
5. O
ptical M

em
ory

5-1
A

G
raduate C

ourse
on 

M
ultim

edia T
echnology

©
 W

olfgang E
ffelsberg, 

R
alf S

teinm
etz

5. O
p

tical M
em

o
ry

5.1 
O

verview

5.2 
H

isto
ry

5.3 
F

u
n

d
am

en
tals

5.4 
L

aser V
isio

n

5.5 
C

D
-D

A
: C

o
m

p
act D

isc D
ig

ital A
u

d
io

5.6 
C

D
-R

O
M

: C
o

m
p

act D
isc -

R
ead

 O
n

ly M
em

o
ry

5.7 
C

D
-R

O
M

/X
A

: C
D

-R
O

M
 E

xten
d

ed
 A

rch
itectu

re

5.8 
F

u
rth

er C
D

-R
O

M
-b

ased
D

evelo
p

m
en

ts

5.9 
C

D
-W

O
: C

o
m

p
act D

isc W
rite O

n
ce

5.10 C
D

-M
O

: C
o

m
p

act D
isc M

ag
n

eto
 O

p
tical

5.11 D
V

D
: D

ig
ital V

id
eo

 D
isk

5. O
ptical M

em
ory

5-2
A

G
raduate C

ourse
on 

M
ultim

edia T
echnology

©
 W

olfgang E
ffelsberg, 

R
alf S

teinm
etz

W
h

ere W
e A

re

Usage

A
p

p
licatio

n
s

L
earn

in
g &

 Teach
in

g
D

esig
n

U
ser Interfaces

Serv ices

C
o

n
ten

t 
P

ro
cess

in
g

D
o

cu-
m

en
ts

S
ecu

rity
...

S
yn

ch
ro

-
n

izatio
n

G
ro

u
p

 
C

o
m

m
u

n
i

catio
n

s

System s

D
atab

ases
P

ro
g

ram
m

in
g

M
ed

ia-S
erver

O
p

eratin
g

 S
ystem

s
C

o
m

m
u

n
icatio

n
s

O
p

t. M
em

o
ries

Q
u

ality o
f S

ervice
N

etw
o

rks

Basics

C
o

m
p

u
ter 

A
rch

i-
tectu

res

C
o

m
p

ressio
n

Im
ag

e &
G

rap
h

ics
A

n
im

atio
n

V
id

eo
A

u
d

io



5. O
ptical M

em
ory

5-3
A

G
raduate C

ourse
on 

M
ultim

edia T
echnology

©
 W

olfgang E
ffelsberg, 

R
alf S

teinm
etz

5.1
O

verview

C
o

m
p

act D
isc D

evelo
p

m
en

t

R
/W

R
O

W
O

C
D

-D
A

C
D

-W
O

C
D

-M
O

C
D

-R
O

M
/X

A

C
D

-R
O

M

optical basis
m

agneto optical
basis

IS
O

9660

5. O
ptical M

em
ory

5-4
A

G
raduate C

ourse
on 

M
ultim

edia T
echnology

©
 W

olfgang E
ffelsberg, 

R
alf S

teinm
etz

5.2
H

isto
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V

id
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o

n
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 P
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) p
u

b
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C

o
m

p
act D

isc D
ig
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u

d
io
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D

-D
A

) –
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ed B
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1985
C

o
m

p
act D

isc R
ead

 O
n
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em

o
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D
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O

M
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-
Y
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-
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ierra P
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-
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O
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p
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D
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p
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5.3 F
u

n
d

am
en

tals

P
its

an
d

 L
an

d
s

In
fo

rm
atio

n
 is sto

red
 in

 a sp
iral-sh

ap
ed

 track:
•

S
eries of p

its
and lan

d
s

in substrate layer
•

T
ransition from

 pit to land and from
 land to pit: ‘1’

•
B

etw
een transitions: sequence of ‘0’ s

•
16000 turns/inch (tpi)

R
ead

in
g

: L
aser fo

cu
sed

 o
n

to
 reflective layer

•
L

an
d

s
-

alm
ost totally reflecting the light

•
P

its
–

scattering the light

o
p

ticald
isc

è
1è

2
e.g. C

D
:

=
 1.6 µm

=
 0.6 µm

12

èè

µµ

5. O
ptical M

em
ory

5-6
A

G
raduate C

ourse
on 

M
ultim

edia T
echnology

©
 W

olfgang E
ffelsberg, 

R
alf S

teinm
etz

R
ead

in
g

 D
ata

P
it

Land
substrate

layer

protective layer (S
chutzschicht)

P
it

Land

Intensität des reflektierten Laserstrahls

Laser

Label

reflective layer

0,12 ~

1,2 m
m

(R
eflexionsschicht)

m
m

(S
ubstratschicht)



5. O
ptical M

em
ory

5-7
A

G
raduate C

ourse
on 

M
ultim

edia T
echnology

©
 W

olfgang E
ffelsberg, 

R
alf S

teinm
etz

A
d

van
tag

es o
f O

p
tical S

to
rag

e M
ed

ia

H
ig

h
 d

ata d
en

sity

•
1.66 data bits/µm

 of track

•
Inter-track density: 16000 tpi; com

pare diskette at 
96 tpi

L
o

n
g

 term
 sto

rag
e

•
Insensitive to m

agnetic/electric interference

•
Insensitive to dust, scratches

L
o

w
 p

ro
b

ab
ility o

f h
ead

 crash
es

•
D

istance betw
een head and substrate surface >

 1 
m

m

A
d

eq
u

ate erro
r co

rrectio
n

•
allow

s handling of m
any defects

P
ercep

tio
n

 q
u

ality

•
e.g., each digital m

usic disc is exactly equivalent to 
the m

aster
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5.4
L

aser V
isio

n

A
n

 im
p

o
rtan

t  p
recu

rso
r o

f th
e au

d
io

 C
D

.

L
aser D

isk C
h

aracteristics

•
D

iam
eter: ~ 30 cm

•
S

torage of video and audio

•
A

nalog encoding

•
H

igh quality of reproduced data

•
S

torage capacity: ~
 2.6

G
B

ytes

H
isto

ry

•
O

riginally called V
ideo Long P

lay (V
LP

)

•
1973 first description in the P

hilips T
echnical 

R
eview

 journal

P
rin

cip
les

•
M

ix of audio and video

•
F

requency m
odulation

•
N

o quantization of pit length
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5.5
C

D
-D

A
: C

o
m

p
act D

isc
D

ig
ital A

u
d

io

G
o

al

•
S

torage of audio data

H
isto

ry

•
D

evelopm
ent of basic technology by P

hilips

•
C

ooperation of P
hilips N

.V
. and S

ony C
orporation

•
1983:

C
D

-D
A

 players and disks available in the 
m

arket

P
h

ysical ch
aracteristics

•
D

iam
eter: 120 m

m

•
C

o
n

stan
t lin

ear velo
city

(C
LV

), i.e., num
ber of 

rotations/s depends on the position of the head

•
T

rack shape: one spiral w
ith approx. 20000 turns 

(LP
: 850 turns)
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C
D

-D
A

: C
h

aracteristics

A
u

d
io

 d
ata rate

•
S

am
pling frequency: 44,100 H

z

•
Q

uantization: 16 bits 

•
P

ulse code m
odulation (P

C
M

)

•
A

udio data rate =
 1,411,200 bit/s =

 (~
 1.4

M
bit/s)

Q
u

ality

•
S

ignal to noise ratio (S
/N

): ~ 6 dB
/bit, 16 bit 

quantization =
> S

/N
 exactly 98 dB

•
C

om
pare LP

, tape: S
/N

 50-60 dB

C
ap

acity (w
ith

o
u

t erro
r co

rrectio
n

 d
ata)

•
P

layback tim
e: m

axim
al 74 m

in

•
R

aw
 capacity =

74 m
in x

1,411,200 bit/s =
 

6265728000 bit ~
 747

M
byte
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C
D

-D
A

: P
its an

d
 L

an
d

s

Length of pits and lands: m
ultiples of 0.3 µm

B
it E

n
co

d
in

g
•

T
ransition from

 pit to land or from
 land to pit

encodes a ‘1’

•
B

etw
een tw

o transitions: a sequence of ‘0’s

S
chutzschicht

C
D

Land
P

it

S
ubstrat

10000000000100000    
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100
100000

100000000
10000
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0,3
m
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C
D

-D
A

: E
ig

h
t-to

-F
o

u
rteen

 M
o

d
u

latio
n

R
estricted

 laser reso
lu

tio
n

•
R

equires a m
inim

al distance betw
een transitions 

(pit to land, land to pit): at least tw
o “0”s betw

een 
tw

o “1”s

G
en

eratio
n

 (ad
ap

tatio
n

) o
f th

e clo
ck sig

n
al is d

riven
 

b
y tran

sitio
n

s
•

R
equires a m

axim
al distance betw

een transitions 
(pit to land, land to pit): not m

ore than 10 
consecutive “0”

=> E
ig

h
t-to

-F
o

u
rteen

 M
o

d
u

latio
n

•
A

n 8 bit data value is encoded using 14 bits
•

267 com
binations fulfill the criteria above, 256 are 

chosen. C
riterion: efficient im

plem
entation w

ith a 
sm

all num
ber of gates.
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D
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A

: E
ig

h
t-to
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o
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rteen

 M
o

d
u

latio
n

E
xam

p
le fro

m
 th

e co
d

e co
n

versio
n

 tab
le

C
o

n
caten

atio
n

 of independent 14 bit values could lead 
to a violation of:

•
m

inim
um

 distance of 2 bits betw
een O

nes
•

m
axim

um
 distance of 10 bits betw

een O
nes

•
=

>
 three additional m

erg
in

g
 (fillin

g
) b

its

C
D

-D
A

: E
ig

h
t-to

-F
o

u
rteen

 M
o

d
u

latio
n

 E
xam

p
le

d
ata b

its 
ch

an
n
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its 
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F
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C
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O
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A
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C
D

-D
A

: E
rro

r H
an

d
lin

g

T
yp

ical E
rro

rs
•

S
cratches, dust, fingerprints

•
„B

urst errors“
T

w
o

-level R
eed

-S
o

lo
m

o
n

 co
d

e
w

ith fram
e 

interleaving (“C
ross Interleaved R

eed S
olom

on C
ode“):

•
F

irst level:
byte level, E

D
C

 and E
C

C
. T

w
o groups, 

each w
ith four correction bytes for 24 data bytes:

-
1st group: correction of single byte errors

-
2nd group: correction of double byte errors, 
detection of further errors

•
S

eco
n

d
 level: fram

e in
terleavin

g
-

fram
e: 588 channel bits =

 24 audio data bytes

-
distribution of consecutive data bytes and 
corresponding E

C
C

 bytes over adjacent fram
es

E
rro

r rate: 10
-8

(~ 1 b
it in

 100 m
illio

n
 b

its (!)
•

E
xact correction of 4000 data bits possible

•
4000 data bits * 0.3 µm

/channel bit
•

hence: burst errors w
ithin 2.5 m

m
 can be corrected

W
ith

 in
terp

o
latio

n
: U

p
 to

 12,300 d
ata b

its (~ 7 m
m

)
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C
D

-D
A

: F
ram

es

E
ach

 fram
e co

n
sists o

f

•
D

ata

•
tw

o groups of 12 audio data bytes each (actual 
data)

•
E

rro
r d

etectio
n

 an
d

 co
rrectio

n
 co

d
e

•
tw

o groups of four parity bytes

•
C

om
puted according to the R

eed-S
olom

on code

•
C

o
n

tro
l&

d
isp

lay b
yte

•
T

ogether w
ith control&

display bytes of other 
fram

es it form
s the subchannel stream

.

•
E

xam
ple: subchannel byte for track start 

identification

•
S

yn
ch

ro
n

izatio
n

 p
attern

•
S

tart of a fram
e

•
12 x “1” +

 12 x “0” +
 3 m

erging bits =
 27 bits
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C
D

-D
A

: D
ata S

tream
s

A
u

d
io

 b
it

stream
~ 1.41 x 10

6
b

it/s:
•

44,1 kH
z

sam
pling frequency

~
 1411200 bit/s

•
16-bit stereo P

C
M

•
uniform

 quantization
D

ata
b

it
stream

~ 1.94 x 10
6

b
it/s:

•
A

udio bitstream
+

 parity bytes
+

 control&
display byte

C
h

an
n

elb
it

stream
~ 4.32 x 10

6
b

it/s:
•

D
ata

bitstream
+

 E
F

M
+

 m
erging bits

+
 synchronization pattern
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C
D

-D
A

: A
reas

A
reas
•

L
ead

-in
 area

-
T

able of content
-

P
ointer to the

start ofeach track

•
P

ro
g

ram
 area

-
U

p to 99
tracks

of differentlengths
-

T
ypically one track relates

to
one song

•
L

ead
-o

u
t area

R
an

d
o

m
A

ccess
su

p
p

o
rted

 via
•

T
racks

•
In

d
ex p

o
in

ts
-

IP
0 : start oftrack

-
IP

1 : start ofaudio data
-

T
rack

pregap:part betw
een

IP
0

and IP
1
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5.6
C

D
-R

O
M

: C
o

m
p

act D
isc –

R
ead

 O
n

ly M
em

o
ry

C
D

-D
A

 provides a suitable m
eans for the handling of 

typical errors caused by dam
age or dust. T

he C
D

-D
A

 
specification becam

e the base for a fam
ily

of optical 
storage m

edia.
B

u
t n

o
t co

n
ceived

 fo
r:

•
video (different E

C
C

, E
D

C
 schem

e required)
•

discrete data (error rate too high)
•

sim
ultaneous play back of various m

edia
F

o
r co

m
p

u
ters

th
ere is a n

eed
 fo

r sto
rag

e o
f:

•
D

ata, audio, com
pressed audio and video

T
h

e Y
ello

w
 B

o
o

k C
D

-R
O

M
 S

tan
d

ard
•

C
D

-R
O

M
 m

ode 1: for any data
•

C
D

-R
O

M
 m

ode 2: for com
pressed audio and video 

data
•

B
ut cannot be com

bined on a single track
W

ith
in

 a sin
g

le track:
•

O
nly C

D
-D

A
 audio or only C

D
-R

O
M

 specific data
M

ixed
 M

o
d

e D
isc:

•
D

ata tracks at the beginning
•

S
ubsequent tracks for audio data
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C
D

-R
O

M
: S

tru
ctu

reC
D

data bits

audio bits

synchroni--
zation

E
F

M
+

m
erging bits

control
&

display

C
IR

C
C

IR
C

L
L

R
R

330 000 b
lo

cks

588 bit, w
ith

24 audio bytes

1,411
200 bit/s

block

fram
e, channel bits

2352 audio bytes
7203 channel bytes

4,32 * 10
 bit/s

6

1,94 * 10
 bit/s

6

~~~~
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C
D

-R
O

M
: S

tru
ctu

re

F
in

e g
ran

u
larity fo

r ran
d

o
m

 access
•

T
racks and Index P

oints not sufficient
•

S
tructure w

ith a higher resolution: the b
lo

ck
•

B
locks contain a fixed num

ber of fram
es

D
isk stru

ctu
re

•
1 block =

 32 fram
es

•
75 blocks/s  (for a single-speed C

D
-R

O
M

)

•
1411200 bit/s / 75 blocks/s / 8bit/byte =

 
2352 bytes/block

A
llo

w
s fo

r
•

R
andom

 access

•
B

etter E
D

C
, E

C
C



5. O
ptical M

em
ory

5-21
A

G
raduate C

ourse
on 

M
ultim

edia T
echnology

©
 W

olfgang E
ffelsberg, 

R
alf S

teinm
etz

C
D

-R
O

M
 M

o
d

e 1

1 b
lo

ck = 2352 b
ytes:

•
H

eader bytes include m
inutes, seconds, block 

num
ber, m

ode
•

E
rror rate =

 10 -12

C
ap

acity:
•

M
ax. 74 m

in x 60 s/m
in x 75 block/s = 333000 

blocks
•

333000 blocks/C
D

 ~
 650

M
B

yte
(user data)

D
ata rate: 
•

2048 byte/block x 75 block/ s ~
150

K
B

yte/s (single-
speed)

U
sed

 b
y m

o
st C

D
-R

O
M

 ap
p

licatio
n

s, b
u

t
•

sim
ultaneous reading of audio and other data in 

C
D

-R
O

M
 m

ode 1 not possible

sync
12

header
4

user data
2048

E
D

C
4

blanks
8

E
C

C
276

2352 byte
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C
D

-R
O

M
 M

o
d

e 2

C
ap

acity:
•

333000 blocks x 2336 bytes/block
=

 777888000 bytes ~
 741.85

M
B

yte
D

ata rate:
•

2336 byte/block x 75 block/s = 171
K

B
yte/s 

(single-speed)

P
ro

b
lem

: co
n

caten
atio

n
 o

f m
o

d
e 1 an

d
 m

o
d

e 2 
b

lo
cks

sync
12

header
4

user data
2336

2352 byte
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C
D

-R
O

M
: A

verag
e A

ccess T
im

e

T
im

e to
 p

o
sitio

n
 a b

lo
ck/secto

r
•

S
yn

ch
ro

n
izatio

n
 tim

e:
A

dapt internal clock to disc 
signal

-
R

ange of m
illiseconds

•
S

eek tim
e:

A
daptation of laser to radius

-
about 100 m

s
•

R
o

tatio
n

 d
elay

(for constant linear velocity):
-

F
ind sector w

ithin one rotation

-
A

dapt disk speed
-

for 40 x C
D

 devices (w
ith 9000 rotations per 

m
inute) ~ 6.3 m

s
A

ccess tim
e (also

) d
ep

en
d

s o
n

 
•

actual and desired position of the head (distance)
•

cache strategies of the device

T
h

e actu
al averag

e access tim
e m

ay b
e ab

o
u

t 100 
m

s (w
ith

 d
ata cach

in
g

).
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C
D

-R
O

M
: F

ile S
ystem

O
rig

in
al (early) C

D
-R

O
M

•
N

o logical file form
at

•
N

o directory specification
H

ig
h

 S
ierra P

ro
p

o
sal

•
D

eveloped by a group of industry representatives
•

Initial file system
 later lead to IS

O
 9660

IS
O

 9660 file stan
d

ard
•

D
irectory tree: inform

ation about files
•

P
ath table:
-

List of all directories &
 direct access to files at 

any level
•

F
ile interleaving

F
irst track
•

16 blocks (sectors 0 to 15): system
 area

•
V

olum
e descriptors in subsequent blocks w

ith e.g. 
the length of file system

L
o

g
ical b

lo
ck size

•
betw

een
512 bytes and 2048 bytes (in steps of 2i)

•
blocks of 512 bytes, 1024 bytes, and 2048 bytes 
are used 

•
F

iles begin at logical block start
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5.7
C

D
-R

O
M

/X
A

: C
D

-R
O

M
 

E
xten

d
ed

 A
rch

itectu
re

H
isto

ry
•

P
hilips N

.V
., S

ony and M
icrosoft (announcem

ent in 
1988)

•
A

n extension of the Y
ellow

 B
ook standard

G
o

al: S
im

u
ltan

eo
u

s tran
sfer o

f vario
u

s m
ed

ia d
ata

•
B

ased on C
D

-R
O

M
 m

ode 2, IS
O

 9660, C
D

-I
•

Interleaving of blocks of different m
edia w

ithin the 
sam

e track
•

D
efinition of a new

 type of track used for:

-
com

pressed audio (A
D

P
C

M
) and video data

-
im

ages, text, program
s

•
D

istinction betw
een tw

o block form
ats: F

o
rm

 1, 
F

o
rm

 2
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X
A

: E
xten

d
ed

 A
rch

itectu
re

D
raw

b
acks

•
C

om
patibility to audio and video com

pression
-

F
or som

e m
edia only reference to standard

-
M

P
E

G
 audio not com

patible (M
P

E
G

 does not 
use A

D
P

C
M

)

•
Interleaved storage of data of different types in the 
sam

e track:
-

R
equires special disc layout

-
R

equires effective interleaving w
ith a choice of 

the suitable audio level
-

C
om

plex application developm
ent
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C
D

-R
O

M
/X

A
 (M

o
d

e 2) F
o

rm
 1

S
u

b
h

ead
er:

•
S

pecification of C
D

-R
O

M
 M

ode 2 X
A

 F
orm

at type
•

8 bytes long

Im
p

ro
ved

 erro
r h

an
d

lin
g

 for text and program
 data 

w
ith 4 bytes for error detection and 276 bytes for error 

correction.

2352 byte

sync
12

header
4

user data
2048

E
D

C
4

E
C

C
276

sub-header
8
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C
D

-R
O

M
/X

A
 (M

o
d

e 2) F
o

rm
 2

•
S

torage of com
pressed data (incl. audio, video)

•
O

nly 4 bytes for error detection, no error correction

•
13%

 m
ore data bytes 2352 byte

sync
12

header
4

user dat
a

2048
E

D
C

4
sub-header

8
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5.8
F

u
rth

er C
D

-R
O

M
-b

ased
 

D
evelo

p
m

en
ts

C
D

-D
A

:
audio

M
ode 1:

any data
M

ode 2:
audio/video

C
D

-I:
com

plete system
C

D
-R

O
M

/X
A

:
m

ixed-m
edia tracks

C
D

-I
C

D
-I B

ridge D
isc

e.g. P
hoto C

D
R

eady F
orm

at

C
D

-R
O

M
:

data

M
ixed M

ode D
isc

is based on

can be played on
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O
verview

 o
f F

u
rth

er D
evelo

p
m

en
ts

F
u

rth
er stan

d
ard

s
•

D
irectly based on the C

D
-R

O
M

 m
ode 2 standard

•
C

D
-R

O
M

/X
A

-
allow

s for m
ode 1 and m

ode 2 blocks in the 
sam

e track

•
C

D
-I (C

D
 Interactive)

-
a com

plete m
ultim

edia system

C
o

m
p

atib
ility fo

rm
ats

F
orm

ats that can be played on m
ultiple players

•
C

D
-I B

rid
g

e D
isc:

C
D

-R
O

M
/X

A
 and C

D
-I 

players

•
M

ixed
 M

o
d

e D
isc:

C
D

-R
O

M
 and C

D
-D

A
 

players
•

C
D

-I R
ead

y F
o

rm
at:

C
D

-I and C
D

-D
A

 players
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P
h

o
to

 C
o

m
p

act D
isc: E

xam
p

le o
f a C

D
B

rid
g

e 
D

isc

P
u

rp
o

se:
S

to
rag

e
o

f
p

h
o

to
s

o
f h

ig
h

q
u

ality

H
isto

ry

•
E

astm
an K

odak and N
.V

. P
hilips C

om
pany

•
1990

announcem
entof the

K
odak P

hoto C
D

 
system

C
h

aracteristics

•
B

ased
on C

D
W

rite O
nce

(C
D

-W
O

)

•
R

eadable w
ith:

-
P

hoto C
D

players

-
C

D
-Iplayers

-
C

D
-R

O
M

/X
A

 players

•
W

ritten by:

-
S

pecial P
hoto C

D
w

riters
and C

D
-W

O
w

riters

C
ap

ab
ilities

•
N

ew
professionaland private

application areas

•
S

im
ultaneous display

ofseveral im
ages

•
Im

age
editing
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P
h

o
to

 C
o

m
p

act D
isc: Im

ag
eP

ac

P
ro

d
u

ctio
n

•
P

hotos are taken w
ith conventional cam

eras
•

D
igitized w

ith 8 bits for the lum
inance com

ponent 
and 8 bits for each of the tw

o chrom
inance 

com
ponents

•
W

ritten on C
D

Im
ag

e reso
lu

tio
n

 o
f a P

h
o

to
 C

D
:

P
er p

h
o

to
•

Im
ageP

ac
at five different resolutions: 

hierarchical coding
•

A
bout 3 to 6

M
B

yte
storage per

Im
ageP

ac

typ
e o

f im
ag

e 
co

m
p

r./u
n

co
m

p
r. 

n
u

m
b

er o
f lin

es 
n

u
m

b
er o

f 
 co

lu
m

n
s 

b
ase/16 

u
n

co
m

p
ressed

 
128 

192 
b

ase/14 
u

n
co

m
p

ressed
 

256 
384 

b
ase 

u
n

co
m

p
ressed

 
512 

768 
4b

ase 
co

m
p

ressed
 

1024 
1536 

16b
ase 

co
m

p
ressed

 
2048 

3072 
64-B

ase 
co

m
p

ressed
 

4.096 
6.144 
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5.9
C

D
-W

O
: C

o
m

p
act D

isc 
W

rite O
n

ce

D
efined in the O

range B
ook S

tandard P
art II

A
 “raw

” C
D

-W
O

 h
as:

•
a pre-grooven

track

•
an absorption layer betw

een the substrate and the 
reflective layer

R
eco

rd
in

g
: an irreversible change of the reflection 

characteristics by heating up the absorption layer 
(“burning“)

T
h

e C
D

-W
O

 can
 b

e p
layed

 in
 C

D
-D

A
 p

layers.
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C
D

-W
O

: S
essio

n
s

D
isc layo

u
t w

ith
 several sessio

n
s

S
essio

n
s

•
B

urning can be done in several sessions each w
ith:

•
Lead-in part

•
D

ata part

•
Lead-out part

•
M

axim
um

: 99 sessions
N

o
te

•
C

D
 players older than 1992 can only read the first 

session
•

R
egular C

D
-W

O
: only one session

•
H

ybrid C
D

-W
O

: several sessions

lead 
in

inform
ation

lead
out

lead 
in

inform
ation

lead
out

session 2
session 1

...
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5.10
C

D
-M

O
: C

o
m

p
act D

isc
M

ag
n

eto
 O

p
tical

R
/W

R
O

W
O

C
D

-D
A

C
D

-R
O

M
/X

A

C
D

-R
O

M

optical basis
m

agneto optical
basis

IS
O

9660

C
D

-M
O

rew
ritable

prem
astered

C
D

-W
O

regular 
hybrid
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C
D

-M
O

: F
eatu

res an
d

 P
rin

cip
les

D
efin

itio
n

 in
 th

e
O

ran
g

e
B

o
o

k
S

tan
d

ard
 P

art I
•

H
igh

capacity
(double-sided):about650 M

B
yte

•
D

ata transfer
rate:about1.2 M

bit/s
F

eatu
res

•
w

rite data
•

read data
•

erase data

•
rew

rite data
P

rin
cip

les
o

f th
e

m
ag

n
eto

-o
p

tical tech
n

iq
u

e
•

W
rite:

-
H

eatup the blocks
-

A
pply about10 x

earth m
agnetic field

-
P

olarization
ofsingle elem

ents

•
E

rase:
-

U
se a

constant m
agnetic field

-
S

im
ultaneously heatup the

block

•
R

ead:
-

P
olarization

oflight is influenced by m
agnetic 

characteristics



5. O
ptical M

em
ory

5-37
A

G
raduate C

ourse
on 

M
ultim

edia T
echnology

©
 W

olfgang E
ffelsberg, 

R
alf S

teinm
etz

5.11
D

V
D

: D
ig

ital V
id

eo
 D

isk

A
lso

 kn
o

w
n

 as: „D
ig

ital V
ersatile D

isk“

G
o

al: to
 create a n

ew
 o

p
tical m

ed
iu

m
 to

 sto
re an

 
en

tire h
ig

h
-q

u
ality d

ig
ital m

o
vie o

n
 o

n
e d

isk.

F
o

rm
ats

•
single-sided single-layer

•
single-sided double-layer:laser m

ust sw
itch focus 

to read the other
layer

•
double-sided:disk m

ust be flipped over to read
the 

other
side
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D
V

D
 -

T
ech

n
ical O

verview

C
D

-like o
p

tical sto
rag

e m
ed

iu
m

C
ap

acity co
n

sid
erab

ly h
ig

h
er th

an
 C

D
•

P
it and lands shorter

•
tracks m

ore narrow
E

F
M

 P
L

U
S

 erro
r co

rrectio
n

 sch
em

e  
•

m
ore robust than the C

D
 schem

e
•

m
aps 8 bits of data to 16 bits (encoded), no need 

for m
erging bits

D
V

D

0 ,74 µ m

0,24 µ m
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C
D

 vs. D
V

D

  
C

D
 

D
V

D
 

M
edia diam

eter 
120 m

m
 

120 m
m

 
M

edia thickness 
1,2 m

m
 

1,2 m
m

 
W

avelength of laser 
light 

780 nm
 

(infrared) 
650 und 635 nm

 (red) 

T
rack distance 

1,6 é
m

 
0,74 é

m
 

M
in. pit / land length 

0,83 é
m

 
0,4 é

m
 

D
ata layers 

1 
1 or 2 

S
ides 

1 
1 or 2 

C
apacity 

ca. 650 M
B

 
ca. 4.38 G

B
 (S

LS
S

) 
ca. 7.95 G

B
 (D

LS
S

) 
ca. 8.75 G

B
 (S

LD
S

) 
ca. 15.9 G

B
 (D

LD
S

) 
V

ideo data rate 
ca. 1,5 M

bit/s 
1-10 M

bit/s (var.) 
V

ideo com
pression 

standard 
M

P
E

G
-1 

M
P

E
G

-2 

V
ideo capacity 

ca. 1 h 
betw

een 2 and 8 h 
(depending on form

at) 
S

ound tracks 
2-channel 
M

P
E

G
 audio 

2-channel P
C

M
 

5.1-chanel A
C

-3 
optional: up to 8 data 
stream

s 
S

ubtitles 
- 

up to 32 languages 
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D
V

D
: V

arian
ts

D
V

D
 R

ead
 O

n
ly S

p
ecificatio

n
 (D

V
D

-R
O

M
, B

o
o

k A
): 

•
S

torage m
edium

 w
ith high capacity, successor of 

the C
D

-R
O

M

D
V

D
 V

id
eo

 S
p

ecificatio
n

 (D
V

D
-V

id
eo

, B
o

o
k B

):

•
S

pecial application of the D
V

D
 for the distribution of 

“linear“ video stream
s

D
V

D
 A

u
d

io
 S

p
ecificatio

n
 (D

V
D

-A
u

d
io

, B
o

o
k C

): 

•
S

pecial application of the D
V

D
 for the distribution of 

pure audio data, sim
ilar to the C

D
-D

A

D
V

D
R

eco
rd

ab
le

S
p

ecificatio
n

 (D
V

D
-R

, B
o

o
k D

): 

•
V

ariant of the D
V

D
 that allow

s to record once

• D
V

D
R

ew
riteab

le
S

p
ecificatio

n
 (D

V
D

-R
W

,B
u

ch
E

): 

•
V

ariant of the D
V

D
 that allow

s to record several 
tim

es. A
lso called D

V
D

-R
A

M
 (R

andom
 A

ccess 
M

em
ory)
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D
V

D
: P

h
ysical D

isk C
o

n
fig

u
ratio

n
s

N
a

m
e

 
D

ia
m

e
te

r
(cm

) 
S

id
e

s 
L

a
ye

rs 
p

e
r sid

e
 

C
a

p
a

city
(G

B
) 

R
e

m
a

rks 

D
V

D
-5

 
1

2
 

S
S

 
S

L
 

4
,3

8
 

>
2

 h
 

vid
e

o
 

D
V

D
-9

 
1

2
 

S
S

 
D

L
 

7
,9

5
 

ca
. 4

 h
 

vid
e

o
 

D
V

D
-1

0
 

1
2

 
D

S
 

S
L

 
8

,7
5

 
ca

. 4
.5

 h
 

vid
e

o
 

D
V

D
-1

8
 

1
2

 
D

S
 

D
L

 
1

5
,9

 
>

 8
 h

 
vid

e
o

 

D
V

D
-1

* 
8

 
S

S
 

S
L

 
1

,3
6

 
ca

. 1
/2

 h
 

vid
e

o
 

D
V

D
-2

* 
8

 
S

S
 

D
L

 
2

,4
8

 
ca

. 1
.3

 h
 

vid
e

o
 

D
V

D
-3

* 
8

 
D

S
2

 
S

L
 

2
,7

2
 

ca
. 1

.4
 h

 
vid

e
o

 

D
V

D
-4

* 
8

 
D

S
 

D
L

 
4

,9
5

 
ca

. 2
.5

 h
 

vid
e

o
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