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Compact discs and the digital audio revolution:

The transformation of CD players and CDROMSs from laboratory curiogties to the
economica household appliancesthat have revolutionized the musical recording industry and have
made possible multimedia computing depend on the avail ability of two technologies: low power low
cost solid state laserdiodes and mass produced large scaleintegrated circuits. Without these, aCD
player usng 1960's technology would be the size of dishwasher!

Mogt of us takedl of thisfor granted rardly giving any thought to the amazing interplay of
precisionopticsand complex eectronics - at least until something goeswrong. The purpose of this
document is to provide enough background on CD technology and troubleshooting guidance so
that anyone who is reasonably handy whether a homeowner, experimenter, hobbiest, tinkerer, or
engineer, can identify and repair many problems with CD players and possibly laserdisc players,
CDROM drives, and optica storage drives aswell.

Even if you have trouble changing alight bulb and do not know which end of a soldering
ironisthe oneto avoid, reading through this document will enable you to be more knowledgesble
about your CD player. Then, if you decideto haveit professondly repaired, you will have abetter
chance of recognising incompetence or down right dishonesty when dedling with the service
technician. For example, abad laser is not the most likely problem - it is actudly fairly far down
onthelig of typicd faults. There - you learned something dready!




Mot of the information in this document appliesto the CD players in component stereo
systems, compact stereos, boomboxes, car units and portables, aswell as CDROM drives. The
primary differenceswill relate to how the disc isloaded - portables usudly are top loaders without
aloading drawer.

However, as aresult of the level of miniaturization required for portables and to alesser
extent, CDROM drives, everything istiny and most or al of the eectrica components are surface
mounted on both sides of an often inaccessible printed circuit board with the entire unit assembled
using screwswith amind of their own and adesire to be logt.

Laserdisc players and opticd disk storage units have much in common with CD players
with respect to the mechanica components and front-end eectronics. Therefore, the information
contained in this document can represent a gtarting point for their troubleshooting as well.

Many common problems with CD players can be corrected without the need for the service

manua or the use of sophisticated test equipment. Thetypes of problemsin aCD player can be

classfied as

1. Mechanical - dirt, lubrication, wear, deteriorated rubber parts, dirty/bad  limit switches,
physica damage.

2. Electricd Adjustments - coarse tracking, fine tracking, focus, laser power. However,
some CD players no longer have some of these adjustments.

3. Electrica Component Failure. These are rare except for power surge  (sorm and lightning
grike) related damage which if you arelucky will  only blow out componentsin the power supply.

Y ou can often repair aCD player which isfaulty dueto (1) or (2) except for laser power
which | would not attempt except as a last resort without a service manua and/or proper
ingrumentation if needed - improper adjustment can ruin the laser. If discs are recognized at dl
or evenif the unit only focuses correctly, then laser power is probably OK. Whilethelaser diodes
can and do fail, don't assume that every CD player problem islaser related.

Infact, only asmall percentage (probably under 10%) are dueto afallure of thelaserdiode
or its supporting circuitry. Mechanica problems such as dirt and lubrication are most common
followed by the need for eectrical (servo) adjustments.

Category (3) falures in the power supply can aso be repaired fairly easily. Most other
electrica fallures would be difficult to locate without the service manud, test equipment, and a
detalled understanding and familiarity with audio CD technology. However, you might get lucky.

Repair or replace?.

While CD players with new convenience features are constantly introduced, the basic
function of playing aCD has not changed significantly in 15 years.

None of the much hyped 'advancements such asdigitd filters, oversampling, onebit D/As
and such are likely to make any differencein the ligening pleasure of most mortals. Most people
who care, do so only because they are more concerned with the technology than the musical
experience. Most of these so called advances were done at least in part to reduce costs - not




necessarily to improve performance.

Therefore, unlessyou redly do need a250 disc CD changer with aremote control that has
more buttons than aB777 cockpit and 2000 track programmability, a 10 year old CD player will
sound just as good and repair may not be a bad idea. Many older CD players are built more
solidly than those of today. Even some new high-end CD players may be built around a mostly
plastic optica deck and flimsy chassis.

If you need to send or take the CD player or CDROM driveto aservice centre, therepair
could easily exceed the cost of anew unit. Service centres may charge up to $50 or more for
providing aninitid estimate of repair costs but thiswill usudly be credited toward the totd cost of
the repair (of course, they may just jack this up to compensate for their bench time).

If you can do the repairs yoursdf, the equation changes dramaticaly as your parts costs
will be 1/2 to 1/4 of what a professona will charge and of course your time is free. The
educationa aspects may dso be gppeding. Youwill learnalot inthe process. Thus, it may make
senseto repair that bedraggled old boombox after all.
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Generd Introduction to CD Technology:

Information on a compact disc is encoded in minute 'pits just under the label sde of the
CD. The CD itsdf is stamped in much the same way as an old style LP but under much more
gringent conditions - smilar to the conditions maintained in the clean room of a semiconductor
wafer fab. The CD pressing is then duminum coated in a vacuum chamber and the label Sdeis
spin-coated with a protective plagtic resin and printed with the |abel.

CD-Rs - recordable CDs use a dightly different congtruction. CD-R blanks are
prestamped with aspira guide groove and then coated with an ablatable layer followed by agold
film, resin, and label. Theablatablelayer ppearsgreenish. Recording blowsholesinthe ablatable
layer which permits the laser beam to reflect off of the gold underneath.

The newest variation - DVDsor Digitd Versatile Disks (or Digital Video Disks depending
on who you ligen to) - implement a number of incrementa but very significant improvementsin
technology which in total add up to a pectacular increase in information dengity - amost 10:1 for
the sameszedisc. Theseinclude higher frequency laser (670 or shorter visblewavelength), closer
track spacing, better encoding, and a double sided disc. According to early reports on the find
specifications, DVDs will be able to store 8 times the audio of current CDs at a higher sampling
rate and bit resolution, 2 hours of MPEG encoded high qudity movies, and dl kinds of other
information. Raw data capacity is somewhere between 5 and 10 GBytes.

The remainder of this document limits discusson to the standard CD format. However, many of
the basic principles gpply to these newer formats as well.

CD information storage and playback:

The actud information to be recorded undergoes a rather remarkable transformation from raw



audio (or digitd data) before it becomes microscopic pits. For audio, this process starts with
prefiltering to remove frequencies above 20 kHz and and og-to-digital converson a asampling rate
of 44.1 K samples per second for both stereo channels (88.2 K/s total). Note that in most cases
of commercia or professond CDs, the original music has been recorded on multitrack digita tape
at 48 K sample/second. All mixing and premastering operationsare done at thissampling rate. The
find step is converson through resampling (sample rate conversion including sophisticated
interpolation) to 44.1 Ks/second.

Thisisfollowed by sophidticated coding of the resulting 16 bit twos complement samples
(interleaved between L and R channels) for the purpose of error detection and correction. Findly,
the data is converted to a form suitable for the recording medium by 8-14 modulation and then
written on amaster disk using a precisonlaser cutting lathe (or now with CD-R, amodest priced
CD recorder).

Like a phonograph record, the information is recorded in a continuous spiral. However,
with aCD, thistrack (groove or row of pits - not to be confused with the sdections on a music
CD) starts near the center of the CD and spirds (counterclockwise when viewed from the [abel
side) toward the outer edge. The readout is through the 1.2 mm polycarbonate disc substrate to
he duminized information layer just beneath the labd. Thetota length of the spiral track for a74
minute disc is over 5,000 meters or 3 milesin over 20,000 revolutions of the disc!

A sies of dectroplating, stripping, and reproduction steps then produce multiple
'sampers which are actualy used to pressthe discs.

Thedigita encoding for error detection and correction iscaled the Cross Interleave Reed
Soloman Code or CIRC. To describe this as smply as possible, the CIRC code consists of two
parts. interleaving of data so that a dropout or damage will be spread over enough physicd area
(hopefully) to be reconstructed and a CRC likeerror correcting code. Taken together, thesetwo
techniques are cgpable of some remarkable error correction. The assumption here is that most
errors will occur in burstsasaresult of dust specs, scratches, imperfectionssuch aspinholesinthe
aduminum coating, etc. For example, the codes are powerful enough to totally recover aburst error
of greater than 4,000 consecutive hits - about 2.5 mm on the disc. With full error correction
implemented (thisis not dways the case with every CD player), it ispossible to put a piece of 2
mmtaperadidly on thedisc or drill a2 mm holein the disc and have no audio degradation. Some
test CDs have just this type of defect introduced deliberately.

Two approaches are taken with uncorrectable errors: interpolation and muting. 1f good
samples surround bad ones, then linear or higher order interpolation may be used to reconstruct
them. If too much data has been logt, the audio is smoothly muted for a fraction of a second.
Depending on where these errors occur in relation to the musical context, even these drastic
measures may be undetectable to the human ear.

Note that the error correction for CDROM formats is even more involved than for CD
audio as any bit error is unacceptable. Thisis one of many reasonswhy it is generdly impossible
to convert an audio CD player into a CDROM drive. However, since nearly al CDROM drives
are cgpable of playing music CDs, much can be determined about the nature of a problem by first
testing a CDROM drive withamusic CD.



CD (disc) construction:

The information layer as mentioned above tilizes 'pits asthe sorage mechanism. Pitsare
depressions less than .2 um in depth (/4 wavelength of the 780 nm laser light taking into
condderation the actua wave ength indgde the polycarbonate plastic). Thus, the reflected beam is
180 degreesout of phasewith incident beam and cancels making for high contrast edges and good
sgnd to noiseraio. Everything that isnot apitis'land. Pits are aout .5 um wide and comein
increments of .278 um as the basic length of abit on the information layer of the disc.

Each byte of the processed information is converted into a 14 bit run length limited code
taken from a codebook (lookup table) such that there are no fewer than 2 or more than 10
consecutive Os between 1s. By then making the 1s trangtions from pit to land or land to pit, the
minimum length of any feature on the disc is no less than 3*x and no more than 11*x where x is
.278 um. Thisiscdled Eight-to-Fourteen Modulation - EFM. Thusthelength of apit rangesfrom
833 t0 3.054 um.

Each 14 bit code word has 3 additional sync and low frequency suppression bits added
for atotd of 17 bits representing each 8 hit byte. Since a single bit is .278 um, a byte is then
represented in alinear space of 4.72 um. EFM in conjunction with the sync bits assure that the
average signd has no DC component and that there are enough edges to rdliably recongtruct the
clock for datareadout. These words are combined into 588 bit frames. Each frame contains 24
bytes of audio data (6 samplesof L+R at 16 bits) and 8 bits of information used to encode (across
multiple frames) information like the time, track, index, etc:

Sync (24 + 3).
Control and display (14 + 3).
Data (12* 2* (14 + 3)).
Error correction (4*2* (14 +3)).

588 totd bitsframe

A block, which is made up of 98 consecutive frames, is the smalest unit which may be
addressed on an audio CD and corresponds to atime of 1/75 of a second. Two hits in the
information byte are currently defined. These are called Pand Q. P serves akind of global sync
function indicating start and end of selections, time in between sdlections, and so forth. Q hits
accumulated into one word made of a portion of the 98 possible bits encodes the time, track and
index number, as well as many other possible functions depending where on the discit islocated,
what kind of disc thisis, and so forth.

Informationon aCD isrecorded at a Constant Linear Velocity - CLV. Thisisboth good
and bad. For CD audio - 1X speed - thisCLV is about 1.2 meters per second. CLV permits
packing the maximum possble information on a disc since it is recorded at the highest density
regardless of |ocation. However, for high speed access, particularly for CDROM drives, it means
there is aneed to rgpidly change the speed of rotation of the disc when seeking between inner and
outer tracks. Of course, there is no inherent reason why for CDROMS, the speed could not be
kept congtant meaning that data transfer rate would be higher for the outer tracks than the inner



ones, but thisis, asfar as| know, not implemented.

Note that unlike aturntable, the instantaneous speed of the spindleis not what determines
the pitch of the audio sgnd. Thereis extengve buffering in RAM inside the player used both as
a FIFO to smooth out data read off of the disc to ease the burden on the spindle servo aswell as
to provide temporary storage for intermediate results during decoding and error correction. Pitch
(inthe music sense) is determined by the data readout clock - a crystd oscillator usudly which
controlsthe D/A and LS chipset timing. The only way to adjust pitchisto vary thisclock. Some
high-end playersinclude a pitch adjusment. The precision of the playback of the any CD player
is determined by a high qudity quartz oscillator so that wow and flutter - key measures of the
qudity of phonograph turntables - are so small as to be undetectable. Ultimately, the sampling
frequency of 44.1 K samples per second determines the audio output. For this, the average bit
rate from the disc is 4.321 M bits per second.

Tracksare spaced 1.6 micrometers apart - atrack pitch of 1.6 um. Thusal12 cmdisc has
over 20,000 tracks for its 74 minutes of music. Of course, unlike a hard disk and like a
phonograph record, it is really one spird track over 3 mileslong! However, as noted above, the
darting point is near the center of the disc. Thewidth of the pitson atrack isactualy about .5 um.
The focused laser beam is lessthan 2 um at the pits. Compare thisto an LP: A long long playing
LP might have abit over 72 minutes of music on two sides or 36 minutes per Sde. (Most do not
achieve anywhere near thismuch music since the groove spacing needsto vary depending on how
much bass content the music has and wide grooves occupy more space.) At 33-1/3 rpm, thisis
just over 1,200 grooves in about 4 inches compared to 20,000 tracks on a CD in aspace of just
over 1.25inches The readout stylesfor an LP has atip radius of perhaps 2 to 3 mils (50 to 75
um).

And you thought driving on a narrow winding country road was tought:

To put the required CD player servo system performance into perspective, hereis an analogy:

At a congtant linear velocity of about 1.2 meters per second, the required tracking precison is
astounding: Proper tracking of a CD is equivaent to driving down a 10 foot wide highway
(assuming an acceptable tracking error of less than +/- .35 um) more than 3,200 miles for one
second of play or over 14,400,000 miles for the entire disc without accidentaly crossing lanes!
Actudly, itisworsethanthis focusmust be maintained al thistimeto better than 1 um aswell (say,
+/- .5um). So, itis more like piloting a arcraft down a 10 foot wide flight path at an dtitude of
about 12 miles (4 mm typica foca length objective lens) with an dtitude error of lessthan +/- 7
feet! All thiswhile the target track below you is moving both horizontally (CD and spindle runout
of .35 mm) 1 mile and verticaly (disc warp and spindle wobble of up to 1 mm) 3 miles per
revolution! In addition, you are trying to ignore various types of garbage (smudges, fingerprints,
fibers, dug,, etc.) below you which on this scale have mountain sized dimensions. Sorry for the
mixed units. My apologiesto the rest of the world where the proper units are used for everything).



The required precison is unbdlievable but true using mass produced technology that dates to the
late 1970s. And, consider that a properly functioning CD player is remarkably immune to small
bumps and vibration - more so than an old style turntable. All based on the reflection of afraction
of amW of invisble laser light!

Of course, thisis just another day in the entertainment center for the CD player's servo systems.
Better hope that our technological skills are never logt - aphonograph record can be played using
the thorn from a rosebush using a potter's whed for a turntable. Just a bit more technology is
needed to read and interpret the contents of a CD!

CD opticd pickup operating principles:

The purpose of the optica pickup in a CD player, CDROM drive, or optica disk drive, isto
recover digitd datafrom the encoded pitsat the information layer of the optical medium. For CD
players, the resulting datastream is converted into high fidelity sound. For CDROMSs or other
optica storage devices, it may be interpreted as program code, text, audio or video multimedia,
color photographs, or other types of digital data.

The following description assumes a 3 beam optica pickup - the most common type. (Thisis
dightly smplified with some minor omissons for ease of undersanding.) Mogt of the basic
principles are smilar for sngle beam CD pickups and other digital optica drives.

It is often ated that the laser beam in a CD player is like the stylus of a phonograph turntable,
While this is a true statement, the actud magnitude of this achievement is usudly overlooked.
Congder that the phonograph stylus is eectromechanical.  Stylus positioning - analogous to
tracking and focus in an optica pickup - is based on the stylus riding in the record's grooves
controlled by the suspension of the pickup cartridge and tone arm. The analog audio is sensed
mogt often by eectromagnetic induction produced by the styluss minute movements wiggling a
magnet within apair of sense cails.

The optica pickup must perform dl of these functions without any mechanica assstance from the
CD. Itisguided only be afraction of amw of laser light and a few milligrams of slicon based
electronic circuitry. Furthermore, the precison involved is easily morethan 2 orders of magnitude
finer compared to a phonograph. Sophisticated servo systems maintain focus and tracking to
within afraction of amicrometer of optima. ( 1 umisequa to 1/25,400 of aninch). Dataisread
out by detecting the differencein depth of pitsand lands of 1/4 wavedength of laser light (about .15
um in the CD)!

The laser beam is generated by a solid state laser diode emitting & 780 nm (near IR). Optical
power from the laserdiodeis no more than acouple of MW and exitsin awedge shaped beam with
atypica divergence of 10x30 degrees.



A collimating lens convertsthisinto a pardld beam which then passesthrough a diffraction grating
which splits the beam into a main beam and two side beams. (The higher order beams are not
used). Note that the diffraction grating is used to generate multiple beams, not for its more
common function of splitting up light into its congtituent colors. The side beams are used for
tracking and straddle the track which isbeing read. (The tracking servo maintainsthis centering by
keeping the amplitude of the two return beams equalized.) Next, the laser beam passes through
acylindrical-convex lenswhich isused in conjunction with the focus servo. (Asaresult of thislens,
the shape of the return beam changes as focal distance is adjusted and this is sensed to maintain
correct focus to within afraction of aum.) The laser beam then passes through a beam splitter
prism which redirects the return beam to the photodiode array. A turning mirror or prism then
reflects the laser light up to the objective lens and focug/tracking actuators.

The objective lens is smilar in many ways to a high qudity microscope objective lens. It is
mounted on a platform which provides for movement in two directions. The actuators operate
amilarly to the voice cails in loudspeskers. Fixed permanent magnets provide the magnetic fidlds
which the coils act upon. The focus actuator moves the lens up and down. The tracking actuator
moves the coil in and out with respect to the disc center.

The collimated laser beam (including the 2 side beams) passes through the objective lens and is
focused to diffraction limited spots on the information - pits - layer of the disc.

The reflected beam retraces the origina path up until the beam splitter at which point itisdiverted
to the photodiode array. At the photodiode array, theresultingimage of the disc'sinformation layer
is used for servo control of focus and tracking and for datarecovery. Inessence, thepickupisan
electronically steered and stabilized microscope which is extracting information from tracks 1/20
the width of ahuman red blood cdl while flying dong at alinear velocity of 1.2 meters/'second!

See the sections. "Parts of a CD Player or CDROM Drive' and "Startup Problems’ for more
information on the components and operation of the optical pickup.

For more information on CD technology:

The bookslisted in the section: " Suggested references’ include additiona information on the theory
and implementation of digital audio, laserdisc, and optica drive technology.

For an on line introduction to CD and optica disc technology, point your web browser to the
Magnavox reference page at the following URL.:
http://Mmww.magnavox.com/e ectreference/e ectreference. html

There you will find links to anumber of articleson the basic principlesof operation of CD players,
laserdisc and optica drives, TVs, VCRs, cassette decks, loudspeskers, amplifiers, satdlite
recaivers, and other consumer A/ equipment.



CD PLAYER PLACEMENT, PREVENTIVE MAINTENANCE, AND CD CARE

General CD player placement consderations.

Proper care of a CD player does not require much. Following the recommendations below will
assure pesk performance and long life, and minimize repairs.

* Locatethe CD player inacool location. Whilethe CD playerisnot asignificant heat producer,
keeping it cool will reduce wear and tear on the interna components and assure along trouble
freelife

* Don't locate CD playersin dusty locationsor areas of high (tobacco) smoke or cooking grease
vapors. | cannot force you to quit smoking, but it is amazing how much disgudting difficult to
remove brown grime isdeposited on senstive eectronic equipment in short order from  thishabit.
* Make sure adl audio connections are tight and secure to minimize  intermittent or noisy sound.
* Findly, store CDsaway from hegt. The polycarbonate plagticusedto mold CDsisquite sturdy
but high temperatures will eventudly take their toll. Return them to their jewe cases or other
protective container when not being played.

Preventive maintenance:

Y ou no doubt have heard that a CD should be cleaned and checked periodicaly. "Purchase our
extended warranty” says the salesperson "because CD players are very ddlicate and require
periodic dignment”. For the most part, this is nonsense. CD players, despite the astonishing
precision of the optica pickup are remarkably robust. Opticd dignment is dmost never needed
for acomponent CD player and is rarely required even for portable or automotive units.

An occasiond interna ingpection and cleaning is not a bad idea but not nearly asimportant asfor
aVCR. Redidicdly, you are not going to do any PM anyway. S0, just be aware of the types of
symptoms that would be indications of the need for cleaning or other preventive or corrective
maintenance - erratic loading, need to convince the CD player to cooperate and play adisc, audio
noise, skipping, sticking, taking longer than usua to recognize adisc or complete a search.

Of course, acute symptomslikerefusa to play or openthedoor isasign of the need for emergency
treetment. This ill may mean that athorough cleaning isdl that is needed.

| generaly don't congder CD lens cleaning discs to be of much vaue for preventive maintenance
sncethey may just movethe crud around. However, for pure non-greasy dust (no tobacco smoke
and no cooking grease), they probably do not hurt and may do a good enough job to put off a
proper cleaning for awhile longer.



If you follow the indructions in the section: " Generd inspection, cleaning, and Lubrication”, there
isminima risk to the CD player. However, don't go overboard. If any beltsarein good condition
(by gppearance and gtretch test), just clean them or leavethem alone. Except for the Sony drawer
loading mechanism, belts are rardly as much of a problem asin VCRs.

CD protection and handling:

Although CDsare consderably moretolerant of abuse than L Ps, some precautionsare still needed
to assurelong life. Also, despitethefact that only one Sdeis played, serious damageto either Sde
can cause problems during play or render the CD totally useless.

It isimportant that the label side be protected from mgor scratches which could penetrate to the
information layer. Even with the sophisticated error correction used on the CD, damage to this
layer, especidly if it runs pardld to the tracks, can make the CD unusable. The CD is read by
focusng alaser beam through the bottom 1.2 mm of polycarbonate. As aresult of the design of
the optica system used in the pickup, at the bottom surface, the beam diameter isabout 1 mm and
thus small scratches appear out of focusand in many cases areignored and do not cause problems.
At the information layer with the pits, the beam diameter has been reduced to under 2 um. Still,
scratches running paralle to the tracks are more problematic and can cause the optical pickup to
get stuck repeating atrack, jumping forward or back a few seconds, or creating noise or other
problems on readout. In severe cases, the CD may be unusable especidly if the damageisin the
directory area.

This is why the recommended procedure for cleaning a CD is to use soap and water (no harsh
solvents which may damage the polycarbonate or resin overcoat) and clean in aradid direction
(center to edge, NOT in thedirection of thetracks as you would with an LP. While on the subject
of CD care, CDs should dways be returned to their origind container for storage and not left out
on the counter where they may be scratched. However, if thereis a need to put one down for a
moment, the label Sdeisto be preferred since scratches have no effect on performance solong as
they do not penetrate to the storage layer below.

CD deaning:

Use a soft cloth, tissue, or paper towel moistened with water and mild detergent if needed. Wipe
from center to edge - NOT in a circular motion as recommended for an LP. NEVER use any
strong solvents. Even stubborn spots will eventudly yield to your persstence. Washing under
running water isfine aswall.

Gently dry withalint free cloth. Do not rub or use adry cloth to clean as any dirt particles will
result in scratches. Polycarbonate is tough but don't expect it to survive everything. Very fine
scratches are not usudly a problem, but why press your luck?

Rentd or library CD condderétions:




Unlike old or worn video tapes, it is unlikdly that a'bad’ CD could damage your player. If the
borrowed CD isdirty, clean it as described in the section: "CD cleaning”. If it isbadly scratched,
the worgt that will happen isthat it will sound bad - skipping and audible noise. No damage to
your player will result. However, if the CD is cracked or broken (thisisredly difficult to do but
| have gotten cracked CDs from public libraries), don't even attempt to load it - a broken edge
could catch on the lens and ruin the optica pickup entirely.

Repairing a scratched CD:

So your five year old decided that your favorite CD would make nice frisbee - didn't redly know
much about aerodynamics, did he?

Now it sounds like a poor excuse for a 78 rpm record. What to do?

There seem to be about as many ways of fixing scratches on CDs as producing them in the first
place. However, they fdl into 3 classes of techniques:

1. Mild abrasives: plagtic or furniture polish, Brasso metd polish, toothpaste. Thesewill totaly
remove minor scratches.

2. Fillers turtle wax, car wax, furniture wax. Apply over thewholedisc  and buff out with alint
freecoth. Filling larger scratches should  befairly effective but the disc will be more prone to
damageinthe future due to the soft wax.

3. Blowtorch. At least one person who clamsto have worked for severd  yearsin aused CD
store swears by this technique. He uses a pencil  type pocket butane torch and with great
dexterity fuses the surface  layer (polycarbonate) of the disc so that scratches and ungghtly
blemishes - well - mdt away.

Aswith cdleaning a CD, when gpplying or rubbing any of these materids, wipe from the center to
the outside edge. A CD player can generaly track across scratchesthat are perpendicular to its
path reasonable well, but not those that run the paralel to the tracks.

A mild abrasivewill actudly removethe scratch entirdly if itisminor enough. Thisis probably more
effective where the surface has been scuffed or abraded rather than deeply scratched.

Wax-like materid swill fill in the space wherethe scratch isif the dorasive was not successful. Even
deep scratches may succumb to this gpproach.

A combination of (1) and (2) may be most effective.

Exorbitantly priced versonsof these materia sare available specificaly marketed for repair of CDs.
However, the common abrasives and waxes should work about as well.



| cannot comment on the use of the blowtorch or how many yearsof practiceisrequired to get you
CD repair license with this technique.

CD enhancers; ------------

The process of reading aCD isdigital. | have seen and heard advertisements for sonic rings or
specia magic markersto improve the quality of the digital audio reproduction. Thisistotal bunk.
Don't waste your money. These products do nothing beyond depleting your pocketbook - and
enhancing those of the vendors.

*rxxkxxx  CD PLAYER AND CDROM DRIVE TROUBLESHOOTING GUIDE

kkkkkkkk*k

While there are far fewer potential dangersinvolved in servicing aCD player comparedtoaTV,
monitor, or microwave oven, some minimal precautions are dill required when working with the
cover removed:

* Electricad: There may be a few exposed dectricaly live parts from the power line, usudly
around the power cord entrance, power transformer, and on/off switch. If there are, tape them
over or cover them somehow  so you need not be concerned with alow tech shock! Unlessyou
are troubleshooting a primary side power supply problem, there will beno need to go near the
ACline.

* Laser: ThelaserinaCD player isinfrared, IR - 780 nm - border  of visble range but for all
intentsand purposesinvisble. However, itisvery low power (under ImW) and dueto the optics,
extremely unlikely that you could be in any danger. Nonetheless, don't go out of your way to
look closdly into the lenswhilethe unitison!  (Note: there is usudly avery low (in gppearance)
intendty emisson from the laser whichappearsdeepred. It will bevisbleasjust aspotthesize
of the period at the end of this sentence when thelens  isviewed from an oblique angle. Thismay
be a spurious emissoninthered part of the spectrum or just your eye's response to the near IR
energy of themain beam. In ether case, do not be midead into thinking that the laser iswesk
as areault of noticing this. The main beam is up to 10,000 times more intense!  Take care.
However, the red dot is an excelent indication that the laser is being powered and probably
functiond, though it isno guarantee of thelater. Y ou redlly need alaser power meter or at least
an IR detector to confirm the existence of alaser beam.

Troubleshooting tips. --------------------

Many problems have smple solutions. Don't immediately assume that your problem is some
combination of esoteric complex convoluted falures. For aCD player, it may just be a bad belt
or dirty lens. Try to remember that the problems with the most catastrophic impact on operation



(aCD player that will not play past track 6) usudly have the smplest solutions (the gearsthat move
the optica pickup need lubrication). Thekindsof problemsthat wewould liketo avoid at al costs
are the ones that are intermittent or difficult to reproduce: the occasiond audio noise or skipping
or aCD player that refusesto play classica CDs (depending on your tastes!) of music composed
between the years 1840 and 1910.

When attempting to diagnose problems with a CDROM drive, start by trying to get it to play an
audio CD. Data readback is more critical since the error correction needs to be perfect.
However, with audio playback functiond, dl of the opticd pickup and most of the servo systems
and front-end eectronics must beworking. A CDROM drivewhich cannot even play amusic CD
will have no chance of loading Windows 95.

If you get stuck, degp onit. Sometimes, just | etting the problem bounce around in your head will
lead to a different more successful approach or solution. Don't work when you are redly tired -
it is both dangerous and mostly non-productive (or possibly destructive).

Whenever working on precision equipment, make copious notes and diagrams. You will be
eterndly grateful when the time comes to reassembl e the unit. Most connectors are keyed againgt
incorrect insertion or interchange of cables, but not dways. Apparently identical screws may be
of differing lengthsor have dightly different thread types. Little partsmay fit in more than one place
or orientation. Etc. Etc.

Rl bottles, film canigters, and plagtic ice cube trays come in handy for sorting and storing screws
and other small parts after disassembly.

Sdlect awork areawhich iswell lighted and where dropped parts can be located - not on adeep
pile shag rug. Something like alarge plagtic tray with adight lip may comein handy asit prevents
amdl partsfrom ralling off of thework table. The best location will dso berdatively dust freeand
alow you to sugpend your troubleshooting to est or deep or think without having to pile everything
into a cardboard box for storage.

Another consideration is ESD - Electro-Static Discharge. The eectronic components in CD
players, CDROM drives, and smilar devices, are vulnerable to ESD. There is no need to go
overboard but taking reasonable precautions like not wearing clothing made of wool that tendsto
generate static. When working on component CD and laserdisc players, get into the habit of
touching aground like the metd chassis before touching any circuit components. The use of an
antigtatic wrist strgp would be further insurance.

A basic set of precision hand tools will be dl you need to disassemble a CD player and perform
most adjustments. However, these do not need to be expensive. Needed toolsinclude asdlection
of Philips and straight blade screwdrivers, needlenose pliers, wire cutters, tweezers, and dentdl
picks. A jewder'sscrewdriver setisamust particularly if you areworking on aportable CD player
or CDROM drive. For adjustments, aminiature (1/16" blade) screwdriver with anon-metalictip



isdesrable both to prevent the presence of metd from dtering theelectrica propertiesof thecircuit
and to minimize the possibility of shorting something from accidenta contact with the circuitry.

Y ou should not need any CD specific tools except in the unlikely event you get into optica
aignment in which case the service manud will detail what tools and specid rigs are needed.
A low power finetip soldering iron and fine rosin core solder will be needed if you should need to
disconnect any soldered wires (on purpose or by accident) or replace soldered components.

For thermal or warmup problems, a can of ‘cold spray’ or 'circuit chiller' (they are the same) and
a heat gun or blow dryer come in handy to identify components whose characteristics may be
arifting with temperature. Using the extension tube of the spray can or making acardboard nozzle
for the heat gun can provide very precise control of which components you are affecting.

For info on useful chemicas, adhesives, and lubricants, see"Repair Briefs, an Introduction” aswell
as other documents available &t this Site.

Test equipment; --------------

Don't gart with the ectronic test equipment, start with some andytical thinking. Many problems
associated with consumer eectronic equipment do not require a schematic (though one may be
useful). The mgority of problems with CD are mechanicd and can be dedt with usng nothing
morethan agood set of precision hand tools, some a cohol, degreaser, contact cleaner, light oil and
grease; and your powersof observation (and alittle experience). Y our built in sensesand that stuff
between your ears represents the most important test equipment you have.

A DMM or VOM is necessary for checking of power supply voltages and testing of sensors,
LEDs, switches, and other smal components. This does not need to be expensive but since you
will be depending on itsreadings, rdigbility isimportant. Even ardaively inexpengve DMM from
Radio Shack will be fine for most repair work.

For servo and other € ectronic problems, an oscilloscope will be useful. However, it does not need
to be fancy. A 10 to 20 MHz dua trace scope with a set of 10X probes will be more than
adequate for al but the most esoteric troubleshooting of CD players and CDROM drives.

To determine if the laserdiode is working properly, alaser power meter is very useful. Such a
deviceis expensve but is often essentid to properly and safely adjust laser power on many CD
playersand CDROM drives. However, for many problems, smply knowing that an IR laser beam
isbeing emitted isenough. For this, the smple device described in the section: IR detector circuit”
ismore than adequate. Alternatively, an inexpensive IR detector card or evensome camcorders
can perform the same function.

A sereo amplifier and loudspeskersis essentia to alow your maost important piece of audio test
equipment to function effectively - your ears. A lot can be determined by listening to the audio



output to distinguish among dirt, lubrication, servo, control, and other mechanica or eectronic
problems. | would caution againgt the use of headphones as a sudden burst of noise could blow
your eardrums and spoil your entire day.

For testing of optical pickups, some additiond equipment will be needed. However, this will be
detailed in the section: "Testing of Optica Pickup Assemblies'.

Aninexpensvetest CD isniceto havejust to be ableto play known frequenciesand volumelevels.
However, it is not essentid - any haf decent CD will work just fine for most tests. For many
players, even an old CDROM disc will be adequate to diagnose sartup problems. However, to
fully exercise the limits of the player, a disc with a full 74 minutes of music will be needed -
Beethoven's Ninth Symphony is agood choice (even if you are not into classcad mudc) anceitis
usudly very close (or sometimes dightly over) thislength of time,

Keep those old demo CDs or even obsolete CDROM discs - they can be used for testing
purposes. Where an optica deck has a servo problem, the disc will end up spinning out of
control. Stopping this suddenly may result isthe CD scrgping itsdf against the drawer or or base
of the deck and getting scratched. Therefore, some 'garbage’ discs are dways handy for testing
puUrposes.

To evauate tracking and error correction performance, any CD can be turned into atest CD with
multiple width strips of black tape, afelt tip marker, or evenahand drill! Infact, someprofessiona
test discs are made in exactly this manner.

Getting inside a CD player or CDROM drive; ----====-====nmmmmmmmmom oo

WARNING: youwill void thewarranty, if any. 'Y ou may makethe problem worse - much worse.
If the player partially worked, it may no longer even recognize the disc directory. You may
accidentally damage parts that were perfectly fine. If you should decide to then have the unit
professondly serviced, you may find that the shop smply refuses to touch it if they suspect your
tampering. There is nothing worse than having to undo fixes introduced by a well intentioned
do-it-yoursdlfer where the state of the player isnow atota unknown. At best you will be charged
for this effort on a time and materiads basis. It may be very costly. It may not be worth the

expensive.
A CD player gill under warranty should probably be returned for servicefor any covered problems
except those with the most obvious and easy solutions.

Ontheother hand, itisvery likely that you will do abetter job than atypica repair shop. Y ou will
probably have a better understanding of the basic theory and will be ableto spend much moretime
on the problem. Hobbiest/handyman'stimeis chegp - asin free.



Itisgenerdly very easy to removethetop cover on most CD players. Thereare usudly somevery
obvious screws on the sdes and possibly back aswell. These are nearly dways Philips head type
- use the proper screwdriver. Once dl the screws are out, the top cover will lift up or dide back
and then come off eadlly. If it ill does not want to budge, recheck for screws you may have
missed.

Once the top cover is removed, the optical deck and eectronics board will usualy be readily
accessible.

With most designs, the entire optical deck can be lifted out after removing 3 or 4 screws. One
screw may have agrounding contact under it. Replace this in exactly the same postion. There
may be fragile flexible cables. Be careful S0 as not to damage any. Usudly, these cables plug in
to connectors on the electronics board and permit the entire optical deck to be easily replaced if
needed (not very common, however, despite what you may have heard).

In rare cases, removing the bottom cover will provide access to the solder side of the electronics
board. However, withmost CD players, the bottom issolid sheetmetd and the entire board would
need to be unmounted.

For portables, the bottom plate usualy comes off after removing severd very tiny screws- usethe
proper size Philips blade jeweler's screwdriver.

For CDROM drives, both top and bottom covers may be removable depending on moddl.

Make notes of screw location and type and immediately storethe screwsaway in apill bottle, film
canester, or ice cube tray.

When reassembling the equipment make sure to route cables and other wiring such that they will
not get pinched or snagged and possibly broken, or havetheir insulation nicked or pierced, and that
they will not get caught in moving parts. Replace any cable ties that were cut or removed during
disassembly and add additiona onesof your own if needed. Some electrical tape may sometimes
come in handy to provide insulation insurance as well. (This gpplies mostly to portables and
CDROM drives - component CD players are very wide open.

FREAFHAIHARHAx*% CD PLAYER AND CDROM DRIVE FUNDAMENTALS
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Parts of a CD player or CDROM drive: ---------==-=-mmnmmmmmmmomm oo

While CD players and CDROM drives started out and still have much in common, they are
diverging. Theoptica pickups remain Smilar but the data processng and servo systems needed
to support 8X speed CDROM technology are much more sophisticated than those needed for 1X
speed CD audio. Therefore, should you peak ingde your shiny new CDROM drive, you may see



partsthat differ consderably from thosein a Discman.
Power supply: ------------

In component stereos units, there are normdly linear suppliesand thusvery rdiable but easy tofix
aswdl. In portables, they arelikely to be switching supplies, possbly seeled in ashielded can, and
difficult to repair.

Usudly, a least three voltages are needed: logic power (e.g. +5 Vcc) and a pair of voltages for
the analog circuitry (e.g., +/- 15V). However, some designs use a variety of voltagesfor various
portions of the analog (mainly) circuitry.

Electronics board: --------==--===---

This contains the microcomputer controller, servos, readback eectronics, audio D/A(s) and filters.
Most servo adjustment pots will be located here. In many casesthey are clearly marked but not
dways. DO NOT turn anything unless you are sure of what you are doing - and then only after
merking their origind pogtions precisdly.

The optical deck: ----------------

This subsystem includes dl of the componentsto load and spin the disc, the optical pickup, andits
positioning mechaniam:

* L oading drawer - Most portable and many lower cost CD playersor CDROM  driveslack this
convenience. Mogt are motor driven. However, some must be pushed in or pulled out by hand.

Common problems: loose or oily belt causing drawer to not openor close, or to not complete
itsclose cycle. There can be mechanical damage such asworn/fractured gears or broken parts.
The drawer switch may bedirty causing the drawer to decide on its own to close. The motor
may be shorted, have shorted or open windings, or have adry or worn bearing.

* Spindle/spindle table - When the disc isloaded, it rests on this  platform which is machined to
automatically center it and minimize  runout and wobble.

Common Problems: Dirt on table surface, bent spindle, dry or worn bearings  if spindle not part
of motor but is belt driven, loose spindle.

* Spindle motor - The motor that spinsthe disc. Mogt often the spindle  platform is a press fit
onto thespindlemotor. Twotypesarecommon: Thefirgt isaminiature DC motor (using brushes)
very amilar tothe commonmotorsin toysand other battery operated devices. The second type

isabrushless DC motor using Hall effect devices for commutation. Invery rarecases, abdtis
used to couple the motor to the spindle.



Common problems: partidly shorted motor, shorted or open winding, dry/worn  bearings.

* Clamper - Usualy a magnet on the opposite Sde of the disc from the  spindle motor which
prevents dippage between the disc and the spindle  platform. The damper islifted off of the disc
when thelid or drawer isopened. Alternatively, the spindle may be lowered to free the disc.

Common problems: doesn't engage fully permitting disc to dip on spindle  due to mechanica
problem in drawer closng mechaniam.

* Sed - The mechanism on which theoptical pickupismounted. Theded provide the meanshby
whichthe optica pickup can be moved acrossthe disc during normd play or to locate a specific
track or pieceof data. Theded issupported on guiderailsand ismoved by either aworm or ball

gear, arack and pinion gear, linear motor, or rotary positioner similar towhat isinamodern hard
disk drive - in increasing order of performance.

Common problems: dirt, gummed up or lack of lubrication, damaged gears.

* Pickup motor - The entire pickup moves on the ded during normal play or for rapid accessto
musicd selections or CDROM data. The motor is  ether a conventiona miniature permanent
magnet DC motor with belt or gear  with worm, ball, or rack and pinion mechanism, or a direct
drivelinear motor or rotary positioner with no gears or belts.

Common problems: partialy shorted motor, shorted or open winding, dry or worn bearings.

* Optical pickup - Thisunit isthe 'stylus that reads the optica information encoded on the disc.
It includesthe laserdiode, associated optics, focus and tracking actuators, and photodiode array.
The optica pickup ismounted on the ded and connects to the servo and readback electronics
usng flexible printed wiring cables.

Common problems: hairline cracksin conductors of flexible cablecausing  intermittent behavior.
Components of the optical pickup: --------------=-==---m-mmemnmm-

All the parts described below arein the optical pickup. As noted, the optical pickup isusudly a
sdf contained and replaceable subassembly. Despite its being a precision optomechanica device,
optical pickups are remarkably robust in terms of susceptibility to mechanica damage.

* Laserdiode - ThisisInfraRed (IR) emitting usudly a 780 nm - near IR, just outsdethevisble
range of 400-700 nm. The power output is no more than a few milliwatts though this gets
reduced to .25-1.2 mW at the output of the objectivelens. A photodiode inside the laserdiode
case monitors  optical power directly and is used in afeedback loop to maintain laser  output at
acongtant and extremely stable vaue.



Common problems: bad laserdiode or sensng photodiode resulting in - reduction or loss of laser
output.

* Collimating lens - This converts the wedge shaped beam of the laserdiode  into nearly pardléd
rays.

* Diffraction grating - In a Three Beam Fickup), thisgeneratestwo additiona lower power (first
order) beams, one on each sSde of the main beam which are used for tracking feedback. It is
absentina 'Single Beam Pickup'.

* Cylindrica lens - In conjunction with the collimating lens, this provides  the mechanism for
accurate dynamic focusing by changing the shape of the return beam based on focal distance.

* Beam splitter - Passesthelaser output to the objectivelensand disc  and directsthe return beam
to the photodiode array.

* Turning mirror - Redirectsthe opticad beamsfromthe horizonta of the opticd systemto vertica
to strike the disc.

Common problems: dirty mirror. Unfortunatdy, thismay be difficult to accessfor cleaning.

The previous four items are the mgjor components of the fixed optics. Outside of damage caused
by aseriousfal, thereislittle to go bad. Better hope so in any case - it isusudly very difficult to
access the fixed optics components and thereis no easy way to redign them anyhow. Fortunatdly,
except for the turning mirror, it is unlikely that they would ever need dleaning. Usudly, even the
turning mirror isfairly well protected and remains clean.

* Objective lens- High quaity focusing lens, very smilar toagood microscope objective. N.A.
of .45, foca length of 4 mm. Made of plagic with antireflection coating (the blue tinge in the
center).

Common problems: dirty lens, dirt in lens mechanism, damage from improper cleaning or
excessve mechanical shock.

* Photodiode array - Thisisthe sensor which is used to read back dataand control beams.

Common problems: bad photodiode(s) resulting in improper or absence of  focus and weak or
missng RF sgnd.

* Focus actuator - Since focus must be accurateto 1 micron - 1 um, afocus servoisused. The
actuator isactudly acoil of wireinapermanent magnetic field like the voice coil in aloudspesker.
The focus actuator can move the objective lens up and down - closer or farther from the disc
based on focus information taken from the photodiode array.



Common problems: broken coil, damaged suspension (caused by mechanicad  shock or improper
cleaning techniques).

* Tracking actuator - Like focus, tracking must be accurateto 1 um or  better. A smilar voice
coil actuator moves the objective lensfrom side to side based on tracking feedback information
taken from the photodiode array.

Note: on pickups with rotary positioners, there may be no separatetracking coil asitsfunction
issubsumed by the positioner servo. Thefrequency response of the overdl tracking servo system
is high enough that the separate fine tracking actuator is not needed. = Common problems:
broken coil, damaged suspension (caused by mechanica  shock or improper cleaning techniques).

Classification of CD player problems; ---------=======mmmnmmmmmmme oo

While there are a semi-infinite number of distinct things that can go wrong with a CD player, any
set of symptoms can be classfied as a hard falure or a soft failure:

1. Hard failure - door opening/closing problems, disc is not recognized,  no sound, unit totaly
dead.

2. Soft failure - skips, continuous or repetitive audio noise, search or  track seek problems,
random behavior.

Both of these types of problems are common with CD players and CDROM drives. The causes
in both cases are often very smple, easy to locate, and quick and inexpensiveto repair.

Most common CD player problems; ----------=-==-=-==mmnmnmnen-

The following two areas cover the most common types of problems you are likely to encounter.
For any Stuation where operdtion is intermittent or audio output is noisy, skips, or gets stuck, or
if some discs play and others have noise or are not even recognized consstently, consder these
FIRST:

* Dirty lens- epecidly if your houseisparticularly dusty, the player islocated inagreasy location
like akitchen, or there are heavy smokersaround. Cleaning thelensisreaively easy and may
have a dramétic effect on player performance.

* Mechanica problems - dirt, dried up lubrication, damaged parts. These may cause erratic
problems or totd fallure. Thefirst pat of a CD may play but then get stuck at about the time
location.

If your CD player has a'trangport lock' screw, check that it isin  the ‘operate position.



General inspection, cleaning, and lubrication: --------=======mmmmmmmm oo

The following should be performed as generd preventive maintenance or when any erretic behavior
is detected. The lens, drawer mechanism, and ded drive should be checked, and cleaned and/or
lubricated if necessary.

Y ou will have to get under the clamp to access the lens (drawer loading models). Begentle! NO
lubrication is needed or should be used anywhere in the lens assembly!

At the same time, you will have accessto the spindle.

* Objectivelens- Carefully cleanthelensassembly. Becareful! Thelens issuspended by avoice
coil actuated postioner whichisreatively delicate. A CD lens deaning disc is nearly worthless
except for themost  minor dust asiit will not completely remove grease, grime, and condensed
tobacco smoke products (yet another reason not to smoke!) and make matters  worse by just
moving the crud around.

Firg, gently blow out any dust or dirt which may have collected inside the lens assembly. A
photographic type of ar bulb isfinebut be extremdy careful usng any kind of compressed air
source. Next, cleanthelensitsdf. Itismadeof plagtic, so don't usestrong solvents. Thereare
specia cleaners, but dcohol (91% medicind is ok, pureisopropyl isbetter. Avoid rubbing acohol
especidly if it containsany additives) works ok for CD playersand VCRs. There should beno
problems as long as you dry everything off (gently!) reasonably quickly. DO NOT
LUBRICATE! You wouldnt oil aloudspesker, would you? When clean, the lens should be
perfectly shiny with ablue tinge uniform over the centra surface. If you can get to the turning
mirror or prism under the lens without disturbing anything, clean that  as well using the same
procedure.

Do NOT use strong solvents or anything with aorasives - you will destroy  the lens surface most
likely rendering the entire expensive pickup  worthless.

* Spindle bearing - Check the spindle bearing (this is primarily likdy to  cause problems with
repetitive noise). There should beno detectable sideto sde play. |.e,, you should not be able
to jigglethe platform that the CD dtson. If you find that the bearings areworn, it ispossbleto
replace the motor (about $10 from various mail - order houses), though removing and replacing
the disc platform may prove chalenging as aresult of the usud pressfit mounting.

The focus servo can compensate for avertica movement of thedisc surfaceof 1 mmor so. A
andl bearing sde play can easly cause larger verticd errors - especidly near the end (outer
edge) of thedisc. Even if you are not experiencing problems due to bearing wear, keep your
findingsin mind for the future.

Sometimesthereis abearing runout adjustment screw on the bottom  of the spindleif the spindle



is not driven by astandard permanent  magnet motor. | have seen thisin a Sony Discman which
had acustom motor assembly. A smal twesk to this may fix amargina spindle problem.

To access the drawer mechanism and ded drive in component units, you will probably need to
remove theoptica deck fromthechassis. It isusualy mounted by 3 long screws (one of which may
have a grounding doodad - don't loseit. In portablesand CDROMS, the bottom panel of the unit
will need to beremoved. Try not to let any of the microscrews escape! A good set of jeweler's
screwdriversis amust for portables.

* Drawer mechanism (if present) - Check for free movement. Test the bt for life- it should be
firm, reasonably tight, and should return to itsorigind  length ingtantly if stretched by 25% or so.
If the belt fails any of these criteria, it will need to be replaced eventudly, though a thorough
deaning of thebdt and pulleyswith isopropyl dcohol (dry quickly to avoid damaging the rubber)
or sogp and water may give it atemporary reprieve.

Also, check the gears and motor for lubrication and damage and correct as  necessary. Clean
and lubricate (if necessary) with high quality light grease suitable for eectronic mechanismssuch
asMolyLube or Slicone grease. A drop of light ail (dectric motor ail, sawing machine ail) in
the motor bearings may cure anoisy or dry bearing.

* Sled drive - check the components which move the pickup including (depending  on what kind
of ded drive your unit has) belt, worm gear, other gears, dide bearings. These should dl move
fredy (exception: if thereisalock to prevent accidenta damagewhilethe unit isbeing transported
the pickup may not move fredy or very far). Ingpect for damage to any of these components

which might impede free movement. Repair or replace an gppropriate. Clean and lubricate (if
necessary) with just adab of high quality light greese  suitable for eectronic mechanisms such as
MolyLube or Slicone grease). A drop of light oil (electric motor oil, sewing machine ail) in the
motor bearings may cure anoisy or dry bearing. Also see the section: "Testing the ded for
mechanica problems'.

Try to play adisc again before proceeding further. | guess you have dready done this.
Lubrication of CD players; ---------=-=-=-==-=------

The short recommendation is: DO NOT add any oil or grease unless you are postively sureit is
needed. Most moving parts are lubricated at the factory and do not need any further lubrication
over thar lifetime. Too much lubricationisworsethentoo little. 1t iseasy to add adrop of il but
difficult and time consuming to restore an optica pickup that has taken a bath.

NEVER, ever, use WD40! WD40 isnot agood lubricant despitethe claimsonthelabe. Legend
hasit that the WD standsfor Water Displacer - whichisone of the functions of WD40 when used
to coat toolsfor rust prevention. WDA40 ismuch too thin to do any good asagenerd |ubricant and
will quickly collect dirt and dry up.



A light machine ail like dectric motor or sewing machine oil should be used for gear or whed
shafts. A pladtic safe grease like slicone grease or Molylube is suitable for gears, cams, or
mechanica (piano key) type mode selectors. Never use il or grease on electrical contacts.

Unless the unit was not properly lubricated at the factory (which is quite possible), don't add any
unlessyour ingpection revea sthe specific need. InaCD player or CDROM drive, thereareavery
limited number of failures specificaly due to lubrication.

Note that in most cases, ail isfor plain bearings (not bal or roller) and pivotswhile greaseisused
ondiding parts and gear teeth. If the old lubricant is gummed up, remove it and clean the affected
parts thoroughly before adding new ail or grease.

In general, do not lubricate anything unless you know there is a need. Never 'shotgun’ a problem
by lubricating everything in sght! 'Y ou might as well literdly use a shotgun on the equipment!

kkhkkhkkkhkkkhkkkhkkkhkkkhkkk GENERAL SYS-rEM PROBLEMS ok k ok ok ok Kk kK ok
Unit is totally dead: --------------------

Check input power, power cord, fuse, power supply components. Locate the outputs of the
power transformer and trace them to the rectifiers and associated filter capacitors and regulators.
While the actua voltages will probably not be marked, most of the power in aCD player will be
typicaly between +15 and-15VDC. Sometimes, the voltageratings of thefilter capacitorsand/or
regulators will provide clues asto correct power supply outputs. Don'tforget the obvious of the
line cord, line fuse (if present), and power switch - or outlet. Most component CD players use
linear power supplies so troubleshooting is straightforward. However, portables and CDROMs
use DC-DC inverters to generate the severd voltages required and these are more difficult to
troubleshoot. If an incorrect power adapter was used, then mgor damage can result despite the
various types of protective measures taken in the design.

| inherited a Sony Discman from a guy who thought he would save a few bucks and make an
adapter cord to useit in hiscar. Not only was the 12-15 volts from the car battery too high but
he got it backwards! Blew the DC-DC converter transistor in two despite the built in reverse
voltage protection and fried the microcontroller. Needlessto say, the player was a loss but the
cigarette lighter fuse was happy as aclam!

Mord: those voltage, current, and polarity ratings marked on portable equipment are there for a
reason. Voltage rating should not be exceeded, though using adightly lower voltage adapter will
probably cause no harm though performance may suffer. The current rating of the adapter should
be a least equd to the printed rating. The polarity, of course, must be correct. 1f connected
backwards with a current limited adapter, there may be no immediate damage depending on the
design of the protective circuits. But don't take chances - double check that the polarities match
- with a voltmeter if necessary - before you plug it in! Note that even some identically marked
adapters put out widdy different open circuit voltages. If the unloaded voltage reading ismorethan



25-30% higher than the marked vaue, | would be cautious about using the adapter without
confirmation that it is acceptable for your player. Needless to say, if the player behavesin any
drange or unexpected manner with a new adapter, if any part gets unusudly warm, or if thereis
any unusud odor, unplug it immediately and attempt to identify the cause of the problem.

See the document: "Notes on the Repair of Audio Equipment and other Miscellaneous Stuff” for
more info on troubleshooting of linear power supplies. Seethe document "Notes on the Diagnose
and Repair of Small Switchmode Power Supplies’ for more info on troubleshooting DC-DC
convertors.

CD player isoperational but thereisno display: ------============mmmmmmmmm oo

Sometimesthe digplay requires backlighting which uses miniatureincandescent lamps. Theseburn
out. Usudly, dternativesto the high priced exact replacement bulbs can belocated. Test thebulbs
withan chmmeter. Measure the voltage acrossthelight bulb connections and then replace the bulb
withone of about 25-50% higher voltage. Thesemay not be quite as bright but should last forever.

If the light bulbs are not at fault or there are no light bulbs, then check for power to the display
induding bad connections or connectors that need to be reseated. There could aso be a power
supply (eg., missing voltage for avacuum fluorescent display) or driver problem.

CD player ignores you: --------=------=-----

Symptoms are that the display comes up norma when power is turned on but dl (or certain)
commands are ignored.

This could mean severd things:

* Front panel problem - one or more buttons are not responding. Reseat internal cables, clean
or replace offending push button switches. If  your CD player has a remote control, see if it
operates correctly.

* Rest falure - the player has failed to reset properly and is not ready for user input. Check
power supply voltages, reseat internd connectors.

* Controller and/or driver eectronics for the affected functions are  defective. Check power
supply voltages, reseat interna connectors.

For dl but thefirst one, aservice manua will probably be needed to precede further if the problem
is not with a bad power supply or bad connections.

Drawer does not open or close: -------=-==-=======zmnmmnmm-

If the drawer doesn't open when the front pand button is pressed, listen for motor attempting to



openthedrawer. If you hear it whirring but nothing happens, check for an aily/loose belt or other
mechanicd fault. The belt may be cleaned for temporary repair, replacement will be needed
eventudly. If thereisno attempt, motor, control chip, or front panel pushbutton (try withtheremote
if you have oneto diminate this possibility) could be bad. Sony players seemto haveabuilt in timer
that triggers the belt to go bad after the warranty runsout. Also seethe sectionon”"Smal Motors
in CD Payers'.

Drawer operation is erratic: ----------=-=--=-=---------

Y ou are about to remove your favorite CD but the player beatsyou toiit, closesthedrawer, and
darts playing it over again. Or, the drawer reverses course halfway out. Or, the drawer motor
continues to whir even after the door is fully open or closed and the front panel is then
unresponsive.

Thisisusudly due to dirty contacts on the door position sense switches. There are usudly 3 sets
of switch contacts associated with the drawer mechanism. If any of these get dirty, worn, or bent
out of place, erratic operation can resullt:

* Drawer closed sense switch - dirty contacts may result in the drawer motor  continuing to whir
after the door closes and the front panel may then be unresponsive. Eventualy, the drawer may
open on itsown.

* Drawer open sense switch - dirty contacts may result in the drawer motor - continuing to whir
after the door opens and the front panel may then be unresponsive. Eventualy, the drawer may
close onitsown.

* Drawer pushed sense switch - most CD players dlow the user to start play by gently pushing
on the drawer which depresses a set of switch contacts. I these are dirty, the result may bethe
drawer deciding to closeonits own or reversing direction in the middle of opening or closng.

The solution to dl these problemsis usudly to smply locate the offending switches and clean their
contacts. These switches contactsare usualy not protected from dugt, dirt, and grime so that these
types of problems are quite common.

Drawer does not close completely: ---------=--=-mmmmmmmmmoemmme-

Thisis a symptom that may not be obvious. The drawer may gppear to close but aloose or aily
bdt can prevent the mechanism from completing the closecycle. Thiscanresultin erratic behavior
gnce the disc dlamping action is often controlled by the movement - sometimes not recognizing
disc, sometimes just opening the drawer, or more subtle thingsliketracking problems, etc. Clean
the belt and seeif thereisany improvement. Bdlt replacement will be necessary eventudly. Check
for gummed up lubrication as well.



I it goesthrough the motions of closing and then stops short without any further sounds, agear may
have jumped a tooth or broken some. The result is either that the mechanism is now incorrectly
timed or not able to complete the operation. Examine the mechanism closely for broken parts.
Cydeit manualy by turning the gppropriate motor pulley or gear to seeif the drawer gets hung up
or is much more difficult to move & some point.

If it continues to make awhirring sound after the drawer stops, there might be some other kind of
mechanica damage resulting in an obstruction or redlly gummed up lubrication not alowing the
operation to complete.

Intermittent operation: ----------------------

When a CD player appears to have amood problem - playing fine sometimes or for only part of
adisc or aborting at random times, there can be severd possible causesincluding adirty lens, dirty
or worninterlock switch or bad connectionsto interlock switch (mainly portables and boomboxes),
flex cable with hairline cracks in one or more conductors, other bad connections, margina power
supply, defective disc.

* Dirty, scratched, or defective CD - confirm that the CD is not the problem. Clean the disc
and/or try another one.

* Dirty lens - aplayer that accepts some discs and not others or accepts  discs sporadicaly may
amply need its eyeglasses cleaned.

* Mechanicd - aily, flabby belts preventing full drawer closing or gummed up lubricationonthe
ded (may fail depending on ambient temperature.  For example, if the music gets stuck at about
the sametime on every disc, then there may be gunk on the end of the ded track preventing the
ded from moving any further. Thisis especidly likely if you just purchased adisc with an
unusudly long playing time- it has nothing to do with  the musicdl tastes of the CD player! (There
wasthis Chineserestaurant  wherethe Chinese cooking grease apparently collected on the unused
end portion of the ded track and when they tried to play an extralong CD.....)

Note: some playerswill smply not play discs which exceed about 74 minutes- thelegd limit for
CD playing time. Some discs may be as long as 78 minutes  or more which means that some
aspects of the CD specificationswere  compromised.

* Bad connections- there are often many little connectorsused to get sgnas and power between
the optica deck and main circuit board. These are usudly chegply made and prone to failure.
Wigdling and reseating  these may cure these problems. There may even be bad solder
connections  on the pins of connectors or board mounted switches. Slight flexing or  just
expansionand contraction may result inintermittent shutdown or  other problems. These problems
are more likely with portablesand  boomboxes which may get abused.



* Cracksin ribbon cable - The moving and fixed parts of the optical pickup are often joined with
aprinted flexible cable. Congtant flexing may cause one or more of the copper tracesto crack.
Thismay show up as an inability to get past a certain point on every disc - the player may  shut
down or gtart skipping a around 23 minutesinto every CD.

* Dirty switches - aily film or oxidation may be preventing any of the limit or interlock switches
from making reliable contact. If thisisthe case, the player may stop at random times, fal to
accept adisc, close the drawer without your permission, etc. Use contact cleaner and typing
paper to clean the contacts. Disassembly may be required for enclosed switches.

* Power supply or logic problems are aso possible but rare. However, if  you have a scope,
check the power supply outputsfor ripple - afilter capacitor may have dried up and lost most of

its capacitance.
CD player or CDROM drive overheats: ------------==--===--=--mmmuuuou--

A CD player which becomesnoisy or aCDROM drivethat failsto recognize discsor reliably read
data after afew minutes may have a component that is heeting up and changing vaue.

In generd, there should not be much change in behavior from the instant power is gpplied until the
next millenniun. Thereisnot much in aCD player or CDROM which runs hot and might change
characteristics. However, components do sometimes fail in this manner. Problems of this type
need to be diagnosed in much the same way as one would find overheating componentsina TV
or computer monitor.

Y ou will need acan of cold spray (‘circuit chiller’) and an oscilloscope, if avalable. Even ahair
dryer on the no-hest setting will work in a pinch.

Y ou are going to have to try cooling various components to try to determine which one is bad.
However, on aunit that dies completely and suddenly after it warmsthiswill not be much fun since
you will not have ample opportunity to detect changesin behavior. OnaCD player that will play
but with tracking problems and/or audio noise, you should be able to monitor the playback qudity
by smply listening for improvement when you have cooled the flakey part. For aCDROM drive,
play an audio disc if possble snce thiswill provide the feedback you need to locate the bad part
without (hopefully) it constantly shutting down due to data errors or inability to reliably accessthe
file sysem.

Firgt, I would recommend running with the coversremoved and seeif that has an effect confirming
atherma problem. Next, use the cold spray on individuad componentslikethe LS chips- quick
burgt, wait afew seconds for something to change. If you are using the hairdryer, make afunnd
out of paper to direct the air flow. Y ou will need to be more patient with this approach.

If you have a scope, it would be nice to ook at the RF 'eye' pattern during this time and see if it



decreases in amplitude and/or qudity over the course of an hour. If it does, you may have an
overheating problem in the laserdiode or its power supply.

kkkkkkkkkkkkkkk*kx S‘rARTUP PROBLEMS kkkkkkkkkkkkkkk%x
What is a startup problem?: -----------------envmnmn-

Startup problemscover dl stuationswherethe player does not successfully read thedisc directory.
Nearly everythingin the optica deck and much of the mainboard e ectronics needsto be functiona
to read the directory. Therefore, a sngle falure in any of alarge number of places can prevent
successful startup (and subsequent play).

* On agngle play unit, failure of the startup sequence may result in - adisplay of no disc, disc,
error; afull caander but no discinfo; or it may just open the door and chalenge you to provide
itwitha proper med.

* On achanger, falure of the sartup sequence will likdy resultin - a gmilar disolay but then the
unit will move on to the next pogtion in the carousd or cartridge. 1t will likely remember thet it
was unsuccessful at loading adisc for each postion and eventualy give up oncedl possblediscs
have been tried.

Possible causes for dartup failureinclude: defective disc, dirty lens, defective laser or photodiode
array, bad focus or tracking actuator or driver, dirty track, lack of or dried up lubrication, dirty or
bad limit switches or sensors, defective spindle motor, faulty electronicsor control logic, damaged
parts, or faulty optical dignment or need for servo adjustments. On the one hand thisis alarge
number of possibilities. The good newsis that with such alarge number of possibilities, thereisa
good chance the problem will be minor and inexpensive to fix.

Don't overlook the trivid: are you loading the disc correctly? Most CD players want the disc
label-side up. However, some, like Pioneer magazine type changers want the labe-sde down.
If you have just acquired the CD player, don't overlook this possbility.

Startup sequence; ----------------

There will be variations on the exact Sartup sequence of events depending on the type of player
and its design. The result may be a blank display, display of the word 'disc’ or ‘error’, flashing
disolay, etc. Inany case, you don't get your music. By understanding the following summary as
it gppliesto your player, you should be able to determine what is going wrong.

What the CD player should do when adisc isinserted:

1. Drawer closes (or with portables, lid is closed manually) and CD is  clamped to spindle.
2. Interlock (if present, dwaysin portables) engages. In others, there  may be an optica sensor



or the optica pickup may act asitsowndisc  sensor.

3. Pickup resetsto starting (index) location toward center of disc usudly  found with limit switch
or optical sensor.

4. For thefollowing, refer to the diagram below of the photodetector organizationtypicd in units
with a'three beam pickup. Eand Fwill  be absent in unitswith a'sngle beam pickup’, though
theremay be  other ssgments. The four quadrant photodetector is present in al systems.

+--t-——+
--------- +---+ |A|B| +---+
Track---> |E| +---+--+ |F|
+---+ |C|D| +---+ = e
+oo-teo-t Track--->

The main return beamis detected by the array, ABCD. Thetracking beams returnto E and
F. Eisoffsat dightly off track on onesdeand Fon  the other. Average sgnasfromE and F
will be equal when centered  on track.

da. Laser isturned on and focus search routine is Sarted to podtion lensat correct vertical

postion. Once correct focusis achieved, focus servois  activated to maintainit. Focus, which

must be accurate to 1 um, operates  as follows: The optical path in the pickup includes a

cylindrical lens  which causes the laser beam spot to be circular when correctly focussed but
eliptica otherwise with the mgor axis of the dlipse being offsst 90  degrees depending on

whether the lensisto close or too far (eg., magor axis of +45 degrees for too close and -45

degreesfor too far).  Focus Error = (A+D)-(B+C) = O for correct focus since with the circular

spot, the outputs of dl four quadrants will be equd.

4b. Disc gtarts spinning up to 500 rpm and Congtant Linear Ve ocity (CLV) servo  isactivated
to maintain correct peed. CLV servousesaPLL tolock  to clock trangitions derived from data
read off of disc. Dataisderived from A+B+C+D.

4c. Tracking servo is activated to maintain laser beam centered on track.  With ‘three beam
pickup', 2 additiona laser spots are projected onto  the disc in front of and behind main beam.
These are offset oneach sde  of the track just enough so that Tracking Error = E-F = 0 when
centered.  With a'single beam pickup', amilar information isderived usngonly the  mainbeam
snce Tracking Error = (A+B)-(C+D) = O for correct tracking.

5. Discdirectory isread and displayed.

6. Unit shuts down awaiting command or goes into play mode depending on  how it was
activated.



The stepslisted as (4a,b,c) may or may not be performed concurrently. If any of 1-5fail, then the
laser isturned off and the machine will display somekind of error no disc message (typicdly, it may
display Error, Disc, or go blank) and return to idle mode, or in the case of achanger, load the next
disc and try again.

Procedure for validating the startup sequence: ----------=--=-====-=mmmmmommm oo
Thefollowing procedureis used when the disc isnot recognized but the drawer closescompletdly.

Firgt, double check the drawer closing/opening mechanism. Without exception, Sony CD players
which have belts need them cleaned and eventuadly replaced. If the drawer does not close
completely, then the disc may not be clamped properly or other erratic problems may occur.

Once you have verified that thisis ok, you need to determine that thelensisclean. Ingenerd, the
lens should look shiny with abluetinge. Any scum or crud can degrade performance. 'Y ou may
have to remove part of the clamping mechanism to be able to see the lens. If it is not perfectly
shiny, clean it usang the procedures in the section: " Generd ingpection, cleaning, and lubrication”.

Assuming that this does not improve the Situation, the next stepisto verify that the pickup hasreset
itsdf to theinner (center) track of the disc. If necessary manualy move the pickup away from the
center by turning the appropriate pulley or gear, or in the case of a linear actuator or rotary
positioner (no gears or belts), just push the pickup gently and observe the behavior when adisc
isloaded. The pickup should move smoothly toward the center, usudly tripping alimit switch and
sopping. If thereis no movement or movement is jerky or the pickup gets stuck a some point,
then lubrication may be needed or the motor or drive circuitry may be faulty. Also, check for
broken or damaged gear teeth, adipping belt, and misaligned or damaged tracks. Measure the
voltage on the motor that movesthe pickup. If thereisnoneor it isvery low (under avolt or s0),
then there is a problem with the motor, its driver, or the system controller.

Determine if the machine attempts to focus. On portables, it is sufficient to defeat the door
interlock to get the operations associated with reading of the disc directory to begin (you may need
to press play - thisis model dependent). In some component CD players, adisc actudly hasto be
present to block an optica sensor. Y ou should see the lens moving up and down (at least one of
these directions will have smooth movement) once or twice about 2 mm. If adiscisin place, then
the lens should quickly stop at the appropriate focus position. Admittedly, observing the lens may
be difficult or impossble with the disc in place. Dentists are probably good at thidl

If the focus action isidenticad whether adiscisin place or not - i.e., it kegps up the search pattern
and then gives up - verify that the laser is being powered. In most cases, you should be ableto
see atiny spot of red gppearing light when thelensisviewed from an oblique angle during thefocus
search. From a safe distance of at least six inches and 45 degrees or more off to one Side, you
should be able to see thisdim red light in a darkened room while the unit is atempting to focus.
If you see this, you can assume that the laser is being powered though it is not a sure test for an



actua IR laser beam or proper optica power output. In most cases, however, the red light
indicates that the laser isworking. An IR detector would confirm at least that thereis an IR
emisson. If thereisno dot of red light, then ether the laserdiode is bad, it is not being powered,
or you are not looking from the correct angle. 'Y ou can purchase an inexpendve IR detector card
from an dectronics distributor or build one using a photodiode, afew resistors, agenera purpose
gmdl sgnd trangstor, and an LED running off a9V beattery. Seethe schematic at the end of this
document. Thiswill dso be useful for testing remote controls. If you have a modern camcorder
(one with a CCD pickup, not atube), it may be sendtiveto IR aswel but using oneto test aCD
laser would be pretty clunky to say the least (you would probably need to grow an extraarm or
two).

Oncefocusis established (and sometimes concurrent with this operation), the spindle should begin
to turn and quickly reach 500 rpm. The speed may be ramped up or controlled in some other
search pattern since there is no gpeed feedback until the data coming off of the disc is available.
A patidly shorted motor will prevent the spindle from reaching 500 rpm even though the disc will
spin.  Check the voltage on the spindle motor when it starts the disc spinning. 1t should reach 2
voltsor more. If less than this but not zero, apartialy shorted motor or wesk driver is likely. If
zero a dl times then there may be a bad driver or the machine may not redlize that focus was
established and is not issuing the spindle motor start command.  The required speed of 500 rpm
- just over 8 revolutions per second - can be estimated by using a disc with a dramatic label or
putting a piece of tape on the Sde of the disc that is visble and watching it spin.

Note that adirty lens can sometimesresult in symptoms smilar to abad spindle motor so cleaning
the lens should adways be the first sep whenservicingaCD player. | dmost learned thisthe hard

way.

Once the disc reaches the correct speed, the speed control (Constant Linear Velocity, CLV) and
tracking servoswill be activated (or thetracking servo may actudly have been activedl dong) and
directory data will be read off of the disc. Either of these could be faulty and/or misadjusted
making it impossible to access the disc directory.

During thetimethat the discis spinning and the player isattempting to read the disc directory, listen
for that ‘gritty' sound that CD players make during normal operation. It isabyproduct of thefocus
and tracking servos congtantly adjusting lens position - the rapid movements of the lens produce
audible sound like aloudspesker - and its presenceisagood indication that (1) thelaser isworking
and (2) focus is being maintained.

On certain CD players, for example many Pioneer models, there isa TEST mode which enables
many of the individua functions such as focus and tracking that are normaly automatic to be
manualy enabled. Thisisavery ussful aidisdiagnosisand in adjusting ameachinefrom an unknown
state aswould bethe caseif someone dsetwiddled every internd adjustment they could find! See
the section: "Pioneer PDM series test mode”.



Disc spins in wrong direction or overspeeds and is never recognized:

The CD should aways spin clockwise as viewed from thelabd sdeof theCD. Thisisusudly the
top but for some players you load the CD upside-down (e.g. Pioneer magazine type changers).
If the CD should congstently start spinning counterclockwise and continue for morethan afraction
of arevolution, or should the CD ever spin a amuch faster rate than normd - asthough it is about
to take off, there may be a serious problem with the optical pickup, spindle servo, or control logic.
However, behavior of thistype could smply be the result of any of anumber of minor faultswhich
you can diagnose and repair including a dirty lens, the disc being loaded upside-down, or the
internal adjustments being messed up due to someone violating rule #1 - never wildly twesk any
interna adjustmentd

First confirm that the disc is loaded correctly and that the lensis clean.

I this does not help, attempt to perform a servo system adjustment. If you have a service manud,
by dl meansfallow it! If not, see the section: " Servo adjustment without a service manud”. If it
is a Pioneer CD player or changer, see the section: "Pioneer PD-M400/500/600 etc. servo
adjustment procedure” (this may aso gpply to other models with only minor changes).

khkkhkkhkkhkkhkkkkkk*k TRACKING (PLAY AND SEEK) PROBLEMS kkhkkkkkkkkkkhkkhkkkx

Description of these types of failures. ---------=--======mmmrmmmme oo

Proper readout of thedigita audio or dataon aCD dependson the proper functioning of thefocus,
and tracking servos and the system controller.

While playing, searching, or seeking, focus must be maintained continuoudy despite spindle runout,
amoderately warped disc, and minor bumps or vibration.

Whenplaying at normd speed (e.g., 1X for musc), thefinetracking servo maintainsthelaser beam
centered on the track (pits of the information layer) of the CD while the coarse tracking servo
movestheentire optica pickup asneeded to keep thetracking error within well defined limits. See
the section: "Servo systems'. Failures or margina performance of any of these systems can result
in audio noise, skipping, sticking, or failure of seek and search operations.

A dirty or badly scratched or warped disc, adirty lens, as well as other electronic or mechanica
problems can result in Smilar symptoms as well.

Thus, if you experience any of the problems discussed in the next few sections, first confirm that
the discis not dirty, scratched, smudged, warped, or otherwise defective - inspect and dlean it if
necessary and/or try adifferent one. If this does not help, then manuadly clean the lens.



The importance of doing these smple things first cannot be overemphasized as many gpparently
unrelated problems can be caused by a bad disc or dirty lens.

Then, check for obvious mechanica faults like gummed up lubrication or aworn spindle bearing.
Only after these efforts do not solve your problem or at least identify the cause, should you
consder adjusting any of the servo systems.

Short distance skipping: ---------=--==--=------

This means jumping forward or backward by afraction of asecond. 1t may occur occasionaly or
may appear as though the pickup is bouncing across the disc.

Common causes include dirty lens, dirty or damaged disc, need to adjust fine tracking offset/gain
or tracking balance, weak laser.

Firgt, inspect the disc for badly scratched or smudged areas and other defects or try another one.
Cleanthelens.

Playback gets stuck (rapid repeat): ----------=-=--=--=-=-nmnmmemnmm-

This means repeeting the same track or a small number of tracks (meaning disc rotations, in this
case). The effect is somewhat like a 'broken record' with an LP but at a much faster rate - 3to
8 repests per second when repesting only asingle track.

The most common underlying cause is a damaged or dirty disc. However, if the tracking (and
sometimes focus as well) servos are not properly adjusted, the CD player may exhibit excessive
sengtivity to disc problems.

If the focus or tracking gais is set too high or the offsets/baance are not centered, dight disc
imperfections, scratches, or dirt may result in this set of symptoms.

Occasional long distance skipping or repeating: -----=-==-=============mmmmmmmmemmmmmmeee

Usudly, severd seconds of music will play without any trouble and then there will be a skip
forward or backwards by a few seconds or longer. In the latter case, the net effect may be to
congtantly repeat a section of the CD. Make sure you do not have any repeat modes enabled!

Common causesinclude adirty lens; dirt, foreign materids, or lack of lubrication in pickup drive;
defective disc (surface defects, dirt, or fingerprints); mechanica damage causing mechanism to
bind.

Firdt, ingpect the disc for badly scratched or smudged areas and other defects or try another one.
Cleanthelens.



A mechanicd faultisquitelikely. These symptomsgeneraly indicate that the coarsetracking servo
isunableto properly movethe pickup eadly asit should - it is getting stuck and then either jumping
back once the error istoo great or bresking free and moving forward in spurts.

Eliminate the possibility of mechanica problems - seethe section: "Testing the ded for mechanica
problems’.

Player gets stuck at approximately same time on multiple discs:

Common causes. gummed up lubrication on pickup tracks or worm gear, other mechanica
problems like an obstruction or errant wire getting in the way. A flex cable with ahairline crack in
one or more conductors might aso cause this symptom.

Caefully inspect the tracks for dirt and gummed up lubrication. If the player has been in
commercia service dways playing the same CD or set of CDsand now you are attempting to one
that is someone longer, this may happen.

Also, if you are attempting to play a CD which islonger than 74 minutes, the player may not be
capable of accessing the last part of the CD. It might either abort or get stuck and keep repeating
afraction of asecond or several seconds.

Search or seek operations take too long or fail to complete:

This means that attempting to seek to a particular music track results in this never completing or
going to the wrong place. Alternatively, even pressing the search forward or backward buttons
may result in the failure to go where directed. The player may abort the disc and stop or (in the
case of achanger) go on to the next one.

Common causes. dirty lens, bad disc, tracking or CLV PLL adjustments needed, mechanical
problems with pickup movement, faulty ded motor drive IC, faulty control logic, bad flex cable.

If your CD player has a 'trangport lock’ screw, check that it isin the 'operate’ position.

Inspect thedisc for badly scratched or smudged areas and other defectsor try another one. Clean
the lens.

Himinatethe possibility of mechanical problems - see the section: "Testing the ded for mechanica
problems’.

Check for aprinted flex cable that has hairline cracksin one or moretraces. Asthe pickup moves
past a certain location, acritical connection may open up resulting in this behavior. Such acause



ismore likely if the player aborts without warning during a seek or search.

If none of this uncovers the problem, there may be ded motor driver, logic, controller, or other
electronic problems.

Search, seek, or play dats a proper place but then loses time or postion:

Y ou may select music track 5, the player goesthere quickly, sartsto play but immediately jumps
to another location forward or backwards or resets to the start of the disc. Or, if play is started
at any location, instead of playing forward aswould be expected, the numbersin the display count
down.

Common causes include astuck button, need to adjust coarse tracking offset or tracking balance,
bad ded motor drive IC, faulty control logic, defective disc.

Firg, try adifferent CD to make sureit isnot defective. Or, try different locations on the same CD
as the CD would likely not be defective over its entire surface.

While adirty lensis possble, it is not aslikely as for many other tracking problems.

This may be a problem with coarse tracking offset or tracking balance. See the section:
"Adjustment procedure for noise or skipping”

To diminate the possbility of a stuck button, it may be possible to operate the player with the
relevant part of the front pand control unplugged using the remote contral (if it has one) or the
'press the drawer' method of sarting play. If ether of these results in the disc playing normally,
then astuck or dirty button islikely. Thiswill most likely require the disassembly and deaning or
replacement of the affected push button switch.

It is possible that the ded motor driver IC or itslogic is bad: whenthetracking servoisclosed, its
output is highly unbalanced due to an internd failure. Unless you want to take ashot in the dark
and replace the chip, further troubleshooting of this problem will likely require a service manud.

Repetitive noise at disc rotation rate (500-200 rpm depending on track):

Commoncauses. dirty lens, bent spindle, excessive runout (wear) of spindle bearing, loose spindle,
foreign materid ondisc table, warped disc, need to adjust focus or fine tracking offset/gain, weak
laser.

Firg, ingpect the disc for badly scratched or smudged areas and other defects or try another one.
Clean the lens



Check for aloose spindle (sometimes there is a set screw that needs to be tightened or some
adhesive may have broken free. Make surethereisno dirty or other foreign matter on the spindle
table that could cause the disc to seat improperly.

Observe thedisc asit spins. Isthe edge moving up and down by morethan atotd of about 1 mm?
If s0, the disc may be excessively warped, or possibly the spindle bearing is worn resulting is
unacceptable runout, or (unlikely unless the player was thrown off adliff) the spindleisbent. The
focus and fine tracking servos may be incgpable of correcting such alarge wobble.

If the problem developed gradualy and has been getting worse, than aworn spindle bearing is a
digtinct possbility. Adjusment of focus and fine tracking offset (or possibly gain but usudly less
critica) may help.

Alterndtively, focusor finetracking offset (or possibly gain but usudly lesscritica) may smply have
drifted a bit and adjustment is dl that is needed.

A weak laser may aso result in these symptoms but do not attempt to adjust laser power until other
possihilities have been invedtigated fully.

Testing the sled for mechanical problems: -----------=-=----memmmcm oo

Binding or obstructions would be indicated by any long distance skipping, jumping, repesating, or
falure to seek or search past some location (time) on multiple discs. Defective or erratic limit
switches may result in jamming or overrun at start or end of disc or unreliable reset during startup.

Check for free movement of the optica pickup ded on itstracks or bearings. Manudly rotate the
appropriate motor or gear or in the case of avoice cail (linear or rotary) postioner, gently move
the pickup back and forth throughout its range. There should be no sticky positions or places
where movement is noticeably more difficult. If there are, ingpect for mechanica problems like
broken or damaged gear teeth, dirt or other materid that should not be there, and gummed up
lubrication. Damaged parts will need to be replaced (or repaired - sometimes a fine file, Xacto
knife, or denta pick will work wondersbut don't count on it). Otherwise, cleaning and lubrication
may be dl that is needed. Remove the dirt and the old gummed up lubricants and lubricate the
tracks and/or gears using the proper oil or grease. (Seethe sections: "L ubrication of CD players’

If these tests come up negative, check out the pickup motor for defects such as a shorted or open
winding, partially shorted commutator, or dry or worn bearings. See the section: "Testing of
motors'.

Asadouble check, disconnect the pickup motor from itsdriving circuit (extremely important!) and
run it in both directionswitha3V (2 AA) battery to confirm eectrica and mechanica operation.

Inaddition, check the proper functioning of any limit switchesthat are present on the optical deck.



There will dmogt dways be one for the inner (reset - startup) track and there may be one for the
outer track (end-of-disk) aswell. Run the pickup manualy or using the battery (see above) to both
ends without forcing and check for reliable operation of the switch contacts.

kkhkkkkkhkkhkkkkikkikkk MISC:ELLANEOUSPROBLEMS kkhkkkkkkkhkkhkkhkkkkkx
Audio problems; --------------

Slly me, what other kinds of problems are we talking about. OK, | should have said audio sgnd
chain problems.

Thereisadigtinct boundary between thedigita section where audio information isencoded digitaly
and the andog domain whereit is an dectrica waveform.

Problems with the digital circuitry: ---------------=-=-emsmmm -

Problemsinthedigitd domanwill usudly be gross- extreme noise, noise corrdated withthe signd
levd, extreme distortion, tones or frequencies that with no stretch of the imagination were present
inthe origind musc, ec.

Characterigtics will be digtinctly different than the kind of noise or distortion we are accustomed
to in stereo equipment. Small errorsin the digital recongtruction can result in totally gross changes
in the audio output. For example, asingle bit error if in the MSB can totaly corrupt the resulting
waveform. Simple errors can result in sound frequencies not present in the origina.  Fortunately,
these sortsof errorsarerdatively rareasmost of the circuitry isingdeof very rigble LSl chipsets.

However, if the CD is recognized and appears to behave normally except that there is absolutely
no audio output, there can be problemsin the audio decoding LSl chips. Other than hoping for
an obvious bad connection, this is way beyond the scope of anything you can hope to repair
without the service manud, test equipment, and amiracle.

Problems with the analog circuitry: --------------=-=-m-m-mmmmememeo-

Problems in the analog sections - D/A, sample-and-hold, post andog filter - produce effects that
are more familiar: noise, decrease in Sgnd strength, and distortion. Except for parts of the D/A
whichmay be shared, there will beidentical |eft and right channelsto compareif an audio problem
develops.

If only one channd is affected, then the problem most likely has nothing to do with tracking, the
laser, or the mechanism. Coming off of thedisc, theL and R channdsareinterleaved on asample

(16 bit word) basis so any disc or pickup problem would equaly impact both L and R.

You are left with the D/A and sample-and-hold or D/As or the final andog filter. Many CD



players multiplex the D/A betweenL and R, s0 in these, even the D/A is ruled out since most of
its circuitry is common.

With asingle D/A, there will be sample-and-hold circuits for each channel aswell.

Payers without digitd filters (or oversampling) have fairly complex andog filters after the D/A. A
bad or noisy component could concelvably be your problem. Even players with fancy
oversampling have some kind of afind andog filter.

On an older player, thereis probably alot of discrete circuitry in the audio section.

If you can get to the componentsin the andog filter (some are potted), then with atest CD which
has a'slence track’ and a scope or Sgnd tracer, you should be able to find out where the noise
is being introduced. If it has separate D/As, then one of these would aso be suspect.

Swapping components one a a time between the identicd left and right channdls is dso a vdid
diagnogtic technique.

Don't overlook the smple problems of dirty contacts on the RCA jacks or bad connectionswhere
they are soldered to the main circuit board.

Boomboxes and compact stereo systems: -----------==-=-==-m-mmmmmmomomoean

These combine a stereo receiver and a single or dual cassette deck, and/or a CD player or
changer, and a pair of detachable speakers, into asingle unit. Most are fairly portable but larger
boomboxes and compact stereos may require aforklift to move any great distance.

While the individud subsystems - CD player for example - are usudly reaively sdf contained
eectricaly except for a common power supply, mechanically, everything tends to be jumbled
together - evenon unitsthat have an outward appearance of separate components. Both cassette
transports are usudly driven from a single motor. Getting at the CD player may require removd
of both cassette decks, audio amplifier, and power supply. Working ontheseisnot fun. Asusud,
take careful notes asyou disassemble the unit and expect it to require sometimejust to get to what
you are after. Be especialy careful whenremoving and replacing the individua modulesif printed
flex cables are used for interconnections.

Refer to the relevant sections on cassette transports, loudspeakers, and power supplies for
problems with these units.

Since these do get abused - bumped, dropped, dunked, etc., bad connections, and other damage
isvery common. Seethe sections. Generd intermittent or erratic behavior” as well as "Noisy or
intermittent switches and controls’.



CD player was dropped or got Wet: -----=-===========nmmmmmmmmmee

| have never heard of a component CD player being dropped or rained on. However, this does
happen to portables. While a service shop may not even want to tackle such a unit, it is quite
possible that damage is minimal - even for aCD player.

With a CD player that has been dropped, unplug it from the AC line or remove the batteries
immediately. Thiswill prevent further damage should anything be shorting interndly.

For one that has gotten wet, dry it immediately (you knew that!).

See the document: "Notes on the Repair of Audio Equipment and other Miscellaneous Stuff” for
more info on restoration of abused audio equipment.

Repairing flexible printed cables: -------------------=-msemcemmev

It seems that more and more consumer devices from pocket cameras to laptop computers are
being built with miniature multiconductor flexible printed cables. Very often one or moretracesto
develop hairline cracks due to repeated flexing. In addition, damage from moving circuit boards
and modules during servicing isdl to common.

Needless to say, repairing any kind of flex cable isared pan. | have succeeded by carefully
scraping the plastic off with an Xacto knife and then soldering fine wire (#30 gauge wire wrap for
example) to thetraces. This presumes that the conductors on your cable will even take solder.
| then cover up the joints with aflexible sealer for eectrical and mechanica protection.

However, you need to make sure that the wire you use can be flexed or that the joint isset up in
such away that the wire does not flex much - ese you will just end up with broken wires pretty
quickly.

Soldering from end point to end point if possible may be preferable. Even going to only one
endpoint would reduce the risk of immediate damage and rdigbility problemsin the future.

With multiple traces broken or damaged, you are probably better off replacing the cable entirely.
Testing the optical pickup: ---------=-=-=-=--=-=-----

See the specid section "Testing of Optical Pickup Assemblies’ for detailed procedures for
determining basic functiondity of most of the optical, ectronic, and mechanica componentsinthe
pickup assembly. These techniques do not require sophisticated test equipment and will identify
most common failures. However, you should not consder such involved tests until you have
eliminated other possibilities for your particular problems.



FrREFIAFIAFxAFxA* - SERVO SYSTEMS AND CD PLAYER ADJUSTMENTS
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Servo systems; -------------
There are severd servo systemsin aCD player:

1. Focus - maintains a congtant distance to within 1 um (1/25,000th  of an inch!) or so between

the objective lensand the disc. This must be maintained even with adightly warped or uneven

disc and in a portable player, with a certain amount of movement as well.  Focus is

accomplished with avoice coil type of postioner (Smilar  to operation of a loudspesker) using

optical feedback fromthe disc surface. See the section of "Startup Problems for adescription
of how this and fine tracking (below) operate.

2. Fine tracking - centers the laser beam on the disc track (to within - a fraction of a um) and
compensatesfor Sde-to-sderunout of the  disc and player movement. Thisaso usesavoicecoil
positioner and optica feedback from the disc surface. (Note: on rotary  type pickups, there
may be no separate tracking coil asitsfunction  is combined with the rotary postioner.)

3. Coarse tracking - moves the entire pickup assembly as a function of  fine tracking error
exceeding athreshold or based onuser or - microcontroller requests (like search or skip). Coarse
tracking uses severd types of postioners depending on performance  requirements. It may
ether beaworm drive, agear drive, alinear motor, or rotary positioner - in order of increasing
access speed.

The linear motor and rotary positioner have no gears and Smply use  a coil and permanent
magnet to move the entire pickup very quickly -  smilar to a voice coil but on a larger scde.
CDROMs, especidly  the high performance models, usudly use thistype of actuator to achieve

their relatively fast access. These may have some type of lock to prevent  the pickup from
banging around when the unit is moved with power off. Note: for a CDROM drive that usesa
caddy - dwaysremovethecaddy beforetransporting the drive or the equipment that itisin. The

loading of the caddy often unlocksthe pickup permitting it to flop around  during movement and
possibly being damaged.

A linear motor or rotary podtioner driven pickup should move very  smoothly and easily by
hand when unpowered and unlocked.

Notethat the use of arotary positioner isno guarantee of fast reponse.  One of the earliest CD
players- aMagnavox unit gpparently manufactured by Philips- has about the d owest track seek
time | have ever seenand  uses arotary postioner. Watching it go from one track to another is

like watching an inch worm crawl dong - ss¥, ss%, ssst (the sound made  asthe focus actuator
vibrates while crossing tracks), ss€, ssst.



4. Spindle speed - maintains congtant linear velocity (CLV) of disc  rotation based on a PLL
locking to the clock signdl recovered from  the disc. Spindle drive is most often done with a
permanent magnet  DC motor connected to the disc platform. 1t may be smilar tothe  other
motorsin CD playersand VCRs, (aswell astoys for that matter), or ahigher qudity brushless
DC motor.

Play adjustments: ----------------

Y ouwill seeadcircuit board, hopefully inyour unitit isreadily accessblewith component markings.
For each servo, there will be 1 or 2 pots to adjust. Unfortunately for our purposes, some CD
players have no adjustments! In this case about al you can do is confirm that the lensis clean and
clean and lubricate the mechanism.

The adjusments will be labeed something like:

1. Focus- F.G. (focus gain), F.O. (focus offset)

2,3. Tracking - T.G. (tracking gain), T.O. (tracking offset), maybe others.
4. Spindle PLL, PLL adj., Speed, or something like that.

DO NOT TOUCH THE LASER POWER ADJUSTMENT - you can possbly ruin the laser if
you turn it up too high. Sometimes, just turning it with power applied can destroy the laserdiode
due to anoisy potentiometer. Thisadjustment can only be made properly with the service manud.
It may require an optical power meter to set laser output. Very often the adjustment is on the
optica pickup itsdf so it should be easy to avoid. Sometimes it is on the main PCB. The laser
optica power output is feedback controlled and unlikely to change unlessthe laser is defective -
inwhich case adjustments will have little effect anyway. If you run out of options, see the section
on 'Laser Power Adjustment’ - last.

DO NOT JUST GO AND TWEAK WILDLY. You will never be able to get back to a point
where the disc will even be recognized (without test equipment and probably a service manud).

Firg, somehow mark the EXACT postions of each control. Some of these may require quite
precise setting - a 1/16 of aturn could be critica, especidly for the offset adjustments.

Sometimes, there will be marked test points, but even then the exact procedure s probably model
dependent.

Adjustment procedure for noise or skipping: --------=-====-======mmmmmmmemmeeeeo-

The assumption hereisthat you can get the disc to play but thereis audio noise skipping, or other
amilar problem.



Play adisc a thetrack that soundsthewordt - put it into repeat mode so it will continuefor awhile.
Get it to play by whatever means works.

Repetitive noise at disc rotation frequency: -----------=-==-======-mmommmmemmeeoeeo-

Try to locate the adjustments for focus. Try the focus offsat fird, just ahair in each direction. If
you go too far, you will loose focus lock totdly, the servo will go into focus search mode and/or
the unit will shut down. Return the control to the exact originad postion if thereis no improvement.
Y ou can dso try gain, but in my experience, the gain controls are not critica to norma play but
determine how the unit will handle dirty and/or defectivediscs. However, if they areway off, there
could be generd problems. Too low again setting (this gpplies to focus as well as tracking) will
make the unit very prone to skipping as aresult of minor bumps. Too high asetting will makethe
unit skip asaresult of minor disc defects.

Short distance skipping or sticking: -----------=----==-=-mm-mmmm -

Try to locate the adjustments for tracking. Try the fine tracking offset firg, just a hair in each
direction. If you go too far, youwill loose servo lock totdly, the pickup will dew to oneend of the
disc, and/or the unit will shut down. Return the control to the exact origind position if thereisno
improvement. Then try the other tracking offset if there is one and dso the gain (though thisis
probably not the problem).

Always return each control to its origind position after the test so you don't confuse things more.
General servo adjustment procedure: ----------=-=-=-=-==-==--m-omemu---

If you have a service manud for your player, by dl meansfollow its recommendations or at least
read through its adjustment procedures before attempting the one given below.

If your CD player hasa TEST MODE, see the section: "Pioneer PD-M400/500/600 etc. servo
adjugment procedure’ and modify it accordingly. The following procedure is for a typica unit
without such atest feeture. 1t assumesthat the unit isfunctiond but interna controlsarenot intheir
correct postion. Thismight be the caseif you violated rule #1 - never wildly twesk any internd
adjusments! Or, if amgor subassembly likethe optica pickup or mainboard has been replaced.
If you have not touched the internd controls and no mgor parts have been replaced, there is no
need to perform this procedure. Use techniques and observations discussed elsewhere in this
document.

The following are assumed:

* Controls on the main board are in an unknown state but not any  laser power adjustments
(hopefully, these were on the optica pickup itsdlf or its flex cable and were not touched.



* The player is otherwise functiond - thereis no physica damage.

Y oumay need to modify this procedure based on your particular modd. Some of the adjustments
may go by different names or be non-existent. Use your judgement. Except for the laser power
adjusment, which should be avoided, it is unlikely that any settings of these controls will result in
permanent damage.

Some of these adjustment will need to be performed while the unit is in the startup sequence
attempting to read the disc directory. Until focus and possibly tracking and CLV lock are
established, it may give up fairly quickly. Y ou will just need to keep cycling power or opening and
closng the drawer to get it to repeat the attempt. Once some subset of the servo adjustments are
set within reasonable limits, the player may continue to spin the disc ad-infinitum.

1. Precisdly mark the current positionsof dl interna adjustments- just  in casethey weredready
st correctly!

2. Set dl main board controls to their midpoint.

3. Adjust TR BAL (Tracking Baance) to the center of therangeover  which the ded remains
dationary. Outsdethisrange, thepickupwill  dew to oneend or the other. Not dl CD players
havethiscontrol. A CD may need to bein placefor thisadjustment to have any effect.  If you
are unable to get the pickup to remain sationary, try fine  tracking offset (TR.OFF) aswell.

Thefollowing two items should be donewith no discin place. If your player doesnot have sitable
test points or if these controls have no effect without a disc in place, skip them.

4. While monitoring the testpoint for focus error (eg., TP.FE), adjust  focus offset (FO.OFF)
for O volts (+/- 10 mV or s0). Thismay not  be the optima setting but will get you in the
ballpark.

5. While monitoring the testpoint for tracking error (eg., TP.TE), adjust  fine tracking offset
(TR.OFF) for O volts (+/- 10 mV or s0). Thismay not  be the optima setting but will get you
in the balpark.

6. If you haveaDMM, VOM, or scope, put it on the Focus OK testpoint if  thereisone. 7.
Load adisc and pressPLAY if necessary to initiate the startup sequence.

8. Confirm that focusis established. Thereisan adjussment rangefor  Focus Offset over which
focuswill berdigbly achieved. Outsdethis range:

* The lenswill hunt up and down - possibly with dicking soundsasit ~ bumpsinto the end
stops.



* The Focus OK testpoint will not be asserted or will bejumping around  aswell.
* The disc may never sart spinning or spin erraicaly (mode dependent).

* Single play units will give up and enter op more with display of 'disc, 'no disc', ‘error’,
etc. Changerswill comeupwithsmilar  display and then move on to the next postion of the
caouss or  magazine.

Center the focus offset within the range for which focusis stableif it was not already there.

At this point there isafar chance that the disc has started to spin and even that the disc directory
has been displayed. If not, there are il two sets of adjustments remaining.

9. With focus stable, the disc should spin up. It needsto reach and lock  at about 500 rpm -
roughly 8 revolutions per second. If it doesnot move  or overspeeds, try adjusting the PLL/CLV
control (may be called PLL.ADJ, VCO.FR, CLV.ADJ, etc.). Note: this assumes that the
spindle motor and  driver arein good condition. If thereisany doubt, seethesection:  "Testing
of motors'.) WARNING: if the disc spindle speed runs away,  turn power off and wait for
gpindle to stop completely. PLL/CLV control  may be set to high; turn it counterclockwise 1/4
turn and dart try again.  There will be some range of this control where the speed will not run
away but will be within the required limits.

Now, theseisan even better chancethat the disc has started to spin and that the disc directory has
been displayed. If nat, thereis till one set of adjustments remaining.

10. Fine tracking offset may ill not be quiteright. Try somedight  adjusments on either sSde
of the current podition. You may haveto  cycle power or openand close the drawer if you go
toofar. Some adjusmentsof dternatdy finetracking offset and PLL/CLV may be  needed.

Hopefully, you now have adisc directory and play may be operations though perhaps with audio
noise and/or skipping or sticking.

The following are best done withascope monitoring the 'Eye pattern or other testpointsbut if you
do not have one, use your ears.

11. Adjust PLL/CLV control to midpoint of rangeinwhich disc playscorrectly. Test thisat both
the sart and the end of afull length (74 minute) disc.  Theoptima setting will result inthe control
being centered withinthe  range over which the player works reliably a both ends of the disc.

12. Adjust any RF Offset (RF.OFS) control to the midpoint of the range over  which play
continues normally with no audio noise.

13. Set Focus Gain (FO.GAIN or FO.G) to the midpoint of the range over which it locks.



CAUTION:thedisc may enter arunaway sateif yougotofar. Check at both the beginning and
end of thedisc. Focusgainmay needto  beincreased if the player is overly sengtive to bumps
or disc wobble 1t may need to be decreased if sengtivity to disc defectsis too high.

14. Set Tracking Gain (TR.GAIN or TR.G) to the midpoint of range over which it locks.
CAUTION: the disc may enter arunaway sateif yougotofar. Check a both the beginning and
end of disc. Tracking ganmay needto  beincreased if the player is overly sengtive to bumps
or discwaobble. It may need to be decreased if sengtivity to disc defectsistoo high.

15. PressSTOP and then PLAY again to confirm that the disc loads properly  and the directory
comes up quickly and the music sarts without excessve  delay, hunting, or hestation.

16. Test forward and reverse search and seek functions for proper behavior.  Some dight

adjusments to tracking balance or fine tracking offset may  be needed to equdize the forward

and reverse search or seek speed.  17. Player should now operate normaly. However some

tweaking of thegain  controlsmay be necessary (as described above) for optimum defective disc
and track seek performance over entire disc.

Note: if you have an oscilloscope capable of at least 5 MHz bandwidth, you can optimize the
amplitude and stability of the 'eye pattern at the RF testpoint by going back and touching up the
focus and fine tracking adjustments.

Low laser power: ---------------

Indications of reduced laser power include erratic startup, noisy playback. excessve variation of
playback quaity depending on the particular disc, or total lack of startup.

WARNING: improper adjustment of the laser power may result in the absolutely instant destrution
of thelaserdiode - the heart of your CD player. Therewill be no warning. One moment you have
aworking laserdiode, the next you have aDELD - Dark Emitting LaserDiode. Read the relevant
sections fully before attempting any adjustments.

Nothing will help a dead laserdiode - whether as aresult of your efforts or natura causes - short
of replacing the optica pickup.

Very likely, low laser power indicates asick laser as well and adjusments will have limited if any
effect ance optica feedback normally maintains laserdiode output at the proper level and it may
be doing dl that is possible.

If you have the service manua and it provides a procedure not requiring a laser power meter
(which you probably do not have), then by al means follow that procedure,

Otherwise, see the section "Laser power adjustment” for procedures that may be used as a last



resort.
Optical alignment; -----------------

Unless the unit was dropped, optica realignment of the laser assembly isnot likely to be needed.
All critical componentsare screwed, sealed with loctite, or glued, and should not change alignment
under normal use. Don't fal for the line 'CD players are very ddicate and will need frequent
alignment - buy our extended service plan’. CD players are remarkably robust. Portables, even
when nibbled on by large dogs, often survive unscathed. | even carried a component type CD
player home from a garage sale 5 miles on the back of a 10 speed road bike over city Streets
complete with potholes! No problems. Infact, itimproved. Thesdller clamed that it was broken
but I could find nothing wrong! One possible exception isfor automotive unitswhich are subjected
congtantly to bumps and vibration which eventudly take their toll.

If you redly believe that optical dignment is needed, | strongly recommend that you obtain the
service manud. Speciad test discs or jigs may be required and some test equipment will be
required. Aswith other adjustments, make sure you can get back to your tarting point should the
need arise. Again. diminate other possibilitiesfirs if possble.

kkkkkkkkkhkkikhkikhkk%k MOTORS AND SPI NDLES kkkkkkkkhkkhkhkhkhhkhkkx
Small motorsin CD players: --------------=--=--=-----
Conventiona miniature Permanent Magnet (PM) motors are usualy used for:
* drawer/tray opening/closing.
* gpindle rotation.
* pickup position (coarse tracking) unless the unit uses alinear motor  or rotary positioner drive.
* disc changing (changers only).
Theseare DC motorswith commutators and metal brushesand are very smilar in construction and
quality to typical motorsfound in cameras, toys, portabletools, and other € ectronic equipment like

VCRs and audio cassette decks.

They usudly run on anywhere from a fraction of a volt up to 10 or 12 volts DC on-off (eg.,
drawer) or from aservo controller (spindle).

Some CD playersand CDROM drives use brushless DC motors for spindle driver rather thet the
cheap PM brushed variety. The commutation circuitry for these may be externd to the motor itself.
Troubleshooting will probably require a schemétic.



Sed movement in high performance CD players and CDROM drives often uses either alinear or
rotary direct drive (voice coil) mechanism. Since these are integrd parts of the coarse tracking
servo system, the only thing that can be tested without a schematic isfor coil continuity.
Problems with small PM motors: ------------------=--=-------

These motors can fall in anumber of ways:

* Open or shorted windings - this may result in a bad spot, excess load on the
driver, or atotally dead motor.

* partid short caused by dirt/muck, metd particle, or carbon  buildup on commutator

- thisis a common problem with spindle motors which fall to reach proper startup speed.
* dry/worn bearings - this may result in atight or frozen motor or aspindle with
excessve runout.

Testing of motors; -----------------

If your player uses abrushless DC motor for the spindle then you may not be able to perform any
€l ectrical tests asthe commutation control may be externd on thecircuit board somewhere. These
do not fail very often, either.

An open or shorted winding may result in a'bad spot' - a position at which the motor may get
stuck. Rotate the motor by hand a quarter turn and try it again. If it runsnow ether for afraction
of aturn or behaves normaly, then replacement will probably be needed sinceit will get stuck at
the same point at some point inthefuture. Check it with an ohmmeter. There should be aperiodic
variation in resstance asthe rotor is turned having severd cycles per revolution determined by the
number of commutator segmentsused. Any extremely low reading may indicate ashorted winding.
An unusudly high reading may indicate an open winding or dirty commutator. Cleaning may help
amotor with an open or short or dead spot as noted below.

A motor can be tested for basic functiondity by disconnecting it from the circuit board and
powering it from acouple of 1.5 volt dkaine cdlsin series(3V). Sometimes, an erratic motor can
be measured with an ohmmeter by observing the resistance across its terminds while turning it
dowly by hand. There should be a periodic variation in resistance determined by the number of
Ssegments on the commutator. Any very asymmetric changein resstlance may signify ashorted or

open segmen.

Revivingapartially shorted or erratic PM mMOtor: -----=-==-==-====mmmmmmmm oo

Dirt or grime on the commutator can result in intermittent contact and erratic operation. Carbon
or metd particle buildup can partidly short the motor making it impossible for the controller to



provide enough voltageto maintain desired peed. Sometimes, aquick squirt of degreaser through
the ventilation holes at the connection end will blow out the shorting materiad. Too much will ruin
the motor, but it would need replacement otherwise anyway. This has worked on Pioneer PDM

series spindle motors.

Another technique is to disconnect the motor completely from the eectronics and power it for a
few secondsin each direction from a9V or so DC source. Thismay blow out the crud. Thelong
term reliability of both of these gpproaches is unknown.

WARNING: Never attempt to power amotor with an externa battery or power supply when the
motor is attached to the circuit board - you may blow e ectronic components on the circuit board
and complicate your problems.

It is sometimes possible to disassemble the motor and clean it more thoroughly but this is a
painstaking task best avoided if possible.

Motor bearing problems:

A dry or worn bearing can make the motor too difficult to turn properly or introduce unacceptable
wobble (runout) into the shaft as it rotates.

Fed and ligten for adry bearing:

The shaft may be difficult to turn or it may turn with uneven torque. A motor with aworn or dry
bearing may make a pine tingling high pitched sound when it is turning under power. A drop of
light machine oil (e.g. dectric motor oil) may cure adry noisy bearing - a least temporarily.

For spindle motors (these are the only motorsin CD players where runout is critical), try wiggling
the shaft from side-to-side - any detectable movement is an indication of runout. At some point,
thiswill be bad enough such that the focus and tracking servos will be unable to compensate for
the runout and audio noise and skipping may result. Some oil may help but a spindle motor with
aworn bearing will require replacement eventually. Furthermore, it may proveimpossibleto reech
the bearing(s) to lubricate them properly.

See the section: "Spindle motor problems’ for more information.

Spindle motor problems; ----------------------

The following are some indications that the spindle motor may be defective or need attention.
However, insufficient spindle motor voltage or current could aso be due to spindle motor driver

faults, incorrect power supply voltages, or logic problems.

* Focusis successful but disc does not spin (dead motor or dead spot  on motor, shorted motor,
bad connection).



* Disc spins but at too dow arate or is erratic or needs some  help (weak motor or dead spot).
Reading of disc directory may beerratic. (Try helping motor out by hand).

* Voltage across spindle motor isonly 1 V or less while attempting to  spinup and read the
directory and climbsto 5V or more with the motor  disconnected (partidly shorted motor).

* Spindle bearing runout is excessive (i.e., detectable by wiggling the spindle from sde to Sde)
or spindle motor bearing isdry or tight (try lubricating if possible).

* Repetitive noise or dropouts a the disc rotation frequency or twice the disc rotation frequency.
Thismay get worsetoward theend or outer tracks of thedisc. (Excessve spindle bearing runout
or bad windings).

Check the motor before replacement (see the section: Smdl Motors in CD Players for generd
motor problems and testing). 'Y ou should be able to easily confirm or €liminate the spindle motor
as the cause of your problems. If ether of the cleaning or rgjuvenation techniques make a
ggnificant difference in performance, then the motor isamogst certainly at fault.

The spindle motor is often blamed for everything from long distance skipping (coarse tracking
problem) to disc spinning too fast or in wrong direction (a control problem). Spindle motors do
fail but they are not a the root of al problems.

Spindle motor replacement: -------------------------

Mark the height of the old spindle platter before you attempt to removeit. The best gpproach is
to make ashim that will fit between the bottom of the spindle platter and the motor asastop. The
height is usudly specified to aprecison of 1/10 of amm. Too low or too high and the disc may
rub. Thisis probably overhill - 1/2 mm is probably good enough but try to get it as close as
possble. The focus servo offset adjustment will make up for any height error in so far asfocusis
concerned.

The spindleis often press fit and difficult to remove without damage. It is critica that when the
soindleisreplaced, it be mounted perfectly with nowobble. If you can obtain anew spindle platter
withthe new motor, thisisthe best option. If not, take every precaution to prevent damageto the
gpindle platter during removd - even it it means destroying the old motor in the process.

When pressfitting the new spindle, the use of an arbor pressor drill pressishighly recommended.
Put ablock of wood under the bottom of the motor and your previousy made shim between the
gpindle platter and the motor. Press straight down - dowly and firmly. Err onthe Sde of being to
high and check the height. Repesat until you get it perfect. It is much esser to pressalittle more
than to raise the height if you should go to far.

If thereisa set screw, your job is much easier. Other mounting schemes may be employed - use



your judgement in replacement procedure. For non-pressfit ingalations, adrop of loctite or nail
polish will reduce the chance of it working loose.

kkkkkkkkkkkkkkk*k NOTESON SPEC' FlC EQU'PMENT kkhkkkkkkkkkkkhkkkk
Pioneer PDM series test mode: ----------=----=------------

The TEST mode available on some CD playersisextremely useful for narrowing down problems.
The following are for the Pioneer PDM series of CD changers.

* Press TEST while turning POWER ON to enable TEST mode. The TEST MODE
button is located on the main board.

The servos can then be controlled from the front pand:
* STOP turns al servos OFF. * TRACK FWD (>>|) enables FOCUS servo (and
loads disc 1 in changer). * PLAY enables SPINDLE servo. * PAUSE enables

TRACKING servo. * MANUAL SEARCH FWD (>>) or REV (<<) to move the optical
pickup.

Power cycle to return to norma mode.

Pioneer spindle motor voltage (operating normally):

Spinup: >25Vv. Timeto lock (est): 1-2 s=c.
Start of disc (500 rpm): 10v. End of disc (200 rpm): Sv.
Pioneer spindle motor problems: -------------------m--moomn---

When bad, spindle servo drivetopsout at .6 V and 100 ma. Player Isunable to spin
up to required 500 rpm to read disc directory.

While exact cause is unclear, theory isthat large voltage applied at sartup followed by
long periods of very low voltage (.5-2 V) operation alows conductive crud (carbon) to build
up on commutator eventualy reducing resistance to the point where the driver cannot
apply enough voltage to achieve 500 rpm.

A short squirt of degreaser through motor accessholehad animmediate  dramatic effect
returning operation to normd. It isnot known how long thiswill lagt. (Als0 see dternative
procedure in section on motors.)

Collatera symptom: Spindle motor servo drive IC becomesquite  warm when attempting



to power shorted motor. However, it does not appear to be harmed.

Use TEST mode to play disc a outer track. If thisis normd, then spindle motor is
probably bad as the rotation speed at the outer tracks is less (200 rpm) and a partialy
shorted motor may ill run fast enough for this.

Pioneer PD-M400/500/600 etc. servo adjustment procedure:

The following procedure assumesthat unit isfunctiona but interna controls may have been moved
fromtheir correct podition. This procedure has been determined experimentaly and is subject to
change without natice. If you have not touched the internd contrals, there is no need to perform
this procedure. Use techniques and observations discussed e sewhere in this document.

Note: this procedure aso gpplies (with obvious changes) to many Pioneer single disc players as
well as other Pioneer manufactured equipment.

Assumptions.

* Controls on the main board have been moved or arein an unknown date but not on
the flex-cable or optica pickup assembly.

* The player is otherwise functiond - no physicd damage.
1. Set dl the main board controls to their midpoint.
2. Power up the unit in TEST MODE (hold down the TEST button while  powering on.

3. Adjust TR.BAL (Tracking Balance) to the center of the range over which  the ded remains
dationary. Outside this range, the pickup will dew  to one end or the other.

4. While monitoring TP1-6 (FO.ER, Focus Error) withaVOM or DVM, adjust  FO.OFS
(Focus Offset) for areading of OV +/- 10 MV. Note: | have  found that on some players, this
may not actualy be quiteoptima  and fine adjustment be beneficid.

5. While monitoring TP1-2 (TR.ER, Focus Error) withaVOM or DVM, adjus  TR.OFS
(Tracking Offset) for areading of OV +/- 10MV. Note: | have found that on some players, this
may not actualy be quiteoptima  and fine adjustment be beneficid.

6. Load amagazine with adisc in dot 1 and press >>|, TRACK SEARCH Forward.  This
should load the disc and enable focus servo.

7. U MANUAL SEARCH REV (<<) to postion ded at beginning of disc.



8. PressPLAY. Thisenablesthe spindle servo. Disc should now spinup  and lock at at around
500 rpm. If disc doesnot start or gppearsnot  to reach correct speed, check voltage on spindle
motor. Itshouldbe greater than 2.5 volts during spinup. The most common cause of low
voltage is a dirty partidly shorted commutator/brush assembly insde  the motor; clean or replace
as necessary. WARNING: if thedisc spindle  speed runs away, turn power off and wait for
spindle to stop completely.  VCO control may be set to high; turn counterclockwise 1/4 turn and
dat  from the beginning.

9. PressPAUSE. Thislocksthe tracking servo. Thedisplay should showthe  disc TRACK
and TIME. Alternately pressing >> or << should movepickup, then pressPAUSE to sart play
agan. Audiowill becorrect a output. Correct digplay and sound only near end of discindicates
aspindle  motor unable to achieve sufficient speed (see above).

10. Adjust the VCO control to the midpoint of range in which disc plays  correctly.

11. Set RF.OFS to the midpoint of the range over which play continues normally.

12. Set FO.GAIN to midpoint of range over whichit locks. CAUTION: thedisc may enter a
runaway sateif you gotofar. Check at both thebeginning and end of thedisc. FO.GAIN may
need to beincreased if the player is  overly sengtive to bumps or disc wobble. It may need to
bedecreased if  sengitivity to disc defectsistoo high.

13. Set TR.GAIN to the midpoint of range over which it locks. CAUTION: the  disc may enter
arunaway dateif you goto far. Check a boththe  beginning and end of the disc. TR.GAIN
may need to beincreased if the  player isoverly sengtive to bumps or disc wobhble; it may need
tobe decreased if sengtivity to disc defectsistoo high.

14. Press STOP. The disc should unload. Exit TEST MODE by turning power  off and on
agan. Confirm that the disc loads properly and that the  directory comes up quickly and the
music Sarts without excessve dday, hunting, or hestation.

15. Test forward and reverse search and seek functions for proper behavior.  Some dight
adjusments to tracking balance or fine tracking offset may  be needed to equdize the forward
and reverse search or seek speed.

16. The player should now operate normaly. However sometwesking of thegain  controls may
be necessary (as described above) for optimum defectivedisc  and track seek performance over
entiredisc.

Note: if you have an oscilloscope capable of at least 5 MHz bandwidth, you can optimize the
amplitude and gtability of the 'eye pattern at the RF testpoint by going back and touching up the
focus and fine tracking adjustments.

Notes on Sony CDU31/33A CDROM drives. ---==-=========mmmmmmmmm oo



Both these drives use smilar optomechanica technology. The CDU3I1A is 1X (though | have
heard that some versions of this may be 2X, unconfirmed) and CDU33A is 2X.

Many have complained about thelack of amotorized tray. What thisdoesprovideisavery smple
robust mechanical design. A solenoid latch keepsthe drawer shut. When the solenoid is activated
(or the emergency releaseis pressed) the drawer pops out about an inch. Pulling the rest of the
way is manua. The movement of the drawer clamps/unclamps the disc to the spindle with a
powerful magnet. Except from gross abuse, there is little to go wrong mechanically.

There are only two mgor components. the Printed Wiring Board where dl the active eectronics
arelocated and the Optical Deck including laser, optics, and pickup worm drive mechanism.

The other partsinclude the upper plastic casting and metd shroud, solenoid latch assembly, right
and left guide rails, drawer assembly, and front bezel, two springs, bottom plate, 6 screws.

There are only two eectrica connectorsingde: one flat printed cablelinking the PWB and optica
deck and atwo pin connector supplying power to the gect solenoid. Thisisin pleasant contrast
to some other CDROM drives | have seen with a haf dozenor more smal connectors spread all
over the PWB making remova and testing very difficult and risky.

Disassembling the Sony CDU31/33A CDROM drive:

The only mgor cautions are to not lose any of the smal screws or Sorings and to avoid damaging
the multi-conductor flexible cable linking the dectronics to the optical assembly.

The following procedure takes about 5-10 minutes:
0. Place the unit upside-down on a soft surface.
1. Remove 4 philips head screws securing bottom cover. Set bottom cover aside.

Y ou will now have accessto the dectronic adjustments for focus, tracking,  etc. If thisiswhat
you are after, no further disassembly is needed.

2. Undip the front bezd. Sideit out with thetray asfar asit will go. Y ou may need to manualy
activate the gect mechanism with a paperclip.

3. Remove 2 philips screws securing Printed Wiring Board (PWB). Gently lift  PWB and
disconnect connector to latch solenoid assembly in front of unit.

4. Gently lift PWB further and disconnect flexible cable connector on optical  assembly. Mark
the orientation so there will be no doubt about getting it correct if you need to reassemble on the



workbench for testing. Thereisalatch at each end which you push away from the connector 1
mm or 0. The cablewill than come out easly.

Y ou now have partid access to the optical assembly ded drive. Cleaning and lubrication of
these components is now possible.

5. Lift the latch solenoid assembly up, remove and set aside.

6. Usng a par of fine needlenose pliers or tweezers, disconnect and set  aside the two tray
retraction springs. Note their position and orientation.

7. Remove the two plagtic guides - one on each Sde. Therearelittle tabsthat you will need to
depress and then lift each guide straight up.

8. The entire deck can now be did forward and lifted off. The opto/mechanical  assembly can
then be removed from the tray. Set the tray aside.

9. If you prop up the PWB and reconnect the flexible cable - note the  orientation marks you
made previoudy - you canthenrunthedrive with full vighility of the mechanism and optics. With
aCDinplace, thereisno danger toyou from thelaser beam. Just makesurethe PWB cannot
short to anything and that the whole affair cannot tip over.

Reassemble inreverse order. Be especidly careful reingtdling theflex cable. Make surenowires
are being pinched and that nothing is obstructing free movement of the optical pickup. Thisis
actualy pretty easy for thisdrive.

FoR KKKk Kk KKk kK TESTING OF OPTICAL PICKUP ASSEMBLIES

kkkkkhkkkkhkkhkkhkkhkkkk

Introduction: ------------

| dentifying front-end problemsin CD players, CDROM drives, laserdisc players, and other optica
drivesisoften thought to beamysteriousand difficult task. This section describes basic techniques
confirming functiondity of the laserdiode, focusvoice coil actuator, tracking voice coil actuator, and
photodiode array. No exotic test equipment is required.

It is strongly recommended that you read and become familiar with the other information in this
document. Don't immediately conclude that your problem is in the optica pickup. It is likey
elsawhere and you will not need to undertake the testing described below.

If the unit is able to read the disc directory, if even erraticaly, then these tests are unnecessary
(unless you suspect an intermittent in one of these subsystems) as dl of mgor parts of the laser
pickup assembly must be properly functioning in order to do this. However, this does not



guaranteethat there are not some margind components such asawesk laserdiode or shorted turns
in the focus or tracking coil - more on these problems later.

Dont ignore thetrivid: have you cleaned thelens? Sometimesadirty lenswill result in symptoms
that may be mistaken for much more serious problems.

For intermittents, first carefully ingpect the pickup assembly for bad solder connectionsand hairline
cracks in the flexible printed cables. Interlock switches may be dirty or worn. Mechanica
problems may result in intermittent behavior aswell.

When and why to test the pickup: -----------=--==-==--mmsmmmuuv

If you have examined the 'RF Test Point' with a scope and found a proper 'eye pattern’, then as
noted, these tests are not needed as this indicates proper functioning of al the mgor components
of the optica pickup. If, however, any of thefollowing are observed, then testing of thelaserdiode,
focus and tracking actuators, and/or photodiode array is suggested:

* The startup sequence does not complete due to obviousfailure of the pickup to perform some
action. For example, thereisno attempt to focus.

* Focus appears to be established but the directory isnever displayed even though the disc spins
at the correct speed - or overspeeds or does not spin in correct direction (clockwise as viewed
from the labdl sde iscorrect for CDs).

* The 'eye pattern’ is weak, distorted, or missing at the RF test point.

Try to eliminate dternative causes before undertaking these tests as there is a dight chance of
damage due to accidents or ectrostatic discharge.

Will it be worth the time and effort? Only you can decide how much your time is worth. There
isagood chance that these tests will only confirm that the pickup is dead - not many of the faults
youwill be ableto locate have easy fixes. Y ou will learn something if that metters. However, with
the cost of new single disc CD players less than $70 and changers less than $100, any rationd
andyss of the expected vaue for this undertaking may recommend the dumpster. But, we al
know that hobbiest's time is not worth much - asin free.

Required tools, documentation, and test equipment:

Only a minimum of tools and test equipment are required for these testing techniques to be
effective. AnoscilloscopeisdesrablebutaVOM or DMM can subgtitutein apinch snceno high
frequency measurements are needed. However, wewill assumeascopeisavailable. Thissection
does not address mechanica problemsin the ded drive, or the drawer or spindle motors. These



problems are adequately handled in the elsewhere in this document. It is assumed that these
components have been verified to be functiona as there correct operation may be required for
some of the tests described below.

A schematic will hdp gredtly if avallable. Depending on the design of the unit, you may be ableto
infer enough about the front-end eectronics to get away without one. The design of the
components of the optica pickup are sufficiently amilar among manufacturers to make the tests
relatively model independent. What may differ are polarities of photodiodes, laser diodes,
connector pinouts, etc. These can usudly be determined fairly esslly.

Despite the incredible precision of the focus and tracking servas, we can perform meaningful tests
without sophisticated or speciaized test equipment.

Als0 see the sections: " Troubleshooting tips' and "Test equipment”.

The following tools and test equipment will be required:

1. Basic hand tools including precision jeweler's screwdrivers.

2. A VOM or DMM.

3. An oscilloscope (for photodiode/RF tests). For most of thetests,  amost any scope will do
aslong asit hasaDC coupled verticd amp.  Asnoted above, ascopeisnot essentia but ishighly
desrable.

4. A 0to 5 volt variable DC power supply (400 mA). The power supply can  bea4-5V ‘wal
wart' with aVariac. Alterndtively (but not as  dedirable), you can use afixed 5V supply with
asiesadjustable resistor (100 ohms for focus and tracking actuator testing, 250 ohms  for
laserdiode testing). A highly regulated supply is not needed.

5. Resgtors: 22 ohm 1W, 5 ohm 1W, 50 ohm, 1 M ohm.

6. Assorted test clip leads, afew feet of #24 solid hookup wire (RS232  quad or multiconductor
phone cableis good source).

7. IR detector circuit, IR detector card, or IR sengitive camcorder (for  laserdiode tests).

8. (Optional) Slow speed sweep or function generator (1-10 Hz) with - low impedance output or
amplifier, seetext.

For thefollowing discussions, acomponent CD player isassumed to bethe unit under test. Make
gppropriate adjustmentsin interpretation if it is a portable CD player, CDROM drive, or optical
drive.



Precautions; -----------
Reread the section: "Safety” for your own protection.

To minimize the chances of damage to the laserdiode - which is extremdy sengtive to satic and
excess current - leave its connector plugged into the main board as much as possible and do not
attempit to test the laserdiode with aVVOM (which on the low ohms scale may exceed the current
rating of the laserdiode - poof, even if only for amicrosecond.

As with al modern solid state equipment, preventing eectrodatic discharges to sengtive
componentsiscritica. An antistatic wrist strap is desirable. In any case, work in an areawhere
datic isminimized - not on acarpet proneto static. Makeit ahabit to touch the meta chasssfirst
to discharge yourself.

Basic description of optical pickup: ---------=--==-====-mmmmemmme -

Also seethe more detail ed description of the optica pickup components and operation € sawhere
in this document.

In order for information or music to be read off of a CD, severd systems must work closdly
together:

1. Laser mugt be emitting a coherent beam of sufficient power and ability.  Opticd system must

be clean and properly aligned. Laser poweris maintained constant viaan optica feedback loop

contralling laserdiode current. Therefore, aweak laser may not be salvageable as the feedback
loop may have done dl that is possible.

2. Photodiode sensors must be functioning correctly for datarecovery  and focus and tracking
feedback. In a'three beam pickup', thereare  six segments: the central segments A-D areused
for focusand data recovery; the outer segments E and F are used for tracking feedback. Ina
'aingle beam pickup' segments E and F are omitted.

3. Lens must be focused to within a fraction of aum of optima to  produce a diffraction limited
goot. Thisislessthan 2umindiameter at  the disc 'pits. The lensisactudly positioned severd
mm fromthe disc surface and is maintained a the correct distance through optical  feedback
contralling the lens pogition using the focus coil. Note:  um = micrometer = 10E-6 meter; mm=
millimeter = 10E-3 meter. 1 meter  is39.37 inches.

4. Lensmug dign to within afraction of a um of the center of thetrack. Trackson aCD are
spaced 1.6 um gpart. Tracking is maintained via  optica feedback controlling the radid lens
position using thetracking  coil (or radid pogitioning unit on some rotary pogtioners).

Note that if the behavior while the CD player is attempting to read the directory changes whether



adisc isin place or not, (and there is no separate disc sensor), then some or al of these
components are functioning correctly. For example, many CD players will not attempt to rotate
the spindle until proper focus has been established. Thus, if the CD rotates when in place but the
bare spindle does nat, it is likely - though not guaranteed - that focus is being established
successfully.

Testing the laserdiode while in the player: ---------=--=-----mmrmmmmmm e

Without a laser power meter, it will be difficult to fully verify laser functiondity. However,
determining that IR is emitted will provide a reasonable assurance of laser operation.

For this test you will need an IR detector. A smple circuit is described in the "Notes on CD
Technology and Repair of CD Players and CDROM Drives', This unit is aso useful for testing
remote controls and other IR emitters. You can aso use an IR detector card - available at an
electronicsdigtributor. Inapinch, CCD based camcordersare often sensitiveto IR. It will appear
as a bright spot if the laser beam is projected onto a white paper screen. However, you will
probably need 3 or 4 arms to position the screen, push the play button, and hold the camcorder
while attempting to view the detected spot through the viewfinder!

Youwill need to gain accessto the lens. This may require the remova of the clamper assembly.

Once this is accomplished prepare to position the photodiode of the IR tester within 1/8" of the
lens. Plug the unitin and turn it on. On portables, you will need to defeat the door interlock - use
atoothpick or bit of cardboard. Sometimes a CD player will have adisc detect sensor separate
from the laser assembly - thiswill need to be defeated in order for thistest to work without aCD
inplace. If itisasmple optica sensor, apiece of black tape or paper should suffice.

The firg thing that should hagppen once aCD isin place and the play button is pressed is for the
laser to be powered. You should be able to detect this in a darkened room because there is
usudly avery faint red gppearing emission which you can see as atiny red dot of light if you look
at the lensfrom a safe distance of at least 6 inches a an oblique angle (WARNING: Do not look
directly into the lens from directly above as the invisble IR is much stronger than the faint red
emisson and potentidly hazardous). If you see the faint red light, you know thet at least power is
being applied to the laserdiode.

With the laser lit, the lens should go through afew focus search cycles - between 2 and 8 typically.
Whileit isdoing this, position the IR detector above the lens. If the laser isworking, you will get
apostiveindication of IR in about a30 degree cone on ether sde of thelens. Whileyou haveno
way of knowing if the power output is correct, thisis a reasonable indication of laser operation.
Due to the wide angle of the beam, the power decreases rapidly with distance so you will need to
be very close to the lens for a pogitive resullt.

Note that if the lens moves smoothly in at least one direction (up or down), you have adso



confirmed that the focus actuator is functiond.

If the IR detector does not pick up a beam and you do not see the red dot, then either the
laserdiode isredly dead or there is no power being applied by the contral circuits.

At this point, you have three options:

1. You can give up. However, you would not have gotten this far if you  were likely to be
defeated 0 easlly.

2. Y ou can attempt to obtain aschematic if you do not dready have one 0 that you will be able
to test the control circuitsto determineif  the laserdiode is being powered.

3. You can perform some simple but risky tests on the laserdiode itsdf  in an attempt to light it
froman externd power supply. Asnoted below, laserdiodes are easily destroyed and you will
have no warning.  One nanosecond it will be a laser - the next it might be a DED - Dark
Emitting Diode.

Testing the laserdiode with an external power supply:

Congder the following only if there is no indication of laser output while connected to the player
and you do not have schematics or a service manua to determine if the laser power circuits are
functiond.

Typicd currents are in the 30-100 mA range at 1.7-2.5 V. However, the power curve is
extremdy non-linear. Thereisalasng threshold below which therewill be no output. For adiode
rated at athreshold of 30 mA, the maximum operating current may beaslow as40mA. A sensing
photodiodeisbuilt into the same case asthe laserdiode to regulate beam power. Itiscritica tothe
life of the laserdiode that under no circumstances is the safe current exceeded even for a
microsecond!

Laserdiodes are dso extremely senditiveto dectrogtatic discharge, so use gppropriate precautions.
Also, do not try to test them with aVOM which could on the low ohms scale exceed their safe
current rating. Even connecting the test leads can blow the laserdiode from static on a bad day.
In addition, always make or break power or test connections with the player turned off.

L ocate the laser power connector by tracing back from the three pins on the laserdiode assembly.
Note: the following only appliesif the laserdiode is directly connected to the cable. If the power
regulating crcuit is on the pickup, you will need to traceitscircuit or obtain the schematic asthere
are now too many variations to recommend a specific procedure.

Usethe 0-5VDC linear supply (aswitching supply may put out |aserdiode destroying pulses) with



a50 ohmresgtor in serieswiththe diode. Thisis preferred over the variable resstor power supply
asthereislesslikelihood of any potentialy laser destroying overshoot or noise. If you do usethe
vaiadle resgtor, make sureit is at its maximum res sance when you start and that thisis sufficient
to keep the current under 20 mA. Keep in mind that awall wart rated at 5V may actudly put out
8 V or more when unloaded - check the current into a short circuit before connecting the
laserdiode.

Sowly bring the current up until you get abeam. Usean IR detector for this If you get the polarity
backwards or are actually measuring across the interna photodiode, the voltage across the diode
will go above 3 valts or will belessthan 1 V. Then, turn power off and reverse the leads. Note:
some laserdiodes will be destroyed by reverse voltage greeter than 3V - apec sheet will list the
reverse voltage rating. The ones | have tried out of CD players werefineto a least 5V in the
reverse direction.

Without a laser power meter, however, you will have no way of knowing when the limit on safe
beam power (safefor thelaserdiode, that is) isreached. For thistest, increasethe current only until
you get an indication on the IR detector or you see the red dot. You are not trying to measure
power, just to seeif itworksat al. A typicd threshold isaround 30 mA. Sometimes, the operating
current is marked on the pickup. If thisis the case, do not exceed this current.

If you detect a beam and there was none before, then your problem is most likely located in the
player's control or power circuits, not in the pickup.

Laser power adjustment: ----------------------

If you have the service manua and it provides a procedure not requiring a laser power meter
(which you probably do not have), then by al means follow that procedure.

As noted elsawhere, it is possible to destroy the laserdiode by atempting to adjust its output
power. However, if you suspect aweak laser as indicated by noisy playback or poor tracking
performance (not a dead one asthiswill not help), and have exhausted dl other possibilities such
as the servo adjustments - and fedl you have nothing to lose, you may atempt one of thefollowing
procedures with some risk to determineif the laserdiode is at fault.

The following requires that you can play a disc - even if it has some problems with noise or
tracking.

* |f you have an oscilloscope, put a probe on the RF test point. While the disc is playing, you
should seethe eye pattern. Mark the exact amplitude of the peaks. Also, note the 'playback

quality' so you will  recognizeif it changes.

It may be safer to turn the laser power adjustment with player power off to avoid the possibility
of eectrica noise causing current spikes. Mark the exact position of the laser power adjustment



soyou can get back to it if there isno effect or it makes things worse. Turn the control the
dightest amount clockwise. Turn power back on and note the eye pattern amplitude. If the
laserdiodeisnot at thelimit of its power and thus bad, you should see the amplitude change from
what it was.

Note the playback quaity. Hasit changed any? If not, then laser power is probably not your
problem. If the amplitude of the eye pattern is unchanged, you ether are turning the wrong
control or the laser isat its power limit - and probably near theend of itslife. Try the same test
inthe counterclockwise direction if theamplitude decreased - not every designer knowsleft from
right.

If there isimprovement, you can risk leaving the control a the new (most likely) higher power
setting redizing that you may be  shortening the ultimate life of the laserdiode. Do not push your
luck by continuing to turn up the power unless you have exhausted  dl other dternatives.

* If you do not have an oscilloscope. you can il attempt the procedure  above, using audio
ligening exclusvely to determineif thereisany change Itisjud alittle bit riskier.

Testing the focus and tracking actuators: -------=-============mmmmmmmmmem oo

If there is a question of whether the lens is focusing or tracking properly, perform the following.
Again, if the unit isableto read the disc directory at al, then thesetests are not needed. Note that
if you have a CD player witharotary positioner, there may be no separate tracking coil as coarse
and fine tracking may be combined.

Firg, identify the cable leading to the focus and tracking voice coil mechanism. Thisis usudly a
4 conductor cable separate fromthe dataand laser cable (at least at the pickup end). Disconnect
it from the mainboard before testing. UsngaDMM or VOM, you should be ableto locate apair
of coils with very low resstance - afew ohms. One of these is focus coil and the other is the
tracking coil.

Congtruct one of the following test circuits:

1. Your 4-5V DC wal wart plugged into a Variac with itsoutput  connected to a 22 ohm 1W
resstor in serieswith apair of 2 foot #24  insulated wires.

2. Your 5V DC power supply connected in series with the 100 ohm variadble  resistor and 22
ohm 1W resistor with a pair of 2 foot #24 insulated wires.

Gain accessto the lensfor visua ingpection. This may mean gecting adisc, opening the drawer,
or in some cases, actudly removing theclamper. Inaportable or boombox, thelenswill be readily
accessble. Unplug the CD player from the wall or remove the batteries - you will not be usng its
interna power.



Locate one pair of the two pairs of low resistance connections you identified above. With your
power supply off or the Variac turned al the way down, connect the #24 leads to one of these
pairs. Now, turn on the power and dowly adjust the Variac or reostat while watching the lens.
If you are connected to the focus coil, you may see the lens moving up and down. If you are
connected to tracking coail, you may seeit moving from sdeto Sde. If thereisno mation, turn off
the power supply, reversethe polarity and try again. For atypica pickup, the4-5V power supply
and minimum of 22 ochms should cause the lensto move through the entire range of motion up and
down or sdeto Side as appropriate. Once you have exercised thefirst cail, switch connectionsand
repeet for the other. If the motion is jerky, the lens assembly may be dirty. Clean it carefully first
withabit of compressed air (not high pressure, aphotographic air bulb isfine) and then with Q-tips
and isopropyl dcohol. Do not lubricate. Repest the tests after the cleaning.

If both the tests are positive, you have confirmed operation of the focus and tracking actuators.
If either you were unable to locate both pairs of coils or one or both actuators did not move, then
you have located a problem. An open coil can be due to a cable problem or abreak at the coll.
If the bregk isright at the solder connections which are usudly visible once the plagtic protective
ghroud is popped off, then it may be possible to repair it. Thiswill require agreet ded of manud
dexterity and patience - the wireisredly redly fine.

It is dtill possible for there to be shorted turns in the fine coils or an intermittent that was not
detected.

* Shorted turns would reduce the frequency response of the servo, reduce therdiability of focus
or tracking, and increase the needed servo  driver power. A CD player that isoverly sengtiveto
dight disc defects even after dl the proper adjustments have been performed may conceivably
be areault of thistype of fault. An additiond symptom may be an unusudly hot servo driver IC.
However, many of these ICsrun  hot normaly so don't panic asthe possibility of shorted turnsis
redly quite remote,

* An intermittent may only show up during dynamic operation or with certain particularly finicky
CDs or other peculiar circumstances. The intermittent  could be at the solder connections or the
fine printed ribbon cablethat  connects the moving lens assembly to the remainder of the pickup.

Testing the photodiode array: ---------=-=-=-=-=-=--------

The photodiode array in aoptical pickup consistsof an IC withtypically 4 or 6 detector ssgments.
Four segments may be used for the less common 'single beam pickup’ while 6 segments are used
in the 'three beam pickup'.

These segments are usudly designated A-F. A, B, C, and D are the main detector which is used
for both focusing and data recovery. Segments E and F are used in a'three beam pickup' for fine
tracking feedback.



We will assume athree beam pickup for the remainder of this discussion.

All 6 photodiodes are connected to acommon point which during operation hasaDC biasvoltage
onittypicdly aound 5 V. If they are connected common anode, it will be negative; if common
cathode, it will be positive. Thereason isthat the photodiodes need to be reverse biased for normal
operation. The outputs of the photodiodes feed severa operationa amplifierswhich are set upto
amplify the current from the photodiodes. The norma connections may be at virtuad ground
potentid or they may feed into large vaue resgtors.

The connector to the photodiode array is usudly separate and will typicaly have at least 8 wires
- photodiodes A-F, ground, and bias voltage.

Y ou will need to identify the wiring. First locate the ground using the ohmmeter. Then locate the
bias - it will probably go to alow vaue resstor and then to the supply. Another way to identify
the bias wire is to turn on the player and measure each of the possbilities. The bias will be the
highest or lowest and will be solid with no noise or ripple. It will probably be powered dl thetime.

Now for the photodiode segments. Very often the connections or some of the connections are
marked on the circuit board. For example, there may be severad labeled test points designated
A+C, B+D, E,and F. Sincethe A and C segments and B and D segments are usudly shorted
together on the circuit board, this provided dl the info needed to identify the photodiode
connections. It is not important to distinguish between A and C or B and D for thefollowing tests
though you will want to be able to separate them.

With power off, there is essentialy no light on the photodiode array. Unplug the photodiode
connector from the main board.

Using your ohmmeter, test each diode for opens and shorts as you would test any signd diode.
There should be ajunction drop in the forward direction and very high resstance in the reverse
direction. If you areusingaDMM with adiodetest mode, thejunction drop will typicaly measure
.7-.8V. Theremay be avery dight difference between the readings for ssgments A-D and those
for Eand F.

Any unusua readings such asasgnificantly lower resstance for one of the diodes, ashort or open
of aparticular diode, or ashort between diodes, isan indication of aproblem. Whileitispossble
for thereto be acable or soldering defect, thisis somewhat unlikely though bad solder connections
or breaksin the flexible cables are not out of the question.

A defect found in the photodiode array will usualy mean that the laser pickup is not sdvageable
with reasonable effort. Even if you could locate a replacement photodiode array, digning and
soldering the (most common) surface mount package would be quite a chalenge without the
factory jigs.



Asuming these tests do not turn up anything, the next step will verify that the photodiodes are
picking up an optical signd and will evauate the relive strengths of each segment. For this, we
will need to setup one of the following. Method (2) is more straightforward but requires the
optiona signa generator for best results. In each case the objective is to cause the lens-disc
distance to sweep through perfect focuswithout requiring that the focus servo loop beclosed. This
will then result inasignd that will includethe point of maximum signa amplitude on aperiodic basis.
Alternative methods may be used to accomplish the same purpose.

Both techniques require the adjustable power supply previoudy used to test the focus cail.

1. Adjustable focus with continuoudy rotating spindle. For the spindle motor, you will need a
1.5V battery or your power supply with asuitable seriesresistor to causethe spindieto turn at
goproximately 1-2 Hz  (rps). Warning: disconnect the motor from the mainboard! The
unavoidable wobble of any discisessentid in this case and will sweep thefocus  distance by
more than enough to cover the entire focus range of interest.

Note: this assumes that the spindle is driven by a conventional PM DC motor. If itisabrushless
DC motor, then some of the control electronics may be externd to the motor and you will not be
able to just provide a DC voltage to get it to rotate. If thisis the case, you must use method #2.

2. Sationary spindle but sweeping focus. This is the better method but  requires a signd

generator for eesest use. You can dothis by hand usngaVariac or reodtat (thisiseader if you

havethree functioning hands). A better method isto usea1-10 Hz snusoid or  triangle wave

fromalow frequency sgnd generator with alow impedance output or feeding an emitter follower

or audio amplifier to boost the current. Thissgnd isthen fed into the coil dong with the focus
offset derived from your power supply.

Note: it may be possible to dispense with these test setups and just use the normal focus search of
the CD player to provide the sweep. However, since we will be interfering with the proper
feedback by removing sdected sensors, there is no telling what the microcontroller will do.
Therefore, breaking the feedback loop aswe are doing is preferred. |f the CD player appearsto
make many attempts at focus, this may be worth a shot, however.

Youwill dso need adisc - preferably one you do not care much about as sometimes it will get
scratched due to opening the drawer accidentaly or something equdly idiotic whilethe discisdill
rotating.

Locateal M ohm resistor and securely fasten it to aground near the photodiode connector. Put
your scope probe on the other end with itsground clipped to the same ground point astheresistor.
Bend the free lead of the resstor completely over so that it will be able to hold the end of awire
like amini-clip lead.

M ake sure you remember or mark down exactly how the connector iswired so that asyou remove
individud wires, you will be able to get them back in the proper spot. Presumably, you have



already made a diagram of the photodiode connector wiring. Component players often have
connectorswith individualy removable socket pins. A finejeweer's screwdriver or paper clip may
prove handy in removing these one a atime.

Turn on your power supply and adjust the focus to about midrange. Start the spindle rotating or
turn on the signa generator to provide asmal sweep - about 1/10 V p-p as measured on the coil
should befine.

Remove the wire corresponding to the photodiode (say, A) to be tested from the connector but
leave the connector itself plugged into the main board. Set the scopefor 1 V/div. vertica onadow
free running sweep.

Clip the A wireinto the resstor. Now, turn on power to the CD player. While the player thinks
it isfocusing, dowly adjust the focus voltage while observing the scope. Asyou gpproach proper
focus, you will see the sgnd increase (depending on polarity) grestly, pass through a maximum,
and then decrease. Depending on the design of the CD player, you may need to turn it off and on
severa times before you locate the Sgnd as the microcontroller may give up pretty quickly with
no focus or tracking coil servos (since you disconnected the actuators). 1f you have the service
manud it may tell you how to force the laser to be powered dl the time. Leave the focus set near
the middle of the region of high sgnd.

If you are usng the sgnd generator to perform the focus sweep, you may need to optimize the
amplitude of the sgnd by adjusting the signd generator output and offset from your power supply.

Y ou probably should not need to touch the settings for the remaining photodiode segment tests.

Repeat the above procedure for each of the photodiodes A-F. All should produce fairly smilar
sgnds, say within 20 % of one another in amplitude. If A,B,C,D or E,F differ from one another
by morethan say, 20 %, there may be aseriousoptica dignment problemin the pickup (the player
may have been dropped or bounced around without securing the hold-down screws, if any).
Alterndtively, the photodiode array may bebad. Itisaso possiblefor thereto be partidly shorted
photodiode segments in which case, the outputs will not be independent as they should be.
L oading one segment's output with aresistor may affect the output of one or more other segments.

Inany of these Stuations, such adiscrepancy in A-D will prevent the establishment of proper stable
lens position a the optimal foca distance. Thiswill prevent the formation of a proper 'eye pattern’
and subsequent datarecovery. A sgnificant difference between E and F (beyond the adjustment
range of the tracking or E-F baance control) will prevent proper tracking. Note, however, that
the sgnd amplitude from A-D and E,F may differ as A-D operate off of the main beam and E,F
operate off of the first order diffracted beams which are weaker. As with the basic photodiode
tests above, afalure here usudly will require the replacement of the entire optical assembly.

As noted, if the pickup's opticd adignment is way off, there could be sgnificant differencesin



photodiode responses. On component typeunits, it isunlikely thet the optica dignment would shift
onitsown. Portablesthat have been dropped or automotive units subject to constant bumps and
vibration could have dignment problems, however. If this is your last hope, then some
experimentation with adjustment of the optica dignment on asuccessive gpproximation basismight
beworththeeffort. Mark theorigind position of any adjustmentsand try smdl variationson either
sSdeto determinetheir effect. 'Y ou might get lucky. If thiseventualy resultsinimproved uniformity
of photodiode response, dignment may be the problem. If you can more or less equdize the
response, reconnect the servos and attempt to get an eye pattern. If you can, optimize the eye
pattern stability and amplitude using the opticd dignment adjustments and servo adjusments.

*kkkkkkkkkkkkkk* | TEMS OF INTEREST ******kkkkkkkkx*
What is oversampling? --------------------

CD audio reads 16 bit samples off of the disc at arate of 44.1 K samples per second (for each
channd). Thisisthe 1X rate. Itispossibleto produce * perfectly* faithful sound reproduction at
1X. However, digitd sampling theory and the Nyquist criterion then require an andog filter which
has aflat frequency response inthe audio passband - 20 Hzto 20 KHz, and 0 at 22.05 KHz (1/2
the sampling rate) and above. The filter is necessary to remove 'diasing’ artifacts which would
produce frequenciesin the output not present in the origina recording. Suchfiltersareare possible
but very difficult to design and tend to have nasty phase response as you get near 20 KHz since
the filter response needs to go from 1 to 0 within avery small frequency range (20-22.05 KHz).
The phase response may have an effect on stereo imaging and instrument locdization. Whether
you can hear any of this depends on whether you have 'golden ears or not.

Enter oversampling. Ingtead of putting out the origind CD samples a 44.1 KHz, digitdly
interpolate intermediate samples so that the D/A converter canwork at 2X, 4X, 8X or more. The
digita filters can be designed with very good performance and are part of the VLSl chipset inthe
CD player. For example, with 4X oversampling, three interpolated samples will be inserted
between each origind 44.1 KHz sampleand the D/A will runa 176.4 KHz. Anandog antidiasing
filter is <till needed a the output but its response only needsto go from 1 to O over the range 20
KHz to 88.2 KHz - amuch much easier filter to design.

Which will sound better? Thereisalot of hype. It may depend more on the qudity of either
design rather than the basic technique. So many other factors enter into the ultimate listening
experience that the difference in in frequency and phase response around 20 KHz can easily be
overshadowed by errors introduced throughout the recording process as well as playback
cons derations such as speaker quality and placement, room acoustics, and listener location.

Most consumer grade CD players now use oversampling. The newest fad isthe 1 bit D/A with
256X (or more) oversampling. Thisis largey cost driven as wdl: you don't even need a high
quality 16 bit D/A anymore. Thesmplest way of describing thisapproachisthat it isacombination
of pulse width modulation and sophigticated interpolation. The net result isaudibly the sameasadl



the others.
Golden ears and technohype: --------------=----=------

Y ou have no doubt encountered various clamsof how player A uses such-and-such atechnology
and therefore clearly has superior sound compared, no doubt, with al others in the explored
universe. There may be people who can hear such differences in noise, frequency response
smoothness, and such. Perhaps even you could hear a difference under ided conditions.
However, once al the variables that make *music* are included - the chain from artist and
recording studio, microphones, recording, mixing, and resampling as well as your speskers and
room acoustics - not just snusoids played in anechoic or resonant chambers, the very dight
differences between players are virtualy undetectable to human ears. If you are interested in
playing test discs dl day, then worry about the last percentage point of noise floor or frequency
response. If you redly want to enjoy the music, this stuff should not bother you. There are more
important thingsto worry about than an undetectable blip in your CD player's frequency response
curve. Anyhow, with the introduction of the DVD technology pending, your carefully optimized
ultimate stereo system will be as obsolete ayear from now asa 78 turntable. Congder that! Only
PC technology has a shorter lifespan. | bet you won't deep tonight.

| would be curious asto the results of any true double-blind listening tests comparing CD players
implemented with differing technologies (andog vs. digitd filters, 4X or 256X oversampling, 1 or
2 D/As, €etc.) on actud music (not test tones) in redidtic listening environmemts. Such tests should
be with people who are interested in the overdl musica experience and not just the nth decimal
point of technologica specsmanship. There musgt, of course, be no vested interests (financia or
otherwise) in the outcome of such tests. | would bet that the results of such testswould make for
some fascinating reading and surprises for some manufacturers of high-end audio equipment.

That last little decimal point: -------------=-=-=----nemem---

Someone was hyping his high-end CD player (with a stratospheric price tag no doubt as well)
daming that it uses **mechanica** relays indead of tranastors to perform the muting function
(between discs or tracks) in the find audio amplifier. These mechanical relays are supposed to
have less capacitance and thus not affect the ‘fluency’ or some other equaly meaningless
non-measur able characterigtic of the sound. According to thesamearticle, "only chegp CD players
cogting less than $900 use trandstorsfor muting. All more expensive playersuserdays'. If this
clam istrue, then how can manufacturers claim a +/-0.3db response curve from 20Hz to 20KHz
even for CD players cogting alot less than $900?

Well, my 10 year old Technics SLP-2 usesrelays and it sure cost alot less than $900. Shall we
do alittle cdculation:

Paragitic capacitance, say 100 pF (much much larger than likely). Highest frequency of interest: 20
KHz.



The magnitude of the impedance of this paragitic cgpacitance will be:
|Z|=1/(2* pi*f* C) = 1/(2* 3.14159* 2E+4* 1E-10) = 80 K ohms

Comparethisto the output impedance of atypica find audio Sage, say lessthan 1 K ohms (usudly
alot less, but thiswill do for a back-of-the-envelope cdculation). Yeh, right, | will loose alot of
deep over that. Thereare better thingsto worry about than animmeasurable blip inyour frequency
response curve: Arethetransgorsat the very output? Oh my gosh, you better Sart investigating
super ultralow capacitance audio cables cogting at least $1000 each with water protected oxygen
free tapered oriented strand conductors. But wait: you are connecting to an amplifier with
non-infinite input impedance (perhaps, horrible asit may seem, non-uniform aswell)? Y our setup
must sound like crgp! How can you even have it in the same house with you? There are o many
vaiablesinvolved in the reproduction of high fiddity digita audio that thisisabout asSgnificant as
apimple on an eephant.

Ask for a scientificaly designed and implemented A-B comparison. Y ou won't get one because
the revelations might be too shocking for the audio industry should the'Golden Ears fail to reliably
distinguish between players at the two ends of the price spectrum.

Can a CDROM disc damage a CD player?: -------==-=====mnmmmmmmmmmmeemeee

Some CDROM s include audio tracks thet are entirely playable. However, data-only CDROMs
may not even be recognized by newer CD players. With older ones - designed before the
CDROM standards had been devel oped - the player may come up with abogustrack directory.
Attempting to ‘play' such adisc will probably not damage the CD player but will sound, shdl we
say, strange. If you do this experiment, TURN DOWN THE VOLUME!!!. None of the rules
which govern red-world audio frequencies and amplitudes are obeyed with datadiscs. Y ou may
blow out your speskers (or ear drums) if the volume is set too high or even a normd listening
levels.

Converting a CD player into a CDROM drive; ----=--=-====mmmmmmmmmmm oo

Why anyonewould serioudy consider thisproject other than for the curiosity vaueisnot clear, but
the question does seem to pop up from timeto time.

If you mean audio making a CD player into a CDROM drive. Forget it. Don't waste any neurd
bandwidth on such consderations. While the optics and front end electronics are smilar, the CD
player ismissing the circuitry needed to decode the CD data, CDROM s used moreinvolved error
correction, the control inputs are not there, and it is virtudly impossble to obtain detailed
schematics or firmware listings.

And, in the end, it would be state-of-the-art 1X drive since the servo systems and motors in an
audio CD player are not capable of operation at more tha 1X speed. Y ou can probably pick up
a1X CDROM drivefor $10 or less. They practicadly come for free in cereal boxes these days



(or wasthat 1G hard drives? Technology moves so quickly).
UsngaCDROM drive asastand-alone CD player: ---------=--===m=mmmmmmmmm oo

Since nearly dl CDROM drives are cagpable of playing audio CDs, anatura question is whether
itispossibleto just supply power and be able to use an old 1X (or 2X or 10X) CDROM drive
asa CD player without attaching it to a computer.

For many types, the answer isyes. These provide someway of starting play and moving between
trackson thefront pand. Usudly, thisisapair of push buttonswhich combine play, gect, and next
track functions or a volume control that can be pushed to start play and move to the next track.
All these CDROM drives usudly need is power to operate asaudio CD players. For headphone
ligening, just use the front pane jack. A suitable adapter will permit the line outputsin the rear to
be connected to the CD or AUX inputs of your stereo system.

For those without audio play controls, this may be more difficult. It is probably not worth it for
SCSl or IDE drives as specid commands may need to be set up. | don't know how difficult it is
with the custominterfaces|like Sony, Panasonic, and Mitsumi. Thesemay haveasmpler command
set but | doubt that it isjust jumpering asgnd to ground somewhere.

However, note that the audio performance of CDROM drivesisusudly anotch below that of the
typicd audio-only CD player. Theaudio circuitsare bascdly an afterthought for aCDROM drive.
Therefore, don't expect quite the same leved of frequency response, dynamic range, and lack of
noise as your are used to with your stereo system or even your portable CD player.

Interesting CD player signals: -------------------=-=-------

Poking around indgde a working CD player makes an excdlent exercise for the student.
Component CD players very often have clearly marked test points for RF, focus, tracking, and
audio data. With care, thereislittle risk of damaging anything aslong as you are not tempted to
try your hand at twesking any of the internd adjustments.

If you have nothing better to do and you have your CD player open, try to locate the test points
for data, fine tracking, and focus. They may be labeled something like TP.DTA (or TP.RF),
TP.FO, TP.TR.

TP.DTA or TP.RF is the data coming off of the disc having gone through only the photodiode
segment combiner and preamp (probably). Using a 10:1 probe set the scope for a horizontal
sweep of around .5 ug/div. Try averticd sengtivity of .2 V per divison to start and adjust for a
full screendigplay. Useinternd positivetriggering. While playing adisc, you should seethecdlassic
‘ey€ pattern used in the communication world to characterize channe quality.

The CD player 'eye' pattern: ---------------------------



The 'eye pattern’ depicted below results from the characterigtics of the run length limited 8-14
modulation coding used on the CD where there are no fewer than 3 and no more than 11 clock
cycles per symbol. Y ou should be able to make out the fact that the minimum distance between
channe bitsis 3 with the smallest distance between bit transtions of about 3* 232 ns. The readout
clock is 1/(232 ns) or about 4.321 MHz.

A 'good' eye pattern will be clean, symmetric, and stable with clear vigihility in the cross hatched
areas. Thiswaveform may be viewed using an oscilloscope of at least 5 MHz bandwidth.
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Examination of the eye pattern would be the firs measurement that would be performed to
determine the condition of the CD player optics and eectronics. A good eye pattern eliminates
most of the parts of the optica pickup from suspicion.

Focus and tracking drive or error signals: --------=-==-=-====m=mmmmmmmmmeomeoe

TP.FO or TP.FE isthe focus voice coil error sgnd. Monitoring thiswith adisc in good condition
will show what lookslike noise - the more or less random fluctuationsin actuator current necessary
to maintain proper focus within +/- .5 um of the disc surface. On awarped disc you will see the
DC leve of thissgna varying at the disc rotation rate. On a damaged disc, you will see higher
frequency variationsintheleve depending on what kind of defectsare present. Gently tapping the
optical deck should evoke a vishle effect on this Sgnd as well as the servos correct for your
mischief.

TP.TR or TP.TE isthefinetracking voice cail error signd. Aswith TP.FE, thiswill show anoise
waveformwith agood disc. On adisc with runout, you will see a periodic level variation & the
spindle rotation frequency. Note how the DC vaue of thissignd gradudly changesasthe voice coil
actuator maintainslock on the track while the track spirals outward.

Eventudly, this error becomes great enough to trigger the coarse tracking motor to jog the pickup
a fraction of a mm and recenter it on the track a which point the signa you are watching will
suddenly shift its DC levdl.

On adisc with scratches, there will be higher frequency deviationswhich will be reedily visble on



a scope trace. Gently tap the optical deck from various points and observe the effects on this
sgnd.

For both focus and tracking, you can actualy hear the voice coil actuators asthey compensate for
minute defects or just the normd data pattern.  This is the 'gritty’ sound one hears from the CD
audio or CDROM transport when it is operating correctly and is an indication thet the laser and
focus (at least) are mogt likely functioning properly. If you lisen carefully, you can actudly hear
various defects by the effect they have on thisgritty sound but therewill be no corresponding effect
in the audio outputs as there would be with an LP.

Focus, tracking, and error correction performance:

If you haveatest CD (or useyour regular CD), put your scope on one of audio outputs. Put some
thin pieces of tape or mark with a (water soluble) felt tipped pen radidly on the bottom surface of
the disc to create some 'defects. Play sometrackswhich have constant puretonesor silence. For
widths less than the error correcting capability of your CD's LSl chipset, there should be no
detectable sgnd degradation. See what happens as you increase the width of your ‘defects. Put
your finger on the spindle or even gently touch the disc asit isrotating. Note that unlessyou redly
press hard, the disc will continue to play normaly without any change in pitch. Thisis dueto the
servo control and extensive buffering of the data - unlike an LP turntable where the instantaneous
gpeed iswhat determines pitch.

Other experiments are |eft as exercises for the sudent.

CD technology basic specifications:

Full Dik diameter: 120 mm (4.75").
Disk thickness 1.2 mm.

Disk materid: Polycarbonate.

Track width: .6 micron (um) approx.

Track pitch: 1.6 microns.

Paying time: 74 min, 15 sec. (>78 min. by cheating)

Sampling frequency:  44.1 KHz per channdl.

Number of channels. 2.

Samplesze: 16 hit linear, twos complement code.

Bit rate: 4.3218 M bitg/sec average (1X).

Datarate (CDROM):  150-600 K Bytes/second (1X-4X).
Spindle speed: 200 to 500 rpm (1X, congtant linear velocity).
Linear speed: 1.2 to 1.4 meter/sec (1X).

Modulation: Eight-to-fourteen modulation, RLL (3,11).

Error Correction:  Cross Interleave Reed Soloman Code - CIRC.
Laser type: Semiconductor Diode GaAlAs.



Laser waveength: 780 nm (most common).

Laser power: 1-1 mW. typicd (at lens).

Frequency response: 510 20,000 Hz +/- 3 dB.

Harmonic distortion: .008 % at 1 KHz.

Dynamic range: Grester than 90 dB.

Signd to noiseraio: Greater than 85 dB.

Wow and flutter: below measurable limit (as good as crystd).

IR detector circuit: -------------------

This IR Detector may be used for testing of IR remote controls, CD player laserdiodes, and other
low level near IR emitters.

Component values are not critical. Purchase photodiode sengtive to near IR - 750-900 um or
sdvage from optocoupler or photosensor. Dead computer mice, not thefurry kind, usudly contain
IR sengtive photodiodes. For convenience, use a9V battery for power. Even aweak one will
work fine. Congtruct so that LED does not illuminate the photodiode!

The detected sgna may be monitored across the transistor with an oscilloscope.
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L aserdiode fundamentals: ---------------=-------

Typica CD laser optics put out about .1-1 mW at the objective lens though the diodes themselves
may be capable of up to 4 or 5mW depending on type. The laserdiodesfor CD playersareinfra
red - IR - usudly a around 780 nm. Visble laserdiodes are dso readily available from many
sources. The most common waveength is 670 nm which is deep red but 630 nm diodes are also
available - red orange and gppear much brighter (and more expensive a the present time).
Inexpensive (well relatively) laser pointers use visible laserdiodes with power outputs up to about
5mW. Thisisenough power to risk permanent retina damageif you look into the beam especidly
when well collimated asis required for apointer. Dont.

Typicd currents are in the 30-100 mA range at 1.7-2.5 V. However, the power curve is
extremdy non-linear. There is alasng threshold below which therewill beno output. For adiode
rated at athreshold of 80 mA, the maximum operating current may be aslow as85 mA. Thisis
one reason why dl actua applications of laserdiodes include opticad sending (there is a built in
photodiode in the same case asthe laser emitter) to regulate beam power. Y ou can eadly destroy
a laserdiode by exceeding the safe current even for an ingtant. It is critica to the life of the
laserdiode that under no circumstances do you exceed the safe current limit even for a
microsecond!

Laser diodesared so extremely sendtiveto eectrogtatic discharge, So use gppropriate precautions.
Also, do not try to test them with a VOM which could on the low ohms scale exceed their safe
current reting.

While only a few hundred mA a most is dissipated by the laserdiode, a good heat Snk is aso
important for long life and sability. The optica pickup is usudly a metd cagting partidly for this
reason. Remember that the active diode chip isonly aout .1 mm on aside.

It is possible to drive laserdiodes with a DC supply and resistor, but unless you know the precise
vaue needed, you can easily exceed the ratings.

One gpproach that works for testing is to use a 0-10 VDC supply (preferably alinear supply - a
switching supply may put out |aserdiode destroying pulses) with say, a 100 ohm resistor in series
with the diode. Sowly bring the current up until you get a beam. Use an IR detector for thig! If
you get the polarity backwards or are actualy measuring across the internd photodiode, the
voltage across the diode will go above 3 volts or will belessthan 1 V. Then, turn power off and
reverse the leads. Note: some laserdiodes will be destroyed by reverse voltage grester than 3V
- agpec sheet will ligt thereverse voltagerating. Theones| havetried out of CD playerswerefine
to at least 5V in the reverse direction.

Without alaser power meter, however, you will have no way of knowing when the limit on safe
beam power (safe for the laserdiode, that is) is reached. If you have the data sheet for your
laserdiode, then the best you can do is limit the current to specified maximum rating. Also, there



isusually aweakly vigble emission which appearsred (for IR laserdiodes) present when powered.
Do not befooled into thinking that the laserdiode isweek as aresult of thisdimred light. Themain
beam isIR and invisible - and up to 10,000 times more intense than it appears.

The beam from the raw laserdiode is emitted in a broad wedge typically 10 x 30 degrees. A
convex lensis needed to collimate the beam (make it paralel). For optima results, this needsto
be anamorphic - unequa horizonta and vertica foca lengths - to correct the astigmatism of the
beam. The mass produced optica pickups used in CD players include this as well as other
sophisticated optics.

For an actua application, you should use the optica feedback to regulate beam power. This
usualy takestheform of asimple current controlled power supply with extensive capacitivefiltering
and aregulated reference. It is possible to modul ate the beam power by tapping into the feedback
circuits - aslong as you guarantee that the maximum current specification will never be exceeded.
L aser diodes do not behavelike LEDs and cannot be pulsed for higher peak power - they turninto
DEDs - Dark Emitting Diodes.

CW Laser Light (reverse engineered from commercial unit).

This circuit was traced from a commercid CW laser light. Errors may have been made in the
transcription. Thetype and specificationsfor the laserdiode assembly (LD and PD) are unknown.
The available output power is unknown but the circuit should be suitable for the typica 3-5 mwW
vigble or IR laserdiode (assuming the same polarity of LD and PD or with suitable modifications
for different polarity units)

If you do build thisor any other circuit for driving alaserdiode, | suggest testing it first withan LED
and discrete photodiode to verify current limited operation. Themwith thelaserdiodein place, sart
with alow voltage supply rather than 9V until you have determined optimal settings and work up
gradudly. Laserdiodes are very unforgiving.

Note the heavy capacitive filtering. Changes would be needed to enable this circuit to be
modulated at any reasonable rate.
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IN4001 | | || |
Reverse | | PwrAd | | |
Protection | [/ R31I0K (2 |PD/\ LD _\/_
| R2\ +—-—+ | | |
560/ | V. +---- |---||---+

I
| |y
I | 1 uF|
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Notes:

1. Capacitor C4 vaue estimated. 2. Potentiometer R3 measured at 6K. 3. LM431 shunt regulator
set up as 2.5V zener. 4. Supply current measured at 150 mA (includes power on LED not
shown). 5. Transistor types do not appear to be criticdl.

kkhkkkkkhkkkikkhkkkk*k SERVICEINFORMATION kkhkkkkkhkkkhkkhkkkk*k
Advanced CD troubleshooting: -------=-====-=-====-=-----

If the solutions to your problems have not been covered in this document, you still have some
options other than surrendering your CD player to the local service center or the dumpster.

When tackling dectronic faults, a service manua with schematics will prove essentid. Many
manufacturers will happily supply this for a modest cost - $10 to $50 typicd. However, some
manufacturers are not providing schematics - only mechanica and dignment info. Confirmthat a
schematic (not just ablock diagram) isincluded if you need one before purchasing the manudl.

Howard Sams publishes Sams Photofacts service data for dmost every model TV that has ever
been sold but their selection of CDfacts is nearly if not totally nonexistent.

Test point locations, important signals, and power supply voltages are often clearly labeled onthe
electronics board. Inthis case, quite abit of troubleshooting can be done without the schematic.
Thereisagood chancethat the problem can beisolated to a particular subsystem by just following
the Ignds usang this information.

Whatever the ultimate outcome, you will have learned a great dedl. Have fun - don't think of this



asachore. Electronic troubleshooting represents adetective's challenge of the type hat Sherlock
Holmes could not have resisted. Y ou at least have the advantage that the electronics do not lie or
attempit to deceive you (though you may beg to differ a times). So, what are you waiting for?

Suggested references; --------------------

There are avariety of books dedling with dl aspects of CD player repair. While not as common
as books on VCR repair, there are more of these than you might think. Your loca public library
may have some in the eectronics section - around 621.38 if your library is numbered that way.
Technica bookstores, dectronics distributors, and the mail order parts sources listed in this
document carry avariety of these texts.

Troubleshooting and Repairing Compact Disc PlayersHomer L. Davidson TAB Books, A Divison
of McGraw Hill, Inc. Blue Ridge Summit, PA 17294, USA

(The above book aso includes severd complete CD player schematic diagrams which are quite
interesting in their own right.)

Compact Disc Troubleshooting and Repair Neil Heller and Thomas Bentz Howard W. Sams &
Company, A Divisgon of Macmillan, Inc. 4300 West 62nd Street Indianapolis, Indiana 46268,
USA

Rubber beltsin CD players: ----------=-==-=-==-n-m---

Thetypeof beltsused in CD playersfor drawer loading and sometimes e sawhereisnearly dways
atype with a square cross section. Obtaining an exact replacement belt may be difficult and not

redly necessary.

Measure the old belt and sdlect one from aparts supplier like MCM Electronicswhichisas close
aspossble - equa or dightly greater thickness and an ingde circumference (this is how they are
measured) such that it will be tight but not so tight as to dow the motor or cause damage to the
bearings. This usualy means about 5 to 10 percent less than the old (stretched) belt.

Interchangeability of electronic and mechanical components:

The question oftenarises: If | cannot obtain an exact replacement or if | haveaCD, VCR, or other
equipment carcass gathering dust, can | subgtitute a part that is not aprecise match? Sometimes,
this is smply desred to confirm a diagnosis and avoid the risk of ordering an expensive
replacement and/or having to wait until it arrives.

For safety related items, the answer is generdly NO - an exact replacement part is needed to
maintain the specifications within acceptable limits with respect to lineisolation, X-ray protection



and to minimize fire hazards. However, these components are rare in CD players.

Although only afew manufacturers produce most of the componentsin CD playersand CDROM
drives, don't expect alot of readily interchangeable parts other than the common electronic ones
listed below. In their never ending search for cost reductions and technology improvements,
manufacturers are congtantly twesking their desgns. More and morecircuitry isfinding itsway into
cusom VLS chips. Fortunatdly, these do not fail too often.

The only partsthat arefairly sandardized asde from the e ectronic componentsare motors. Often,
if the motor is physicdly interchangegble, then it will work as a replacement. Electronic
components and entire circuit boards (if identicadl models and production run) can often be
subdtituted without difficulty though servo dignment will probably be needed due to dight
unavoidable differences between gpparently identica pickups or €ectronic components.

For common components, whether a not quite identica subgtitute will work religbly or a dl
depends on many factors. Except for the optica pickup, non-custom componentsin CD players
arefarly sandard.

Here are some guiddines:

1. Fuses- exact same current rating and at least equa voltagerating. | have often soldered a
norma 3AG sze fuse onto asmdler blown 20 mm  long fuse as a subgtitute.

2. Resigtors, capacitors, inductors, diodes, switches, potentiometers, LEDs, and other common
parts - except for those specificaly marked as  safety-critical - subgtitution as long as the
replacement part fits  and specifications should be fine. It is best to use the same type - meta

film resstor, for example. But for testing, even thisisnot ahard  and fast rule and a carbon
resstor should work just fine.

3. Rectifiers - replacements should have at equa or better PRV and Imax  specifications. For
power supply rectifiers, IN400x types can usudly  be used.

4. Tranggtors - substitutes will generally work aslong astheir  specifications meet or exceed
those of the origind. For testing, it isusualy ok to use typesthat do not quite meet dl of these
as longasthe BVceo and Ic specifications are not exceeded. However,  performance may
not be quite asgood. For power types, makesureto  use aheatsink.

5. Motors- smal PM motors may be subgtituted if they fit physicdly.  Brushless DC spindle
motors are not usudly interchangesble.

6. Sensors- many are sufficiently smilar to permit subgtitution.
7. Power transformers - in some cases, these may be sufficiently smilar that a subditute will
work. However, make sure you test for compatible  output voltages to avoid damage to the



regulator(s) and rest of the  circuitry.

8. Bdts- aclose match should be good enough at least to confirma  problem or to use until the
replacements arrives.

9. Mechanica partslike screws, flat and split washers, C- and E-clips, and springs - these can
often be salvaged from another unit.

10. Optical pickups - see the section below: "Interchangeability of components  in the optica
pickup”.

The following are usudly custom parts and subdtitution of something from your junk box isunlikely
to be successful even for testing: microcontrollers, other custom programmed chips, display
modules, and entire optical pickups, optical decks, or power supplies unlessidentical.

Interchangeability of components in the optical pickup:

Once you have located a problem in the optica pickup, what should you do? For parts like
laserdiodes and photodiode arrays, there are probably too many variables to consider and the
labor and risks involved - even for the do-it-yoursdfer - would likdly be unacceptably high. As
an example, the laserdiode, which is an expensive component you might be tempted to attempt
replacing with one from another pickup (1) may not fit physicdly, (2) may have different polarity
laserdiode and photodiodeinsdethe case, (3) may have avery different threshold current and safe
operating current, and (4) may have a different optica aignment with respect to any index marks.
Any of these would likely make the interchange virtualy impossible. Even replacement with an
identicd laserdiode would prove chdlenging without the optical dignment jigs and specidized test
equipment.

The only breakdown below the pickup level that | would consider as having a reasonable chance
of successwould beto swap the lensassembly including focus and tracking coils between identica
pickups. The optical dignment is not supercritical at this point. However, optica and servo
aignment might be needed after this exchange.

If you have narrowed the problem down to the pickup and you have an identical pickup which you
believe to be functiond, the best bet isto exchange the entire pickup asaunit. Only minima servo
system dignment would likely be needed after such areplacement. The only opticd adjustment
needed might be the setting making the beam perpendicular to the disc surface - often ahexagond
nut on the bottom of the deck. The only cautions are to be careful with respect to satic discharge
which could destroy the laserdiode, take care not to rip any of the fine ribbon or other dectrica
cables, and avoid damaging the ddlicate lens assembly. However, you will probably wish you had
that friendly unemployed Swiss Watchmaker for your assistant.



Better yet is to replace the entire optical deck asaunit. Thisisalot lesswork and thereisno risk
of optica dignment problems at al. Then, only servo dignment may be needed.

Recommended parts suppliers: -------------=-=-----------

For generd dectronic components like resistors and capacitors, most dectronics distributors will
have a sufficient variety at reasonable cost. Even Radio Shack can be considered in a pinch.

However, for consumer eectronics equipment repairs, places like Digikey, Allied, and Newark
do not have the a variety of Japanese semiconductors like ICs and trangstor or any components
like flyback transformers or even degauss Posistors.

The following are good sourcesfor consumer e ectronicsreplacement parts, especidly for VCRs,
TVs, and other audio and video equipment:

MCM Electronics (VCR parts, Japanese semiconductors,

U.S. Voice: 1-800-543-4330. tools, test equipment, audio, consumer

U.S. Fax: 1-513-434-6959.  dectronics including microwave oven parts
and dectric range elements, etc.)

Dabani (Excdllent Japanese semiconductor source,
U.S. Voice: 1-800-325-2264. VCR parts, other consumer electronics,

U.S. Fax: 1-305-594-6588.  Xenon flash tubes, car stereo, CATV).

Int. Voice: 1-305-716-0947.

Int. Fax: 1-305-716-9719.

Premium Parts (Very complete VCR parts, some tools, adapter
U.S. Voice: 1-800-558-9572. cables, other replacement parts.)
U.S. Fax: 1-800-887-2727.

Computer Component Source (Mostly computer monitor replacement parts,
U.S. Voice: 1-800-356-1227. aso, some dectronic components including
U.S. Fax: 1-800-926-2062.  semiconductors.)

Int. Voice: 1-516-496-8780.

Int. Fax: 1-516-496-8784.



