US006593863B2

a2 United States Patent US 6,593,863 B2

(10) Patent No.:

Pitio 45) Date of Patent: Jul. 15, 2003
(54) SERIALIZER 4,901,076 A * 2/1990 Askinetal. ................ 341/101
5,490,282 A * 2/1996 Dreps et al. ................ 341/101
(75) Inventor: Walter Michael Pitio, Morganville, NJ 5,587,700 A * 12/1996 JeOng ...ovvrvviiniisiinninens 341/100
(US) 6,107.946 A * 8/2000 Jeong ......ccccccovrriniennn. 341/101
. .
(73) Assignee: Parama Networks, Inc., San Jose, CA cited by examiner
(UsS) Primary Examiner—Michael Tokar
Assistant Examiner—am Mai
(*) Notice:  Subject to any disclaimer, the term of this (74) Attorney, Agent, or Firm—DeMont & Breyer, LLC
patent is extended or adjusted under 35
U.S.C. 154(b) by 62 days. G ABSTRACT
A method for serializing bits without introducing glitches
(21)  Appl. No.: 10/011,938 (ie., spurious signals) into the serialized data stream is
(22) Filed: Dec. 5, 2001 disclosed. Furthermore, the embodiments of the present
invention do not require a timing signal (e.g., a clock signal,
(65) Prior Publication Data etc.) at the frequency of the serialized data stream. On the
contrary, the illustrative embodiment of the present inven-
US 2003/0102992 Al Jun. 5, 2003 tion reguires timing signals with a frequencg equal to the
(51) Int. CL7 oo HO3M 9/00 rate at which words are loaded into the serializer. The
(52) US.CL ..o 341/101; 341/100; 341/61; illustrative embodiment comprises: a first unanimity gate for
341/107; 341/87; 375/354; 375/350 generating a first binary waveform based on a first coinci-
(58) Field of Search ............ccccoenueeee. 341/101, 61, 67, dence function of a second binary waveform and a third
341/87, 107; 702/119; 710/1; 714/798; binary waveform; a second umanimity gate for generating a
375/354, 350 fourth binary waveform based on a second coincidence
function of the first binary waveform and a fifth binary
(56) References Cited waveform; and a first temporal delay device for receiving

the fourth binary waveform and for generating the third

U.S. PATENT DOCUMENTS binary waveform based on the fourth binary waveform.

4,218,758 A * 8/1980 Allen et al. ................. 341/101
4,885,584 A * 12/1989 Dalrymple

24 Claims, 9 Drawing Sheets

rSingle Channel Serializer i (8=4)

w

1
i
! 501-0
— : n{g 5110
bo ™
: m
i
i
!
| 501-1 ||
| / A 511-1
b, —1 (i} ‘3:5—‘
1 ‘L )
Bus From : 2 210-i To Serial
MW((;rL} < ! >< Communications
odule ,
I 5012 [ Channel 211-i
/ 5112
bz : D ¢ /‘ ‘—_4\;5_1
| )]
| mu'
|
; ><
f 5013 |
b ! D< . -~ 511~
b
t Wl
Bus 205/ — |
304 From o 1
S @, —
Timing |
Source @, —
®, —

204/303




US 6,593,863 B2

Sheet 1 of 9

Jul. 15, 2003

U.S. Patent

90Inog Sunuty,

01 |\

'

MO pIoA [o][EIEd <—

JozZi[eLIOSa(]

€01 l\

aoinog Suywi],

&

|

01 /

Elivizig)
SUOJEITUNUIIOY) [BLIDG

~:I\

BE7AL 8 =IN

<—— U] PIOA\ [9]]eIRd

101 7

Wy Joud 1 "DId



US 6,593,863 B2

Sheet 2 of 9

Jul. 15, 2003

U.S. Patent

07 |

L DIOM ‘ldl
L-CCC

T PIOM AJIIL
7Tl

[ pIom qu
1-¢¢T

AI.AI|| 1 PIOM
I-1T2

‘Iql ¢ PIOM
1Tt

AIA”I' [ PIOA\
1-12¢

asmog Sunui aoInog Suru
S sulii], 07 ] S SultiLy,
90T \& 0T .\&
[PuuRy)
Aiql. SUOTIBOTUNUIIO)) A||||Q|
N-TIT [euag N-0IT
2-:N|\
ISZI[elI0S
I9ZIfe1Iesa(J
) [euueyRnnA
[ouuey)
AJ‘ SUOTBOTUNWILOY) AllMNl.
rArAvs L0 -01¢
1 _NI\
[euuey)
A||I||-Nl mﬁoﬂuﬁumﬂsgoo ‘J'
I-CI¢ [eLIsS 1-01¢
T:NI\
70T |\ 102 |\

¢ DI



US 6,593,863 B2

Sheet 3 of 9

Jul. 15, 2003

U.S. Patent

L PIOM

¢ PIoM ‘Jl
¢t

[ PIOA

L-TCT

1-¢CC

somog Surul ],

€0€

,

REvAl ;b lTg ]

1401 I\

[eutrey)

AJI SUONEOTUNWIWIO))
N-TIT [eLIRS

N-01T U

>~.:NI\

fouure)

Alldl SUONEOTUNTITIO))
¢TIt [BLRg

J

¢-01¢C

N-Zml\

jouuey)

A.J' SUOTIBOIUNUILIO))
I-Clc [eHsg

[-01¢ u

T:N|\

207 /

IOZI[RLIDS
JPUUBYILNA

A|4||| J PIOM
J-1TC

Aldll. (A%}
[l (44

AlAI|||I I PO
1-12¢

10T /

£ ‘DA



US 6,593,863 B2

Sheet 4 of 9

Jul. 15, 2003

U.S. Patent

N-11T 1ouuey’
SUOTEITUNTILOD)

[eHOG O,

(€-N)-11T jouuey)
SUORBOTUNIO))

[e19S O L

11T pPuued)
SUOTBOTUNUILIOYD)

[eueg o,

[-11C 1ouuey)
SUONEOIUNTIUIO))

[EUaS O,

-y

£0€/40C 20anog Suruat ], worg

v0g/507 — |

/[ N-T0¥

N-01¢ I\

<

IozijRULg [PUURY) J[3ulg

il

./~ ey

(¢-N)-01T J/

AI
19z1TRUaS [SuuRy) S[dulg |

SINpON PIOM

\I -0y

ISZi[Buag [ouuey’ o[8uig

\l 1-10%

L e

-
TSNI\

-
19zZi[eudg jpuuey) A8uis |

SINPOIN PIOAL

A-l_ﬁlq I PIom
_ 1-122

¥ "DI1d



US 6,593,863 B2

Sheet 5 of 9

Jul. 15, 2003

U.S. Patent

I-11T 1outreysy
SUOLIEITUNUIUIO))
[eLISS O],

+-01¢

||||||||||||||||||||||||||||||||||||||||||| J
! !
! T
| i
! I
! t
_ 1
! i
I ‘
“ EA 2 ) av "
4 — q i
“ 5, a - 5 ab—| . s _al——+—
€118 '
! £-£0§ _/LF “E-l0s _
| £-70¢ !
! ]
! i 2= 4 P |
! 9 <4— { N ¢ |
" @HFQ oy @E.QJ TNt @I-QJ]"IL
TS L
“ _\ \— Z-£0S _JF T ¢-10s "
i 7708 |
" . _l !
2" 2w PR !
Vozs < 4 an 44— 1
" 2 ._a 5 aly s _a lll
-1 L~
" N o JF T rt0s "
" 1708 }
)
_ re e |
i 5._a L. 2. a “ 4
| 0-118
_ oz0s — o105~ "
! 4
_ i

\

€0€/¥0C
90IN0Y

Suruny,
woxg $0¢€
/50T sngf

SMPON
PIOM
wol sng

¢ D4



auy + -

I-L1Z |euuey)
00O|L LiOLLIOO[L L L F@ 0 XOO000000OOVOOXX  suonedsiunwiwo)

US 6,593,863 B2

jeuss

. l‘/ 0 /‘ﬁﬁ‘..ll X ‘g

e Y 0 0 1’ 0o XX ‘g

= 0 1 L XX e
m | 0 | 0 ’q
L g L] e

: S s 1 s M s A s e O A
Z o 1 s s I N s I O s ™
) e

U.S. Patent

9°'DI4



US 6,593,863 B2

Sheet 7 of 9

Jul. 15, 2003

U.S. Patent

11T [Puuey)
SUOTIBOIUNUIUIO))

[BlIoS O

01T

— o —— o — - ettt — Gt e e G o i e T — e T e e - — e e e e -

(b=g) 1 10z][ELIdS [outRy) S[3UIS
|

I 1€
I T NG
| 4 b , L
] ] ~9
i dnde \ m [6))
| 0
! J — @
! !
! 2" 2" 2"~ 2 A !
j 4 4 4 4 { 4 L
" 10 _df—yy—10 _a In—10 _ di—yy 0. a s - W7t J_da Jr " q
€118
t \ \ \ _/F E-108 !
}
] £-505 €05 £-€06 €208 i
| |
“ P e 27 2= | f i “
44— 4— 4— 4 L 4—

| -2 apt—d—5 ap—I—2 _al—id 3 _aF—ir L~ 5.4 ll ~A~
” \ \ \ F\/ ctis T 2 10s |
1 F— }

{ Z-50s 408 z-£05 |
1 X __ |
" = e s “
| 208 <4 —! 4 |
i Ho _a 5. —{5_a —1— q
} |
| / | / |
“ 1-506 1406 1-£08 "
I = = = = 1
| 2 2 F 2 |
I L q <4 < 1 0
| 2. _d 5. da o ._a 0..4a 1! Qlu\
i 011§ !
l / ! / otos |
i 0-%0S 0-£06 0-205 I
i |

\

£0E/¥0C

20IN0Y

Surumy,
woL $€
/S0T sug

S[npoN
PIOM
wo,] sng

L Ol



US 6,593,863 B2

Sheet 8 of 9

Jul. 15, 2003

U.S. Patent

I-11T [puuey)

SUOHEOTUNUWIIO)) g

IEIREINTR

- e A A . o . A - — e — e A e e e i om e a e

-01¢

_ } £0E/P0T
" +—tp 201n0g
| —'® > Sunmig
“ L—%p | wosg pog
“ — — —— | ! /SOT ST
! 4 4] Y 4 L, )
1 o Ay 5 apf-~— IV{M]) o at——b—+— ¢
i s L/ !
! €08 J!JF 108 |
" T-208 i
|
!
P P A _ PO
" ] M] 4 QA.I..\IIL V. i [ QAJLI. NQ Y PIOM
A A _J:F I-11§ |/ 7 ! WoxL] sngf
; 1-€0§ 1-10 !
10 1-208 |
“ 27 = _
“ N 1 V\(I 8 T L qQ
o a o O ]
- -
“ oz0s ot o105 — “
|
! (g=g) 1 TozieHaS [oURY) J[BUIS
e M
-10% /
8 'DI4



US 6,593,863 B2

Sheet 9 of 9

Jul. 15, 2003

U.S. Patent

£-11C [uuey’)
SUOTIEOTUNWIO,)

[eLAS 0, 101

Aejsq

8[oAD H/E

Aejeg

£-£06 |\

Aeleq
8pAD /L

|pPLD L

i

7-£06 I\

Aejaq
9PAD ¥/L

06

Aejag

1-£06 |\

[-206

Aejeg

10k |

0-206 l\

(48 5%

<

1-10¢ -/

o o  aen e e — o - — —— . et b= - — o —— o — — — ]

£0£/¥0C
201n0g

Bupuf,
woLj

ampoy
> piom
woi] sng

6 DId



US 6,593,863 B2

1
SERIALIZER

FIELD OF THE INVENTION

The present invention relates to telecommunications in
general, and, more particularly, to an apparatus for convert-
ing one or more parallel words into one or more serialized
streams of bits.

BACKGROUND OF THE INVENTION

There are situations where parallel words of bits need to
be transmitted via a serial communications channel. In these
situations, a first apparatus converts the words into a seri-
alized stream of bits for transmission on the serial commu-
nications channel. Typically the first apparatus is known as
a serializer.

At the receiving end of the serial communications
channel, a second apparatus captures the serialized stream of
bits and restores it back into parallel words. Typically, the
second apparatus is known as a deseriaiizer. Regardless of
what the first apparatus and the second apparatus are called,
the second apparatus performs the inverse operation of the
first apparatus.

FIG. 1 depicts a block diagram of serial communications
system 100 in the prior art, which comprises: serializer 101,
deserializer 102, timing source 103, timing source 104, and
serial communications channel 111, interconnected as
shown.

Serializer 101 receives a parallel word of bits and a clock
signal (e.g., a clock signal, etc.) from timing source 103 and
converts the parallel word into a serialized stream of bits for
transmission via serial communications channel 111. For
example, serializer 101 can comprise a parallel-load-in/
serial-shift-out register that loads words in at a slower rate
than it shifts bits out.

Serial communications channel 111 is a logical data
structure that can be carried alone or can be multiplexed with
other serial communications channels, via a metal wireline,
an optical fiber, or a wireless channel (e.g., radio, infrared,
ete.).

Deserializer 102 receives the serialized stream of bits
from serial communications channel 111 and a clock signal
from timing source 104, captures the serialized stream of
bits, and converts it back into a parallel word. For example,
deserializer 102 can comprise a serial-shift-in/parallel-
unload-out shift register.

The design and operation of serializer 101 can be prob-
lematic. For example, if two or more of the inputs, including
the timing signal, are designed to change synchronously and
yet do not, glitches (i.e., spurious signals) can appear at the
output of the serializer, which compromises the integrity of
the serializer.

Therefore, the need exists for a serializer whose output is
free from glitches caused by the synchronous changing of its
input signals.

SUMMARY OF THE INVENTION

Some embodiments of the present invention enable the
serialization of bits without some of the costs and disadvan-
tages for doing so in the prior art. For example, the illus-
trative embodiments of the present invention are designed so
that only one input to their terminal stage can change at a
time, which prevents the introduction of glitches into the
serialized data stream.

10

15

20

25

30

35

40

45

50

55

60

65

2

Furthermore, the illustrative embodiments of the present
invention do not require a timing signal (e.g., a clock signal,
etc.) at the frequency of the serialized data stream. On the
contrary, some of the illustrative embodiments only require
a tiring signal with a frequency equal to the rate at which
words are loaded into them. And still furthermore, embodi-
ments of the present invention are ideally suited for imple-
mentation in integrated circuits because they can run at a rate
that is at or near the limits of the technology with which they
are fabricated.

The illustrative embodiment comprises: a first unanimity
gate for generating a first binary waveform based on a first
coincidence function of a second binary waveform and a
third binary waveform; a second unanimity gate for gener-
ating a fourth binary waveform based on a second coinci-
dence function of the first binary waveform and a fifth binary
waveform; and a first temporal delay device for receiving
the fourth binary waveform and for generating the third
binary waveform based on the fourth binary waveform.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 depicts a block diagram of serial communications
system 100 in the prior art.

FIG. 2 depicts a block diagram of the first variation of the
illustrative embodiment of the present invention.

FIG. 3 depicts a block diagram of the second variation of
the illustrative embodiment of the present invention.

FIG. 4 depicts a block diagram of the salient components
of multichannel serializer 201, as depicted in FIGS. 2 and 3.

FIG. § depicts a block diagram of the salient components
of single channel serializer 401-i, as depicted in FIG. 4.

FIG. 6 depicts a timing diagram that illustrates the rela-
tionship of timing signals @, through @, bits b, through b,
and the output on serial communications channel 211-i.

FIG. 7 depicts a block diagram of an alternative illustra-
tive embodiment in which the set-up and hold times for the
various bi-stable storage devices are more easily satisfied.

FIG. 8 depicts a block diagram of the salient components
comprising an illustrative embodiment in which B=3.

FIG. 9 depicts a block diagram of an alternative embodi-
ment of the present invention.

DETAILED DESCRIPTION

FIG. 2 depicts a block diagram of the first variation of the
illustrative embodiment of the present invention, which
comprises: multichannel serializer 201, multichannel dese-
rializer 202, N serial communications channels 211-1
through 211-N, wherein N is a positive integer greater than
zero, timing source 203, and timing source 204, all of which
are interconnected as shown. In accordance with the first
variation of the illustrative embodiment of the present
invention, multichannel serializer 201 and multichannel
deserializer 202 are each provided with clock signals that are
independent of, and asynchronous to, each other.

FIG. 3 depicts a block diagram of the second variation of
the illustrative embodiment of the present invention, which
comprises: multichannel serializer 201, multichannel dese-
rializer 202, N serial communications channels 211-1
through 211-N, wherein N is a positive integer greater than
zero, and timing source 303, all of which are interconnected
as shown. In accordance with the second variation of the
illustrative embodiment of the present invention, multichan-
nel serializer 201 and multichannel deserializer 202 are each
provided with a clock signal from the same timing source.
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In all other respects, the two variations of the illustrative
embodiment are identical, and, therefore, will be described
as one.

In yet another variation of the illustrative embodiment,
multichannel deserializer 202 derives the timing signal at
which to deserialize the bit stream from one or more of the
serialized bit streams themselves. In this variation, the
illustrative embodiment can use one or more synchronized
oscillators (e.g., phase-locked loops, etc.) to derive the
timing signal at which to deserialize the bit stream.

With reference to both FIGS. 2 and 3, there are 64 serial
communications channels between multichannel serializer
201 and multichannel deserializer 202 (i.e., N=64). In accor-
dance with the illustrative embodiment, each of serial com-
munications channels 211-1 through 211-N is carried from
multichannel serializer 201 to multichannel deserializer 202
via a distinct optical fiber. Furthermore, because each of
serial communications channels 211-1 through 211-N is a
logical channel, in some alternative embodiments of the
present invention two or more of serial communications
channels 211-1 through 211-N are multiplexed and trans-
mitted to multichannel deserializer 202 via a single metal
wireline, an optical fiber, or a wireless channel (e.g., radio,
infrared, etc.). After reading this specification and the
accompanying figures, it will be clear to those skilled in the
art how to make and use embodiments of the present
invention in which N equals a value of other than 64.

Multichannel serializer 201 receives T parallel words,
word, through word,, wherein T is a positive integer greater
than zero, on buses 221-1 through 221-T, respectively, and
a clock signal from a timing source (e.g., timing source 203,
timing source 303, etc.). Multichannel serializer 201 outputs
a serialized version of word; through word, to serial com-
munications channels 211-1 through 211-N, respectively. In
accordance with the illustrative embodiment, T=16. After
reading this specification and the accompanying figures, it
will be clear to those skilled in the art how to make and use
embodiments of the present invention in which T equals a
value of other than 16.

In accordance with the illustrative embodiment of the
present invention, each of words word; through word,
comprises W bits, wherein W is a positive integer greater
than zero. In accordance with the illustrative embodiment,
W=16. After reading this specification and the accompany-
ing figures, it will be clear to those skilled in the art how to
make and use embodiments of the present invention in
which W equals a value of other than 16. Furthermore, after
reading this specification and the accompanying figures, it
will be clear to those skilled in the art how to make and use
embodiments of the present invention in which some of
word; through word; comprise a different number of bits
than other of word; through word, comprise.

When multichannel serializer 201 multiplexes two or
more bits from a single word over one serial communica-
tions channel, all of the bits from the word that are multi-
plexed over the same serial communications channel are
called a “symbol.” In accordance with the illustrative
embodiment of the present invention, each word of word,
through word,- comprises M symbols, wherein M is equal to
N/T In accordance with the illustrative embodiment, M=N/
T=64/16=4. After reading this specification and the accom-
panying figures, it will be clear to those skilled in the art how
to make and use embodiments of the present invention in
which M equals a value of other than 4. Furthermore, after
reading this specification and the accompanying figures, it
will be clear to those skilled in the art how to make and use
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4

embodiments of the present invention in which some of
words word, through word, comprise a different number of
symbols than other of words word, through word,.

In accordance with the illustrative embodiment, there are
W/M bits in each symbol before it is encoded with a symbol
and/or word synchronization scheme. In accordance with the
illustrative embodiment, the number of bits in each symbol
equals K=W/M=16/4=4.

In some embodiments of the present invention, the bits in
each symbol are encoded with an encoding scheme (e.g., the
well-known 8B/10B encoding scheme, etc.) that facilitates
symbol and/or word synchronization by multichannel dese-
rializer 202. In all cases, the number of bits transmitted with
respect to each symbol is B=K+Z, wherein Z equals the
number of bits added to the symbol as part of the symbol
and/or word synchronization scheme.

In accordance with the illustrative embodiment, the bits in
each symbol are not encoded with an encoding scheme, and,
therefore, Z=0 and B=K. In some alternative embodiments
of the present invention, multichannel serializer 201 encodes
the bits in each symbol with an encoding scheme (e.g., the
well-known 8B/10B encoding scheme, etc.) that facilitates
symbol and/or word synchronization by multichannel dese-
rializer 202. In these cases, Z=2 and B=K+Z7=32/4+2=10.
After reading this specification and the accompanying
figures, it will be clear to those skilled in the art how to make
and use embodiments of the present invention in which
some of the symbols comprise a different number of bits
than other symbols comprise.

In accordance with the illustrative embodiment, multi-
channel serializer 201 uses a binary modulation scheme
(e.g., binary shift-keying, etc.) and transmits each bit inde-
pendently over a serial communications channel. In some
alternative embodiments of the present invention however,
multichannel serializer combines the bits from two or more
serial communications channels using a non-binary modu-
lation scheme (e.g., quadriphase-shift keying, etc.) and
transmits multiple bits simultaneously over a serial commu-
nications channel.

Multichannel serializer 201 outputs N sets of B bits onto
each of serial communications channels 211-1 through
211-N for each set of T words received by multichannel
serializer 201. The details of multichannel serializer 201 are
described below and with respect to FIGS. 4 through 7.
Multichannel serializer 201 operates in pipeline-processor
fashion, meaning that it continually receives one set of T
parallel words after another and transmits N sets of B bits
onto each of serial communications channels 211-1 through
211-N for each set of T words received by it.

In accordance with the illustrative embodiment, the
propagation delay through each of serial communications
channels 211-1 through 211-N need not be the same nor need
it remain constant throughout time.

Multichannel deserializer 202 receives a serialized stream
of bits from each of serial communications channels 211-1
through 211-N, and a clock signal (e.g., from timing source
204, from timing source 303, etc.), and from them recon-
structs and outputs T parallel words, word, through word,
on buses 222-1 through 222-T. Furthermore, multichannel
deserializer 202 operates in pipeline-processor fashion,
meaning that it continually outputs one set of T parallel
words after another for each of the N sets of B bits it receives
from serial communications channels 211-1 through 211-N.
U.S. Patent application Ser. No. 09/909,499, filed Jul. 20,
2001, and entitled “Deserializer,” which is incorporated by
reference, teaches how to make and use a multichannel
deserializer such as multichannel deserializer 202.
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Timing source 204/303 generates a plurality of differently
phased timing signals for multichannel serializer 201. To
this end, timing source 204/303 generates B timing signals,
®, through @, each with the same frequency but 360° /B
out of phase with respect to each other. The frequency of
each of the timing signals equals the frequency with which
words are loaded into multichannel serializer 201.

For example, in accordance with the illustrative
embodiment, B=4 and, therefore, timing source 204/303
generates four (4) clock signals as depicted in Table 1.

TABLE 1

Clock signals From Timing Source 204/303 (for B = 4)

Clock Signal No. Phase
Dy 0°
[oN 90°
D, 180°
D, 270°

It will be clear to those skilled in the art how to make and
use timing source 204/303.

FIG. 4 depicts a block diagram of the salient components
of multichannel serializer 201, which comprises: T word
modules 401-1 though 401-T and N single channel serial-
izers 402-1 through 402-N, interconnected as shown.

In accordance with the illustrative embodiment, multi-
channel serializer 201 is fabricated on an integrated circuit.
For the purposes of this specification, the term “integrated
circuit” is defined as a slice or chip of material on which is
etched or imprinted a complex of electronic components and
their interconnections.

Word module 401-p, for p=1 to T, receives a W-bit word
from bus 221-p and distributes each of the bits in the word
to one of the single channel serializers associated with word
module 401-p. In the illustrative embodiment, each word
module receives 16 bits and distributes four bits to each of
the four single channel serializers associated with the word
module. In some alternative embodiments of the present
invention, word module 401-p scrambles the bits in each
word to increase the number of transitions in the signal on
each serial communications channel. Furthermore, in those
alternative embodiments in which the bits in each symbol
are encoded with an encoding scheme that facilitates symbol
and/or word synchronization by multichannel deserializer
202, word module 401-p performs that encoding.

Single channel serializer 402-i, for i=1 to N, receives B
bits, b, through by, in parallel and B timing signals from
timing source 204/303, @, through ®, and outputs the B
bits in serial onto serial communications channel 211-i in
little endian order. After reading this specification, it will be
clear to those skilled in the art how to make and use
alternative embodiments of the present invention in which
the bits are output in big endian order.

FIG. 5 depicts a block diagram of the salient components
of single channel serializer 401-i, which comprises: tempo-
ral delay devices 501-0 through 501-3, 502-0 through 502-3,
and 503-1 through 503-3, unanimity gates 511-0 through
511-3 and unanimity gate 520, interconnected as shown.

Although the embodiment depicted in FIG. 5 is shown for
B=4, it will be clear to those skilled in the art how, after
reading this specification, to make and use alternative
embodiments of the present invention in which B equals a
value other than 4.

In accordance with the illustrative embodiment of the
present invention, temporal delay devices 501-0 through
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6

501-3, 502-0 through 502-3, and 503-1 through 503-3 are
devices such as identical D-type flip-flops. In some alterna-
tive embodiments of the present invention, some or all of the
temporal delay devices are another kind of bi-stable storage
device, such as a J-K flip-flop, a T-type flop-flop, or a latch.
In the alternative embodiment of present invention depicted
in FIG. 9 and described below, the temporal delay devices
are non-clocked delay devices. In any case, it will be clear
to those skilled in the art how to make and use temporal
delay devices 501-0 through 501-3, 502-0 through 502-3,
and 503-1 through 503-3.

In accordance with the illustrative embodiment of the
present invention, unanimity gates 511-0 through 511-3 and
unanimity gate 520 each perform an H-input Boolean coin-
cidence function, wherein H is a positive integer greater than
one. For the purposes of this specification, a “coincidence
function” is defined as a function that is indicative of the
modulo 2 sum of the function’s arguments.

For the purposes of this specification, a 2-input “coinci-
dence function” is defined as any of the eight Boolean
functions depicted in Table 2.

TABLE 2
The 2-Input Coincidence Functions
ADB ADB
A®B A®B
ADB AGB
AOB AGB

For the purposes of this specification, a 3-input “coincidence
function” is defined as any of the sixteen Boolean functions
depicted in Table 3.

TABLE 3

The 3-Input Coincidence Functions

AGB®C AGBOC ADBOHC A@BGC
A®BOGC AGBOGC AGBGC AGBOC
AGBBC AGB®C APBOC AGBG®C
AGBOC AGBOC A@BOC A®BO®C

In accordance with the illustrative embodiment of the
present invention, unanimity gates 511-0 through 511-3 and
unanimity gate 520 are each a 4-input Boolean exclusive-
OR gate. After reading this specification, it will be clear to
those skilled in the art how to make and use alternative
embodiments of the present invention in which some or all
of unanimity gates 511-0 through 511-3 and unanimity gate
520 perform other coincidence functions. For the purposes
of this specification, the term “unanimity gate” is defined as
logic that performs a coincidence function.

The construction of the illustrative embodiment for any
value of B is as follows. Temporal delay device 501-x for
x=0 through B-1, receives bit by from the word module and
timing signal a,. Each of unanimity gates 511-0 through
511-B is a B-input unanimity gate. The output of temporal
delay device 501-x is fed into one of the inputs of unanimity
gate 511-x. The output of unanimity gate 511-x is fed into
the D input of temporal delay device 502-x. Temporal delay
device 502-x also receives as input timing signal ®,. Una-
nimity gate 511-x also receives as an input the output of
unanimity gate 511-y, for y=0 to x-1 (for x>0) and the
output of temporal delay device 502-f, for f=x+1 to B-1 (for
f<B). The output of temporal delay device 502-0 is fed into
one of the inputs of B input unanimity gate 520. The output
of temporal delay devices 502-1 through 502-B is fed into
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the D input of temporal delay devices 503-1 through 503-B
respectively. Each of temporal delay devices 503-1 through
503-B is clocked by timing signal ®, through ®, ;. The
outputs of temporal delay devices 503-1 through 503-B are
fed into unanimity gate 520.

FIG. 6 depicts a timing diagram that illustrates the rela-
tionship of timing signals ®gthrough ®_,, bits b, through
b, and the output on serial communications channel 211-i.
Note that one full clock cycle after bits b, through b, are
clocked into temporal delay devices 501-0 through 501-3,
respectively, bits b, through by appear on serial communi-
cations channel 211-i at a bit rate equal to the frequency of
@, multiplied by B and in little endian order.

Particularly because temporal delay devices 502-1
through 502-3 are clocked with a different timing signal than
temporal delay devices 503-1 through 503-3, the set-up and
hold times for temporal delay devices 503-1 through 503-3
might, in some embodiments, not be easy to satisty. To
ameliorate this difficulty, FIG. 7 depicts a block diagram of
an alternative illustrative embodiment in which the set-up
and hold times for the various temporal delay devices are
more easily satisfied. Although the embodiment depicted in
FIG. 7 is shown for B=4, it will be clear to those skilled in
the art how, after reading this specification, to make and use
alternative embodiments of the present invention in which B
equals a value other than 4.

FIG. 8 depicts a block diagram of the salient components
comprising an illustrative embodiment of the present inven-
tion in which B=3.

FIG. 9 depicts a block diagram of an alternative embodi-
ment of the present invention in which temporal delay
devices 902-0 through 902-3 and 903-1 through 903-3 are
fixed delay elements. It will be clear to those skilled in the
art how to make and use fixed delay elements. The temporal
delay through temporal delay devices 902-0 through 902-3
is equal to one cycle of timing signal ®,. Temporal delay
device 903-g, for g=1 through B-1, has a delay equal to &
of one cycle of timing signal ®,. The illustrative embodi-
ment depicted in FIG. 9 is advantageous in that multiple
clock signals are not required.

It is to be understood that the above-described embodi-
ments are merely illustrative of the present invention and
that many variations of the above-described embodiments
can be devised by those skilled in the art without departing
from the scope of the invention. It is therefore intended that
such variations be included within the scope of the following
claims and their equivalents.

What is claimed is:

1. An apparatus comprising:

a fist unanimity gate for generating a first binary wave-
form based on a first coincidence function of a second
binary waveform and a third binary waveform;

a second unanimity gate for generating a fourth binary
waveform based on a second coincidence function of
said first binary waveform and a fifth binary waveform;
and

a fist temporal delay device for receiving said fourth
binary waveform and for generating said third binary
waveform based on said fourth binary waveform.

2. The apparatus of claim 1 wherein said first temporal

delay device is a first bi-stable storage device.

3. The apparatus of claim 1 further comprising a second
temporal delay device for generating a sixth binary wave-
form based on said first binary waveform.

4. The apparatus of claim 3 further comprising a third
temporal delay device for receiving said third binary wave-
form and for generating a seventh binary waveform based on
said third binary waveform.
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5. The apparatus of claim 4 further comprising a third
unanimity gate for generating an eighth binary waveform
based on a third coincidence function of said sixth binary
waveform and said seventh binary waveform.

6. The apparatus of claim 5 wherein said first coincidence
functions said second coincidence function, and said third
coincidence function are the same; and

wherein said first timing signal and said second timing
signal are out of phase with respect to each other.

7. An apparatus comprising:

a first unanimity gate for generating a first binary wave-
form based on a first coincidence function of a second
binary waveform, a third binary waveform, and a fourth
binary waveform;

a second unanimity gate for generating a fifth binary
waveform based on a second coincidence function of
said first binary waveform, said third binary waveform,
and a sixth binary waveform; and

a third unanimity gate for generating a seventh binary
waveform based on a third coincidence function of said
first binary waveform, said fifth binary waveform, and
an eighth binary waveform.

8. The apparatus of claim 7 further comprising:

a first temporal delay device for receiving said fifth binary
waveform and for generating said fourth binary wave-
form based on said fifth binary waveform; and

a second temporal delay device for receiving said seventh
binary waveform and for generating said third binary
waveform based on said seventh binary waveform.

9. The apparatus of claim 7 further comprising:

a first bi-stable storage device for receiving said fifth
binary waveform and a first timing signal, and for
generating said fourth binary waveform based on said
fifth binary waveform and said first timing signal; and

a second bi-stable storage device for receiving said sev-
enth binary waveform and said first timing signal, and
for generating said third binary waveform based on said
seventh binary waveform and said first timing signal.

10. The apparatus of claim 8 further comprising:

a third bi-stable storage device for receiving said fourth
binary waveform and a second timing signal and for
generating a ninth binary waveform based on said
fourth binary waveform and said second timing signal;
and

a fourth bi-stable storage device for receiving said third
binary waveform and a third timing reference signal
and for generating a tenth binary waveform based on
said third binary waveform and said third timing ref-
erence signal.

11. The apparatus of claim 10 further comprising a fourth
unanimity gate for generating an eleventh binary waveform
based on a fourth coincidence function of said twelfth bin
waveform, said ninth binary waveform, and said tenth
binary waveform.

12. The apparatus of claim 11 wherein said first coinci-
dence function, said second coincidence function, said third
coincidence function, and said fourth coincidence function
are the same; and

wherein said first timing signal, said second timing signal,
and said third timing signal are out of phase with
respect to each other.

13. An integrated circuit comprising:

a plurality of single-channel serializers, wherein each of
said single-channel serializers comprises:

(1) a first unanimity gate for generating a first binary
waveform based on a first coincidence function of a
second binary waveform and a third binary wave-
form;
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(i) a second unanimity gate for generating a fourth
binary waveform based on a second coincidence
function of said first binary waveform and a fifth
binary waveform; and

(iif) a first temporal delay device for receiving said
fourth binary waveform and for generating said third
binary waveform based on said fourth binary wave-
form.

14. The integrated circuit of claim 13 wherein said first
temporal delay device is a first bi-stable storage device.

15. The integrated circuit of claim 13 wherein each of said
single-channel serializers further comprises (iv) a second
temporal delay device for receiving said first binary wave-
form and for generating a sixth binary waveform based on
said first binary waveform.

16. The integrated circuit of claim 15 wherein each of said
single-channel serializers further comprises (v) a third tem-
poral delay device for receiving said third binary waveform
and for generating a seventh binary waveform based on said
third binary waveform.

17. The integrated circuit of claim 16 wherein each of said
single-channel serializers further comprises (vi) a third
unanimity gate for generating an eighth binary waveform
based on a third coincidence function of said sixth binary
waveform and said seventh binary waveform.

18. The integrated circuit of claim 17 wherein said first
coincidence function, said second coincidence function, and
said third coincidence function are the same.

19. An integrated circuit comprising:

a plurality of single-channel serializers, wherein each of
said single-channel serializers comprises:

(1) a first unanimity gate for generating a first binary
waveform based on a first coincidence function of a
second binary waveform, a third binary waveform,
and a fourth binary waveform;

(ii) a second unanimity gate for generating a fifth
binary waveform based on a second coincidence
function of said first binary waveform, said third
binary waveform, and a sixth binary waveform; and

(iii) a third unanimity gate for generating a seventh
binary waveform based on a third coincidence func-
tion of said first binary waveform, said fifth binary
waveform, and an eighth binary waveform.

20. The integrated circuit of claim 19 wherein each of said
single-channel serializers further comprises:

25

30

40

10

(iv) a first temporal delay device for receiving said fifth
binary waveform and for generating said fourth binary
waveform based on said fifth binary waveform; and

(v) a second temporal delay device for receiving said
seventh binary waveform and for generating said third
binary waveform based on said seventh binary wave-
form.

21. The integrated circuit of claim 19 wherein each of said

single-channel serializers further comprises:

(iv) a first bi-stable storage device for receiving said fifth
binary waveform and a first timing signal and for
generating said fourth binary waveform based on said
fifth binary waveform and said first timing signal; and

(v) a second bi-stable storage device for receiving said
seventh binary waveform and said first timing signal
and for generating said third binary waveform based on
said seventh binary waveform and said first timing
signal.

22. The integrated circuit of claim 20 wherein each of said

single-channel serializers further comprises:

(vi) a third bi-stable storage device for receiving said
fourth binary waveform and a second timing signal and
for generating a ninth binary waveform based on said
fourth binary waveform and said second timing signal;
and

(vii) a fourth bi-stable storage device for receiving said
third binary waveform and a third timing reference
signal and for generating a tenth binary waveform
based on said third binary waveform and said third
timing reference signal.

23. The integrated circuit of claim 22 wherein each of said
single-channel serializers further comprises: (viii) a fourth
unanimity gate for generating an eleventh binary waveform
based on a fourth coincidence function of said first binary
waveform, said ninth binary waveform, and said tenth
binary waveform.

24. The integrated circuit of claim 23 wherein said first
coincidence function, said second coincidence function, said
third coincidence function, and said fourth coincidence
function are the same; and

wherein said first timing signal, said second timing signal,
and said third timing signal are out of phase with
respect to each other.



