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also includes a method for transmitting a plurality of data 
streams over a signal line, and a method for generating a 
plurality of data streams from a serial sequence. 

20 Claims, 20 Drawing Sheets 

Idle Code 

Power Up Code 

44a 

Start Word 

Stream n 
Start Word 

58 

Multiplexor 

48 

56 

50 

Parallel 28 
-to-
Serial 

Converter 

66 
Control -----~--------i Scheduler 



Ex.1005 / Page 2 of 33
Intel Corp. et al

Ex.1005 / Page 2 of 33
Intel Corp. et al

d • 
20

 
r:J

J. 
• 

\ 
~
 

~
 

22
 

24
 

.....
. 

~
 =
 

.....
. 

P
rim

ar
y 

l 
~1 

I 
I 

I 
L 

.. 
P

rim
ar

y 
S

ig
na

l 
S

ig
na

l 
z 

2
6

a
 
I 

I 
30

a 
0 

S
ec

on
d 

.. 
S

ec
on

d 
~
 

S
ig

na
l 

I 
'"""

' 
I 

.. 
S

ig
na

l 
~=

 
'"""

' 
T

hi
rd

 
26

b 

~1 E
m

be
dd

in
g 

R
em

ov
in

g 
I 30

b 
\0

 

T
hi

rd
 

\0
 

0
0

 

S
ig

na
l 

I 
I 

.. 
S

ig
na

l 

• 
26

c 
U

ni
t 

28
 

U
ni

t 
• 

\ 
• 

• 
30

c 
'J

J. 

• 
• 

• 
• 

=- ~ 
• 

• 
• 

• 
~
 .... 

• 
• 

• 
• 

'"""
' 

32
 

0 ....,
 

N
th

 
N

th
 

N
 

0 

S
ig

na
l 

S
ig

na
l 

26
n 

30
n 

C
lo

ck
 

C
lo

ck
 

U
l 

.... 0
0

 
~
 

Fi
gu

re
 1

 
U

l 
.... "'-

' 
\0

 
0

0
 



Ex.1005 / Page 3 of 33
Intel Corp. et al

Ex.1005 / Page 3 of 33
Intel Corp. et al

22
 \ 

44
 

C
on

tr
ol

 C
od

e 
G

en
er

at
or

 

40
 

,J
 

2
6

a
, 

-
5

2
a

, 
.. 

2
6

b
, 

-
52

b
1 

... 
54

b
1 

. 
26

c
7 

-
5

2
c
, 

: 
54

c
1 

... 
... 

• 
E

nc
od

er
 

• 
D

at
a 

• 
• 

• 
B

uf
fe

r 
• 

• 
• 

• 
2

6
n

-,
 

-
52

n 
1 

_ 
54

n
1 

-
.. 

,--i 
,I

t,
 

46
 ~ 

••
• 

42
 

.. 
6

2
~

 

C
lo

ck
 

. 
S

ch
ed

ul
er

 
. 

C
on

tr
ol

 
... 

I 
. 

66
 

F
IG

U
R

E
 2

 

O
V

 

--1
 

48
 

,J
 

~
 

50
 

... 
~
 

... 
56

 
P

ar
al

le
l 

~ 
-

-t
o-

... 
M

ul
tip

le
xo

r 
S

er
ia

l 
~
 

C
on

ve
rt

er
 

.. 
... 

58
 

~ 

28
 ½
 - . 

32
 ~ 

- . 

d • r:J
J. 

• ~
 

~
 .....
. 

~
 =
 

.....
. z 0 ~
 '"""
 

~=
 

'"""
 

\0
 

\0
 

0
0

 

'J
J. =­ ~ ~ .... N
 

0 ....,
 

N
 

0 U
l 

.... 0
0

 
~
 

U
l 

.... "'-
' 

\0
 

0
0

 



Ex.1005 / Page 4 of 33
Intel Corp. et al

Ex.1005 / Page 4 of 33
Intel Corp. et al

2
2

~
 

60
x 

26
, 

V
id

eo
 

D
at

a 
( 

<
 vL

U
 

'1
"'1

".X
 

Id
le

 
C

od
e 

]-l.
 

a
t 

V
id

eo
 

D
at

a 
_

_
_

_
_

_
 7
6

0
y 

C
od

er
 

L
_

 _
_

_
_

 -
,
 

4
4

y 
P

ow
er

 D
ow

n 
C

o
d

e
}L

 

4
~

(
~

u
 

~=
~-

--~
~ 

2 
V

id
eo

 
C

nt
rl 

~u
 

l:
:-

-
-
-
-
-
1

-
-
t7

 
~

~
,
)
 

' 
/ 

_ 
Vi

de
o 

C
nt

rl 
_ 

4
4 z

 
P

ow
er

 
U

p 
C

od
e 

i-
--

C
od

er
 

2 
Is

oc
hr

on
ou

s 
4

0
v 

(5
2

v
 

lV
 

44
 

60
a 

·-,
 

Is
oc

hr
on

ou
s 
L

-
-
-
-
-
~

 
a-

---
._

 
1 

) 
S

tr
ea

m
 2 

S
tr

ea
m

 
1 2 

S
tr

ea
m

 
2 2 

S
tr

ea
m

 
n 

C
on

tra
 

-
C

od
er

 
-

b 
V

id
eo

 
S

ta
rt

 
W

or
d 

r--
'" 

M
ul

tip
le

xo
r 

40
b 

52
b 

5
4

L
">

lL
--

--
--

-=
-=

-:
-i

 
'ib

 
~
 

'-' 
( 

_ 
S

tr
ea

m
 

~
-
-
-
-
,
 6

0b
 

I 
-

C
od

er
 

1 
-

1 
B

u
ff

e
r'

--
44

b-
-,_

 
S

tr
ea

m
 

1 
- 1 

4
2b

---:
;:::

:::;
 

S
4c

 
S

ta
rt

 
W

or
d 

40
c 

~-
-L

_J
__

~·
)--

=_
==

_-
=_

-_
-_

-_
-_

- 1-:
-:

--
"1

 
'ic.

....,
, 
~

-
-
-
-
µ

-
1 

-
S

tr
ea

m
 

6
0

c 
5

6
 

P
ar

al
le

l 
1 

C
od

er
 2

 
5

2 c
--'

 
,_

_ 
2 

B
u

ff
e

r 
~
 4

4c
--,

_ 
S

tr
ea

m
 2

 
1 

-
I 

-t
o

-

\ 
S

ta
rt

 
W

or
d 

..
l_

 
S

 
. 

I 
1 

• 
L

..
,_

_
_

_
_

_
_

_
 

en
a 

• 
4

2
c 

• 
4

2
 

l'L
5

4
 

C
on

ve
rt

er
 

• 
• 

_,..
 

n 
54

n 
L

 _
_

_
_

 _ 
• 

40
n 

--
--

--
'1 '--

--
--

,L
_L

l(
'"

 _
_

_
_

_
 ::

-
i 

5n
 

-
-
-
-
-
-
,
~

 
-

S
tr

ea
m

 
~

-
-
-
-
,
 6

0n
 

I 
C

od
er

 n
 

J 
,__ 

n 
B

u
ff

e
r'

--
44

n-
-,_

_ 
S

tr
ea

m
 

n 
1 

-
52

n 
L

-
-
-
-
'
 

st
a

rt
 

W
or

d 
L

.
.
.
.
.
.
-
-
r
-
-
-

L
_

 _
_

_
 _ 

4
6

( 
6

2
-.

..
_

L
--

--
1

 
~ 

5
8

, 
66

1 
S

ch
ed

ul
er

 
,=

; 

d • r:J
J. 

• ~
 

~
 .....
. 

~
 =
 

.....
. z 0 ~
 '"""
' ~=
 

'"""
' 

\0
 

\0
 

0
0

 

rF.
J. =­ ~ ~ .... ~ 0 ....,
 

N
 

0 U
l 

.... 0
0

 
~
 

U
l 

.... "'-
' 

\0
 

0
0

 



Ex.1005 / Page 5 of 33
Intel Corp. et al

Ex.1005 / Page 5 of 33
Intel Corp. et al

C
lo

ck
 

V
id

eo
 

C
on

tr
ol

 S
ig

na
l 

(S
Y

N
C

) 

M
ul

tim
ed

ia
 V

id
eo

 
D

at
a 

D
at

a 
S

tr
ea

m
 

1 

S
ta

rt
 
o

f 
S

yn
c 

S
er

ia
l 

S
tr

e
a

m
 

S
tr

ea
m

 
1 

st
a

rt
 

F
ig

u
re

 4
A

 

~
 

V
id

eo
 

d
a

ta
 

st
a

rt
 

d • r:J
J. 

• ~
 

~
 .....
. 

~
 =
 

.....
. z 0 ~
 '"""
' ~=
 

'"""
' 

\0
 

\0
 

0
0

 

'J
J.

 =­ ~ ~ .... ,i;
;..

 

0 ....,
 

N
 

0 U
l 

.... 0
0

 
~
 

U
l 

.... "'-
' 

\0
 

0
0

 



Ex.1005 / Page 6 of 33
Intel Corp. et al

Ex.1005 / Page 6 of 33
Intel Corp. et al

C
lo

ck
 

~
 

V
id

eo
 

C
on

tr
ol

 
Si

gn
al

 ~
 \ 

E
nd

 
o

f 
sy

nc
 

(S
YN

C
) 

Vi
de

o 
Is

oc
hr

on
ou

s 
da

ta
 i

ns
eT

on
 
~
 

D
at

a 

M
ul

tim
ed

ia
 

D
at

a 
S

tr
ea

m
 

1 

S
ta

rt
 o

f 
S

yn
c 

S
er

ia
l 

S
tr

ea
m

 

ID
LE

 p
a

tt
e

rn
 

t 

11
-4

 
2l;,

 
•, 

It 
· 1 

\ 
\ 

\ 
\ 

\ 
\ 

\ 
fi7

1n
 

I\
 

F/
41

//2
1/

-«
Yf

t<
Lj

 
S

tr
ea

m
 

1 
st

a
rt

 V
id

eo
 

da
ta

 
st

a
rt

 

F
ig

u
re

 4
B

 

~
 

d • r:J
J. 

• ~
 

~
 .....
. 

~
 =
 

.....
. z 0 ~
 '"""
' ~=
 

'"""
' 

\0
 

\0
 

0
0

 

rF.
J. =­ ~ ~ .... U
l 

0 ....,
 

N
 

0 U
l 

.... 0
0

 
~
 

U
l 

.... "'-
' 

\0
 

0
0

 



Ex.1005 / Page 7 of 33
Intel Corp. et al

Ex.1005 / Page 7 of 33
Intel Corp. et al

U.S. Patent Nov. 10, 1998 Sheet 6 of 20 

' N 
I.() 

r--------------------------------1 

o, 
T"" ' 

I... 
(I) 

x~ 
::::, -~ 
~ I... 

(I) 
(f) 

'~ '" 
o, o, 
T"" I' T"" I' 

I... C I... 

"'O (I) (I) (I) 
(I) "'O (I) "'O cc 0 I... 0 

0 C.90 

L ·~ 
ro' I' ro' I' 

a 

o, 
T"" " 

I... 

(I) (I) 
::J "'O -o cno 

' 
ro' 

" 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I •~ I 
I I 

'----------------~---------------j ~, 
C\J " 

coS 
N 

m 
cii E 
Om 
0 (I) 
(I) .;:; 

"'O (/) 

> 

5,835,498 

LO 

w 
a: 
::> 
(9 
LL 



Ex.1005 / Page 8 of 33
Intel Corp. et al

Ex.1005 / Page 8 of 33
Intel Corp. et al

U.S. Patent Nov. 10, 1998 

Start 

600 

no 

602 

Send Power Down Code 

no 

Send video start code 

608 

Send video data 

626 

i = i+ 1 

Sheet 7 of 20 

Figure 6 

Seti= 1; 
Send IDLE for k cycles 

Send control code or isochronous code if 
wating 

5,835,498 

610 

612 

614 

Send Stream i Start Code 

Send Control Code or Isochronous 
code if waling 

616 

618 

Send One Character of Stream i L-_,..-620 

yes 

no 

Send IDLE Code 

Send Control Code or Isochronous code if 
waling 

622 

628 

630 



Ex.1005 / Page 9 of 33
Intel Corp. et al

Ex.1005 / Page 9 of 33
Intel Corp. et al

24
 

d • 

\ 
r:J

J. 
• ~
 

~
 .....
. 

74
 

80
 

~
 

72
 

73
 

~
 

~
 

=
 

.....
. 

B
B

a 
I 

I ,
3

o
a

 
-

rim
ar

y 
S

ig
na

l 

88
b 

9
0

b
 

3
0

b
 

70
 

I 
~
 
~
 

88
c 

S
ec

on
d 

S
ig

na
l 

83
 

84
 

90
c 

3
0

c 
z 

I S
er

ia
l-T

o-
W

or
d 

D
at

a 
T

hi
rd

 S
ig

na
l 

0 

28
---

...
 

N.
 

• 
• 

• 
~
 

P
ar

al
le

l 
A

l' 
D

E
-

B
uf

fe
r 

1 
ne

r 
. 

• 
D

ec
od

er
 

'"""
' 

C
on

ve
rt

er
 

9 
M

ul
tip

le
xo

r 
• 

• 
~=

 
• 

• 
• 

'"""
' 

88
n 

,9
0

n
 

,3
0

n
 

\0
 

\0
 

N
th

 S
ig

na
l 

0
0

 

78
 

I 
I 

I 
'J

J. =- ~ 
I 

I 
~
 

8
6

 
.... 0

0
 

0 ....,
 

N
 

0 
76

--
--

, 
I 

92
 

C
on

tr
ol

 
S

tr
ea

m
 S

e
le

ct
o

r 
O

u
t 

3
2

, 
C

lo
ck

 S
ig

na
l 

U
l 

.... 0
0

 
~
 

U
l 

.... 
F

IG
U

R
E

 7
 

"'-
' 

\0
 

0
0

 



Ex.1005 / Page 10 of 33
Intel Corp. et al

Ex.1005 / Page 10 of 33
Intel Corp. et al

70
 

28
---

--.
 

N.
 8'

2 

24
 

r-
3

4
 

\ 
I 

72
 

73
 

I 
I 

I 
~ 
~
 

83
 

84
 

S
er

ia
l-T

o-
I 

P
ar

al
le

l 
W

or
d 

D
E

-
C

on
ve

rt
er

 
A

lig
ne

r 
M

ul
tip

le
xo

r 

I 

76
 

I 

S
tr

ea
m

 
S

el
ec

to
r 

1
88

a 

78
b 

88
b 

S
tr

ea
m

 1
 

B
uf

fe
r 

78
c 

88
c 

S
tr

ea
m

 2
 

B
uf

fe
r 

I 
• • • 78
n 

88
n 

I 
S

tr
ea

m
 n

 
B

uf
fe

r 

86
 F
IG

U
R

E
 8

 

c
8

0
a

 

►I 
V

id
eo

 
D

ec
od

er
 

80
b 

90
b 

D
e

co
d

e
r1

 

80
c 

90
c • 

• 
• 

• 
• 

• 

80
n 

I 
c

3
0a

 
► P

ri
m

ar
y 

S
ig

na
l 

30
b 

S
ec

on
d 

S
ig

na
l 

30
c 

T
hi

rd
 S

ig
na

l 

30
n 

N
th

 S
ig

na
l 

d • r:J
J. 

• ~
 

~
 .....
. 

~
 =
 

.....
. z 0 ~
 '"""
' ~=
 

'"""
' 

\0
 

\0
 

0
0

 

'J
J. =- ~ ~ .... \0
 

0 ....,
 

N
 

0 U
l 

.... 0
0

 
~
 

U
l 

.... "'-
' 

\0
 

0
0

 



Ex.1005 / Page 11 of 33
Intel Corp. et al

Ex.1005 / Page 11 of 33
Intel Corp. et al

d • r:J
J. 

• 
76

 

~
 

\ 
~
 

84
 

-\ 

.....
. 

~
 =
 

.....
. 

10
22

 

10
02

 I 
V

id
eo

 C
nt

rl 
11

06
2 7

 
I 

--1 
C

o
~

p
a

ra
to

r 
n 

,J
 

10
8a

 
,--

10
4 

I 

W
or

d 
A

 

z 0 ~
 '"""
' 

10
2a

 

~=
 

_ 
10

0a
 

1 o
oa

 I 
V

id
eo

 S
ta

rt
 

C
o

m
p

a
ra

to
r 

W
or

d 
1 

'"""
' 

\0
 

\0
 

0
0

 

J 
I 

1 O
O

b 
I 

S
tr

ea
m

 1
 

11
06

b:
:J

 
I 

1
10

2b
 

.,I 
C

o
m

p
a

ra
to

r 
I c

10
8

b 

~
 

rF.
J. 

S
ta

rt
 W

or
d 

=-
B

in
ar

y 
~
 

~
 

E
nc

od
er

 
.... 

1
0

2
c 

'"""
' 

10
0c

 
S

tr
ea

m
 2

 
10

6c
 

C
o

m
p

a
ra

to
r 

10
8c

 
S

ta
rt

 W
or

d 
0 0 ....,

 
N

 
0 

• 
I 

• 
• 

• • 
• 10

2n
 

10
0n

 
S

tr
ea

m
 n

 
10

6n
 

C
o

m
p

a
rn

to
r 
I 

,1
0

8
n

 
S

ta
rt

 W
or

d 
n 

U
l 

.... 0
0

 
~
 

U
l 

.... "'-
' 

F
IG

U
R

E
 9

 
\0

 
0

0
 



Ex.1005 / Page 12 of 33
Intel Corp. et al

Ex.1005 / Page 12 of 33
Intel Corp. et al

U.S. Patent Nov. 10, 1998 

172 

D[20] D[19: 10] 

Shifter 

10 

84 

Figure 10A 

Sheet 11 of 20 5,835,498 

IDLE 
Character 
Detector 

176 

194 
Shift_Ctrl 

178 



Ex.1005 / Page 13 of 33
Intel Corp. et al

Ex.1005 / Page 13 of 33
Intel Corp. et al

D
20

 
D

19
 

D
18

 

XO
R 

D
17

 
D

16
 18

0 

[1
7

6
 

D
3 

N
u

m
b

e
r 

o
f 

O
ne

 
C

ou
nt

er
 

C
N

T
{4

:0
} 

C
N

T4
 

C
N

T1
 

19
2 

18
 

Tr
an

 

) 

D
[2

0
: 1

0
] 
I 

M
S

B
 

I W
or

d 
S

ta
rt

in
g

 
P

oi
nt

 
D

e
te

ct
o

r 

D
2 

D
1 

D
O

 

18
2 

D
 

Q
 

18
6 

19
0 

S
h

if
t-

C
o

n
tr

o
l 

P
o

in
te

r•
-.. '
-
-
-
~

 
Lo

ad
 P

o
in

te
r 

V
al

ue
 

19
4 

F
ig

u
re

 
10

B
 

d • r:J
J. 

• ~
 

~
 .....
. 

~
 =
 

.....
. z 0 ~
 '"""
' ~=
 

'"""
' 

\0
 

\0
 

0
0

 

'J
J. =­ ~ ~ .... '"""

' 
N

 
0 ....,

 
N

 
0 U

l 
.... 0

0
 

~
 

U
l 

.... "'-
' 

\0
 

0
0

 



Ex.1005 / Page 14 of 33
Intel Corp. et al

Ex.1005 / Page 14 of 33
Intel Corp. et al

12
2 

24
 \ 

.r-1
 .. 

D
at

a 
S

el
ec

tio
n 

C
on

tr
ol

le
r 

13
2 

13
0a

 

i 
72

 
73

 
13

0c
 

I 
I 

[I
 ! 

J72
"" 

c1
2•

~ 
70

 
I 

S
e,

;a
l-T

o-
~ 

P
ar

al
le

l 
W

or
d 
~
 B

uf
fe

r 
µ.

.j 
B

uf
fe

r 
C

on
ve

rt
er

 
A

lig
ne

r 
1 

2 

12
4n

 
• • 

I 
• 

• 
•
-
-
-
.i

 
B

uf
fe

r 
I 

C.
: 1

30
n 

►I 
n 

T
 

B
ub

bl
e 

B
uf

fe
r 

12
0 

F
IG

U
R

E
 1

1 

13
4 

j 

74
 

12
6 

84
 

M
UX

 
D

E
-

M
ul

tip
le

xo
r 

! L 
I 

,8
8

n
 

76
 
~
 I

 ,
-8

6
 

S
tr

ea
m

 
S

el
ec

to
r 

12
8 

Is
oc

hr
on

ou
s 

W
or

d 
I 

,1
3

6
 

D
ec

od
er

 

d • r:J
J. 

• ~
 

~
 .....
. 

~
 =
 

.....
. z 0 ~
 '"""
' ~=
 

'"""
' 

\0
 

\0
 

0
0

 

'J
J. =­ ~ ~ .... '"""

' 
~
 

0 ....,
 

N
 

0 U
l 

.... 0
0

 
~
 

U
l 

.... "'-
' 

\0
 

0
0

 



Ex.1005 / Page 15 of 33
Intel Corp. et al

Ex.1005 / Page 15 of 33
Intel Corp. et al

U.S. Patent 

(X) 

""'" ,-

C\J 
"St" 
,-

c.o 
"St" 
,-

0 
',;t 
,-

~/ 
,-

Nov. 10, 1998 Sheet 14 of 20 

~ X c.o 14-___ _.__ ___ Q :::J C\I 

a: ~ ,­
LL 

/\ 
j \ 

D.. ! I 
::, 

,._ C. 
<I> ::::, 
c 

H 
• ·5 

CL • C 
.2 

,-

t5 • 
<I> \ 
<I> C 

\ i en C ~ 
~ 0 \ 1 

0 "C (/ 
"'Cl 

• ,._ 
(/) 0 • ::::, -0 <.) 

c2 X 0 <I> ..c Cl :::J 
~ <.) "O 0 ,._ 

(/) 0 -~ 
0 
,-

5,835,498 

C C\I 
,-

~ I 
C 

w 
0 x co a: I- :::J C\I 
~ ,- => 

C\I C) 
,- LL 

<.) 
0 
(t) 
,-

.0 
0 
(t) 
,-

co 
0 
(t) 
,-



Ex.1005 / Page 16 of 33
Intel Corp. et al

Ex.1005 / Page 16 of 33
Intel Corp. et al

[1
4

4
 

D9
 

DB
 

D
l 

D
6 

D5
 

D4
 

D
J 

D
2 

20
0 

·2
00

 

FA
 

FA
 

20
2 

FA
 

FA
 

20
2 

HA
 

20
4 

HA
 

14
8 

20
4 

D
e

te
ct

 
ID

LE
 

F
ig

u
re

 
13

 

D1
 

DO
 

XO
R 

FA
 

d • r:J
J. 

• ~
 

~
 .....
. 

~
 =
 

.....
. z 0 ~
 '"""
' ~=
 

'"""
' 

\0
 

\0
 

0
0

 

'J
J. =­ ~ ~ .... '"""

' 
U

l 
0 ....,

 
N

 
0 U

l 
.... 0

0
 

~
 

U
l 

.... "'-
' 

\0
 

0
0

 



Ex.1005 / Page 17 of 33
Intel Corp. et al

Ex.1005 / Page 17 of 33
Intel Corp. et al

21
0 

FA
 

FA
 

FA
 

21
2 

HA
 

21
4 

21
6 

D
e

te
ct

 I
so

ch
ro

n
o

u
s 

[
14

0 
21

0 
D

J 
\ 

D
2 

FA
 

HA
 

21
4 

DO
 

XO
R 

21
0 

FA
 

v
-2

1
2

 

F
ig

u
re

 
14

 

d • r:J
J. 

• ~
 

~
 .....
. 

~
 =
 

.....
. z 0 ~
 '"""
' ~=
 

'"""
' 

\0
 

\0
 

0
0

 

'J
J. =­ ~ ~ .... '"""

' 
O

'I 

0 ....,
 

N
 

0 U
l 

.... 0
0

 
~
 

U
l 

.... "'-
' 

\0
 

0
0

 



Ex.1005 / Page 18 of 33
Intel Corp. et al

Ex.1005 / Page 18 of 33
Intel Corp. et al

tim
e 1 2 3 4 5 6 7 8 

BO
 

D
3 

®
 

D
4 

D
5 

@
 

@
 

@
 

@
 

81
 

D
2 

D
3 

®
 

D
4 

D
5 

@
 

@
 

@
 

8
2

 
8

3
 

M
ux

ou
t 

D
1 

D
O

()
 

D
O

 

D
2 

D
1 

() 
D

1 

D
3 

D
2

()
 

D
2 

®
 

D
3(

) 
D

3 

D
4(

) 
®

 
D

4 

D
5(

) 
D

4 
D

5 

~
 D

5 
@

 

@
 
~
 

@
 

F
ig

u
re

 
15

 

ls
o

o
u

t 

®
 

D
O

-D
5:

 
N

o
rm

a
l 

D
at

a 
S

tr
e

a
m

 

/ 1
: 

Is
oc

hr
on

ou
s 

D
at

a 
(b

ub
bl

e 
in

 
a 

da
ta

 
st

re
a

m
) 

Id
le

: 
ID

LE
 

ch
a

ra
ct

e
r 

() 
: 

M
U

X
 

se
le

ct
io

n 

-
M

U
X

 
se

le
ct

io
n 

ch
an

ge
d 

b
y 

bu
bb

le
 

(p
o

in
te

r 
do

w
n)

 

-
M

U
X

 
se

le
ct

io
n 

ch
an

ge
d 

b
y 

ID
LE

 
(p

o
in

te
r 

up
) 

d • r:J
J. 

• ~
 

~
 .....
. 

~
 =
 

.....
. z 0 ~
 '"""
' ~=
 

'"""
' 

\0
 

\0
 

0
0

 

'J
J. =­ ~ ~ .... '"""

' 
-..

J 
0 ....,

 
N

 
0 U

l 
.... 0

0
 

~
 

U
l 

.... "'-
' 

\0
 

0
0

 



Ex.1005 / Page 19 of 33
Intel Corp. et al

Ex.1005 / Page 19 of 33
Intel Corp. et al

2
4

 \ 
72

 

7
0

 
I S

er
ia

l-T
o-

P
ar

al
le

l 
C

on
ve

rt
er

 

sk 
I 

76
 

--
13

0n
 

I 
12

0 

B
ub

bl
e 

B
uf

fe
r 

84
 

S
tr

ea
m

 
S

el
ec

to
r 

74
 

~
 

I 
,-

8
8

a
 

88
b 

88
c 

D
E

-
M

ul
tip

le
xo

r 

I 

88
n 

86
 

Is
oc

hr
on

ou
s 

S
tr

ea
m

 
r
8

0
a

 
-1

60
 

V
id

eo
 

90
b 

V
id

eo
 L

in
e 

30
a 

D
ec

od
er

 
B

uf
fe

r 
V

id
eo

 D
at

a 

30
a 

V
id

eo
 C

on
tr

ol
 

7
8

b
 

80
b 

S
tr

ea
m

 1
 

30
b 

B
uf

fe
r 

S
ec

on
d 

S
ig

na
l 

7
8

c 
80

c 

S
tr

ea
m

 2
 

9
0

c 
30

c 
B

uf
fe

r 
T

hi
rd

 S
ig

na
l 

• 
• 

• 
• 

• 
• 

• 
• 

• 

78
n 

c
8

0
n

 

I 
S

tr
ea

m
 n

 I 
c
9

0
n

 
I 

I c
3

0
n

 
B

uf
fe

r 
► 

D
ec

od
er

 n
 

► 
N

th
 S

ig
na

l 

F
IG

U
R

E
 1

6 

d • r:J
J. 

• ~
 

~
 .....
. 

~
 =
 

.....
. z 0 ~
 '"""
' ~=
 

'"""
' 

\0
 

\0
 

0
0

 

'J
J. =- ~ ~ .... '"""

' 
0

0
 

0 ....,
 

N
 

0 U
l 

.... 0
0

 
~
 

U
l 

.... "'-
' 

\0
 

0
0

 



Ex.1005 / Page 20 of 33
Intel Corp. et al

Ex.1005 / Page 20 of 33
Intel Corp. et al

C
lo

ck
 

~
 

V
id

eo
 

~
-
-
-
-
-
-
-
.
\
\
-
-
-
-
-
-
-
-
-
-
-
-
,
'
 I 

t 
C

on
tr

ol
 S

ig
na

l 
E

nd
 

o
f 

sy
nc

 
r
-

{S
Y

N
C

) 
Is

oc
hr

on
ou

s 
da

ta
 

in
se

rt
io

n 
..,..

....,
.....

,....
,....

.,...
.,.,"

""''
<l 

f 1
.-,

 
V

id
eo

 
f-1

-J
,_

_ _
_

 _ 
D

at
a 

1 
1 

\ 

/_
_J

 
M

ul
tim

ed
ia

 
1 

1 
1 

, 
1 

, 
, 

D
at

a 
S

tr
ea

m
 

1 
I 

1 
1 

\ 
1 

1 
1 

1 
7 (

 
1 

I 
I 

I 
\ 

I 
I 

I 
I 

I 
I 

I 
I 

I 
\ 

I 

?
:
d

-
~

~
 

S
ta

rt
 o

f 
S

yn
c 

S
er

ia
l 

S
tr

ea
m

 f 
ID

LE
 p

a
tt

e
rn

 V
id

eo
 

da
ta

 
st

a
rt

 
S

tr
ea

m
 

1 
st

a
rt

 

F
ig

u
re

 
17

 

d • r:J
J. 

• ~
 

~
 .....
. 

~
 =
 

.....
. z 0 ~
 '"""
' ~=
 

'"""
' 

\0
 

\0
 

0
0

 

'J
J. =­ ~ ~ .... '"""

' 
\0

 
0 ....,

 
N

 
0 U

l 
.... 0

0
 

~
 

U
l 

.... "'-
' 

\0
 

0
0

 



Ex.1005 / Page 21 of 33
Intel Corp. et al

Ex.1005 / Page 21 of 33
Intel Corp. et al

U.S. Patent 

Input 
Streams 

• 
• 
• 

Nov. 10, 1998 

22 
r-------~--7 
I I 
I I 

I 
I I 
I Embedding I 
I I 

Unit I I 
I I 
I I 
I I - I I 

I I 

Sheet 20 of 20 

r----------7 
24i\- I -

I 
I 
I I 

I Removing I 
I - I Unit • I I 
I I • 
I I • 
I I 
I -

I 

I I CLK _ ___._ ____ ___._ _ ___,__ ____ _.___ 

Output 
Streams 

Input 
Streams 

I 

24 

22 

Embedding 
__,_ __ 

I 
• I 

Removing 
Unit ....... ---.---1 Unit I • 

• I 
• I 

I 

I 
I 
I 
I 

I ..__ ___ ...., I 
L _________ J 

Figure 18A 

22 
r-------~--7 
I I 
I I 

I 
I I 
I Embedding I 
I I • Unit I I • I I 

• I I 
I I 
I I 
I I 

I 
I 
I 
I 

I • 
I • 
I 

I..__ ____ I 
L _________ J 

r----------7 
24i\- I 

I 

I 
I I 

I Removing I 
1- I Unit • I I 
I I • 
I I • 
I I 
I I 

I I 

-

CLK ----------+--------
I I 

5,835,498 

Output 
Streams 

Input 
Streams 

Output 
Streams 

• 
1 

Decoder -1•-.-!---.-
1 

--1 Encoder -1• .... i-- s1::~:s 
L _________ J L _________ J 

Figure 18B 



Ex.1005 / Page 22 of 33
Intel Corp. et al

Ex.1005 / Page 22 of 33
Intel Corp. et al

5,835,498 
1 

SYSTEM AND METHOD FOR SENDING 
MULTIPLE DATA SIGNALS OVER A SERIAL 

LINK 

CROSS-REFERENCES TO RELATED 
APPLICATIONS 

5 

2 
sending data at high speeds over such lines creates addi­
tional problems in the form of electromagnetic interference. 
Thus, the addition of more parallel signal lines cannot satisfy 
the need for additional bandwidth. 

Therefore, there is a continuing need for a simple and 
reliable system and method for transmission of data at a 
high-speeds. This system and method should not require 
extensive hardware and be adaptable to a variety of different 
isochronous signals and data stream combinations that may 

10 need to be sent over a serial line. 

The present application is a continuation-in-part of U.S. 
patent application Ser. Nos. 60/004,907, abandoned, and 
08/723,694, entitled "High-Speed Digital Video Signal 
Transmission System," filed on Oct. 6, 1995 and Sep. 30, 
1996 which is incorporated herein by reference; a 
continuation-in-part of U.S. patent application Ser. No. 
08/539,816 entitled "Transition-Controlled Digital Encod­
ing and Signal Transmission System," filed on Oct. 5, 1995, 
which is incorporated herein by reference; and a 15 

continuation-in-part of U.S. patent application Ser. No. 
08/646,450 entitled "System And Method for High-Speed 
Skew-Insensitive Multi-Channel Data Transmission," filed 

SUMMARY OF THE INVENTION 

The present invention overcomes the deficiencies and 
limitations of the prior art with a serial link system and 
method for sending an isochronous data stream and one or 
more additional data streams over a single serial line. The 
preferred embodiment of the serial link system advanta­
geously eliminates the aforementioned problems with 

on May 7, 1996, which is incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates generally to digital commu­

nications and interface devices in computer systems. In 
particular, the present invention relates to a system and 
method for sending multiple data signals or streams over a 
serial line. Still more particularly, the present invention 
relates to a system and method for sending an isochronous 
data stream and one or more additional data streams over a 
serial link. 

20 
numerous high speed parallel data lines and is able to 
provide high speed data transfer at rates in excess of that 
needed for high resolution displays. The preferred embodi­
ment of the system of the present invention comprises an 
embedding unit and a removing unit coupled by a serial line. 

25 
The embedding unit preferably receives a plurality of data 
streams, encodes the data streams and then merges the 
encoded data into a serial stream that is output across a serial 
line to the removing unit. The removing unit receives a serial 
stream of data, decodes the serial stream, and then separates 

30 
the decoded serial stream into separate streams thereby 
reconstructing the streams input to the embedding unit. 

2. Description of the Background Art 
The use and proliferation of computers is well known. 

Recently, however, the use of computers for multimedia 
applications has drastically increased. Especially in the area 35 

of desktop computing, new multimedia applications (such as 
editing full motion video, still pictures, sound clips as well 
as other programs that combine audio input/output and video 
input/output) are demanding increasing computing power 
and bandwidth from interconnection resources. For 40 

example, a primary area where more bandwidth is needed is 
in the connection of computer systems to display devices. 
The standard resolution for graphics, even in the desktop 
environment, has dramatically increased the density of pix­

The embedding unit preferably comprises an encoder, a 
data buffer, a control code generator, a scheduler, a multi­
plexor and a parallel-to-serial converter. The encoder 
receives a plurality of data streams which it respectively 
encodes. The encoded signals are stored temporarily in the 
buffer if necessary before being sent to the multiplexor. The 
control code generator creates and provides to the multi­
plexor control code signals necessary for decoding and 
separating the multiple streams being merged for transmis­
sion over the serial line. The scheduler is coupled to receive 
the output of the encoder and is coupled to control which of 
the streams applied at the inputs of the multiplexor will be 
output to the parallel-to-serial converter. The parallel-to-

45 serial converter receives parallel bits from the multiplexor 
and the converts them to a serial stream send on the serial 
line. 

els as well as the number of colors and shades of gray. The 
bandwidth requirement for high resolution displays is 
extremely high, so high that typical interconnect systems are 
dedicated to refreshing the display data stream such that the 
entire data channel is available only to carry display video 
and control data. Furthermore, the blanking time required by 50 

certain display types (e.g. CRTs), makes a part of the 
available bandwidth not usable. Thus, there is a need for a 
digital communications interconnect structure that can pro­
vide the desired high speed and bandwidth. 

A common approach to satisfying the increases in the 55 

required data transfer rates has been to increase the number 
of parallel lines used in interconnect structures. However, 
this approach has a number of shortcomings. First, increas­
ing the number of parallel lines requires increased amounts 
of space for the interconnect structures such as connectors in 60 

addition to the increase in materials for signal lines and 
cables. Second, increasing the number of parallel lines 
increases the number of input/output pins for integrated 
circuits which further heightens an existing problem because 
of the computational capacity being added to such integrated 65 

circuits and the corresponding need for more input/output 
pins. Third, increasing the number of parallel lines and 

The removing unit preferably comprises a serial-to­
parallel converter, a stream selector, a de-multiplexor, a data 
buffer and a decoder. The serial-to-parallel converter is 
coupled to the serial line to receive the serialized signal from 
the embedding unit. The serial-to-parallel converter prefer­
ably converts each word sent on the serial line to parallel 
form, and outputs the word to the stream selector and the 
de-multiplexor. The stream selector identifies words that are 
control characters and then controls the de-multiplexor so 
that the data output by the serial-to-parallel converter is 
routed to the corresponding input line of the decoder. The 
decoder receives each word from the de-multiplexor and 
decodes the word to restore it to its original form prior to 
encoding and transmission across the serial line. 

The present invention also includes a method for trans­
mitting a plurality of data streams over a signal line, and a 
method for generating a plurality of data streams from a 
serial sequence. The method for transmitting a plurality of 
data streams over a signal line preferably comprises the 
steps of: receiving a first data stream and a second; encoding 
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the first and second data streams into coded words; trans­
mitting a first control code over the signal line; transmitting 
the encoded words of the first data stream over the signal 
line; transmitting a second control code over the signal line; 
and transmitting the encoded words of the second data 5 
stream over the signal line. The method for generating a 
plurality of data streams from a serial sequence preferably 
comprises the steps of: converting a serial sequence of bits 
into a word; comparing the word to a set of predetermined 
control characters; routing the word to a decoder according 

10 
to the predetermined control character; and decoding the 
word. 

FIGS. 18A and 18B are block diagrams showing exem­
plary bi-directional communication system constructed 
using the present invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

Referring now to FIG. 1, a block diagram of a preferred 
embodiment of a serial link system 20 for sending an 
isochronous digital data stream and one or more additional 
digital data streams over a single serial line is shown. The 
serial link system 20 of the present invention preferably 
comprises an embedding unit 22, a removing unit 24, a 
single serial line 28 and a clock signal line 32. This invention 
basically is a time multiplexed data transfer in a serial digital 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram of a preferred embodiment of 
a system of the present invention for sending and receiving 
multiple data streams over a serial link; 

FIG. 2 is a block diagram of a first embodiment of the 
embedding unit of the system constructed according to the 
present invention; 

FIG. 3 is a block diagram of a second embodiment of the 
embedding unit of the system constructed according to the 
present invention; 

15 interface, for example a display interface. In a conventional 
parallel digital display interface, there are parallel video data 
refresh signals for each color (Red, Green, Blue) and video 
control signals (HSYNC, VSYNC, DE). However, in the 
present invention, multiple content of data streams as well as 

20 all video control signals, such as HSYNC, VSYNC, DE, are 
also sent through display data channels by employing line 
coding. While the preferred embodiment of the present 
invention will be described below in the context of a system 

FIGS. 4A and 4B are a timing diagram showing a clock 
signal, two stream signals input to the embedding unit and 

25 
a serial output of the embedding unit; 

that timeshares a serial data and clock line between four 
digital signals or streams, those skilled in the art will realize 
the present invention may be applied to a system having any 

FIG. 5 is block diagram of an embodiment of a video 
decoder for the second embodiment of the embedding unit 
constructed according to the present invention; 

number of streams from two streams to n streams. 

FIG. 6 is block diagram of a preferred embodiment of a 30 
scheduler for the embedding unit of the present invention; 

FIG. 7 is a block diagram of a first embodiment of the 
removing unit of the system constructed according to the 
present invention; 

The embedding unit 22 preferably has a plurality of inputs 
and a first and second outputs. Each of the plurality of inputs 
is coupled to a respective input signal line 26a, 26b, 26c, 26n 
to receive a primary signal, preferably a video signal, a 
second signal, a third signal and a nth signal. Each of the 
inputs and corresponding input signal lines 26a, 26b, 26c, 
26n is a plurality of signal lines. For example, the primary 

FIG. 8 is a block diagram of a second embodiment of the 
removing unit of the system constructed according to the 
present invention; 

FIG. 9 is block diagram of an embodiment of a stream 
selector for use in the second embodiment of the removing 
unit; 

FIG. lOA is schematic diagram of an embodiment of a 
word aligner of the removing unit of the present invention; 

FIG. lOB is schematic diagram of an embodiment of an 
idle character detector of the word aligner of the present 
invention; 

FIG. 11 is a block diagram of a third embodiment of the 
removing unit of the system of the present invention includ­
ing a bubble buffer; 

FIG. 12 is a block diagram of a preferred embodiment of 
a data selection controller for the bubble buffer of the third 
embodiment of the removing unit; 

FIG. 13 is a block diagram of an exemplary embodiment 
of the idle word detector of the data selection controller 
according to one embodiment of the present invention; 

FIG. 14 is a block diagram of an exemplary embodiment 
of the isochronous word detector of the data selection 
controller according to one embodiment of the present 
invention; 

FIG. 15 is chart showing the operation of the bubble 
buffer of the third embodiment of the removing unit; 

FIG. 16 is a block diagram of a third embodiment of the 
removing unit of the system of the present invention includ­
ing a bubble buffer; 

FIG. 17 is a timing diagram showing a clock signal, two 
stream signals, a control signal and a serial stream wherein 
the video refresh data has been divided into blocks; and 

35 signal line may be a video signal that has 8 signal lines for 
data (8 bits of Red, 8 bits of Green, 8 bits of Blue in 
sequence) and signal lines for a control signals (horizontal 
sync, vertical sync and other control signals); and the second 
signal may be an eight bit data signal requiring eight signal 

40 lines. Those skilled in the art will realize that the primary 
signal, second signal, third signal and nth signal may each 
require different numbers of signal lines and that a variety of 
combinations may be possible. The embedding unit 22 
receives the primary signal, second signal, third signal and 

45 nth signal, and encodes each signal. Then the embedding 
unit 22 combines the encoded signals and inserts separation 
signals or characters for identifying the input signal from 
which the encoded signals were derived. The combination 
results in an encoded serial sequence that is output on the 

50 first output for transmission over the serial line 28. The 
second output of the embedding unit 22 provides a clock 
signal used to synchronize the transmission of the encoded 
sequence. 

The removing unit 24 preferably has an first input, a 
55 second input and a plurality of outputs. The first input of the 

removing unit 24 is coupled to serial line 28 to receive the 
encoded serial sequence from the embedding unit 22. The 
second input of the removing unit 24 is coupled to clock line 
32 to receive the clock signal from the embedding unit 22. 

60 The removing unit 24 separates the encoded serial sequence 
into separate signals, removes the separation characters and 
decodes the separate signals which are each output on a 
respective output of the removing unit 24. Each of the 
outputs of the removing unit 24 is coupled to a signal line 

65 30a, 30b, 30c, 30n to output the reconstructed the primary 
signal, second signal, third signal and nth signal, respec­
tively. Like the input signal lines 26a, 26b, 26c, 26n, each of 
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the output signal lines 30a, 30b, 30c, 30n may be a plurality 
of signal lines. For example, the output signal lines 30a may 
be 25 parallel lines, the other output signal lines might be 
eight parallel lines. The present invention advantageously 
makes the embedding, transmission over the serial line 28 5 
and clock line 32, and decoding appear completely trans­
parent such that the signals applied to lines 26a-n are 
identical in content and relative timing to the signals that 
appear on the output lines 30a-30n. 

Referring now to FIG. 2, a first and preferred embodiment 10 

of the embedding unit 22 is shown. The embedding unit 22 
preferably comprises an encoder 40, a data buffer 42, a 
control code generator 44, a scheduler 46, a multiplexor 48 
and a parallel-to-serial converter 50. For convenience and 
ease of understanding, the clock signal is shown as being 15 

input to scheduler 46 and output by the scheduler 46 on line 
32. Those skilled in the art will realize that the clock signal 
is also applied to the other components of the embedding 
unit 22 in a conventional manner. The embedding unit 22 
mixes various data streams into a single serial data stream. 20 

The present invention will now be discussed in the context 
of mixing various multimedia data streams into the display 
refresh data (primary stream) using the unused bandwidth of 
horizontal and vertical blanking periods. Possible multime­
dia data streams that can be mixed include, but are not 25 

limited to audio 1/0, keyboard and mouse, I2 C bus (serial 
bus for peripheral components), Universal Serial Bus and 
P1394 data. The separation between data streams is done by 
inserting special characters defined in a line coding scheme. 
By exploiting the available bandwidth of current high speed 30 

serial links, the present invention advantageously can send 
the coded stream such that embedding of multiple data 
streams is possible. In general, the embedding unit 22 
receives a plurality of data streams. For each of the data 
streams, n bits of information to be transmitted are encoded 35 

to k bits, where k is larger than n, and then sent serially bit 

6 
an encoding scheme that encodes eight bits of data into a 
corresponding encoded 10-bit word. Thus, each of the 
output signals line 52a, 52b, 52c, ... 52n is 10 parallel lines. 
The first output of the encoder 40 is preferably coupled by 
line 52a to an input of the multiplexor 48. The remaining 
output lines are 52b, 52c, ... 52n are coupled to respective 
inputs of the data buffer 42. The encoder 40 preferably 
encodes the input stream into 10-bit output streams. The 
word output by the encoder 40 are preferably any 10-bit 
words other than those identified in Appendix A as special 
code words used as IDLE characters, isochronous data 
transfer characters, data stream separation characters, and 
link shut down characters. Any number of conventional 
eight to 10 encoding schemes may be used in addition to the 
specific encoding scheme identified below with respect to 
FIG. 5. 

The data buffer 42 has a plurality of inputs and a plurality 
of outputs. Each of the inputs is coupled by a respective 
signal line 52b, 52c, ... 52n to the outputs of the encoder 
40. The encoded primary stream output by the encoder 40 on 
line 52a has priority in being multiplexed and transmitted 
serially, and therefore, is not buffered by the data buffer 42. 
However, the remaining encoded data streams output on 
lines 52b, 52c, ... 52n may not be immediately usable by 
the multiplexor 48 and must be buffered. The data buffer 42 
essentially stores the encoded words for the second through 
nth data streams until they can be inserted into portions of 
the serial channel not used by other streams. The data buffer 
42 is preferably sized such that for each of the streams, it can 
hold n words, where n is the number of streams. This ensures 
that the data buffer can temporarily store data in the event it 
does output data from its corresponding steam to the serial 
link 28 except for every n clock cycles. The outputs of the 
data buffer 42 are coupled by a respective signal lines 55b, 
55c, ... 54n to the corresponding inputs of the encoder 
multiplexor 48. The data buffer 42 is also coupled to the 
scheduler via line 62 to receive control signals, as will be 
described in more detail below. 

The control words used to separate data streams and for 
other control functions are provided by the control code 
generator 44. In the preferred embodiment, the control code 
generator 44 is a series of hard wired word or character 
values the each are coupled to a respective multiplexor 
input. The present invention provides a unique control and 

by bit over the serial line 28. 2k data words can be defined 
using k bits. Since 2n data words represented by n bit parallel 
data streams can be mapped into a subset of the 2k data 
words, 2k-2n data words remain after mapping for use as 40 

special codes. Once the parallel streams have been encoded 
into k-bit words and other control words are created and 
inserted, the encoded words and control words are multiplex 
and serially sent on line 28 one bit at a time. For ease of 
understanding, the present invention will now be described 45 separation scheme in which four categories of special or 

control words are used. An exemplary set of control words 
are provided in Appendix A The first type of control word 
is the IDLE word. The IDLE word is transmitted over the 

in the context of encoding from eight bits to 10 bits, and 
decoding from 10 bits to eight bits although those skilled in 
the art will recognize that the present invention may be used 
for various other coding rates. 

The encoder 40 preferably has a plurality of inputs and a 50 

plurality of outputs. The plurality of inputs are preferably 
grouped in sets. Thus, in FIG. 2, signal lines 26a, 26b, 26c, 
... 26n are each used to designate one or more signal lines 
of a data stream. For example, the first primary stream is 
preferably a video stream including the data and control 55 

signals for display refresh and may for example, be 28 
parallel lines, 24 for data and 4 for control. The remaining 
signal lines 26b, 26c, ... 26n can be used for other types of 
data, and are for example, each eight parallel lines. Those 
skilled in the art will realize that each signal line 26a, 26b, 60 

26c, ... 26n may be a variety of parallel signal lines. For 
each of the input signal lines 26a, 26b, 26c, ... 26n, the 
encoder 40 preferably provides a corresponding output 
signal line 52a, 52b, 52c, ... 52n. Each of the output signals 
line 52a, 52b, 52c, ... 52n provides the encoded output of 65 

the signal applied to the corresponding input of the encoder 
40. In the exemplary embodiment, the present invention uses 

serial link 28 when there is not data from any of the data 
streams to be sent. The purpose of the idle word is to make 
enough transitions during preamble period so that the receiv-
ing circuit can obtain bit synchronization and to make the 
word synchronization easy. The second type of control word 
is the isochronous data transfer word. These control words 
indicate the transfer of time critical data such as timing 
control signals of video or other data. The isochronous 
special word can be sent at any time without interfering with 
the other streams. The third type of control word is a data 
stream separation word, which separates between multiple 
contexts of data streams and indicates the start or end of a 
certain type of data transfer. The fourth type of control word 
is the link shut down word, which is used when the embed­
ding unit 22 shuts down and to let data recipients to know 
the end of data transmission. If the removing unit 24 
receives link shutdown character, it can go into power down 
mode or idle state. Any special character selection which 
satisfies above conditions can be used for this invention. As 
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have been noted above, a preferred implementation for the 
above encoding scheme is an 8 bit/10 bit encoding. 

A selection of special characters for the 8 bit/10 bit 
encoding scheme will now be described in detail. The 
coding scheme advantageously makes the separation 5 

between normal data words and special control words easy, 
and thus leads to a great reduction of circuits. The present 
invention preferably divides special control words from 
normal data words by the number of transitions in a word 
frame. Since there are over a fixed number of transitions 10 

within a word frame, the frame can be classified into a 
special control word using only a simple counter and a 
comparator. Any special control word selection which sat­
isfies the above conditions can be used for this invention. 
Appendix A shows an example selection of special control 15 

words for an 8 bit/10 bit encoding. In a 10 bit word boundary 
there can be as many as 9 data transitions. A word which has 
either more than 6 data transitions or O transitions within the 
word boundary is classified as a special control word. 

8 
words to be sent and after a data stream separation word 
for the primary stream has be sent; 

3) The encoded second stream output from the data buffer 
42 on line 54b has the next highest priority and is 
selected for output by the multiplexor 48 if there are no 
isochronous data transfer words or encoded primary 
stream data words to be sent and after a data stream 
separation word for the second stream has be sent; ... 

4) The encoded nth stream output from the data buffer 42 
on line 54n has the next highest priority and is selected 
for output by the multiplexor 48 if there are no isoch­
ronous data transfer words, encoded primary stream 
data words ... or n-1 stream data words to be sent and 
after a data stream separation word for the nth data 
stream has be sent; and 

5) If there are no data words or isochronous data transfer 
words to be sent, the scheduler 46 sends controls the 
multiplexor 48 such that an IDLE word is transmitted. 

The multiplexor 48 preferably has a plurality of inputs 

The IDLE word preferably has the following character­
istics. First, it has enough transitions for the removing unit 
24 to obtain bit synchronization. Second, it is shift invariant 
for word synchronization. Third, it has an equal number of 
logical one bits and logical zero bits on average. Such 
balanced patterns are desirable, for example, when the signal 
path in the serial link 28 must include transformers for 
prevention of ground loops and common mode signal propa­
gation. The 4 words shown in Appendix A, which have 8 
data transitions within a 10 bit frame and are DC free and 
shift-invariant for each other, are defined as IDLE words. 
Anyone of the 4 words can be used. The inverted versions 

20 and a plurality of outputs. The multiplexor 48 preferably is 
n 10-to-l multiplexors. The multiplexor 48 receives a plu­
rality of signals from the control code generator 44, the 
encoder 40 and the data buffer 42. Each of the signals is 
preferably 10 parallel bits. The multiplexor 48 provides one 

of the IDLE words can also be used. Word synchronization 
can be obtained easily by using these Words. If there are 
more than 15 data transitions within 2 frames, the receiver 
will obtain word synchronization. 

Words with 6 data transitions are used as isochronous data 
transfer words and the data stream separation characters. 
Words starting with '0' and having 6 data transitions are used 
for isochronous data transfer. Words starting with '1' and 
having 6 data transitions are used for data stream separation 
information. 

Words without a transition within its word boundary is 
used as link shut down characters. 

25 of the sets of 10 parallel bits at its output which is coupled 
by line 56 to the input of the parallel-to-serial converter 50. 
For each word received by the parallel-to-serial converter 
50, it outputs the 10-bit words serially bit by bit over line 28. 

Referring now to FIG. 3, a specific embodiment of the 
30 embedding unit 22 is shown in more detail. For ease of 

understanding and convenience, like parts have been labeled 
with like reference numerals. The specific embodiment 
shown in FIG. 3, is intended for use where the primary data 
stream includes video data, video control signals, and iso-

35 chronous data stream; and the other data streams 1 to n are 
for additional multiplexed data that does not include isoch­
ronous information. The embodiment of the present inven­
tion shown in FIG. 3 is similar to the embodiment shown in 
FIG. 2, except that the encoder 40, data buffer 42 and control 

40 code generator 44 are replaced by a plurality of encoders 
40a, 40b,40c ... 40n, 40u, 40v, a plurality of stream buffers 
42b, 42c ... 42n, and a plurality of control code generators 
44a, 44b,44c ... 44n, 44x, 44y, 44z, respectively. 

Words which have from 1 to 5 bata transitions are used as 45 

Still more particularly, a video data coder 40a is provided 
for encoding the video data signals to a 10-bit parallel 
output. Those skilled in the art will realize the video data 
coder 40a may be a plurality of 8-to-10 bit coders depending 
on the number of bits used to represent the video data. For 
example, the video data coder 40a may be three 8-to-10 bit 

normal data characters. 

50 coders if 24 bits of RGB data are used with 8 bits for a red 

As shown in FIG. 2, the scheduler 46 is responsible for 
controlling the data buffer 42 and the multiplexor 48. The 
scheduler 46 preferably has a plurality of inputs coupled via 
lines 52a, 54b, 54c ... 54n to receive the encoded words 
from the encoder 40 and the data buffer 42. The scheduler 46 
has a first and a second output coupled vial lines 62 and 58, 
respectively to the data buffer 62 and the multiplexor 48. The 
scheduler 46 also has two additional inputs; a first input 
coupled to receive a clock signal, and a second input coupled 55 
via line 66 to receive control signals specifying whether to 
start up or shut down the serial link 28. The scheduler 46 
controls which encoded signals are sent from the multi­
plexor 48 to the parallel-to-serial converter 50. The sched­
uler 46 preferably controls the signals output by the multi- 60 
plexor 48 according to the following rules. 

1) The isochronous data transfer words are input into the 
data stream output by the multiplexor 48 when receive 
and have the highest priority; 

2) The encoded primary stream output on line 52a has the 65 

next highest priority and is selected for output by the 
multiplexor 48 if there are no isochronous data transfer 

channel, 8 bits for a green channel, 8 bits for a blue channel, 
or two 8-to-10 bit coders for 16 bits of YUV data. An 
exemplary video coder 40a constructed according to the 
present invention is shown in FIG. 5. Coders 40u, and 40v 
are also provided for the video control data, and the isoch­
ronous data stream. Similarly, for stream 1 to n each stream 
has a dedicated coder 40b to 40n, respectively, to encode 
each particular data stream. The coders 40b to 40n, 40u, 40v 
are preferably identical, and each maps the eight bit values 
applied on the inputs of the coders 40b to 40n to a corre­
sponding 10-bit word according to a predefined coding 
scheme. An exemplary encoding scheme that can be used for 
coders 40b to 40n is detailed on pages 18-25 and FIG. 7 of 
U.S. patent application Ser. Nos. 60/004,907 and 08/732, 
694, entitled "High-Speed Digital Video Signal Transmis­
sion System," filed on Oct. 6, 1995 and Sep. 30, 1996, which 
is incorporated herein by reference. 
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Rising and falling edges of each video control signals have 
different special characters. Data stream 1 is inserted during 
the horizontal blanking period and a start control word 
identifying the data stream 1 is used at the head of the data 

The output of video data coder 40a, video control coder 
40u, isochronous coder 40v, are coupled by lines 52a, 52u, 
52v, respectively to corresponding inputs of the multiplexor 
48. Each of the coders 40a, 40u, 40v, also provides an output 
coupled via line 64 to the scheduler 46 to provide a waiting 
signal specifying whether there is data available at the 
output of the corresponding coder 40a, 40u, 40v, that can be 
sent on the serial link 28. 

5 stream 1. Each multimedia data stream has its own special 
start control word for identification. For example, stream 1 
has a different data start word than that used for video start 
word. If every stream buffer is emptied and no video signal 

The output of coder 1 40b is coupled by line 52b to the 
input of stream 1 buffer 42b. The output of stream 1 buffer 10 

42b is in turn coupled by line 54b to the an input of the 
multiplexor 48. The remaining coders 40c to 40n are simi­
larly coupled through respective buffers 42c to 42n to 
respective inputs the multiplexor 48. Each stream buffer 
42b, 42c, 42n is preferably a FIFO buffer capable of storing 15 

n encoded words, where n is the number of data streams 
multiplexed. The stream buffers 42b, 42c, 42n are preferably 
coupled to the scheduler 46 by line 62 to receive a control 
signal specifying when the stream buffers 42b, 42c, 42n 
should be clocked. Each of the stream buffers 42b, 42c, 42n 20 

also provides an output coupled via line 64 to the scheduler 
46 to provide a waiting signal specifying whether there is 
data available at the output of the corresponding stream 
buffer 42b, 42c, 42n that can be sent on the serial link 28. 

The embodiment shown in FIG. 3 includes a plurality of 25 

control code generators 44a, 44b, 44c ... 44n, 44x, 44y, 44z. 
The first control code generator 44x is coupled to an input of 
the multiplexor 48 via line 60a to provide the IDLE word. 
Additional control code generators 44y and 44z are provided 
for supplying the shut down link code and start up link code 30 

to the multiplexor via lines 60y, 60z, respectively. The 
remaining control code generators 44a, 44b, 44c ... 44n 
provides respective data stream separation words, one for 
each stream. Each of the control code generators 44a, 44b, 
44c ... 44n, 44x, 44y, 44z is preferably hard wired to provide 35 

the 10-bit words that are used for the IDLE word, start-up 
link word, shut-down link word, video start word, stream 1 
start word, etc. in accordance with the encoding scheme. The 
isochronous transfer words are generated directly by the 
video coder 40a. Those skilled in the art will realize that in 40 

an alternate embodiment, a data input of the multiplexor 48 
could be coupled to a data output of the scheduler 46, and 
that in such an alternate embodiment the scheduler 46 would 
generated and provide these codes words as necessary. 

The operation of the present invention can best be under- 45 

stood with reference to FIGS. 4A and 4B. FIG. 4A is a 

enters, the scheduler sends an IDLE word for bit synchro­
nization and word synchronization. FIG. 4B shows a timing 
diagram of an isochronous data transmission using this 
invention. If we need to send isochronous or time critical 
data during the transmission of other data, we can insert an 
isochronous data transfer word in the middle of the data 
transmission. In particular, as shown in FIG. 4B, the trans­
mission of the data for stream 1 in interrupted and a 
isochronous data transfer word is sent, after which the data 
for stream 1 continues to be sent until there is no more 
stream 1 data to be sent. Thus, the present invention enables 
time critical data such as video control signals to be sent 
such that correct timing will be preserved when the signal is 
received. The removing unit 24 is able to receive normal 
data stream without a break in the presence of a special 
isochronous data transfer words and also separate isochro­
nous timing information at a correct time. 

Referring now to FIG. 6, a preferred embodiment for the 
scheduler 46 will be described. The scheduler 46 is respon­
sible for controlling the order in which encoded words are 
sent to the parallel-to-serial converter 50. The scheduler 46 
preferably has a plurality of control inputs coupled to 
receive a waiting signal from each of the coders 40a, 40u, 
40v, and the stream buffers 54b, 54c, 54n, and coupled to 
receive signals indicating whether the link is operational or 
not. The scheduler 46 also has a plurality of outputs for 
controlling the multiplexor 48 or each of the stream buffers 
54b, 54c, 54n. The scheduler 46 may be implemented as 
combinational logic, a state machine, or a programmed 
processor such as in an application specific integrated 
circuit, but is best understood from one embodiment of its 
operation as shown by the flowchart of FIG. 6. As shown in 
FIG. 6, the scheduler 46 first tests whether the power down 
signal is asserted in step 600. If the power down signal is 
asserted, the serial link 28 is to be shut down and the 
scheduler 46 send control signal to the multiplexor 48 to 
output the power down code. Then the scheduler 46 pro­
ceeds to step 604. If the power down signal is not asserted, 
the scheduler 46 proceeds directly to step 604. In step 604, 
the scheduler 46 determines whether there is video data 
waiting to be send on the link 28. This can be done by 

timing diagram showing the clock signal, the video control 
and data signals that form the primary stream, data signals 
that for a second stream, and the serial stream produced by 
the embedding unit 22 and output on line 28. One of the 
main purposes of the present invention is to make the 
embedding mechanism look transparent to the video signals 
and isochronous data streams. The timing of video data 
signals and control signals at the receiving side do not 
change due to the embedded signals. The timing diagrams of 
FIGS. 4A and 4B correspond to the embodiment of the 
embedding unit shown in FIG. 3, where the video stream has 
the highest priority, and thus, is sent without being disturbed 
by other streams. The present invention advantageously 
encodes the horizontal and vertical sync signal into a pair of 
beginning and ending isochronous transfer words thereby 
making much of the vertical and horizontal sync period s 
available multiplexing with other stream data. As shown in 
FIG. 4A, video control signals are sent by only sending only 
isochronous transfer words at the rising and falling edges of 
the sync signal so the period when the video control signal 
doesn't change its value can be used to send other data. 

50 monitoring the waiting output of coder 40a. If there is video 
data waiting to be sent, the scheduler 46 continues in step 
606 by outputting a control signal to the multiplexor 48 to 
send the start video data code, and then in step 608 by 
outputting a control signal to the multiplexor 48 to send the 

55 video data. After step 608, the scheduler 46 returns to step 
600. If there is not video data waiting to be sent, the 
scheduler 46 proceeds to step 610 where i is set to 1 and the 
scheduler 46 outputs a control signal to send the IDLE code 
for a predetermined number, k, of clock cycles. Then in step 

60 612, the scheduler 46 determines whether there are any 
isochronous signal to be send such from the video control 
coder 40u or the isochronous word coder 40v and outputs a 
control signal to send the isochronous control words. 

Next in step 614, the scheduler 46 determines whether the 
65 ith stream has any data ready to be sent over the link 28. If 

not, the scheduler 46 continues in step 624. If the ith stream 
has data ready to be sent over the link 28, then the scheduler 
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46 outputs control signals to the multiplexor 48 to send the 
start ith start word in step 616. Then in step 618, the 
scheduler 46 determines whether there are any isochronous 
signal to be send such from the video control coder 40u or 
the isochronous word coder 40v and outputs a control signal 5 

to send the isochronous control words. This ensures that if 

12 
uses the idle characters in the data stream for bit and word 
synchronization. The word aligner 73 has a plurality of 
inputs and a plurality of outputs for receiving the encoded 
data in parallel and outputting the encoded data word 
aligned in parallel. The word size in the exemplary embodi­
ment is preferably 10 bits. The plurality of inputs are 
coupled to line 83 and the plurality of outputs are coupled to 
line 84. The coupling of the word aligner 73 immediately 
after the serial-to-parallel converter 72 is particularly advan-

there are any isochronous signals to be sent over the link 28 
they will be injected into the data stream immediately to 
preserve their timing. Then in step 620, the scheduler 46 
outputs the control signals to the multiplexor 48 to send a 
data word of the ith data stream. Next in step 622, the 
scheduler 46 tests whether there are more characters ith data 
stream that are stored in the corresponding buffer that need 

10 tageous because special character separation can be done 
simply by counting the number of transitions within the 
10-bit boundary. An example of a word aligner will be 
described in more detail below with reference to FIGS. lOA 
and lOB. to sent. If so, the method loops back to step 618. If not the 

scheduler 46 continues in step 624, by testing whether this 15 

is the last data stream by comparing the value of i to the 
value of n, the number of data streams. If i is not equal to n, 
the scheduler 46 increments the value of i in step 626 and 
thereafter continues in step 614. If i is equal to n, the 
scheduler 46 outputs control signals to output the IDLE code 20 

in step 628, and then determines whether there are any 
isochronous signal to be send such from the video control 
coder 40u or the isochronous word coder 40v and outputs a 
control signal to send the isochronous control words in step 
630. After step 630, the scheduler 46 returns to step 600. 

The parallel, word-aligned bits on line 84 are provided as 
inputs to the de-multiplexor 74 and the stream selector 76. 
The de-multiplexor 74 preferably has a plurality of data 
inputs, a plurality of data outputs, and a control input. The 
inputs of the de-multiplexor 74 are coupled to receive an 
encoded word from the serial-to-parallel converter 72. The 
plurality of outputs are grouped into sets, each set having a 
number of outputs equal to the number of inputs to the 
de-multiplexor 74. Thus, each set of outputs defines a 
channel to which the word received at the inputs of the 

Turning now to FIG. 7, a first embodiment of the remov­
ing unit 24 is shown. The removing unit 24 preferably 
comprises a driver 70, a serial-to-parallel converter 72, a 
word aligner 73, a stream selector 76, a de-multiplexor 74, 

25 de-multiplexor 74 can be routed. Each of the sets of outputs 
of the de-multiplexor 74 is coupled to a respective signal line 
88a, 88b, 88c, ... 88n. In the exemplary embodiment, there 
are 10 inputs, and n set of 10 outputs. The de-multiplexor 74 

a data buffer 78 and a decoder 80. The removing unit 24 30 

separates the serial data from the link 28 into a plurality of 
data streams. At the removing unit 24 side, the serial bit 
stream is converted to k-bit parallel data words and word 
aligned. The k-bit parallel words are then routed to the 
appropriate channel for decoding and then use in a conven- 35 

tional manner. The system 20 of the present invention 
appears transparent such that the signals provided by the 
decoder 80 on lines 30a to 30n are identical in data content 
and respective timing as the corresponding signals input on 
lines 26a to 26n. FIG. 7 also illustrates the use of the clock 40 

signal received on line 32. The clock signal is preferably 
provided to each of the components 72, 74, 76, 78 80 in a 
conventional manner for use in processing the serial bit 
stream received on line 28. 

is controlled, or the channel to which the word on the input 
of the de-multiplexor 74 will be routed is selected, by a 
signal received via line 86 from the stream selector 76. 

The stream selector 76 is also coupled to line 84 to receive 
the encoded word from the serial-to-parallel converter 72. 
The stream selector 76 detects special words and directs the 
words to the appropriate channels by controlling the 
de-multiplexor 74. For example, the stream selector 76 
compares the word on line 84 to stream separation words, 
and then couples line 84 with the appropriate stream channel 
represented by signal lines 88a, 88b, 88c, ... 88n. Since 
each stream has a unique separation word indicating the start 
of a data stream, the de-multiplexor 74 can be switched 
accordingly upon detection of the separation words. The 
stream selector 76 preferably does this by selecting an 
output stream channel whenever a start control word of a 

The input of the removing unit 24 is provided by the input 
to a buffer or line driver 70. The output of the buffer 70 
provides the serial data stream to the serial-to-parallel con­
verter 72 via line 82. 

45 stream or a isochronous data character of the video stream 
is provided on line 84. If normal data words or the IDLE 
word are detected by the stream selector 76, there is no 
selection changes and the selected stream for outputting the 
words remains unchanged. One exemplary embodiment for The serial-to-parallel converter 72 has a data input and a 

plurality of data outputs. The serial-to-parallel converter 72 
converts the serial stream into a k-bit parallel data word. For 
example, the serial-to-parallel converter 72 converts the 
serial stream into a 10-bit word. The serial-to-parallel con­
verter 72 also performs word alignment. For converting the 
serial stream to 10-bit words, an exemplary embodiment of 55 

such a serial-to-parallel converter 72 is shown in FIG. 5 and 
the corresponding description of U.S. patent application Ser. 
Nos. 60/004,907 and 08/723,694, entitled "High-Speed 
Digital Video Signal Transmission System," filed on Oct. 6, 
1995 and Sep. 30, 1996, which is incorporated herein by 60 

reference. The serial-to-parallel converter 72 may alterna­
tively be constructed of a serial-in, parallel out shift register 
and a buffer register. The data input of the serial-to-parallel 
converter 72 is coupled line 82 to receive the serial data 
stream, and provides its parallel outputs on via line 83. 

The output of the serial-to-parallel converter 72 is pro­
vided as an input to a word aligner 73. The word aligner 73 

50 the stream selector 76 will be described in more detail below 
with reference to FIG. 9. The stream selector 76 also has an 
output coupled to line 92 to provide control signals when a 
link shut down or start up word is received such that other 
components on the removing unit side can be notified of 
periods when the link 28 is operation for low power opera­
tion and other purposes. 

The de-multiplexor 74 outputs the various data streams on 
signal lines 88a, 88b, 88c, ... 88n. The first stream signal 
line 88a is coupled to an input of decoder 80. The remaining 
data streams are coupled to respective inputs of a data buffer 
78. The outputs of the data buffer 78 are in turn coupled to 
respective inputs of the decoder 80. The buffer 70 is pref­
erably used for re-timing the data stream signals where such 
a function is not performed by the scheduler 46. In other 

65 words, the data for a stream is stored in the buffer until a 
block of data for the stream is present and can then be sent 
to decoder 80 as a group. In an alternate embodiment, the 
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buffer 70 may be eliminated with the outputs of the 
de-multiplexor 74 coupled to respective inputs of the 
decoder 80. 

Finally, the encoded parallel streams are applied to the 
inputs of the decoder 80 via lines 88a, 90b, 90c ... 90n. 
Each of the signal lines represents k-bits in parallel of an 
encoded word. The decoder 80 effectively decodes or trans­
lates each signal line into a respective n-bit word. For 
example, the decoder removes any encoding provided by the 
embedding unit 24 by converting the 10-bit words into their 
original 8-bit word form. The signals are each output on a 
respective signal line 30a, 30b, 30c ... 30n. 

Referring now to FIG. 8, a second, more specific embodi­
ment of the removing unit 24 is shown in detail. For ease of 
understanding and convenience, like parts have been labeled 
with like reference numerals. The specific embodiment 
shown in FIG. 8, is intended for use where the primary data 
stream includes video data and control signals, and the other 
data streams 1 to n are for additional multiplexed data that 
does not include isochronous information. The embodiment 
of the present invention shown in FIG. 8 is similar to the 
embodiment shown in FIG. 7, except that the data buffer 78 
and decoder 80 are replaced by a plurality of stream buffers 
78b, 78c ... 78n and a plurality of decoders 80a, 80b, 80c 
... 80n, respectively. 

The second through nth outputs of the de-multiplexor 74 
are coupled via lines 88b, 88c, 88n to respective stream 
buffers 78b, 78c, 78n. The output of stream 1 buffer 78b is 

14 
remaining comparators 1 to n 102a, ... 102n are similarly 
coupled to receive a respective start control word in the first 
input and the word from the serial link 28 on line 84. The 
output signaling a match by comparator A 102z is provided 

5 on line 110a to a first input of the OR-gate 112. The output 
signaling a match by comparator 1 102a is provided on line 
110b to a second input of the OR-gate 112. The output of the 
OR-gate 112 is in turn coupled to a first input of the binary 
encoder 104. Thus, if either a video control word or a video 

10 start word is received on line 84, then the binary encoder 104 
will provide a signal to the de-multiplexor 74 via line 86 to 
output the stream on line 88a. The outputs of the other 
comparators 102b, . . . 102n are similarly coupled to 
respective inputs of the binary encoder 104 for translation 

15 into a signal applied on line 86 that will switch the 
de-multiplexor 74 output to the appropriate stream signal 
line 88b, ... 88n. 

Referring now to FIGS. lOA and lOB, a preferred 
embodiment for the word aligner 73 will be described. The 

20 word aligner 73 will now be described with reference to a 
word aligner 73 for the exemplary embodiment in which the 
words are 10 bits in size. Those skilled in the are will 
recognize how to construct word aligners where the words 
have other sizes. The encoding scheme used by the present 

25 invention advantageously separates special characters from 
normal characters based on the number of transitions within 
a word boundary. Idle characters have eight transitions 
within a 10 bit boundary while isochronous data transfer 

in turn coupled by line 90b to the input of the first decoder 
80b. The remaining streams are similarly coupled through 30 

respective buffers 78c to 78n to inputs of respective decoders 
80c to 80n. Each stream buffer 78b, 78c, 78n is preferably 

words and data stream separation words have six transitions 
within a 10 bit boundary; the isochronous data transfer 
words beginning with a 0, and the data stream separation 
words beginning with a 1. The IDLE words are noted below 
in Appendix A An idle pattern is a continuous sequence of 
one of the idle words and its inverse. An exemplary idle 

a FIFO buffer capable of storing n encoded 10-bit words, 
where n is the number of streams that are being 
de-multiplexed. 35 pattern is: 01101010101001010101011010101010010101 

0101101010101001010101 The word aligner 73 detects the 
idle pattern by looking at a 21 bit data window and counting 
the number of transitions within the 21 bit data window. If 

Still more particularly, the video decoder 80a is provided 
for decoding the video data and control signals to a 8-bit 
parallel data output signal and parallel control signals. 
Similarly, for stream 1 to n each stream has a dedicated 
decoder 80b to 80n, respectively, to decode each particular 40 

data stream. The decoders 80a to 80n are preferably 
identical, and each maps the 10-bit values applied on the 
inputs of the decoders 80a to 80n to a corresponding 8-bit 
word by applying the inverse of the predefined coding 
scheme. An exemplary decoding scheme that can be used for 45 

the decoders 80a to 80n is detailed on pages 25-28 and 
FIGS. 8 and 9 of U.S. patent Application Ser. No. 60/004, 
907, entitled "High-Speed Digital Video Signal Transmis­
sion System," filed on Oct. 6, 1995, which is incorporated 
herein by reference. 

there are 18 transitions for two successive periods within the 
21 bit data window, the IDLE pattern is detected and word 
alignment is performed. It is guaranteed that there cannot be 
18 transitions for two successive periods within 21 bit data 
window for any combination of other special characters or 
normal data. 

As shown in FIG. lOA, the word aligner 73 preferably 
comprises a first register 170, a second register 172, a third 
register 174, an idle character detector 176 and a shifter 178. 
The first register 170 preferably has 10 inputs and 10 
outputs. The inputs of the first register 174 are coupled to 

50 line 83 to receive the converted parallel word. The outputs 
of the first register 174 are coupled to the inputs D[9:0] of 
the shifter 178, inputs of the IDLE character detector 176 
and the input of the second register 172. The second register 
172, like the first register 174, preferably has 10 inputs and 

Referring now to FIG. 9, an embodiment for the stream 
selector 76 is shown in detail. This embodiment of the 
stream selector 76 is designed for a system in which the 
primary stream is video control and data, and the remaining 
streams are data without any isochronous data transfer 
words. The stream selector 76 of FIG. 9 preferably includes 
a plurality of comparators 102a ... 102n, 102z, an OR-gate 
112 and a binary encoder 104. The stream selector 76 may 
also include a plurality of registers or hard-wired couplings 
101a . . . 101n, lOlz, such that each outputs a different 
isochronous data transfer word or a data stream separation 
word. Comparator A 102z has a first input, a second input 
and an output and compares the signals applied at its input 
for a match. The first input of comparator A 102z is coupled 
via line 106z to the output of the register lO0z storing the 
video control word(s). The second input of Comparator A 
102z is coupled to receive the encoded word via line 84. The 

55 10 outputs. The outputs of the second register 172 are 
coupled to the inputs D[19:10] of the shifter 178, and inputs 
of the IDLE character detector 176. The least significant bit 
output, D[lO], of the second register 172, is also coupled to 
an input of the third register 170. The third register 170 

60 preferably has an input and output, with the output coupled 
to the MSB input D[20] of the shifter 178, and an input of 
the IDLE character detector 176. The first, second and third 
registers 174, 172, 170 each have a clock input coupled to 
receive the system clock. Thus, over three successive clock 

65 cycles the 21 bit window output by the first, second and third 
registers 174, 172, 170 is provided to both the idle character 
detector 176 and the shifter 178. The shifter 178 receives the 
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21 bits from the registers 174, 172, 170 and outputs 10 
adjacent bits in response to the control signal applied to its 
inputs. The output of the shifter 178 is coupled to provide the 
10 word-aligned bits on line 84. 

The idle character detector 176 has inputs and outputs, 5 

and the outputs are coupled to the control inputs of the 
shifter 178. As shown in more detail in FIG. lOB, the idle 
character detector 176 preferably comprises a plurality of 
exclusive-OR gates 180, a counter 182, a first AND gate 
184, a D-flip-flop 186, a second AND gate 188, a shift- 10 

control pointer 190 and a MSB detector 190. There are 
preferably twenty exclusive-OR gates 180. Each of the 
exclusive-OR gates 180 has its two inputs coupled to receive 
adjacent bits. For example, a first exclusive-OR gate 180 is 
coupled to receive bits DO and Dl, and the next exclusive- 15 

OR gate 180 is coupled to receive bits Dl and D2, and so on. 
Each of the outputs of the plurality of exclusive-OR gates 
180 are coupled to a respective input of the counter 182. The 
counter 182 preferably counts the number of ones receive on 
its inputs, thereby, counting the number of transitions in the 20 

21 bit window. The counter 182 also encodes the number of 
ones into a 5 bit binary number. Thus, the counter 182 has 
five outputs. The second and fifth outputs of the counter 182 
(CNT 4, representing the MSB=16 and CNT 1 representing 
the next to LSB=2) are coupled to respective inputs of AND 25 

gate 184. Thus, AND gate 184 signals a condition when 
there are eighteen transitions on the 21 bit window. The 
output of AND-gate 184 is input to AND-gate 188 directly 
and through the flip-flop 186. The output of AND-gate 188 

16 
The "bubble buffer" structure 120 of the third embodi­

ment of the removing unit 24 provides a plurality of buffers 
124a to 124n. The number of buffers 124a to 124n is 
preferably at least as many the number of different data 
streams that are capable of being multiplexed into the serial 
stream by the embedding unit 22. The first buffer 124a has 
an input and an output. The input of the first buffer 124a is 
coupled to line 130a to receive the output of the word aligner 
73. The output of the first buffer 124a is coupled by line 
130b to the input of the second buffer 124b. The remaining 
buffers 124b to 124n are similarly coupled in a cascaded 
manner to form an n-stage buffer. The final buffer 124n has 
its output coupled to an input of the multiplexor 126, and to 
the input of the isochronous word decoder via line 130n. The 
output of each buffer 124a, 124, 124n is preferably coupled 
to a respective input of the multiplexor 126 via a respective 
output line 130b, 130c, 130n. Thus, the multiplexor 126 is 
able to provide any of the n words stored in the bubble buffer 
120 to the input of de-multiplexor 74 using line 84, and then 
on to the appropriate channel through the de-multiplexor 74. 
The outputs of the serial-to-parallel converter 72 and the first 
n-1 buffers are also coupled to respective inputs of the data 
selection controller 122 by lines 130a, 130b and 130c, 
respectively. 

As has been noted above, the final buffer 124n has its 
output coupled to the input of the isochronous word decoder 
128 via line 130n. This allows any isochronous words to be 
decoded while preserving timing within the signal. The 
isochronous word decoder 128 preferably decodes the iso-

is used to control the loading the shift-control pointer 
register 190, and the shift-control pointer register 190 will be 
loaded only if there are eighteen transitions on the 21 bit 
window in two successive cycles. The input of the shift­
control pointer register 190 is coupled to the output of the 
MSB detector 192. The MSB detector 192 is coupled to 
receive bits D[20:10] from the second and third registers 
172, 170, and outputs a value indicating the position of the 
MSB of the idle word. For example, for the above exemplary 
idle pattern, the MSB detector 192 will find the position of 
either the sequence 011 or 100 as the MSB position, and will 
output a value of the MSB for the word correctly aligned, 
which in turn will be loaded into the shift-control pointer 
register 190 to control the shifter 178 via line 194. 

30 chronous words and outputs the corresponding timing con­
trol signals on line 135. For example, the isochronous word 
decoder 128 may be a decoder like the others described 
above as well as additional generation logic as will be 
understood to those skilled in the art to provide the control 

Turning now to FIG. 11, a third embodiment of the 
removing unit 24 is For ease of understanding and 
convenience, FIG. 11 only shows the portions of the third 
embodiment that differ from the other embodiments. In 
particular, the decoders have not been included in FIG. 11, 
to focus on the differences between this embodiment and 

35 signals in the format and on lines as desired. For example, 
if the only isochronous signals were the horizontal sync 
signal, the vertical sync signal and the DE control signal 
used with video, the additional generation logic would 
provide a separate signal line for each control signal and 

40 asserted and de-assert the signals in response to the receipt 
of isochronous data transfer words indicating when to assert 
such control signals. 

The data selection controller 122 controls the operation of 
the bubble buffer 120 and receives data signals from the 

45 serial-to-parallel converter 72 and the buffers 124a, 124b on 
lines 130a, 130b, 130c. The data selection controller 122 
also has an input coupled to the output of the multiplexor 
126 via line 134. The data selection controller 122 specifies 

previous embodiments. Again, For like parts, which have 50 

similar or identical functionality, have been labeled with like 
reference numerals used in the other embodiments. The third 
embodiment of the removing unit 24 is particularly advan­
tageous because it includes a "bubble buffer" structure 120 

which the buffer outputs will be input to the de-multiplexor 
74. The data selection controller 122 has an output coupled 
by line 132 to the control the multiplexor 126. The data 
selection controller 122 basically maintains a pointer to the 
buffer 124a, 124b, 124n whose output is being output by the 
multiplexor 126. The data selection controller 122 monitors 

to separate normal data without a break from special isoch­
ronous data transfer words. The third embodiment of the 
removing unit 24 further comprises a data selection control-

55 the (n-l)th buffer 124b for an isochronous data transfer 
word. If no isochronous data transfer word is detected, the 
data is transferred through buffer n and on to the 
de-multiplexor 74. If an isochronous data transfer word is 
detected, then after the next clock: 1) the isochronous data 

ler 122, a plurality of buffers 124a, 124b, . . . 124n, a 
multiplexor 126 and an isochronous word decoder 128 that 
form the bubble buffer structure 120, in addition to the driver 
70, the serial-to-parallel converter 72, the word aligner 73, 
the de-multiplexor 74 and the decoder 80 that have already 
been described above with respect to other embodiments. 
The data selection controller 122, a plurality of buffers 124a, 
124b, ... 124n, a multiplexor 126 and an isochronous word 65 

decoder 128 are preferably coupled between the serial-to­
parallel converter 72 and the de-multiplexor 74. 

60 transfer word will be stored in the nth buffer and provided 
to the isochronous word detector 128, and 2) the multiplexor 
126 will be switched to provide the output of the next buffer 
to the left that does not store an isochronous data transfer 
word at the output of the multiplexor 126. 

Referring now to FIG. 12, the data selection controller 
122 is shown in more detail. The data selection controller 
122 preferably comprises an isochronous word detector 140, 
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AND gate are coupled as shown in FIG. 14, and are used to 
count the number of transitions in the word input to the 
isochronous word detector 140, and to detect a leading 0. 
The encoding scheme requires that all isochronous transfer 

a selection pointer 142, an idle word detector 144 and a 
multiplexor 150. The selection pointer 142 has an up control 
input, a down control input, and an output. The selection 
pointer 142 determines which signal will be output by 
multiplexor 126 because its output is coupled via line 132 to 
the control inputs of multiplexor 126. The output of the 
selection pointer 142 is also coupled to the control input of 
multiplexor 150 to control the signal applied to the isoch­
ronous word detector 140. The selection pointer 142 can be 
any kind of pointer which provides control signals for an 
N-to-1 multiplexor and a up/down control for the pointer. In 
FIG. 12, the pointer is a N-bit unary pointer. Only one bit out 

5 words have a 0 in the MSB position and have six transitions. 
Thus, the array of exclusive-OR gates 210 and staggered 
coupling of adders 212 and half adders 214 are used to 
determine whether there are six transitions in the word 
applied to the input of the isochronous word detector 140. 

of N bits can have logic value 1. If an up signal is applied, 
the position of logic 1 bit moves to right. If a down signal 
is applied, it moves to left. 

10 The AND gate 216 adds the additional condition that the 
MSB of the word be 0 in order for the output of the AND 
gate 216 to be asserted and signal the detection of an 
isochronous transfer word. The output of the AND gate 216 
is coupled to line 146 to signal a decrease in the position of 

15 the selection pointer 142. 
The idle word detector 144 has an input and an output, and 

compares the signal applied at its input to the value used in 
the encoding scheme for an IDLE word. The input of the idle 
word detector 144 is preferably coupled via line 134 to the 
output of the multiplexor 126. The output of the idle word 20 

detector 144 is coupled via line 148 to the up control input 
of the selection pointer 142. Thus, whenever an idle char­
acter is detected at the output by the multiplexor 126, the 
selection pointer 142 will be moved left or upward toward 
N. The selection pointer 142 will continue to point to N for 25 

additional assertions of the up control input if the pointer is 
already pointing to N. An exemplary idle word detector 144 
is shown with specificity in FIG. 13. The exemplary embodi­
ment of the idle word detector 144 preferably comprises a 
plurality of exclusive-OR gates 200, a plurality of adders 30 

202, and a plurality of half adders 204. The exclusive-OR 
gates 200, a plurality of adders 202, and a plurality of half 
adders 204 are coupled as shown in FIG. 13, and are used to 
count the number of transitions in the word input to the idle 
word detector 144. Since the encoding scheme requires that 35 

an idle character have eight transitions, the output of the 
final half adder 204 is asserted and output via line 148 if 
eight transitions are detected by the plurality of exclusive­
OR gates 200. 

The isochronous word detector 140 is used along with 40 

multiplexor 150 to control the movement of the selection 
pointer 142 downward. The isochronous word detector 140 
has an input and an output, and compares the signal applied 
at its input to the value(s) used in the encoding scheme for 
isochronous data transfer words. Thus, the isochronous word 45 

detector 140 may be comprised of a plurality of 
comparators, each comparing the input signal to a respective 
isochronous data transfer word of the encoding scheme, with 
their outputs logically ORed together in one exemplary 
embodiment. The input of the isochronous word detector 50 

140 is preferably coupled to the output of the multiplexor 
150. The output of the isochronous word detector 140 is 
coupled via line 146 to the down control input of the 
selection pointer 142. Thus, whenever an isochronous data 
transfer word is input to the isochronous word detector 140 55 

via multiplexor 150, the selection pointer 142 will be moved 
right or downward toward 1. The multiplexor 150 has its 
select control input coupled to signal lines 132, and selects 
either the output of the serial-to-parallel converter 72 or one 
of the buffer stages 124a, 124b as the input to the isochro- 60 

nous word detector 140. Yet another exemplary embodiment 
of the isochronous word detector 140 is shown in FIG. 14. 
The exemplary embodiment of the isochronous word detec-

The operation of the bubble buffer 120 can be best be 
understood with reference to FIG. 15. FIG. 15 is a table 
showing the outputs of the serial-to-parallel converter 72 
(BO), the first buffer 124a (Bl), the second buffer 124b (B2), 
the nth buffer 124n (B3), the multiplexor 126 (Muxout), and 
the signal (Isoout) input to the isochronous word decoder 
128 during eight successive clock cycles. FIG. 15 illustrates 
the situation where an isochronous data transfer word has 
been inserted into a normal data stream. For FIG. 15, there 
are 4 digital buffers, and DO-D5 are normal data stream. DO 
arrives at the receiver at first and D5 at last. But after DO an 
isochronous data transfer word, 11, is inserted. The selection 
pointer 142 doesn't change until time slot 4. The isochro­
nous word detector 140 detects the inserted isochronous 
word bubble, 11, at time slot 4, and the selection pointer 142 
moves to left at the next cycle. At time slot 5, the normal data 
and isochronous data appears at the same time; the normal 
data being output through the multiplexor 126 to the 
de-multiplexor 74, and the isochronous data being output by 
the nth buffer 124n to the isochronous word decoder 128. 
Thus, the normal data is received without a break and the 
isochronous data received without any timing change. At 
time slot 7, the idle word detector 144 receives an IDLE 
word from multiplexor 126 and moves the selection pointer 
142 to right. After the pointer reaches its rightmost position, 
the pointer moves no more. A maximum N isochronous 
characters can be inserted and received at correct timing 
without making a "bubble" at normal data streams. It is 
notable that the selection pointer 142 can be moved N points 
during one cycle to insert N isochronous characters in a row. 

Turning now to FIG. 16, yet another embodiment of the 
removing unit 24 of the present invention is shown. This 
fourth embodiment of the removing unit 24 is similar to the 
third embodiment, but further comprises a video line buffer 
160. Again, like reference numbers have been used for like 
parts used in the above described embodiments. The fourth 
embodiment differs from the other embodiments in that the 
video line buffer 160 is coupled to the output of the video 
decoder 80a via line 90a. The presence and use of the video 
line buffer 160 allows the video refresh data to be divided 
into smaller groups or blocks at the embedding unit 22 
without affecting the output of the video data on the remov­
ing unit 24 side. Typically, video refresh data is accessed 
from frame memory and sent to display continuously. The 
timing as to when the display data can be sent is fixed in a 
conventional display data transfer. However, with the addi-
tion of the line buffering of video signal, the refresh data 
stream can be divided into smaller chunks. This in turn 

tor 140 comprises a plurality of exclusive-OR gates 210, a 
plurality of adders 212, a plurality of half adders 214, and an 
AND gate. The plurality of exclusive-OR gates 210, a 
plurality of adders 212, a plurality of half adders 214, and an 

makes data transfer much easier and frame access is made 
65 more flexible. Since the video data stream can be divided 

into smaller pieces, other multimedia data streams can be 
inserted with more flexibility. The fourth embodiment is also 
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different other embodiments because the isochronous stream 
of control words provided by the bubble buffer 120 on line 
130n is sent as an output, and is also provided as an input to 
the video decoder 80a along with the video data received 
vial line 88a from the de-multiplexor 74. As video data is 5 

received and decoded by the video decoder 80a, it is loaded 
into the video line buffer 160. The smaller (less than entire 
line) chunks or blocks of data are sent to the line buffer 160 
until it is full. After a line buffer is filled, the line is sent to 
the digital display. This line buffering makes the dividing of 10 

the refresh video data mechanism completely transparent to 
the display interface. FIG. 17 shows a timing diagram of an 
exemplary way in which the video refresh data can be 
divided into two blocks, and transmitted over the serial link 
28, as well as being mixed with another multimedia stream. 15 

At the removing unit 24, the first video data block sent 
during the period when the sync signal is asserted and the 
second video data block sent after multimedia data stream 1 
can be recombined in the line buffer 160 to provide the video 
data as if there had been no division during transfer. 20 

20 

APPENDIX A-continued 

Sample Control Words 

0111001010 
0111010010 
0111010100 

Data Stream Separation Words 

1000101011 
1000101101 
1000110101 
1001001011 
1001001101 
1001010011 
1001011001 
1001100101 
1001101001 
1010001011 
1010001101 
1010010011 
1010011001 
1010100011 
1010110001 
1011000101 
1011001001 
1011010001 
1100010101 
1100100101 
1100101001 
1101000101 
1101001001 
1101010001 

Link Shut Down Words 

What is claimed is: 

0000000000 
1111111111 

While the present invention has been described with 
reference to certain preferred embodiments, those skilled in 
the art will recognize that various modifications may be 
provided. For example, the present invention has been 
discussed above primarily in the context of a 8B/10B 25 

encoding/decoding scheme. Those skilled in the art will 
realize that the present invention may be applied indepen­
dent of the number of bit used for encoding. Furthermore, 
those skilled in the art will realize that bi-directional com­
munication systems may be constructed using multiple 30 

embedding units and removing units as shown by the 
examples in FIGS. 18A and 18B. These and other variations 
upon and modifications to the preferred embodiments are 
provided for by the present invention, which is limited only 1. An apparatus for transmitting a plurality of data streams 

35 as a single data stream, the apparatus comprising: by the following claims. 

APPENDIX A 

Sample Control Words 

IDLE Words 

0101010110 
0101011010 
0101101010 
0110101010 
1010101001 
1010100101 
1010010101 
1001010101 

Isochronous Data Transfer Words 

0010101110 
0010110110 
0010111010 
0011010110 
0011011010 
0011101010 
0100101110 
0100110110 
0100111010 
0101001110 
0101011100 
0101100110 
0101101100 
0101110010 
0101110100 
0110010110 
0110011010 
0110100110 
0110101100 
0110110010 
0110110100 

40 

45 

50 

55 

an encoder having a plurality of inputs and a plurality of 
outputs, each of the plurality of inputs coupled to 
receive a respective data stream, the encoder producing 
encoded data words from the data streams, 

a multiplexor having a control input, a plurality of data 
inputs and an output, the multiplexor selecting one of 
the plurality of inputs to be output as a data transfer 
stream, the inputs of the multiplexor coupled to the 
plurality of outputs of the encoders; 

a control code generator for producing other control codes 
identifying streams and idle conditions and isochro­
nous control codes, the control code generator having 
a plurality of outputs coupled to corresponding inputs 
of the multiplexor; and 

a scheduler having a plurality of inputs and an output, the 
scheduler controlling the data stream output by the 
multiplexor, the plurality of inputs of the scheduler 
coupled to the plurality of outputs of the encoder, and 
the output of the scheduler coupled to the control input 
of the multiplexor. 

2. The apparatus of claim 1, further comprising a parallel­
to-serial converter having an input and an output, the input 
of the parallel-to-serial converter coupled to the output of 
the multiplexor receive an n-bit word in parallel, the 

60 parallel-to-serial converter outputting the n-bit word as a 
serial stream. 

3. The apparatus of claim 1, further comprising a data 
buffer having a plurality of inputs and a plurality of outputs, 
the data buffer coupled between the encoder and the multi-

65 plexor. 
4. The apparatus of claim 3, wherein the data buffer 

comprises a plurality of dedicated buffers, each of the 
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dedicated buffers having an input and an output, each of the 
dedicated buffers having storing an encoded data stream 
output by the encoder, and each of the dedicated buffers 
coupled between a respective one of the plurality of outputs 
of the encoder and a respective one of the plurality of inputs 5 

of the multiplexor. 
5. The apparatus of claim 1, wherein the control code 

generator is a plurality of lines wired to word values 
assigned for other control codes and isochronous control 
codes. 

6. The apparatus of claim 1, wherein each of the inputs of 
the encoder receives eight bits in parallel and each output of 
the encoder provides 10 bits in parallel, and the encoder 
encodes each group of eight bits into a group of ten bits. 

10 

7. The apparatus of claim 1, wherein the encoder further 15 

comprises a plurality of dedicated encoders, each of the 
dedicated encoders having an input and an output, the input 
of each dedicated encoder coupled to receive a respective 
data stream, and the output of each dedicated encoder 
coupled to a respective input of the multiplexor. 

8. The apparatus of claim 7, wherein the each of the 
dedicated encoder encodes one from the group of data 
signals and control signals. 

20 

9. The apparatus of claim 7, wherein the at least one of the 
plurality of dedicated encoders encodes a combination of 25 

data signals and control signals. 
10. The apparatus of claim 7, wherein a first one of the 

plurality of dedicated encoders encodes video data, a second 
one of the plurality of dedicated encoders encodes video 
control data, and a third one of the plurality of dedicated 30 

encoders encodes a first stream of data. 
11. The apparatus of claim 7, further comprising a plu­

rality of dedicated buffers, each of the dedicated buffers 
having an input and an output, the input of each dedicated 
buffer coupled to an output of a respective dedicated 35 

encoder, and the outputs of each dedicated buffer coupled to 
inputs of the multiplexor. 

12. The apparatus of claim 1, wherein the scheduler is 
state machine formed from combinational logic that deter­
mines whether the encoder has data to be transmitted, and 40 

generates signals to control the multiplexor to output data 
and control codes such that isochronous control codes have 
the highest priority and are transmitted before other data 
streams, and transmission of other data streams is preceded 
by a stream start control code. 

13. The apparatus of claim 1, wherein the scheduler 
further comprises: 

means for determining whether the encoder has data that 

45 
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the de-multiplexor coupled to receive a data stream 
having a plurality of data words; 

a stream selector for generating a control signal indicating 
an output of the de-multiplexor to which to send a data 
word, comprising: 
a plurality of comparators, each comparator having a 

first input, a second input and an output, the first 
input of each comparator coupled to receive the data 
word from a converter and the second input of each 
comparator coupled to receive a respective stream 
start control word, and the outputs of the plurality of 
comparators coupled to control the de-multiplexor; 

a decoder having a plurality of inputs and a plurality of 
outputs for decoding data words the plurality of 
inputs of the decoder coupled to respective one of the 
plurality of outputs of the de-multiplexor; and 

an isochronous decoder having an inputs and a plurality of 
outputs for decoding isochronous control codes into 
timing control signals the input of the isochronous 
decoder coupled to the data input of the de-multiplexor. 

15. The apparatus of claim 14 wherein the converter 
further comprises an input and a plurality of outputs for 
converting a serial stream into the data stream having a 
plurality of data words output in parallel, the input of the 
converter coupled to a serial link, the plurality of outputs of 
the converter coupled to the plurality of input of the 
de-multiplexor, the apparatus further comprising: 

a word aligner having a plurality of inputs and a plurality 
of outputs, the word aligner coupled between the con­
verter and the de-multiplexor, the word aligner using 
idle words in the data stream and shifting the data 
bit-wise for word alignment. 

16. The apparatus of claim 15 wherein the word aligner 
further comprises: 

a register having an input and an output, the input of the 
register coupled to the output of the converter, the 
register for storing a plurality of data words; 

a shifter having a data input, a control input and an output, 
the data input of the shifter coupled to the output of the 
register, the shifter outputting a predefined number of 
bits, the predefined number of bits less than a number 
of bits received at the input of the shifter; and 

an idle character detector having an input and an output, 
the input of the idle character detector coupled to the 
output of the register, and the output of the idle char­
acter detector coupled to the control input of the shifter, 
the idle character detector detecting an idle character 
and producing signals specifying the number of bits to 
shift a signal input to the shifter. 

17. The apparatus of claim 16 wherein the register further 
is ready to be transmitted, the determining means 
coupled to the encoder; and 50 

comprises: 

means for identifying a stream that has data for 
transmission, the means for identifying coupled to the 
encoder; 

means for generating a first control signal for controlling 
55 

the multiplexor to output a code identifying a beginning 
of a data stream transmission by the identified stream; 
and 

means for generating a second control signal for control­
ling the multiplexor to output the data from the encoder 60 
for the identified stream. 

14. An apparatus for receiving a data stream and gener­
ating a plurality of data streams the apparatus comprising: 

a de-multiplexor having a control input, a plurality of data 
inputs and a first and second plurality of outputs, each 65 

of the first and second plurality of outputs providing a 
different stream of data, the plurality of data inputs of 

a first register having an input and an output, the input of 
the first register coupled to the output of the converter, 
the output of the first register coupled to the idle 
character detector and the shifter; 

a second register having an input and an output, the input 
of the second register coupled to the output of the first 
register, the output of the second register coupled to the 
idle character detector and the shifter; and 

a third register having an input and an output, the input of 
the third register coupled to the output of the second 
register, the output of the third register coupled to the 
idle character detector and the shifter. 

18. The apparatus of claim 16 wherein the idle character 
detector further comprises: 

an array of exclusive-OR gates having inputs and outputs, 
the inputs of the array of exclusive-OR gates coupled to 
the output of the register; 
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a ones counter having inputs and outputs, the inputs of the 
ones counter coupled to the outputs of the array of 
exclusive-OR gates; and 

a control pointer register having a control input coupled 
by a register and combinational logic to the output of 5 

the ones counter to load the control pointer register 
with a value identifying the beginning of the word. 

24 
an n-stage bubble buffer for storing data words, the 

n-stage bubble buffer having an input and a first data 
output, and a second data output, the second data output 
of the n-stage bubble buffer coupled to the 
de-multiplexor, the input of the n-stage bubble buffer 
coupled to receive a data stream, the n-stage bubble 
buffer separating isochronous control codes from a data 
stream output to the de-multiplexor. 

19. An apparatus for receiving a data stream and gener­
ating a plurality of data streams, the apparatus comprising: 

a de-multiplexor having a control input, a plurality of data 
inputs and a first and second plurality of outputs, each 

20. The apparatus of claim 19 wherein the n-stage bubble 

10 buffer further comprises: 

of the first and second plurality of outputs providing a 
different stream of data, the plurality of data inputs of 
the de-multiplexor coupled to receive a data stream 
having a plurality of data words; 15 

a stream selector having an input and an output for 
generating a control signal indicating an output of the 
de-multiplexor to which to send a data word, the input 
of the stream selector coupled to the data input of the 

20 
de-multiplexor, and the output of the stream selector 
coupled to the control input of the de-multiplexor; 

a decoder having a plurality of inputs and a plurality of 
outputs for decoding data words, the plurality of inputs 
of the decoder coupled to respective one of the plurality 25 
of outputs of the de-multiplexor; 

an isochronous decoder having an inputs and a plurality of 
outputs for decoding isochronous control codes into 
timing control signals, the input of the isochronous 
decoder coupled to the data input of the de-multiplexor; 30 

and 

a plurality of data buffers each having an input and an 
output, the plurality of data buffers coupled in a cas­
caded manner; 

a multiplexor having a plurality of data inputs, a control 
input and an output, the plurality of data inputs of the 
multiplexor each coupled to a respective output of one 
of the plurality of data buffers, the output of the 
multiplexor coupled to the input of the de-multiplexor; 
and 

a data selection controller having a plurality of inputs and 
an output, for generating a signal that selects one of the 
outputs of the plurality of data buffers for output by the 
multiplexor, the plurality of inputs of the data selection 
controller each coupled to a respective output of one of 
the plurality of data buffers, the output of the data 
selection controller coupled to the control input of the 
multiplexor, and one of the plurality of inputs of the 
data selection controller coupled to the output of the 
multiplexor. 

* * * * * 


