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MiniDisc System
Preliminary Specilications

Channe sr 2 (stereo)

Frequency Besponse 5-20,000 Hz

Dynam c Range 105 dB

Wow and F utter Unmeasurable

Sampling FreqLrency 441 kqz

Codrng System ATRAC system

I\,4odLrlatlonSystem EFI\,I

Error Correct on System: CIRC

DscSpeed: 1214m/s(CLV)

Record/Playback Tlme Up to 74 m n

Caftridge Slze 72x68x5 mm

Disc D arneler 64 mm



ln the creation of the MiniDisc, virtually every need of

those who enjoy music has been taken into accorÄt. ;
MiniDisc enables digital quality playback and recording,
and because it is a disc, it allows quick rando
just like CD. MiniDisc is also extremely com

convenience of portable applications. The

of advanced technology in a broad variety of
MiniDisc is the ultimate in versatility, sound quality,

convenience. Truly the optimum portable digital
recording format for the future, MiniDisc is here.

Block diagram ol the MiniDisc System
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IT§ A DI§C.
MiniDisc is a recordable digitalopticaldisc
wilh74 minutes of playing time.

The s gnificant advantages of
l\,4iniDisc are poss ble oniy from a
disc format

Because it is a disc, ltrliniDisc
offers superior operat on con-
venience, nclud ng quick random
access to any mus c select on
Permanently housed in a protective
cartridge lke a computer disc,
l\,4iniDlsc is th n, compact, and
easy to handle.

Because it is a disc that enables
digita recording and playback,
l\,4iniDisc de vers sound quality
comparable to CD, combined with
the advantage of personal digital
recording.

Because it is a disc read by a
noT-conract laser, lViliDrsc olle's
durab ity and rel ability that far
surpasses conventional tape for-
mats. There is no sound degrada
tion from repeated p ayings

Analog Cassette Survey

Sou nd
quality

There is no possibility of acci-
dentally record ng over playback-
only l\liniDiscs. There s no worry
over rhe irlluence o'srrong mag-
netic fields There is no physica
degradation dur ng long terrn
storage. And, best of al , there

is no tape to twist, stretch, or be-
come tangled

ln short, IVliniDisc is a con-
venient, durable, and highly
re iable muslc medium offering
consistently high qua ity sound

Random n1O%
access a- - 4?ql

Reliability ol [l 19.
media I 53%l

Iportahititv l-c--' I lbYo

Satisfied
Not satisfied

A recent survey on user satisfact on
with convent onai analog cassette
revea s that while a majority is sat sfied
w th the formats portab lty, very few
are satisf ed w th analog cassette n
terms of sound qua ity relabi ity, and
random access capabil ty. I\,4iniD sc,
however, exce s in these areas Sound
qualty, relability, and random access
capability are on par w th CD, while the
potential of portallility is equa to
analog cassette

The MiniDisc Format Uses Two Types of Discs

laser reads the pits on the disc in
a virtually identical manner to CD-
When the MiniDisc is out ol the
player, the shuttet remains closed
to prctect the disc. Note that it is
not possible to record on a
playback-only MiniDisc to insure
against accidenlal loss ot yout
tavo te music.

A pottion ot each side has a label.
which may be ma*ed by the use,
to indicate the recorded progrcm.
Thanks to Magnetic-field Modulation
Overwrite System technology, a
Recorclable MiniDisc may be re-
recorded an unlimited number ot
times-

PLAYBACK-ONLY MINIOISCS are
designed specifically tor music by
your lavorite artists. The lront can
be lully utilizecl lor the album's
artwotk, while lhe reverce side has a
shulter that is opened by the player
to expose a portion ol the disc. With
the shuttet open, the disc is totated
by the clamping plate, while the

BECORDABLE MINIDISCS have a
shutter that opens to expose both
sides ot the disc. With the shutter
open, rccoding is perlomed with a
magnelic recording head on the
upper side and a laser beam tocused
on the coüesponding position on
the othet side. After rccording,
playbacr is by laser pickup only.



lT'§ comPAcr, col[UENlENr. . .
MiniDisc assures fidelity and convenience,
even in portable applications.

Compact D sc has become the
standard format for high qual ty
audio, yet it rema ns underutilized
as a portab e format While users
report dissatisfaction w th ana og
cassette for several reasons, a
majority are satisf ed w th ts porta
bility Taking this nto account
MiniD sc was designed from the
start to not on y deliver h gh f delity
and conven ence, but also to de
liver t in portab e applicat ons

To accomplish this, the [,4iniDisc
itse f f rst had to be eng neered at
least as sma I as an analog
cassette, yet st offer the same
74 minute maximum playing time

as CD The [,4 niDisc itself
measures on y 64 mm in diameter,
and is contained in a protect ve
cartridge measur ng lust 72 x 68
mm, and only 5 mm th ck By
, rtre ol iLs smdll size. M niDisc is
not on y easier to store and carry
it also creates the potential for
smaller p ayback equ pment

But there was another mportant
requirement N,4iniDisc also had to
be designed for perfect function ng
during the shock and movement
norma y encountered n portable
situat ons Thus, countermeasures
against sk pping and sound
dropouts were required

Shock Resistant Memory

ln this system, the laser pickup
rcads digital dala from the disc at
the rcte ot up to 1.4 Mb/s (mega-bils
pet second). This data is sent inlo
a butter memory in the fom of a
1 Mbit D-RAM (Dynamic Random
Access Memory), wilh the outpul fed
into the ATRAC decoder at a steady,
and much sloweL nte ot 0.3 Mb/s.

It takes less lhan a second ot
uninterrupted laser pickup openlion
to till the Shock Resistant Memory lo
capacity- Then, it shock occurs
which interrupts pickup operation,
the contents ol the memory continue
to be fed into the ATRAC decoder,
and playback will continue tor up to
Ihrce seconds until the data in the

fT-rrl

memory is exhausted.
Shock du ng actual use howeve|

is usually momentary. The pick-up
will resume operation almost
immediately thanks to highly
responsive servo control, whercby
the position ot the pickup is contin-
uously monitorcd by the premas-
tered address locations on the disc
so that the point wherc skipping
began can instantly be detected. At
the 1-4 Mb/s reading rate, it takes no
longer than 0-g seconds for the
memory to be replenished.

ln this way, skipping and drop-
outs are virtually eliminated during
movement and shock nomally
encountercd in portable situations-

Smaller Disc Size
ll rne 6a'nT V riDisc were'ecor-
ded in the same way as a I20 mm
CD, only about 10 minutes of
play ng t me would be possible
Rather than increase pit density,
which would resu t in tradeoffs
w th other technical dift culties it
was decided that an efficient form
of digita data conipress on could
be achieved wh ch would allow
sound reproduction w th ess data,
w thout sacrif iclng f ide ity

The compression system adop
ted for N,4 niDisc s ATFAC
Adaptive TBansform Acoustic
Coding ln simple terms, this
system takes advantage of
psychoacoustic prlnciples to
render unnecessary all digital
signals for sounds which are
effect ve y inaudible to the human
ear. Th s includes sounds which
are below the threshold of hearing,
as we as sounds which are simul-
taneously masked by louder
sounds on adjo ning frequencies

ln use ATRAC enables digita
reproduction of on y those sounds
which can actually be detected by
the human ear As a result, digita
data is reduced to 1/5 of that re-
quired by CD This enables the disc
lo oe mdde uors oerao y s'ra er.
yet off er the same p aying time

Another benefit of ATRAC is that
data can be read from the disc at a
rate n,.d'ly I ve i'- es fastor than is
required for normal playback
This makes possible the high
performance functioning of the
Shock Fesistant Nlemory

Shock Resistant Operation
During portab e operation, sharp
movement or shock can displace
the laser pickup, resulting in
skipping of the mus c or sound
dropouts Prevention of this, there-
fore, is an abso ute necess ty {or

I



AND PORIABIE.

high performance portable audio
Since the ATBAC system makes

it possible for data to be read from
the disc at a much faster rate than
playback requires, it s possib e for
the pickup to 'read ahead" so that
a certain amount of music data can
be stored in an electronic memory,
wh ch is not affected by shock or
movement

IV:'liDisc JSes a 1 mega-bit D-
RAI\/ (Dynamic Random Access
l\,4emory) which holds up to three
seconds of music in reserve" so
that even if the player is jarred
momentarily, the music will
contlnue wh e the pickup rees-
tablishes its position and resumes
the reading of digital data.

Quick Random Access
The ease of quick random access
to any music selection is one of
the great benef its of Compact Disc.

This same quick random access
operation is otlered by bora play-
back-only and recordable
[,4iniDiscs. ln playback-only
IVIiniDiscs, random tit e selection s
exactly like that of CD

With recordable It4iniDiscs,
however, random selection is
possible thanks to microscopic
pre-grooves which contarn location
information at 13.3 millisecond
intervals. Thus, locations are
permanently marked on the disc,
allowing quick random access to
any point on the disc.

This system a so allows a variety
of operation features such as play-
back order programmirg Tl- s is
made possible by a "user table
of contents" (UTOC) area on the
disc, which is similar to the
directory management system
of lloppy discs. Starting and
ending addresses for all music
tracks are stored n the UTOC
area, and by simple rewriting
of these addresses, reprogram-
ming of the tracks in a different
order is possible

ATRAC Digital Data
Compression
To g ve the lvliniDisc the same 74-
minute capacity as CD, a method
was required that wou d enable
comparab e sound reproduction
using far less digital data For th s
purpose, the Adaptive TRansform
Acoustic Cod ng (ATRAC) system
was developed.

While CD uses 16 bits of data for
every 0 02 millisecond samp e,
regardless of the slgnal amp itude
(or even if there is no signal),
ATFAC ana yzes the same 16 bit
digital data for waveform content,
and extracis and encodes only
those frequency components
which are actually audible

During ATRAC encoding, this
data is d vided into time segments
of up to 1 1 6 msec , depend ng
upon the signal, in 0 02 msec
increments N/DCT (N/odif ied
Discrete Cosire Translo'm) aralysis
is then applied to the waveform of
each segr.enl. whe'eby app.oxi-
mately 500 changes in ampl tude
are ana yzed as singlejrequency
waveforms During this analysis,
two different psychoacoustic
principles threshold of hearing
and simultaneous mask ng are
taken into account to identify those
components of each segment

which are aud b e
Threshald of Hearing'the sensi

tivity of the human ear varies with
frequency, be ng most sensitive to
sound at around 4 kHz. Sensitivity
decreases as frequency decreases
and increases away from thls po nt
Thus, sounds below the lowest
aud b e lim t can be removed
w thout atfecring rre oerceivab e
sound qua ity

Simultaneaus Masking : llis
occurs when a sound becomes
inaudible due to the presence of
a louder sound at an adjoining
frequency, providing that it is within
a range called the critical band-
width. The closer the two frequen
cies are, of course, the greater the
masking effect.

Thus, only these audible sound
components are assigned bits lly
amplitude (sound level) As a
resu t, the signal can be repre-
sented with adequate resolution
by only 1/sth the amount of data
required by the I6-bit linear
method of CD During playback,
these frequency components are
recomposed by the ATRAC
decoder, which reconstructs the
time segments into digital wave-
form data This data can then be
processed by a conventional
16-bit D/A converter
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II OTFERS DIGIIA1 RECORDING
MiniDisc is the first consumer-use opticaldisc
that enables digital recording and playback of music

The lVl niDisc format has two types
of discs because it does two
different things: d g ta recording,
and dig ital p ayback

Playback-oniy MiniDiscs have
been created exclusively for pre-
recorded music software They are
p ayed in v rtually the same way as
CD, with the laser pickup sensing
the presence or absence of pits on
the disc.

RecordabeMniDiscsare
recorded magnetical y with the
use of both a magnetic recording
head and a laser beam, and are
p ayed back optica ly using only
a laser pickup.

MiniDisc Recoding

Becordable MiniDisc
Cross-section

MMO System Recording
The N,4iniDisc format uses the
l!4agnetic-f eld lvlodu ation Over-
write system for recording. The
disc has a stable magnetic layer
that enables magnetic flux reversal
w th a low-power magnetic head
The polarily ("nonh' or "soJrh ) o'
magnetic flux at each point on the
disc enables the creation of mag-
net c fields of differing length
These are comparable to the pits
'oLnd n playbacl^-only lViriDiscs

A magnetic head works in
tandem with a aser, with the head
on the upper side of the disc and
the laser on the corresponding
spot on the other side. The laser
heats up a specific spot on which

it s focused to 180 degrees C.
As soon as the laser spot
passes by, the spot temperature
drops Th s process is repeated,
and when a specif ic po ar ty is
applied by the magnetrc head al
this spot, a po arity which simulates
either the presence or
absence of a pit is produced

Re-Recording is Possible
With this N/N/O system recording,
the same disc can be recorded
a v rtua y unl mited number of
times, unlike WO (write-once)
systems that allow recording on
a d sc on y once.

Another N,4N,4O sysrem benerit is
a arger recording power margin,
which m nim zes d stortion in the
pos lrol ol recordi'.rg starl and/or
fin sh, a cause of t me-axis jitter ln
addition, the l\,4[,4o system is also
highly resistant to disc ti t, in which
the shape of the magnetized spot
can become distorted, also a
cause of jitter Since the laser is
used only to raise the temperature
of the magnetic ayer, it has less
effect on the magnetic spot shape.

lt
Magnetic-Field Modulation
Overwrite System

Comparcd to the recording patterns
produced by a general laser modul-
ation system, which records accord-
ing to the level of applied laset
power, those produced by the MMO
system are far morc unitorm and
symmetrical, resulting ie greater
reliability when the disc ß played
back. Furthermore, this syatem
achieves the same high rccording
density as CD-

t

Fecodrng srgna s

Power(rarse) (D 

- 

r----r---r
Power (smar) aD _4
Beam deromariona 

--- 

-----

- RP.6rd

-t
I recorarno oanerns

-.1
Magnel c IEld modu al on syslem

Ove rte system

__- 
---,.:- 

_ --f
I

-l

---. ]
GeneE aser modllaton syslem

Powe,(a,oe) O
Power(sma ) (D
Beam deromatDna



AND PIAYBACK.

Dual Function Pickup
Since p ayback on y lViniD scs
and recordable l\,4in Discs are
read n different ways, they

cannot be p ayed back with the
same pickup For thls reason, the
MiniDisc format makes use of an
innovat ve Dual Function Pickup
in which both types of discs can
be played back on the same
equipment

The Dual Funct on Pickup is
based on the conventional CD
player pickup, but has been
mod f ied to contain a polarized
beam splitter to detect magneto
optical playback signa s as well
Accordingly, t has two photo
detectors, one for each type of
sig nal

A polar zed beam sp itter distr -
butes the reflected light between
two photo detectors, the ratio of
which varies according to the
direction of po arizatlon Each
photo detector converts the light

Playback of Playback-only MiniDisc

Playback ol Becordable MiniDisc

received nto an electr cal signal
From thrs, signals of 0 and "1' can
be derived from the difference lrr
the levels of the two electrical
signals from the two photo
detectors

As mentioned previous y, the
p ayback-only M niDisc is read by
a laser pickup in much the same
was as a CD Light ref ected
d rect y back ndicates the ab-
sence of a pit, while in the
presence of a pit, the light s
diffracted, and a lower leve ts
reflected back to the aser These
light level f luctuations correspond
to the 0 and 1 digita signals

Playback of a recordable
lvl niDisc is also by laser, but is
performed in a somewhat different
manner. Upon striking a specific
portion of the disc, the polar zed
ght will be ref ected back along

one of two opposing dtrections,
w th the polarization plane rotating
siight y in a forward or reverse
direction in accordance with the
direction of the magnetic signal
The fact that ight reflected from
the disc differs according to
magnetic orientat on is central
to the recording/p ayback
capability of lViniDisc

MaOnelc
dtrecl on S dneclon N
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