
Most operating sequences can be initiated or ended using the front-panel con
trols, the remote unit, or a combination of both (on most players). 

3.5.1 Preliminary Operating Checks 

Always make a few preliminary checks at the initial installation and before 
launching into a full troubleshooting routine. Make certain that the transit screw 
is removed or loosened before operating the player. Tighten the transit screw 
only when the CD player is to be moved. 

If practical, check that the customer's stereo system is operating normally be
fore you do any extensive service on the CD player. 

Cleaning the objective lens should be a routine part of initial installation and 
servicing. A dirty objective lens can cause a variety of symptoms (intermittent or 
poor focus, skipping across the CD, erratic play, excessive dropouts, to name a 
few). These same symptoms can also be caused by a defective CD. Try a known-
good CD first. · 

Do not rep!'ace the pickup assembly, or make any adjustments on the pickup, 
before checking for mechanical problems that can affect the pickup. For exam
ple, look for binding at any point on the pickup travel, indicating that the rails or 
guides are adjusted too tightly. At the other extreme, if you hear a mechanical 
"racheting" or "chattering" when the pickup is moved, the rails may be too 
loose. Mechanical adjustments are described in Chap. 7. 

If the CD player operates manually but not by remote control, check the 
remote-unit batteries. Then try resetting the power circuits by pressing the front
panel Power button on and off. 

If the left or right speaker is dead when the CD player is used in a system, try 
playing another component connected to the audio system line (tuner, cassette 
deck, etc.). If ·operation is normal with the other component, suspect the CD 
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player. Also check for a loose cable between the CD player and other compo
nents. Then temporarily reverse the left and right speaker leads. If the same 
speaker remains dead, the speaker is at fault. 

If the left or right speaker is dead when the CD player is used in a nonsystem 
configuration, temporarily reverse the left and right cable connectors at the am
plifier input from the CD player. If the same speaker remains dead, the amplifier 
(or speaker) is probably at fault. If the other speaker goes dead, suspect the CD 
player or the player output cable. 

If there is no sound from either speaker, check for the following. Both 
speaker-selector switches may be turned off. The wrong speaker terminals may 
have been selected (on amplifiers with two sets of speakers). The speaker cables 
may be disconnected. The CD player cables may be disconnected or improperly 
connected. In a nonsystem installation, the Output level may be too low (control 
too far counterclockwise) or the amplifier output selector may be set for the 
wrong source. Try the amplifier with a different input. 

If the sound is distorted, the Output level may be too high, or the CD player 
output may be connected to the Phono input of the amplifier. 

If there is hum or noise (only when the CD player is used), check for the fol
lowing. The shield of the audio cable from the CD player may be broken, or the 
connector may not be firmly seated in the jacks. The CD player may be too close 
to the amplifier. The magnetic fields produced by the amplifier may induce hum 
into the player circuits (not likely, but possible). 

If the player does not start, check the following. Make certain that there is a 
CD in the tray, that the CD is properly loaded (not upside down; the label should 
be up), and that the CD is firmly seated on the supports. Also check to see if the 
CD is very dirty, scratched, or warped. It is also possible that moisture has con
densed on the CD player optical system (particularly on the objective lens). 

If the sound cuts or repeats at some point, there may be a very dirty spot on 
the CD. Clean the CD with a soft cloth and mild detergent. (Do not use any com
mercial cleaners unless specifically recommended for CDs.) It is also possible 
that there is a scratch on the CD. Try skipping the point where the sound cuts or 
repeats. 

3.6 BASIC CDV PLAYER USER CONTROLS 

Figure 3.2a shows the operating controls and indicators for our CDV player. Fig
ure 3.4 shows the controls for the hand-held remote unit. Compare the following 
with the controls and indicators of the player you are servicing (which, again, will 
be different). 

On most CDV players, power must be applied before any operation, including 
remote operation, may be attempted. After the power is applied, the player goes 
into the start-up mode to check for the presence of a disc. Both CD and CDV on 
the display flashes until a disc is detected. The type of disc, CD or CDV, is 
displayed when a disc is detected. When a CD or CDV Single is detected, the 
display indicates the total number of audio tracks and the total time of the audio 
tracks on the disc. 

The disc tray slides out when the Open/Close button on the player, or the 
Stop/Open button on the remote unit, is pressed. 

When the Play button is pressed after placing a disc on the disc tray, the disc 
slides into the player and play starts. Pressing Play in the stop mode starts play; 
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RC-5/other mode/use mode Jog dial/shuttle ring 
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FIGURE 3.4 Controls for hand-heid remote unit (universal learn remote). 

pressing Play during play moves the play position to the beginning of the chapter 
or track being played and restarts play from there. Pressing Play can also start 
program play or favorite track selection (FTS) play. 

Press Open/Close to open or close the disc tray. When Open/Close is pressed 
after placing a disc on the tray, the disc slides inside the player, the total playing 
time of the disc is displayed, and the player enters the stop mode. (Note that play 
is started as soon as the tray is closed. This depends on the information recorded 
on the disc.) The CD or CDV indicator blinks (or flashes) during the disc tray 
open or close operation. 

When playing the video part of a CDV or CDV Single disc, pressing Still 
freezes the picture, but when playing the audio part of a CD or CDV Single disc, 
pressing Still places the player in pause. To release either the freeze or pause 
modes, press Still again. 

Press Power to turn the player on or off. 
Headphones can be connected to the Headphones jack for personal listening 

to the audio portion of the disc (the headphones signal is the same signal as that 
from the Digital/Analog jacks on the rear panel, Fig. 3.2b). The volume of the 
headphones is adjusted with the Headphones volume control. 

Use the numeric buttons (1 through 10) when searching or programming chap
ters or tracks. 

Press the Store button to enter a program for programmed play. 
Use the Clear button in the following cases: to cancel repeat play, to interrupt 

search operation, to correct an entry made using the numeric buttons (holding 
Clear down clears the digit entry), to erase the last step in a program operation 
(holding Clear down clears the program entry operation), to cancel programmed 
play, to cancel random play, and to clear an FTS program. 

The Prog button is used to program the desired chapters or tracks in a desired 
order (programmed play). 

The remote sensor receives the signal transmitted from the hand-held remote 
unit. 

Press one of the Skip buttons to skip to the beginning of a chapter or track. 
When the Skip button with double arrows pointing to the right is pressed, the 
beginning of the next chapter or track is detected. If the right Skip button is held, 
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the chapter or track number is advanced continuously. When the Skip button 
with double arrows pointing to the left is pressed, the beginning of the current 
chapter or track is detected. When the left Skip button is held, the chapter or 
track number is reversed continuously. The Skip buttons are also used to skip 
between programs. 

Press the On-Screen Display (OSD) button to switch the contents of the TV 
on-screen display and indicators. The first press of OSD shows the on-screen dis
play; further presses switch the displayed contents. With some discs, the OSD 
button functions as an on-off switch for the on-screen display. 

The Digital Picture button functions only when a CDV or the video part of a 
CDV Single is played. Press Digital Picture to select between a normal picture 
and a digital picture. 

Press the Random button to start random play. 
Press the FTS button to start automatic performance play. FTS is also used to 

enter the FTS program. 
The Mode button functions only when a CDV Single is played. Press Mode to 

switch between the audio and video parts of a CDV Single disc. 
When one of the Scan buttons is pressed and held during play, play is scanned 

forward or backward. The scanning speed varies in two steps (low speed for the 
first 2 s, then high). 

3.6.1 CDV Player Remote-Unit Controls 

The hand-held remote unit (Fig. 3.4) is a universal or learn remote unit capable of 
operating not only the CDV488 player but also a satellite receiver, a cable box, a 
TV receiver, an audio amplifier, and audio tape deck, an AM/FM tuner, and up to 
two VCRs. The following is a summary of the remote control functions. 

Press the Stop/Open/Close key to stop play or to open or close the tray. Dur
ing play, the player enters the stop mode with the first press of the key. The disc 
tray slides out with the second press. In the stop mode, the tray slides out with 
the first press. Press the key while the disc tray is open to close the tray. 

When the Play key is pressed after placing a disc on the disc tray, the disc 
slides into the player and the play mode begins. If the player is in the stop mode 
with a disc inserted in the player, pressing the Play key activates the play mode. 
Pressing Play during play restarts play from the beginning of the current chapter 
or track. Pressing Play can also start a programmed or FTS play sequence. If the 
player is in a mode other than normal play (strobe, freeze, or still), pressing the 
Play key returns the player to normal play. 

While playing a CDV or the video portion of a CDV Single, pressing the Pause 
key freezes the picture. To release the freeze mode, press Pause again or press 
the Play key. While playing a CD or the audio portion of a CDV Single, pressing 
the Pause key stops play temporarily. To release the pause mode, press Pause 
again or press the Play key. 

Press one of the Skip keys to skip to the beginning of a chapter or track while 
in the play mode. The Skip keys also function as program-check keys, which al
low the user to verify the content of the program being entered. When clearing an 
FTS program, the Skip keys are used to recall the ranking numbers. 

When one of the Scan keys is pressed and held during play, play is scanned 
forward or backward. The scanning speed varies in two steps (low speed for the 
first 2 s, then high). 

Pressing one of the Index-Skip keys activates an index-skip operation with a 
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CD or CDV on which the index numbers have been recorded. Pressing an Index
Skip key repeatedly skips the same number of indexes as the number of times the 
key is pressed. 

The Multiple-Speed Play keys are used only for CDV or the video portion of 
CDV Single. The audio content is muted when the multiple speed is used, and the 
user may vary the video-play speed as desired (in the range from 3 s per frame to 
3 times the normal play speed). 

When power is switched on, the initial speed selection is set to one-quarter of 
the normal play speed. The speed can be switched in nine steps by pressing the 
Multiple-Speed Set keys (labeled + and - ). The speed is displayed on the TV 
screen (OSD) as long as the Multiple-Speed Set keys are pressed. 

Press one of the Still/Step keys (forward or reverse) to freeze (still frame) the 
picture. The still frame can be either advanced to the next frame by pressing the 
Forward-Step key, or the previous frame can be displayed by pressing the 
Reverse-Step key. Press the Play key to cancel the still picture. 

The D-A/CX key is available only for standard CDV discs (8 and 12 in) and is 
used to select the audio signal that is sent to the rear-panel Digital/Analog audio 
jacks. The front-panel digital-sound display is on when the disc being played con
tains a digital audio signal. 

When the D-A/CX key is pressed, the digital-sound display goes out, indicat
ing that analog audio is selected as the output signal (at the Digital/Analog jacks). 
The D-A/CX key can also be used to toggle the CX noise-reduction system on 
and off. 

The Bilingual key is used when a bilingual disc is played, to select among left 
(1/L), right (2/R), or both channels. 

The OSD key is used to toggle the on-screen display on and off. 
The Select key is active only when playing a standard CDV. Press the Select 

key to recall the specific position you want to view and/or listen to (search oper
ation). With a CAV (standard play) disc, pressing the select key activates the 
frame-number search mode. When playing a CLV (extended play) disc, pressing 
the Select key activates time-number search mode. The Chapter-Select mode 
may be activated for either CAV or CLV with the Select key. 

The Program key is used to store chapters or tracks in a different order than 
on the disc. After the sequence is programmed, the Play key is pressed to acti
vate the programmed play sequence. 

The Store key is used to enter the chapters or tracks for a programmed play. It 
is also used to enter an FTS program. 

The Recall key is used to verify or modify the programming content. It is also 
used to verify the FTS program content. 

The Numeric keys are used when searching or programming the chapters or 
tracks. 

The Clear key is used to cancel repeat play, interrupt a search operation, cor
rect an entry made using the numeric keys (holding the key down clears the digit 
entry operation), cancel programmed play, cancel random play, and clear an FTS 
program. 

The Ml:FTS key is used to program or play an FTS sequence for either CD or 
CDV discs. 

The M2:Random-Play key is used to start random play (active only with CD 
and the audio portion of CDV Single). 

The M3:TV/CDVP key is used to switch between the disc-play and TV
broadcast signals. 

The M4:A-B key is used to repeat a block of signals between points A and B. 
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The M5:Repeat key is used to repeat the play of a track or chapter or to repeat 
the entire side of the disc being played. 

The Picture Memory key is active with CDV discs only. Press Picture Mem
ory to store the current picture (frame) in memory. After playback, the stored 
picture is displayed on the TV screen while you are exchanging discs. Also, the 
stored frame is displayed while the audio portion of a CDV Single is playing. 

The Picture Effect key is active with CDV discs only, and it allows the user to 
display a special-effects picture by dividing the picture into many small fragments 
or a mosaic. 

The Freeze key is active with CDV discs only, and it stops the picture (freeze 
mode) while the sound continues. 

The Strobe key is active with CDV discs only. When the Strobe key is pressed 
during playback, the "strobe motion" play is activated. After pressing the Strobe 
key, adjust the required interval between pictures with the Multiple-Speed Set 
keys. 

The Display key is used when the display indications on the player and/or the 
on-screen indications on the TV screen are not required during playback. 

The Jog-On/Off key is used to activate the jog dial. Press Jog-On/Off once to 
activate the jog-dial capability, which is shown when the jog-mode indicator 
turns on. Press Jog-On/Off again to release the jog mode. The playback speed can 
be continuously varied with the jog dial/shuttle ring. 

When the remote unit is not set to the CDV mode, press the CDV key to recall 
the CDV mode. When CDV is pressed, CDV appears in the remote-control dis
play. 

The contrast control is used to adjust the contrast of the remote-unit display. 
The Balance keys are provided for operating audio components or TV sets 

with an audio-balance function. 



CHAPTER 4 

TEST EQUIPMENT, TOOLS, 
AND ROUTINE MAINTENANCE 

This chapter describes the test equipment and tools you will need for CD and 

CDV player service. We also discuss routine maintenance for CD and CDV play

ers. Remember that the information in this chapter is general in nature. If you are 

going to service a particular player, get all the service information you can on that 

player. Likewise, if you plan to go into CD and CDV player service on a grand 

scale, study all the applicable service instructions you can find; then, when all 

else fails, you can follow instructions. We discuss adjustments (mechanical) using 

tools and test equipment in Chap. 7. We also discuss the use of tools and test 

equipment for adjustment and troubleshooting in Chaps. 8 and 9. 

4.1 SAFETY PRECAUTIONS DURING SERVICE 

In addition to a routine operating procedure (for both test equipment and the 

player), certain precautions must be observed during operation of any electronic 

test equipment during service. Many of these precautions are the same for all 

types of test equipment; others are unique to special test instruments, such as 

meters, scopes, and signal generators. Some of the precautions are to prevent 

damage to the test equipment or to the circuit on which the service operation is 

being performed. Other precautions are to prevent damage to you. 

4.1.1 General Service Safety Precautions 

It is assumed that you are already familiar with general safety precautions regard

ing electronic service. Such precautions include (but are not limited to) checking 

the warning symbols on test equipment (a triangle with an exclamation point at 

the center for controls that require special precautions and a zigzag line simulat

ing a lightning bolt for high voltages), checking metal cases for leakage and 

grounds, handling high voltages with care (fortunately the line voltage is usually 

the highest in CD and CDV players), removing power before making connec

tions, using an isolation transfonner, avoiding vibration and mechanical shock 

(particularly to the optical components), studying the circuits for connecting test 

equipment, and making leakage current tests. 

4.1 
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4.1.2 Basic Handling and Service Precautions 

The following basic safety precautions should be studied thoroughly and then 
compared with any specific precauti9ns called for in the test-equipment or player 
service literature and in the related chapters of this book. 

Moisture Condensation. Try to avoid servicing the player immediately after mov
ing it from a cold to a warm place or soon after heating a room that was cold. 
Either of these conditions can cause moisture condensation. Excessive conden
sation (which is rare) can cause possible damage to circuits. More likely, conden
sation can fog the lenses in the optical system. You can clean the surface of the 
objective lens (with a clean, soft, dry cloth), but the remaining lenses are not ac
cessible. You must wait until the condensation evaporates from the internal 
lenses. You can also try turning on the power (but not operating the player) and 
allowing heat from the transformers to remove the moisture. 

Handling and Storage. Avoid servicing players in the following places: ex
tremely hot, cold, humid, or dusty areas; near appliances that generate strong 
magnetic fields (or ones that are affected by such fields); places subject to vibra
tion; and poorlyventilated places. Do not block the ventilation openings on the 
player. Do not place anything heavy or anything that might spill on the player. 
Use an accessory cover (if available) to prevent dust and dirt from accumulating 
on the player before or after service. Use the player in the horizontal (flat) posi
tion only. Do not lubricate player motors or any point not recommended for lu
brication in service literature. Generally, very little lubrication is required for CD 
and CD V players. 

When reassembling any player, always be certain that all the protective de
vices (shield plates, etc.) are put back in place. When servicing or testing is re
quired, observe the original wire routing. Pay particular attention to the wiring 
associated with the disc compartment, doors, and optics. Since these compo
nents are subject to constant movement, wire routing is critical. For example, 
wires can be caught in gears or subjected to excessive strain if not properly 
routed. 

Always follow the packing and shipping instructions (if any) found in the ser
vice literature. Always use the transit or shipping screw described in Chap. 3 to 
hold the optics in place during transit. 

Interlocks. Do not defeat any type of interlock on a player (at least not perma
nently). If you must override an interlock during service (try to avoid this), do not 
pennit the player to be operated by others without all protective devices correctly 
installed and functioning. Servicers who defeat safety devices or fail to perform 
safety checks may be liable for any resulting damage. 

Special Product Safety Notices. Many electrical and mechanical parts in CD and 
CDV players have special safety-related characteristics, some of which are often 
not evident from visual inspection. Likewise, the protection provided by such 
parts cannot necessarily be obtained by replacing the parts with components 
rated for higher voltage, wattage, and so on. The manufacturers identify such 
parts in their service literature. 

One common means of identification is shading on the schematics and/or 
parts lists, although not all manufacturers use shading, nor do they limit identi
fication to shading. For example, some manufacturers use a dark black pattern 
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on those areas of the printed circuit (PC) pattern that require special care in re

pair. Other manufacturers use an exclamation point within a triangle for critical 

parts. 
Always be on the alert for any special product safety notices, special parts 

identification, and the like. Use of a substitute part that does not have the same 

safety characteristics (not just the same electrical or mechanical characteristics) 

might create shock, fire, and/or other hazards. A simple way to solve the problem 

is to use the part recommended in the service literature. 

Altering the Players. Design alterations, including (but not limited to) addition of 

auxiliary audio output connections, cables, accessories, and the like, might alter 

the safety characteristics of the. player and create a hazard to the user. Do not 

alter or add to the mechanical and/or electrical design of players. Any design al

terations or additions may void the manufacturer's warranty and make the 

servicer responsible for personal injury or property damage. 

Professional Electronic Service Practices. The author assumes that you are al

ready familiar with good electronic service practices (removing or disconnecting 

the power cord before replacing PC boards and parts, installing heat sinks as re

quired on solid-state devices, connecting test-instrument ground leads to player 

grounds before connecting the test instrument, and so on). The author also as

sumes that you can handle electrostatically sensitive (ES) devices [such as field

effect transistors (FETs), metal-oxide semiconductor (MOS) and complementary 

MOS (CMOS) chips, etc.]; that you can solder and unsolder integrated circuits 

(ICs), transistors, diodes, and the like, including leadless components and 

surface-mount design (SMD) devices; and that you can repair PC boards as 

needed. If any of these seem unfamiliar to you, please, please do not attempt to 

service any CD or CDV player. · 

4.1.3 Laser Safety 

CD and CDV players have a laser diode (or laser tube, in the case of older CDV 

players) which creates two possible service hazards. First, both the laser diode 

and tube produce a potentially dangerous light beam. As in the case of any other 

very intense light source, direct exposure to a laser beam can cause pennanent 

eye injury or skin bums. Second, the light beam produced by a solid-state laser 

diode is invisible. (This is in contrast to the red light beam produced by a laser 

tube.) Since the diode beam is invisible, you are never quite sure when the beam 

is present. 
CD and CDV players are designed to be operated without the operator being 

exposed to the beam. This is also essentially true for the servicer, with one major 

exception. If you gain access to the laser (by removing covers, opening the disc 

compartment, etc.) and keep power on the laser (by overriding interlocks, etc.), 

the beam may get you. None of this should frighten you, but the problems should 

keep you on your toes when servicing. It is the servicer's job to exercise all cau

tion to avoid any direct exposure to the laser beam. 
U.S. federal law (and.the laws of most countries) requires that servicers be 

advised of possible laser dangers. There is at least one warning label on all play

ers, and often more than one (typically one on the outer cover and one in the disc 

compartment near the objective lens). The label reads something like "CLASS 1 

LASER PRODUCT: Product complies with DHHS rules CRF subchapter J part 
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1040;10 at date of manufacture; DANGER: Invisible laser radiation when open 
and interlock failed or defeated. A VOID DIRECT EXPOSURE TO BEAM." On 
CD players designed for Canadian use, the warning label is strengthened by a 
light-burst pattern within a triangle. 

Always be on the alert for these warning labels when servicing a CD or CDV 
player. Equally important, make sure all shields and covers are in place and that 
interlocks are working before you turn the player over to the customer. 

In addition to producing a potentially dangerous beam, lasers produce strong 
electromagnetic radiation. This is not usually harmful to people but can be di
sastrous to magnetic tape, some wristwatches, and anything else affected by 
magnetic fields (possibly pacemakers). Do not have magnetic tape, audio or 
video cassettes, or any other magnetic device nearby when servicing a CD or 
CDV player, particularly when the player covers and shields are off. To be on the 
safe side, keep all magnetic tape away from CD and CDV players, even with all 
covers in place. 

4.1.4 Laser Checks and Adjustment 

Most CD and CDV player manufacturers recommend some means of checking 
the laser without having to monitor the beam with a light meter (as was recom
mended on some older CDV players). Study the service literature for the CD 
player you are servicing to find the recommended procedure. In the absence of 
any specific recommendations, here are some tips on checking lasers. 

Even though the laser beam is invisible, the diffused laser beam is usually vis
ible at the objective lens (the lens appears to glow when the beam is on). Also, 
when power is first applied to the optical circuits of most CD players, the objec
tive lens moves up and down (usually three times, as discussed in Chap. 5) to 
focus the beam on the disc. So, if you apply power and see the objective lens 
moving, it is reasonable to assume that the laser is on and producing enough 
power. 

The check procedure brings up some obvious problems. First, on most play
ers, if you open the disc compartment and gain access to the objective lens, you 
must override at least one interlock. Next, many players have some provision for 
shutting down the player optics if there is no disc in place, so you must override 
this feature. 

Most important, never, never look directly into the objective lens with the 
power applied. Keep your eye at least 30 em (12 in) from the lens. The purpose of 
the objective lens is to focus the beam sharply onto the disc. The lens can also 
focus the beam sharply into your eye. 

Figure 4.1 shows the recommended procedure for both the laser-diode check 
and focus-search check on a typical CD player. For both checks, you must re
move the outer cover and locate the objective lens. 

To check the laser diode, ground the laser on/off control signal from the 
system-control microprocessor (such as pin 51 of IC301 , shown in Fig. 5.3), and 
check for diffused light at the objective lens. 

To check the focus search (Fig. 5.6) block the disc detection phototransistor 
with paper (to simulate a disc in place) and press the Play button. Check that the 
laser emits light and that the objective lens moves up and down (in response to 
focus up-down (FUD) signals from pin 50 of IC301 , shown in Fig. 5.6). Note that 
the objective lens may not always move the same number of times or by the same 
amount. (In some players, you can barely see the lens movements.) 
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FIGURE 4.1 (a) Focus-search and (b) laser-diode checks. 

4.5 

Some manufacturers recommend that you monitor the eight-to-fourteen mod
~tlation (EFM) signal (or some similar signal) to check the laser diode. If the EMF 
signal is normal or can be adjusted to a normal value, the laser diode must be 
functioning normally. We describe such checks and adjustments in Chaps. 
8 and 9. 

4.1.5 Replacement of Optical System Components 

As with many electronic components, the laser diode can suffer electrostatic 
breakdown because of the potential difference generated by the charged electro
static load on clothing and the human body. The laser diode is usually considered 



4.6 CHAPTER FOUR 

part of the optical system or pickup assembly, and most player manufacturers 
recommend replacement of the complete pickup assembly as a package. Most 
manufacturers do not supply individual parts for the optical system. 

Figure 4.2 shows recommended procedures for handling the optical system of 
a typical CD player when the entire assembly is to be replaced. The following 
notes supplement the procedures shown. 

Place a conductive sheet on the workbench. In some players, the black sheet 
used as the· repair parts wrapping is a conductive sheet. 

Place the player on the conductive sheet so that the chassis touches the sheet. 
This makes the chassis (and pickup assembly) the same potential as the con
ductive sheet. 

Place your hands on the conductive sheet. This makes your hands the same 
potential as the sheet. 

Remove the optical-system block from the bag (which is made of conductive 
material). 

Perform the necessary work on the conductive sheet. Be careful that clothing 
does not touch the optical-pickup block. 

If practical, use a wrist strap (Fig. 4.2) with an impedance-to-ground of less 
than 1 Mfl. The workbench and/or conductive sheet should also have an 
impedance-to-ground of less than 1 Mfl. Remember that static electricity 
builds up on clothing and is often not fully drained off, even with wrist straps 
and grounded workbenches. 

Optical system 

(p;~,.~ 

1MQ 
(or less) Workbench 

FIGURE 4.2 Handling laser optics during service. 

Player chassis 

Conductive sheet 
(replacement parts 
wrappings) 
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4.2 TEST EQUIPMENT 

The test equipment used in CD and CDV player service is basically the same as 

that used in TV, VCR, and audio service. That is, most service procedures are 

performed using meters, generators, scopes, distortion meters, power supplies, 

and assorted clips, patch cords, and so on. Theoretically, all CD and CDV player 

service procedures can be performed using conventional test equipment, pro

vided that the generators cover the appropriate frequencies, the scopes have the 

necessary gain, and so on. 
For these reasons, we do not go into test equipment in great detail. If you have 

a good set of test equipment suitable for conventional TV, VCR, and audio work, 

you can probably service any CD or CDV player. However, there are certain 

items that can be most useful in CD and CDV service: test discs, shop-standard 

stereo amplifier with speakers, and a receiver/monitor. A distortion meter is also 

helpful but not absolutely essential. 

4.2.1 Test Discs 

Many CD and CDV player manufacturers provide test discs (also known as check 

discs, reference discs, or alignment discs) as part of their recommended test 

equipment and/or tools. Some manufacturers even recommend the test disc of 

another manufacturer. 
A test disc is essentially a standard disc with several very useful signals re

corded at the factory using very precise test equipment and signal sources. You 

play the test disc on a player being serviced and note the response and/or use the 

signals to perform alignment and adjustment of the player. With the proper test 

disc, you can often eliminate your own signal sources (signal generators, audio 

generators, etc.). 
One major problem with test discs is the lack of standardization. You will 

probably need several test discs if you service many different models of CD and 

CDV players. The alignment procedures found in most service literature call for 

signals not available on all test discs. The only way around this problem is to use 

the recommended test disc in all cases. Of course, you can use any known-good 

disc for a final, after-service check of the player, but this does not give you the 

necessary signals to perform the adjustment procedures. 

4.2.2 Receiver/Monitor 

If you are planning to go into CDV service full time, you should consider a 

receiver/monitor such as is used on studio and broadcast video work. These 

receiver/monitors are essentially TV receivers with video and audio inputs 

brought out on some accessible point (usually the front panel). There are also 

many TV sets with monitor inputs (but not outputs) currently on the market. 

The output connections of an industrial or studio monitor make it possible to 

monitor broadcast video and audio signals as the signals appear at the output of 

TV receiver intermediate frequency (IF) section (the so-called baseband signals, 

typically in the range 0 to 4.5 MHz, at 1 V for video and 0 dB or 0. 775 V for 

audio). These output signals from the studio monitor are used in the service of 
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other video equipment (such as VCRs) and are not generally useful for CDV ser
vice. 

The input connections of an industrial monitor or a monitor-type TV are very 
useful in CDV service. The input connections make it possible to inject video and 
audio signals from the player [before the signals are applied to the radio fre
quency (RF) output unit of the player] and monitor the display. Thus, the 
baseband output of the player can be checked independently from the RF unit. 

If you do not want to use either a studio monitor or monitor-type TV, you can 
use a standard TV receiver to monitor the player. Of course, with a TV, the 
player audio and video signals are used to modulate the player RF unit. The out
put of the RF unit is then fed to the TV antenna input. Under these conditions, it 
is difficult to tell if faults are present in the player audio or video or in the RF 
unit. Similarly, if you use a signal generator for a video source, the generator out
put is at an RF or IF frequency, not at the baseband frequencies. 

If you use a TV as a monitor, it is often helpful to adjust the vertical height 
control of the TV to underscan the picture. In this way, you can easily see the 
video switching point in relation to the start of vertical blanking (an old VCR ser
vice trick). 

4.2.3 Shop-Standard Stereo Amplifier with Speakers 

If you are already in audio and stereo service work, you probably have at least 
one shop-standard amplifier and speaker system. Any system suitable for final 
checkout of turntables, tape players, and so on will do the job for a CD or CDV 
player. Remember that the CD player output to the amplifier is about 2 V (either 
variable or fixed, depending on the player). 

4.2.4 Distortion Meters 

If you are in audio and stereo service, you probably have distortion meters (and 
know how to use them effectively). This is not true for many TV and VCR ser
vice shops. As a practical matter, you can probably get by without a distortion 
meter in CD and CDV player service. If distortion is severe, you will hear it. If 
the distortion is below a level where it can be heard, you can generally forget the 
problem. Of course, if you have a customer with a "golden ear," an accurate 
distortion meter is an excellent tool for settling "discussions" concerning the 
player's performance, especially after service. (Note that the owners of expen
sive stereo equipment all have golden ears.) 

4.3 TOOLS 

Most CD and CDV players require some form of special tools for full service. 
However, there is no standardization in this area. For example, the service liter
ature for the player of one manufacturer recommends such items as a disc chuck, 
platter eccentricity gauges, gain and position adjustment jigs, eccentric screw
drivers, and thickness gauges, in addition to four test discs. Another manufac
turer of an equally complex player recommends only one height-adjustment 
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fixture, plus one special test disc. Still another manufacturer recommends no spe
cial tools of any kind for mechanical adjustment or for disassembly and 
reassembly but calls for one special test disc. For these reasons, we do not go 
into special tools in this section. The tools required for test and adjustment are 
discussed in the related chapters (7 through 9). However, there are some things 
to remember if you plan to go into CD and CDV service on a full-time basis. 

Study the service literature and use the recommended tools. If the tools ap
pear in the service literature, they should be available from the manufacturer (or 
the service literature will show how to fabricate the tool). 

In most cases, there are other tools and fixtures used by the manufacturers for 
both assembly and service of players at the factory. These factory tools are not 
available for field service (not even to factory service centers, in some cases). 
This is the manufacturer's subtle way of telling service technicians that they 
should not attempt any adjustment (electrical or mechanical) not recommended in 
the service literature. 

The author strongly recommends that you take this hint. There are many hor
ror stories told by factory service people concerning "disaster area" players 
brought in from the field. Most of these problems are the result of tinkering with 
mechanical adjustments (although there are some technicians who can destroy a 
player with a simple electrical adjustment). One effective way to avoid this prob
lem is to use only recommended factory tools and perform only recommended 
adjustment procedures. 

In addition to possible special tools, the mechanical sections of CD and CDV 
players are disassembled, adjusted, and reassembled with common hand tools, 
such as wrenches and screwdrivers. Most players are manufactured to Japanese 
metric standards, and your tools must match. For example, you will need metric
sized Allen wrenches and Phillips screwdrivers with the Japanese metric points. 

4.4 PERIODIC MAINTENANCE AND DISC CARE 

There is considerable disagreement among CD and CDV player manufacturers 
concerning the need for periodic maintenance or routine checks. At one extreme, 
a certain manufacturer recommends replacement of a few parts after a given 
number of playing hours or playing times. (They recommend that the optical 
pickup be replaced at 5000 h of playing time and all motors be replaced after 
10,000 plays.) At the other extreme, another manufacturer recommends no peri
odic. replacement, cleaning, lubrication, or adjustment of any kind. "Fix it if it 
breaks down" is the rule. (It is fair to say that this rule will probably be observed 
religiously.) 

Somewhere between these two extremes, other manufacturers recommend ad
justment (electrical and/or mechanical) only as needed to put the player back in 
service or when certain parts or assemblies have been replaced. However, most 
player manufacturers recommend a complete checkout, using the appropriate 
test discs, after service. 

The author has no recommendations in the area of periodic maintenance ex
cep~ that you follow the manufacturer's recommendations. The author also real
izes that the general public regards a CD or CDV player in the same way it does 
an audio or stereo component or TV (that is, "bring it in for service when it stops 
working"). However, here are some maintenance procedures that you can pass 
along to your customers. 
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Cleaning the Player. Use a soft, clean cloth to wipe off dust and dirt accumu
lated on the player. If absolutely necessary, moisten a soft cloth with diluted neu
tral detergent to remove heavy dirt. Never use paint thinner, benzene, or other 
solvents since any of these solvents can react with the player surfaces and cause 
color changes (or even melting). 

Objective Lens Care. The objective lens is a key part of a CD or CDV player. 
The lens surface must be clean (and free of moisture) to maintain the best per
formance. Try not to touch the lens surface. Keep the disc compartment closed to 
prevent dust and dirt from accumulating on the lens. Open the disc compartment 
only when inserting and removing the disc. If excessive dust or dirt accumulates 
on the objective lens, sound and/or picture quality can be degraded. Dust can be 
removed from the objective lens with an air blower (such as used for camera 
lenses). 

Basic Disc Care. Since both CD and CDV discs are played without physical con
tact to the playing surface, the discs do not wear out or degrade in quality. Also, 
minor scratches or small amounts of dust or fingerprints have little effect on 
sound and/or picture. A heavy accumulation of dust and dirt, however, can re
duce sound and picture quality and should be removed by wiping both sides of 
the disc with a clean, soft, dry cloth. Try to handle all discs by their edges, the 
same as a phonograph record or LP. 

Disc Cleaners. The author has no recommendations for or against commercial 
disc cleaners. A soft, dry cloth will remove most dirt found on discs. However, if 
a disc is exposed to very dirty fingers, liquids, tobacco smoke, fire and brim
stone, and so on, you may need help in restoring the disc. There are even cases 
where a mold has started to form or the disc surface has oxidized. Cleaners can 
be of great help in these extreme cases. 

Removing Scratches from a Disc. Use the following procedure to remove 
scratches from the surface of a CD or CDV. Use a polishing compound such as 
Simonize Pre-Softened White Polishing Compound. Do not use a rubbing com
pound. Place a small amount of polishing compound on a dampened, soft cloth. 
With a light, circular motion, rub the surface of the disc until the scratched or 
marred area is restored to a luster. After the marred area is restored, remove any 
residue from the disc surface with a clean dry cloth. If this procedure does not 
remove the scratch or mar, the disc is probably beyond hope. 

Cold Discs. When discs are subjected to extremely cold temperatures (try to 
avoid this), allow about an hour for the disc to return to room temperature before 
playing. 

Warped Discs. There are a variety of playback problems associated with warped 
CD and CDV discs. Typical problems include hanging (or sticking), skipping, and 
a loss of focus. A severely warped disc can even hit the player lid or objective 
lens. To determine if a disc is warped, lay the disc on a flat surface and press 
down on the center. If no movement is detected, turn the disc over and again 
press down in the center. ·If movement is detected on either side, measure the 
amount of movement. For a 12-in disc, the movement should not exceed about 3 
mm (just under 1/s-in). If the amount of warpage is over 3 mm, the disc is defec
tive and should be replaced. 



CHAPTER 5 

TYPICAL CD PLAYER AND 
CD-ROM CIRCUITS 

This chapter describes the theory of operation for a number of CD player cir

cuits. The circuits described here include all circuits associated with mechanical 

components, laser optics, laser signal processing, audio, autofocus, laser track

ing, CD turntable motor, and antishock. The chapter concludes with a discussion 

of CD-ROM circuits, concentrating mostly on_ the differences between CD and 

CD~ROM circuits. 
After studying the circuits found in this chapter, you should have no difficulty 

in understanding the schematic and block diagrams of similar CD players. This 

understanding is essential for logical troubleshooting and repair, no matter what 

type of electronic equipment is involved. No attempt has been made to duplicate 

the full schematics for all circuits. Such schematics are found in the service lit

erature for the particular CD player. 
Instead of a full schematic, the circuit descriptions are supplemented with par

tial schematics and block diagrams that show important areas such as signal-flow 

paths, input-output, adjustment controls, test points, and power-source connec

tions (the areas most important in service and troubleshooting). By reducing the 

schematics to these areas, the circuits are easier to understand, and you will be 

able to relate circuit operation to the corresponding circuit of the player you are 

servicing. 

5. 1 RELATIONSHIP OF CD PLAYER CIRCUITS 

Figure 5.1 shows the relationship of player circuits. The laser beam is generated 

by laser diodes located on the pickup assembly. The beam is passed through a 

lens assembly and focused on the CD. The reflected beam from the CD is then 

applied to phototransistor sensors through the lens assembly. 

The low-amplitude output of the sensors is applied through preamps, filters, 

and waveshaping circuits IC601 through IC603 back to the laser drive IC604, as de

scribed in Sec. 5.3. The output is also applied to data-strobe, signal-generator, 

and error-correction circuits IC401 through IC403 • 

The purpose of the data-strobe circuit (Sec. 5.4) is to correctly identify 

whether the signals have a digital status of 0 or 1 and to clock the sync, control, 

and audio information. Once this is done, the circuits perform signal processing 

(error correction and decoding) to produce four major outputs. 

Two of the outputs are left and right audio signals, as described in Sec. 5.5. A 

5.1 
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third output is the necessary control information for the CD motor (turntable) circuits (Sec. 5.8). The fourth output represents information about where the laser beam is located on the CD and is applied to the system-control microprocessor IC301 • In turn, IC301 generates signals applied to servo control IC101 and IC102• The servo circuits IC101 and IC102 are responsible for moving the laser pickup assembly across the CD, keeping the beam in focus, and keeping the focus properly centered on the CD tracks, as described in Sees. 5.6 and 5.7. 
IC301 and IC901 provide for interfacing among the player circuits. IC901 is responsible for communications between the CD player and the audio system (if any). IC901 also receives and decodes all inputs from the front-panel keyboard matrix, transferring such commands to both FL301 (for front-panel display) and IC301 (for system control). 

5.2 MECHANICAL FUNCTIONS 

Figure 5.2a shows the major mechanical components of our CD player. Figure 5.2h shows the associated circuits. The mechanical components of a CD player perform two major functions: loading and unloading the CD and driving the op-
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FIGURE 5.2 (a) Major mechanical components of a CD player. 

tical pickup (and laser beam) across the CD. Chapter 7 includes much more de
tailed descriptions of the mechanical functions and components. 

5.2.1 Loading and Unloading 

In our player, the tray is opened by a loading motor, or LDM (in response to 
pushing the Open/Close button), a CD is inserted within the tray, the tray and CD 
are placed back in the player (by the LDM), and then the CD is installed on the 
turntable (by the same drive mechanism and LDM). 

Operation of the LDM is controlled by limit switches S2 and S3 and by IC301 • 

So when you are troubleshooting any mechanical functions, you must study both 
the mechanical drawing and circuits. The following paragraphs describe both the 
mechanical and electrical functions of our player. Again, remember that these 
descriptions must be compared with the descriptions found in (or .omitted from) 
service literature. 

Note that most of the mechanical components are part of a mechanism se
cured to the left side of the player mainframe by two rails. The tray is moved out 
of the player front panel on rollers by the LDM. This action also raises the 
spring~loaded clamp. A CD is installed manually on the tray, and the tray is 
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FIGURE 5.2 (b) Circuits associated with mechanical components. 

pulled within the player by the LDM. This action also lowers the clamp so that 
the CD is pressed against the turntable motor. 

The LDM receives open and close drive signals from IC301 through IC102• In 
turn, IC301 receives indicator signals from the tray-open switch (open) S2 and the 
tray-closed (chuck) switch S3 • (In the service literature, the tray-open switch S2 is 
called the open switch for obvious reasons. The tray-closed switch S 3 is called 
the chuck switch since the switch is actuated only when the CD is clamped or 
"chucked" onto the turntable.) 

Note that the open and close drive signals from IC301 are also applied to IC90~> 
at pins 27 and 28. This informs IC901 , and the system (if any), that the tray is 
moving in or out or has stopped. 

When the tray is open and the front-panel Open/Close button is pushed, IC301 
produces a close signal at pin 34. This signal is applied to the LDM through IC102 
and causes the LDM to close the tray. Until the tray is in and the clamp is fully 
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down, S 3 remains in the tray-open position. This applies + 5 V to the laser drive 
circuits, as described in Sec. 5.3. 

When the tray is closed and the front-panel Open/Close button is pressed, 
IC301 produces an open signal at pin 33. This signal is applied to the LDM 
through IC102 and causes the LDM to open the tray. 

Until the tray is fully out, S2 remains in the tray-closed position. This leaves 
pin 48 of IC301 open, telling IC301 to continue applying an open signal. When the 
tray reaches the fully open position, S2 actuates (moves to the tray fully open 
position). This applies + 5 V to pin 48 of IC301 , and the LDM stops driving the 
tray. 

5.2.2 Optical Pickup (Beam) Drive 

A motor is required to keep the beam moving across the CD at a constant rate, 
even though the CD speed changes (as described in Sec. 5.8). In our player, the 
optical pickup (also called the slide or sled in some literature) is moved across the 
CD by the slide motor (SLM). In turn, the SLM is operated by slide-forward 
(SLF) and slide-reverse (SLR) signals from pins 56 and 60 of IC301 through IC101, 

IC604, and IC102• 

Note that R 107 provides an offset adjustment for the drive signals applied to 
the SLM. The adjustment sets the point where the pickup accesses the beginning 
of the CD (the directory). If the adjustment is not correct, the program informa
tion may not be read properly. R 103 provides an offset adjustment for the tracking 1 

signals applied to the SLM and is adjusted to produce the best response (mini
mum audio dropout), as described in Chap. 8. 

When a CD is first installed (with the tray fully in and clamp fully down), I~01 
produces a temporary SLR signal at pin 60. (The temporary SLR is generated by 
a system-reset signal from pin 40 of IC901 .) The SLR is applied to the SLM and 
causes the SLM to move to the limit of the CD (the CD start position). As you 
probably know, CDs start playing from the center and play to the outside, oppo
site to the play of an LP record. 

Until the pickup and beam are at the inner limit, S 1 remains in the open posi
tion. This applies +5 V to pin 46 of IC301, telling IC301 to continue applying the 
temporary SLR signal to the SLM. When the pickup reaches the inner limit, S 1 

actuates (moves to the closed position). This grounds the signal at pin 46 of IC301, 

the SLR signal is removed, and the SLM stops. 
When the pickup is resting at the inner-limit position and the front-panel play 

button is pressed, IC301 produces an SLF signal at pin 56. The SLF is applied to 
the SLM through IC101, IC604, and IC102 and causes the SLM to drive the pickup 
and beam across the CD. 

5.3 LASER OPTICS AND CIRCUITS 

Figure 5.3 shows the laser optics and circuits. These components are responsible 
for recovering, performing preliminary preamplification, and waveshaping the au
dio signal recovered from the CD. Before we get into the circuits, let us review 
the basic functions of laser optics (as applied to CD players) that were discussed 
in Chap. 1. 
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5.3.1 Laser Optics 

As shown in Fig. 5.3a, the solid-state laser used in CD players emits a beam that 
is first passed through a defracting lens. This lens splits the main laser beam into 
three separate beams, which are next passed through a prism, a coupling lens, 
and an objective (or focus) lens to the CD. The light reflected back from the CD 
is first passed through the objective and coupling lenses to the prism. The beams 
are then reflected (by a mirror in the prism) to a photodetector through another 
pair of coupling and cylinderical lenses. The purpose of the cylindrical lens is to 
cause the normally round laser beam to distort in an oblong fashion. The beam is 
elongated if the objective lens is not properly focusing the beam on the underside 
of the CD (as discussed in Sec. 5.6). 

The photodetector serves three primary purposes: (1) to generate the signals 
necessary for autofocus, (2) to generate the tracking signals that allow the beams 
to follow the tracks on the CD accurately, and (3) to generate the digital audio 
signal that is converted back to an analog audio signal. 

5.3.2 Laser Control 

The conduction rate of the laser diode is controlled by driver Q601 • Note that Q601 

receives emitter current through R623 and the chuck switch S3• As discussed in 
Sec. 5.2, S3 is actuated only when the tray is fully in and the clamp is fully down. 
This removes 5 V from pin 47 of IC301 and applies 5 V to the emitter of Q601 , 

turning Q601 on. 
With this safety circuit, the laser remains off until the CD tray is fully closed 

and the CD is in place to receive the laser beam. Once power is available to the 
laser through S3 and Q601 , the laser is turned on and off by a control signal from 
pin 51 of IC301 • 

When pin 51 of IC301 goes high (laser off), the high is applied to pin 3 of IC604 

through D601 , causing pin 1 ofiC604 to go high and turning off Q601 • This removes 
power from the laser diode. With pin 51 of IC301 low (laser on), the low is applied 
to pin 3 of IC604 through D601 , causing pin 1 of IC604 to go low and turning Q601 

on. This applies power to the laser diode. · 
As discussed in Sec .. 5.3.1, the laser beam is reflected from the CD onto the 

photosensor. The beam is also applied directly to a monitor diode that regulates 
the amount of current through the laser diode (and thus the intensity of the laser 
beam). Most CD players include circuits to monitor and control the amount of 
light emitted by the laser. This is necessary for proper performance of the optical 
system. For example, a low output from the laser diode can produce tracking er
rors as well as audio dropout. 

The output of the monitor diode is applied to the input at pin 3 of IC604• The 
other (inverting) input at pin 2 receives an adjustable reference voltage, set by 
R629• The output of IC604 is applied to the laser diode through Q601 • If the laser 
diode output goes below the desired reference level, the monitor diode output 
decreases and the IC604 output goes less positive. This increases the laser drive 
current supplied by IC60I> increasing the laser diode output back to normal. The 
opposite occurs if the laser output increases. The laser diode output can also be 
set to an optimum value with R629 • 
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5.3.3 Laser Adjustment 

Always follow the service-literature instructions when adjusting the laser diode. 
Typical adjustment procedures are described in Chap. 8. 

5.3.4 Laser Beam Processing 

The laser output is reflected from the CD onto the photosensors. The outputs of 
the photosensors are applied to pins 1 and 2 of IC601 • Within IC601 , the outputs 
are applied to a differential amplifier. The output from the differential amplifier is 
applied to pin 13 of servo control IC101 , through pin 28 of IC601 , and to an am
plifier within IC601 • 

The signal at pin 28 of IC601 is known as the main eight-to-fourteen modu
lation (EFM) signal and represents the primary signal output from the CD op
tics. As discussed in Chap. 1, this signal is also called the high-frequency (HF) 
signal or the RF signal and produces what is known as the eye pattern shown 
in Fig. 5.3b. 

Although the EFM signal appears to be a series of sine waves at this point (at 
the TDET test point), the signals are digital. The designations 3T, 4T, and so on 
refer to 3 times the period required to read a pit (Sec. 5.7) on the CD, 4 times the 
period, and so on. The limits of 3T to 11 T are set by CD specifications. 

The EFM signal also exits IC601 (at pin 23) through an automatic gain control 
(AGC) amplifier and enters waveshaping (transversal filter) circuits within IC602 
through pin 1. The waveshaping circuits assure that the 3T signal, or high fre
quency, is equal in amplitude to the llT signal, or low frequency. The waveshape 
output is applied to the signal-processing circuit at pin 47 of IC402 through pin 10 
of IC602, pin 20 of IC601 , a comparator within IC601 , and pin 15 of IC601 • The main 
signal is then processed in IC402, as described in Sec. 5.4. 

The comparator within IC601 shapes the EFM signal into square waves 
(known as the EFM square wave signal, or EFMS). The EFM signal is compared 
to a de threshold voltage developed by circuits within IC402 and IC601 • In brief, 
the EFMS is applied to IC402 which, in turn, develops two square wave signals 
(the data-slice level control, or DSLC, and the preference pulse, or PREF). 
DSLC and PREF are combined within IC601 and produce an error voltage that 
becomes the threshold voltage for the EFM comparator. 

5.4 LASER SIGNAL PROCESSING 

Figure 5.4 shows the basic signal-processing circuits. The EFM signal is applied 
to pin 47 of IC402, as described in Sec. 5.3. IC402 decodes the digital audio signal 
recovered from the CD and corrects any error that may be in the signal. The 
EFM signal is first applied to the data-strobe portion of IC402, where audio and 
control information are separated. The control information is applied to circuits 
within IC402 that perform sync detection, deinterleaving, and the interpolation of 
audio-data signals. 

The signal containing the audio is applied to an error-correction circuit, which 
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converts the 14-bit modulation back to an 8-bit modulation. As discussed in 
Chap. 1, the audio to be recorded is first converted (during CD manufacture) to 
an 8-bit digital format and to a 14-bit format for recording on the CD. The resto
ration process in the CD player is done by shifting the digital data bits into and 
out of a RAM. The audio data bits are then shifted through the RAM circuit into 
the circuits where deinterleaving (Chap. 1) and interpolation are performed. 

Interpolation is a process of averaging the recovered digital audio signal, 
where a digit or audio sample may be lost. An average value that falls between 
the two last-known points or values is generated by the interpolation circuits. 
From a practical troubleshooting standpoint, interpolation and· deinterleaving, 
sync detection, and modulation restoration are all performed automatically by 
IC402, as discussed in Chap. 8. 

5.5 AUDIO CIRCUITS 

Figure 5.5 shows the audio circuits. Note that the right-channel circuits are 
stressed. Audio output from pin 17 of IC403 (Sec. 5.4) is amplified by IC501 and 
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multiplexed into right and left channels by sample/hold (S/H) circuits within 
IC502, under control of IC402• 

Note that the audio output from pin 17 of IC403 is passed through front-panel 
output control R524• Also note that the audio signal is still in a "serial" left, right, 
left, right format and must be converted to conventional "parallel" stereo audio. 
The audio from IC403 also contains a certain amount of digital noise, which must 
be filtered out to produce a high-quality signal. This is done by the audio-output 
circuits. 

5.5.1 Serial-to-Stereo Conversion 

The SHR and SHL signals generated by IC402 (Sec. 5.4) are applied to pins 9 and 
11 of IC502• SHR and SHL close the proper switch at the correct time to route the 
left-audio information through the left-channel processing circuits and the right
audio information to the right channel. When one switch in IC502 is closed, the 
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other switch is connected to ground, thus preventing any noise from passing to 
the processing circuits. 

5.5.2 Filtering 

The right-channel audio exits IC502 at pin 3 and is applied to IC503R. The capac
itor between the input (pin 2) and output (pin 6) of IC503R removes much of the 
digital noise present at pin 3 of IC502• The audio is then applied to pin 2 of IC504R, 
and "analog" low-pass filter (LPF). The audio exits IC504R at pin 6 and is applied 
to pin 3 of ICsosR· The first stage of amplification within IC505R occurs between 
pins 1 and 3. The audio reenters IC505R at pin 6, is amplified once again, and exits 
at pin 7. 

An RC network is connected across pins 6 and 7 of IC505R for deemphasis of 
the high-frequency signals. The time constant is cut in and out of the circuit by a 
switch in IC506• The switch is controlled by the emphasis (EMP) signal at pin 41 
of IC402 • Deemphasis is only required on CDs that have preemphasis during the 
record process. IC402 recognizes a CD with preemphasis by a "flag" signal re
corded on the CD. When the flag is present, IC402 switches in. the deemphasis RC 
network. 

5.5.3 Output Control 

The audio at pin 7 of IC505 is coupled to the rear-panel output jacks through two 
relays. Relay RY903 is an internal muting relay, operated by mute signals from 
IC901 and IC402 • Relay RY501 is the audio-bus relay operated by signals from 
IC901 • The front-panel headphone jacks receive audio ahead of the relays through 
ICso7· 

5.6 AUTOFOCUS 

Figure 5.6 shows the principles and circuits involved in CD player autofocus. As 
discussed in Chap. 1, a certain amount of eccentricities may occur during the 
manufacturing process, even though CDs are manufactured to very tight toler
ances. To compensate for this condition, a method of automatically focusing the 
laser beam on the CD surface is incorporated into all CD players. 

5.6.1 Autofocus Principles 

Compare the following circuit details with the autofocus principles discussed in 
Chap. 1. As shown in Fig. 5.6a, the laser beam reflected from the CD surface 
passes through an objective focus lens. The reflected beam then passes through 
coupling and cylindrical lenses. As discussed in Sec. 5.3, the cylindrical lens 
causes the beam to become elongated if the beam is not properly focused. 

After the beam passes through the cylindrical lens, it is focused onto a 
photosensor (also called an optical detector, photo transistor, etc.). The detector 
is divided into four zones. If the lens is focused correctly on the CD surface, the 
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reflected beam is perfectly round and generates equal signals from zones A, B, C, 
and D. When these equal signals are applied to a differential amplifier within 
IC601 (Fig. 5.6b), a zero autofocus signal is generated. 

Now assume that the CD deviates in a downward, or negative, direction. This 
causes the beam striking the detector to become slightly elongated because of the 
cylindrical lens. With an elongated beam, more light is applied to zones B and D, 
causing the noninverting input of IC601 to go high. As a result, the output of IC601 

goes positive, repositioning the objective lens as necessary to refocus the beam 
and get an equal output from all zones of the detector. 

If the CD deviates in an upward, or positive, direction, zones A and C produce 
a higher voltage than zones B and D. This raises the input voltage to thejnverting 
input of IC601 • With the inverting input high, the autofocus voltage from IC601 

goes in a negative direction, refocusing the objective lens to get equal outputs 
from all four zones of the detector. 

5.6.2 Autofocus Circuit 

Note that the autofocus sensors, or detectors, shown in Fig. 5.6 are also used 
to recover the main audio signal (the EFM signal), as discussed in Sec. 5.3. 
The four zones in Fig. 5.6a are represented by four separate phototransistors 
FC1 through FC4 in Fig. 5 .. 6b. The sensors are transistors that turn on when 
light strikes the base. The amount of current through the transistors is deter
mined by the amount of light. Sensors FC2 and FC4 are placed 180° apart, with 
the electrical outputs applied to pin 2 of IC601 • The outputs of FC1 and FC3 are 
applied to pin 1 of IC601 • 

When the laser beam is in focus, the outputs from FC1 through FC4 are all 
equal. As a result, the focus error (FER) output from pin 6 of IC601 is zero. 
However, there is always an EFM output from pin 28 of IC601 , with the beam 
in or out of focus. (The EFM signal is removed only when there is no beam or 
there is no CD and the beam is not reflected back from the CD onto FC1 

through FC4 .) 

When the laser beam is out of focus, the outputs from FC1 through FC4 are 
not equal. As a result, there is FER output from pin 6 of IC601 • This FER output 
is applied to the focus actuator through IC101 and IC102• The focus actuator 
moves the focus lens up or down to achieve focus. R116 provides an offset ad
justment for the FER signal. 

When play first begins, the focus actuator receives a focus up-down (FUD) 
signal from pin 50 of IC301 through IC101 and IC102• The FUD signals move the 
focus actuator up and down two or three times as necessary to focus the beam on 
the CD. Once focus is obtained, a focus OK (FOK) signal is generated by IC601 

and applied to both 1~01 and IC101 through Q101 • Note that IC601 does not pro
duce FOK signals unless there is a laser switch (LASW) signal at pin 9, as well 
as EFM signals at pin 28. 

If an FOK signal is not received after two or three tries, IC301 shuts the system 
down and play stops (the turntable stops and the pickup moves to the inner limit). 
Note that if there is no CD in place, there is no EFM signal and thus no FOK 
signal. In this way, the FOK function also serves as a CD detector. 
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5.7 LASER TRACKING 

Figure 5. 7 shows the principles and circuits involved in CD player tracking of the 
pits (audio information) on a CD. As discussed in Chap. 1, tracking is done by 
passing the laser beam through a defracting lens, which separates the main beam 
into three separate beams that are slightly staggered. The TRA and TRC beam 
spots are used to generate the tracking-error signal, or TER (similarly to FER). 
The main beam spot is used to provide both the focus signal and main audio 
signal. 

5.7.1 Tracking Principles 

Compare the following circuit details with the tracking principles discussed in 
Chap. 1. As shown in Fig. 5.7a, TRA and TRC are shifted slightly off center of 
the main spot (in opposite directions). The TRA and TRC beams are reflected 
back from the CD track into the prism mirror and onto the tracking photosensors 
(on the same block as the focus and audio sensors but located on either side of 
focus and audio). 

The outputs of the tracking sensors are applied to a differential amplifier, 
which generates the correction signal. For example, if the main spot shifts to the 
left of the desired track, TRC moves completely off the pits, thus reflecting very 
little lighL At the same time TRA moves over the pits, thus reflecting more light. 
This causes more laser light to fall on TRA, generating a higher TRA output and 
causing the inverting input of the differential amplifier to go high. This allows the 
output of the differential amplifier to generate a positive voltage, causing the 
tracking actuator (for all three beams) to move to the right (and thus restore 
proper tracking). 

Now assume that the main spot shifts to the right of the pits. The TRA output 
goes low while the TRC output goes high. Since TRC is directly over the pits, 
more of the laser beam is reflected onto the TRC sensor. This TRC output is cou
pled into the noninverting input of the differential amplifier, causing the amplifier 
to generate a negative output, moving the tracking actuator (and beams) to the 
left (to again restore proper tracking). 

5.7.2 Tracking Circuits 

As shown in Fig. 5.7b, the outputs from TRA and TRC apply signals to pins 2 and 
6 of IC603 • The TRA and TRC signals are coupled to pins 1 and 7, respectively, 
through amplifiers within IC603 • When the laser beams track the CD correctly, 
the outputs at pins 1 and 7 are equal. 

The TRA output is coupled through tracking offset R 603 to pin 4 of IC601 • R 603 
provides a fine adjustment so that the output at pin 5 of IC601 is zero when the CD 
is tracking properly. 

The TRC signal from pin 7 of IC603 is passed through delay line CP 603 and 
CP 604 before entering IC601 at pin 3. CP 603 and CP 604 delay the TRC signal as 
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necessary so that TRC arrives at IC601 simultaneously with TRA. The time delay 
is necessary because the tracking circuits require that the TRA and TRC beams 
analyze the same point on the CD, even though the beams are separated by the 
optical system. 

The TER (if any) at pin 5 of IC601 is applied through IC101 and IC102 to the 
tracking actuator coil and causes the actuator to move the beams right and/or left 
as necessary to produce proper tracking. Note that IC101 requires various signals 
(FOK, TSW, etc.) to process the TER signals properly. Also note that S/H R103, 

discussed in Sec. 5.2.2, used by the SLM, has an effect on the tracking circuits. 
These factors are discussed in Chap. 8. 

5.8 TURNTABLE MOTOR CIRCUITS 

Figure 5.8 shows the CD turntable motor circuits. As discussed in Chap. 1, the 
CD turntable is rotated at a variable speed. This keeps the rate at which the track 
moves (in relation to the pickup) constant. (The track is the series of pits on the 
CD that represent audio information.) The speed variations are necessary since 
there is less information on the tracks near the inside of the CD (start) than near 
the outside (stop or end). 

Most CD players use some form of unitorque motor with Hall-effect ele
ments to get the variable speed. This is similar to the speed-control circuits for 
LP turntables. (If you are not familiar with LP turntables, read Lenk's Audio 
Handbook immediately.) Of course, with LP turntables, you want constant 
speed or constant angular velocity (CA V), instead of the constant linear ve
locity (CLV) required for CD players. Typically, the CD speed varies from 
about 480 rpm (inside) to 210 rpm (outside) so as to maintain a CLV of about 
1.25 to 1.3 m/s. 

In the circuit in Fig. 5.8, the Hall-effect outputs are fed through IC201 to the 
motor drive windings (A and B) and thus maintain the desired speed. The 
Hall-effect elements are also fed currents through IC201 (from controller IC402 
under the direction of IC301) to vary the speed at the desired rate. CLV cir
cuits within IC402 monitor the EFM signal to determine the rate at which in
formation is passing and then produce the necessary signals to maintain the 
desired speed. R201 sets the gain of the Hall-effect signals in IC201 and thus 
sets the motor speed. 

Operation of the motor control can be divided into two phases: when power is 
first applied (sometimes called the start-servo phase) and when the motor reaches 
the desired speed (the regular-servo phase). 

When power is first applied, the motor runs freely, DMSW and CL VH signals 
(applied to IC402 and IC201 from IC301) are low, and the ROT signal (from IC301 to 
IC402) is high. Under these conditions, the motor begins to accelerate and turn at 
a constant velocity. IC402 then produces essentially similar outputs at PWM, 
PREP, and PD. 

After a free-run period (set by IC301), ROT goes low and the motor starts to 
accelerate. The EFM signal is read by IC402 and compared to a reference. The 
difference between the reference and the EFM is the PWM output from IC402• 

During the acceleration portion of the start-up period, the PWM duty cycle 
(which varies above and below 50 percent, as determined by motor speed) is 



TYPICAL CD PLAYER AND CD-ROM CIRCUITS 5.17 

PSYNC 7.35 kHz ----+ 
MCK 4.3218 MHz -----T+ 
ASYNC 7.35 kHz ---~ 

EFM 

DMSWfrom IC3o1-----;;~ 

FIGURE 5.8 CD turntable motor circuits. 

From IC301 
~ 
CLVH ROT 

R2o1 
motor 

____ __. speed 

DMCB 

compared with the PREF signal (which is a fixed duty cycle). The result of this 
comparison is applied to the motor circuits to control speed. 

When the motor reaches the desired speed (the regular-servo phase), the PWM 
signal has a 50 percent duty cycle and the pickup reads the CD data at a CL V. 

The CL V condition is maintained within a ± 1 percent accuracy by the PD 
pulse from IC402• The duty cycle of the PD pulse is set by comparison of the EFM 
signal to a reference within IC402• In turn, the PD signal is compared with the 
output from the PWM and PREF comparator. The result of this comparison is 
applied to the motor and maintains the 1 percent accuracy. 
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5.9 ANT/SHOCK CIRCUITS 

In addition to the error-detection circuits, some CD players include antishock cir
cuits to minimize the effects of severe shock and/or vibration. Figure 5.9 shows 
typical antishock circuits. The related waveforms are shown in Fig. 5.10. The 
antishock function is controlled by a switch (usually on the rear panel) and is on 
only when the player is in a location with large amounts of vibration or when the 
disc has excessive eccentricity. Sound skipping can occur in players operated un
der either of these conditions. 

With the antishock switch on, the antishock circuits· compensate for vibration 
and disc eccentricity. However, antishock circuits can actually increase sound 
skipping in rare cases (such as when the disc is badly scratched). So, when trou
bleshooting a sound-skipping problem, always check the antishock switch set
ting. 

Most antishock circuits operate by gating and holding the audio information 
(Fig. 5.4) at the previous level for a specific time interval (until the shock is over). 
The circuits also operate when there is a scratch on the disc. In fact, when there 
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are many scratches, the antishock circuit can produce more skipping than nor
mal. This is because the antishock circuit operates from a block error (BFR) sig
nal generated by the player controller (such as the BFR signal at pin 31 of IC402 
in Fig. 5.4). The BRF signal occurs only when the controller detects a large block 
error (resulting from shock or defects in the disc). 

When the anti:shock circuits are turned on by the antishock switch, and a BFR 
signal is present, the audio information is held at the previous level for a time 
determined by IC406 through IC409, which are combined as a counter circuit. Typ
ically, the time is about 17 ms after detection of skipping (after the BRF signal is 
present). Most shock noises occur during this period. 

When troubleshooting antishock circuits, remember that a scratch can also 
produce a BFR signal. In turn, this triggers the antishock circuits into holding the 
audio information for the 17 ms, even though the scratch may produce a block 
error of much shorter duration. This is because the holding period is set by the 
counter circuits and not by the size of the scratch (or the amount of block error). 

5.10 JUMP CIRCUITS 

Most CD players are capable of forward and/or reverse jumps of tracks from any 
point on the disc. Figure 5.11 shows typical jump circuits. The related waveforms 
are shown in Fig. 5.12. The jumps are initiated by JPF (jump forward) and JPR 
(jump reverse) signals from the system-control microprocessor (such as IC301 in 
Fig. 5.1). 

When a JPF signal is sent by IC301, the pulse is applied to the set (S) input of 
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Tracking error signal -------::~rir-----41H 
(after equalization) 

EFM 

JPR JPF 

From system control 

FIGURE 5.11 Jump forward and jump reverse circuits. 

control to 
slide motor 

aD-type flip-flop (FF) in IC202, as shown in Fig. 5.11. The Q output of the FF 
goes high. This disables Q200 and Q150 (through D 155 , IC181 , D 152, and D 200) and 
shuts off the TER signal to the tracking coil and the slide motor. (In most CD 
players, the TER signal provides control of the tracking coil as well as a fine con
trol for the slide motor.) 

During jump, the slide motor receives no fine-control signal, and the tracking 
coil is controlled by the outputs of the circuits shown in Fig. 5.11 (which are 
summed at the output of ICz00). This output drives the tracking coil toward the 
next track. 

To notify the jump circuits when the pickup is centered on the next track, the 
TER and tracking OK (TOK) signals are compared by IC300• Figure 5.12 shows 
the relationships among EFM, TER, TOK, and JPF IC300 input-output, and the 
IC200 jump-pulse outputs. As shown, the TER S-curve goes high and the TOK 
pulse goes low when the tracking beams leave the present track. TER and TOK 
are compared by IC300 and produce a low at the IC300 output. 

As the tracking beams become centered between tracks, the TER signal 
passes zero (going in the negative direction). The TER signal continues in a neg
ative direction as the tracking beams move to the next track. As soon as the TER 
signal drops below 0 V, the output of 1~00 goes high. 

The low-to-high transition at the output of IC300 changes the state of the 1Cz02 

JPF FF and triggers a one-shot FF within IC203 • This pulls the output of IC200 

negative for a fixed time interval, as shown in Fig. 5.12. The negative-going one
shot pulse acts as a "brake" to counter the inertia of the radial-tracking mecha
nism, causing the mechanism to stop when aligned with the next track. 

The EFM signal is applied through IC300, D 302, and Q306 to the reset inputs of 
the ICz02 FFs. This restores operation to normal when the jump is complete. 
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·FIGURE 5.12 Waveforms associated with jump forward and jump 
reverse. 

Note that JPR operates the same way as JPF, except for the polarity of the 
output pulse at IC200• 

5.11 INTRODUCTION TO CD-ROM 

The CD-ROM technology was derived from the audio CD players discussed thus 
far in this chapter. As a result, many of the circuits are identical, so we concen
trate primarily on the differences between audio CD and CD-ROM in this section. 

Instead of audio, computer information is stored on a CD-ROM disc as 
variable-length pits in a continuous spiral track. The pits are burned into a master 
disc by a laser beam and then used to press holes and flat surfaces into each copy 
disc. 

As in the case of audio, a CD-ROM disc is read by a scanning laser beam that 
reflects from the silvered areas. The information is stored in the continuous spiral 
track and is read by the drive at CLV (the disc spins at a speed inversely pro
portional to the radius being read). Since each section of data must be read in the 
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same amount of time, the disc spins faster on inner tracks and slower on the outer 
tracks (as does an audio CD). 

A CD-ROM drive is similar to an audio CD player except that the CD-ROM is 
designed to handle computer data instead of audio. The CD-ROM drive is oper
ated through a computer and software, rather than by direction operation using 
controls (front panelor remote). A CD-ROM is usually connected to a computer 
to deliver large amounts of data in a usable fashion. 

CD-ROM drives, which include audio output (with headphones) or line-level 
outputs, can also provide audio in selectable segments or can be used to play 
standard audio CDs under host-computer control. Of course, software for playing 
audio CDs is needed to play standard CDs on CD-ROM drives. 

Since this is primarily a troubleshooting and service book, we are concerned 
with circuits rather than programming, so we do not discuss software. The trou
bleshooting approach here assumes that the computer and drive system operated 
properly at one time and that there are no software or program problems. 

CD-ROM is used for very large databases and for reference materials, such as 
medical, legal, or government libraries. CD-ROM products include maps, cata
logs, training courses, and educational books. Any data that can be represented 
digitally can be stored on CD-ROM discs. This includes text, music, pictures, and 
computer graphics. 

One CD-ROM disc can store about 552 Mbytes of digital data when 60 min of 
disc space is used for mode-l data. When mode-2 is used for data storage, 60 min 
holds about 630 Mbytes. It takes the equivalent of a 1,533,360-kbyte DD/DD 
5.25-in floppy disc to store the same amount of information. Approximately 
270,000 typed pages of text can be reduced to just one CD-ROM disc. At the 
present time, CD-ROM discs and drives are read-only. 

5.11.1 Major Differences between CD-ROM and CD Audio 

The following is a summary of the major differences between CD-ROM drives 
and audio CD players: 

1. Minimal user controls and displays: A typical CD-ROM drive will have a 
power switch-LED and possibly some additional LEDs to show what func
tions are being performed in the CD-ROM system microprocessor (such as 
disc-tray open and close, "busy" functions where the computer and drive 
are accessing data from the disc, etc.). A drive-select switch is also found on 
some CD-ROMs, particularly when more than one CD-ROM is used or when 
other drives (floppy, hard, etc.) are used. This makes it possible for the com
puter to select drives in a given order or to omit drives, as necessary. 

2. A Bidirectional data and communications port, and control lines, between 
the host computer and the CD-ROM system microprocessor. Figure 5.13 
shows the basic connections. Electrical interface connections between the 
CD-ROM drive and host computer are discussed further in Sec. 5.11.5. 

3. There are five layers of internal error correction for audio data and CD-ROM 
data, compared to four layers for a typical audio-only CD player. 

4. There are minimal audiophile circuit features (or often none at all) in a CD
ROM drive. 
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FIGURE 5.13 Basic connections between CD-ROM and host computer. 

5. A CD-ROM drive provides much greater programmability through use of the 
host-computer resources and programming. 

6_ A CD-ROM drive has the ability to return Q-code, drive-status, or CD-ROM 
data to the host computer. Figure 5.14 shows a comparison of CD-ROM and 
audio CD formats, both in sector format and Q-code format. Basic CD-ROM 
formats are discussed further in Sec. 5.11.4. 

7. A CD-ROM drive has the ability to transfer 153,600 bytes of data per second 
for over 60 min from a CD-ROM disc. 

8. A CD-ROM provides very high-speed access to the inner and outer tracks of 
a disc. Some CD-ROM drives have a front-panel control {often called FG In 
or some similar term) that drives the slider at high speed to inner or outer 
tracks (similar to the fast-forward or fast-reverse functions of an audio CD 
player)-

9. A CD-ROM drive converts serial data to 8-bit parallel data using a CD-ROM 
conversion IC and a RAM. 

10. Most CD-ROM drives use direct-drive (DD) disc motors. 

11. The major circuit differences found in a CD-ROM are shown in Fig. 5.15. 
These. include an IC used for error correction and data conversion (IC302), 

additional RAM (IC303) for the CD-ROM data and control circuits, and input
output (1/0) line drivers and interface circuits (1~04 and 1~05), all of which 
are discussed further in Sec_ 5.11.6. Also note that there are differences in 
the CD microprocessor IC104, such as an FG In input, as well as outputs to 
LEDs that show open and close and "busy" or "access" functions. 
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FIGURE 5.14 Comparison of CD-ROM and audio CD formats. 

5.11.2 Typical CD-ROM Drive Hookup 

This section describes the basic hookup or physical connections between a host 
computer and CD-ROM drive (internal or external). The pin-by-pin electrical in
terface is described in Sec. 5.11.5. The following discussion assumes that the host 
computer is an IBM PC-XT/AT, PS/2 Model 30, or any direct hardware
compatible computer running MS-DOS (Microsoft disk operating system). 

External Drive. The hardware installation is fairly simple with external CD
ROM drives. You simply remove the computer cover, plug one of the compatible 
PC-bus 1/F cards (a CDIFI4A, for example) into a vacant 8-bit slot (note that AT
type computers have 16-bit and 8-bit slots). Then connect the 1/F cards
compatible external CD-ROM drive (such as the Hitachi CDR-1502S) with a 
matching cable (such as a CDCBL). No internal switches in the computer need 
be set. 
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FIGURE 5.15 Major circuit differences between CD-ROM and audio CD players. 

Internal Drive. Internal drives (such as the Hitachi CDR-2500 or CDR-3500) re
quire more effort than external drives. First, there must be room inside the com
puter to install the drive. For example, front-panel clearance and a full-height slot 
is necessary for the Hitachi CDR-2500. A half-height slot is needed for a Hitachi 
CDR-3500. 

A full-height slot is the same size as a full-height floppy disk drive, while a 
half-height slot is the same as a half-height floppy. Thus, two half-height devices 
can be mounted in the same space used by a single full-height floppy disk drive. 
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Special mounting hardware is required for internal installation. (Mounting kits are 
available from many computer stores.) 

The internal drive requires power from the host computer and generally uses 
the same power connector as a floppy disk drive. Obviously, if there is no empty 
power connector from the main power connector, a power connector must be 
provided. 

5.11.3 Recognizing and Accessing the CD-ROM Drive 

This section summarizes how a CD-ROM drive is recognized and accessed by a 
host computer when the drive handler works through MS-DOS. 

When the computer is first turned on, the microprocessor jumps to a particular 
address in memory and starts executing machine-language instructions in ROM. 
The computer runs various tests and prepares to run some type of user software. 
Then the computer checks for a disk drive and "boot up" DOS software from a 
floppy or hard disk. Some computers do not boot to DOS from a disk (when the 
computer has the disk-handling software in ROM). However, most ROM-based 
MS-DOS computers still follow the next step. 

When the DOS code is loaded, the device-handler code (such as Config.sys in 
MS-DOS) installs the device name and handler code into the device table. (If you 
are interested, read the MS-DOS manual for details of this file.) 

The computer then looks for a file of autort!n software (called Autoexec.bat in 
MS-DOS) and executes the code found in that batch file. When these programs 
are finished running, the computer turns control over to the user at the DOS 
prompt. 

After the device handler is installed, the CD-ROM drive is accessed as the 
next drive in the system (except the drive is read-only). Files cannot be saved in 
a CD-ROM disc or drive. 

If the device-handler code for a Hitachi CD-ROM drive is on the boot disk at 
boot-up, the CD-ROM drive can be recognized by the operating system. Gener
ally, the CD-ROM becomes the next drive after A and Band any other drive han
dlers installed by the device-handler drive. Typically, t)le CD-ROM becomes 
drive C ifthere is no hard drive installed, or drive D if a 20-Mbyte hard-drive is 
installed. 

5.11.4 CD-ROM Information Layout 

This section summarizes the organization of information on a CD-ROM disc. 
Note that the origination is similar, but not identical, for audio CD and CD-ROM. 
In both cases, the bit stream has sync signals to allow the bit data to be separated 
for use in maintaining a constant-speed data stream. 

During the disc recording process, data bytes are interleaved (Chap. 2), error
correction information is added, and the data bits are converted from 8 to 14 bits 
and recorded in a non-return-to-zero format. This is reversed in play by a custom 
CD decoding chip set and 2-kbyte static RAM. The chip set (IC301 through IC305) 
for a typical CD-ROM provides five layers of internal error correction, compared 
to the usual four layers used in audio CD players. 

Frame Information. As shown in Fig. 5.14, the low-level data bits are set into 
bit frames (similar to a line of video) and frames (a group of 98-bit frames, similar 
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to a frame of video). The frame rate is 75 Hz, so one frame occurs in 1/75th of a 
second. Each frame contains 98 bytes of control information (channels P toW) 
and 2353 bytes of data. 

Control Code Channels. Each bit of control information is considered a channel, 
P, Q, R, S, T, U, V, and W. Channels P and Q are generally used in CD-ROM. 
Ten bytes (80 bits of Q-channel or Q-code information can be returned to the host 
computer. Q-code contains information about the type of information on the disc 
and timing information for positioning. There are Q-code data bits in the table of 
contents (TOC) area and in the program area. 

The TOC of a disc should not be confused with a directory of files on the disc. 
Any directory of files on a disc is contained in individual sectors according to the 
data format (such as High Sierra, IS09660, etc.) or custom formats. 

The program area of the disc is identified in the Q-code by absolute time in 
minutes (0-59+ }, seconds (0-59}, and frames (0-74). 

CD-ROM discs are usually rated for 60 min of mode-l data. Audio CD discs 
are generally considered to have an upper limit of 74 min. The maximum possible 
upper limit is 99 min for BCD-format data but is limited to 89 min with small
computer (SCSI} command formats. 

Frame Data. The 2353 bytes of data contain 1176 words of audio, or 1 sector of 
CD-ROM data. When the data bits are in a CD-ROM, the bits are passed to the 
custom CD-ROM controller IC302 and the 6-kbyte RAM IC303 for serial-to
parallel conversion and to other processing in IC301 • After conversion, 4 bytes of 
header, 2048 bytes of data, and 288 bytes of L-ECC are returned to the host. 

The CD-ROM header contains the CD-ROM block in Min, Sec, Block and a 
data Mode byte. The Mode byte identifies whether the 288 bytes are L-ECC 
(mode-l) or other (mode-2). The CD-ROM block is not necessarily the same as 
the Q-code frame number. 

5.11.5 CD-ROM Electrical and Data Interface 

Figure 5.15 shows a typical electrical and data interface between a CD-ROM and 
a host computer. Note that the interface can be divided into two sections: (1) the 
8-bit parallel data and (2) the control signals. The data bus transmits all informa
tion (the data read from the CD-ROM, the control-command code, and the status 
information of the CD-ROM system). The control signals control transmission of 
this information. 

Interface Lines and Buses. The following describes the function of each interface 
line and bus between the CD-ROM and host computer (Figs. 5.13 and 5.15): 

DB0-7 (data bus): DB is a bidirectional 8-bit parallel bus. Data bits from the 
CD-ROM, control-command code to the CD-ROM, and status information of 
the CD-ROM system are transmitted through this 8-bit data bus. AilS bits are 
passed to and from the CD-ROM system-control microprocessor IC104 

through interface connector JK301 and bus transceiver IC304• 

System-control processor IC104 is connected to the CD-ROM error-correction 
processor IC302 through a bus and control lines. Note that CD-ROM processor 
IC302 is not to be confused with the CD signal processor IC301, which has sim
ilar functions to the signal processors of audio CD players. Both processor 
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IC302 and RAM IC303 are unique to CD-ROM players and provide the five lay
ers of error correction necessary for use with a computer. 

DS0 through DS3 (drive select): DS is the signal input which enables the se
lected CD-ROM drive. The CD-ROM drive is selected when one of DS0 
through DS3 goes low. When DS0 through DS3 are high, all signal lines are in 
the high-impedance state. The 4 DS bits are used to control both 1~04 and 
IC305 through the front-panel drive-select switch S301 , IC309, IC308, and IC312• 

DRQ (data request): DRQ is the signal output which controls the data commu
nications. When DRQ is active (low), the CD-ROM data on the 8-bit data bus 
is valid (and only the DRQ is low). DRQ shakes hands with DACK (data ac
knowledge) and transfers the data from the CD~ ROM to the host computer. 
DRQ is a co111bination of DMA from IC104 and DDRQ from IC302, and it is ap
plied to the host computer through IC308, IC305, IC312, and JK301• 

DACK (data acknowledge): DACK is the signal input which controls the data 
communication. When the host computer has read data from the CD-ROM 
system, it makes DACK active (high). Then the CD-ROM makes DRQ inactive 
(high) after confirming that DACK will become active (high). The CD-ROM 
outputs the next data on the data bus and makes DRQ active (low) when 
DACK becomes inactive. DACK is applied to IC302 (as DDACK) through 
JK301 , IC305, and IC308 • 

BUSY (bus busy): BUSY is the signal output which informs the condition (ac
cessing or not accessing) of the data bus. While IC104 is in the data
transmission mode, a command code cannot be accepted from the host com
puter. During the data-transmission mode, IC104 makes BUSY active (low). 
When IC104 receives a D-END signal from the host computer, IC104 makes 
BUSY inactive (high). 

D-END (data transfer end): D-END is the signal input which indicates the end 
of the data-transmission mode. IC104 changes from the data-transmission 
mode to the command mode and makes BUSY inactive (high) after receipt of a 
D-END signal from the host computer. D-END is applied to IC104 through JK301 
and IC305 • 

CMD (command pulse): CMD is the signal input which controls transmission 
of command codes and status information. IC104 transfers status information, 
or receives command codes, by shaking hands with the host computer through 
CMD and ACK signals. When BUSY is active, IC104 does not accept a CMD 
signal. CMD is applied to IC104 through JK301 and IC305 • 

ACK (acknowledge): ACK is the signal output which controls the transmission 
of command codes and status information. ACK becomes active (low) after re
ceipt of command codes or when status information is being output. ACK 
shakes hands with the CMD signal, and it is applied to the host computer 
through IC305 and JK301 • 

RES (reset): RES is input from the host computer. If RES is active (low), IC104 
and the CD-ROM are reset. RES is applied to IC104 through JK301 and IC305• 



CHAPTER 6 
TYPICAL CDV PLAYER 

CIRCUITS 

This chapter describes the theory of operation for a number of CDV player cir
cuits. The circuits described here are all the ones that are associated with me
chanical components, power supply, mute functions, spindle-motor start-up, sys
tem control, system start-up, servo, focus, tracking, tilt, signal processing, time
base correction, spindle servo, noise reduction, on-screen display, memory 
video, analog audio, and digital audio. The mechanical functions are discussed in 
Chap. 7. 

After studying the circuits found in this chapter, you should have no difficulty 
in understanding the schematic and block diagrams of similar CDV players. This 
understanding is essential for logical troubleshooting and repair, no matter what 
type of electronic equipment is involved. No attempt is made to duplicate the full 
schematics for all circuits. Such schematics are found in the service literature for 
the particular CDV player. 

Instead of a full schematic, the circuit descriptions are supplemented with par
tial schematics and block diagrams that show important areas such as signal-flow 
paths, input-output, adjustment controls, test points, and power-source connec
tions (the areas most important in service and troubleshooting). By reducing the 
schematics to these areas, the circuits are easier to understand, and you will be 
able to relate circuit operation to the corresponding circuit of the player you are 
servicing. 

6. 1 RELATIONSHIP OF CDV PLAYER CIRCUITS 

Figure 6.1 shows the relationship of the player circuits. The line supply is applied 
to the power transformer through the power switch and fuses in the usual man
ner. The power transformer voltages are distributed to the player circuits through 
regulators, as described in Sec. 6.2. The following paragraphs describe the major 
functions of player circuits. Full circuit details are discussed in Sees. 6.2 through 
6.17. 

6.1.1 Start-Up and Loading 

When power is first applied, the player goes into a start-up mode to check for the 
presence of a disc. Control of the start-up operation is provided by the system 

6.1 
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control circuits (Sec. 6.5). First, the tray-loading motor is instructed to turn on 
and perform clamping, which includes moving the tray and the damper assembly 
to position a disc on the spindle. (This is similar to the clamping functions dis
cussed in Chaps. 5 and 7.) 

The clamping operation is determined by the position of the tray, indicated by 
the in, out, and up sensor switches. If the tray is in the up position, the loading 
tray and damper assembly move down to clamp a disc (if present) onto the spin
dle. At the same time, the optical pickup unit (OPU) is moved by the slider drive 
from the park position to the LD-search position (a position to check for the pres
ence of a 12- or 8-in Laservision disc). 

The LD-search position is outside the diameter of a 5-in CD or CDV, about 
21/2 in from the center of the spindle. A second clamping operation is performed 
as the OPU moves out to the correct LD-search position. Only one clamping op
eration is performed if the tray is in the down position when the player is turned 
on. 

6.1.2 Focus 

After the OPU reaches the LD-search position and the clamping sequence is 
completed, the laser diode turns on, and the focus-search sequence is executed 
(through the servo-contr!Jl bus) by commands from system control. If focus is 
found (indicating that a CDV disc is in place), the laser turns off and system con
trol receives data from the servo to indicate the presence of a CDV disc. The 
OPU then returns to the park position and the player is placed in the stop mode, 
awaiting instructions from the front-panel keyboard and/or infrared (IR) remote 
unit. 

If focus is not found (indicating that there is no CDV disc in place), the OPU 
is instructed to move to a CD-search position (about 1 V4 in from the center of the 
spindle). The focus search sequence is then repeated to search for a 3- or 5-in CD 
or a 5-in. CDV (CDV Single or Gold CD). 

If a disc is present, the spindle drive receives a command from system control 
(through the spindle-control line) to turn the spindle motor on. The OPU then 
moves to the correct position to read the table of contents (TOC) on the disc. 
After reading the TOC, the laser diode turns off, and the OPU returns to the park 
position. The TOC is decoded by system control, and information regarding the 
disc (playing time, number of tracks, etc.) is displayed on the front-panel fluo
rescent tube display (FTD) and on the TV screen. The player remains in the stop 
mode until play is activated by the keyboard or remote unit. 

If there is no disc present, the OPU returns to the park position and the player 
is placed in the stop mode, awaiting the command to open the tray so that a disc 
can be inserted. Keep this in mind when troubleshooting a "the player turns on 
and off again but will not play" symptom. Make certain that there is some kind of 
disc in place. 

6.1.3 Keyboard and Remote Commands 

Commands from the keyboard or remote control are applied to system control 
through circuits on the power-supply board. Likewise, control and data informa
tion to the FTD is applied through the power-supply circuits. Command informa
tion includes the RC5 code (Philips remote control transmitter code 5) sent to sys-
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tern control. The RC5 code is also sent out to an external device (such as an 
amplifier) or received from an external device through an RC5 in-out jack. The 
system-control circuit also receives signals from the power supply, the door 
switch, and the in, out, and up switches. 

6.1.4 Spindle Drive 

The system control circuits provide the spindle drive with a spindle-control signal 
and provide the power supply with a spindle-error signal. This error signal is de
veloped by the time-base correction (TBC) circuit. The error-controlled spindle
drive signal is then provided to the spindle-drive circuits. 

The spindle drive provides spindle-drive current to the spindle-motor coils. 
When the disc spins, the optical pickup reads the disc and develops both RF and 
error signals. The error signals are sent to the servo to develop radial and focus 
error signals. In turn, the radial and focus error signals are fed back to the pickup 
drive mechanism, keeping the pickup in focus and moving over the disc at the 
correct speed. The RF signals are processed by system control. 

6.1.5 RF Signal Processing 

The system-control circuits extract three components from the RF signals 
recorded on the disc: video FM, analog audio FM, and digital audio HF. The an
alog audio FM is sent to the analog audio circuit for demodulation. The demod
ulated right and left audio signals are sent to the digital audio circuits. The digital 
audio HF (when present) is also sent to the digital audio circuits. 

If the disc is recorded in analog only, the analog audio is automatically se
lected and routed to the audio-output jacks. If the disc is encoded with digital 
audio, the digital audio is selected and routed to the audio-output jacks. If the 
disc contains both analog audio and digital audio, the audio-output source can be 
selected by the user. 

The selected audio signals (right and left) are also sent to the headphone
output circuits. Likewise, the audio signals are combined and applied to the RF 
modulator. 

6.1.6 Composite Video Signal 

The video FM signal (extracted from the RF signals) is demodulated by system 
control to provide the composite video signal. The composite signal is applied to 
digital-memory circuits to provide digital special effects (memory, still, strobe, 
etc.). The digitally processed signal (when used) is then returned to the system
control circuits. 

The composite video signal (with or without digital processing for special ef
fects) is sent to the video-output jack and to Y/C separation circuits. When used, 
the Y/C separation circuits provide separate chroma and luma to the S-video jack 
(for use with TV monitors capable of S-VHS operation). 

The system-control circuits also provide video and audio (L + R) signals mod
ulated on channel 3 or 4 through the VHF output jack. As with most VCRs, the 
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FIGURE 6.2 Power-supply circuits in block form. 

antenna or cable signal may also be routed to the VHF output jack if selected 
(when the player is not in use). 

6.2 Power-Supply Circuits 

Figure 6.2 shows the power-supply circuits in block form. Full circuit details are 
discussed further in Chap. 9. Note that the power supply for our CDV player 
is contained on the following three circuit boards: power-switch, power
transformer, and power-supply boards. In addition to the power-supply circuits, 
the power-supply board contains the mute circuits (Sec. 6.3) and the spindle
drive circuit (Sec. 6.4). 

6.3 MUTE CIRCUIT 

Figure 6.3 shows the mute circuit and related timing charts. The mute circuit 
mutes the audio so that a "pop" sound is not heard in the speakers when the 
player is turned on or off. The voltages shown in Fig. 6.3 are present after the 
player is turned on. In this configuration (after initial turnon) both Q909 and Q910 

are off. 
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FIGURE 6.3 Mute circuit and related timing chart. 

When power is initially applied, 14 Vis applied across rectifiers D 910 and D 9w 
producing about 7 V. At the same time, -16 V is applied to the mute circuit 
through R 910 • When the player is turned on, Q909 is forward-biased for about 20 
ms. During the time that Q909 is on, current flows through R 915 and R 9w forward
biasing Q910• After Q909 turns off (after 20 ms), C927 is allowed to charge, permit
ting current to continue flowing through R914 and R 915 • 

While C927 is charging, Q910 is in saturation for about 360 ms and applies 
about -5 V to pin 1 of J 907 • This -5 V at J 907•1 is the mute-2 signal. C927 con
tinues to charge for another 220 ms until the -5 V is reached. The mute-2 signal 
rises up to about 4.7 V (forming a ramp signal, as shown), permitting the audio to 
have a soft turn on from mute. 

When the player is turned off, the base of Q909 goes momentarily low 
(about -0.6 V). The positive 6.5 V across C926 discharges quickly, applying the 
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negative potential from charged C932 to the base of Q 909• When Q 909 is on, Q 910 is 
forward-biased to apply the mute-2 signal to pin 1 of J 907• It takes about 2.5 s for 
c932 to discharge and turn Q909 and Q910 off. 

6.4 SPINDLE-MOTOR START-UP 

Figure 6.4 shows the spindle-motor start-up circuits. Figure 6.5 shows the 
spindle-motor drive circuits and related timing charts. The spindle servo is dis
cussed in Sec. 6.13. 

To start the spindle motor, the spindle circuits receive two control signals 
from system control: the run (start-stop) signal and the forward-reverse (F/R) sig
nal. A frequency generator (FG) signal, developed by the spindle-motor IC QD01 , 

is returned to system control (Sec. 6.5) through pin 3 of JD02• 

As shown in Fig. 6.4, QD01 receives motor-rotation information from the Hall 
sensors (HA, HB, and HC) located on the spindle-motor board (adjacent to the 
spindle). When QD01 receives a high (5 V) at the run input (pin 9), the spindle 
motor begins to rotate. As soon as the motor rotates, the FG signal developed by 
QD01 is sent to system control, thus monitoring the spindle-motor speed. 

When play is activated, the F/R signal (pin 8) goes low (0 V) to start the clock-

Hall 

FIGURE 6.4 Spindle-motor start-up circuits. 
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FIGURE 6.5 Spindle-motor drive circuits. 
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wise, or forward, rotation of the spindle motor. When the motor reaches the 
correct speed (spindle-lock condition), the F/R signal toggles from low to high 
several times at various intervals to prevent runaway of the spindle-motor 
speed. When the motor settles to the correct speed, the F/R signal goes low 
and remains low until the stop mode is activated. 

When stop is activated, QD01 receives a high at the FIR input to stop the mo
tor. Actually, this places QD01 in the reverse (CCW) mode to brake the spindle
motor rotation. (On our player, the brake input at pin 10 of QD01 is not used. 
Instead, pin 10 is connected to 5 V.) When the motor stops, the run signal goes 
low and the motor is in the stop mode. The F/R signal .remains high until play is 
again activated. 

As shown in Fig. 6.5, QD01 controls the switching of the spindle-driver tran
sistors QD02 and QD03 • Although QD02 contains three PNP Darlington pairs, and 
QD03 contains three NPN Darlington pairs, only one set of driver circuits is 
shown in any detail. The spindle-drive signal to QD02 and QD03 is discussed in 
Sec. 6.13. 

The timing chart in Fig. 6.5 shows switching of the three transistors to control 
current through the three coils of the three-phase spindle motor when playing a 
standard play (CA V) laserdisc. During period A, QD03a and QD03b are forward
biased; current flows from the 16-V source through QD02b, LB, LA, and QD03a. 

During period B, current continues to flow through LA and QD03a, but the cur
rent from the 16-V source now flows through QD02c and LC. During period C, 
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current flows through QD02c, LC, LB, and QD03b. This cycle continues as the 
spindle motor makes one complete revolution (time periods D through I) and con
tinues to repeat the cyCle as the motor spins. 

6.5 SYSTEM CONTROL 

Figure 6.6 shows the relationship of the main system-control microcomputer 
QU01 and the peripheral devices, including the sub or slave microcomputers. (Mi
croprocessors are called microcomputers in our player.) Figure 6.7 shows the in
terface of QU01 and the spindle TBC, focus and tracking servo circuits, and 
input-output expander QU03 • 

As shown in Fig. 6.6, QU01 controls all of the player circuits through a com
munications bus. This includes the keys and display microcomputer QF01 , the 
digital-audio microcomputer Q304, and the display decoder QT01 • QF01 receives 
commands from either the remote unit or the front-panel functions keys and 
sends data to the fluorescent tube display. 0 304 controls decoding of the digital 
audio. QT01 displays data on the TV or monitor screen. 

As shown in Fig. 6.7, QU01 communicates with the input-output expander 
QU03 through data and address buses. With the expansion capability of QU03, 

QU01 is able to control additional player functions such as digital memory, video 
demodulator, analog audio, and loading motor. In addition, QU01 is able to re-
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FIGURE 6.6 Relationship of main system-control microcomputer QU01 and peripheral devices. 
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ceive data through QU03 from the door, up, in, and out switches and to make 

decisions based on these switch inputs. 
The bidirectional data and address buses are also linked with two memories: a 

512K ROM QU02 and a favorite-track selection (FfS) RAM QU08• Addressing of 

the various devices is controlled by address controller QU05 • 

6.5.1 Reset, Power, Ground, and Clock Functions 

All of the microcomputers shown in Figs. 6.6 and 6. 7 require power and ground 

connections, as well as clock and reset signals (as do all microprocessors). As 
discussed in Chap. 9, if you suspect a malfunction in system control, or with any 

microprocessor, one of the first troubleshooting steps is to check all of these in
puts. For example, the main microcomputer QU01 requires 5 V at pin 33, a 

ground at pins 1 and 42, a 4-MHz clock at pins 2 and 3, and a reset signal at pin 

6. If any of these inputs is absent or abnormal, the microcomputer will not func

tion properly (if at all). 
The power, ground, and clock functions are obvious and need not be dis

cussed here. However, note that all microcomputers in our player use a common 

reset signal (called RES). Figure 6.8 shows the reset circuits and related timing 

charts. 
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FIGURE 6.8 Reset circuits and related timing charts. 
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Each microcomputer requires a low (0 to 0.8 V) at the RES input for about 20 
ms after power is applied. When power is first applied to the player, 5 Vis ap
plied to the power-on reset circuits shown in Fig. 6.8. Capacitor CU 11 charges up 
to 5 V in about 220 ms, applying a high to the RES line. However, RES is low (0 
to 0.8 V) for about 20 ms, fulfilling the reset requirements for all microcomputers 
in the system. 

If power is removed, the 5-V source dissipates slowly as the power-supply fil
ter capacitors discharge. To pull the RES line low (to about 3.8 V) in a short time, 
QU 16 becomes reverse-biased and QU 17 turns on, pulling the RES line low. Thus, 
if power is momentarily lost, or if the power supply falls too low, all of the mi
crocomputers are reset, preventing a fault or error from occurring. 

6.6 START-UP AND LASER CONTROL 

Figure 6.9 shows the system-control functions involved during start-up, while 
Fig. 6.10 shows the related focus and laser-control circuits. Figure 6.11 shows the 
disc-detection sequence during start-up. · 

6.6.1 Mechanical Sequence 

When the loading tray is pulled into the player, QU01 instructs the circuit to look 
for a disc (disc detection). As the tray is pulled in, the pick-up drive mechanism 
scans (using a high-speed scan) from the park position in an outward direction 
(for about 1 s) to a position that allows for detection of an 8- or 12-in 
(Laservision) disc. 

Next, the loading motor turns on to place the tray in the up position. When the 
tray reaches the up position, the up switch opens, pin 16 of QU03 goes high, and 
the tray motor reverses direction to place the tray in the play position. This ac
tion, known as clamping, allows the disc to be seated properly on the spindle. 

6.6.2 Focus Search 

After the tray goes into the play position (down), the laser turns on and the ob
jective lens performs a focus search operation to detect the presence of an 8- or 
12-in (Laservision) disc. If focus is achieved, the presence of a Laservision disc is 
indicated, and play can be activated. 

If focus is not found, the pickup drive moves inward until the PARK line goes 
high (about 5 V) and continues to move inward for 300 ms after PARK goes high. 
{The PARK line at pin 11 of QU03 is controlled by a park switch, actuated by the 
pickup drive mechanism.) 

The laser again turns on and the objective lens again performs a focus search 
to detect the presence of a 3- or 5-in disc (CD or CDV Single). If focus is still not 
found (no disc of any size installed), the pickup drive returns to the park position, 
and play cannot be initiated. 
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FIGURE 6.9 System-control functions during start-up. 

6.6.3 Mechanical Sensor Switches 

6.13 

To 0 108.5 

To 0101-30 

To 0101-31 

The tray-position truth table in Fig. 6.9 shows the logic of the expander QU03 

inputs under various conditions. When a mechanical-sensor switch is closed, a 
low (ground) is applied to the QU03 input. When the switch is open, a high (5 V) 
is applied through the corresponding pull-up resistor. 

With no disc installed, and with power applied, the sensor switches are as 
follows: in and door switches closed (low) and up and out switches open (high). 
Therefore, pins 15 and 18 are low (ground) and pins 16 and 17 are high (about 
5 V). Pin 11 receives a low from the park switch. 

6.6.4 Focus and Tracking Control 

When a command to read a disc is executed from QU0I> pin 62 (LD On) of ex
pander QU03 goes high to turn the laser on. Control of focus and tracking is pro
vided by serial data (8 bit) through the serial-clock (SCLK), serial-data, and latch 
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FIGURE 6.11 Disc-detection sequence during start-up. 

y 

buses. The serial-clock signal is inverted by NAND gate QU06 and coupled to 
focus-tracking servo Q101 • 

6.6.5 Laser Control 

The laser-diode on (LD On) signal is applied to laser drive IC Q108 through R212, 

as shown in Fig. 6.10. When pin 5 of Q108 goes high, the laser is turned on 
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(through pin 1 of Q108). The intensity of the laser diode is monitored by a monitor 
diode, which develops a voltage that is proportional to the laser intensity. The 
laser light output is about 0.3 mW (with a maximum of about 0.8 mW). 

The monitor-diode signal applied to pin 3 of Q108 regulates drive to the laser. 
When the laser is on, pin 1 of Q108 (LD) is about 2.5 V, while pin 3 (PD) is 
typically -3.6 V. Pin 3 is -5 V when the laser is off. 

6.6.6 Objective Lens Control 

The serial data bits from QU01 are fed to Q101 to control focus drive and slider
drive circuits during start-up. The signal at pin 36 of Q101 (UPDN) controls the 
objective lens during start-up focus, which is initiated (1) when the loading tray is 
retracted into the player, (2) when power is applied to the player, or (3) when 
play mode is activated (if a disc is loaded into the player). 

6.6.7 Disc-Detection Sequence 

The disc-detection timing chart in Fig. 6.10 shows what takes place as the 
loading tray is retracted (with no disc present). When the close-tray command 
is entered, the slider motor receives about -8 V for 1.1 s (period A) to move 
the pickup drive outward. After 4.3 s (period B), the laser turns on and the 
focus drive (to the focus coil) begins a focus search pattern (objective lens up 
and down) for 1.8 s (period C). Since there is no disc in the player, focus is not 
achieved. 

After this first focus search (focus start-up) a second focus search is initiated. 
The pickup drive is moved inward by applying 8 V to the slider motor for 1.5 s 
(period D). During period D (also 1.8 s), the laser turns on and a focus start-up 
again takes place. Since there is no disc present (in our example), the pickup 
drive is returned to the park position by applying a - 8 V to the slider motor for 
0. 7 s (period F). 

This sequence must take place to detect the presence of a disc before play can 
occur. Since no disc is detected (in our example), the player cannot be placed in 
the play condition. 

6.7 SERVO SYSTEMS 

Figure 6.12 shows the four basic servo systems used in our CDV player. Note 
that the four photodiodes B1 through B4 provide error signals to the focus, track
ing, and slider servos. These same photodides are used to extract video- and 
audio-signal information from the disc, as described in Sec. 6.11. The tilt servo 
receives error signals from a separate set of diodes. 

The focus error signal developed by the focus circuits (Sec. 6.8) is fed to the 
focus drive circuits. In turn, the focus drive circuits provide the drive to the focus 
coil on the pick-up drive mechanism to keep the laser beam focused on the disc. 

The tracking servo (Sec. 6.9) receives tracking-error (TR) signals from the 
photodiodes and develops the tracking-error signal. The TR error signal is fed to 
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the tracking-drive circuit, which applies drive to the tracking coil on the pick-up. 
The coil provides a TR return to the tracking drive and to the slider servo. 

The slider servo (Sec. 6.9) provides low-frequency (LF) tracking corrections. 
The TR LF error signal is sent to the slider-drive circuit to drive the slider motor. 

The tilt servo (Sec. 6.10) uses the error signal from the tilt diodes to make tilt 
corrections on the pickup drive mechanism. 

6.8 FOCUS SERVO 

Figures 6.13 through 6.17 show the focus servo circuits. The following para
graphs describe each of the focus servo circuits. 

6.8.1 Focus Error 

As shown in Fig. 6.13, two signals are developed in the focus servo circuit to 
keep the laser beam focused on the disc. The DSUM (diode sum) and FE (focus 
error) signals are derived from the outputs of photodiodes B1 through B4 , which 
are part of the pick-up assembly. All of the photodiode signals are summed, in
verted, and doubled in op amp Q103b. 
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FIGURE 6.13 Focus-error circuits. 
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The DSUM signal is applied to pin 5 of Q106, to pin 2 of Q103a, and to pin 3 of 
Q101 • Note that the signal to pin 3 of Q101 is set by focus sum level adjustment 
R200 • In simple terms, R200 is adjusted (using a test disc) to provide 1.6 V at pin 
6 of Jlll. Full adjustment details are given in Chap. 9. 

Two of the photodiode signals, B2 and B4 , are applied to Q103a along with the 
inverted DSUM signal. The resultant FE signal at the output of Q103 is applied to 
pin 12 of Q107 and pin 4 of Q101 • Note that the gain of Q103a is set by focus gain 
control R 168• In simple terms, R 168 is adjusted to provide correct focus servo loop 
gain (as described in Chap. 9). 

6.8.2 Focus Balance 

The focus balance circuits adjust the focus according to the type of disc being 
played (as determined by system control). As shown in Fig. 6.13, a CD signal 
from pin 5 of system-control expander QU03 is applied to switching transistors 
Qu8 through Q120• If a CD is played, the CD line at QU03•5 is low. If the disc is a 
CDV (Laservision), QU03•5 is high. 

With the CD line high, Qu8 is on while Q119 and Q120 are off. This places the 
CDV focus balance control R 162 in the circuit. When QU03•5 is low, Q119 and Q120 
are on and Qu8 is off, placing the CD focus balance control R 163 in the circuit. 

The focus balance controls R 162 and R 163 are adjusted to keep the objective 
lens at an optimum distance from the disc. If the proper balance is not main
tained, while playing a CD or the audio portion of a CDV Single, the audio is 
noisy. If proper distance is not maintained while playing a CDV, there can be 
crosstalk in the video. The adjustment procedures for both focus balance controls 
R 162 and R 163 are given in Chap. 9. 

6.8.3 Focus Sum Control Signal 

As shown in Fig. 6.13, the DSUM signal is applied to pin 5 of Q106b. As shown in 
Fig. 6.14, Q106b acts together with Q106a as a unity-gain op amp to develop a con
trol signal. This control signal is applied to pins 9 and 11 of Q107 and serves to 
change the focus level during normal and special tracking. 

During normal tracking, pin 1 of Q 106a is a steady - 4 V. During track jumping 
(search, fast forward, fast reverse, track loss, etc.), the signal pulses, or toggles, 
between -4 and +4.4 V. This is dist!ussed further in Sec. 6.8.5. 

6.8.4 Focus Logic 

As shown in Fig. 6.15, the FE and DSUM signals are applied to the focus logic 
circuit, which is part of the focus tracking slider (FTS) servo IC Q10I. The focus 
logic circuit turns the servo loop on when certain conditions (which indicate fo
cus lock) are met during start-up (Sec. 6.6). 

The focus lock condition is met when the DSUM input (pin 3) to Q 101 reaches 
0.4 V and when the FE input (pin 4) reaches 0.3 V. lfthe DSUM signal falls below 
0.4 V because of a focus loss, Q101 instructs the focus servo to open, and a focus 
search pattern is activated. (A damaged disc or excessive vibration are the most 
common causes for a loss of focus.) 
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Note that the pin 5 of Q101 is derived from the DSUM signal (through C 164) and 
is applied to a comparator within Q 101 • This signal provides for main-beam on-off 
track detection. If the signal at Q101_5 is below a threshold of 0.5 V, this indicates 
that the lllain beam is off track. 

6.8.5 Focus Output 

As shown in Fig. 6.16, the focus sum control signal (Sec. 6.8.3) is applied to pin 
llof Q107 to control the input sent to the CD or CDV focus output circuit. When 
the focus sum signal is low, pin 12 of Q107 is connected to pin 14, and the FE 
signal is passed directly. When the focus sum signal is high, pin 13 is connected 
to pin 14, and the FE signal is attenuated by R170 and C152• Since the focus sum 
control signal toggles between high and low during track jumping, FE is also at
tenuated during track jumps but remains constant during normal tracking. 

The FE signal is applied to the FTS servo Q101 through feedback phase
compensation networks at pins 38 and 39. The correct network is selected 
according to the type of disc being played (as determined by system control). A 
CD signal from pin 5 of system-control expander QU03 is applied to pin 6 of Q101 through Q113 • 

If a CD is played, the CD line at QU03_5 is low, connecting the network at pin 
39. If a CDV is played, QU03_5 is high, and the network at pin 38 is used. Either 
way, the FE signal is applied to the focus drive and mute circuit through pin 37 of 
Q101 as a focus output (FPO) signal. 

6.8.6 Focus Drive and Mute 

As shown in Fig. 6.17, both the FPO and UPDN (Sec. 6.6.6) signals are applied 
to the focus coil of the objective lens through Q104a, Q114, and Q115 • Note that 
both of the signals are muted during power-on and power-off by a mute-2 signal 
(Sec. 6.3), which is applied through Q117• This prevents the objective lens from 
moving up and down excessively during power on or off. 

Feedback is provided to the inverting input of Q104a (from a focus return loop) 
to stabilize focus servo operation. The FPO signal at the focus coil is also re
turned to a high-frequency focus limiter loop through C160• This lowers the loop 
gain when the focus error signals are high frequency (to further stabilize the focus 
servo operation). 

6.9 TRACKING AND SLIDER SERVO 

Figures 6.18 through 6.21 show the tracking-servo circuits, while Fig. 6.22 shows 
the slider servo. The following paragraphs describe the functions of these two 
interrelated servos. 

6.9.1 Tracking Error 

As in the case of a CD (Figs. 2.8 through 2.10), two photodiodes are used to read 
the secondary (or radial) beams reflected from a CDV disc to provide radial 
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tracking. As shown in Fig. 6.18, the two radial-tracking photodiodes are labeled 
A and C (whereas the four main photodiodes are labeled B 1 through B4). The sig
nals from photodiodes A and Care sent to a difference amplifier in Q102b to pro
duce a tracking-error signal at pin 7. The signals are also added through R 101 and 
R 102 at test point J 111_7 to produce a tracking-sum signal. 

The tracking-error signal is applied to the noninverting input (pin 3) of tracking 
and equalization (TR/EQ) amplifier Q102a. The feedback equalization (or gain) for 
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Q102a is set by the type of disc being played (as discussed in Sec. 6.8.2). If a CD 
or the audio portion of a CDV (Gold CD) is being played, the CD line is low, 
placing the switch within Q107a in the CD condition, with C103 and R 113 in the 
circuit. When a CDV (or the video portion of a Gold CD) is being played, the 

CD line is high, placing the Q107 switch in the CDV position (with C103 and R 113 

out of the circuit, shorted by the Q107 switch). 
The tracking-error signal can be checked at J 111_1• Tracking-balance control 

R 105 is used to adjust the signal atJ111_1 so that the signal is zero when tracking is 
properly balanced, as described in Chap. 9. Tracking-gain control R 110 is used to 
set the tracking-servo loop gain, also described in Chap. 9. Note that the 
tracking-error signal is applied to both the tracking-logic circuit (Sec. 6.9.2) and 
the CD/CDV phase-compensation circuit (Sec. 6.9.3) before the error signal is ap
plied to the objective lens (Sec. 6.9.4). 

6.9.2 Tracking l,.ogic 

As shown in Fig. 6.19, the tracking-logic circuit monitors several signals that are 
used to control the tracking servo. The tracking-logic circuit also receives com
mands (forward, reverse, start, stop, etc.) from system control through the serial 
data-bus lines (Sec. 6-5). 
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Pin 6 of FTS servo Q101 receives the tracking-error (TE) signal to determine 
tracking conditions. Q101 monitors the frequency of the TE signal to open or 
close the tracking-servo loop or to change the servo-loop characteristics. When 
operations such as search, fast forward, or fast reverse are activated, pin 27 of 
Q101 receives pulses from system-control expander QU03 to move the pickup
drive mechanism in the proper direction. During such an operation, the tracking
servo loop must be open to allow jumping or skipping over tracks on the disc. 

The tracking-logic circuit also provides tracking information to system con
trol. The tracking-logic circuit provides a tracking count (TCNT) signal to pin 16 
of system-control microprocessor QU01 , providing QU01 with information to de
termine the position of the laser beam on the disc. 

The focus-lock (FL) signal is applied to QU03 at pin 12, indicating the con
dition (locked or unlocked) of the focus-servo loop. The FL signal is low (0 V) 
when focus is achieved (locked) and high (5 V) when the beam is not in focus 
(unlocked). Note that the tracking circuit is not activated until the focus servo 
loop is locked. 

QU01 provides an FTS scan signal at pin 12 of Q101 to open the tracking-logic 
circuit during slow and medium scan operation. When pin 13 of Q101 is at 0.2 
(ST), the tracking loop opens until the frequency of the TE signal at pin 6 drops 
below a certain frequency (determined by the scan speed). While the tracking 
loop is open, a brake pulse is taken from the tracking-drive (TDR) output at pin 
12. The TDR signal is applied to the tracking-drive circuits (Sec. 6.9.4). 

6.9.3 CD and CDV Phase Compensation 

As shown in Fig. 6.20, the TE signal is applied to pin 5 of Q107a. The control 
signal at pin 9 is the same signal used in the focus-servo circuit, and it operates 
the Q107 switch as described in Sees. 6.8.3 and 6.8.5. That is, the TE signal is 
attenuated during track jumping but remains steady during normal tracking. 

In either condition, the TE signal is applied to Q101 through feedback 
phase-compensation networks at pins 8 and 9. The correct network is selected 
according to the type of disc being played (as determined by system control). 
A CD signal from pin 5 of QU03 is applied to pin 6 of Q101 through Q113 • If a 
CD is played, the CD line at QU03_5 is low, connecting the network at Q101_8 • 

If a CDV is played, QU03_5 is high, and the network at Q101_9 is used. Either 
way, the TE signal is applied to the tracking-drive and slider circuits through 
pin 10 of Q101. 

6.9.4 Tracking Drive 

As shown in Fig. 6.21, both the tracking-drive (TDR) and tracking-error (TE) sig
nals (Sees. 6.9.2 and 6.9.3) are applied to the tracking coil of objective lens 
through Q104, Q1w and Q112• Feedback is provided to the inverting input of Q104 
(from a tracking-return loop). This feedback signal is also applied to the slider
servo circuits. 

6.9.5 Slider Servo 

As shown in Fig. 6.22, the tracking-return signal (used as a stabilizing feedback 
control, as described in Sec. 6.9.4) is also applied to the slider motor through 
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Q101 , Q105 , Q121 , and Q122• As the laser beam moves over the disc, the tracking 
servo applies current to the objective lens in an attempt to keep the beam on 
track. Since there is a limit to how far the objective lens can move (right or left), 
the slider servo is used to move the entire pickup drive mechanism (including the 
objective lens) across the disc (toward the outer tracks during play). 

When a track-jumping operation (search, fast forward, fast reverse, track loss, 
etc.) is necessary, the tracking loop is open, and the tracking-logic circuit con
trols movement of the pickup mechanism, as described in Sec. 6.9.2. 

6.10 TILT SERVO 

Figure 6.23 shows the tilt-servo circuits. These circuits ensure that the laser beam 
tracks perpendicularly to the disc plane. This is necessary for the laser beam to 
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be reflected back into the objective lens and be picked up by the signal photo
diodes (B1 through B4 , Fig. 6.13). 

Note that the tilt servo is active only when 8- and 12-in discs are played since 
large discs are more likely to be warped. When small discs (3- or 5-in) are played, 
the pickup drive remains in a neutral position as sensed by the tilt-neutral opto
transistors located on the drive mechanism. 

An LED emits a beam that is reflected by the disc and picked up for the tilt 
photodiodes D 1 and D 2 • Each diode produces voltage in proportion to the inten
sity of the light received. If D 1 and D 2 receive an equal amount of light (disc flat), 
no current flows through R215 and R 216 since the polarity of the diodes is oppos
ing. If the disc is not flat,. the diodes receive unequal light and a difference-signal 
is generated. 

The difference signal is applied to pin 22 of Q101 , which develops a tilt-drive 
(TIDR) signal at pin 24. The TIDR signal is applied to the tilt motor through Q105 , 

Q251 , and Q252 as necessary to offset any warping of the disc. The tilt-drive 
signal-offset is adjusted by R218 (Chap. 9). R 218 is adjusted for zero offset when 
there is no tilt. 

If a 3- or 5-in disc is played, pin 60 of QU03 goes low, turning on a pair of 
tilt-neutral opto-transistors. 1-.Jnder these conditions, -5 V is applied to pin 2 of 
Q105 through the tilt-neutral opto-transistors and R 252• This disables the tilt-drive 
circuit. 

6. 11 DISC SIGNAL PROCESSING 

Figures 6.24 through 6.26 show the disc signal-processing circuits. The following 
paragraphs describe each of the signal-processing functions. 

6.11.1 RF Preamp 

As shown in Fig. 6.24, disc video and audio information picked up by the four 
photodiodes B1 through B4 is amplified by an RF preamp. Both the photodiodes 
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and preamp are part of the pickup mechanism. The amplified disc signal is ap
plied to the RF signal-processing circuits through Q281 and Q282• The signal gain 
is set by RF-gain control R282• 

6.11.2 RF Signal Processing 

As shown in Fig. 6.25, the RF (or EFM) signal is applied to both the video and 
audio circuits after amplification by the preamp. 

The main disc signal passes through an RF-correction circuit in Q501 , amplifier 
Q5w buffer Q512, a main BPF (that passes signals between 3 and 13.5 MHz), a 
limiter in Q501 , and the video demodulator in Q501 • The demodulated video is 
passed through a DOC circuit (Fig. 6.26) before the video is applied to the video
processing circuits (Sec. 6.12). 

The disc signal also passes through a DOC BPF (that passes RF signals be
tween 1 and 10 MHz), a limiter in Q501 , and a drop-out sense (DOS) circuit in 
Q501 • The resultant signal is added to the main disc signal in Q501 • 

The analog-audio portion of the RF signal (2.5 MHz) is selected by BPF F503 

and applied to the analog audio circuits (Sec. 6.16) through amplifier Q546 and 
buffer Q547• 

The EFM portion of the RF signal (below 1. 7 MHz) is extracted by low-pass 
filter (LPF) F502 after amplification by Q536• The EFM signal is then applied to 
the CD and CDV switch in Q505 after being buffered by Q537 and Q501 • 

Q505 selects the EFM input to be processed by the digital audio circuits (Sec. 
6.17). If a CD is played, the CD line goes low ( -4.8 V) to place the Q505 switch 
in the CD position. When a CD, or the audio portion of a CDV Single, is played, 
the EFM from the disc is routed directly from the RF preamp through amplifier 
and buffers Q538 and Q540 to the digital audio circuit (without processing). 

If a CDV (which contains digital audio) is played, the CD line is high ( -2 V), 
placing the Q505 switch in the CDV position. Under these conditions, EFM from 
the disc is routed to the digital audio circuit through the correction and process
ing functions shown in Fig. 6.25. 

The main demodulated video is also used to provide a spindle-error signal that 
is applied to the spindle-drive and feedback circuits (Q851_7 , Fig. 6.36) through 
R883 , Q881 , Q802, and R869• The spindle-drive and feedback system reduces the 
time-base error in reproduced video by detecting the reproduced composite-sync 
and then accelerating or decelerating (braking) the spindle motor as necessary to 
reduce the time-base error. Detector level R883 sets the level of the spindle-error 
signal. 

6.11.3 DOC Circuit 

As shown in Fig. 6.26; the main video signal is applied through a DOC circuit 
before the signal is applied to the video-processing circuits (Sec. 6.12). The de
modulated video at pin 44 of Q501 is applied to the DOC circuits through 4.5-MHz 
LPF F 501 , Q513 , and a switch in Q501 • 

The Q501 switch normally connects pins 38 and 40 of Q501 to pass the video 
signal to the video-processing circuits. If a video dropout occurs (say because of 
dirt or a scratch on the disc) the DOS circuits in Q501 sense the loss of video sig
nals and move the Q501 switch so that pins 38 and 40 are connected. This applies 
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the previous horizontal line (1H) of video to the video-processing circuits, thus 
making up for the loss of video. 

The horizontal line of video is developed by the LPF at pin 38 of Q501 and at 
Q521 , Q502, Q522, and Q523 • The LPF removes chroma from the video signal and 
produces a luma signal which is amplified by Q521 • The luma signal is then re
turned to pin 42 of Q501 through R 533, 1H-delay Q502, and amplifier, buffer, and 
limiter Q522 and Q523 • Q502 uses charge-coupled device (CCD) techniques to delay 
the video by 1H. Q502 is synchronized to the video signal by a 3.58-MHz clock at 
pin 8. R 533 sets the level of the 1H signal (Chap. 9). 

Note that the DOC circuit is inhibited by a low at pin 37 of Q501 when a CD is 
being played or during stop. When a CDV is played, pin 37 is high (4 V), permit
ting the Q501 DOS circuit to control the Q501 DOC switch. 

6. 12 VIDEO PROCESSING 

Figures 6.27 through 6.32 show the video-processing circuits. The following para
graphs describe each of the signal-processing functions. 

6.12.1 Time-Base Correction 

As shown in Fig. 6.27, video from pin 38 of Q501 (Fig. 6.26) is applied to TBC 
circuits before being applied to the spindle-servo (Sec. 6.13) and video
distribution circuits (Sec. 6.14). The TBC circuits use CCD techniques for time
base correction. A TBC error loop (composed of sync and data separation, time
base error detection, and VCO blocks) develops a TBC error signal by comparing 
the playback-horizontal (PB-H) signal to a horizontal-reference (H-ref) signal. 

The time-axis correction block is a coarse-correction circuit that removes hor
izontal jitter from the playback video. To provide fine correction of the chroma 
phase, the CCD video is fed to a phase-correction block. The phase-error detec
tion block develops a video phase-shift error (VPS ERR) signal by comparing the 
3.58-MHz playback burst (detected from the CCD video) to a 3.58-MHz refer
ence signal. The VPS ERR signal is applied to the phase-correction block, along 
with the CCD video to provide correction of chroma-phase jitter. 

6.12.2 Time-Axis Correction 

As shown in Fig. 6.28, the time-axis correction circuit receives video from pin 38 
of Q501 • The video is applied to Q504 through Q514 and Q515 and C536 and C537• 
The TBC error signal (Sec. 6.12.5) is applied to VCO Q503 to develop a variable 
clock signal (9 to 14 MHz), which is applied to Q504 to control timing of the clock 
driver. 

The clock driver controls timing of the CCDs to provide a variable delay of the 
video signal. The VCO center adjust R 549 is used to provide an optimum average 
(or center) delay from the input video (at pin 9 of Q504) to the CCD video (at the 
emitter of Q527). Two CCDs are used in parallel to get sufficient bandwidth and 
delay. The average delay is adjusted to 70.7 f.LS (1H plus 7.2 f.LS) ± 0.1 f.LS, as de
scribed in Chap. 9. Note that a color-lock failure (or a slow color lock) after a 
search operation may indicate the need for adjustment of R 549 • 

The time-base corrected video (CCD video) at pin 16 of Q504 is applied to the 



a>
 w
 

!>
) 

V
id

eo
 fr

om
 

O
so

1-
3B

 

T
im

e-
ax

is
 

co
rr

ec
tio

n 
(C

C
D

) 

3.
58

-M
H

z 
re

fe
re

nc
e 

I C
C

D
 

vi
de

o 

vc
o 

I 

TB
C

 e
rr

or
 

P
ha

se
 

~
 

er
ro

r 
de

te
ct

io
n 

4 
S

yn
c/

da
ta

 
se

pa
ra

tio
n 

H
-r

ef
er

en
ce

 

.....
 

F
IG

U
R

E
 6

.2
7 

R
el

at
io

ns
hi

p 
o

f 
ti

m
e-

ba
se

 c
or

re
ct

io
n 

ci
rc

ui
ts

. 

V
P

S
 E

R
R

 \~
 

P
ha

se
 

.... 
co

rr
ec

tio
n 

r 

P
B

-H
 

4 
T

im
e-

ba
se

 
er

ro
r 

co
rr

ec
tio

n 
.... , 

t 

.....
 C

or
 

' 
to

 V
 re

ct
ed

 v
id

eo
 

id
eo

 s
w

itc
h 

~ 
S

pi
nd

le
 

dr
iv

e 
I 

S
pi

nd
le

 e
rr

or
 



920 mVp-p 600 mVp-p 

~~ 

I 
c;$\ 

Vodeo~: 
from c537 

0501-38 

9 0503 6 11 

~I 
VCO 

9-14 MHz 
from 8 
0701 

'Y\JV 
R549 
vco 

2 Vp-p center 

_AIIM_ 
720 mVp-p 

FIGURE 6.28 Time-axis correction circuits_ 

R567 video level 

I 

CCD video 

r---~To 

0701-21 

To 
0501-26 

To 
0531 0501-303 

To 

To video 
processing 
circuits 

1---+2:;:.;6:-::-:-~ phase-correction 
circuits 

PB-H 
16 

~~~~~~2n7--~~-~ 
H-rate 

FIGURE 6.29 Phase-error detection circuits-

6-33 



--J62J.Lsj-

150 mVp-p 
H-rate 

600 mVp-p 

4.6 Vp-p V-rate 

2.2 Vp-p 

FIGURE 6.30 Phase-correction and sync and data-separation circuits. 

4 Vp-p 5 Vp-p 

UTU 
-t 62 t- +I 52 I+ 

J.lS J.lS 

t-t==---~ VPS error I 0702 

PB-H( 24 

r--+-=-it-::==~~;;;-;.1"?'----' to 05o1-23 

from 
0566 

25 

38 

R775 

half-H 

5V 

TBC error 
to 0 503•9 

Spindle 
error 
to Os51 

300 mVp-p V-r~ 
~ 7~ay) 

FIGURE 6.31 TBC-error and spindle-error detection circuits. 



TYPICAL CDV PLAYER CIRCUITS 6.35 

Digital memory 
ceo video assembly 

>..:;...;;..;;....;.;.;;.;;..;;_~Js02-2 

5V 
J502-4 ~ ....__-,...-/----'k 2.2 Vp-p / Memo 

ac21-15 video 

1 ceo_,_. -----.-+-1 
video 
from 
0501-18 

>-~~Memory 
Through video 

5V 

FIGURE 6.32 Video-switch circuits. 

5 2 

\ 

or 
through 
video 
to 
0501-10 

-2 V (through) I -5 V (memory) 

phase-error detection circuits (Fig. 6.29) and the sync and data-separator and 
phase-correction circuits (Fig. 6.30) through Q526, a 6-MHz LPF, Q527, R 567, and 
Q528 through Q531 • Video-level adjustment R 567 is <tdjusted to provide a video 
level (pedestal to 100 percent white) of 0. 71 V P·P at the video-output jack (with 
75-!l termination), as described in Chap. 9. 

6.12.3 Phase-Error Detection 

As shown in Fig. 6.29, CCD video is applied to the burst-gate amplifier of Q701 at 
pin 21. The burst-gate amplifier supplies the burst extracted from the CCD video 
to the Q701 phase comparator where the burst is compared with a 3.58-MHz ref
erence (FSC) from Q702• 

The phase-comparator output is applied to the phase-correction circuits {Fig. 
6.30) through a sample and hold (SIH) circuit in Q701 , as the VPS error signal at 
pin 26 of Q701 • The S/H circuit is clocked by MMV 7 • The burst-gate adjust R709 is 
adjusted to provide a 1-J.LS delay from the leading edge of the video signal (at the 
emitter of Q527). 

6.12.4 Phase Correction and Sync and Data Separation 

As shown in Fig. 6.30, CCD video is applied to a phase-correction circuit in Q5.01 through a pedestal hard-clamp circuit in Q501 (pins 24, 25, 26). The VPS error 
signal is also applied to the Q501 phase-correction circuit through VPS level ad
justment R662 and an amplifier in Q501 • R662 is adjusted to provide proper color 
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phase, as described in Chap. 9. The output of the phase-correction circuit is ap

plied to the video switch (Fig. 6.32). 
The sync and data-separation circuit of Q501 separates PB-H sync (pin 28), 

vertical sync (pin 35), and 24-bit data (pin 27) from the luma signal at pins 30 and 

34 (from the phase-error detector, Fig. 6.29). 

6.12.5 TBC-Error and Spindle-Error Detection 

As shown in Fig. 6.31, both TBC-error and spindle-error signals are developed by 

the TBC circuit. The PB-H signal from Q566 (Fig. 6.30) is applied to an 

equalization-pulse strip circuit in Q702 to remove equalization pulses from the PB

H signal. The half-H adjust R775 is adjusted to provide 52 J.LS between positive

going pulses of the signal at pin 17 of Q702 (Chap. 9). 
After the equalization pulses are removed from the PB-H signal, Q702 applies 

PB-H out and clock inhibit (C-INH) signals to Q701 (pins 16 and 29). The refer

ence shift adjust R766 sets the width of the C-INH pulse, which is then applied to 

the digital memory circuit (Sec. 6.15) and to logic within Q701 • 

A trapezoid signal is generated in Q701 as a reference to detect time-base er

rors. The signal at pin 11 of Q701 is developed by determining where the PB-H 

falls in respect to the slope of the trapezoid in the S/H circuit. 
The horizontal reference signal from pin 16 of Q702 is adjusted by trap-timing 

adjustment R 705 to get 36 J.LS between positive-going pulses (Chap. 9). The signal 

at pin 11 of Q701 is applied through equalization circuits to both the time-axis cor

rection circuits of Fig. 6.28 (as the TBC error signal) and the spindle servo de
scribed in Sec. 6.13 (as the spindle-error signal). 

6.12.6 Video Switch 

As shown in Fig. 6.32, CCD video from pin 18 of Q501 (Fig. 6.30) is applied to a 
switch in Q506 through Q553 and the digital-memory circuits (Sec. 6.15) or directly 

through Q551 , depending on which mode is selected. 
If memory video is selected (so that special effects can be used), the T/M line 

(from system control QU03_49) is low (0 V). This biases Q552 on and applies 5 V to 

the emitter of Q551 , cutting Q551 off. At the same time, the voltage at pin 5 of Q506 

goes low, connecting the switch to pin 1 of Q506• The CCD video is thus routed 

through the memory circuits (for special effects) to the video-distribution circuits 
(Sec. 6.14). 

If the memory circuits are not selected, the T/M line is high (5 V), Q552 is cut 
off, Q551 is on, the Q506 switch moves to pin 3, and CCD video (without special 
effects) is routed directly to the video-distribution circuits through Q551 and Q506• 

6. 13 SPINDLE SERVO 

Figures 6.33 through 6.36 show the spindle-servo circuits. The following para
graphs describe the functions of this servo system (used to drive the spindle mo
tor, Sec. 6.4). 
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FIGURE 6.34 CDV spindle-error circuits. 
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Integrated 
spindle-error 
from Os51•1 

CD 
from OU 03•5 

5 V (CDV) 
OV (CD) 

~ 
100 mVp-p 

J<'IGURE 6.35 CD spindle-error circuits. 

6.13.1 Spindle-Drive Development 

From Os59 

0 V (CDV) 
1.1 V (CD) 

100 mVp-p 

As shown in Fig. 6.33, the spindle-error signal from the TBC circuit (Sec. 6.12.5) 
varies according to the type of disc being played (CD or CDV). The waveforms 
shown in Fig. 6.33 are for an audio CD and for a standard-play (CA V) laserdisc. 
In either case, the spindle-error signal (combined with feedback, Sec. 6.13.4) is 
applied to pin 2 of integration amplifier Q851 • The integrated output at pin 1 of 
Q851 is applied to both CDV (Sec. 6.13.2) and CD (Sec. 6.13.3) spindle-error cir
cuits. 

6.13.2 CDV Spindle-Error 

As shown in Fig. 6.34, the integrated output from Q851 is combined with a switch 
signal from the TBC circuit and applied to the spindle-drive and feedback circuits 
(Sec. 6.13.4) through Q852 through Q855• If CDV is selected, the CD line (from 
system control QU03•5 ) is high (5 V). This biases Q859 on and Q860 off. The 
spindle-error signal then passes through Q852 through Q855 and L851 to the drive 
and feedback circuits. When a CD is played, the CD line is low, biasing Q859 off 
and Q860 on. (Actually, Q860 does not saturate but does conduct enough current 
to prevent the spindle signal from passing to Q852.) 

Both the spindle-error signal and the switch signal from the TBC circuits are 
applied to the base of Q852• The collector signal (about 13 V !?.P) of Q852 is used to 
drive Q853 through Q855 , producing a pulse width modulatiOn (PWM) signal of 
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about 30 V p-p at the collectors of Q854 through Q855 • The PWM signal (represent

ing the spindle error or drive) is applied to the drive and feedback circuits through 

Lsst· 

6.13.3 CD Spindle Error 

As shown in Fig. 6.35, the integrated output from Q851 is applied to the drive and 

feedback circuits through Q857 and Q856• If CD is selected, the CD line (from sys

tem control QU03_5) is low (0 V). This biases Q858 off, allowing the spindle-error 

signal to be applied at the base of Q857• The spindle-error signal is amplified to 

about 3 V p-p by Q857 and coupled to the drive and feedback amplifier through 

D 852• Q856 is also biased on (by about 1.1 V from Q859, Fig. 6.34), allowing the 

100-mV signal at the emitter of Q856 to pass and be fed back. 

6.13.4 Spindle Drive and Feedback 

As shown in Fig. 6.36, both the CD and CDV spindle-drive signals are applied to 

the spindle motor (through spindle drive PD06) and to the spindle-error circuits 

(through feedback amplifier Q851). The feedback signals are combined with the 

spindle-error signal from Q701 (Fig. 6.31) and are applied to the spindle-drive de

velopment input at Q851 (Fig. 6.33). As discussed in Sec. 6.12.5, the spindle-error 

signals pass through equalization circuits before reaching Q851 • The spindle-error 

signal (produced by detecting the video composite-sync signal, Sec. 6.11.2) is ap

plied to the feedback circuits through R 869• 

The spindle motor has three phases and has Hall-effect sensors. The motor is 

controlled by the usual Hall feedback circuits located on spindle-drive board 

PD06, as described in Sec. 6.4. 

6. 14 VIDEO DISTRIBUTION, NR, AND OSD 

Figure 6.37 shows the noise reduction (NR) and on-screen display (OSD) cir

cuits for our CDV player, while Fig. 6.38 shows the video distribution circuits. 

6.14.1 Video Signal Processing 

As shown in Fig. 6.37, the video signal at pin 6 of Q506 (Fig. 6.32) is applied to the 

video distribution circuits (Sec. 6.14.3) through video signal processor Q501 • 

The video signal is subtracted from the low- and high-frequency signals at pins 

15 and 16 (obtained from internal and external limiters controlled by the CAY/ 

CLV line at pin 17 of Q501). The resultant signal is applied to a sync-tip clamp in 

Q501 • The clamped video is applied to a video squelch (VSQ) switch, which is 

controlled by the VSQ signal at pin 9. 
When a video disc is playing, the VSQ signal is high (5 V) and the video signal 

from the clamp is connected to the display-control circuits. When the player is in 

the stop mode, the VSQ line is low (0 V), connecting the video to a blue-
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600 mVp-p 

~ 
Video from ---411.._ __ \-'r'-10::..J,rt-----------------·_ ----.·--------.. 

0506-6 \ 

Urn 1\ 

5 V (CAV) ------+.~-....J 
OV(CLV) ~--~~~~~~g+-~7~6~~ 

-5V 
Blue-background video --~--....J 

5 V (normal) 
0 V (blue screen) 
vsa---.~ 

·T/Mrrom -------*----4~--_.~--~~~~~~ 
0Uo3-9 
5 V (normal) 
0 V (memory) 

(character digital 
background not) memory 

Video 
to 
signal 
distribution 
(Oss1l 

~
CHRB To 

CHR (character not) __ _..._~To digital 
memory 

Signals from OSD decoder QT01 •22, 23 

FIGURE 6.37 Video signal-processing circuits. 

background video signal input at pin 5 (causing the TV or monitor screen to go 
blue until the player starts). 

6.14.2 On-Screen Display 

The OSD circuit is controlled by the display-control circuits in Q501 (Fig. 6.37) 
and by the TIM control signal from QU03_9 (Sec. 6.12.6). Signals from the OSD 
decoder QT01 are applied to the display-control circuits through Q557 and Q558• In 
turn, Q557 and Q558 are controlled by the T/M line. 

When the player is not in the memory mode (no special effects), the T/M line 
is high. This biases Q557 and Q558 on and passes the OSD signals to the video 
distribution through the Q501 display-control circuits. When the player is in mem
ory, the T/M line is low. This biases Q557 and Q558 off, preventing the OSD sig
nals from passing to Q501 • Instead, the OSD si~n ls are applied to the digital 
memory circuits (Sec. 6.15). 

6.14.3 Video Distribution 

As shown in Fig. 6.38, the processed video from pin 8 of Q501 is distributed to the 
RF modulator K501 , to the Video Out jack J 511 , and the S-Output connector 
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through Q561 and Q562• The output from J 511 is a standard composite video signal 
to be viewed on a monitor TV, while the signal from the S-Output connector re
quires a monitor capable of displaying separated Y (luma) and C (chroma) video 
(an S-VHS monitor). RF modulator K 501 combines the standard composite video 
signal with right- and left-channel stereo audio for conversion to RF at TV chan
nels 3 and 4, in the usual manner. K 501 also includes an antenna input to feed 
external RF (from an antenna or cable TV) to the TV set. 

6.15 DIGITAL MEMORY 

Figure 6.39 shows the digital-memory circuits used in our CDV player. These cir
cuits provide for the special effects described in Chaps. 1 and 3. As discussed in 
Sec. 6.12.6, the memory circuits can be bypassed if desired. Although the circuits 
are shown in block form, all of the input-output test points and signal paths are 
given by pin number. 

CCD video is applied to the digital-memory circuits at analog-digital (ND) 
converter QB08 through an LPF. The CCD video is converted to 8-bit data (4-bit 
upper and 4-bit lower) by QB08 at a rate of 576 samples per horizontal line. The 
ND clock input at QB08_12 is developed by memory control QB09• The ND clock 
is at a frequency of 9.06 MHz (which is 576 times the horizontal rate, or 576fH). 

Memory control QB09 controls both the writing and reading operations to and 
from the memory IC Q810 (a 1-Mbit DRAM). The 18.12-MHz (1152fH) input 
clock at pin 10 of QB09 is required to write each sample into memory through the 
4-bit parallel-serial bus. 

Writing into memory is enabled by the write-enable (WE) inputs from system 
control and the WE input from pin 36 of QB09 • The 15-bit address busA0 through 
A 14 is used to write the 4-bit-by-8-bit (four samples, or 32 bits) data to a four
sample RAM address in QB10• 

QB09 controls the reading of data from QB10 for special effects. The 8-bit 
memory video is converted by digital-to-analog (DAC) converter QC29 to an an
alog output at pin 6 of QCz9 • Horizontal sync is added to the analog signal by 
QC21 , and the composite output is applied to QC14 where the OSD is inserted 
(Sec. 6.14.2). 

The output from pin 1 of QC14(including any OSD characters) is applied to a 
switch within QC21 through a 140-ns phase-shift circuit. The phase shift provides 
the correct burst-phase for the composite video signal and is operated by a 
switching pulse (CINV) from pin 60 of QB09• The CINV pulse is developed by an 
edge-detect circuit and QB09 • The edge-detect circuit compares a 3.58-MHz ref
erence with the burst signal of the composite video. The CINV pulse switches at 
the frame rate to provide a 140-ns phase-shift burst every other frame. 

QC21 is operated by the same T./M control line used in the video switch and 
video distribution circuits (Figs. 6.32 and 6.37). When the line is low, the memory 
circuit output is applied to video distribution, and any special effects selected by 
system control appear in the video at pin 8 of Q501 (Fig. 6.37). The memory cir
cuits are completely bypassed when the TJM line is high, thus inhibiting any spe
cial effects. 
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FIGURE 6.39 Digital-memory (special effects) circuits. 

6. 16 ANALOG AUDIO 

CBs3 
VCX0 

QB10 
1-Mbit 
Dram 

2.2 Vp·p 

Figure 6.40 shows the analog audio circuits for our CDV player. Again, the cir
cuits are shown in block form, but all significant input-output test points and sig
nal paths are given by pin number. 

The audio RF or EFM signal (Fig. 6.25) is applied to the audio demodulation 
IC QA

01 
through two BPFs which extract FM left- and right-channel audio from 

the RF signal. The demodulators for the two channels are identical, so only the 
right channel is shown. 

The audio FM signal is applied through the QA01 limiter to the FM
demodulator and DOC circuits. The DOC circuits sense signal dropouts and op-
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erate an S/H circuit to hold a sample of audio in the usual manner. The demod

ulated audio signal is applied through an external LPF and the S/H circuits to 

mode-select circuits. 
The mode-select circuits select stereo, left-channel, right-channel, or mute ac

cording to the logic levels of the SQ1 and SQ2 signal (from system control QU03) 

at pins 9 and 10 of QA01 • The selected audio is passed through external filters to 

CX noise-reduction circuits (Sec. 1.3.7). If the disc being played contains the CX 

noise reduction code, the ex line (from pin 7 of QU03) is low, and the CX circuits 

in QA01 are activated. 
The processed audio is then passed through mute circuits to the digital audio 

circuits. The mute circuits mute all audio during power-on and power-off. 

6.17 DIGITAL AUDIO, ANALOG AND 
DIGITAL-SELECT, AND BILINGUAL 

Figure 6.41 shows the digital-audio and analog and digital-select circuits for our 

CDV player, while Fig. 6.42 shows the bilingual circuits. 

6.17.1 Digital Audio 

The digital audio circuits are similar to those of a CD player (Chap. 5) and include 

demodulator Q301, digital filter Q302, and DAC Q401 • The analog output from Q401 

is applied to the player digital and analog output jacks through analog-filter cir

cuits Q403 and Q404 and analog-digital relay L402 • 

6.17.2 Analog and Digital-Select 

When a disc containing digital audio is played, microprocessor Q304 applies a low 

to relay driver Q415 which, in turn, places relay L402 in the digital position (DL 

and DR). Under these conditions, the audio appearing at the player output jacks 

is "digital audio" (decoded CD digital audio) in stereo analog form. 

When playing a CD or CDV Single, L402 cannot be switched to "analog au

dio" since only digitally encoded audio is recorded on the CD or CDV Single. 

However, when playing a CDV which contains both digital audio and analog au

dio, the output can be switched to either digital or analog by the user. 

When a CDV containing only analog audio is played, Q304 applies a high to 

Q415 which, in turn, places L402 in the analog position (AR and AL). Under these 

conditions, the audio appearing at the player output jacks is stereo analog audio 

as decoded by 0Ao1 (Fig. 6.40). 

6.17.3 Bilingual Circuit 

The bilingual circuit allows the playback of bilingual discs as well as stereo discs. 

Bilingual discs are recorded with one language on the left channel and another 

language on the right channel. The bilingual circuit chases one of three modes: 

stereo, left-channel only, or right-channel only. 
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As shown in Fig. 6.42, the bilingual circuit receives CLAB (bit clock, 2.8224 
MHz), DAAB (data A-chip to B-chip), and WSAB (word select A-chip to B-chip) 
demodulated signals from Q301 • (These same signals are applied to digital filter 
Q302, as shown in Fig. 6.41.) 

The CLAB signal is inverted by Q311 and applied to 16-bit shift registers in 
Q 306 and Q 307• CLAB clocks the DAAB signals in and out of Q 306 and Q 307 to 
delay the DAAB data bits by 11.34 1-LS (as shown by the timing chart in Fig. 6.42). 

Both the delayed and undelayed DAAB signals are applied to digital filter Q 302 
through multiplexer Q 308 and mode-select switch Q 309• Q 308 is switched between 
left and right (delayed and undelayed) DAAB signals by the WASB signal at a 
rate of 44.1 kHz. Q 309 is switched between left and right by select signals from 
Q304• 

When Q 309 is in the left position (pin 4 connected to pin 7), only the left
channel DAAB samples (SL) are passed to Q 302, and SL is connected to pin 14 of 
Q 308 for 11.34 j.LS. After 11.34 j.LS, the WSAB signal goes high, and SL is con
nected to pin 13 to receive the left-channel sample a second time. Thus, instead 
of delivering left and right samples to Q 302, only left-channel samples are sent (in 
sequence) to Q 302 (as shown by the timing chart). 

Q 309 can also be switched to the right position (pin 5 connected to pin 7) so 
that only right-channel samples are sent to Q 302• Likewise, Q 309 can be switched 
to stereo, where pin 6 is connected to pin 7, and both channels are passed to Q 302 
in the normal manner (normal stereo operation). 

6.18 HELIUM-NEON LASER CIRCUITS 

Figures 6.43 and 6.44 show the circuits involved for a typical helium-neon laser. 
As discussed in Chaps. 1 and 2, many early-model CDV players use a helium
neon laser instead of the solid-state laser diodes now in common use. This sec
tion describes typical helium-neon laser circuits. Troubleshooting and adjustment 
for the helium-neon lasers are discussed in Sec. 9.12. 

6.18.1 Basic Helium-Neon Laser Power-Supply Circuit 

Figure 6.43a shows the basic de power supply for the laser. The circuit is driven 
by a secondary winding of the power transformer T1• Diodes D7 and D8 are con
nected as a voltage doubler. The polarities of the two diode voltages are additive, 
producing about 1800 V across the capacitors. 

The resistors equalize the voltage across each capacitor and discharge the ca
pacitors when power is turned off. C21 acts as a surge suppressor across the sec
ondary winding, while C3 and R 17 serve as a high-pass filter to eliminate high
frequency noise which might get into the power supply. 

6.18.2 Laser and Laser High-Voltage Circuit 

Figure 6.43b shows the laser and laser high-voltage (HV) transformer circuit. The 
laser HV transformer is a totally encapsulated unit (resembling a high-voltage 
tripler in a TV set) mounted on the slide assembly with the laser. The circuit is 
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(a) 

Laser HV transformer 

(b) 

+ 

1800 v 
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FIGURE 6.43 Basic helium-neon laser high-voltage supply circuits. 

series-connected with the 1800-Y source supplying current through the regulator 
circuit, laser, and laser transformer to ground. Note that neither side of the 1800-
V power supply is connected to ground. The cathode leads from the laser passes 
through the laser transformer, yet no connections are made to the laser. This is 

done for safety purposes (with both laser leads encapsulated in the HV trans
former). 

Note that the 1800-V power supply does not turn the laser on. A multivibrator 
(MV) circuit is used to drive the primary of the HV transformer, which produces 

an output of about 10 kV. D 1 rectifies this voltage and C1 charges up to about 10 

kV. When this 10-kV voltage is applied across the laser anode and cathode, the 
laser turns on, and C1 is discharged through R 1 to provide the initial turn-on cur
rent. 
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12-V switched 
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12-V switched 

-·v•u"'"---'~ To laser 
high-voltage 
transformer 

FIGURE 6.44 Helium-neon laser regulator and multivibrator circuits. 

6.51 

As soon as about 5 rnA flows through the laser, the regulator circuit turns off 
the MV, and the 10-kV source is removed. The laser requires about 1200 V to 
maintain the 5-mA conduction current, so the 1800-V source keeps the laser on 
once the laser is conducting. The remaining 600 V is dropped across the regulator 
circuit. The 600-V level varies widely from below 100 V to over 800 V, depending 
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on the line voltage, laser current, etc. During normal conduction of the laser, the 
secondary winding of the HV transformer has too much resistance to allow suf
ficient de current flow. Under these conditions, the 5-mV current flows through 
shunt diode D2 instead of D1 and T1• 

6.18.3 Laser Regulator Circuit 

Figure 6.44a shows the laser regulator circuit. The circuit consis.ts of constant
current source QI> plus the Darlington pairs Q8 and Q9 , Q6 and Q7, and Q13 and 
Q14, which are used because of their high gain and resulting sensitive regulation. 
Transistors Q1, Q1 , Q9, and Q14 are used in series to distribute the voltage. 

The + 12-V switch source provides a regulated voltage at the junction of R 1 

and R25 • Z1 drops about 6.8 V, while D5 and D6 add about 1.2 V. This results in 
a fixed reference voltage, or bias, of about 8 V at the base of constant-current 
source Q 1 • R2 is adjusted to get a fixed current of 5 mA through the laser. R3 is a 
sensing resistor that produces 5 Vat TP5 when the laser current is 5 rnA. 

The 5 Vat TP5 is present only when the laser is on and is coupled through D4 

to the video and servo board to serve as a "laser-on" identification signal. The 5 
V are also used to turn the laser MV off (as soon as the laser turns on). The laser 
MV is powered from the 12-V switched source, so the circuit can never operate 
when the player lid is open. Capacitor C2 charges to the emitter voltage of Q1• 

When the 12-V source is removed (such as when the lid is open), the voltage on 
C2 reverse-biases Q1 and guarantees instant shutoff of the laser. 

The laser is a high-impedance device and drops to about 200 V when in oper
ation. The difference between the laser drop and the 1800 Vis dropped across the 
regulator transistors. The 1800-V power supply can vary by several hundred 
volts, depending on regulation of the ac line. 

The helium-neon laser must never be shorted or bridged in any matter, not 
even with a high-impedance voltmeter. If this rule is not observed, the series 
transistor can go into cascade failure. It is not necessary to bridge or short the 
laser since the voltage from TP 4 to ground is a measure of the voltage across the 
transistors. (The laser and HV transformer drop the difference between the TP 4 
voltage and the 1800-V power supply.) 

6.18.4 Laser Multivibrator 

Figure 6.44b shows the laser MV circuits. The MV consists of Q3 and Q4 and is 
of the free-running type. 

When the player lid is closed, the 12-V switched power supply turns Q4 on 
through R13• The collector of Q4 goes near ground, and C5 begins to charge to
ward 12 V. When the C5 voltage reaches about 1.2 V, D2 and Q3 switch on. The 
collector of Q3 begins to charge toward 12 V. When the C4 voltage reaches about 
1.2 V, Q4 switches back on, and the process repeats. 



TYPICAL CDV PLAYER CIRCUITS 6.53 

Q3 and Q4 produce about a 250-Hz square wave that drives laser HV trans
former T1 (Fig. 6.43) through a high-current amplifier Q5• The driving waveform 
can be monitored at TP 6 but is present only for a brief instant during turn-on of 
the player. As soon as the laser fires, 5 V are present at TP5 and tum Q2 on, 
shorting the base of Q4 to ground through D 1• This disables Q4 and turns the MV 
off. 

A Darlington is used for Q4 because of the high gain necessary to drive Q5 • D 2 creates a two-junction turn-on requirement for Q3 to balance with the two
junction turn-on requirement of D4 • D3 and D20 are protection diodes used to pre
vent positive voltage spikes at TP 6 from damaging components or upsetting cir
cuit operation. 



CHAPTER 7 
MECHANICAL OPERATION, 

ADJUSTMENT, AND 
REPLACEMENT 

This chapter describes operation and adjustment and replacement procedures for 
the mechanical sections of typical CD and CDV players. The mechanical sections 
are concerned mostly with loading and unloading the disc and driving the optical 
pickup across it. Mechanical operation of the older top-load CD players is rela
tively simple when compared to the more popular front-load players. 

In most top-load players, the only true mechanical function (other than mov
ing the optical pickup via a rotating arm and drive motor, as shown in Fig. 1.2b) 
is to open the disc compartment, install a disc (manually) on the turntable, and 
then close the disc compartment door. For these reasons, we do not go into the 
mechanical sections of top-load CD players here. Instead, we concentrate on the 
far more complex mechanical sections of front-load CD and CDV players. 

A typical front-load player has three drive motors: one for the turntable, one 
for the optical pickup, and a third for opening and closing the disc compartment 
tray or door. With a typical horizontal front-load player (the most popular ver
sion, Sec. 5.2) the tray is opened by a drive motor, a disc is inserted (manually) 
into the tray, the tray and disc are moved into the player (by the drive motor), 
and then the disc is installed on the turntable (by the same tray drive mechanism 
and usually the same drive motor). Some front-load players use a fourth drive 
motor to clamp, or "chuck," the disc onto the turntable. 

We discuss the mechanical sections for all three types of front-load players 
(vertical door, horizontal tray with one load and unload motor, and horizontal 
with a separate clamping, or chucking, motor) in this chapter. However, we con
centrate on horizontal players where both the tray and clamping operations are 
controlled by one motor, as discussed in Chap. 5. Most CD player and CD-ROM 
manufacturers have adopted this version. 

Since operation of the mechanical sections (drive motors, gears, etc.) are con
trolled by limit switches and the system-control microprocessor, the following 
descriptions also include diagrams and discussions of the control circuits (in sim
plified form). By studying the mechanical operation and circuits found here, you 
should have no difficulty in understanding the mechanical operations of similar 
CD and CDV players. 

This understanding is essential for logical troubleshooting and repair, no mat
ter what type of player is involved. For example, if you know that a particular 

7.1 
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drive motor is actuated to turn a gear in a given direction for a given mode op
eration, and you can see that the motor does not drive the gear in that mode, you 
have pinpointed a failure. 

The origin of mechanical troubles may be electronic (no actuating signal is re
ceived from the microprocessor, or the motor may be burned out), mechanical 
(the gears may be jammed or a belt broken, etc.), or adjustment (limit switch is 
not opened or closed at the right time), but you have a starting point for trouble
shooting. The descriptions given here should also help you to interpret the me
chanical sections of player service literature (which are usually very good as far 
as adjustment procedures are concerned but often somewhat vague as to how the 
mechanism operates). 

We also describe adjustment and replacement procedures for the mechanical 
sections of CD and CDV players in this chapter. Since manufacture's instructions 
are usually absent and to show you what typical adjustment and replacement pro
cedures involve, we describe complete procedures for the mechanical sections, 
as recommended by the manufacturer. The procedures covered here involve the 
use of the special tools described in Chap. 4 and are in addition to the electrical 
adjustments discussed in Chaps. 8 and 9. 

Remember that these specific procedures apply directly to the CD and CDV 
players described in this chapter. When repairing other players, you must follow 
manufacturer's service instructions exactly. Each type of CD or CDV player has 
its own adjustment points and replacement procedures. Using the examples de
scribed here, you should be able to relate the procedures to a similar set of ad
justment points and replacement procedures on most similar players. Where it is 
not obvious, we also describe the purpose of the procedure. 

7. 1 CD VERTICAL FRONT-LOAD 
MECHANICAL SECTION 

Figure 7.1 shows the location and principle mechanical components of a typical 
front-load CD player with a vertical door. Figure 7.1 also shows the associated 
wiring. 

Note that most of the components are mounted on a unit base to which the 
vertical door assembly (loading mechanism) is hinged (at the bottom). The door is 
attached to the base by L-anns and is opened and closed by a crank arm driven 
by a gear motor. The door is supported by springs (A and B), and rollers are 
mounted on arms which are part of the door assembly. 

The door is opened by the gear motor, a disc is installed (manually), and the 
door is closed by the motor. The disc is pressed against the turntable motor as
sembly by a disc clamp assembly on the door. The turntable motor is operated by 
a turntable-drive servo (Chap. 5) to spin the disc at the appropriate speed. 

As shown in Fig. 7.lb, the gear motor for the door assembly receives open and 
close drive signals from the system-control microprocessor through gates and 
transistors. In turn, the microprocessor receives control signals from the front
panel Open/Close switch. The microprocessor also receives indicator signals 
from the door-open (LIDO) microswitch and the door-close (LIDC) microswitch. 
The LIDO and LIDC switches are positioned and adjusted to actuate when the 
door has reached the correct open and close limits and thus cut off the door mo
tor through operation of the microprocessor. 
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FIGURE 7.1 Typical front-load CD player with vertical door. 
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The optical pickup assembly is secured to the unit base by upper and lower 
guide rails and is driven across the disc by a motor (which is part of the pickup 
assembly). The motor is operated by a servo, as described in Chap. 5. The pickup 
motor is connected to the pickup drive gears by means of a belt. The belt can be 
replaced through a cutout on the unit base, without removing either the pickup or 
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the motor (on most players). The cutout is normally covered by a press-out lid, or 
cover. The optical pickup is held in place when the transit screw is tightened. 

The entire pickup can be replaced as an assembly, or it can be replaced sep
arately (we describe both procedures in this section). Some manufacturers supply 
a few additional mechanical parts (gears, etc.) for replacement on the pickup as
sembly. Always consult the service literature regarding such replacement parts. 
However, as a practical matter, you will probably replace the belt, the motor, or 
the entire pickup assembly. In any event, you should never attempt to replace the 
laser diode or the detector photodiodes unless specifically directed to do so by 
the service literature (which is not likely). 

As shown in Fig. 7.1b, the system-control microprocessor receives a signal 
from the pickup inner-limit (LMSI) microswitch. The LMSI switch is positioned 
and adjusted to actuate when the pickup assembly has reached the inner limit 
(start) of the disc. The LMSI signal cuts off the pickup motor through operation 
of the microprocessor and pickup servo. 

7 .1.1 CD Mechanical Section Servicing Precautions 

Here are some precautions you should observe before performing any adjustment 
or replacements on the mechanical sections of a vertical front-load CD player. 
These precautions are in addition to any precautions found in the player litera
ture. 

Laser Safety. Although you will probably be performing all adjustments and re
placement of parts in the mechanical section with the power off (except possibly 
to test for proper adjustment of the limit switches), remember that the laser di
ode, on a vertical front-load player, can operate even when the door is open. 

Disassembly. The mechanical section is precision engineered and critically ad
justed at the factory. Do not disassemble any part of the player beyond that point 
absolutely necessary to gain access or replace parts. This precaution applies es
pecially to the pickup assembly (lens actuator, laser diode, optical parts, detector 
photodiodes) and to the lower guide rail (Fig. 7.1a). The lower guide rail should 
never be removed from the unit base since the rail serves as a reference standard 
for the pickup mount dimensions (as we discuss later in this section). 

Aluminum Parts. Most of the mechanical parts are made of aluminum. Be care
ful not to overtighten screws, and do not scratch or bend any parts by exerting 
excessive force. (It is very easy to strip the threads in the unit base.) 

Flexible Wiring. The pickup assembly has flexible printed wiring, since the 
pickup must move across the disc. While the wiring is sufficiently strong to with
stand constant movement of the pickup, the wiring is not designed to be bent or 
twisted during service. Remember that if you break even one lead in the wiring, 
the entire pickup must be replaced. 

Dirt in Moving Parts. Be especially careful not to get any dirt or other foreign 
matter in the guide rails or the turntable assembly. The pickup assembly must be 
completely free to move within the rails, and the turntable must be capable of 
spinning freely. 
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Objective Lens. If the player has been in service for any length of time, always 
check the objective lens for dirt, dust, smuges, and so on (but keep your fingers 
away from the lens while doing so). Use a clean, dry cloth to clean the lens. If the 
objective lens is dirty, the EFM signal can be weak. If you find a weak EFM 
signal during troubleshooting (Chap. 8), always make a quick check of the objec
tive lens. 

Wiring. Be careful to route all wiring to the original position. It is particularly 
important to keep any wiring from being jammed by the pickup assembly or the 
door open and close mechanism, since both of these sections are subject to re
peated movement. 

Adjustment after Replacement. Always perform the associated electrical adjust
ment procedures after replacement of any mechanical parts. For example, if the 
turntable motor or assembly is replaced, the Hall-element gain and offset adjust
ments should be checked (as described in Chap. 8). If the pickup assembly is re
placed, check the laser-diode output and tracking and focus adjustments. 

Lens Actuator Quick Check. If you suspect that the lens actuator on the pickup 
assembly is defective, it is possible to make a quick check of the actuator without 
removing the entire pickup assembly for replacement. Simply measure the resis
tance of focus and tracking coils with an ohmmeter, as shown in Fig. 7.2. 

Typically, the focus coil is about 20 fl, while the tracking coil is 4 fl. The ac
tual resistance depends on the particular assembly. However, if you get an open 
or short indication, or a resistance that is drastically diffen;nt from these values, 
the actuator is suspect. In some players, you can see a slight movement of the 
actuator when the ohmmeter is connected to the coils. This usually indicates that 
the actuator is good. 

Transit Screw. In most cases, the transit screw should be in place when perform
ing any service procedures. This prevents the pickup assembly from moving back 
and forth when the player is moved about the service bench. Of course, you must 
loosen the transit screw for certain checks. 

Pickup assembly 

\ 
Photodiodes 

Pickup drive motor 
(slide motor, sled motor, etc.) 

Monitor 
diode 

Laser 
diode 

FIGURE 7.2 Lens actuator quick-check points. 

Tracking coil 
(about 4 .Q) 
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7.1.2 Gaining Access to the Components 

This section describes the basic procedures to open the player for service. Re
member that these procedures are "typical" for vertical-door players. Always 
follow any disassembly procedures found in the service literature. Figures 7.3 
and 7.4 illustrate the disassembly procedures. 

Figure 7 .3a shows the procedure for taking off the cover. Slide off the back 
cover after disengaging the screws (1) and (2). 

Figure 7 .3b shows the procedure for taking off front panels A and B. Pull out 
the nylon rivets holding the front panels. Use a pointed object to remove the riv
ets. 

I 
I 

Two screws (2) 

Escutcheon 

... ...... ...... ~ 
Three screws ( 1) 

(a) 

(c) 

Unit 
/mechanism 

FIGURE 7.3 Gaining access to vertical-door components. 
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Figure 7.3c shows the procedures for removing the unit mechanism. After tak
ing off the cover, remove screws (3), which hold the escutcheon plate. Switch on 
the power, push the door Open/Close button, and open the door. Then switch off 
the power and unplug the power cord. Next, after removing the escutcheon plate, 
remove the lead plate and disengage screws (4). 

As shown in Fig. 7.3c, there is a pressed protrusion on the lower part of the 
escutcheon. When dismounting or mounting the unit mechanism, be careful to 
cover the protrusion with a piece of thick paper (such as drawing paper) so as not 
to damage the lower part of the unit mechanism. 

If the door does not open after pressing the door Open/Close button, use a 
1.5-V battery to operate the door motor, as shown in Fig. 7.3d. After removing 
the lead connector, connect a 1.5-V battery directly to the motor terminals as 
shown. The door can be closed by reversing the battery terminals. (This same 
procedure can be used as a quick check of the door motor, if you are having door 
open and close problems). 

Avoid lifting or moving the unit mechanism by the unit-base holder (which can 
easily slip out of place). 

Figure 7 .4a shows the procedure for removing the console. Disengage screws 
(5) and move the console forward as shown. Remember that the console need not 
be removed unless operating controls and the associated printed wiring are to be 
replaced. 

Figure 7 .4b shows the procedure for removing the power switch and display 
section. Disengage screws (6) to remove the power switch. Disengage screws (7) 
to remove the display section. Remember that the display section need not be 
removed unless the lamp fixture, LEDs, and so on and the associated printed
wiring board are to be replaced. 

Figures 7.4c through 7.4f shows the procedures for removing the various 
printed-wiring boards (PWB). Disengage screws (8) and the board fixture to re
move the P A PWB. Disengage screws (8) and (9) and the board fixture to remove 
the PP PWB. Disengage screws (10), the board fixture, and the shield plate to 
remove the PD and PS PWBs. After removing the escutcheon plate and the P A, 
PP, PD, and PS PWBs, disengage screws (11) and (12) and then remove the rear 
plate (Fig. 7.4e). Disengage screws (13) and remove the PC PWB (Fig. 7.4/). 

After removing the console (Fig. 7.4a), disengage screws (5) and remove the 
PK PWB. After removing the display section (Fig. 7.4b) and lamp fixture, re
move the three pins and then remove the PI PWB. 

7 .1.3 Changing the Pickup Drive Belt 

Figure 7.5 shows the basic procedures required to change the pickup assembly 
drive belt. Switch on the power. Press the door Open/Close button to open the 
door (or use a battery, as shown in Fig. 7.3d). Switch off the power and turn the 
left-hand side of the unit face down, as shown in Fig. 7.5. Remove the belt-access 
cover, or lid, from the unit base by moving the cover in the direction of the ar
rows. Use tweezers to remove the old belt and to install a new belt over the mo
tor axle and pulley, as shown. Replace the access cover and close the door. 

7.1.4 Removing the Door (Loading Mechanism) Assembly 

This section describes the basic procedures to remove the door assembly from 
the unit base. This should be done only if the door assembly must be replaced. 
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FIGURE 7.5 Changing vertical-door pickup-assembly drive 
belt. 
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Before performing any repairs or replacement, switch on the power, set the 
player in the Stop mode, and fasten the transit screw (to prevent the pickup from 
sliding back and forth). 

Remove springs A and B from the roller shaft (Fig. 7.1). Remove the unit 
mechanism from the main chassis (Fig. 7.3c). Close the door by connecting the 
motor terminals to the main chassis or by applying 1.5 V from the battery (Fig. 
7.3d). 

Remove the four door-fastening screws from the L-arms, as shown in Fig. 7.1. 
Then remove the door assembly using a hex wrench key for the gear-motor crank 
arm_ 

7.1.5 Reinstalling the Door (loading Mechanism) Assembly 

This section describes the basic procedure to reinstall the door assembly on the 
unit base. Again, the transit screw should be in place. Figure 7.6 shows the pro
cedures. 

Before installing the door assembly, loosen (but do not remove) the gear
motor crankshaft fastening screw. Insert the door assembly and temporarily fas
ten the L-arm with the four door-fastening screws, as shown in Fig. 7.6a. Set the 
door-assembly aligning jig into the disc-loading area. Position the door-assembly 
aligning spacer as shown in Fig. 7.6a. Note that this operation cannot be per
formed if the gear-motor crank-arm fastening screws are tightened. 

While pushing the door-assembly aligning jig, turn the rotor section of the 
turntable motor by hand, as shown in Fig. 7.6b. Confirm that the turntable does 
not turn easily (because of the pressure from the jig). Keeping this condition, 
tighten the door-fastening screws. 

Remove the door-assembly aligning jig and the door-assembly aligning spacer. 
Insert a check disc, as shown in Fig. 7.6c. With the door closed, turn the rotor 
section of the turntable motor and confirm that the disc turns smoothly without 
contacting any part of the loading area. 
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FIGURE 7.6 Reinstalling the vertical-door assembly. 
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Set the assembled unit-mechanism assembly on a mechanism stand (Fig. 7.6c) 
and plug in the appropriate connectors to the PS and PK PWBs. Switch on power 
and open the door. 

Open and close the door several times after. inserting the check disc. Adjust 
the position of the LIDO microswitch (door-open limit) so that the check-disc 
marking line is below the upper end of the disc-loading section when the door is 
open, as shown in Fig. 7 .6c. 

7.1.6 Replacement of Gear Motor (for Door Open and Close) 

This section describes the basic procedure to replace the door motor without 
complete disassembly of the unit. Refer to Figs. 7.1 and 7.7a for the location of 
parts. The transit screw should be in place. 

(a) 

(b) 
FIGURE 7.7 Replacement of vertical-door gear motor and pickup 
drive motor. 
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Loosen the gear-motor crank-fastening hex screw, using a hex wrench. Then 
remove the two motor-fastening screws. Disconnect the wiring. Reverse the pro
cedure to install the motor. 

It is easier to replace the door motor if you follow the guidelines shown in Fig. 
7.7a. The cutout section of the motor axle must be aligned when installing the 
motor. Correct alignment is achieved when the cutout (or flat) section of the axle 
makes a right angle (almost) with the emboss line on the motor face. Use a 1.5-V 
battery to rotate the motor axle as necessary. 

7 .1. 7 Replacement of Pickup-Drive Motor 

This section describes the basic procedure to replace the pickup motor without 
complete disassembly of the unit. Refer to Figs. 7.1 and 7.7b for the location of 
parts. The transit screw should be in place. 

Remove the lid of the belt-replacement access cutout (Fig. 7.5). Unsolder the 
motor connections from the flexible PWB. Remove the motor connections from 
the flexible PWB on the rear. Remove the two motor-fastening screws. Remove 
the motor. Reverse the procedure to install the motor. Make certain to replace 
the belt as described in Sec. 7.1.3, after the motor is installed. 

7 .1.8 Replacement of the Turntable Motor 

This section describes the basic procedure to replace the turntable motor without 
complete disassembly of the unit. Refer to Figs. 7.1 and 7.8 for the location of 
parts. It is necessary to loosen the transit screw during this procedure. 

Before replacing the turntable motor, try rotating the turntable by hand. The 
rotor section should turn smoothly. If it does not, the rotor portion of the motor 

Turntable 
motor axle~~ 

Four / ~ ~ 1¥1 
motor-attach~·ng 1 1 
screws 1 

I 

Coil-assembly : 
I 
I 

,.,""'" 

Turntable 

Left-hand 
/flat-head screw 

-TRstopper 

~-Taperring 
~~Spring 

m~ Hex socket screws 

Hex wrench (0.9 mm) 

Coil-assembly fastening screws 

FIGURE 7.8 Replacement of vertical-door turntable motor. 
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must be replaced. If the rotor turns smoothly but the motor does not run when 
power is applied, it is possible that the coil assembly is defective and can be re
placed separately (on some but not all players). Also, some turntable motors re
quire lubrication on the axle or drive shaft during replacement. Always check the 
service literature. 

Start by removing the door assembly as described in Sec. 7.1.4. (In most 
vertical-door players, you cannot replace the turntable and motor without remov
ing the door. However, you can replace the coil assembly without removing it.) 

Remove the left-hand flat-head screw and the TR stopper shown in Fig. 7.8. 
Loosen the two hex screws, and remove the turntable assembly. Be careful not 
to lose the screw, TR stopper, spring, or taper ring. 

Now loosen the transit screw and move the pickup toward the outside. Reach 
through the lens actuator access hole and remove the four turntable motor
fastening screws. Position the pickup at the center of the guide rail, turn the turn
table motor 90°, and then remove the motor. Reverse the procedure to install the 
turntable assembly and motor. 

The turntable height must be properly set during installation. Use a turntable 
installation jig, as shown in Fig. 7 .8. Slide the turntable assembly over the motor 
axle or drive shaft, with the jig positioned between the unit base and turntable
assembly bottom. Tighten the two hex screws. Remove the jig (which should be 
snugly in place, but not binding), and check that the turntable rotates freely. 

If the coil assembly is available as a separate replacement part (typical for 
many players), simply remove the four screws and disconnect the wiring (unplug 
the connector). 

7 .1.9 Installing and Adjusting the Microswitches 

This section describes the basic procedure to install and adjust the three 
mechanical-section microswitches. Refer to Figs. 7.1 and 7.9 for the location of 
parts. The transit screw should be in place. 

Install the LIDC door-close limit switch so that the slider of the switch and the 
inside of the hole on the unit base are not in contact. 

Turn the adjustment screw (Fig. 7.9) for the LMSI pickup inner-limit 

micro switch 

FlGURE 7.9 Installing vertical-door microswitches. 



7.14 CHAPTER SEVEN 

microswitch so that switch operation is triggered when the gap between 
the pickup inner stopper and the pickup is 1 mm. Use a spacer for this ad

justment. 
Adjust the LIDO door-open limit switch as described in Sec. 7.1.5 and shown 

in Fig. 7.6c. Loosen the LIDO adjustment screw (Fig. 7.1) and slide the LIDO 

switch and metal fastener as necessary. Tighten the adjustment screw once 

proper adjustment is obtained. The check-disc marking line should be below the 

upper end of the disc-loading section when the door is fully open (the LIDO 

switch actuated). 

7.1.10 Removing the Pickup Assembly 

This section describes the basic procedure to remove the pickup assembly from 

the unit base. This should be done only when you are certain the pickup assembly 

is defective. Be sure to observe all precautions regarding static discharge de
scribed in Chap. 4. It is necessary to loosen the transit screw during this proce

dure. Refer to Figs. 7.1 and 7.10 for the location of parts. 
First remove the turntable motor, as described in Sec. 7.1.8. Then remove the 

four fastening screws for the upper guide rail (but not the lower guide rail). Dis

connect the wiring (flexible PWB) and lift the pickup assembly from the unit 

base. Be careful not to lose the upper and lower crossed-roller assemblies (posi

tioned between the guide rails and pickup assembly). 

7 .1.11 Reinstalling the Pickup Assembly 

This section describes the basic procedure to reinstall the pickup assembly on the 
unit base. Refer to Figs. 7.1 and 7.10 for the location of parts. It is necessary to 
loosen the transit screw during this procedure. 

Install the lower crossed-roller assembly into the V-shaped groove of the 
lower guide rail (making the right and left spacing equal). If specified by the ser
vice literature, lubricate the upper and lower crossed-roller assemblies (typically 

with silicone grease, such as HIV AC-G). 
Set the pickup assembly on the lower guide rail while aligning the outer side of 

the pickup with the outer side of the guide rail. 
Install the upper crossed-roller assembly into the V-shaped groove on top of 

the pickup assembly (Fig. 7.10). Make the right and le(t spacing equal. Align the 
upper guide rail and temporarily tighten the four fastening screws so that the 
pickup assembly can still be moved freely. 

Remove the lid of the belt-replacement access cutout in the unit base (Fig. 
7 .5). Squeeze the top and bottom edges of the upper guide rail at the center with 
thumb and forefinger, as shown in Fig. 7.10. Apply force at an angle of about 45° 
to the upper guide rail face. In this condition, first tighten the two inner screws 
and then the two outer screws. Move the pickup assembly and check that the 
pickup moves smoothly without binding (too tight) or chattering (too loose). 
Tighten the transit screw to lock the pickup assembly in place. 
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FIGURE 7.10 Reinstalling the vertical-door pickup assembly. 

7.2 CD HORIZONTAL FRONT-LOAD 
MECHANICAL SECTION (SINGLE LOAD MOTOR} 

7.15 

Figure 7.11 shows the major mechanical components for a typical front-load CD 
player with a horizontal tray operated by a single open, close, load, and unload 
motor. Figure 7.11 also shows the associated wiring. Note that most of the com
ponents are part of a unit mechanism secured to the mainframe by two rails. 

The tray is moved out of the player front panel by the loading motor (LIDM). 
This action also raises the clamp, or chuck. (Compare this to the functions shown 
in Fig. 5.2a.) A disc is installed manually in the tray, and the tray is pulled within 
the player by the loading motor. This action also lowers the clamp, or chuck, so 
that the disc is pressed against the turntable motor assembly. The turntable mo
tor is operated by a turntable drive motor (Chap. 5) to spin the disc at the appro
priate speed. In most players, the coil assembly can be separated from the turn
table motor and replaced as a separate component. 

The two laser safety interlock switches (one for the cover and one for the tray) 
are connected in series. Both switches must be actuated (tray fully within the 
player, and the player cover in place) before the laser-drive circuits can operate. 
(This is similar but not identical to the laser-drive circuits discussed in Chap. 5.) 
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The loading motor LIDM receives open and close drive signals from the 
system-control microprocessor through gates and transistors. In turn, the micro
processor receives control signals from the front-panel Open/Close switch. The 
microprocessor also receives indicator signals from the tray-open (LSDO) and 
the tray-closed (LIDC) switches. Note that the LIDC switch is actuated when the 
tray is in and the clamp, or chuck, is in the fully down position. (LIDC is iden
tified as the chuck, or CHU, switch in some literature.) 

The LSDO switch is positioned and adjusted to actuate when the tray has 
reached the correct open limit and thus cuts off the loading motor through oper
ation of the system-control microprocessor. No matter what it is called, the 
LIDC, or CHU, switch actuates when the tray is in and the clamp is fully down, 
thus cutting off the loading motor. 

The optical pickup assembly is driven across the disc by the pickup motor, 
which is part of the unit mechanism. The pickup motor is operated by a servo, as 
discussed in Chap. 5. The pickup motor is connected to the pickup drive gears by 
a belt. The belt can be replaced when the player cover and the unit base cover are 
removed, without removing either the pickup or the motor. 

The system-control microprocessor receives a signal from the pickup inner
limit (LMSI) switch. This switch is positioned and adjusted to actuate when the 
pickup assembly has reached the inner limit (start) of the disc. The LMSI signal 
cuts off the pickup motor through operation of the microprocessor and the pickup 
servo. (The LMSI switch is called the LMSW switch in some literature, such as 
in Fig. 5.2b.) 

The entire unit mechanism can be replaced as an assembly (in most players). 
Some manufacturers also recommend replacement of the motors and limit 
switches (and they describe the procedures for replacement and adjustment in 
their service literature). As a practical matter, never disassemble the unit mech
anism beyond that point necessary to replace or adjust a given part. Never make 
any adjustments unless the troubleshooting leads you to believe that adjustment 
is required. 

7.2.1 Operation of the Disc Loading and Unloading Mechanism 

The following paragraphs describe how the tray is moved in and out and how the 
clamp, or chuck, is lowered and raised by the single loading motor. Remember 
that this applies to a specific horizontal front-load CD player (with single motor) 
but is generally correct for most similar players (and represents the most popular 
configuration for CD players). 

Loading and Clamping the Disc. Figure 7.12a shows the sequence for loading 
and clamping (chucking) the disc in a horizontal front-load CD player. As shown, 
the operation can be divided into three basic steps (tray loading, moving the disc, 
and clamping). The loading motor is used as the driving force for all three steps. 
The loading-motor rotation is reduced through gears, then converted into hori
zontal motion of the rack under control of a latch and link mechanism. The rack 
is divided into two sections. One moves as a body with the tray; the other moves 
separately (to move the disc up and down and to provide clamping). 

The tray is loaded 150 mm into the player in about 2 s. The rack is then fixed 
to the tray with a latch. When the tray moves fully into the player, the latch is 
disengaged, the rack then slides, the lifters are lowered, and the disc is moved 
down. This takes about 0.15 s. While the rack is moving 35 mm, the clamp bar is 
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lowered to clamp the disc. The time required for this operation is about 0.55 s. 
When play is complete, the operation is reversed (the clamp bar is raised, the 
lifters raise the disc, and the tray moves outside the player). 

The loading motor is turned off by the LSDO switch (Fig. 7.11) when the tray 
reaches the fully open, or extended, position. The loading motor is also turned off 
by the LIDC switch when the tray is fully in and the clamp is fully down. The 
time between fully open and fully closed is about 2. 75 s. If the system-control 
microprocessor senses that the time between open (LIDO actuated) and close 
(LIDC actuated) is greater than about 5 s (say that you have caught your finger in 
the tray), the microprocessor causes the loading motor to open the tray (move the 
tray to the fully open position). 

Loading the Tray. Figure 7.12b shows details of tray loading. The tray is 
mounted on the tray rails (left and right) and unit rails (left and right). The tray 
rails are part of the tray, while the unit rails are part of the unit plate. Power from 
the loading motor is applied to the rack through gear 1, gear 2, and the pinion 
gear, causing the tray to move in and out in a horizontal plane. The rack can 
move about 45 mm separately from the tray. However, during tray loading, the 
latch works as a stopper so that the rack and tray move as a single unit or body. 

Sliding the Rack. Figure 7.13a shows the relationship of the rack and tray. One 
section of the rack slides independently of the tray to move the disc and to move 
the clamp up and down. During closing, as soon as the tray comes to the close 
position, the latch is fed into the hole of the latch guide and rotates in the direc
tion of the A arrow, permitting the rack to slide in the direction of the Barrow. 

While the tray is opening, the rack first moves about 45 mm, and the R part of 
the rack contacts the foot screw to open the tray. At this time, the latch (which 
has moved into the hole of the latch guide) moves in the direction of the Carrow 
so that the rack imd tray move as a body. 

Moving the Disc up and Down. Figure 7 .13b shows the details of disc up and 
down movement. The disc is moved up and down by the elevation (rotation) of 
the four lifters (which are part of the tray). The lifters are coupled to the lifter 
cam assembly, which is composed of a lifter cam and two cam levers (left and 
right). The two cam levers are moved (around two fulcrums) by the lifter cam. In 
turn, the lifter cam is moved by the lifter spring (in the down direction) and by the 
rack conta'ct at point E (in the up direction). Force is normally applied to the 
lifters in the up direction by the up springs. 

During load, when the disc is to be moved down, the rack moves together with 
the tray until the tray is within the player. During this time, the lifter-cam assem
bly does not contact the lifters, which are held up by the lifter spring. When the 
tray reaches the close position, the rack starts moving backward, point E is sep
arated, but the lifter cam is also moved backward (like the rack) by the force of 
the lifter spring, thus moving the lifters (and disc) down. The rear lifters are op
erated directly by the lifter cam, while the front lifters are moved to the down 
position by the left and right cam levers. 

During unload, when the disc is to be moved up, the force from the loading 
motor which moves the rack forward is received at point E. This moves the lifter
cam assembly forward to separate the lifter cam from the lifters. The rear lifters 
are separated from the lifter cam, while the front lifters are released by the left 
and right cam levers. The lifters are moved to the up position by the up springs. 
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FIGURE 7.13 Details of rack, tray, and disc in horizontal tray players (single load motor). 

Clamping the Disc. Figure 7.14 shows details of disc clamping. The disc is 
clamped onto the turntable by the clamp bar, which uses the horizontal move
ment of the rack as a drive force. The rack moves about 35 mm after the disc is 
moved down. The rack has a slope A, which contacts the boss of the C cam. This 
rotates the C cam in the direction of the Parrow. The C cam motion is coupled 
through the C cam springs to the C arm, which moves the clamp bar over the 
disc. 

During load, when the rack moves backward and the disc is clamped, slope A 
rotates the C cam in the direction of the Parrow. At this time, the C arm is ro
tated in the direction of the S arrow by the force of the C cam spring (1), thus 
clamping the disc onto the turntable. 

During unload, when the rack moves forward and the disc is undamped, the 
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boss of the C cam is moved along slope A by the force of C cam spring (2), turn
ing the clamp bar up to unclamp the disc from the turntable. 

7 .2.2 Mechanical Section Servicing Precautions 

All precautions described in Sec. 7.1.1 generally apply to horizontal front-load 
CD players. Here are some additional precautions to consider. 

In many horizontal front-load CD players, the laser diode does not receive 
drive signals (Fig. 7.11b) unless the tray is fully retracted (to actuate the tray laser 
safety interlock switch) and the player cover is in place (to actuate the cover in
terlock switch). In players with circuits such as shown on Fig. 5.2b, only one 
laser safety interlock (chuck switch S3) is used. With either configuration, you 
must override these interlocks during service. Try to avoid this. If you must over
ride the interlocks, always avoid direct exposure to the laser beam. Never look 
directly into the objective lens. 

7.2.3 Gaining Access to the Components 

This section describes the basic procedures to open the player for service. Re
member that these procedures are "typical" for horizontal CD players. Always 
follow any disassembly procedures found in the service literature. Figure 7.15 
shows the components involved. 
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Figure 7.15a shows the procedure for taking off the cover. Slide off the back 
cover after disengaging the screws (1). 

Figure 7.15b shows the procedure for removing the escutcheon plate. After 
removing the cover, disengage screws (2) and (3), and wire-holder fixing screw 
(4). Pull the escutcheon plate to the front. 

Figure 7.15c shows the procedure for removing the unit mechanism. After re
moving the escutcheon plate, disengage screws (5) and (6). Slide the unit mech
anism backward (in the direction of the arrow), and disconnect the unit lead wires 
from the unit mechanism. 

Figures 7.15d through 7.15g show the procedures for removing the various 
PWBs and the power transformer. After removing the escutcheon plate, disen
gage screws (7), and then take off the lower click fasteners to remove the PK 
PWB. Hold the upper end of the plastic PWB support (Fig. 7.15e) at both sides, 
and remove the support from the PS PWB. It is convenient to insert the removed 
PS PWB into the slit of the support and keep it there during repair. 

Disengage the screws that hold the chassis of the PWB support. Stand the 
player with the unit mechanism facing down (Fig. 7.15/). Disengage screws (8) 
and (9) and remove the chassis. After removing the unit mechanism, pull the 
power lever in the direction of the arrow to remove the lever. Disengage screws 
(10) and (11) and remove the ac PWB in the direction of the rear plate. After re
moving both the unit mechanism and the ac PWB, disengage screws (12) and re
move the power transformer. 

Figure 7.15h shows the procedure for removing the output volume control and 
headphone jack. After removing the escutcheon plate, lift the lower subpanel 
click fasteners in the direction of the Parrow. Rotate the subpanel in the direc
tion of the Q arrow, engaging the upper part, and remove the subpanel. Then re
move the output volume control and headphone jack attached to the subpanel. 

After removing the escutcheon plate, take off the PK PWB and disengage the 
screw (13) (Fig. 7.15d). The control assembly can then be removed. 

7 .2.4 Changing the Pickup Drive Belt 

Figure 7.16a shows the basic procedures required to change the pickup assembly 
drive belt. Disengage screws (14) and remove the unit base cover. Disconnect the 
LED connector. Turn the power on. Press the disc Open/Close switch to open 
the disc tray. Use tweezers to remove the old belt and to install a new one. To 
mount the new belt, first install the belt on the pulley, and then on the motor 
shaft, using tweezers. Be careful not to touch the objective lens during this pro
cess. 

7 .2.5 Adjusting the Loading Mechanism 

Figure 7.16b through 7.16/ show the procedures for adjusting the disc-loading 
mechanism, including the open and close limit switches and the laser safety in-
terlock switches. · 

Adjusting the Tray-Closing Position. Close the tray, as shown in Fig. 7.16b. Turn 
the right adjusting screw so that the screw just contacts the tray. Then turn the 
right adjusting screw another half turn (about 0.25 mm). Repeat the same proce-
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dure for the left adjusting screw. Apply a sealer to the adjusting screws to prevent 
them from loosening. 

Adjusting the Tray-Closed Microswitch Position. Adjust the LIDC microswitch 
(also called the chuck, or CHU, switch in some literature) so that the switch is 
actuated when the clamp bar is fully lowered, using the dimensions of Fig. 7.16c 
as a guide. Tighten the microswitch-mounting screws in this position. 

Adjusting the Tray-Mounting Unit Rails. The tray-mounting unit rails must be 
perfectly parallel, as shown in Figs. 7.16d and 7.16e. Remove the player cover 
and unit-base cover. Pull out the tray. Loosen (but do not remove) the left rail 
mounting screws. Fix slide calipers at 148.8 mm (or whatever dimension is spec
ified in the service literature). Secure the calipers on the rails as shown, and 
check that the rails are parallel. 

Repeat this two or three times for best accuracy. Tighten the mounting screws 
in this position. Now move the tray back and forth. The tray must not bind at any 
point between fully open to fully closed. Equally important, there must be no 
chattering or vibration when the tray is moved. 

Adjusting the Loading-Mechanism Switches. Figure 7.16/ shows the relationship 
of the laser-interlock switches and the loading-mechanism limit switches to the 
tray and clamp bar. As shown in Fig. 7.16c, the LIDC (tray-closed, or chuck) 
switch is actuated (closed) by the tray when the tray is open. 

The laser tray-open switch is closed only when the tray is fully in, and it opens 
when the tray is in any other position (moving or stopped). The laser cover-open 
switch is closed only when the player cover is in place, and it opens when the 
cover is removed. 

As long as all of these conditions are met, the actual mounting dimensions for 
the switches are not critical (with a possible exception of the LIDC dimensions, 
Fig. 7.16c). Make certain to tighten the switch-mounting screws once you are cer
tain that the switches actuate properly. (This same condition is true for the LMSI 
pickup inner-limit switch shown in Fig. 7.11.) 

7.2.6 Further Disassembly of the Unit Mechanism 

We do not go into further disassembly of the unit mechanism here. Typically, you 
can remove and reinstall the tray mechanism, disc clamp and springs, turntable
motor coil assembly (and possibly the turntable motor and turntable assembly), 
pickup assembly, pickup motor, and loading motor. Figure 7.11 shows the rela
tionship of these components in a typical horizontal front-load CD player (the 
most popular model). 

The procedures required for disassembly and reassembly can differ greatly 
from one CD player to another. You must follow the procedures and study the 
exploded-view illustrations (if any) found in the service literature for the partic
ular player you are servicing. The procedures we have covered thus far in this 
section can serve as a guide to understanding the service literature. 
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7.3 CD HORIZONTAL FRONT-LOAD 
MECHANICAL SECTION (TWO MOTORS) 

Some horizontal front-load CD players have a separate motor to operate the disc 
clamp (or chucking arm, as it may be called). Figure 7.17 shows such an arrange
ment, as well as the associated wiring. Before we get into chucking-arm opera
tion, let us consider the sequence of the loading process. 

As shown in Fig. 7.17b, the loading motor M 1 and chucking motor M 2 are 
driven with the amplifier IC304 output signals (at pin 16 of IC304). The load-out 
and load-in signals are taken from pins 19 and 20 of system-control microproces
sor IC102• Switches are used to connect M 1 and M 2 or to make the motors ready 
for operation or to indicate the status of the mechanical components. 

7.3.1 Tray-Open Sequence 

The following sequence of operation occurs from the disc-tray closed state to the 
disc-tray open state. 

When Open/Close switch S903 is operated, the output at pin 19 of IC102 goes 
high (about +3.2 V). Because of the inversion at pin 12 of IC304, the amplified 
output at pin 16 of IC304 goes low (about -9 V). 

The chucking motor M 2 is supplied power through the chucking and loading 
switch s905 (which is in the chucking position when the tray is fully in) and the 
disc-tray open and close switch S904 (which is closed when the tray is fully in). 
The chucking motor M 2 starts to rotate, and the chucking arm moves up to 
unclamp the disc (Sec. 7.3.3). 

When the disc is undamped (chucking is released), S905 switches to the load
ing position. This removes power from the chucking motor M 2 and applies power 
to the loading motor MH causing the disc tray to start moving out of the player. 
When the tray has moved about 3 mm, S904 opens, preventing power from being 
applied to the chucking motor M 2 • 

When the tray is fully open, or extended, disc-tray position switch S907 is 
closed. The input at pin 40 of IC102 is grounded (0 V). The output from pin 19 of 
IC102 is removed (0 V) and power is removed from loading motor M 1• This com
pletes the unloading sequence. 

7.3.2 Tray-Close Sequence 

The following sequence of operation occurs from the disc-tray open state to the 
disc-tray closed state. 

When open and close switch S903 is operated, the output at pin 20 of IC102 

goes high. Because there is no inversion at pin 11 of IC304, the output at pin 16 of 
IC304 goes high (about + 10 V). 

The loading motor M 1 is supplied power through S905 (now in the loading po
sition), and the disc tray is closed (moves within the player). 

When the disc tray has reached the fully in position, S904 is closed, connecting 
M 2 to power through D 964• Chucking motor M 2 moves the chucking arm down 
over the disc. A short time after chucking is complete, S905 switches to the 
chucking position, shunting D964 • 

Power to the loading motor M 1 is maintained throughout the chucking process 
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through D 960• This ensures that the disc tray does not move until locked (Sec. 

7.3.4). 
When the chucking arm reaches the final position (disc fully clamped on the 

turntable), chucking-detector switch S803 is closed. The input at pin 39 of IC102 is 

grounded (0 V). The output from pin 20 of IC102 is removed (0 V), and power 

(from pin 16 of IC304) is removed from both motors. This completes the loading 

sequence. 

7 .3.3 Chucking-Arm Operation 

Figure 7.17a shows the chucking mechanism at the moment when chucking is 

complete. The following sequence of operation takes place from the chucking 

complete state to the release of chucking state. 

Chucking motor M 2 rotates, and gears A, B, and C rotate in directions a, b, 

and c. 

The chucking-cam lever and the chucking cam move in direction d. 

The chucking cam pushes the chucking arm in direction e. The chucking func

tion is then released (disc undamped). 

When the chucking-cam lever reaches the final position, S905 switches over to 

the loading position, and the tray moves out. 

7.3.4 Disc-Tray Fixing 

During the initial phase of the chucking operation, the disc tray is fixed (or held) 

in position. This is shown in Fig. 7.17c. The sequence is as follows. At the be

ginning of the chucking operation, the chucking-cam lever moves in direction K. 

The lock arm is pushed in direction L by the chucking-cam lever, and the lock 

arm engages with the lock cam. The disc tray is then locked in the closed posi

tion. 

7 .3.5 Disc Detector 

As shown in Fig. 7.17b, a disc-detection phototransistor is connected to pin 41 of 

IC102• The purpose of the disc detector is to tell the system-control microproces

sor whether or not a disc is in place. 
If a disc is in place, the phototransistor is covered, and the input to pin 41 of 

IC102 is not grounded (high). If a disc is not in place, surrounding light is applied 

to the phototransistor, which conducts and grounds pin 41 of IC102 (producing a 

low at pin 41). These high and low signals at pin 41 tell IC102 the status of the 

disc. 
In many players that have a disc detector, the turntable will not operate and 

the normal play function cannot be selected without a disc in place. Remember 

this when troubleshooting a "player will not play" symptom. Make sure that 

there is a disc in place and that light is not leaking to the disc-detector 

phototransistor (or that the phototransistor is not malfunctioning). Also remem

ber that most players do not have a separate disc-detector system. Typically, 
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most present-day players will shut down when the laser cannot be focused (be
cause there is no disc in place, as discussed in Sec. 5.6). 

7.4 CDV MECHANICAL SECTION 

This section is devoted to the mechanical functions of a typical CDV player (such 
as the player described in Chaps. 6 and 9). Again, these descriptions must be 
compared with the CDV player you are servicing (which, of course, will be alto
gether different). 

Figure 7.18 shows major components of our CDV player (with covers re
moved), as well as a close-up view of the optical pickup assembly. The remainder 
of this section shows the steps necessary to replace and adjust those mechanical 
components most likely to require service (which, it is hoped, will never happen). 

Caution: If it becomes necessary to work with the pickup assembly (especially 
if you remove and reinstall the pickup), always follow all of the precautions de-
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-FIGURE 7.18 Major components of CDV player (with covers removed). 
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scribed in Sec. 4.1.5 and illustrated in Fig. 4.2. The laser-diode and photodiodes 
in any CDV optical pickup assembly are electrostatically sensitive devices (ESD) 
and must be so treated (using wrist straps, working on a conductive sheet, etc.). 

7.4.1 Replacing the Pickup Assembly 

This section describes the steps necessary to remove and replace the entire 
pickup assembly. Refer to Fig. 7.19 for the location of parts. 

1. Remove the top cover and bottom plate by removing the screws, as shown in 
Fig. 7.19a. 

2. Switch the power on and press the Open/Close key to eject the disc tray. Then 
switch the power off. 

3. With the tray out, move the pickup assembly to the position shown in Fig. 
7.19b. The pickup can be moved by rotating the slider motor manually. On 
most players, you can also operate the slider motor with a 1.5-V battery con
nected across the slider-motor terminals. 

4. Stand the player on its side, as shown in Fig. 7.19c (with the power trans
former at the top). Unfasten the three video-assembly screws and the three 
rear-panel screws. Open the video assembly and disconnect J 402 from the 
digital-audio assembly. 

5. Disengage the J 101 lock in the servo assembly, and carefully remove the flex
ible cable. Place a paper clip across the foil conductors at the end of the flex
ible cable after removal from J 101 • 

6. Unfasten the pickup-securing screw from the player top, as shown in Fig. 
7.19d. Carefully remove the pickup assembly. Try to avoid touching the sol
dered sections of the pickup assembly since these connect to the laser diode 
and photodiodes (which are ESD). 

7. Using a wrist strap and conducting sheet, mount a new pickup assembly, and 
tighten the securing screw (Fig. 7.19d). Carefully reconnect (and lock) the 
flexible cable to J 101 in the servo assembly (Fig. 7.19c). 

8. If a new pickup assembly is installed, or even if the old pickup is returned to 
the player, check the adjustments described in Sec. 9.3. Pay particular atten
tion to the spindle-motor centering check and adjustment in Sec. 9.3.6. 

7 .4.2 Dismantling the Tray Assembly 

This section describes the steps necessary to remove and replace the tray assem
bly (which should be avoided). Refer to Fig. 7.20 for location of parts. 

1. Remove the top cover (but not the bottom plate) by removing the screws, as 
shown in Fig. 7.20a. 

2. Switch the power on and press the Open/Close key to eject the disc tray. Then 
switch the power off. 

3. If the tray does not move to the fully out position (say because of a defective 
loading motor, no microprocessor open signals to the motor, etc.), use the 
manual tray-opening procedures in Sec. 7.4.3. 
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FIGURE 7.19 Removing and replacing CDV pickup assembly. 

4. With the tray out, remove the screw, stopper, and bushing and then remove the 
tray assembly (by pushing the center of the tray slightly), as shown in Fig. 7.20b. 

7 .4.3 Manual Tray-Open Procedure 

This section describes the steps necessary to open (or eject) the disc tray manually 
(when the tray cannot be moved out with the Open/Close key and loading motor). 
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FIGURE 7.20 Removing and replacing CDV tray assembly. 
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1. With the top cover removed, push on the white nylon movements to raise the 
disc tray, as shown in Fig. 7.20c. 

2. Turn either gear in the direction of the arrows until the tray just starts to move 
toward the front. 

3. Push gently at the rear to move the tray to the full-out position. 

7.4.4 Installing the Tray-Loading Mechanism 

This section describes the steps necessary to install (or reinstall) the tray-loading 
components after the tray has been removed from the player. 

1. Attach the link and left and right movements so that the three parts engage as 
shown in Fig. 7.20d. Then turn the link fully counterclockwise. 

2. Engage the lock assembly with the rack-gear portion of the movement, and 
then attach the cam gear, as shown in Fig. 7.20e. 

3. Attach the belt around the timing gears so that both timing gears face in the 
same direction, as shown in Fig. 7.20f. 

4. Check that the Up and In switches are attached in the directions shown in Fig. 
7.20e. 

7.4.5 Attaching the Tray Assembly 

This section describes the steps necessary to attach the tray assembly (if you 
should be so foolhardy as to remove it during service). Refer to Fig. 7.21 for the 
location of parts. 

1. Switch the power on and press the Open/Close key to move the tray out. 
(Since there is no tray, watch the cam gear rotate). When the cam gear stops 
rotating, switch the power off while holding the Out sensor switch, as shown 
in Fig. 7.2la. 

2. After making sure that the cam gear has rotatedful(y clockwise (as is the case 
when the tray is fully ejected, or out), check alignment of the loading-gear 
markers as follows: (a) the markers on the cam gear and tray-drive gear must 
be aligned and (b) the indentations (or markers) on the movements and lifters 
must also be aligned. Do not check either alignment until you are certain that 
the cam gear is fully clockwise. If the markers are not aligned, use the align
ment procedure in Sec. 7.4.6. 

3. With all gears properly aligned, open the front-panel door and insert the tray 
horizontally, aligning the tray with the timing gears on the left and right (Fig. 
7.2la). When inserting the tray, make certain that the rollers are well seated in 
the grooves of the tray rack. 

4. Continue pushing the tray until the first tooth of the tray rack engages the tray
drive gear teeth at the marker, as shown in Fig. 7.21b. 

5. With the tray properly engaged, secure the stopper with the screw, and insert 
the bushing (Fig. 7.20b). 
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FIGURE 7.21 Attaching CDV tray assembly and aligning tray-loading 

gears. 

6. Switch the power on and press the Open/Close key to move the tray in and 

out, making certain that the loading motor stops when the tray is fully in or 

out. There should be no problem if the In, Out, and Up switches are in the 

positions shown in Figs. 7.20e and 7.21a. 

7.4.6 Aligning the Tray-Loading Gears 

The tray-loading gears do not often go out of alignment during normal operation. 

Generally, you never need to check alignment unless the tray is removed from 

the player. However, if excessive force is applied to the tray, it is possible that 
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the gear teeth may slip (particularly if the force is applied when the teeth tips are. 
engaged). Examples would be if the tray is moving out and hits against a solid 
object or if someone trys to push the tray in manually. 

Should the gears go out of alignment, as evidenced by failure of the tray to go 
fully in or fully out (or both), check the alignment as shown in Fig. 7.21a. Then, 
if absolutely necessary, align the gears as follows. 

If the markers of the cam gear and tray-drive gear are not aligned, remove the 
plastic washer that retains the tray-drive gear, and reset the gear as necessary for 
proper alignment. 

If the markers of the lifter and movement are not aligned, rotate the cam gear 
clockwise (trying desperately not to damage the gear teeth) until just before the 
lock assembly has locked the tray-drive gear. Then align the markers (indenta
tions) manually. 

With both sets of markers aligned, repeat the tray-attaching procedures in 
Sec. 7.4.5 from the start. 



CHAPTER 8 
CD PLAYER 

TROUBLESHOOTING 
AND ADJUSTMENT 

This chapter describes a series of troubleshooting and adjustment procedures for 
a cross section of CD player circuits. As discussed in the preface, it is not prac
tical to provide specific troubleshooting procedures for every CD player. Instead, 
we describe a universal troubleshooting approach, using specific examples of CD 
players. These examples just happen to be the circuits discussed in Chap. 5. In 
this way, you can relate the theory (Chaps. 1 and 5) to the troubleshooting pro
cedures in this chapter; then you can relate both to the specific CD player you are 
servicing. 

Because adjustments are closely related to troubleshooting, we also describe 
typical adjustment procedures for CD players. Again, the circuits covered are 
some of those described in Chaps. 1 and 5 and we use the test equipment de
scribed in Chap. 4. When servicing other players, you must follow the manufac
turer's troubleshooting and adjustment instructions exactly. Each type of player 
has its own electrical and mechanical test and adjustment points and procedures, 
which may or may not be different from procedures for other players. 

Using the adjustment procedure example, you should be able to relate the pro-, 
cedures to a similar set of adjustment points on most CD players. Where it is not' 
obvious, we also describe the purpose of the adjustment procedure. The 
waveforms or signals measured at various test points during adjustment are also 
included here. By studying the waveforms and signals, you should be able to 
identify typical signals found in most CD players, even through the signals may 
appear at different points for your particular player. 

B. 1 THE BASIC CD 
TROUBLESHOOTING FUNCTIONS 

Troubleshooting can be considered as a step-by-step logical approach to locate 
and correct any fault in the operation of equipment. In the case of a CD player, 
seven steps are required. 

First, you must study the player using service literature, user instructions, 
schematic diagrams, and so on, to find out how each circuit works when operat
ing normally. In this way, you will know in detail how a given player should 

8.1 
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work. This is why the theory of operation for typical CD and CD-ROM players is 
included in Chap. 5. 

Obviously, you must study the service literature for the particular player you 
are servicing. The functions and features of all CD players are similar, but not 
identical, to those of all other players. If you do not take the time to learn what 
is normal, you will never be able to distinguish what is abnormal. For example, 
some players simply produce better sound than other players, even when oper
ating normally. (Frequency response, dynamic range, and signal-to-noise ratio 
are greater for one player.) You can waste hours of precious time (money) trying 
to make the inferior player perform like the quality instrument if you do not know 
what is "normal" operation. This is especially important when working on audio 
equipment, where all customers have a "golden ear." 

Second, you must know the function of, and how to manipulate, all player 
controls. This is why the operating controls for typical CD players are discussed 
in Chap. 3. Again, you must learn the operating controls for the player being ser
viced. It is also assumed that you know how to operate the controls of the stereo 
system used to amplify and reproduce the CD layer output. An improperly ad
justed stereo system can make a perfectly good player appear to be bad. 

As an example, if the graphic~equalization controls of a stereo system are set 
to some weird combination, any CD player can sound equally weird. One sug
gestion for evaluation of a CD player in the shop is to have at least one stereo 
system of known quality. All players passing through the shop can be compared 
against the same standard. In any event, it is difficult, if not impossible, to check 
out a player without knowing how to set the controls. Besides, it makes a bad 
impression on the customer if you cannot find the disc tray, especially on the 
second service call. 

Third, you must know how to interpret service literature and how to use test 
equipment. Along with good test equipment that you know how to use, well
written service literature is your best friend. In general, CD player service liter
ature is good as far as procedures and drawings are concerned. Unfortunately, 
this literature is often weak when it comes to descriptions of how circuits operate 
(theory of operation). The "how it works" portion of most player literature is 
often sketchy, or simply omitted, on the assumption that you and everyone else 
know CD player theory as well as circuit functions. 

Fourth, you must be able to apply a systematic, logical procedure to locate 
troubles. Of course, a "logical procedure" for one type of player is quite illogical 
for another. For example, it is quite illogical to check the loading-circuit 
microswitches for a top-load player (since such switches generally do not exist on 
top-load models). Likewise, many vertical-door players do not have laser safety 
interlock switches, and many players of all types do not have separate disc
detection circuits. However, all front-load players with horizontal trays have 
loading-circuit microswitches as well as laser safety interlocks. For this reason, 
we discuss logical troubleshooting approaches for various types of players, in ad
dition to basic troubleshooting procedures. 

Fifth, you must be able to logically analyze the information of an improperly 
operating player. For that reason, much of the troubleshooting information in 
this chapter is based on trouble symptoms and their relation to a particular circuit 
or group of circuits in the player, as discussed in Sec. 8.2. The information to be 
analyzed may be in the form of performance (such as failure of the disc to load 
normally) or may be indications taken from test equipment (such as waveforms or 
signals monitored with a scope). Either way, it is your analysis of the information 
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that makes for logical, efficient troubleshooting. 
Sixth, you must be able to perform complete checkout procedures on a player 

that requires service. Such checkout may be only a simple operation, such as select
ing each mode of operation. At the other extreme, the checkout can involve com
plete adjustment of the player, both electrical and mechanical. This brings up a prob
lem. Although adjustment of controls {both internal and front panel) can affect 
circuit operation, such adjustment can also lead to false conclusions during trouble
shooting. There are two extremes taken by some technicians during adjustment. 

On one hand, the technician may launch into a complete alignment procedure 
once the trouble is isolated to a circuit. No control, no matter how inaccessible, 
is left untouched. The technician reasons that it is easier to make adjustments 
than to replace parts. While such a procedure eliminates improper adjustment as 
a possible fault, the procedure can also create more problems than are repaired. 
Indiscriminate adjustment is the technician's version of "operator trouble." 

At one extreme, a technician may replace part after part where a simple 
screwdriver adjustment will repair the problem. This usually means that the tech
nician simply does not know how to perform the adjustment procedure or does 
not know what the control does in the circuit. 

To take the middle ground, do not make any internal adjustments during the 
troubleshooting procedure until trouble has been isolated to a circuit and then 
make them only when the trouble symptom or test results indicate possible mal
adjustment. This middle-ground approach is taken throughout this chapter. 

In any evel).t, some checkout is required after any troubleshooting. One reason 
is that there may be more than one problem. For example, an aging part may 
cause high current to flow through a resistor, resulting in burnout of the resistor. 
Logical troubleshooting may lead you quickly to the burned-out resistor, and re
placement of the resistor restores operation. However, only a thorough checkout 
can reveal the original high-current condition that caused the burnout. Another 
reason for after-service checkout is that the repair may have produced a condi
tion that requires readjustment (such as after replacement of the pickup assembly 
or turntable motor). 

Seventh, you must be able to use the proper tools to repair the trouble. As 
discussed in ~hap. 4, CD player service requires all the common handtools and 
test equipment found in audio and stereo service, plus some special tools that are 
unique to the particular player. As a minimum, you must have (and be able to 
use) various metric tools, and you must have an assortment of test discs (at least 
some known-good discs). The average TV service technician is generally not fa
miliar with these items (unless that technician also happens to service VCRs, vid
eodisc players, tape recorders, stereo decks, etc.). 

In summary, before starting any troubleshooting job, ask yourself these 
questions: Have I studied all available service literature to find out how the 
player works? Can I operate the player properly? Do I really understand the ser
vice literature and can I use all required test equipment and tools properly? Using 
the service literature and/or previous experience on similar players, can I plan 
out a logical troubleshooting procedure? Can I logically analyze the results of op
erating checks, as well as checkout procedures involving test equipment? Can I 
perform complete checkout procedures on the player, including electrical and 
mechanical adjustment and so on if necessary? Once I have found the trouble, 
can I use common handtools to make the repairs? If the answer is no to any of 
these questions, you simply are not ready to start troubleshooting any CD player. 
Start studying. 
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8.2 THE CD TROUBLESHOOTING APPROACH 

The troubleshooting approach here is based on trouble symptoms and grouping 
of circuits. First, a separate section is devoted to each major circuit group in a 
typical CD player. A series of trouble symptoms is listed for each circuit group. 
The sections start with a description of the troubleshooting approach for that type 
of circuit and then go on to describe specific examples of trouble localization. 
Both the approach and symptoms can apply to any CD player but are related spe
cifically to the player circuits described in Chaps. 1 and 5. 

In some cases, the troubleshooting procedure requires adjustments, both elec
trical and mechanical. For that reason, the electrical adjustments are given ahead 
of the troubleshooting sections. (Mechanical adjustments, including the switches 
used in mechanical operation, are discussed in Chap. 7.) The adjustment proce
dures are referred to in the troubleshooting sections as necessary. 

8.2.1 Preliminary Checks 

Always make a few preliminary checks before launching into a full troubleshoot
ing routine for any player. Start with the following: 

Make certain that the transit screw is removed or loosened before operating 
the player. Tighten the transit screw only when the CD player is to be moved. 

If practical, check that the customer's stereo system is operating normally be
fore you do any extensive service on the CD player. 

Cleaning the objective lens should be a routine part of servicing. A dirty 
objective lens can cause a variety of symptoms (intermittent or poor focus, 
skipping across the CD, erratic play, and excessive dropouts, to name a few). 
These same symptoms can also be caused by a defective disc. Try a known
good disc first. 

Do not replace the pickup assembly or make any adjustments to the pickup 
before checking for mechanical problems that can affect it. For example, look 
for binding at any point on the pickup travel, which indicates that the rails, or 
guides, are adjusted too tightly (Sec. 8.4). At the other extreme, if you hear a 
mechanical "ratcheting" or "chattering" when the pickup is moved, the rails 
may be too loose. Note that mechanical adjustments are discussed in Chap. 7. 

8.2.2 Preliminary Troubleshooting 

Before you plunge into any CD circuit, here are some rather obvious but often 
overlooked checks that may cure mysterious problems: 

If the CD player operates manually but not by remote control, check the 
remote-unit batteries (and control cable if any). Then try resetting the power 
circuits by pressing the front-panel power button on and off. 

If the left or right speaker is dead when the CD player is used in a system, try 
playing another component connected to the audio system line {AM/FM tuner, 
cassette deck, etc.). If operation is normal with the other component, suspect 
the CD player. Also check for a loose cable between the CD player and other 
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components. Then temporarily reverse the left and right speaker leads. If the 
same speaker remains dead, the speaker is at fault. 
If the left or right speaker is dead when the CD player is used in a nonsystem 
configuration, temporarily reverse the left and right cable connectors at the 
amplifier input from the CD player. If the same speaker remains dead, the am
plifier (or speaker) is at fault. If the other speaker goes dead, suspect the CD 
player or the player output cable. 
If there is no sound from either speaker, check for the following. Both 
speaker-selector switches (if any) may be turned off. The wrong speaker ter
minals may have been selected (on amplifiers with two sets of speakers). The 
speaker cables may be disconnected. The CD player cables may be discon
nected or improperly connected. In a nonsystem configuration, the output 
level may be too low (control too far counterclockwise), or the amplifier out
put selector may be set for the wrong source. Try playing the amplifier with a 
different input. 
If the sound is distorted, the output level may be too high, or the CD player 
output may be connected to the phono input of the amplifier. 
If there is hum or noise (only when the CD player is used), check for the fol
lowing. A shield of the audio cable from the CD player may be broken, or the 
connector may not be firmly seated in the jacks. The CD player may be too 
close to the amplifier. The magnetic fields produced by the amplifier may in
duce hum into the player circuits (not likely, but possible). It is also possible 
(but not probable) that the laser may cause interference in the amplifier cir
cuits. 
If the player does not start, check the following (right after you are sure that 
the power cord is plugged in): Make certain that there is a CD in the tray, that 
the CD is properly loaded (not upside down; the label should be up), and the 
CD is firmly seated on the supports. Also check to see if the CD is very dirty, 
scratched, or warped. It is also possible that moisture has condensed on the 
CD or the objective lens. 
If the sound cuts or repeats at some point, there may be a very dirty spot on 
the CD. Clean the CD with a soft cloth and mild detergent. (Do not use any 
commercial cleaners unless they are recommended for CDs.) It is also possi
ble that there is a scratch on the CD. Try skipping the point where sound cuts 
or repeats. 

8.3 CD ELECTRICAL ADJUSTMENTS 

The following paragraphs describe complete adjustment procedures for a CD 
player such as the one described in Chap. 5. Each procedure is accompanied by 
diagrams that show the electrical locations for all adjustment controls and mea
surement points (test points, or TPs), as well as the waveforms or signals that 
should appear at the test points. 

Remember that the procedures described here are the only procedures rec
ommended by the manufacturer for that particular model of CD player. Other 
manufacturers may recommend more or less adjustment. It is your job to use 
the correct procedures for each player you are servicing. 

Also remember that some disassembly and reassembly may be required to 
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reach test and/or adjustment points. We do not include any disassembly or 
reassembly here for two reasons. First, such procedures are unique and can ap- · 
ply to only one model of player. More important, disassembly and reassembly 
(both electrical and mechanical) are areas where CD player service literature is 
generally well written and illustrated. Just make sure that you observe all the 
notes, cautions, and warnings found in the disassembly and reassembly instruc
tions of the player literature. The procedures for removal of covers and gaining 
access to parts for some CD players are discussed in Chap. 7. 

The remainder of this section describes the test and adjustment procedures for 
a typical CD player. Compare these procedures to those found in the service lit
erature. We start with the laser-diode adjustment, which is always a good point to 
start on any type of CD pl&yer (including CD-ROM). 

8.3.1 Laser-Diode Test and Adjustment 

Normally, the laser diode need not be adjusted or tested unless (1) the pickup has 
been replaced or (2) troubleshooting indicates a laser problem. So, before you 
suspect the laser, consider the following points. 

Even though the laser beam is invisible (except for the older helium-neon 
lasers), the diffused laser beam is often visible at the objective lens. (The lens 
appears to glow when the beam is on.) Also, when power is first applied to the 
optical circuits, the objective lens moves up and down two or three times to focus 
the beam on the CD, as described in Sec. 5.6. So, if you see the objective lens 
move when power is first applied, it is reasonable to assume that the laser is on 
and producing enough power to operate the optics. 

Of course, this brings up some obvious problems. First, on most players, if 
you open the CD compartment and gain access to see the lens, you must override 
at least one interlock. Next, many players have some provision for shutting down 
the player optics if there is no CD in place (Sec. 5.6), so you must override this 
feature. 

Most important, never, never look directly into the objective lens with power 
applied, and keep your eye at least 12 in from the lens. The purpose of the lens is 
to focus the beam sharply onto the CD. The lens can do the same job for your 
eye. 

The service literature for early-model CD players sometimes recommends 
monitoring the laser with a light meter. However, it is more practical (and much 
easier) to adjust the laser diode output until you get an eight-to-fourteen modu
lation (EFM) signal of correct amplitude. This not only checks the laser but also 
checks the photodiodes and IC amplifiers following the photodidoes. 

Figure 8.1a is the diagram for testing and adjusting the laser diode using the 
EFM signal. Before you make the adjustment, set R629 to minimum and then in
crease the setting as required. 

Note that chuck switch S3 must be in the closed (tray in) position before 
power is applied to Q601 and the laser. You must override S3 manually during 
adjustment. If S3 is in the tray-open position, the laser has no power and IC301 

receives a 5-V signal to shut the system down. 

1. Connect the scope as shown in Fig. 8.1a. With this connection you are mon
itoring the EFM signal (after the photodetector output is preamplified). As 
discussed, the EFM signal (at this test point) is also applied to the tracking, 
focus, and pickup-motor servos, as well as to the signal-processing circuits. 
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2. Load a CD in the player and select play. The EFM signal should appear on the 
scope and produce a waveform similar to that shown in Fig. 8.1a. 

3. Adjust R 629 until the EFM signal level is 0.7 V (or as specified in the service 
literature, typically 0.5 to 0.9 V). 

Be aware that laser diodes can be damaged by current surges (as can any semi
conductor). Typically the lasers used in CD players have drive-current limits in 
the 40- to 70-mA range, possibly 100 rnA. Generally, 150 rnA is sufficient to dam
age (if not destroy) any CD laser diode. 

Current limitations can present a problem since laser diodes may require more 
drive current to produce the required light as the diode ages. Some service liter
ature spells out "safe" limits of laser drive current. The simplest way to check 
laser drive current is to measure the voltage across a resistor in series with the 
diode, such as R623 in Fig. 8.1a, and then calculate the drive current. For exam
ple, if the recommended laser diode current is 40 to 70 rnA and the series resis
tance is 22 0, the voltage should be between 0.88 and 1.54 V. You can make this 
check before adjustment of the diode, and you should make the check after ad
justment (to make sure that you have not exceeded the safe drive limits). 

8.3.2 Pickup-Motor Adjustment 

Pickup-motor adjustment is not available on all CD players. When available, the 
adjustment sets the point where the pickup accesses the beginning of the CD (the 
directory). If the adjustment is not correct, the program information may not be 
read properly. 

Note that the adjustment controls the pickup-motor servo and is not to be con
fused with the inner-limit switch (S1, Fig. 8.4). However, the two adjustments are 
interrelated. For example, if you set the switch so that the pickup motor cannot 
reach the inner limit, the servo cannot be adjusted to access the full CD direc
tory. 

1. Monitor the voltage at test point TP15, as shown in Fig. 8.1b. With this con
nection, you are monitoring the pickup motor output from servo IC101 • 

2. Load a CD in the player and select play mode. 

3. While the CD is playing, connect pin 11 of IC301 to ground. This simulates a 
low TSW signal to 1~01 from IC101 and prevents pin 11 from going high 
(which would cause IC301 to shut the system down). 

4. Set the player to stop. After about 10 s, measure the de level at TP 15, and 
adjust R 107 so that the reading is 0 V ±50 mV. Adjust R 107 in small incre
ments and wait for the voltage level to stabilize before continuing the adjust
ment. (Make sure to remove the ground from pin 11 of IC301 when adjustment 
is complete.) 

8.3.3 Tracking Adjustment 

Figure 8.1c shows the tracking adjustment diagram. With this setup, you are 
monitoring the EFM signal and adjusting the optical pickup (through the servo 
and tracking actuator) so that the laser beam is properly centered on the tracks 
(as indicated when the EFM is maximum). Note that R603 sets the offset of the 
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two tracking photodiodes but not the four remaining focus and audio photo
diodes. 

1. Load a CD in the player and select play mode. The EFM should produce a 
waveform on the scope (similar to that shown in Fig. 8.1a, the so-called "eye 
pattern"). 

2. Adjust R 603 until the EFM is maximum (optical pickup centered on the 
tracks). 

On some players, the display may become erratic and the audio may mute af
ter this adjustment is made. If the display is erratic, set the player to stop and 
then go back to play. This should eliminate the erratic display. 

Also note that the tracking adjustment should not be confused with the laser 
adjustment in Sec. 8.1.1. Adjustment of R629 (Fig. 8.1a) sets the level of the laser 
signal, while adjustment of R 603 (Fig. 8.1c) positions the beam on the track for 
maximum signal. Some technicians simply adjust R629 for a maximum EFM sig
nal (and possibly overdrive the laser in the process). This is the same as turning 
up the volume control on a radio that is not properly tuned in to a station. 

8.3.4 Focus Adjustment 

Figure 8.2a shows the focus adjustment diagram. With this setup, you are again 
monitoring the EFM, but you are now adjusting the optical pickup (through the 
servo and focus actuator) to properly focus the laser beam on the tracks (as in
dicated by maximum EFM). Note that R116 sets the offset of the four focus and 
audio photodiodes but not the two remaining tracking photodiodes. 

1. Load a CD in the player and select play mode. The EFM should produce a 
waveform on the scope (similar to that shown in Fig. 8.1a). 

2. Adjust R 116 until the EFM is maximum (optical pickup focused on the CD 
tracks). 

Again, if the display becomes erratic after this adjustment, stop and restart the 
player. 

8.3.5 Turntable-Motor Adjustment 

Figure 8.2b shows the turntable-motor adjustment diagram. With this setup, you 
are monitoring the drive signal to both coils A and B of the turntable motor (from 
motor-drive IC201). 

1. Load a CD in the player and select play mode. 
2. Adjust R201 so that the output levels at DMCA and DMCB are equal. Usually 

DMCA and DMCB are about 2 V p-p· 

8.3.6 Dropout Sample and Hold Adjustment 

Figure 8.2c is the adjustment diagram. This adjustment, not available on all play
ers, is not to be confused with the sample and hold (S/H) audio circuits (Sec. 8.6). 
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The. S/H circuits shown in Fig. 8.2c are located in pickup servo IC101 , and they 
control the tracking-error signal (TER) signals (Sec. 8.8). 

With the setup shown in Fig. 8.2c, play a CD with a simulated defect, and 
adjust the TER signals to produce the best response (minimum audio dropout). 
The effect is simulated by placing a black (nonreflective) tape on the mirror side 
of the CD. Then monitor the EFM and adjust for minimum dropout (ideally there 
should be no dropout). 

You can make this adjustment by ear. The simulated defect produces a chat
tering or ticking in the audio. Adjust for minimum noise. The scope is generally 
more accurate (or you can monitor both ways). Do not turn up the volume with a 
simulated defect; the noise is unbearable. 

1. Load a CD in the player and select play mode. 
2. Adjust R 103 for minimum audio dropout on the EFM display or for minimum 

chattering in the audio or both. 

Note that with such a defect, a portion of the EFM display is cut out (typically 
a notch or wedge, starting from the top, as shown in Fig. 8.2c). However, you 
should be able to eliminate all (or most) of the audio dropout (as indicated by a 
cutout at the bottom of the EFM display). If you get considerable dropout at all 
R 103 settings, IC101 may be defective. 

8.4 MECHANICAL 
TROUBLESHOOTING APPROACH 

Figures 8.3 and 8.4 show the components and circuits involved in the mechanical 
troubleshooting approach. In most players, the entire mechanism can be replaced 
as an assembly. Some manufacturers also recommend replacement of the motor 
and limit switches (and they describe the procedures for replacement and adjust
ment). The mechanical section is one area in which most CD player service lit
erature is very good (if only the theory and troubleshooting sections were that 
clear). 

We do not dwell on mechanical replacement and adjustment here. However, 
as a practical matter, never disassemble the player mechanism beyond that point 
necessary to replace or adjust a part. Similarly, never make any adjustments un
less the troubleshooting procedures lead you to believe that adjustment is re
quired. 

If the tray refuses to open or close, first check that IC301 is getting the proper 
key-scan signals when the front-panel Open/Close button is pressed. If not, sus
pect the front-panel key matrix and/or IC901 (Fig. 5.1). 

Next, make sure that the loading motor (LDM) receives a signal from pin 12 of 
IC102 when the Open/Close button is pressed. If it does, but the motor does not 
turn, suspect the motor (or possibly a jammed tray). If there is no signal at pin 12 
when Open/Close is pressed, you have a problem between IC301 and the LDM. 

Check for signals at pins 10 and 11 of IC102 each time Open/Close is pressed, 
and make sure that the signals invert (pin 10 high, then lllow, then vice versa). 
Check for corresponding inverted signals at pins 33 (open) and 34 (close) of IC102• 

If the signals are absent or do not invert when Open/Close is pressed, suspect 
IC301 (or possibly IC901 and the key matrix, Fig. 5.1). 

If the tray opens but not fully, check when the open switch S2 actuates, as 
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Drive rack 

Loading motor (LDM) 

Tray 
assembly Clamp Clamp arm Clamp spring 

FIGURE 8.3 Major mechanical components of a CD player. 

indicated by a low-to-high change at pin 48 of IC301 • If necessary, adjust S2 (as 
described in the service literature and/or Chap. 7, Fig. 7.16). Before making any 
adjustments, check for a mechanical condition that might prevent the tray from 
opening fully (binding gears, jammed cross-rollers, improperly adjusted rails, 
etc.). 

If the tray opens fully but the loading motor does not stop, the problem is usu
ally an improperly adjusted S2 (although there is an outside chance that IC301 is at 
fault). 

If the tray closes but not fully and the clamp does not hold the CD in place on 
the turntable, check that S3 actuates, as indicated by a high-to-low change at pin 
47 of IC301 • If necessary, adjust S3 as described in the service literature. Before 
adjustment, check for mechanical problems (something in the clamp hinges or 
tray wiring that has worked its way out of place, etc.). 

If the tray closes and the clamp goes fully down but the LDM does not stop, 
the problem is probably an improperly adjusted S3 but could be IC301 • Look for a 
high-to-low change at pin 47 of IC301, which should occur when the tray is fully in 
and the clamp is down on the CD. 

If the pickup does not move (with the tray in) when power is first applied (you 
may not be able to see the pickup, but you should hear the motor), check for 
slide/reverse (SLR) at pin 60 of IC301 • If SLR is absent, suspect IC301 or the lack 
of a reset signal at pin 24 of IC301 (from pin 40 of IC901). If you get SLR but the 
motor does not run, suspect IC101, IC604, IC102, and the motor itself. 
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Slide motor 
(SLM) 

If the pickup appears to move to the inner limit when power is applied (you 
hear the motor stop and start) but the directory is not read properly (say that the 
total playing time or number of programs on the CD is not given on the front
panel display), try correcting the problem by adjustment of SLM offset R 107 be
fore going into the circuits. Follow the service-literature procedures for adjust
ment of R 107 (or the procedures described in Sec. 8.1). 

Note that on any problem with the pickup drive (forward or reverse) you 
should check for SLM drive voltage at pin 3 of IC102• If the motor runs but the 
pickup does not move (or movement is erratic), look for mechanical problems 
Gammed gears, binding rollers, improperly adjusted rails, etc.). 

If the pickup moves but does not reach the inner limit, check when S1 actu
ates, as indicated by a high-to-low change at pin 46 of IC301 • If necessary, adjust 
S 1 as described in the service literature and/or Chap. 7. 

Before adjusting S1, check the adjustment of the SLM offset R 107• If R 107 can 
be adjusted so that the pickup accesses the CD properly (the directory can be 
read in full), the S 1 adjustment is probably good. On most players, S 1 does not go 
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out of adjustment except when the pickup is replaced (or when there has been 
tampering). 

If the pickup reaches the inner limit but the motor does not stop, the problem 
is almost always one of an improperly adjusted S 1• A possible exception is where 
IC301 is defective and is not responding to the low at pin 46. 

8.5 LASER TROUBLESHOOTING APPROACH 

Figure 8.5 shows the components and circuits involved in the laser troubleshoot
ing approach. The laser diode must produce a proper beam if the CD player is to 
perform all functions correctly. If the beam is absent, there is no EFM signal. If 
the beam is weak, EFM is weak. If the monitor diode does not monitor the laser 
properly, the beam can shift to an incorrect level (high or low) without being 
sensed by the laser-drive circuits. Any of these conditions can cause improper 
tracking which, in turn, can produce an even weaker EFM. 

Always look at the laser circuits first when you have mysterious symptoms 
with no apparent cause (improper tracking that cannot be corrected by adjust
ment, excessive audio dropout with a known-good CD, etc.). Start with laser
diode adjustment. This should show any obvious problems in the laser circuits 
and also tell if the EFM signal is good. (An EFM signal of proper amplitude gen
erally means a good laser.) 

If the laser appears to be completely dead (no glow at the objective lens,. no 
EFM, or no movement of the focus when power is first applied, as described in 
Sec. 8.7), make sure that Q601 is getting 5 V through S3 • If not, suspect S3 (or 
adjustment of S3). Note that when the tray is open, pin 47 of IC301 goes high (Fig. 
8.4), shutting down many functions of IC301, including the laser switch (LASW) 
signal at pin 51 (Fig. 8.5). 

If power is applied to the laser diode, look for an LASW signal at pin 51 of 
IC301 • If LASW is high (absent), suspect IC301• If it is present, check for a signal 
at pin 3 of IC604 from the monitor diode. If it is abnormal, suspect the monitor 
diode and/or R 629 • 

If the signals are present at both pins 2 and 3 of IC604, look for drive signals at 
pin 1 of IC604 and at the base of Q601 • If they are absent, suspect IC604• If they are 
present but there is no laser-beam output, suspect Q601 or the laser diode. An 
alternate method for checking the laser diodes is described in Sec. 8.3.1. 

Finally, check for EFM signals at pins 28, 23, and 20 of IC601 and EFM square 
wave (EFMS) signals at pin 15 of IC601 • (Note that the EFM signals are of high 
frequency, while the EFMS signals are square waves). 

If the EFM signals are absent at pins 23 and 28 of IC601 , suspect IC601 or the 
photosensors. If the signals are present at pins 23 and 28 but not at pin 20, sus
pect IC602• 

If the signals are present at pin 20 of IC601 but not at pin 15, suspect IC601 • 

However, make sure that the data-slice level control (DSLC) and preference 
pulse (PREP) signals (both square waves) from IC402 are present at pins 21 and 22 
of IC601 • If DSLC and PREF are absent, su,spect IC402• (Unfortunately, IC402 
does not generate PREF and DSLC signals if there is no EFMS applied to pin 47 
of IC402.) 
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8.6 SIGNAL-PROCESS 
TROUBLESHOOTING APPROACH 

Figure 8.6 shows the components and circuits involved in signal-processing troubleshooting. A failure in the signal-process circuits can cause a variety of failure symptoms in both the audio and turntable-motor circuits. Similarly, a failure in the system control can appear as a failure in the signal processing. From a practical standpoint, there is no sure way to tell if the problem is in the signal processing, system control, turntable motor, or audio. However, there are some checks that can help you pin down the problem. 
First check for audio at pin 17 of digital-to-analog (D/A) converter IC403 • You should get both left- and right-channel audio (at a very low level). If you get no measureable audio, the problem is likely to be in the audio circuits (Sec. 8. 7). 
Next, if there are excessive audio dropouts (with a known-good CD) and the front-panel indications are not normal (such as the time-code changing as the CD continues to rotate), the problem is probably in the signal-process circuits. Check all of the waveforms to and from the signal-process circuits shown in the service literature. Pay particular attention to the following (using Fig. 8.6 as a guide): 
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Check for a 4.3128-MHz master clock (MCK) signal at pin 34 of IC402• If it is 
missing, check the crystal and IC401 connected at pin 40 of IC402• 

Check for 7.35-kHz Psync and Async signals at pins 37 and 35 of IC402• The 
Async signal should be present only during play, but Psync should be avail
able in both stop and play. 

Make certain that PREF and DSLC are supplied to IC601 (Sec. 8.5) and re
turned to IC402 as square-wave EFMS signals. If EFMS is missing, check for 
high-frequency EFM signals at pin 20 of IC601 , as described in Sec. 8.5. 

Check all signals between IC301 and IC402• It is not practical to analyze the 
waveforms of these signals. However, if you can measure a data stream 
(pulses) on each line with a scope, it is reasonable to assume that the signal is 
correct. If one or more of these signals are missing, suspect IC301, IC402, or 
both. Remember that a signal from IC301 can depend on a signal from IC402 

and vice versa. So you may have to replace both ICs to find the problem. Also 
remember that IC301 may not produce the signals unless other signals (such as 
focus OK, FOK, and tracking OK, TOK) are applied to IC301, as discussed in 
Sees. 8.8 and 8.9. 

Before you pull IC402, check the TC1 and TC2 signals at pins 11 and 10 of 
IC402• Both of these test points (which indicate the accuracy of the decoding 
process within IC402) should produce a 7.35-kHz signal during stop but then 
drop to 200 Hz or less when play is selected. If not, suspect IC402• 

Finally, check the block error (BFR) and EFR signals at pins 31 and 30 of 
IC402• Both of these test points show the accuracy of the sync and detection 
functions within IC402• In play, BFR should always show zero, except under 
conditions of excessive skipping across the CD. In play, EFR may produce a 
signal but at a frequency below 50 Hz. The EFR and BFR signals are not de
fined during stop. 

8.7 AUDIO TROUBLESHOOTING APPROACH 

Figure 8. 7 shows the components and circuits involved in audio troubleshooting. 
If there is no audio at any output, including the headphone jack, start by check
ing for audio at pin 17 of IC403• If it is absent, suspect the signal-process circuits 
(Sec. 8.6). · 

Next, check the SHR and SHL signals from IC402 (pins 23 and 25). If SHR and 
SHL are present and there is audio at pin 17 of IC403, trace the audio signal level 
from IC403 to the headphones and/or rear-panel jacks. Note that the level for au
dio at both the rear-panel jacks and headphones is controlled by output control 

Rsz4· 
Note that if relays RY501 and RY903 are not operating properly, the audio is 

cut off from the rear-panel jacks (but not the headphones). However, if the 
switches in IC506 are not responding properly to emphasis signals from pin 41 of 
IC402 or if the signal is missing, the audio passes but may appear distorted. So if 
you get a "the audio appears distorted when I play certain CDs" trouble symp
tom, start by checking the emphasis newtork and IC506 as well as the emphasis 
signal (EMP) from pin 41 of IC402• 
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Figure 8.8 shows the components and circuits involved in autofocus trouble
shooting. If you suspect problems in the autofocus system, put in a CD, press 
Play, and check that the pickup moves up and down two or three times and then 
settles down. If it does not, check that the laser is on, as discussed in Sec. 8.5. If 
the laser is on but there is no focus, try adjusting the focus servo, as described in 
the service literature and/or Sec. 8.3.4. 

Next, check the focus actuator by measuring resistance of the focus and track
ing coils, as described in Sec. 7 .1.1 (Fig. 7 .2). If the actuator coils appear to be 
good and the problems cannot be corrected by adjustment, check the autofocus 
circuits as follows: 

If the focus actuator does not move up and down, check for focus up-down 
(FUD) pulses just after play is selected. If the FUD pulses are absent at pin 50 
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of IC301 and/or pin 36 of IC101, suspect IC301 • Next, check for pulses at pin 35 
of IC101, pins 6 and 7 of IC102, and at the focus coil. 

If the focus actuator moves but focus is not obtained, check for FOK signals 
at pin 34 of IC101, pin 13 of IC301, and pin 8 of IC601 • (If the FOK signals are 
not present, IC301 should shut the system down.) 

If the FOK signals are absent, suspect IC601 or possibly the four pickup sen
sors FC1 through FC4 • If FOK signals are absent at IC101_34, suspect Q101 • 

Also note that the FOK signal is not generated unless there is an LASW signal 
applied to pin 9 of IC601 from IC301 • 

Next, check for FER signals at IC601_6 • If FER signals are absent at IC601_6 , 

suspect IC601 or possibly the sensqrs FC1 through FC4 • (However, if FOK sig
nals are present, FC1 and FC4 are probably good.) 

If you suspect FC1 and FC4 , monitor the EFM signals at pin 28 of IC601 • If the 
EFM is good, it is reasonable to assume that all four sensors FC1 through FC4 

are good. 

8.9 LASER-TRACKING 
TROUBLESHOOTING APPROACH 

Figure 8.9 shows the components and circuits involved in laser-tracking trouble
shooting. It is often very difficult to separate tracking and focus servo problems. 

For example, unless there is an FOK signal applied to IC101.34 through Q101, the 
TER signal does not pass to the tracking actuator. Both the focus and tracking 
servos use the laser beam as a source of error signal, although different sensors 

are used. To complicate the problem further, the TER signal is also used by the 
slide motor (SLM} as a fine speed control. (This is done in IC101.) IfTER is lost, 
both the tracking actuator and SLM have no control signals. Either condition can 

produce symptoms of improper tracking. 
The TER signal is passed through variable-gain and error-detection circuits in 

IC101 • These circuits can interrupt the TER signal when errors are detected (in 

the CD or because of improper tracking). Failure in any of these circuits can cut 
off, or alter, the TER signal, making it appear that either tracking or SLM servos 
are at fault (when actually the servos are good}. 

First try correcting any tracking problems with adjustment of R603 and R 103, as 
described in the service literature or in Sec. 8.3. Then make a quick check of the 
tracking-actuator coil, as described for the focus-actuator coil in Sec. 8.8. Fi
nally, see if the SLM moves to the inner limit when power is first applied, as 
described in Sec. 8.4 (possibly adjust R 107 and S 1). If the SLM moves to the inner 
limit, this confirms that the SLM, reset circuit, and basic servo circuits of IC101 

and IC102 are good. 
If the SLM is operating and the tracking-actuator coil appears to be good but 

tracking problems cannot be restored by adjustment, check the tracking and 

pickup (SLM) motor. 
Check the TER signal from the source to the tracking-actuator coil (and drive 

signal to the SLM). Pin 5 of IC601 is a good place to start. Then check the 
tracking-actuator coil. 

If TER is present at pin 5 of IC601 but not at the coil, suspect IC101 and IC102• 

Look for a drive signal at pin 23 of IC101 • If it is present, the problem is probably 
in IC102• If it is absent, the problem is localized to IC101 • 

Check for drive signals at the SLM. If TER is present at the tracking coil but 
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there is no drive at the SLM motor, suspect IC102 and IC604 (Sec. 8.4). Also 

check for drive signals at pin 21 of IC101 • 

Before you pull IC101, remember that IC101 must receive a number of signals 

before TER signals can pass. For example, IC101 must be turned on by FOK and 

TSW signals, and IC301 must receive TOK signals from IC101 before returning the 

TSW signals. Also, the TER signals are analyzed by error-detection circuits 

within IC101 • If any of these signals or voltages are absent or abnormal, IC101 re

mains cut off, and the TER signals do not pass. So always check the signals and 

voltages at the pins of IC101 (using service-literature values) before you decide 

that IC101 is defective. 
If TER is absent at IC601_5 , suspect IC601 , CP 603, CP 604, IC603, and the TRA 

and TRC sensors. 

B. 10 TURNTABLE TROUBLESHOOTING 
APPROACH 

Figure 8.10 shows the components and circuits involved in turntable trouble

shooting. It is not difficult to tell if the turntable motor fails to rotate. Similarly, 

the cause of such a total failure is generally simple to locate. For example, you 

can check DMCA and DMCB at pins 9 and 10 of IC201 for drive signals to the 

motor windings. If the drive signals are present but the motor does not turn, sus

pect the motor. If either of the drive signals is not present, trace from the motor 

to IC201 and from IC402 to IC201 • 

Before you decide there is a problem in the turntable motor circuits, remem

ber that DMSW, CLVH, and ROT signals must come from IC301 • Also, if IC301 

does not receive an FOK signal from the autofocus circuits (Sec. 8.8), the 

DMSW, CLVH, and ROT signals are set to prevent IC402 and IC201 from passing 

the PREF, PWM, and PD signals to the motor circuits. 
Both DMSW and CL VH are made low to turn on the motor when play is se

lected. ROT goes low for about 1 s after play is selected. If DMSW, CLVH, and 

ROT all remain high after play is selected, check for FOK signals to IC301 (at pin 

13) and TOK signals to 1~01_ 12• Of course, if only one of the three signals re

mains high, IC301 is most likely at fault. 
The problem is not quite that simple if the motor rotates, but you are not sure 

of the correct speed. This is especially true when you consider that the motor 

speed is constantly changing. You must rely on waveform measurements and 

adjustments. So the first logical step in motor troubleshooting is to perform ad

justment of R201 , as described in the service literature or Sec. 8.3.1. 
If you get the DMCA and DMCB drive signals and the motor is turning (indi

cating that the DMSW, ROT, and CLVH from IC301 are good) but you are unable 

to set the output levels as described, check all waveforms associated with the 

motor-control circuits as follows. 
Check the PWM, PREF, and PD signals from IC402• If any of these are absent 

or abnormal, suspect IC402• Next, trace signals between IC201 and the motor 

(Hall-effect and drive signals). If any of these signals are absent or abnormal, sus

pect either IC201 or the motor. 
Note that PREF from IC402 is also applied to IC601 , along with the DSLC sig

nal from IC402, to form the EFMS signal that is returned to IC402 (Sec. 8.5). If the 

EFMS signal is absent, IC402 does not produce PREF, PWM, and PD signals. Of 
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course, if the EFMS signal is not applied to IC402, several other problems occur 
(no audio, etc.). 

One way to check if the EFMS signal is being processed properly is to com
pare the Psync and Async signals at pins 37 and 35 of IC402, using a dual-trace 
scope. As shown in Fig. 8.10, both signals should be synchronized as to time. If 
they are not, or if either signal is missing, suspect IC402 (or possibly IC601). 

As you can see, the turntable motor circuits are closely interrelated with the 
signal-processing IC402 circuits (Sec. 8.6). A failure in signal processing can also 
cause the motor circuits to appear defective. So if you are unable to locate a 
problem in the motor circuits, try checking the signal-processing circuits. 



CHAPTER 9 
CDV PLAYER 

TROUBLESHOOTING 
AND ADJUSTMENT 

This chapter describes a series of troubleshooting and service notes for a cross 
section of CDV players. As discussed in the preface, it is not practical to provide 
a specific troubleshooting procedure for every CDV player. Instead, we describe 
a universal troubleshooting approach, using specific examples of CDV players. 
These examples just happen to be the player discussed in Chap. 6. In this way, 
you can relate the theory of Chap. 6 to the troubleshooting procedures in this 
chapter; then you can relate both to the specific CDV player that you are servic
ing. 

Because adjustments are closely related to troubleshooting, we also describe 
typical adjustment procedures for CDV players. Again, the player covered is that 
described in Chap. 6, using the test equipment and tools described in Chap. 4. 
When servicing other players, you must follow manufacturer's service instruc
tions exactly. Each type of player has its own electrical and mechanical adjust
ment points and procedures, which may or may not be different from procedures 
for other players. 

Using the adjustment procedure examples, you should be able to relate the 
procedures to a similar set of adjustment points on most CDV players. Where it 
is not obvious, we also describe the purpose of the adjustment procedures. The 
waveforms measured at various test points during adjustment are also included 
here. By studying these waveforms, you should be able to identify typical signals 
found in most players, even though the signals may appear at different points for 
your particular unit. 

9.1 THE BASIC CDV TROUBLESHOOTING 
FUNCTIONS 

The basic CDV troubleshooting functions are essentially the same as for CD play
ers (as described in Sec. 8.1) and are not repeated here. However, remember that 
a CDV player produces both audio and video which must be monitored during 
service. It is therefore essential that you have both a shop-standard stereo system 
and a shop-standard TV or monitor of known quality. All players passing through 
the shop can be compared against the same standard. The monitor should be ca-

9.1 
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pable of displaying S-VHS (with separate Y and C signals). Many late-model 
CDV players (including the player described in Chap. 6) can produce both con
ventional TV signals (composite video and/or RF) as well asS-Video with sepa
rate Y and C. 

One practical way to confirm troubles in a CDV player is to monitor a con
ventional TV broadcast with a TV set or monitor and compare the playback 
quality with that of the broadcast. However, assuming a good test disc, the 
player picture is usually better than a broadcast picture (and considerably bet
ter than a VCR picture). Also, remember that an improperly adjusted monitor 
or TV can make a perfectly good player appear to be bad. This is a major 
problem in servicing CDVs (and VCRs) and is another good reason for a shop
standard monitor or TV. 

9.2 THE CDV TROUBLESHOOTING APPROACH 

The troubleshooting approach for our CDV player is based on functional circuit 
groups. The CDV players of all manufacturers have certain circuit groups in com
mon (power supply, spindle drive, system control, servo, video/TBC, memory 
video, audio, and mechanical). In this chapter, a separate section is devoted to 
each of the major circuit groups. These groups are essentially the same as the 
circuit groups discussed in Chap. 6. Often, direct reference is made to the dia
grams in Chap. 6. 

Using this section and circuit-group approach, you can quickly locate infor
mation needed to troubleshoot a malfunctioning CDV player. For example, in 
Chap. 6, you find (1) an introduction that describes the purpose or function of the 
circuit and (2) some typical circuit descriptions or circuit theory. In this chapter, 
you find a logical troubleshooting approach for the circuit (based on manufactur
ers recommendations). 

In many cases, the troubleshooting procedure requires adjustment, both elec
trical and mechanical. For that reason, the adjustment procedures for our CDV 
player are given in Sec. 9.3. These adjustments are referred to in the trouble
shooting procedures as necessary. In addition, Sec. 9.4 summarizes trouble 
symptoms that can be caused by improper adjustment. 

9.3 CDV ELECTRICAL ADJUSTMENTS 

The following paragraphs describe complete adjustment procedures for a CDV 
player like the one described in Chap. 6. Each procedure is accompanied by di
agrams that show the electrical locations for all adjustment controls and measure
ment points (test points), as well as the waveforms or signals that should appear 
at the test points. 

Remember that the procedures described here are the only procedures rec
ommended by the manufacturer for that particular model of CDV player. 
Other manufacturers may recommend more or less adjustment. It is your job 
to use the correct procedures for each player you are servicing. 

Also remember that some disassembly and reassembly may be required to 
reach test and/or adjustment points. We do not include full disassembly and 
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reassembly here for two reasons. First, such procedures are unique and can ap
ply to only one model of player. More important, disassembly and reassembly 
(both electrical and mechanical) are areas in which CDV player service literature 
is generally well written and illustrated. Just make sure that you observe all of the 
notes, cautions, and warnings found in the disassembly and reassembly sections 
of the player service literature. The procedures for removal of covers and gaining 
access to parts for our CDV player are discussed in Sec. 7.4. 

9.3.1 Fixtures and Tools Required 

The fixtures and tools required for each test are described as part of the following 
test procedures. 

9.3.2 Preparations and Precautions for Adjustment 

Carefully observe all of the following precautions before attempting any 
adjustment: 

Player settings: For most adjustment procedures the player should be 
placed on a service test stand (Sec. 7 .4) or stood on its side with the power 
transformer at the top. Both the video and digital audio assemblies should 
be open. 
Double clamping: If double clamping (Sec. 6.6) is performed while the player 
is standing on its side, the disc will slip out of position. This can be prevented 
by placing the player in the test mode, as described in Sec. 9.3.3. 
Test discs: The CDV or LD test discs used in these adjustments may be either 
Pioneer N series or Fseries. The frame numbers given in the text are N series 
numbers, while those enclosed in parentheses are F series numbers. 
Tracking and slider setvo on-off: The tracking and slider servos can be 
opened (tracking off) or closed (tracking on) using the test mode (Sec. 9.3.3) 
without disconnecting the servo loops. 
Oscilloscope settings: Unless otherwise specified, all scope settings shown in 
the adjustment diagrams are values obtained with a 10:1 probe. 
RF interference: When the bottom (video assembly) circuit board is open 
(Sec. 7.4), a diagonal bar (interference) will appear on the display when the RF 
modulator or converter is used. This condition is normal because the RF mod
ulator is not fully grounded to the main chassis. Adding a separate ground wire 
will help but may not eliminate the interference when operating the player dis
assembled. 

9.3.3 Test Mode Operation 

The player may be placed in a test mode using the remote transmitter keys 
(Fig. 3.4). The following is a summary of the test mode functions and displays. 

Entering the Test Mode. To enter the test mode, press and hold the favorite 
track selection (FTS), Clear, and Store keys, and then press Power On. 

Test Mode Operations. The following operations occur in the test mode: 
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Player operation is normal. 

When the disc is clamped, the clamping operation is not repeated twice (called 

double clamping). 

When the Eject key is pressed in test mode, the disc stops but is not ejected. 

(With CD and CDV Single discs the tray can be ejected by pressing the Eject 

key twice.) 

When the Emphasis signal (CX) on a CD, CDV Single, or CD with digital 

sound is detected in the test mode, an asterisk (*) is displayed at the top right 

of the display. 

When the player is in a test mode, the remote transmitter keys can be used to 

provide various operations. The following is a summary of such operations: 

The front-panel fluorescent display can be toggled between a normal display 

and an all-lamps-an display using the 0 key. 

The focusing operation (such as described in Sees. 6.6 and 6.8) can be 

switched on and off by the 1 key. Each press of the 1 key alternately toggles 

focus on and off. If focusing cannot be obtained after five trials, the focusing 

operation stops. 

The slider motor can be moved in or out by the 2 key. Each press of the 2 key 

alternately activates or deactivates the manual-operation mode. With manual 

operation activated, the slider can be moved in or out by pressing the FF/Rev 

key. Unless the slider motor is in the manual-operation mode, the FF/Rev key 

operations in the test mode are the same as in normal (nontest) modes. 

The slider motor and tracking servos can be switched on and off, after the play 

mode is accessed, by the 3 key. 

The tilt servo can be switched on and off by the 4 key. 

The memory-through mode (Sec. 6.12.6) can be switched on and off by the 5 

key. 
Internal information in the main microcomputer (QU01 , Fig. 6.7) can be dis

played on the fluorescent display by pressing the 6 key. The display format is 

shown in Fig. 9 .1. 

The 7 key is not always used in the test mode. However, on some early mod

els of our player, certain software credits are displayed on the monitor screen 

when the 7 key is pressed. Should this occur, exit the selected test mode by 

pressing the power off. If the player is in the vertical position when power is 

turned off, the tray may double clamp, allowing the disc to fall out; be careful 

to hold onto the disc. 

TheFTS RAM (QU08, Fig. 6.7) can be checked using the 8 key. All areas of 

the FTS RAM are checked (write and read). If the result is good, the FTS dis

play blinks for 5 s. If not, theFTS display does not come on. Note that the 

FTS program data is not destroyed when the RAM is tested by the 8 key. The 

exiting data bits are written back into the RAM simultaneously. (If they are 

not, you have a real problem.) 

The test mode is terminated when the 9 key is pressed. This is not a toggle 

function. Once the 9 key is pressed, the test mode cannot be resumed until the 

power is switched off and the test mode is again entered (pressing and holding the 

FTS, Clear, and Store keys and then pressing Power On). 
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No Track Minute Second 
meaning no. 

Fluorescent 
display 
(front panel) 

Track No.: The current key code or remote-control code number 
received by QU01 displayed in two digits 

Minute: The selected internal operation mode (test mode) of QU01 
displayed in two digits: · 
00 = Park mode 

06 = Play mode 

02 = Open mode 

08 = Scan mode 

04 = Setup mode 

1 0 = Search mode 

Second: Sections A and B represent the control status as follows: 
Section A 

~I p y CDVICD Tilt servo Scan Focus 

0 CD Off Rev Off 
1 CDV Off Rev Off 
2 CD On Rev Off 
3 CDV On Rev Off 
4 CD Off Fwd Off 
5 CDV Off Fwd Off 
6 CD On Fwd Off 
7 CDV On Fwd Off 
8 CD Off Rev On 
9 CDV Off Rev On 
- CD On Rev On 
E CDV On Rev On 
n CD Off Fwd On 
d CDV Off Fwd On . CD On Fwd On 
(blank) CDV On Fwd On 

Sect1on B 

~ Tracking T-count 
D divider 
0 Close 1/1 
1 Close 1/1 
2 Close 1/1 
3 Close 1/1 
4 Open 1/1 
5 Open 1/1 
6 Open 1/1 
7 Open 1/1 
8 Close 1/256 
9 Close 1/256 
- Close 1/256 
E Close 1/256 
n Open 1/256 
d Open 1/256 . 

Open 1/256 
(blank) Open 1/256 

FIGURE 9.1 Display format for internal information in main microcom
puter QU01 • 

9.5 
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Test Mode Sequence. Many of the following test and adjustment procedures re
quire various operations of the test mode. Also, many of the procedures must be 
performed in a certain sequence. The following is a summary of that sequence. If 
the rough-grating (Sec. 9.3.4), spindle-motor centering (Sec. 9.3.7), pickup 
tracking-direction (Sec. 9.3.8), and fine-grating (Sec. 9.3.12) adjustments are per
formed, all mechanical or servo adjustments (Sec. 9.3.4 through 9.3.16) must be 
performed in sequence. 

9.3.4 Rough-Grating and Tracking-Balance Adjustments 

Figure 9.2 shows the rough-grating and tracking-balance adjustment diagram. 
Figure 6.18 shows additional circuit details. This adjustment sets the laser beam 
to the optimum position on the disc tracks and sets the tracking-servo offset volt
age to 0 V. 

Rough-Grating Adjustment. Access the test mode and play a CDV (LD) test disc. 
Operate the keys to display the frame number on the monitor. Move the pickup 
to frame 16,000 (15,000) by scanning or searching. Open (turn off) the tracking 
servo (remote 3 key). Observe the scope display. 

Insert a special grating adjustment tool into the grating adjustment hole and 
turn the grating so that the amplitude of the tracking-error signal varies from 
maximum to minimum. 

Note that only a special grating adjustment tool (Philips 0017 168 30019) avail-

Minimum 

50 mV/div 
5 msldiv 
de input 

-~l . .; m : Grn""d 

Pickup assembly 
On-track 
position 

FIGURE 9.2 Rough-grating and tracking-balance adjustments. 

Maximum amplitude 
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able from the player manufacturer can be used. Any other tool may (and proba
bly will) damage the adjustment point. This will usually require replacement of 
the pickup assembly as a special package (at nerve shattering expense to the cus
tomer). 

Using the adjustment tool, find the position where the waveform amplitude 
reaches a minimum with a smooth waveform envelope, as shown in Fig. 9.2. This 
condition indicates that the three-way split laser beam is directed onto a single 
track, which is called the on-track position. 

Slowly turn the grating counterclockwise from the on-track position until the 
gradually increasing tracking-error waveform reaches maximum amplitude (Fig. 
9.2). Close (turn on) the tracking servo (remote 3 key) and check that a normal 
picture is displayed on the monitor. 

Tracking-Balance Adjustment. Leave all connections in their present condition 
but align the scope trace with the center of the scope screen. Adjust R 105 so that 
the positive and negative halves (A and B) of the tracking-error waveform are 
equal, as shown in Fig. 9.2. 

9.3.5 RF Gain Adjustment 

Figure 9.3 shows the RF gain adjustment diagram. Figure 6.24 shows additional 
circuit details. This adjustment sets the RF signal amplitude (from the main 
pickup photodiodes) to the optimum value. 

Play a CDV (LD) test disc. Move the pickup to frame 16,000 (15,000) by scan
ning or searching using the player keys. 

Observe the scope display and adjust R282 for an RF signal amplitude of 300 
mV ±20 mV, as shown on Fig. 9.3. 

FIGURE 9.3 RF gain adjustment. 

~ 300mV±20mV 

T 

0 
10 mV/div 
0.2 J.tSidiv 
ac input 
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9.3.6 Spindle-Motor Centering Check 

Figure 9.4 shows the test diagram for the spindle-motor centering check. Figure 
6.18 shows additional circuit details. This test checks that a single imaginary line 
(running parallel to the pickup slide) passes through the center of the pickup laser 
beam and the center of the spindle. 

Play a CD test disc (Philips SA). Move the pickup to the inner tracks of the 
disc by scanning or searching. Then open (turn off) the tracking servo (remote 3 
key). 

Observe the scope display (scope set to X-Y, tracking error toY and tracking 
sum to X) and measure theY axis pattern amplitude, as shown in Fig. 9.4. 

X: 20 mV/div, ac input 
Y:5mV/div(1:1), r-----. 

ac input 
X-Y mode 
Place scope ground 
trace at center 
point 

Radial-tracking 
photodiodes 

0 
X y 

FIGURE 9.4 Spindle-motor centering check. 

Indicates need for adjustment 

@;J 

Inner track of CD disc 

~ 
) )-y-
....__~f 

Check that Y = Y' 

Outer track of CD disc 

__l_ c::::=oJ y• 

-r 

J111-1 tracking error 
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Turn on the tracking servo and move the pickup to the outer tracks of the disc. 
Then open (turn off) the tracking servo and measure the Y axis amplitude. 

If the amplitude of the Y axis is not substantially the same when the pickup is 
at the inner and outer tracks of the disc, the spindle-motor centering must be ad
justed, as described in Sec. 9.3.7. 

Note that this check is required whenever the pickup assembly is replaced. 

9.3.7 Spindle-Motor Centering Adjustment 

Figure 9.5 shows the spindle-motor centering adjustment diagram. Figure 6.18 
shows additional circuit details. This adjustment ensures that the single imaginary 
line (running parallel to the pickup slide) passes through the center of the pickup 
laser beam and the center of the spindle. 

Minimum --} 1 

J111-7 
tracking sum 

Radial-tracking 
photodiodes 

0 
X y 

Setscrews 

I 

X: 20 mV/div, ac input 
Y: 20 mV/div (1 :1), ac input 
X-Y mode 

Adjustment hole 

J 111•1 tracking error 

FIGURE 9.5 Spindle-motor centering adjustment. 
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Note that this adjustment is necessary only when indicated by the spindle
motor centering check, Sec. 9.3.6. 

1. Loosen the three spindle-motor set screws by turning each about half a turn. 
2. Connect X andY inputs of the scope as shown in Fig. 9.5. 
3. Access the test mode and play a CD test disc (Philips 5A). Move the pickup 

to the outer tracks of the disc by scanning or searching. 
4. Open (turn off) the tracking servo (remote 3 key) and observe the scope dis

play. 
5. Using the procedures in Sec. 9.3.4, fine-adjust the grating until the amplitude 

along the Y axis is minimum. 
6. Close (turn on) the tracking servo, and move the pickup to the inner tracks of 

the disc. 
7. Open (turn off) the tracking servo again, and observe the scope display. 

Record the amplitude of the Y axis. 
8. Insert an eccentric tool into the adjustment hole, as shown in Fig. 9.5, and 

slowly turn in the direction which reduces the Y axis amplitude. (The eccen
tric tool can be fabricated, as shown in Fig. 9.6.) After reaching minimum Y 
axis amplitude, continue turning the eccentric tool in the same direction until 
the Y axis amplitude is the same as recorded in step 7. 

9. Close (turn on) the tracking servo and move the pickup back to the outer 
tracks of the disc. 

10. Repeat steps 4, 5, and 6. 
11. Open (turn off) the tracking servo again and observe the scope display. 

Check that the amplitude of the Y axis has reached a minimum. If the Y axis 
appears to· be greater than minimum, repeat steps 8 through 11. Tighten the 
spindle-motor set screws. 

1 mm (3/64 in) 

1 mm (3/&Ho)~~~ I J J/' mm (118 ;,J 

©- =, f 
3mm(1h/ / I 

5 mm (3/8 in) 1 mm (3/64 in) 

FIGURE 9.6 Eccentric tool for spindle-motor adjustments. 
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9.3.8 Pickup Tracking-Direction Inclination Adjustment 

Figure 9.7 shows the pickup tracking-direction inclination adjustment diagram. 
Figures 6.17 and 6.23 show additional circuit details. Adjustment of the slider
shaft inclination ensures that the pickup assembly moves parallel to the disc sur
face. Adjustment of the pickup tracking-direction angle ensures that the laser 
beam is perpendicular to the disc. 

100 k 

w.. or 
/ 0"' 1.F ~ 

Objective 
coil lens 

1.5-to 3.0-V Tilt motor .. _ I 

:®;~ 
~m 

Cross talk Minimum cross talk 

Pickup assembly Pickup tracking-direction 
\ inclination adjustment screw 

Ql~ Hex wrench 

FIGURE 9. 7 Pickup tracking-direction inclination adjustment. 

10 mV/div 
0.1 ms/div 
de input 
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1. Disconnect the tilt-motor connector J 251 (Fig. 6.23). Do not reconnect J 251 un
til the procedures of Sec. 9.3.8 through 9.3.11 are complete. 

2. Play a CDV test disc, and search to frame 4760 (4760). This is the tilt fulcrum 
point. 

3. Connect the scope to J 112_5 through a low-pass filter (100 k, 1 1-LF), as shown in 
Fig. 9.7, and observe the focus-drive voltage. 

4. Adjust the scope Y axis position knob and move the focus-drive waveform to 
the center of the scope screen. Measure the focus-drive voltage again. 

5. Continue to measure the focus-drive voltage while scanning to frame 46,135 
(42,314). If the voltage differs from that measured in step 4, connect a battery 
(1.5 to 3 V) to the tilt motor (Fig. 9.7), and turn the motor until the focus-drive 
voltage is within ±50 m V of that in step 4. 

6. Remove the small lid on the rear panel, and insert a hex wrench through the 
opening. Adjust the pickup tracking-direction inclination adjustment screw to 
minimize the cross talk on the left and right sides of the monitor screen. 

7. Search to frame 115 (104) and check that cross talk on the left and right sides 
of the monitor screen is minimized (and is substantially equal on both sides). 
Repeat steps 6 and 7 as necessary. 

9.3.9 CDV (LD) Focus-Error Balance Adjustment. 

Figure 9.8 shows the focus-error balance adjustment diagram. Figure 6.13 shows 
additional circuit details. This adjustment ensures that the focus servo maintains 
the objective lens at the optimum distance from the disc during CDV (LD) play
back. 

Play a CDV test disc, and search to frame 115 (104). Adjust the CDV (LD) 
focus balance R 162 to minimize cross talk on both sides of the monitor screen. If 
this adjustment fails to reduce cross talk down to an allowable level, go to the 
pickup tangential direction angle adjustment in Sec. 9.3.10. Leave R 162 at what
ever setting produces minimum cross talk. 

9.3.10 Pickup Tangential-Direction Angle Adjustment 

Figure 9.9 shows the pickup tangential-direction angle adjustment diagram. Fig
ure 6.18 shows additional circuit details. This adjustment is to reduce cross talk. 
However, the adjustment is usually necessary only if cross talk remains conspic
uous after completing the pickup tracking-direction adjustment (Sec. 9.3.8) and 
the CDV (LD) focus-error balance adjustment (Sec. 9.3.9). 

1. Play a CDV (LD) test disc, search to frame 28,600 (27,000), and open the 
tracking servo. 

2. Connect the scope to J 111_1 (Fig. 6.18) and measure the tracking-error signal. 
3. Insert a hex wrench through the gap between the chassis assembly and me

chanical assembly (Fig. 9.9) to the pickup tangential-direction inclination ad
justment screw. 

4. Adjust the screw until the tracking-error waveform is maximum. 
5. Remove the hex wrench. Search to frame 115 (104) and check that cross talk 
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R1s2 
CDV 
focus 
balance 

~ 
R1s2 
CD 
focus 
balance 

Background 
cross talk 
in center 

Cross talk 

or 

FIGURE 9.8 CDV (LD) focus-error balance adjustment. 

Minimum cross talk 

Minimum cross ta.lk 

9.13 

on the left and right sides of the monitor is minimized (and is substantially 
equal on both sides). Repeat steps 4 and 5 as necessary. 

9.3.11 Tilt-Sensor Inclination Adjustment 

Figure 9.10 shows the tilt-sensor inclination adjustment diagram. Figure 6.23 
shows additional circuit details. This adjustment sets the tilt-servo offset voltage 
to 0 V (by adjustment of tilt-sensor inclination) when the pickup is replaced. 

1. Check the color of the dot marked on the flexible cable next to the tilt sensor. 
There are two types of dots. Adjust tilt gain R218 accordingly. For a red dot, 
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Tracking 
error 

J111-1 0 Sms/d1v 
de input 

I 1

50 mV~div 

<E(:......_-----1-o 
L..---....1 

Adjust for maximum 
tracking error waveform 

/:~:~~tial-direction 
inclination adjustment 

1 1~~1.~,~~~ 
~r. J~ 

Unequal cross talk Minimum cross talk 

FIGURE 9.9 Pickup tangential-direction angle adjustment. 

turn R218 fully clockwise. For a blue dot, turn R 218 fully counterclockwise. If 
there is no dot or mark, set R218 to the center position. 

2. Play a CDV (LD) test disc, and search to frame 4760 (4760). 
3. Connect the scope to J 112_1 and measure the tilt-error de voltage. 
4. Insert a Philips screwdriver with a long shaft through the rear panel (Fig. 9.10) 

and adjust the tilt-sensor inclination adjustment screw until the tilt-error de 
voltage is 0 V. 

5. Connect the tilt-motor connector J 251 that was disconnected during the pickup 
tracking-direction inclination adjustment (Sec. 9.3.8). 



TM { sensor 

CDV PLAYER TROUBLESHOOTING AND ADJUSTMENT 9.15 

LED 

Rear panel 

Tilt-error voltage (de) 

22 
TIP1 

23 
TIP0 

0101 

R21s 
Tilt-drive offset 

Flexible cable 

0 
10 mV/div 
0.1 ms/div 
de input 

Screwdriver 

Tilt-sensor inclination adjustment screw 

FIGURE 9.10 Tilt-sensor inclination adjustment. 

6. Search to frame 115 (104) and check that cross talk on the left and right sides 
of the monitor has been minimized and is substantially equal on both sides. 

9.3.12 Fine-Grating and Tracking-Balance Adjustments 

Figure 9.11 shows the fine-grating and tracking-balance adjustment diagram. Fig
ure 6.18 shows additional circuit details. This adjustment (or check) sets the laser 
beam so that the two tracking beams (on either side of the main beam, Fig. 2.8) 
are at the optimum position between the disc tracks, and it sets the tracking
servo offset voltage to 0 V. 
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Tracking sum 

\ 
J111·7 

Radial-tracking 
photodiodes 

0 
X y 
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Grating adjustment 
X: 20 mV!div, de input 
Y: 10 mV!div, (1 :1) 
X-V mode 

Tracking-balance 
adjustment 
X: 50 mV/div 
Y: 5 ms/div 
X-Y mode 

J111-1 
tracking error 

Minimum Fine-grating adjustment 

t 

m A Ground 

B A=B 
Tracking-balance adjustment R105 

FIGURE 9.11 Fine-grating and tracking-balance adjustments. 

1. Access the test mode. Play a CDV (LD} test disc, search to frame 16,000 
(15,000}, and open the tracking servo. 

2. Connect the scope, as shown in Fig. 9.11, and observe the tracking-error and 
tracking-sum signals. 

3. Insert the special grating adjustment tool (Sec. 9.3.4) and fine-adjust the grat
ing until the amplitude of the Y axis reaches minimum. If the grating is turned 
too far, and the optimum position can no longer be found, repeat the rough
grating adjustment (Sec. 9.3.4). 

4. Leave all connections in their present condition, but align the scope trace with 
the center of the scope screen. Check that the positive and negative halfs (A 
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and B) of the tracking-error waveform are equal, as shown in Fig. 9.11. If they 
are not, repeat the tracking-balance adjustment (Sec. 9.3.4). 

5. Close the tracking servo, and check that a normal picture is shown on the 
monitor. 

9.3.13 Tracking-Servo Loop-Gain Adjustment 

Figure 9.12 shows the tracking-servo loop-gain adjustment diagram. Figure 6.18 
shows additional circuit details. This adjustment sets the tracking-servo loop-gain 
to the optimum value. 

1. Play a CDV (LD) test disc and search to frame 16,000 (15,000). 

2. Connect the resistor, audio generator, and scope to J 1w as shown in Fig. 
9.12. 

3. Set the audio generator to 16 Vp-p at 2.73 kHz. 

4. Observe the scope pattern with the scope in the X-Y mode. 

Tracking 

error o 
J111-1 

Audio generator 
2.73 kHz 
1s vp-p 

~-------l-Oy X 
~$\ 

R11o 
tracking 
gain 

X: 0.2V/div, de input 
Y: 10 mV/div, de input 
X-Y mode 

~ Out of adjustment 

l§:l After adjustment 

FIGURE 9.12 Tracking-servo loop-gain adjustment. 

100 k 
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5. Adjust Ruo until the scope pattern is symmetrical, as shown in Fig. 9.12. 

Note that if the audio generator output is not capable of delivering 16 V, it 
may be necessary to reduce the value of the series resistor between fu 1•2 and the 
X input of the scope. Also, if the disc surface is scratched, the waveforms may 
not be read because of noise. 

9.3.14 Focus-Servo Loop-Gain Adjustment 

Figure 9.13 shows the focus-servo loop-gain adjustment diagram. Figures 6.13 
and 6.17 show additional circuit details. This adjustment sets the focus-servo 
loop-gain to the optimum value. 

1. Connect the gate of field-effect transistor (FET) Qu6 to ground (Fig. 6.17). 
This disables the high-frequency focus limiter circuit (Sec. 6.8.6). 

2. Connect the resistor, audio generator, and scope to fu1, as shown in Fig. 
9.13. 

3. Set the audio generator to 16 VP·P at 1.9 kHz. 
4. Observe the scope pattern with the scope in the X-Y mode. 
5. Adjust R 168 (Fig. 6.13) until the scope pattern is symmetrical, as shown in Fig. 

9.13. 
6. Disconnect the gate of Q116 from ground. 

Note that if the audio generator is not capable of delivering 16 V, it may be 
necessary to reduce the value of the series resistor between J 111•3 and the scope 

X: 0.2 V/div, de input 
Y: 10 mV/div, de input 
X-Y mode 

R110 

0 
y X 

r----+-o 

focus J111-s 

gain 

Out of adjustment After adjustment 

F1GURE 9.13 Focus-setvo loop-gain adjustment. 

Audio generator 
1.9 kHz 
16 Vp.p 

100 k 
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X input. Also, if the disc surface is scratched, the waveforms may not be read 
because of noise. 

9.3.15 CD Focus-Error Balance Adjustment 

Figure 9.14 shows the focus-error balance adjustment diagram. Figures 6.13 and 
6.25 show additional circuit details: This adjustment ensures that the focus servo 
maintains the objective lens at the optimum distance from the disc during CD 
playback. 

1. Play a CD test disc (Philips SA). 

2. Connect the scope to Q505_1 (Fig. 6.25), as shown in Fig. 9.14. Observe the 
EFM signal (so-called eye pattern). 

3. Adjust CD focus balance R 163 until the EFM signal is at maximum. 

9.3.16 Focus-Sum Level Adjust!llent 

Figure 9.15 shows the focus-sum level adjustment diagram. Figure 6.13 shows ad
ditional circuit details. This adjustment sets the focus-sum level to the optimum 
value. 

1. Play a CDV (LD) test disc and search to frame 4760 (4760). 

Adjust 
for 
maximum 

---~-

_____ 'Y/i[j\~_ 
EFM signal (ey~ pattern) 

FIGURE 9.14 CD focus-error balance ~djustment. 

0 
50 mV/div 
0.5 j!sldiv 
ac input 

6 
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FlGURE 9.15 Focus-sum level adjustment. 

2. Measure the focus-sum voltage at J 111_6 • 

3. Adjust R 200 until the voltage at J 111_6 is at 1.6 ±0.05V. 

DC voltmeter 

1.6 ± 0.05 v 

Note that it is possible for the player to operate with a focus-sum voltage of 
less than 1.595 V. However, if the focus-sum voltage is substantially below 1.595 
V, this indicates a possible failure of the focus-error circuits (such as Q103 and the 
photodiodes B1 through B4 , in Fig. 6.13). Ifthe focus-sum voltage is slightly low, 
set R200 for maximum voltage at J 111_6 , but do not exceed 1.605 V. 

9.3.17 Reference Shift Adjustment 

Figure 9.16 shows the reference shift adjustment diagram. Figure 6.31 shows ad
ditional circuit details. This adjustment sets the amount of reference shift re
quired for detecting a spindle-servo frequency error. 

1. Connect the scope to Q702_18, as shown in Fig. 9.16. 
2. Adjust the scope trigger control to stabilize the pulse waveform. 
3. Adjust reference shift R 766 until the start of the high portion of the waveform 

to the start of the low portion is 28 J.LS ± 1 J.LS. 

9.3.18 PLL Offset Adjustment 

Figure 9.17 shows the PLL offset adjustment diagram. Figure 6.29 shows addi
tional circuit details. This adjustment sets the offset of 3.58 MHz, which is used 
in video phase-error detection. 
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FIGURE 9.16 Reference shift adjustment. 

FIGURE 9.17 PLL offset adjustment. 
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1. Play a CDV (LD) test disc. 
2. Connect the scope to Q703 as shown in Fig. 9.17. 
3. Adjust PLL offset R 779 until the offset voltage is 0 V ±2 mV. 

9.3.19 Half-H Rejection Adjustment 

Figure 9.18 shows the half-H rejection adjustment diagram. Figure 6.31 shows 
additional circuit details. This adjustment sets the MMV pulse width for half-H 
rejection. 

~ 
17 

Rns 

0702 
half-H 

Dv'\lv 38 

FIGURE 9.18 Half-H rejection adjustment. 

1. Play a CDV (LD) test disc. 
2. Connect the scope to Q702_17, as shown in Fig. 9.18. 

0.2 V/div 
10 ~s/div 
de input 

3. Adjust half-H R 775 until the width of the low interval of the pulse waveform is 
52 J.LS ± 1 J.LS, as shown. 

9.3.20 Trapezoid Inclination (TBC Error) Adjustment 

Figure 9.19 shows the trapezoid inclination adjustment diagram. Figure 6.31 
shows additional circuit details. This adjustment sets the slope of the trapezoidal 
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FIGURE 9.19 Trapezoid inclination (TBC error) adjustment. 
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waveform used in TBC error-detection timing (the video phase shift, or VPS, 
waveform). 

1. Play a CDV (LD) test disc. Put any frame into the still mode. 
2. Switch the digital-memory function off. 
3. Connect the scope to Q701_26, as shown in Fig. 9.19. 
4. Adjust trap timing R705 until the VPS error waveform is flat, as shown in Fig. 

9.19. 

9.3.21 Burst-Gate Position Adjustment 

Figure 9.20 shows the burst-gate position adjustment diagram. Figure 6.29 shows 
additional circuit details. This adjustment sets the position of the burst gate. 

1. Play a CDV (LD) test disc. 
2. Connect the scope to Q527 and Q701_22, as shown in Fig. 9.20. 
3. Adjust burst gate R709 until the trailing edge of the Memory Video (MMV) out

put is delayed by about 1 !J.S ±0.1 IJ.S with respect to the leading edge of the 
video signal, as shown in Fig. 9.20. 

9.3.22 Reference Clock (14.31818 MHz) Frequency Adjustment 

Figure 9.21 shows the reference clock frequency adjustment diagram. Figures 
6.31 and 6.39 show additional circuit details. This adjustment sets the reference 
clock frequency. 
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FIGURE 9.20 Burst-gate position adjustment. 
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FIGURE 9.21 Reference clock (14.31818 MHz) frequency adjustment. 
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Channel1: 50 mV/div; de input 
Channel 2: 50 mV/div, de input 
10~s/div 

Channel 1 Channel2 

LJ4AA Main video 

~ Delayed video 

FIGURE 9.22 lH delayed-video level adjustment. 

1. Connect a frequency counter to QT01_3 , as shown in Fig. 9.21. 

2. Apply power to the player, but do not play a disc. 

9.25 

3. Adjust reference clock CT06 until the counter reads 14.31818 MHz ±10Hz. 

4. If this frequency is difficult to adjust (say because the frequency counter does 
not provide sufficient resolution), play a CDV (LD) test disc, and adjust CT06 

until the counter reads 15.734265 kHz when connected to Q702_25 (Fig. 6.31). 

9.3.23 1H Delayed-Video Level Adjustment 

Figure 9.22 shows the lH delayed-video level adjustment diagram. Figure 6.26 
shows additional circuit details. This adjustment sets the amplitude of the 1H 
delayed-video signal (for dropout compensation) to the same level as the main 
video signal (so that any dropout is invisible). 

1. Play a CDV (LD) test disc and search to frame 19,801 (19,801). 

2. Connect the scope to Q501 , pins 40 and 42, as shown in Fig. 9.22. 

3. Adjust 1H level R533 until the amplitude from the sync tip to the white level in 
the 1H delayed-video signal is the same as the amplitude of the main video 
signal. 

4. When properly adjusted, any dropout will be gray and will be almost invisible 
on the monitor. If R533 is not adjusted properly, the dropout will be visible 
(black if the delayed level is low or white if the level is high). 

9.3.24 VCO Center-Frequency Adjustment 

Figure 9.23 shows the VCO center-frequency adjustment diagram. Figure 6.28 
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FIGURE 9.23 VCO center-frequency adjustment. 

Channel1 
(after) 

Channel2 
(before) 

shows additional circuit details. This adjustment optomizes the CCD delay time 
for time-base error compensation. 

1. Play a CDV (LD) test disc and search to frame 19,801 (19,801). 
2. Connect the scope to Q515 and Q527, as shown in Fig. 9.23. 
3. The video signal following the time-base error compensation in channel 1 

(emitter of Q527) contains jitter. Adjust VCO center R 549 to delay the center of 
the jitter by 70.7 IJ.S (1H + 7.2 ± 0.1 IJ.S) from the trailing edge of the horizon
tal sync (H-sync) in the video signal prior to time-base error compensation at 
channel 2, as shown in Fig. 9.23. 

9.3.25 Output-Video Level Adjustment 

Figure 9.24 shows the output-video level adjustment diagram. Figure 6.28 shows 
additional circuit details. This adjustment sets the level of the player video output 
(from pedestal to 100 percent white) to 0.71 vp-p• 

1. Connect the player video output terminal to a monitor, and terminate the mon
itor internally with 75 0 (if not already so terminated). If you are using a TV 
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T 
FIGURE 9.24 Output-video level adjustment. 

set with no video input terminal, terminate the player video output terminal 
with 75 n. 

2. Play a CDV (LD) test disc and search to frame 19,801 (19,801). 
3. Connect the scope to the player video output terminal (in parallel with the 

monitor) and observe the playback video waveform on the scope. 
4. Adjust video level R 567 until the amplitude from the pedestal level to the white 

level of the playback Video waveform is 0.71 V ±5 percent. 

9.3.26 Color Phase-Correction Level Adjustment 

Figure 9.25 shows the color phase-correction level adjustment diagram. Figure 
6.30 shows additional circuit details. This adjustment optomizes the amount of 
color phase correction. 



9.28 CHAPTER NINE 

0501 

20 

TV monitor Player rear panel 

( 9JoD< 9 
v ideo input Video output La: 

FIGURE 9.25 Color phase-correction level adjustment. 

' 

1. Play a CDV (LD) test disc and search to frame 7201 (26,101). 

2. ObseiVe the monitor for color streaking, particularly any magenta color irregu
larities. 

3. Adjust the VPS level R662 to minimize magenta streaking. 

9.3.27 Detector Level Adjustment 

Figure 9.26 shows the detector level adjustment diagram. Figure 6.25 shows ad
ditional circuit details. This adjustment optomizes the input voltage (spindle er
ror) applied to the spindle-motor speed detector circuit. 

1. Play a CDV (LD) test disc and search to frame 4801 (5401). 

2. Connect the DVM to Q881 , as shown in Fig. 9.26. 

3. Adjust detector level R883 to obtain a difference voltage of 330 mY ±5 mY. 

detector 
level 

Digital voltmeter 
0881 

31+----1 Ground 

41+----1+ 

FIGURE 9.26 Detector level adjustment. 
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9.3.28 Digital-Audio CO-Oscillator Adjustment 

Figure 9.27 shows the digital-audio CD-oscillator adjustment diagram. Figure 
6.41 shows additional circuit details. This adjustment sets the digital-audio CD 
clock to the correct frequency. 

0302 

digital 
filter 

9 

R333 
CD oscillator 
adjust 

11.2896 MHz ±100Hz 

Frequency 
counter 

FIGURE 9.27 Digital-audio CO
oscillator adjustment. 

1. Connect a frequency counter to Q302_9 , as shown in Fig. 9.27. 

2. Play a CD test disc (Philips SA). 

3. Adjust R333 to set the clock to 11.2896 MHz ±100Hz. 

9.3.29 Digital-Memory VCXO-Ciock Adjustment 

Figure 9.28 shows the digital-memory VCXO-clock adjustment diagram. Figure 
6.39 shows additional circuit details. This adjustment sets the digital-memory 
clock to the correct frequency. 

0 0.1 V/div 
0.2 ms/div 
de input 

FIGURE 9.28 Digital-memory VCXO-clock adjustment. 
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1. Gain access to the digital-memory unit. Typically, this involves removing the unit from the shield case with the digital-memory assembly inside by taking off the five connecting cables and four screws that hold the shield case to the unit. Then remove the shields and reconnect the five cables. 
2. Connect the scope to QB18, as shown in Fig. 9.28. 
3. Adjust VCXO CB63 to set the voltage at pin 12 of QB18 to 3.0 V ±0.2 V. 

9.3.30 Sync-Level Adjustment 

Figure 9.29 shows the sync-level adjustment diagram. Figures 6.32 and 6.39 show additional circuit details. This adjustment equalizes the amplitude of the H-sync signals of the input video signal applied to digital memory (the "through video" signal) and the H-sync signals of the output video signal from digital memory (the "memory video" signal). 

1. Play a CDV (LD) test disc and search to frame 4801 (5401). 
2. Connect the scope to J502, as shown in Fig. 9.29. This connection makes it possible to monitor CCD video and memory video simultaneously. 

0 
Channel 1: 50 mV/div 
Channel 2: 50 mV/div 
5 JlS/div 
de input 

Channel1 ....._ __ _, Channel 2 

FIGURE 9.29 Sync-level adjustment. 
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3. Press the player Digital Picture key. 

4. Adjust sync-level RC58 until the amplitudes of the H-sync signals in digital
memory input and output video signals are the same. 

9.3.31 Memory-Video Level Adjustment 

Figure 9.30 shows the memory-video level adjustment diagram. Figures 6.32 and 
6.39 show additional circuit details. This adjustment equalizes the amplitude of 
the luma signals of the input video signal applied to digital memory (the through 
video signal) and the luma signals of the output video signal from digital memory 
(the memory video signal). 

1. Play a CDV (LD) test disc and search to frame 3900 (1000). 

2. Connect the scope to J502, as shown in Fig. 9.30. This connection makes it 
possible to monitor TBC video and memory video simultaneously. 

3. Press the player Digital Picture key. 

Channel1 

J502-2 

RC60 
memory-video 
level 

0 
Channel 1: 0. 1 V /div, de input 
Channel2: 0.1 V/div, de input 
10 JlS!div 

..._ __ _. Channel2 

FIGURE 9.30 Memory-video level adjustment. 
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4. Adjust memory-video level RC60 until the amplitudes of the luma signals in 
digital-memory input and output video signals are the same. 

9.3.32 Memory-Video (MMV) Adjustment 

Figure 9.31 shows the MMV adjustment diagram. Figure 6.39 shows additional 
circuit details. This adjustment synchronizes the time base of the through video 
and memory video signals. 

RB7o 
MMVadjust 

TV monitor 

0809 
memory 
control 

14 

Player rear panel 

CO oD~~ 
Video input/ Video output/ 

FIGURE 9.31 Memory-video adjustment. 

1. Play a CDV (LD) test disc and search to frame 3900 (1000). 

9 
L.<J: 

2. Press the player Digital Picture key on and off while observing the TV or mon
itor. 

3. Adjust MMV RB70 to minimize lateral displacement (horizontal shift) between 
direct pictures (through video) and pictures passed by the digital memory. 

9.3.33 140-ns Shift-Level Adjustment 

Figure 9.32 shows the 140-ns shift level adjustment diagram. Figure 6.39 shows 
additional circuit details. This adjustment sets the amount of phase shift in the 
memory video 140-ns phase-shift circuit (to provide the correct burst phase to the 
composite video signal). 

1. Play a CDV (LD) test disc and search to frame 7201 (6301). 
2. Connect the scope to QB17, as shown in Fig. 9.32. 
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FIGURE 9.32 140-ns shift-level adjustment. 
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3. Operate the scope in the X-Y mode and observe the scope pattern. 

4. Adjust shift level CC60 until the two bright points in the scope pattern are as 
close to each other as possible (overlap.is best), as shown in Fig. 9.32. 

9.3.34 140-ns Level Adjustment 

Figure 9.33 shows the 140-ns level adjustment diagram. Figures 6.32 and 6.39 
show additional circuit details. This adjustment equalizes the amplitude of the 
chroma signal (in the composite video) before and after the 140-ns phase shift. 

1. Play a CDV (LD) test disc and search to frame 7201 (6301). 

2. Connect the scope to QCz1_15, as shown in Fig. 9.33. 

3. Adjust 140-ns level RC59 to minimize vertical deviation of the chroma signal 
(as shown on the scope). 
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FIGURE 9.33 140-ns level adjustment. 
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4. Observe the magenta image on the monitor screen to check for minimum 
flicker of the magenta. If excessive magenta flicker persists, repeat the 140-ns 
shift-level adjustment (Sec. 9.3.33). If a vectorscope is available, adjust RC59 
to align the magenta gain in the vectorscope screen to the prescribed position 
(typically 61° from B-Y, chroma 80 IEEE units, and luma 36 IEEE units). 

9.3.35 Y/C Separation Adjustments 

Figure 9.34 shows the Y/C separation adjustment diagram. Figure 6.38 shows ad
ditional circuit details. These adjustments provide for the correct separation of Y 
and C signals from the composite video signal. 

1. Remove the Y/C separation circuit board. 
2. Play a CDV (LD) test disc and search to frame 9500. 
3. Connect the scope to pin 15 of PS26 and observe the CCD Out waveform (after 

passing through the LPF). Adjust CCD Output R 12 to minimize distortion and 
maximize the level simultaneously. Use a 0.1-j.l.s/div sweep on the scope. 

4. Search to frame 34,000 and observe the chroma-output (C-Out) waveform. 
Adjust C-Phase R 24 and C-Leve! R 20 alternately to minimize the residual Y 
component at 3.58 MHz. Use the luma-output (Y-Out) on channel 2 of the 
scope as a reference for location of the 3.58-MHz burst. 

S. Search to frame 9500 and observe the luma-output (Y-Out) waveform. Adjust 
Y-Phase R38 andY-Level R55 alternately to minimize the residual C compo
nent. 

6. Search to frame 6500 and check that the 100 percent level is 714 ±55 mY. If 
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FIGURE 9.34 Y/C separation adjustments. 
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the level is not correct, repeat the video output-level adjustment (Sec. 9.3.25) 
as necessary. 

9.4 CDV TROUBLE SYMPTOMS RELATED 
TO ADJUSTMENT 

The following notes describe trouble symptoms that can be caused by improper 
adjustment. Remember that these same symptoms can also be caused by circuit 
failures. (We describe circuit failure as the basis of trouble symptoms in there
maining sections of this chapter.) 

Improper tracking (track jumping or skipping): Although they are not the only 
possible causes, these problems are often caused by improper grating and 
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tracking-balance adjustments (Sees. 9.3.4 and 9.3.12) or the focus-sum level 
adjustment (Sec. 9.3.16). 
Frequent dropouts: If there are frequent dropouts (with more than one disc), 
start by checking the RF-gain adjustment (Sec. 9.3.5). If the RF signal is 
weak, even a properly functioning DOC circuit cannot function properly. 
Excessive dropouts: Once you are certain that RF gain is good (Sec. 9.3.5), 
check the 1H delayed-video level adjustment (Sec. 9.3.23). 
Track jumping during long search times: If tracking is good between nearby 
tracks but tends to jump when there is a long search time, check the spindle
motor centering (Sees. 9.3.6 and 9.3.7). 
Crosstalk on TV or monitor display: If the TV or monitor display shows re
peated images or blending of colors (left, right, or both), check the pickup 
tracking-direction inclination adjustment (Sec. 9.3.8), the CDV focus-error 
balance adjustment (Sec. 9.3.9), and the tilt-sensor inclination adjustment 
(Sec. 9.3.11). If cross talk is excessive, check the pickup tangential-direction 
angle adjustment (Sec. 9.3.10). 

Degraded playability: If more than one known-good disc (both CDV and CD) 
show poor quality (both video and audio), check the tracking-servo loop-gain 
adjustment (Sec. 9.3.13) and the focus-servo loop-gain adjustment (Sec. 
9.3.14). 
Noise in CD playback sound: If there is noise only in the CD sound, check the 
focus-error balance adjustment (Sec. 9.3.15). 
Spindle-seTVo locking failure: If the spindle-motor runs but fails to lock in any 
mode, check the reference shift adjustment (Sec. 9.3.17). 
Color irregularities: If the color is poor (or incorrect) on more than one disc, 
check the PLL offset adjustment (Sec. 9.3.18). If there are color irregularities, 
together with other symptoms, check as described in the following notes. If 
color irregularities are excessive, check the color phase-correction level ad
justment (Sec. 9.3.26). 

Picture irregularities and spindle locking failure: If these symptoms occur si
multaneously, check the half-H rejection adjustment (Sec. 9.3.19) and the de
tector level adjustment (Sec. 9.3.27). 

Flickering in still mode and displacement in memory pictures: The first place 
to check for flickering or horizontal displacement in memory pictures is the 
trapezoid inclination (TBC error) adjustment (Sec. 9.3.20). 

Playback does not start at the start of the disc. Missing or irregular color, fine 
stripes: Start by checking the burst-gate position adjustment (Sec. 9.3.21). 
Color irregularities and spindle locking failure: If these symptoms occur si
multaneously, check the reference clock (14.31818 MHz) frequency adjust
ment (Sec. 9.3.22). 
Color-lock failure or slow color lock after search: Start by checking the VCO 
center-frequency adjustment (Sec. 9.3.24). 
TV or monitor screen too dark or bright. Replay started at wrong position be
cause of misread data: Start by checking the output video-level adjustment 
(Sec. 9.3.25). 
Digital sound interrupted or irregular: Start by checking the digital-audio CD
oscillator adjustment (Sec. 9.3.28). 
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Irregular horizontal sync during digital memory mode: Start by checking the 
digital-memory VCXO clock adjustment (Sec. 9.3.29). 

Unstable memory video playback but good nonmemory video: Start by 
checking the sync-level adjustment (Sec. 9.3.30). 

Variations in brightness of the memory video playback but good nonmemory 
video: Start by checking the memory-video level adjustment (Sec. 9.3.31). 

Horizontal displacement of memory video picture with respect to the 
nonmemory video: Start by checking the MMV adjustment (Sec. 9.3.32). 

Flickering on TV or monitor display in all modes: Start by checking both the 
140-ns shift-level (Sec. 9.3.33) and 140-ns level (Sec. 9.3.34) adjustments. 

S-Video monitor display problems but good nonseparated video: If video 
from VHF Out and Video Out is good butS-Video is not good (striped noise, 
images not colored, etc.), check the Y/C separation adjustments (Sec. 9.3.35). 

9.5 POWER-SUPPLY TROUBLESHOOTING 
APPROACH 

Figures 9.35 through 9.37 show the circuits involved in power-supply trouble
shooting. Since the power supplies provide several voltage sources, a failure in 

} 14 V, ac 

}
25 V, ac 

}30 V, ao 

FIGURE 9.35 AC input and power transformer circuits. 

To 
power 
supply 
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FIGURE 9.36 AC and de power-supply circuits. 

any of them can produce a number of trouble symptoms. Likewise, a problem in 
the circuits being powered by the supply can make the supply appear defective. 
However, since none of the supply circuits are that unique, conventional trou
bleshooting techniques can be used. 

As an example, if symptoms indicate a possible defect in a particular power 
supply, the obvious approach is to measure the de voltage. If there are many 
branches, measure the voltage on each branch. If any of the branches are open 
(say an open R901 in Fig. 9.36), the voltage on the other branches may or may not 
be affected. On the other hand, if any of the branches are shorted, the remaining 
branches are usually affected (the output voltage is lowered). 

If a current probe is available, measure the current in each branch. Most CDV 
power supplies use PC boards, so you cannot disconnect each output branch (in 
turn) until a short or other defect is found. 



______________ ... ______ ,, ___________ , 
CDV PLAYER TROUBLESHOOTING AND ADJUSTMENT 9.39 

-16 v (b) 

5 V (c) 

·-------- 0904 v 
5 V (a) 

-5.6V 

0903 

5V(a) 

5.6V 

0906 

5 v (b) 

v 
FIGURE 9.37 DC power-supply circuits. 

If one or more output voltages appear to be abnormal and it is not possible to 
measure the corresponding current, remove the power and measure the resis
tance in each branch. Compare actual resistances against those in the service lit
erature (if available). If you have no idea as to the correct resistance, look for 
obvious low resistance (a complete short or resistance of only a few ohms). 

Always use an isolation transformer for the ac power line when checking CDV 
power supplies (or any electronic equipment for that matter). 

If it is necessary to· replace a zener diode in any of the regulator circuits, use 
an exact replacement. Some technicians replace zeners with a slightly different 
voltage value and then try to compensate by adjustment of the regulator. This 
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may or may not work. There are no adjustments in our power-supply circuits (but 
this is not always true for all CDV players). 

Do not overlook the use of scopes in troubleshooting power-supply circuits. 
Even though you are dealing with de voltages, there is always some ripple 
present. The ripple frequency and waveform produced by the ripple can help in 
localizing possible troubles. It is also possible to use a scope as a voltmeter (al
though if you are only to measure voltage, the meter is simpler). 

9.5.1 16-V Power Supply Troubleshooting 

If all of the 16-V sources (both positive and negative) are missing, the obvious 
suspects are fuses F 901 and F 902 and D901 (Fig. 9.36). Note that if the 16-V 
sources are missing, the regulated positive and negative 5-V sources will also be 
missing, since the 5-V sources are derived from the 16-V sources. However, if 
only the 16-V (b) source is missing, R901 is the likely suspect. 

9.5.2 5-V Power Supply Troubleshooting 

If the 5-V (a) source is missing, the source voltage and bias source for the 5-V (a) 
voltage regulator should be checked. If both sources are present, check the pass 
regulator Q903 • 

9.5.3 33-V Power Supply Troubleshooting (Fluorescent Display) 

A failure in the 33-V power supplies can cause problems with the front-panel 
fluorescent-tube display. The first place to check is at the collector of Q911 • If the 
voltage (approximately -45 V) is present at the collector, suspect Q911 or D 9w If 
the voltage at the collector of Q911 is absent or abnormal, suspect the voltage
tripler circuit D915 and D914 or C928 and C929• 

9.5.4 Power-Supply Source Troubleshooting 

Note that there are several regulated sources (series or pass regulation) in our 
CDV player. Many of the regulated sources are developed by more than one ac
tive device and source. For example, the 5-V (a) source is derived from the rec
tified 14-V source, through pass regulator Q903 • However, the bias for Q903 is pro
vided by the 5.6-V regulated source through Q901 • Therefore, a fault in the 5.6-V 
source affects the 5-V regulated source. 

9.6 SPINDLE-DRIVE TROUBLESHOOTING 
APPROACH 

Figures 6.4 and 6.5 show the circuits involved in spindle-drive troubleshooting. 
Several symptoms can appear if a fault exists in the spindle-drive circuits. 

If the spindle motor does not spin with any disc, check the voltage sources to 
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the drive circuits, particularly the 16-V (c) and 5-V (a) sources. If either voltage is 
absent, check the power-supply circuits (Sec. 9.5). If both voltages are present, 
check at pin 9 of the spindle-motor control QD01 for a 5-V start signal. If it is 
absent, suspect the system-control circuits (Sec. 9. 7). If the signal is present, sus
pect QD01 • 

If the spindle motor spins when a CD is played, the fault may be in the spindle 
motor or the motor drivers. If there is a fault in either circuit, the audio from a 
CD will be very poor because of dropouts. 

To verify that a fault exists in the spindle motor, check for continuity through 
the three phases of the motor with an ohmmeter. If each phase of the motor is 
good (about 4 !1), suspect the spindle-motor drivers QD02 and QD03 • The exact 
resistance of each winding is not critical, but all three windings should show sub
stantially the same resistance. 

It is also possible that the spindle drivers are not receiving signals from QD01 

or a spindle-drive signal, as shown in Fig. 6.5. If any of these signals are absent, 
check back to the source (Figs. 6.33 through 6.36). 

9.7 SYSTEM-CONTROL TROUBLESHOOTING 
APPROACH 

Figures 6.6 through 6.9 show the circuits involved in system-control trouble
shooting. A malfunction in any of the CDV systems may occur if there is a failure 
in the system-control circuits. Since there are several microprocessors involved, 
the symptoms may point to only one of the microprocessors, but do not count on 
it. More likely, operation of one system-control microprocessor depends on bus 
signals from another microprocessor (as is typical for most present-day electronic 
devices). 

Before you start looking for missing inputs to a system-control microprocessor 
or for outputs from a microprocessor (in response to an input), there are some 
points that can be checked on any microprocessor system. 

9.7.1 Power and Ground Connections 

The first step in tracing problems on a suspected system-control IC is to check all 
power and ground connections. Figures 6.6 and 6. 7 show the power and ground 
connections for the system-control ICs of our CDV player. 

Make certain to check all power and ground connections to each IC since 
many ICs have more than one power and one ground connection. For example, 
as shown in Fig. 6.6, pins 1 and 42 of QU01 are both grounded. Likewise, as 
shown in Fig. 6.7, pins 10, 25, and 42 of QU03 are grounded. 

9.7.2 Reset Signals 

With all of the power and ground connections confirmed, check that all of the ICs 
are properly set. The reset connections for the ICs are shown in Figs. 6.6 and 6.7. 
Figure 6.8 shows the reset circuit details. 

One simple way to check the reset functions is to check for reset pulses at the 
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appropriate pins. For example, pin 6 of QU01 (and the entire reset, or RES, line) 
should show pulses, as illustrated in Fig. 6.8. If they do not, suspect QU 16, QU 17, 

DU03 , and CU11• 

As in the case of any microprocessor-controlled device, if the reset line is 
open, shorted to ground, or to power (5 or 16 V), the ICs are not reset (or remain 
locked in reset) no matter what control signals are applied. 

This brings the entire CDV player operation to a halt. So if you find a reset 
line (or reset pin) that is always high, always low, or apparently connected to 
nothing (floating), check the line carefully. 

9.7.3 Clock Signals 

As shown in Fig. 6.6, there are three clock signals in the system-control circuits 
of our CDV player. The main system-control IC QU01 has a 4-MHz clock at pins 
2 and 3, keys/display IC QF01 has a 6-MHz clock at pins 19 and 20, and the 
digital-audio IC Q304 has a separate 4-MHz clock at pins 15 and 16. 

It is possible to measure the presence of a clock signal with a scope or probe. 
However, a frequency counter provides the most accurate measurement. Obvi
ously, if any of the ICs do not receive the clock signal, the IC cannot function. 
On the other hand, if the clock is off frequency, all of the ICs may appear to have 
a clock signal, but the IC function can be impaired. (Note that crystal-controlled 
clocks do not usually drift off frequency but can go into some overtone fre
quency, typically a third overtone.) 

If the main system-contro14-MHz clock is absent or abnormal, suspect XU01 • 

If the digital-audio 4-MHz clock is absent or abnormal, suspect X302• If the 6-
MHz clock is absent or abnormal, suspect XF01 • 

9.7.4 Bus Circuits 

Generally, if there is pulse activity on the buses that interconnect system-control 
ICs (or any ICs), it is reasonable to assume that the clock, reset, power, and 
ground are all good. While it is not practical to interpret the codes passing be
tween ICs on the system buses, the presence of pulse activity on all of the bus 
lines indicates that the system-control functions are normal (but do not count on 
it). 

Once you have checked all of the bus lines for pulse activity, the next step is 
to measure the resistance to ground (with the power off) of each line in the bus 
(data bus, address bus, control bus, etc.). Pay particular attention to any lines 
that do not show pulse activity. If any one line differs substantially, suspect a 
problem on this line. If two lines show the same (higher or lower) resistance, the 
two lines may be shorted together. In any case, before going further, check the 
schematic to see if the circuits connected to suspect lines could explain the dif
ferences. 
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9.8 SERVO TROUBLESHOOTING APPROACH 

Several symptoms can show up if there is a fault in one of the servo circuits 
(Fig. 6.12). Such symptoms may include no start-up or poor play (poor track
ing or skipping), although these symptoms are not exclusively related to the 
servo. 

The most practical approach is to try localizing the problem to only one of the 
servo systems. The test modes described in Sec. 9.3.3 can be used to help with 
the isolation process. Also, if you run through the test and adjustment procedures 
described in Sec. 9.3 (using the recommended test discs), specific problems can 
be isolated to a particular servo. The following paragraphs describe some tech
niques for isolating problems in the servo circuits. 

9.8.1 Player Will Not Play Any Disc 

A likely cause for a player will not play any disc symptom is a problem in the 
start-up circuits (Figs. 6.9 through 6.17). The start-up sequence can be checked 
by observing the pickup drive mechanism when ac power is applied. 

With the top removed and without a disc, the pickup-drive mechanism should 
move outward, and the loading tray should move up and down to perform the 
disc-clamping sequence. After the loading tray moves into the down position, the 
objective lens should move up and down to perform a focus search. 

Since the laser beam cannot focus without a disc, the pickup-drive mechanism 
moves to check for the presence of a small disc (CD or CDV Single). The focus
search pattern is repeated after reaching the CD focus-search position. If this se
quence is not followed, check the focus-servo circuits as follows. 

With no disc installed, place the player in a test mode and monitor the signal 
atJ112_5 (Figs. 6.10 and 6.17) with a scope. With the test mode initiated, the volt
age should rise to 1 V, down to -1 V, and .back up to 0 V (producing a voltage 
ramp) in about 1 s. This pattern should be repeated five times. 

If the signal is present at J 112_5 but the objective lens does not move up and 
down five times, suspect the laser-diode assembly. If the focus start-up signal is 
not present, suspect Q101 , Q104, Q114, and Q115• Note that the UPDN (start-up) 
signal at pin 36 of Q101 should be about 0.7 Vp-p· 

If the start-up sequence is functioning, check the laser output next. Monitor 
the voltage at pin 5 of Q108 (Fig. 6.10) and initiate a test mode. While the objec
tive lens moves up and down, pin Q108_5 should read about 5 V. 

If the 5 V are not present, check the LD On signal from QU03_62• If the 5 V are 
present, monitor the output at Q108_1 and initiate the test mode. Pin 1 of Q108 

should go to abput 2.5 V. If not, suspect Q108• 

If Q108_1 is 2.5 V with the test mode initiated, check the monitor diode input at 
pin 3 of Q108• Q108_3 should be -5 V when the laser diode is off. When the test 
mode is activated, Q108_3 should go to about -3.6. V. If the voltage does not 
change when the test mode is initiated, suspect the laser-diode assembly. 
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9.8.2 Player Operates but Play Is Poor 

If the start-up circuits are functioning properly, all of the drives for the servo cir
cuits should be good. However, the adjustment may be off just enough to cause 
play problems. An effective troubleshooting procedure is to perform the adjust
ment checks for each of the servo circuits, as described in Sec. 9.3. Section 9.4 
relates the procedures to trouble symptoms. 

By simply going through the adjustment procedures (in the proper se
quence) you can often pinpoint servo-system troubles. For example, if you are 
adjusting the focus-servo loop-gain, as described in Sec. 9.3.14, and find the 
signals at J 111_5 and J 111 _3 (Fig. 6.13) absent or abnormal, you have localized 
trouble to the photodiodes B1 through B4 or to the Q103 circuits. Note that it 
may be difficult to monitor the outputs directly from the photodiodes. How
ever, the voltage at all four photodiode test points J 113. 4 through J 113_1 should 
be substantially the same. 

Another aid in troubleshooting the servo circuits is to play different types of 
discs. For example, if a CD or the audio part of a CDV Single plays properly but 
a CDV shows poor play, the problem can be isolated to a circuit common to the 
CDV servo only (such as the CDV focus balance R 162 or to Q118, Fig. 6.13). 

9.9 VIDEO AND TBC TROUBLESHOOTING 
APPROACH 

Figures 6.27 through 6.32, and 6.38 show the circuits involved in video and TDC 
troubleshooting. There are many different symptoms that can be caused by a fail
ure in the video and TBC circuits. These include no picture, noisy picture, and 
picture jitter. Start by playing a test disc and observing the display. This can of
ten pinpoint the problem. Listening to the spindle motor can also give a clue as to 
the problem. The following techniques will aid in isolating problems in the video 
and TBC circuits. 

9.9.1 No Picture 

It is possible that a no-picture symptom can be caused by the spindle motor not 
being locked. If the spindle sounds like the motor is searching (increasing and 
decreasing spindle-motor velocity), the problem is probably in the TBC error
detection circuits (Fig. 6.31). 

Another indication of TBC-circuit failure is a lack of audio. So if you get no 
picture and no audio (or very poor audio) but the spindle motor is running, check 
the TBC error-correction circuits (Figs. 6.27 through 6.32). 

One way to check the TBC circuits from input to output is to perform the ad
justment checks for each of the circuits, as described in Sec. 9.3. By going 
through the procedures (in the proper sequence) you can often pinpoint TBC cir
cuit problems. 

Section 9.4 relates the adjustment procedures to trouble symptoms. For ex
ample, Sec. 9.4lists our TBC-related trouble symptom of "spindle servo locking 
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failure" as possible improper adjustment of the reference shift R766 (described in 
Sec. 9.3.17). 

9.9.2 Poor Video 

If the spindle motor appears to be locked, there is good audio, but the video is 
poor (jitter, noise, etc.) or the video is totally absent, the circuits following the 
TBC block are suspect. These circuits are shown in Figs. 6.37 and 6.38. 

Play a test disc and monitor the circuit signals with a scope. As usual, use the 
waveforms shown in Figs. 6.37 and 6.38 for reference only. (This applies to any 
of the simplified schematics in this book.) The service-literature waveforms 
should provide much greater accuracy (particularly if they are in the form of pho
tos). 

If poor video is in the form of flickering on the TV or monitor in all modes, 
check the 140-ns level adjustments described in Sec. 9.3.34. 

If video is poor only when an S-Video (S-VHS) monitor is used, check the 
Y/C-separation adjustments described in Sec. 9.3.35. 

9.10 AUDIO TROUBLESHOOTING APPROACH 

Figures 6.24, 6.25, and 6.40 through 6.42 show the circuits involved in audio trou
bleshooting. This involves straightforward signal tracing. There are no adjust
ments. Obviously, if the problem is with analog audio but there is good digital 
audio, check the circuits in Fig. 6.40. On the other hand, check the circuits in 
Figs. 6.41 and 6.42 if the problem is in digital audio but there is good analog au
dio. 

Remember that both audio outputs must pass through relay L402 (Fig. 6.41). If 
both digital and analog audio are good up to L402 but not at the output jacks, sus
pect L402, Q415, and Q304• Also remember that both digital and analog audio orig
inate from the same source as video (the B1 through B4 photodiodes, Fig. 6.24) 
but are separated in the RF signal-processing circuits, Fig. 6.25. 

For example, if video is good, it is reasonable to assume that the photodiodes 
Qzsi• Q282, Q501 , Q511 , and Q512 are good. If only analog audio is bad (good video 
and digital audio), suspect F 503 , Q546, Q547, and the circuits in Fig. 6.40. 

If only digital audio is bad (good video and analog audio), suspect Q538, Q539, 

Qs4o• Q536• Fsoz, Qs37• Q501 , Q 505, and the circuits in Figs. 6.41 and 6.42. 

9.11 DIGITAL-MEMORY (SPECIAL EFFECTS) 
TROUBLESHOOTING APPROACH 

Figure 6.39 shows the circuits involved in digital-memory troubleshooting. A fail
ure in the digital-memory circuits usually occurs only when special effects are 
selected. Rarely will a problem in digital memory affect normal video. 

If the symptom is no special effects, check the video signal input to analog-to 
digital (ND) converter QB08 • If the input is absent or abnormal, trace back to the 
source. If there is a good input fo QB08, select the memory mode and play a test 
disc. Then trace through the circuits in Fig. 6.39. 

When a picture is displayed (such as a color-bar test pattern), press the Mem-
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ory key on the remote control. MEM.P should be displayed on the screen for 1s, 
indicating storage of the picture being displayed. Now press the Stop key. The 
player should go into the stop mode, but the memory picture should still be dis
played. 

If the memory picture is not displayed, check the output from pin 6 of digital
to audio control (DAC) QC29 • If the signal is present, trace through the circuits 
from Q~9 to pin 15 of QC21 • Remember that the 140-ns phase-shift circuits re
quire a 5-V CINV signal from pin 60 of QB09 to produce the correct output. 

If the signal at pin 6 of Q~9 is absent or abnormal, check the 8-bit bus input 
to QC29• Again, it is not practical to interpret the 8-bit code from QB09 to QC29 • 

However, all of the bus lines should show pulse activity (and all should show the 
same resistance to ground) when checked, as described in Sec. 9.7.4). 

If one bus line shows no activity, that line is suspect. If all lines show no ac
tivity when the memory mode is selected, suspect QB08, QB09, QB10, and the 
related circuits (edge detect, clock, etc.). Also try performing all of the memory 
adjustments described in Sec. 9.3. 

If the symptom is poor special effects (tearing, loss of sync, distorted video, 
etc.) but there is good normal video, check all of the circuits in Fig. 6.39. Pay 
particular attention to all of the inputs from other circuits. For example, if the 
horizontal sync is missing during memory, check for proper H-sync signals at pin 
13 of QC21 and for proper adjustment of sync level RC5s"(Sec. 9.3.30). 

9. 12 HELIUM-NEON LASER 
TROUBLESHOOTING AND ADJUSTMENT 

Figures 6.43 and 6.44 show the circuits involved in helium-neon laser trouble
shooting. Warning: Extreme care must be exercised while working with any 
helium-neon laser supply circuits to prevent the possibility of damaging the reg
ulator circuits or exposing yourself to dangerous voltages. 

The helium-neon laser supply should not normally require checking. If the la
ser is on and 5 V ±0.1 Vis measured at TP5 (Fig. 6.44), the laser supply is op
erating normally. Likewise, the supply should not normally require adjustment. 
However, use the following procedures if it becomes necessary to check and/or 
adjust the laser supply during service. 

9.12.1 Checking a Helium-Neon Laser Supply 

1. Turn off the power. 
2. Disconnect the laser. 
3. Ground TP 4 (Fig. 6.44). 
4. Close the player lid. Turn the power on. 
5. Use a meter capable of handling -2500 V. Connect the meter from the laser 

terminals to ground. The voltage should be -2000 V ± 500 V and typically 
about -1800 V. 

6. Disconnect the meter. Remove the ground lead. Turn the power off and 
reconnect the laser. 
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9.12.2 Laser Current Adjustment 

1. Close the lid and start the player. 

2. Connect a de voltmeter to TP 5 (Fig. 6.44). 
3. Adjust laser-current adjust R2 for 5 V ±0.1 V. 

9.12.3 Helium-Neon Laser Circuit Troubleshooting 

1. To determine if the laser is conducting, check for 5 Vat TP5 • 

2. If 5 Vis present at TP5 , the laser is conducting and the laser supply is oper
ating normally. (Most CDV players with helium-neon lasers have some sim
ilar test point for a quick check of the laser that does not require measure
ment of the laser high-voltage supply.) 

3. If 5 Vis missing at TP5, check for 25-VP-P drive pulses at TP6 • 

4. If the pulses are present, skip to step 8. 
5. If the pulses are missing at TP6 , check for a 12-V switched power source. 

6. If 12 Vis missing, check the lid switch (and any other interlocks used in the 
player being serviced). 

7. If 12 Vis present but there are no pulses at TP6 , check Q2, Q3 , Q4 , and Q5 • 

8. If pulses are present at TP6 , check for 8 Vat the base of Q1• 

9. If the 8 V is low or missing, check Z1, D 5 , D 6 , Q1, R 1, and R25 • 

10. If 8 V is present, check the laser high-voltage circuit (Fig. 6.43). 
11. If the laser high voltage (about 1800 V) is missing, check all components in 

Fig. 6.43. 
12. If the laser high voltage is present, check all components in Fig. 6.44, includ

ing adjustment of R2 • 
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Pickup adjustments, 8.8 
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INDEX 

Radiation, laser, 4.4 
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6.15 

Special effects, 6.43 
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troubleshooting, 9.45 

Spectrum, CDV, 1.18 
Stereo system, standard (shop), 4.8 
S-VHS, 6.4 

Tangential tracking, 2.20 
TBC (time-base correction), 1.22, 6.4, 

6.31, 6.36 
TeD, 1.2 
Test discs, 4,7 
Tilt control, 6.26 
Time-base correction (see TBC) 
Track: · 

CD, 1.4 
CDV, 1.21 
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CD, 5.19 
CDV, 2.22 

Tracking, 1.9, 2.12, 2.17, 5.11, 5.19, 6.21 
to 6.26 

adjustments, 8.8 
radial, 2.20 
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Transit screw, 3.2, 7.5 
Trouble symptoms versus adjustments, 

CDV, 9.35 
Troubleshooting: 

CD: 
autofocus, 8.18 
checks, 3.11, 8.4 
laser, 8.14, 8.20 
mechanical, 8.11 
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preliminary, 3.9, 8.4 
signal processing, 8.16 
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Turntable: 
adjustments, 8.9 
troubleshooting, 8.22 

Unloading, 5.3, 7.7 
VHD (video high density), 1.2 

1.3 



ABOUT THE AUTHOR 

For over 39 years, John D. Lenk has been a self-employed consulting technical 
writer specializing in practical troubleshooting guides. A long-time writer of in· 
ternational best-sellers in the electronics field, he is the author of 72 books on 
electronics which together have sold more than 1 million copies and have been 
translated into eight languages. Mr. Lenk's guides regularly become classics in 
their fields and his most recent books include Complete Guide to Modern VCR 
Troubleshooting and Repair, Digital Television, Lenk's Video Handbook, and 
Practical Solid-State Troubleshooting, which sold over 100,000 copies. 



0\IIIIOR: I rNY. :JOIIH 

I fHY.S I Ofd'R IJntlljOO()K 

ISBN: 0- 8306- 4429- 6 

llll lll lllll lllllllll! 11111111 
9760830644294 


	Cover
	Title Page
	Contents
	Preface
	Acknowledgements
	1. Introduction to Laser-Based Disc Players
	2. Encoding, Decoding and Optical Readout
	3. User Controls, Operating Procedures and Installation
	4. Test Equipment, Tools and Routing Maintenance
	5. Typical CD Player and CD-ROM Circuits
	6. Typical CDV Player Circuits
	7. Mechanical Operation, Adjustment and Replacement
	8. CD Player Troubleshooting and Adjustment
	9. CDV Player Troubleshooting and Adjustment
	Index
	About the Author
	Back Cover

