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/ 1 BYTE SYNCHRONI ZATI ON SYSTEM AND METHOD

USI NG AN ERROR CORRECTI NG CODE BACKGROUND OF THE | NVENTI ON | Pos
1. Field of the Invention The present invention relates to
the field of data coding and el ectronic circuits. . prc i > oY N WA VAR ] o1
present invention relates to a system and a nethod '%M %POWEI@"QS byt esG
synchroni zation for detecting data using parti &3 D@&p@n&@ EAgQH ng
maxi mum | i kel i hood (PRML) sequence detection t EChOIHES: : paged — pa :
Description of the Related Art V\:@ﬂppaﬁ,@ggwt y gattfipaﬁ’éadgr--
information is attached in front of the data g ﬁg}trg g cairJRpagegyd ...
synchroni zati on nmust be included in the header entlff F o tﬁ%i’aged S
position of the first data bit of the data bits. Such byteée synthromzat+en
is sonetines called a "tim ng rrark " In a partial -response with

maxi mum | i kel i hood seq ng channel
byte synchroni zation is rﬁ%‘g@\&%ﬁg

conventional byte synchroni za% rf speci sequences or
patterns, that hﬁ@%@@uﬁﬁ% {@Mﬁgha bl ocks are detected by a

Vi t er bi detecto i zati on synbol detector. For exanple, in a

partial -response class-1Y M JBR4), systemrunning in 9/8 code, a
9-bit pattern, such as 1%%13& lﬁﬁn ﬁg repeated three tines for byte

synchroni zation detecti ogyaft@ht m&eﬁ@on%ﬁ& [oORE Bel@br @ Qlihng adBetedtbhicPat tern
that is used for bit synchronizing a voltage-

circuits. More particularly, the present invention relates to a system and a method

that provides byte synchronization for detecting data using partial-response signaling

with maximum-likelihcod (PRML) sequence detection techniques.

2. Description of the Related Art

When transmitting data, header information is attached in front of the
data to set up the receiver. Byte synchronization must be included in the header for
identifying the position of the first data bit of the data bits. Such byte synchronization
is sometimes called a “timing mark." In a partial-response with maximum-likelihood
sequence detection (PRML) maximum recording channel, byte synchronization is used
to mark the first bit of a symbol. In conventional byte synchronization techniques,
special bit sequences; or patterns, that indicate beginnings of data blocks are detected
by a Viterbi detector and a synchronization symbol detector. For example, in a
partial-response class-1V (PR-1V or PR4) system running in 9/8 codé, a 9-bit pattem,
such as "111101111", is repeated three times for byte synchronization detection after

the occurrence of an all "Is" bit pattern that is used for bit synchronizing a voltage-



controlled oscillator
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errors. A synchronization detection error can be caused ‘by a bad Viterb
i nput sanple, for exanple. The occurrence of nore than 2 bad input sanples
during synchroni zation detection nmay cause a synchroni zation failure
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bad Viterbi input sample, for example. The occurrence of more than 2 bad input
samples during synchronization detection may cause a synchronization failure (failure
to realize synchronization) or a mis-synchronization condition {synchronize to a false
bit position).

In a PR4 system, adjacent samples are interleaved and are independent
from each other. A Viterbi detector for such a system uses two samples from the
same interleaved sample group for symbol detection. In a noiseless PR4 system, all
Viterbi detector input samples S; are defined to be the symbols 1, 0 and -1. The
sample sequences 1, 07, I and -1, ¢°, -1 are not allowed in a 2-way interleaved
sample group. The symbol 0°, as used herein, means: 1) the occurrence of no 0
symbol, or 2} the occurrence of equal to or more than one 0 symbol. For example,
"1, -1", "*-1,0, 1" and "-1, 0, 0, 1" arc allowed sequences, while "1, 1", *-1, 0, -1
and 1, 0, 0, 1" are not allowed. Due to this restriction, symbol detection error
situations can be grouped by cases of symmetrical symbol sequences so that only the

4 possible cases of symbol sequences, shown in Figure 1, need be considered.

1)
are

be
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4 possi bl e cases of synbol sequences, shown in Figure 1, need be

consi der ed. A Viterbi input sanple S[err]
is given by S[err] = Xerr] +
N err] (1) where Xl err] is the originally

recorded synbol value and N err] represents noise, both mnmeasured in
anal og-to-digital converter (ADC) LSBal evels. Noise Nerr] is defined
herein .to be Gaussian. Viterbi detector synbol detection decisions are
based on conbining two sanples S[err] and S[err], where k is an error
separation nunber. If the two sanples S[err] and S[err] include noise
Nerr] and N err], respectively, that have magnitudes causing synbo
detection decision errors, the two sanples are considered to be a bad
sanpl e conbinati on. Clhermjse the sanples are considered to be a good

sanpl e conbination. ination causes two code bit errors.
Exenpl ary good and bad sgﬁgpllng %E?gﬁgmngé shown in Figures 2-5 for
each of the four cases shomm in Flgure 1. The Viterbi

detector difference netric Dl[err] is bas&d*d&n previous sanples. {(For the
exenpl ary anal og-to-digital converter (ADC) output having a sanple

sequence 16, O, rie j 1, if
synbol sanple F%?Ffﬂtﬁa§§$J %Hggkgggm%?ron1%ﬁ?efr?ﬁgﬁﬁném%g)grr] i s equa
to DJ[err]. So, IS A8k A wher e
k > 1 (Figure 5B), mt%?lgn gé%ggt I 1(%%?§L decﬁg(g%dlj?%éivgﬁe%ﬁggﬁgﬁ%ﬁae\régllc%hn

previ ous pot ent {Ale RGN ViRkbi REEAOH dyRbollefektPr Mecisions are based on combining

two samples S, and S;, where k is an error separation number. If the two samples
S;x-and S, include noise N;,, and N;, respectively, that have magnitudes causing
symbol detection decision errors, the two samples are considered to be a bad sample
comb.ination. Otherwise, the samples are considered to be a good sampie
combination. One bad sample combination causes two code bit errors. Exemplary
good and bad sample combinations are shown in Figures 2-5 for each of the four
cases shown in Figure 1.

The Viterbi detector difference metric DJ;,, is based on previous
samples. For the exemplary analog—to-digital converter (ADC) output having a
sample sequence 16, 0, -16 corresponding to the symbol sequence 1, 0, -1, if symbol
sample S, is within 4+ 8 LSBs from DJ,,, then DJ; is equal to Diiy. So,ifa0
symbol is detected k-+1 times consecutively, where k > 1 (Figure 5B}, the detection
decision is based on S; and the previous potential maximum or potential minimum
sample S;,.. In other words, the bad sample combination includes two noise values

N,,, and N; that have a difference that is greater than or equal to 16 LSBs. For



sanple S[err]. In other words, the bad sanple conbination includes two
noi se values Nerr] and N err] that have a difference that is greater than

or equal to 16 LSBs. For exanple, in Figure 2B, the bad
sanpl e conbi nati on includes noise sanples Nerr] = 10 and Nerr] = -8. The
di fference between the two noise sanples is greater than 16, and is |arge
enough to cause detection errors. 4 Based on this, the
probability (P[err]) of a bad sanple conbination for a Viterbi detector
can be expressed by: Plerr](i,i-2k) =
[err]P(N[err]=j) *P(Nerr] [err] j+16), - (2) where the

termP(Nerr]=j) is the probability that the noise N err] equals j x LSB,
and the termP(Nerr] j+16) is the probability that the noise Nerr] is
greater than or equal to (j +16) x LSB. Wiile the summation range is

J
different for each:of t fo ases, the robabi |i,ty of a bad_ sanple
conbi nation for %‘ﬁﬁlﬁleb‘flq:te%‘ge ?%’d'ﬁe ?fsség‘l’gsw’@g‘ﬂ@é’f'é’ﬁluﬁgrﬁé% Saé‘i‘pﬁ%sf‘f'ﬂkfrﬁrgcsane
because P(N err]=j,).,1 S SO | that it can be.neqgl ect.ed when the bsol ut e
val ue of j( l[oeco] g)qr‘a;f QSZ.T%(@%}%)C( Fté’f’er\:‘f'f\lfvéor?‘]'sg 5%%3%3:15 greqle g%{éef?ﬂalsat a

signal - to-noi s&r%}léugthNRgea%[ 16 dB. The Viterbi detector error
) can es

probability (P[err“g’]e be" R Ed™ or any case using Equation (2) and

is plotted in Figure 6. a]?as'%iy?nemisst&ﬁ h%bgﬁitggfq% %&Q&?‘@mpt% %%x_%?n%%ni Fo bl ock

di agram for a convention on circui rcal £ 70

uses a 7-bit Shi{hefie@loshelan bhexgteB T N

Po(i, i-2k) =3 P(N;=3) *P(N;, 25+16), (2)
J

where the term P(N;=j) is the probability that the noise N; equals j x LSB, and the
term P(N;,, = j+16) is the probability that the noise N, is greater than or equal to
(i-+16) x LSB. While the summation range is different for .each of the four cases, the
probability of a bad sample combination for each of the four cases is expected to be
almost the same because P(N;=j) is so small that it can be neglected when the
absolute value of j becomes large. For example, P(N;=16) = 5.1 x 10? at a signal-
to-noise ratio (SNR) of 16 dB. The Viterbi detector error probability (P,,) can be
estimated for any case using Equation (2) and is plotted in Figure 6.

Figure 7 shows a schematic block diagram for a conventional byte
synchronizatibn circuit 70. Circuit 70 uses a 7-bit shift-register 71, a pattern
matching gate 72, a latch L1 and an 18-bit shift-register 73. Figure 8 shows a timing
diagram for circuit 70. To implement correct byte synchronization, a write circuit
(Figure 9) includes a magnet trimming circuit. The magnet trimming circuit changes

the write data path delay depending upon the precoder’s initial values when the byte



mat ching gate 72, a latch LI and an 18-bit shift-register 73. Figure 8
shows a timng diagramfor circuit 70. To inplenment correct byte
synchroni zation, a wite circuit (Figure 9) includes a nagnet trinmm ng
circuit. The magnet trinmng circuit changes the wite data path del ay
dependi ng upon the precoder's initial values when the byte
synchroni zation pattern is applied to the circuit. Figure 9 shows a
schematic bl ock diagramof a conventional wite circuit 90 having a nagnet
trimmng circuit 91 and a precoder circuit 92 that operate in conjunction
wWith circuit 70. Figure 10 is a diagram of possible magnet patterns for
magnet trimmng circuit 90 for the 4 cases, which gives the sane out put
codes in Figure 8 (111...11110111112110111211111011111).
Thewritecircuitadjuststhewitepath delay so that either pattern (1) or
(2), shown in Figure 10, is witten because circuit 70 can detect byte
synchroni zati on gmkdrofiodtioh BRES: & WEbB&tS BE BifouitN Fgufed sHBRE b 8iBSatkcBockand (4)
shown in Figure 10. A nod-2 sync phase control signal is generated by
di vidi ng the dat 8iagh@af aicBnvehtionili viritd Girdast 90 WaViRN & mbgneUSiRFhiADErAE B 83 NI
correct byte synchronization. For the conventional system
shown i n Fi gur espréeddds cirtuit 92 eanerddd ih Soditirtion &Rl cifcait 7patrgrenombchi ng for
each 9-bit pattern because the error separation nunber k in Equation (2)
is likely to be diagvamrofposshicrmdgnagattarss fonmégaet iothingdidcuipsd fo@ the. 4 cases,
Consequently, a single bad bit sanple does not destroy two adjacent 9-bit
which gives the same output codes in Figure 8

(111...1111011111111011111111011111). The write circuit adjusts the write path
delay so that either pattern (1) or (2), shown in Figure 10, is written because circuit
70 can detect byte synchronization only for these two patterns, not for patterns (3)
and (4) shown in Figure 10. A mod-2 sync -phase control signal is generated by
dividing the data clock in circuit 70 by two and is used foriachieving correct byte
synchronization.

For the conventional system shown in Figures 7-10, 7 internal bits are
used for pattern matching for each 9-bit pattern because the error separation number k
in Equation (2) is likely to be 1 when no 0 bit occurs in the code bit pattern.
Consequently, a single bad bit sample does not destroy two adjacent 9-bit
synchronization sequences simultaneously. Nevertheless, the one bad bit sample
destroys one adjacent synchronization byte sequence. For example, an error at the
eighth bit of a 9-bit code pattern is likely to occur with an error at the first bit of the
subsequent code pattern because there is no O bit at either the beginning or the end of

the synchronization code. Since the first and last bytes in the 9-bit synchronization



synchroni zati on sequences sinul taneously. Neverthel ess, the one bad bit
sanpl e destroys one adjacent synchroni zati on byte sequence. For exanpl e,
an error at the eighth bit of a 9-bit code pattern is likely to occur with
an error at the first bit of the subsequent code pattern because there is
no O bit at either the beginning or the end of the synchronization code.
Since the first and last bytes in the & bit synchronization '

6 byte are not used for pattern matching, this error destroys only
the first synchronization byte code. Taking this into consideration, the
conventi onal approach provides that one bad sanple conbination is allowed
in any of the three repeated 9-bit code sequences for achieving correct
byt e synchroni zati on. However, two to four bad bit sanple conbinations in
the 27-bit code pattern may cause synchronization failure or a

m s-synchroni zation condition. Mdre than four bad bit sanple conbinations
in the 27-bit synehieapi Fad fodpagnt intching, ahis esoradestsopc biilp tieZadti on fail ure.
Thus, the conventional byte synchronization approach has the disadvantage
of a | ong synchr eyaciraidiiation pgt teten Takifg Idiid indo. coksidetdtier, thd dvaveptictahiyipkdatly of a
synchroni zation failure and/or a m s-synchronization condition is not
insignificant. Ppovidexhrphepadenalssembingiohathivarnpinany ofithe thatd mpeapd @dits 2
code bit errors, the probability Plerr] of a synchronization failure

and/ or a m s- synchieoeduzrees fon achaavilgtcowert byte synahrotiration dHawevey twhdo foot badwi ng
equat i on: P(E>m =1 - [err] Plerr] (1 -
Plerr])[err], bit sample combirfag@gns in the 27-bit code pattern may cause synchronization failure

or a mis-synchronization condition. More than four bad bit sample combinations in
the 27-bit synchrénizaﬁon pattern causes a synchronization failure,

Thus, the conventional byte synchronization approach has the
disadvantage of a long synchronization pattern (27 bits). Further, the probability of a
synchronization failure and/or a mié—synchronizaﬁon.condiﬁon is not insignificant.
For example, because one bad.sample combination causes 2 code bit errors, the
probability P, .. oy of a synchronization failure and/or a mis-synchronization condition

is calculated using the following equation:

P(E>m) =1 - i(?) P {1 - P, )", {3)
=0

where P, is obtained from Equation (2), and n = 27 and m = 1. Using the P,
value from Figuré 6, Pyt 1S calculated as shown in Figure 16 (curve 161). From
Figure 6, P ry is 3.1 x 10° for an SNR = 16 dB. Further still, write magnet

trimming techniques are required for writing the special synchronization pattern.



where Plerr] is obtained fromEquation (2), and n = 27 and m= 1. Using the
Plerr] value fromFigure 6, Plerr] is calculated as shown in Figure 16
(curve 161). From Figure 6, P[err] is 3.1 x 10[err] for an SNR = 16 dB.
Further still, wite magnet trinmmng techniques are required for witing

t he speci al synchroni zation pattern.

Consequently, what is needed is a systémand a nmethod that uses a shorter
synchroni zation pattern while providing a greater byte synchronization
certainty than conventional byte synchroni zation approaches w thout
requiring-wite nmagnet trinmng for witing the synchronization pattern.
SUMWWARY OF THE | NVENTI ON The present invention provides a
system and a nethod that uses a shorter synchronization pattern while
providing a greater synchronization certainty than conventional approaches
w thout requiring wite magnet trimmng for witing the synchronization

pattern. The present i nvepiseqBntys @hatdh ndeld i Elsysdim 43ara @@hdanga Gde) and
checks the Hammi ng Di stance d[err] for detecting byte synchronization. The

advant ages of t kb §a&@Rénidatioreititt:A Rviile Hravidingl OgehtddbyR sithRnisyiag hr oni zat i on
detection system and nmethod in which a vector subtractor circuit

determ nes a di ¢draingnmien ¥a0dnGonal bRt WRGRrofizAtUl BfPidacties Adthaldtauipag vt and a
synchroni zation bit pattern, and an of fset

magnet trimming for writing the synchronization pattern.

SUMMARY OF THE INVENTION

The present invention provides a system and a method that uses a
sﬁorber synchronization pattern while providing a greater synchronization certainty
than conventional approaches withbut requiring write magnet trimming for writing the
synch_ronization pattern. The present invention uses an ECC (Error Correcting Code)
and checks the Hamming Distance dy; for detecting byte synchronization. The
advantages of the present invention are provided by a byte synchronization detection
sjrstem and method in which a vector subtractor circuit determines a difference vector
between a current read data pattern and a synchronization bit pattern, and an offset
adder circuit determines a distance of the next read data pattern by adding the
difference of the current Hamming Distance dy ., and the next Hamming Distance
Aiyae 1O a Hamming Distance of the current read data pattern. The offset adder
circuit determines a difference between the Hamming Distance of the current read
data pattern and 2 Hamming Distance of the next read data pattern. The

synchronization bit pattern is formed from a predetermined sequence of predctérmined



adder circuit determ nes a distance of the next read data pattern by addi ng
the difference of the current Hamm ng Di stance d[err] and the next Hamm ng
Di st ance to a Hamm ng Di stance of the current read data pattern.
The offset adder ~circuit determnes a difference between the Hanm ng

Di stance of the current read data patjern and a Hanm ng D stance of the
next read data pattern. The synchronization bit pattern is forned froma

pr edet er mi ned sequence of predeterm ned signals, or
bits, is between 16 and 18 bits in length, inclusive, and is preferably 16
bits in | ength. According to the invention, the vector

subtractor circuit includes only a shift register. The shift register is
formed froma plurality of sequentially connected |atches. Each |atch
out put corresponds to an exclusive-or'ed result of adjacent bits of the
synchroni zation pattern. If the adjacent bits in the ECC synchronization
pattern are distgnals.cortoits,tihbetaenib end b8 bits invegthe thrlusive, pod ispfefddidy 16
corresponding latch is connected to the next latch. If the adjacent bits
are the sane, tbif@inlewgth.(non-inverted) output is connected to the next

| atch. The vector subtractor outputs (bO, bl, ..., bl5) forma difference
vect or between the inputhogaéingio féﬁHWGWHE@G@Méll*hi@ﬁprzfancwtmduﬁmtmb!m
vector, although it does not use a subtractor or exclusive-or gates.

BRI EF DESCRI PTISE fefistyE oRpifiygisr is formed from a pluralifhef ssausatially cpmmeeted i on i

illustrated by of. exanpl e and not
latchies. Each latch output corresponds to an exclusive-or’ed result of adjacent bits of

the synchronization pattern. If the adjacent bits in the ECC synchronization pattern
are different, the complement (inverted) output of the corresponding latch is
connected to the next latch. If the adjacent bits are the same, the true (non-inverted)
output is connected to the next latch. The vector subtractor outputs (03, bl, ..., bl5)
form a difference vector between thé input vector and the ECC synchronization

pattern vector, although it does not use a subtractor or exclusive-or gates.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention is illustrated by way of example and not
limitation in the accompanying figures in which like reference numerals indicate
similar elements and in which:

Figure 1 is a graphic représentation of possible cases of symmetrical
symbol sequences for a Viterbi detector;

Figures 2A and 2B are graphic representations of exemplary good and

bad sample detection cases, respectively, for case 1 shown in Figure 1;



limtation in the acconmpanying figures in which |like reference nunerals

indicate simlar elenents and in which: Figure 1 is a
graphic representati on of possible cases of symmetrical synbol sequences
for a Viterbi detector; Figures 2A and 2B are graphic

representations of exenplary good and bad sanple detectlon cases,
respectively, for case | .shown in Figute 1;

9 Figures 3A and 3B are graphic representations of
exenpl ary good and bad sanple detection cases, respectively, for case 2
shown in Figure 1, Fi gures 4A and 4B are graphic
representations of exenplary good and bad sanple detection cases,
respectively, for case 3 shown in Figure 1; Fi gures 5A and
5B are graphic representations of exenplary good and bad sanple detection
cases, respectively, for case 4 shown in Figure 1, Figure 6

shows a graph of ViterbiFigetess aid 33 1@ graphio bapldséntatiyns(dPleedniplary go@raaas
signal -to-noise ratio (SNR) in accordance with Equation (2);
Figure 7 shows bedsehmplretkediobkme) rdpagrdynmiafcase Todowve it Figmall; byt e
synchroni zation circuit; Figure 8 shows a timng diagram for
the conventional byte skiguhs &haxdB an gophic mipresafatifisgiegeniplary good and
Figure 9 shows a schematic bl ock diagramof a conventional wite
bad sample detection cases, respectively, for case 3 shown in Figure 1;
Figures 5A and 5B are graphic representations of exemplary good and
bad sample detection cases, respectively, for case 4 shown in Figure 1;
Figure 6 shows a graph of Viterbi detector error probability (P..)
versus signal-to-noise ratio (SNR) in accordance with Equation (2);
Figure 7 shows a schematic block diagram of a conventional byte
synchronization circuit;
Figure 8 shows a timing diagram for the conventional byte
synchronization circuit of Figure 7;
Figure 9 shows a schematic block diagram of a conventional write
circuit including a conventional magnét trimming circuit that operates in conjunction
with the conventional byte synchronization circuit of Figure 7;
Figure 10 is a diagram of four possible magnet patterns for the
'synchronizatjon pattern (111, 11110111 111110111111110111L,..10);

Figure 11 shows a schematic block diagram of an Error Correcting

Code (ECC) byte synchronization detector circuit according to the present invention;



circuit including a conventional magnet trimming circuit that operates in
conjunction wth the conventional byte synchronization circuit of Figure
7; Figure 10 is a diagram of four possible magnet patterns
for the synchronization pattern (111...2111101112/111101111111101111...11);
Figure 11 shows a schematic bl ock diag§@n1of an Errqr Correcting Code
(ECC) byte synchroni zation detector circuit according to the present

i nvention; 10
Figure 12A shows a schematic bl ock diagramof a conventional vector
subtraction circuit; Figure 12B shows a schematic bl ock

di agram of a vector subtractor circuit according to the present invention,
Figure 13 is a schematic bl ock diagram of an offset adder circuit

according to the present invention; Figure 14 is a schematic
bl ock_ di agram of an optim zed half-adder circuit according to the present
i nventi on; Figurey Ineshens ¢ schematic fhlagl fi2gra o & RORYERRPPA YS9 an

optim zed di stance decoder circuit according to the present invention; and
Figure 16 is a Jgrapfi"€HdiHg byte synchronization failure or nis-

synchront zat on probabl| el PRSPl S oS R lkid S TOLSS s (9 o
circuit ac_cording to the present invention;
Figure 13 is a schematic block diagram of an offset adder circuit
according to the preéent invention;
Figure 14 is a schematic block diagram of an optimized half-adder
circuit according to the present invention;
Figure 15 is a schematic block diagram of an optimized distance
decoder circuit according to the present invention; and
| Figure 16 is a graph showiné byte synchroniiation faﬂure or mis-
synchfonization probability (P, ra) versus signal-to-noise ratio (SNR) for the prior

art and for the present invention.

DETATLED DESCRIPTION

The present invention provides a system and a method using an Error
Conecﬁng Code (ECC) byte synchronization approach that provides a greatér
synchronization certainty than conventional approaches. Additionally, the present
invention uses a shorter synchronization code length than the conventional approach.

The present invention does not use as complicated configuration as a conventional



DETAI LED DESCRI PI ON The present invention provides a system
and a nethod using an Error Correcting Code (ECC) byte synchronization
approach that provides a greater synchronization certainty than

conventi onal approaches. Additionally, the present invention uses a
shorter synchroni zation code | ength than the conventional approach. The
present invention does not use as conplicated configuration as a

conventi onal byt e synchroni zati on system and,
consequently, operates with less gate delay and with |ess hardware than
t hat of conventional approaches. The present invention uses

an ECC pattern of between 16- and 18-bits and having a Hanm ng di stance of
at least 9 for a 16-bit pattern and 10 for an 18-bit pattern. Accordingly,
the ECC pattern of the present invention can correct up to 4 errors (2 bad
sanples). Table | shows preferred ECC patterns having the m ni rum Hanm ng
di stance of d =bfe onclikOhifation ftedland,’ baseqeatyt, @parattowitVED datetdelay and with
synchroni zati on. TABLE

Code Length less hardwarePthaf atrof dor@entimnal approackesof codes Di st ance

16 1011100100101000 : 1 9

17 0001001100101 (presens .invention uses an ECC patidr @f between 1§- and 18-bits

and having a Hamming distance of at least 9 for a 16-bit pattern and 10 for an 18-bit
pattern. Accordingly, the ECC patiern of the present invention can correct up to 4
errors (2 bad samples). Table I shows preferred ECC patterns having the minimum

Hamming distance of d = 9 or 10 for an all “1s" pattern for VCO bit

synchronization.
TABLE I
Code Length " Preferred Code # of codes | Distance
16 1011100100101600 1 9
17 0001001100101000 etc. 1401 9
18 100101011001100000 etc. 4 10

By using an ECC pattern shown in Téble I,uptos érrors can be
corrected and up to s + ¢ errors can be detected, where 2s + t < d - 1. For these
codes, the maximum s is 4. Consequently, when codes having a distance of 9 are
used, up to 4 errors can be corrected. The advantages of the pattemns having lengths 1
= 16, 17 and 18, shown in Table I, are that up to two bad sample combinations are

allowed anywhere in the pattern for achieving correct synchronization, and more than



18 100101011001100000 etc. 4 10

By using an ECG pattern shown in Table |, up to s errors can be corrected
and up to s +t errors can be detected, where 2s +t [err] d - 1. For these
codes, the maximums is 4. Consequently, when codes having a distance of 9
are used, up to 4 errors can be corrected. The advantages of the patterns
having lengthss 1 = 16, 17 and 18, shown in Table I, are that up to tw bad
sanpl e conbi nations are allowed anywhere in the pattern for achieving
correct synchronization, and nore than 1

12 two bad sanpl e conbinations within 1 consecutive sanples may cause
a synchronization failure or a m s-synchroni zati on condi tion.

The probability P(E > m of nore than m bad sanple conbinations wthin n
consecutive sanples is given by Equation (3). The probability is equal to
Plerr] . - Wien a length 1 and a code having a m ni num

di stance d (cor r'¥ethedgmak sasinationsayifhin lyopsecytive sasRles TRY St are | and s/ 2,
respectively. The conventional byte synchronization approach nay
experience a syn¥RTEIIZEET BHUFE &F B GHESRAEPPRIR? B85S anpl e conbi nat i ons

2 patiern length of 16 | S S RUEGIANTY ¥ SrHEvp Qe NS GHRAFOIE 1 and m
o A 2 o TR e VT s B e LRIy oty o
is P
When a length | and a code having a minimum distance d {correcting

number s < d/2) is used, n and m are I and s/2, respectively. The conventional byte
synchronization approach may experience a synchronization failure when two bad
sample combinations @ur. For the conventional case, n and m are 27 and 1,
respectively. When a pattern length of 16 is used according to the presen-t invention,
n and m are 16 and 2, respectively. Figure 16 shows the probability of
synchronization failure P, 4,y for a 16-bit ECC pattern (curve 162). Py, g is
improved from 3.1 x 10% at an SNR = 16 dB for the conventional approach to 4.7 x
10*° at an SNR = 16 dB for a 16-bit synchronizétion pattern of the present invention.
Similarly, P, ¢ is improved from 1.8 x 107? at an SNR = 19 dB for the
conventional approach to 1.5 x 10% at an SNR = 19 dB for a 16-bit synchronization
pattern of the present invention.

Figure 11 shows a schematic block diagram of an ECC byte

synchronization detector circuit 110 according to the present invention. Byte

synchronization detector circuit 110 includes a vector subtractor circuit 120, an offset



inmproved from3.1 x 10[err] at an SNR = 16 dB for the conventional approach
to 4.7 x 10[err] at an SNR = 16 dB for a 16-bit synchroni zati on pattern of
the present invention. Simlarly, Plerr] is inproved from1l.8 x 10[err] at
an SNR = 19 dB for the conventional ;approach to 1.5 x 10[err] at an SNR =
19 dB for a 16-bit synchronization pattern of the present invention.
Figure 11 shows a schematic bl ock di agram of an ECC byte synchroni zation
detector circuit 110 according to the present invention. Byte
synchroni zati on detector circuit 110 includes a vector subtractor circuit
120, an offset 13 adder
circuit 130, a distance decoder circuit 111 and a code detector circuit
112. Vector subtractor circuit 120 and offset adder circuit 130 formthe
primary portion of <circuit 110, and provide vector subtraction and
addition of the elenents of the ECC code for obtaining the Hanm ng
di st ance bet weenaddezadicait V3G b distaadticadieetircort 1Veaidareode detdatok ceaittier 113 and
a w ndow generator 114 operate in a well-known nmanner for producing a
det ecti ng W ndowebtdristigratthecipeit il 2ilamaf offs¢t rEdenkcuitt 3@ fdr@Che priteary portiex pect ed
to occur. Figure 12B shows a schematic bl ock di agram of vector subtractor
circuit 120b. Figurie 118 ahd pavide hematsiratiiopakd diddgn afithefelegkfits ef tha dider
circuit 130. Figure 12A shows a conventional vector
subtraction cir cefde for20ainingtihecHamining [disthacs tetvitan & zerh ivéator rpg s eregr ve&dr. an ECC
register 122 and a plurality of exclusive-or gates 123a-123p. The nunber
of bits of data Ahitfoounedildeeda yindow gareratasdil$ praratg P2 welgknopateesner g equal s
t he nunber of bits used in the ECC pattern. A shorter ECC, as used

producing a detecting window during the period of time when the ECC code is

expected to occur. Figure 12B shows a schematic block diagram of vector subtractor
circuit 120b. Figure 13 is a schematic block diagram of offset adder circuit 130.
Figure 12A shows a conveptional vector subtraction circuit 120a, which
includes a data shift register 121, an ECC register 122 and a plurality of exclusive-or
gates 123a2-123p. The number of bits of data shift register 121, ECC register 12i and
gates 123 equals the number of bits used in the ECC patiern. A shorter ECC, as used
by the present invention, results in less hardware. Preferably, the ECC pattern of the
present invention uses 16 bits. Data shift register 121 receives read data from a
Viterbi detector (not shown). T};c' output of data shift register 121 and the output of
ECC register 122 are exclusive-or’ed by gates 123a-123p to produce an output vector
that is applied to offset adder 130. Instead of the complicated circuit in Figure 12A,
the present invention uses the much simpler and faster circuit shown in Figure 12B.
Figurc 12B shows a schematic block diagram of a vector subtractor

120b. Vector subtractor 120b includes latches 124a-124p. The number of latches



by the present invention, results in |l ess hardware. Preferably, the ECC
pattern of the present invention uses 16 bits. Data shift register 121
receives read data froma Viterbi detector (not shown). The output of data
shift register 121 and the output of ECC register 122 are excl usive-or'ed
by gates 123a-123p to produce an output vector that_ is applied to offset
adder 130. Instead of the conplicateldi circuit in Figure 12A, the present

i nvention uses the nmuch sinpler and faster circuit shown in Figure 12B.
Figure 12B shows a schematic bl ock di agram of a vector subtractor 120b.
Vector subtractor 120b includes |atches 124a-124p. The nunber of |atches
14 124 is equal to the nunber of bits used in the ECC code of the
present invention. The output of each latch 124 or its conplenent is hard
wired to the next latch input, as shown in Figure 12B. That is, if two

ti nb .of the ECC.i h dot t th . th

ot put of | the pnytd e o Paish AP STl o < BNF EPP b RABERRY 1o ¢ he
i t of th b t is d ted . Fi 2B TL [l atch.
£ tvo_consecut | D S5 af &1 Paen? ok s meioni s Bt i 48 e e tiibut o
th | atch i d Lo t i t. t h | at i
deﬁoteg ?n k?gﬁ?%nﬁgﬁgnhéggeggﬂigﬁ%ﬁ%q Fﬁhr%%§§%§§ﬁ§§§cggﬁﬁg¥%%Rg%;San

I 16-bi t i b, [ [ ti
of TC ant G ©at SR 685 & e ulRPLE ol SO ESRAALNR AT, bEUGY B
has the same NUMBRhel OAE oPhe WilRequb® M afl is biBF G rRRE! S5 % 2 320U

hal f of the outputs have the sane val as previous
latch. If two consecutive symbols are different, the compliment of the output of the

latch is conne,cteci to the input of the subsequent latch, and is denoted in Figure 12B
as a CL latch. Figure 12B shows a portion of an. exemplary 16-bit ECC code in
Table I and the corresponding configuration of TL and CL latches 124.

Although vector subtractor 120b has the same number of outputs as the
length of the ECC pattern, about half of the outputs have the same value as previous
bits of the pattern. Consequently, vector addition can be performed using only the
specific bits that are expected to flip or change. No distance change occurs if all
latches are TL latches because a TL laich just propagates a “1" or *0" to the
subscqﬁent latch at the next state. That is-, distance change occurs if there is a CL
latch. When CL latch output is "(j“,."l“ will be propagated to the following latch at
the next cycle, causing an increase of the Hamming Distance by 1. On the contrary,
when a CL latch output is 1", the Hamming Distance will be decreased by 1. Based
on this, the difference {(delta) of the Hamming Distance is calculated by just checking

the output of the CL latches. The circuit in Figure 12B is based on the 16-bit. ECC



bits of the pattern. Consequently, vector addition can be perforned using
only the specific bits that are expected to flip or change. No di stance
change occurs if all latches are TL |atches because a TL latch just
propagates a " 1 " or "0" to the subsequent |latch at the next state. That
i s, distance change occurs if thereis a CL latch.. Wen CL |atch output is

"0", " 1 will be propagated to thelfollowing |atch at the next cycle,
causing an increase of the Hamm ng Distance by 1. On the contrary, when a
CL latch output is "1", the Hamm ng Di stance will be decreased by |I. Based

on this, the difference (delta) of the Hamm ng D stance is cal cul ated by
just checking the output of the CL |atches. The circuit in Figure 12B is
based on the 16-bit ECC 15

code in Table | and its CL |atches' outputs are "bl5 bar, bl4 bar, bll bar,

b9 bar, b8 bar ., Qe Q%IH/ _Qr?dhiga(gl% 1a9:ﬂesb§§c?m?§e b@%iéﬁg?gpﬂf‘?ﬁ #38 Jo' sl afce

delta "delta 1" cause orementt oned

delta 1 = 2x - B, pebp b4 bar, b3 bar.” Th ing Offlance RSP RIX 1€OHA S the
nunber of "|s" aarfbng %rhgsg bre%’nt?f oned "eb%m%%lrng (f:]ro?Jep. The Ham*r?éng

D stance delta %gg{eta@orgﬁ;engmebi%s'hqg bar" and "data in bar" is
delta 2 = [err] "+ [err] + 1. (5) The Hamm ng
Distance at time n, d[err], is expressed in ternms of d[err], the distance
at ' deltal =2x -9, (4}

where x equals the number of "1s" among the aforementioned “bi bar" group. The

Hamming Distance delta “delta 2" cause by "b0 bar” and "data in bar" is
delta 2 = data_n + B0 + 1. (5} *

The Hamming Distance at time n, d,, is expressed in terms of d,,, the distance at

time n-1, by:

d, =d

n -

, +deltal + delta 2. {(6)
Substituting delta 1 and delta 2 in Equation (6} with Equation (4) and Equation (5},

d,=d,, +2x +data_in + b0 - 10. (7)

n -

Based on Equation (7), offset-adder circuit 130 (Figure 14) requires an
initial value of d,;. Consequently, before a read operation, offset adder circuit 130 is
preset to a value of 9, the distance between the ECC pattern and the all "1" vector
used for VCO bit synchronization.

Figure 13 shows that offset adder circuit 130 includes full adders (FA)

131-135, gates 136-139, optimized half-adder (HA) 140, 5-bit full adder 141 and 5-bit



time n-1, by: dierr] = d[err] + delta 1 + delta 2
(6) Substituting delta 1 and delta 2 in Equation (6)

with Equation (4) and Equation (5), dierr] = d[err]

+ 2x + [err] + [err] - 10. (7) Based on

Equation (7), offset adder circuit 130 (Figure 14) requires an initial

val ue of d[err]. Consequently, before a read operation, offset adder

circuit 130 is preset to a value of 96 the distance between the ECC

pattern and the all "1" vector used for VCO bit synchronizati on.

Figure 13 shows that offset adder circuit 130 includes full adders (FA)

131-135, gates 136-139, optim zed hal f-adder (HA) 140, 5-bit full adder 141

and 5-hit 16

regi ster 142. O fset adder circuit 130 first calculates the difference

(offset) between _the Hammi ng Di stance of the current synbol and that of

the next symbol mﬂ?‘Féﬁ‘QtF?gse‘éﬂ’qeéélf"“}té?'%&ﬁéﬁfﬂ‘i%at‘tsﬁ@ diffprenes foflgetsbatvren f or
obtai ning the di stance of .the next pattern. . et adder 130 cal cul ates 2x
and (d[err] + b@eb%ﬁmmm&@)m?‘?? R e urgnt, Sy"f*h@raéﬁ‘ H\a@’f thefigky YFPE- vErUdhe
additions are i ed using fewer s S th less delay than is
conventionally & FF 5y edamrﬂ?fsﬁh‘ td&&aﬁ%ﬁ%{?‘%ﬂ%ﬁl @ance qf thegyex dto
conpensate for é? #?g@‘[ﬁdlﬁe‘s agf((ﬁl?/+ >bpb%§_|_ &gggﬂg}/dc vent t| onal

approaches. Furt

multiple value additions are implemented using fewer stages and with less delay than
is conventionaily done. As a result, additional latches are not needed to compensate
for the increased time delay experienced by conventional approaches. Further, offset
adder circuit 130 reduces the data skew at the final adder input and reduces thé
number of full adders that are required.

Figure 14 is a schematic block diagram of optimized half-adder circuit
140. Half-adder circuit 140 is replaced with full adders 143a-143d. Full adders
1432-1434d are formed from 12 gates 144a-144]. Figure 15 isa schematic block
diagram of an optimized distance decoder circuit 111 which detects d, < 4. Distance
decoder 111 is‘ formed from 4 gates 111a-111d. |

‘While the present invention has bet;,n described in connection with the
illustrated embodiments, it will be appreciated and understood that modifications may

be made without departing from the true spirit and scope of the invention.
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adder circuit 130 reduces the data skew at the final adder input and
reduces the nunber of full adders that are required. Fi gure
14 is a schematic bl ock diagramof optim zed hal f-adder circuit 140.

Hal f-adder circuit 140 is replaced with full adders 143a-143d. Full adders
143a-143d are formed from 12 gates 144a-1441. Figure 15 is a schematic

bl ock diagram of an optim zed di stance decoder circuit 111 which detects
d[err] 4. Distance decoder 111 is fodhed from 4 gates 1l l1a-111d.

Wil e the present invention has been described in connection with the
illustrated enbodi nents, it wll be appreciated and understood that

nodi fications may be made wi thout departing fromthe true spirit and scope

of the invention. 17

THE CLAIMS What is clainmed is: 1. A byte synchroni zation
detection circuit conpri sing: a vector subtractor circuit
determ ni ng an er# 8 CLAEYSr between a current read data pattern and a
synchroni zation bit pattern; and an of fset adder circuit

determ ning a di ¥ehscldpedife next read data pattern by adding a

di fference between a anning Di stance froma cuyrrent error vector to the
synchroni zation bit phtternPEHYNrMpHPTH eSSt AL IPRITE next error
vector to the synchronization bit pattern using selected bits of the error

vector determi ned by thea\)@?f?roﬁ“b%@fF’é‘é’ti‘deteﬁT“gj&%F‘E e Qs VESIeh PR of t he

current read data e s
current read data paftern and a synchronization bit pattern; and

an offset adder circuit determining a distance of the next read data
pattern by adding a difference between a Hamming Distance from a current error
vector to the synchronization bit pattern and a Hamming Distance from a next error
vector to the synchronization bit pattern using selected bits of the error vector
determined by the vector subtractor circuit to a distanbe of the current read data

pattern.

2. The byte synchronization detection circuit according to claim 1,
wherein the offset adder circuit further determines a difference between the Hamming
Distance of the current read data pattern to the synchronization bit pattern and a

Hamming Distance of the next read data pattern to the synchronization bit pattern.
3. The byte synchronization detection circuit according to claim 2,

wherein the vector subtractor circuit includes a shift register formed from a plurality

of sequentially connected latches, each latch having an output polarity that

A



pattern. 2. The byte synchroni zation detection circuit
according to claiml1l, wherein the offset adder circuit further determ nes
a difference between the Hanm ng Distance of the current read data pattern
to the synchroni zation bit pattern and a Hamm ng D stance of the next read
data pattern to the synchronization bit pattern. __ 3. The byte
synchroni zati on detection circuit according to claim 2, wherein the
vector subtractor circuit includes a shift register formed froma plurality
of sequentially connected |atches, each 1&tch having an output polarity

t hat corresponds to an exclusive-or'ed result of two

adj acent synchroni zation bit patterns, the synchronization bit pattern
formed froma predeterm ned sequence of first and second predeterm ned
output polarities, and the output of the | atches generates the error
vector between the current read data pattern and the synchroni zation bit

pattern. correspgnds to anrpxglupiyg-greg FaH 0b Yo AMAcHh SPERratieation bit patterist

according to claim3,  wherein the output polarity of each tch is a

si gnal represen e Wé\clgﬂrézaafm bt paitemafﬁxaneg from zP pregctenn}{leé) sequence otJ grst and
second predetermined output polarities, and the output of the latches generates the

error vector between the current read dafa pattern and the synchronization bit pattern.

4, The byte synchronization detection circuit according to claim 3,
wherein the output polarity of each latch is a signal representing one of a "1" and a

"0,

5. The byte synchronization detection circuit according to claim 3,

wherein the synchronization bit pattern is between 16 and 18 bits in length, inclusive.

6.  The byte synchronization detection circuit according to claim 5,

wherein the synchronization bit pattem is 16 bits in length.

7. The byte synchronization detection circuit according to claim 3,
wherein a probability of synchronization failure and mis-synchronization is about

1 x 107 at about 16 dB signal-to-noisé ratio.

R0



5. The byte synchroni zation detection circuit according to claim 3,
wherein the synchronization bit pattern is between 16 and 18 bits in

| engt h, inclusive. 6. The byte synchroni zation detection
circuit according to claimb5, wherein the synchronization bit pattern is
16 bits in | ength. 7. The byte synchroni zation detection

circuit according to claim3, wherein a probability of synchronization
failure and m s-synchroni zation is abdBit 1 x 10[err] at about 16 dB
signal -to-noise ratio. 8. The byte
synchronization detection circuit according to claim?7, wherein the
probability of synchronization failure and m s-synchroni zation is about 1
x 10[err] at about 19 dB signal -to-noise ratio. 9. A et hod of
byt e synchroni zati on, the nmethod conprising the steps of:
determ ning an error vector between a current read data pattern and a
synchroni zati on bit Fatt efhe byfggynchronization detection cirgeit zocerding tgyclaime’, Hanmi ng
Di stance of the next read data pattern by adding a difference of a Hanm ng
Di st ance det er ni Wedieipyhapphayilisedfsynchpnizhtios fyfurg d migpmehrorjzgenis abeita
Hanm ng Di stance of the current read data pattern.

I x 10 at about 19 dB signal-to-noise ratic.

9. | A method of byte synchronization, the method comprising the steps of:
determining an error vector between a current read data pattern and a
synchronization bit pattern; and
determining the Hamming Distance of the next read data pattern by
adding a difference of a Hamming Distance determined by using selected bits of the

error vector to a Hamming Distance of the current read data pattern.

10.  The method according to claim 9, further comprising the step of
determining a difference between a Hamming Distance of the current read data pattern
to the synchronization bit pattern and 2 Hamming Distance of the next read data

pattern to the synchronization bit pattern.

11.  The method according to claim 10, wherein the synchronization bit

pattern is between 16 and 18 bits in length, inclusive.

) O 0
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10. The nethod according to claim9, further conprising the step of
determ ning a difference between a Hamm ng D stance of the current read
data pattern to the synchronization bit pattern and a Hamm ng Di stance of
the next read data pattern to the synchronization bit pattern.

11. The met hod according to claim 10, wherein the synchronization bit
pattern is between 16 and 18 bits in_length, inclusive.

20 : 12. The net hod accgpding to claim1l, wherein the
synchroni zation bit patternis 16 bits in |ength. 13. The

met hod according to claim 11, wherein a probability of synchronization
failure and m s-synchroni zation is about 1 x 10[err] at about 16 dB

signal -to-noise ratio. 14. The . net hod according to claim13,
wherein the probability of synchronization failure and m s-synchroni zation

is about 1 x 10[err] atlZ.abOH\te n%&ﬂ@momqellcfaﬁplﬂqjl@gmr(ﬂé Lﬁchronization bit

pattern is 16 bits in length.

13.  The method accordihg to claim 11, wherein a probability of
synchronization failure and mis-synchronization is about 1 x 10? at about 16 dB

signal-to-naise ratio.
14.  The methed according to claim 13, wherein the probability of

synchronization failure and mis-synchronization is about 1 x 10¢ at about 19 dB

signal-to-noise ratio.
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