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¥I ELD OF THE | NVENTI ON The present invention pertains in gene 6tl(g -
a sync detect circuit for detecting.the presence of sync bits in a seriaf
data stream and, nore particularly, to

SYNC DETECT CIRCUIT

TECHNICAL FIELD OF THE INVENTION

The present invention pertains in general to a sync detect circuit for
detecting the presence of sync bits in a serial data stream and, more particularly, to

a sync detect circuit for operating in the current domain.



a sync detect circuit for operating in the current donain.

9 BACKGROUND OF THE | NVENTI ON Serial data streans are typically
transmitted over a single wire data bus, For a synchronous transmi ssion,
the first step required is extraction of a bit clock therefrom In sone
systens, the bit clock itself is transmtted over a separate line or bus,
such that the data reception is synchronized with respéct to each cl ock
edge associated with a bit. However, nost data is transmitted in groups of
bits, each group of bits constltutlng a Séngle data-word. Typically, a data
word is eight bits long, which constitutes a byte, or nine bits long to
acconmodat e sqonme _|ine codi ng or érror correction overhead. Although-the
data is recei BACKGRO - . INsuch t-hat each bit can be:
recogni zed, it is still difficult to detern1ne t he byte boundary or. frame
boundary. This would require a separate frane clock.

Serial data-streams are typically transmitted over a single wire data bus. .
Fora synchronous transm:sslon the first step'-requlrcd is cxtracuon of a bit clock |
thcrefrom In some systems,. the bit clock itself is transxmtted over a separate line -
or bus, such that the data recepuon is synchronized with respect to mch clock edge
assoc:ated w1th a bnt However ‘most data is transmitted in groups’ of bits, each
group of bits constxtntmg a smgle data word. Typically, a data word is elght bits
long, which constitutes a byte, or nine bits long to accommodate some line coding
or error correction overhead. Although the data.is received in 4 synchronous
manner, such that each bit can be recognized, it is still difficult to determine the
byte boundary or frame bomidaiy. This would require a separate frame clock.

In data storage devices, such as magnetic hard disks or CD ROMs, data
must be extracted from the media, which is typically a mechamml spinning media,
in a synchronous fashion. The method typically utilized to synchronize the overail
operation of the system is to store at least one byte of synchronizing data at the
beginning of each sector in the disk such that the serial data can be loaded into a
serial slﬁft rcgisier and the contents of that serial register compared in a parallel
manner to a known sync word. . When the data in the serial register matches the
sync wdia, then this constitutes reception of the sync word and a frame boundary
is defined.

One disadvantage to previous systems for detecting the presence of the sync
words is that they required a template matching technique wherein a plurality of
exclusive OR gates were required to make a comparison between each bit in the
serial register and each bit of the sync word. This required a significant amount of
circuitry to accomplish this decoding function.



I n data storage devices, such as magnetic hard di sks or CD ROVs, data nust
be extracted fromthe nedia, which is typically a mechanical spinning
media, in a synchronous fashion. The nethod typically utilized to
synchroni ze the overall operation of the systemis to store at |east one
byte of synchronizi.ng data at the begi nning of each sector in the disk such
that the serial data can be |oaded into a serial shift register and the
contents of that- serial register .conpared in a parallel manner to a known
sync word. Wien the data i-n the serial register matches the sync word, then
this constitutes reception of the sync word and a franme boundary is

defi ned. One dlsadvantage 1.0 irevious systenms for detecting the

presence of t@W required a tenpl ate matching
t echni que wherein a pl urallty of excl usive OR gates were required to make a

conpari son between each bit in the serial register and each bit of the sync
word. This requi rem;ﬁe@mﬁvmhdmmwclﬁmmadwwmmemmwe&hls
3

decodi ng functi on,

cucmt for detectmg the presence of a series of sync bits in a predetermined otder
ofn data bits in length ina serial data stream and clocked wnth a bit clock. The
sync detect cu-cuxt includes a serial data regxster for recewmg the data bits from the
senaldaﬁstreamandhamgalength of at least n. Thc serlal datareglster is
clocked by the bit clock. A parailel current dqmam converter is provxded for

| oonverting paftem matching of mch of the n sequential bits into the current '
domain such that a discrete current value is output for each of the n bits in the
serlal data -tegister. The value of each of the dlscrete currents corresponds to the
digital value of mismatch of the associated serial bit. A summing circuit (electrical
node) is provided for summing the discrete current values associated with all of the
converted n bits stored in the serial data register to provide a summed value. A

| comparator then compares the summed value with a reference sum value. A sync
detect signal generator then generates the sync detect signal when the comparator
provides a threshold comparison of the summed value with the reference sum

value.

In another aspect of the present invention, the paralle! current domain
converter is-operable to convert each of the n sequential bits stored in the serial
data register into a differential current domain. The parallel current ddmain
converter is comprised of a first and second differential nodes associated with a
plurality of first switchable current sources and a plurality of second switchable
current sources, respectively. Each of the first current sources is associated with
one of the n sequential bits in the serial data register and switchable when the
associated one of the n bits is at a matched logic state to switch current to the first

differential node. Each of the second current sources is associated with one of the



SUMVARY OF THE | NVENTI ON The present invention disclosed and
tlai ned herein conprises a sync detect circuit for detecting the presence
of a series of sync bits in a predeterm ned order of n data bits in length
in a serial data stream and clocked with a bit clock. The sync detect
circuit includes a serial data register for receiving the data bits from
the serial data streamand having a length of at | east n. The serial data
register is clocked by the bit clock. A parallel current domain converter
is provided for converting pattern matching of each of the n sequential
bits into the current domain such that a fiscrete current value is output
for each of the n bits in the serial data register. The val ue of each of
the discrete musaqacmmlbmsmﬁh@mﬂkdztmmgmemh@mlcham whemmcmmmm t he
associ ated seri

t d ded f
summ ng t he dlgﬂ“’e’t‘b‘%!}r#éumﬂ r“é‘?&@é‘g ggeﬁfsﬁ"géﬁ??m%% ro%‘/ﬁ}ﬁst edOL
bits stored 'rtofs%cﬁe&fr&htuﬂﬂfe%eé&aéﬂf n&a@nea@vm@smu@nmuu%ﬁssnseé

conpar ator then conpares the sunmme ue wth a reference sum val ue.
sync det ect sngmﬁl‘stgndlwcambdlffekmambcwhtchamepagbictaimdtcmlgﬂwd when t he

conparator provid a thre dc arlson of the sunmed W th the
ref erence sum e&tZther hi; a“%"ﬁ?“g F?@c‘be e isi nventi on,

the parall el lgﬂﬂ& N6 s a pfederRiifiel réRfdac®f the n
sequenti al blts stored In Qﬁe serelglﬁgééata regi stertpl nto a differenti al

current donui randTivhepitislesethan this reférententhersynodetectisignal is generpedsed of a
first and second differential nodes associated with a plurality of first
swi tchabl e current sources and a plurali ty of second swi tchabl e current
sources, respecti veﬂ1 ¢ Lssht VatER! 2 HOME $88ndady Ste d wth
one of the n sequentia |t58.f'cnb{:1 efpgerl a élhtsa ?egl ster g?l%l sw&?"ﬁhﬁ

when t he assods ptovidedrfer génerdtingia framessyns stgnalalpmntgetm'dmbmgﬁ the $itaatecfotnmd swWi t ch

current to the.firs dlfferentlal ode. h of .the second curr nt sources
i s associ at ed WL %P,Fe Kae signal ﬂlerefore m& cates the presence o r} fg

associated with the beginning of a data word that is to be received in the next

sequential number of bits received in the serial data register. In this operafion, the
n sequential bits converted by the parallel current domain converter are the last
received o serial bits. A parallel data register is provided for receiving the output
of the first m bits of the serial data register, m being the length of the data word in
the serial data string. The parallel register is loaded by the frame sync signal.



4 a sequential bits in the serial data register and sw tchabl e when the
associated one of the n bits is at a second |logic state opposite the first
|l ogic state and is operable to switch current to the second differential
node. The sunming circuit conprises the first and second differential nodes
whi ch are operable to sumthe switched current thereto by the first and
second current sources, respectively. This difference between these two
suns i s conpared with a predeterm ned reference and, when it is | ess than
this reference, the sync detect signal is generated. In a further
aspect of the present invention, a frane Soundary detect circuit is

provi ded for generating a frane sync signal upon generation of the frame

found signal . BRIEFDESCRIPTION ORTHE BRAWINGSndi cates the presence of a
frame boundary associated with the beginning of a data word that is to be

received in the next sequential nunber of bits received in the serial data

register. In this n?xﬂ&c Hmﬁ:‘?&iﬁ??ﬂ thE bt et ARVERELE Snddet NE

paral |l el current domsu n conve ter are 4§1€t ecellﬁved:!‘eln1 sertlpac bits. A

paral l el data acbgnmgwthemot)lreferedednsfmw madecto\the) fpllowingndesgrigition taken in
conjunction with the accompanying Drawings in which:

FIGURE 1 illustrates a block diagram of a system utilizing the sync detect
circuit of the present invention; _

FIGURE 2 illustrates a block diagram of the sync detect circuit;

FIGURE 3.illustrate.s a more detailed block diagram of the sync detect
circuit of the present invention; .

FIGURE 4 illustrates-a schematic diagram of the current sources that
comprise the sync detect circuit;

FIGURE 5 illustrates a schematic diagram of the threshold portion of the
current sources;

FIGURE 6 illustrates a block diagram of the frame boundary detect circuit;

FIGURE 7 illustrates a block diagram of the data out serial/parallel
conversion circuit; and |

FIGURE 8 illustrates a timing diagram for the overall operation of the
system.



of the first mbits of the serial data register, mbeing the length of the
data word in the serial data string. The parallel register is |oaded by the
frame sync signal. 5
BRI EF DESCRI PTI ON OF THE DRAW NGS For a nore conplete
under st andi ng of the present invention and the advantages thereof,
reference is now nmade to the foll ow ng description taken in conjunction

wi th the acconpanying Draw ngs in which: FIGURE 1 illustrates a

bl ock diagram of a systemutilizing the sync detect circuit of the present

I nventi on; ' FIGURE 2 illustrates a Bl ock diagram of the sync detect
circuit; FIGURE 3 illustrates a nore detail ed bl ock diagram of the

sync detect ci DETATLED DESCRIPTION ORTEIE INVENTION FIGURE 4 illustrates a
schematic di agram of the current sources that - )
Referring now to FIGURE 1, there is illustrated a block diagram depicting
a sync,ldetect circuit 10 utilized in coﬁjunotion with a data storage device 12 such .
as a hard disk drive and front end circuitry, which front end drive circuitry is
operable to recover the bit clock from the data storage media. The data storage
device 12 is operable to cutput a serial data stream on a serial data output line 14
andalso providé a bit clock ou@ut on a line -18. The serial data is in a format such
that it is synchronized with the syhc'dgtect circuit 10 in that they share a simiiar bit
clock. This clock is generated by the timing recovery circuit of the data storage
device. This clock signal allows the edges of the data output by the data storage
device 12 to be synchronized with the logic circuitry internal to the sync deteét
circuit 10. The sync detect circuit 10 is operable to control a data latch 20, which
is operable to receive serial data from the line 14 and convert it to parallel data on
a bus 22. The bus 22 is a byte-wide bus, such that the serial data input to the data
latch 20 is converted into data words for output to 2 CPU 16. The sync detect
circuit 10 must detect both the beginning of a sector output by the data storage
device 12 and also determine the frame boundary. This will be described in more
detail hereinbelow.

Referring now to FIGURE 2, there is illustrated a block diagram of the
sync detect circuit 10 and a latch 20. The serial data is received on a line 14 and
input to a serial in/parallel out data register 26. The data continually passes
through the data register 26 with the data register 26 having, in the preferred
embodiment, eighteen registers to allow for storage of two nine-bit words.
Therefore, there will be eighteen sequential data bits stored in the data register 26
on any given cycle of the clock CK. An internal register 28 is provided for storing
a reference sync word. Each bit in the data register 26 is compared with each bit



conprise the sync detect circuit; FIGURE 5 illustrates a schematic

tdi agram of the threshold portion of the current sources; FI GURE 6
illustrates a bl ock diagram of the frame boundary detect circuit;

FIGURE 7 illustrates a bl ock diagram of the data out serial/parallel
conversion circuit; and FIGURE 8 illustrates a timng diagramfor
the overall operation of the system

6 DETAI LED DESCRI TON OF THE | NVENTI ON Referring now to Fl GURE 1,
there is illustrated a bl ock diagram depicting a sync detect circuit 10

utilized in conjunction wth a data stordge device 12 such as a hard disk
drive and front end circuitry, which front, end drive gér itr%/i i's operable
to recover t hit e feferegesyncward fregistes 283 compasptar hgt&bﬁi‘t % or age

output | ne” 1§08R80E Rl Tt G 08 Rl
' 26. When this occurs, this represents a word boundary or a frame boundary. This
is input to a frame sync circuit 32. The frame sync circuit 32 generates a frame
sync signal FR, which is input to an ou'tpd_t data latch 34. The output data latch 34 '
ié operable to extract a single data word, which is nine bits in length, for storage
therein and outpﬁt-as a data output word DTO, and is clocked by the system clock
PCK.

Referring now to FIGURE 3, there is illustrated a more detailed logic
diagram of the sync detect circuit 6f FIGURE 2. The serial in/parallel out data
register is comprised of two 8-bit master/slave serial data registers 40 and 42. The
data register 40 has the output thereof input to the input of the serial data register
42. The bits in the serial register 40 are labeled “0” through “7” and the registers
in the serial data register 42 are labeled “8” through “17”. The output of each
register in the serial data register 40 are input to a bank of current sources 44,
there being a separate current source for each register or data bit stored in the
serial register 40. Similarly, the output of each of the registers in the serial data
register 42 are input to a bank of current sources 46, with a separate current source
for each of the registers in the serial data register 42 and the associated bit stored

therein.

Redirection of each of the current sources is metal-mask programmed, such
that the current output thereby will be a function of the logic state match stored in
the associated data register in the serial data registers 40 and 42. Therefore, the
digital domain is converted into the analog current domain. Further, this is a
differential current domain provided by two differential lines, one line 50 labeled

“ERR” and one line 52 labeled “ERRZ"”. These current sources in current source



and al so provide a bit clock output on a line 18. The serial data is in a
format such that it is synchronized with the sync detect circuit 10 in that
they share a simlar bit clock. This clock is generated by the timng
recovery circuit of the data storage device. This clock signal allows the
edges of the data output by the data storage device 12 to be synchronized
with the logic circuitry internal to the sync detect circuit 10. The sync
detect circuit 10 is operable to control a data latch 20, which is operable
to receive serial data fromthe line 14 agﬂ convert it to parallel data on
a bus 22. The bus 22 is a byte-w de bus, ch that the serial data input to

the data latch_ 20 is converted into data. ds for qgutput to a.CP 6. The
sync detect ci Wt“l@ﬁﬂﬂd%%b&ﬂmﬁﬁg{% Orﬂ\'lq%g é‘a}“?égp(?ﬂhjéét put by
the data storagg daul Gesdd - el &  WiaRd iy This will
be described i ﬁférmre [ et%ﬁ‘%ﬁereltﬁggﬁg&ﬁsmgpbaﬁvge@gﬁ%ggnovb to FlI GURE
2, there is il Rediréctionadf thelvuarekt whurfigs ean be cdnnelied also drdught acXORgdate 10 and a
| atch 20. The serjal data is received on a line 14 and jnput to a serial

i n/ paral | el ouWsAsdogic gpmpensatan betweendhe logicontate Q and teeisierstoted $6 ugh t he

data register ith the data register 26 having, in the preferred
enbodi nent, ei een registers to allow for storage of two nine-bit words.
Therefore, there will be eighteen sequential data bits stored in the data

register 26 on any given:-cycle of the clock CK.. An internal register 28 is
provi ded for storindhacedingsdinme uglisnd iage havercaehcusrent sopreh gnk sEereRtdiom  er

26 is conpared Bpth@?ﬁxgs 50 ind 52 at a level of I,. There will be provided a programming
scheme which is a metal-mask programmable scheme that will sink the current I,
from the line 50 in the presence of a bit mismatch and will sink current from the
line 52 in the présence of a bit match. Thereafter, it is only necessary to comparc
these two current levels on the lines 50 and 52 to-each other in order to determine
if there is an error thexrebetween. In order to provide some fault tolerance for a
selected number of bits that can be in error, there is an offset provided. This
offset essentially allows a number of mismatches to occur between the mask-
programmed sync reference word and the received word. For example, if there
were three bits that resulted in current being sinked from the wrong one of the
lines 50 and 52, the error would be 61, since for each bit and error, there would
be I, less current in the correct one of the line and [, more current in the wrong
line 50 or 52. To accommodate for this, there is a threshold current provided by a
threshold current source 58 which effectively sinks an additional amount of current
from the line 50. This would effectively replace a predetermined number of bits
that are in error. |

The data latch 34 is comprised of a 9-bit latch that has the input thereof
connected to the output of each of the registers in the serial data register 40. Each
of the latches in the latch 34 are master/slave latches with the master latch clocked
by the frame sync signal FR and the slave portion thereof clocked by the system



7 in the reference sync word in register 28 with a conparator 30. Wen a
true conparison is made, this indicates that the sync word is present in
the data register 26. Wien this occurs, this represents a word boundary or
a frame boundary. .This is input to a frame sync circuit 32. The frane sync
circuit 32 generates a frame sync signal FR, which is input to an output
data latch 34. The output data latch 34 is operable to extract a single
data word, which is nine bits in length, for storage therein and output as
a data output word DTO, and is clocked by the system clock PCK

Referring now to FIGURE 3, there is illusPrated a nore detail ed | ogi c

di agram of the sync detect circuit of FIGURE 2. The serial in/parallel out

data regi ster byse clogk PCKe thipallowiog therdata todhetextagied by thessysismandt a regi sters

40 and 42. The_data register.,40,has,the,: j t i nput
of the serial .01,";'#5 %W%@@Pg&gkpﬁes&ggrhl&gﬁs dregiggés?iﬁle{fgﬁ%re
l'abel ed 0" 1 haepatdBircuit 1GNI, éider toBhérhRTthe frimb dBtettvigral, e signale oh Heer 42
are | abeled "8" through "17". The output of each register in the serial

data register Lmgs30e ﬁﬁ;ﬂe iuau%tﬁbafrﬂmﬂet@&bm&ﬁos&ﬁ sapcrphle tolercamingi ng aI
oo ster 40 St 45 Hocd Beebe S e aemiph dnbh by Enhdls kIRl

data register ﬁ%na@_r This Wil bel des@ibed ik mdke §athil Bérkinbelowces 46, with a separate
current source Tor each of the registers in the serial data register 42 and

the associated bit stored therein.
Referring now to FIGURE 4, there is illustrated a detailed block diagram

of the current source block 44 and the current source block 46. Each of the ’
current switches in the current source block 44 and the current source block 46 are
comprised of two N-channel transistors 62 and 64. The sources of each of the

transistors 62 and 64 are connected to a common source node 66. The common
source node 66 for each of the pairs of transistors 62 and 64 are connected to the
drain of an associated N-channel current source transistor 68, the source thereof
connected to ground and the gate thereof connected to a bias voltage on a line 70.
The gate of transistor 62 is connected to the true output of the register associated
with that pair of transistors and the gate of transistor 64 is connected to the
inverted output of the register associated with the pair of transistors 62 and 64.

The drains of the switching transistors 62 and 64 for each of the pairs are
connected to lines 72 and 74. The lines 72 and 74 are masked-programmable to be
connected to either of the lines 50 or 52, such that both are connectable to the
same line for each pair of transistors 62 and 64. In this manner, the pair of
transistors 62 and 64 for each of the bhits BO-B17 can be programmed to draw
current from only one of the lines 50 and 52 for a logic match and the other of the
lines for a logic mismatch. For example, in the example illustrated in FIGURE 4,
the pairs of transistors 62 and 64 are illustrated for the bits BO, Bl and B17. The

programuning is such that ¢he line 72 associated with the drain of transistor 62 for



Redirection of each of the current sources is netal -mask programmed, such
that the current output thereby will be a function of the logic state match
stored in the associated data register in the serial data registers 40 and
42. Therefore, the digital domain is converted into the anal og current
domain. Further, this is a differential current domain provided by two
differential lines, one line 50 | abeled "ERR' and one |ine 52 | abel ed
"ERRZ". These current sources in current source

8 banks 44 and 46 will sink current fromthe lines 50 or 52, which lines
50 and 52 are connected through resistorsl®4 and 56 to a positive supply
voltage rail. Redirection of the current sources can be controlled al so

t hrough an XORhgditBQisednsectaddgidic lingrfi: ndiataas theutraine the mansistgitd state Q
and register stored syn fern. .The cqdi.ng sgheme ytilized is to
have each cur &ﬁ?ﬂ%‘%&@@h{! %&WW _E%“Eﬁﬁ@'ogﬁl‘ﬁgyt ﬁ‘ﬁi&"?g S ot 2
level of I[errig &kae%%ﬁ% 8f thanBiBtoP 62 YoriRe bR HI' iR 85kl %o ffid!SOEnd ke dihei7d 2
nmet al - mask pr og? ammabl e- sctteme that -w PI sink the current I|[err] ©
associated with the drain of transistor.64 for the B1 bit is connected to the line 52
The pair of transistors 62 and 64 for the B17 bit are connected oppasite to those
associated with the B0 and B1 bit. The line 72 associated with the drain of
transistor 62 is connected to the line 52 and the line 74 associated with the drain of
transistor 64 is.connected to-the line 50. Therefore, when a logic “1” is present.
on registers B0 and B1, current will be sinked from line 50, whereas a logic “gn

for bit B17 will result in current being sinked from line 52.

The threshold current source 58 is illustrated with a single current switch in
the form of an N-channel transistor 76, connected in series with an N-channel
current source trénsistor 78. Transistor 76 has thie drain thereof connected to the
ERR line 50 and the source thereof connected to the drain of transistor 78.
Transistor 78 has the source thereof connected to ground and the gate thereof
connected to the Vi, s voltage on the node 70. The gate of transistor 76 is
connected to a threshold signal TH. Whenever the threshold signal TH is present,
a current source in the form of transistor 78 will sink a predetermined level of
current from the ERR line 50. The size of transistors 68 are all the same with the

transistor 78 being sized to determine the level of current that is sinked thereby.

The lines 72 and 74 are connected to the ERRZ line 52 and the ERR line 50
such that the logic state of each of the output registers in the data registers 40 and
42 will result in the associate current source transistors 68 having their drains
connected to the ERRZ fine 52. For an eighteen-bit sync word, this will resuit in a
current of 18I, being sinked from the line 52. This will result in a voltage drop

across the resistor 56. Of course, this assumes no errors in the sync word and also



fromthe line 50 in the presence of a bit msmatch and will sink current-
fromthe line 52 in the presence of a bit match. Thereafter, it is only
necessary to conpare these two current levels on the lines 50 and 52 to
each other in order to determine if there is an error therebetween. In
order to provide sone fault tolerance for a selected nunber of bits that
can be in error, there is an offset provided. This offset essentially
al l ows a nunmber of m smatches to occur between the mask- programred sync
reference word and the received word. For_ exanple, if there were three bits
that resulted in current being sinked froththe wrong one of the lines 50
and 52, the error would be 6l[err], since for each bit and error, there

woul d be | [ er rthat| the synsuwordris laaded indhe rogistass 4@ ard 62, which wilh enlyraxistfers | nore

current in the.w,o ine 50 or, 52. Ta,accommmodate f.or thi there i s a
threshold cur _rsé?ﬁle= g&ﬁ% %‘gﬂ_ o %’rpégﬂg?-ﬁn ARprPREIe ggﬁe}bti\eé%bmﬁgﬁurren g
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woul d effectively replace -a predeterm ned nunber of: bits that are in error.
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Wi th the mast efesérifedeséinblio@. by the frame sync signal PR and the slave

portion thereof clocked by the system

The voltage on the lines 50 and 52 are input to a comparator 80, the
positive input of comparator 80 connected to the line 52 and the negative inpixt of
the wmi)arator 80 connected to the line 50. The output of comparator 80
comprises a Frame Find signal FREND. This comparator 80 compares the voltage
of the two lines 50 and 52, and whenever they go below a “0” value, the output
will go high.

The conversion of the digital word to a differential analog current mode
logic domain provides for significantly less circuitry than a true digital approach.
By comparison, a 2-byte fully-digital fault-tolerant sync detector is prohibitively
expensive in terms of the required number of logic gates. Further, the differential
approach provides a number of advantages. The advantages provided by this
differential approach are:

1. The current change on each line 50 and 52 is equal to the
negative current change on the other line. This will reduce noise. In
addition, if the ERR line 50 and the ERRZ line 52 are laid out in parailel
and close to each other, they will form a dipole. This will greatly reduce
electromagnetic noise and capacitive coupling to/from other signals.

2. In the neighborhood of the worst-case sync detection operation,

where the actual number of bit mismatches equals or is one greater than the



9 byte clock PCK, this allowng the data to be extracted by the system and
synchroni zed therewi th i ndependent of the frame sync that is defined by the
sync. detect circuit 10. In order to generate the frame detect signal, the
signals on the lines 50 and 52 are input to a frame detect block 60, that
I's operable to determne if there is a sync word detected and then
determ ne when to generate a frane clock signal. This will be described in
nmore detail hereinbel ow Referring nowto FIGURE 4, there is
illustrated a detailed block diagramof the.-current source block 44 and the
current source block 46. Each of the currd@t switches in the current source
bl ock 44 and the current source block 46 are conprised of two N-channel
transi stors 62 and ﬂtﬂﬂﬁh&thnuﬁﬂgspmﬁm@ﬁoﬁﬂmkxﬂhefﬂmdﬁﬂkﬁmeﬁ@a&ﬁdand 64 are

connected to a co 66. The rce no r each of
the pairs of tranmﬂ&%awafgﬁ QI e%'f °t"8t?$?eapﬁft m’gﬂtkg
associ at ed l\l—channebrhfsg;rxﬂaﬁl matfl ‘fﬁ’“&‘é fasdndl ol endufEhACMI EGrddt SWRPles

connected to ground an connected to a blas voltage on a
line 70. The gate oﬁndcmxtsatnmamn@ematappmnnnchyhheSamaepatentwh.tthwé t he

regi ster associated with thaf pajr of transistors and t, gate of ..
transistor 64 is coﬁFféElyéﬁﬂ'P t‘%@“ﬁﬁ@@?’%‘ mtchgpctpﬂgﬁ:ﬁe&;lgqémmam
associ ated w th thegpajly rai ns of
the switching transistors %‘2&1 {'a?%r eacﬁ&g?éf EeChgglc?sscogr eﬁg?)[gnect ed to
lines 72 and 74. Theourcaesln'aadmod, tﬁécmrmtmmmmnbgmmm&semim size
connected to either of the lin 34(%) or such that both are connectabl e
to the same |ine foﬁo‘gﬁ%‘ﬁ‘mﬁ‘&?‘?‘f F&W@Pors 62 and 64. In this- manner,
the pair of transistors §2Radufiflef & acRftfoRaorieiPsdiide rEfif8h fo F8Balhfce

programed to draw

the current lines is a simple linear integer function of the threshold.
4. A simple and regular metal mask via pattern that connects two
- metal layers is all that is required to establish a new sync field bit pattern.
5. The differential approach is twice as insensitive to device

mismatch errors as the single-ended approach.

In order to determine the number of current sources and the size thereof

required for the threshold current source 58, the following derivation is set forth.

erivati ifferential Current-mode Equation
Let,
N = 18, observation window size, i.e., size of the serial shift register equal to the sync field
length

n = gcwal number of instantaneous bit errors, 0 sns N

t = get threshold value, i.e., tolerated number of bit errors; for three bits: 0 < k < 7

k = additional number of current sources connected to the non-error line that are not
switched dynamically

I, = unit current source

V, = voltage drop contribution of the register bit, V; - I; *R

The error current is directly proportional to the instantaneous number of bit errors and the
number of additional static sources:

I = (a+k)],

The nop-error current is directly proportional to the instantaneous number of correct bits:
Iy = (N-n)],

Both currents are converted into voltage through a pair of marched resistors:

Ve = @+KIR = (n+k)V,

Vi - (N-n)R = (N-n)V,



current fromonly one of the lines 50 and 52 for a logic match and the
other of the lines for a logic msmatch. For exanple, in the exanple
illustrated in FIGURE 4, the pairs of transistors 62 and 64 are illustrated
for the bits BO, Bl and B17. The programmng is such that the line 72
associated with the drain of transistor 62 for

10 the bit BOis connected to the |ine 50, whereas the drain of the

transi stor 64 associated with the BO bit is connected to |ine 52.
S|n1larly, the line 72 associated with the drain of transistor 62 for the
bit Bl is connected to |ine 50 and the |inel374 associated-with the drain of
transi stor 64 for the Bl b|t is connected to the line 52 The pair of

transi stors 62 an : © 3 PEIRERhect ed opposite to those

associ at ed V\nthtH’eE "a () "I’he line 72 assolglateg hthe rain of
transistor 62 is - Wﬁ% ass%é’egfr it h
the drain of tran | ‘ € line 50. Therefore, when a
logic "1" is pres . egisters BO and Bl, current will be sinked from-

S conne

| i ne 50, whereas - Bor b|t B17 WI Il result in current being
sinked fromline 5 zkzN-2n :
Smceklsanmtcger.theboundaryvalueofkthatsansﬁesthlsequanonts
k<(N-1)-2n
Fntmenumberot'blterrorsequaltothemresholdt
k = (N-1)-2tor,

k=(Q*2 +p-2t

k =2%28.y) +p=2%¥p

such that,

N-1 = 2%2 + p and,

t = one’s complément of t in B digit binary representation.

For example, for N = 18, t = {t,¢;,t]
t = [tt,%] (bit-by-bit inversion) and
k=2%+3

The comparator input as a dynamic function of the number of bit errors,
AV ={1 + 2(tn)] V, -

Because the current sources are simply redirected from one line to the other during the search
process, the minimum differential voltage distance is 2V,. Moreover, AV = 0 is not a valid
solution of the above equation. It reveals that the comparator threshold should be set to zero
to decide between AV = V, (found if n=t) and AV = -V (not found if n=t+1).

Referring now to FIGURE 5, there is illustrated a schematic diagram of the
threshold current source 58. The threshold current source 58 is comprised of four
current sources for sinking current from the ERR line 50. There are provided four
current switching transistors 90, having the drains thereof connected to the ERR
line 50 and the sources thereof connected to an associated current source. The
gates of the four transistors are connected to signals BPZ, THO, TH1 and TH2.
The BPZ signal is a bypass mode signal and will not be considered. The threshold
signals THO-Bar, TH1-Bar and TH2-Bar are all the complement value. The
transistor 90 associated with the signal THO-Bar is connected to the drain of an N-

channel transistor 92, the source thereof connected to ground and the gate thereof



The threshold current source 58 is illustrated with a single current switch
fn the formof an N-channel transistor 76, connected in series with an
N-channel current source transistor 78. Transistor 76 has the drain thereof
connected to the ERR line 50 and the source thereof connected to the drain
of transistor 78. Transistor 78 has the source thereof connected to ground
and the gate thereof connected to thé V[err] voltage on the node 70. The
gate of transistor 76 is connected to a threshold signal TH \Wenever the
threshold signal TH is present, a cur_rent1 ource in the formof transistor
78 will sink a predetermned |evel of currént fromthe ERR |ine 50. The

size of transistors 68 e all the_ sa th the transistor 7 eing sized
to determne t K8 %Imgﬁ ¢ bigs Yolfage ling, &)E ﬁ #@ te& &“R The

lines 72 and 7%&5 gﬂa{ JF3REad ﬁi&ﬂaotf Ripsuch
that the logic stat e&g?@eactf,s‘fq * ,gﬁ%)ut put t?lgg?lgt&érs I n the ata regl sters

40 and 42 wil | of anN-thannelithansiatos 84 indthathe souremof tsansistor Srcansecsadoogréndhavi ng

their drains connpected to the ERRZ. |ine_52. i ght een- b|t nc word,
this will resu|a93.ﬂw%@Ff@ﬁ@%ﬁ@w}uw%ﬂm@e% ne 52.

! ! e P o e a8 e ek
drain of an N-channel transistor 96 having the source théreof connected to ground
and the gate thereof connected to the bias voltage line 70. The transistors 92, 94

. and 96 are sized in integer multiples or are interdigitated of the transistors 68.
Each of the transistors 68 will be considered to have a reference size of W/L
representing the width-to-length ratio. The transistor 92 is a factor of two greater
than the transistor 68, the transistor 94 is a factor of four greater, and the
transistor 96 is a factor of 8 greater. Therefore, transistor 92 will have a current
therethrough of 2I,, transistor.94 will have a current therethrough of 41, and the
transistor 96 will have a current therethrough of 8I,, I, being the current through
each of the transistors 68.

The transistor 90 associated with the BPZ gate control signal has the source
thereof connected to the drain of an N-channe] transistor 98, the source thereof
connected to ground and the gate thereof connected to the bias signal 70.
Transistor 98 has a size relationship that is three times the size of the transistor 68.
An additional bypass transistor 100 is provided having the drain thereof connected
to the ERRZ line 52, the source thereof connected to the drain of an N ~channc1
transistor 102 and the gate thereof connected to a bypass signal BP. Transistor
102 is similar in size to the transistor 68 and has the source thereof connected to
ground and the gate thereof connected to the bias control signal 70 and constitutes
a current source. The transistor 90 is turned on during normal operation, the 9-bit
mode, and turned off tummg the bypass 8-bit mode. In this mode, the transistor
100 will be turned on. As such, wheh transistor 100 is turned on and transistor 90



that the sync word is loaded in the registers 40 and 42, which will only
éxist for a single clock cycle. In order to provide an appropriate offset,
the threshold current source must provide at npbst a matching current |evel
of 171[err] on the line 50 to provide a voltage drop across the resistor 54
corresponding to the voltage drop across the resistor 56. To account for
errors, this level is lower, as wll be described herein bel ow

The voltage on the lines 50 and 52 are input to a conparator 80, the
positive input of conparator 80 connected:to the |line 52 and the negative

I nput of the conparator 80 connected to tWe |ine 50. The out put of

conparator 80 conprises a Frame Find signal FRFND. This conparator 80 .
conpar es t he \ibagkofEs thiswilkrasuly inanegasavediffersnce of tho 310 0’88 go bel ow

a "0" value, t - W go hi gh. , The conversion of the
digital word t%%&géWréﬁT anal og current node | ogi c domain provi des
for significantly less circuitry than a true digital approach. By
conparison, a 2-byte fully-digital fault-tol erant sync detector is

prohi bi tivel y expemsfersing sowde FMGHRE dhere dsillugizated adiagrammaticgyiew 9f thes
Further, the qiffe I.al .2 Vi raQf: Jhe
advant ages pr %e%&% °?ﬁ‘|“§&§|5¢’?f§%‘§??a| ﬂ%;%@%gag@grc gg‘iﬂ @@Ys%tnﬂﬂﬁéd of 1.
The current chahpit ciroulagrgister 1¢0.5Tha kitcilar registr Ud0 hhoar input register andgat i ve
current change on the other, line. 'This will reduce noise. In

addi tion, if tONEPUEReBistera thesioputiTegisteelabried “OT and G onfat registerdabeledy“Gar al | el
and close 1o o infl Tegistef 1 Smilcted tb He Dupufl'of Gh AND Bad 142 'whidl il ong " ©dUCe

input thereof connected to the output of a bubble generation block 114 and the

other input thereof connected to the output of the output register labeled “8” on a
line 116. The bubble generation block 114 is operable, in response to generation
of the frame find signal FREND to place a zero in the input register labeled “0” in
the circular register 110. In the absence of the FREND signal, the output of the
bubble generation block 114 is raised high, such that the output of the register
labeled “8” is input to the input register labeled “0”. This allows a logic “0” to
be continuously inserted into only one bit of the register 110 as it is clocked by the
CK signal. Whenever a “0” is output from the output register labeled “8”, this
will constitute a frame border. It is noted that whenever the sync word is detected,
the next eight bits must be loaded into the register 40 for the data is to be latched
into the latch 34, Therefore, the frame border must be delayed by nine clock
cycles before generating the FR signal. When this is generated, the output of
register 40 is then latched, this output constituting the next data word following the
sync word. The bubble generation block 114 therefore merely generates a low
logic level on the input to the AND gate 112 for a single clock cycle to ensure that
a logic “low” is loaded into the register 110 on the input thereof. The output of
the register 110 on the register labeled “8” is also imput to a register block 118 to
provide a sync output signal that is delayed and stored.



el ectromagneti ¢ noi se and capacitive coupling to/from other signals.
2. In the nei ghborhood of the worst-case sync detection operation,
where the actual nunber of bit m smatches equals or is one greater than the

12 threshol d, the voltage potential of the error of the ERR |ine
50 and the ERRZ line 52 will be approximately a single voltage
apart (V[err]=l[err]*R). This small anmobunt of voltage difference
wll ensure that all current sw tches and current sources w ||
operate at approximately the same potent ilgl, t hus greatly reducing
effects of non-ideal device characteristi'Cs. Thi s elimnates t he

need for more el &g gL g Ho o FIOOHE Sherd oS S8 aGHid Rbor
diagram of the serial data reglster 40 and 42 and thc data latch 34. Each of the
registers in the serial data register 40. and the scrlal data register 42 are compnsed
of a mas_ter/slave-co_mbmauom There is prov1_ded a master latch 130 having the
input cdnnected to the serial data input, which for the first register will be the DTI
input and for subsequent registers will be the output.of the previous register. The
output of the master latch 130 is input to the input of a-slave latch 132. The output
of slave latch 132 is connected to the input of the next i_naster latch 130. The
master latch 130 is clocked by the inverse of the clock signal CK and the slave
latch 1302 is clocked by the CK signal. Thercfore, whenever the clock signal is
low, the master latch will latch data on the output thereof and, whenever the clock
signal goes high, the slave latch 132 will clock the data to the output thereof. This
output is labeled “Q".

The data latch 34 is also a master/slave configuration with each data
register therein comprised of a master latch 134 and a slave latch 136. The master
latch 134 has the input thereof connected to the output of the associated slave latch
132 in the serial data register 40. The output of the master laich 134 is connected
to the input of the associated onc of the latches. 136 in the data latch 34. The
master latches 134 are clocked by the frame sync signal FR and the slave latches
136 are clocked by the PCK system word clock. The master latches 134 are
clocked sﬁch that they will latch data therethrough on a low logic level of the FR
signal, whereas a high logic level is required for the PCK signal. By providing the
master/slave relationship with the latches 134 and 136 in the data latch 34, the
internal frame sync signal FR allows the data to be loaded into the master latches
134 with an internal frame signal associated with the sync detect circuit 10,
whereas the system sync clock signal PCK allows data to be output therefrom in
synchronization with the word rate of the system. It is noted that the master latch



sources. In addition, the current swtches can be realized as m ni nrum si ze
sour ce-connected MOS transi stors. 3. The nunber of

addi tional current sources required to re-bal ance - the current
lines is a sinple linear integer function of the threshol d.

4. A sinple and regular netal mask via pattern that connects two

metal layers is all that is required to establish a new sync field bit

pattern. . 5. The differential approach is twi ce as
i nsensitive to deV| ce m smatch errors as the single-ended
appr oach. In order to deterninelkthe nunber of current sources and

the size thereof reqU|red for the threshold current source 58, the
fol | owi ng der i 134tlpads ancthe Elov“dogin level of the CK signal, whereas thePCK signddn of

o o ot o, B R85 B Gpre o o oSl el 1 pRHBAONE "

field Iqaah& 134and 1'36w1ﬂ(iibﬂﬁd EntOf Adm&imnﬁ,m&h&btxs grrors, O
[err] n [err] N = set threshold value, i.e., tolerated nunber of

bit errors; f mepmtee\gtemai frame)syis signak, if isrnof necessary o align theisystereword nunber
o fELéﬁ”éyﬁS‘#%%WW&%‘éﬁﬁwﬁp SRR Cource ° Verr] -
vol tage drop contribution.of the register bit, Verr] - I[err] *R
Referring now to FIGURE 8, there is illustrated a timing diagram for the
clock signals CK and the system word clock PCK. The data output of each of the
slave latches 132 is labeled as “Q”. This illustrates the operation of the structure
of Figure 7. |

Each of the shift register cells in both the serial register 40 and the data
latch 34 is a relatively straight forward level-sensitive D-type latch. The master
latch 130 operates with a simple reset operation. Each of the master latches 130
and 134 have a power-down mode of operation. During this power down-mede,
the clock inputs are set such that the latches enter the state wherein the output of
each of the master latches will bé a logic “17, the clock input to the master latches
134 is forced to an inactive state of a logic “1” and the PCK clock is forced to an
inactive state of a logic “0”. This will force a logic “1” output on the output of
each of the slave latches 132 and logic “1™ output on each of the slave latches 136.
This effectively renders the master latches 130 and 134 “opaque”, i.c., they do not
allow data to be transmitted therethrough. They merely force the output to be a
logic “1”. The slave latches 132 and 136, on the other hand, are transparent and
pass the forced output of the master Jatches 130 and 134, respectively,
therethrough. In this manner, reset circuitry is needed only in master latches and

not in the slave latches.



The error current is directly proportional to the instantaneous nunber of

bit errors and the nunber of additional static sources: [[err]
= (n+k)I[err] The non-error current is directly proportional to the

I nst ant aneous nunber of correct bits: I[err] = (Nn)l[err] Bot h
currents are converted into voltage through a pair of matched resistors:
Vlerr] = (n+k)I[err]R = (n+k)V[err] .~ Vierr] - (Nn)lf[err]R =
(N-n)V[err] : _

13 and their difference is being iq ut to a conparator [err]V

= V[err] - V[err] - (N-2n - k) V[err] As long as [err]Vis less then
zero the sync search continues. |t stops when [err [ reater,than

zero and the sync fBHﬁBO. Bﬁrﬂﬂvﬁfﬂﬁwﬂ@l’ﬂ%@ﬂ F‘%ﬂ‘%‘ﬂ‘ué“’ﬁl p%‘%é?%n of k
Sync found if [gef hMedtfnldf ;ﬁ’e_sync.wo:d. This is due to the fact:that it is no longer needed.

In summary, theré has been ?rovided the sync detect circuit that is operable
to detect the presence qf a sync word in a serial data string bj converﬁng the
digiial word to a paralle] word in the current domain. In. the current domain,
currents are added to a first line in the presence of a log_ic bit match value and to a
second line in the presenéc of a logic bit mismatch value. These currents are
added for each bit in the sync word and then the two values compared with each
other. 'When the value falls below a predetermined reference, this indicates the
presence of a sync detect word. This event then triggers the generation of a frame

- boundary for a word. This frame boundary is then utilized to latch the next and
following data word in a latch and then output it to the system.

‘Although the preferred embodiment has been described in detail, it should
be understood that various changes, substitutions and alterations can be made
therein without departing from the spirit and scope of the invention as defined by

the appended claims.



N- 2n - k[errJo==-+Ferr]-k [err] N -2n Since k is an integer,the
boundary v hat satisfies this equation is k [err] (N-l) -
ﬂ MI ”Hm bit errors equal tothethresholdt

(N—l) - 2t*orc *2[err] +p) - 2t = 2*(2[err] y) +_p

2*t +p such that Nl = 2*2[err] + p and, t = one's
conplenent of t in B digit binary representation. For exanple, for N
=18, t = [t[err],t[err],t[err]] t = [t[err],t[err]t[err]]
(bit-by-bit inversion) and k= 2t+ @ The conpardator input as a
dynam c function of the nunber of bit errors,

_ [err
V[err] pc ismbs@gt sources are sinply rec%ts,t‘igéi&g@ gﬁ%*
line to the oth¢ rch - process, the rinimu g entié
vol tage distance is 2V[err]. Moreover, [err]V =0 is not a valid

solution of the above equation. It reveal s that ‘the conparator threshold
shoul d be set to zeko A syncdetettciretit fordetecting]the plesence of & sefies(dfeynel i f

'S, e bin e e s g e e e
er ST ?:ue I
current sour ceypaiockb® wifh'= S5 Qbsk, %ﬁl?rﬁ(g)g#gsource 58 is conprised of -four

current sources for 'sinking .current the ERR line 50. There are

provi ded four a serial data register for receiving the data bits from the serial data
stream and having a length at least n, said serial data register clocked by the bit
clock;

a parallel current domain converter for converting each of n
sequential bits into the current domain such that a discrete current value is output
for each of the. n bits in ‘said serial data register, the value thereof corresponding to
the bit mismatch digital value of the associated serial bit;

a summing circuit for summing the discrete current values
associated with all of the converted n bits stored in said serial data register to
provide a summed value;

a comparator for comparing the summed value with a reference sum
value; and

a sync detect signal generator for generating a sync detect signal
when said comparator provides a threshold comparison of the summed value with

said reference sum value.

2. The sync detect circuit of Claim 1, wherein said parallel current
domain converter is operable to convert each of the n sequential match/mismatch
bits stored in the serial data register into a differential current domain.

3. The sync detect circuit of Claim 2, wherein said parallel current
domain converter comprises:

a first differential node and a second differential node;

This Sheet Has Been Reﬂlaced
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current m ors 90, having the drains thereof connected to
the ERR M m;m ﬂi&ﬂl’sources t hereof connected to an associ ated current
source. The Cgatesr O four transistors are connect ﬁﬁ'{lﬁ
THO, TH1 and TH2. The BPZ signal. i's a bypass node si gﬁ &@D j
consi dered. The threshold. signals THO Bar, THl-Bar and_ TH2n e al the
conpl ement value. The transistor 90 associated with the signal THO-Bar .
connected to the drain of an N- "channel transistor 92, the source thereof

connected to ground and the gate thereof 0
14 connected to the bias vol tage l'ine 9‘& The: transi'stor 90 associ at ed

D eshol 9ot oAl Fuflabe oS bR A
transi stor 94 aﬁ&ﬂ&%ﬁ& Qffferéntl RS, each of said switchable current sources associated
thh one. of then sequentxal bits in said senal datarcglsﬂer and sthchable to said -
first dxfferentlal node when the assoc:ated one of thé n bits matches saxd '
corresponding one of sald n sync bits and switchable to said second differential -
node when the associated one of the n bits i is m:smatched thh the corresponding
~ oneofsaidn sync bits;

said sutnming cn'cult comprising said first and second dlffel‘entlal
nodes for summing the sthched current thereto by said swuchable current sources,
respectively; and |

wheicin séid comparator 1s operable to determine the difference
between said summed current on said first and second differential nodes and
compare said difference with a predetermined reference.

4. The sync detect circuit of Claim 1, wherein said serial data register
has a length of n.

5. The sync detect circuit of Claim 1, wherein the sync bits are
arranged in an order that represents a discrete multiple of a system data word
associated with the data received in the serial data register.

6. The sync detect circuit of Claim 5, wherein the series of sync bits
comprises two data words in length.

7. The sync detect circuit of Claim 1, and further comprising a frame
boundary detect circuit for generating a frame sync‘éignal upon generation of said
sync detect signal, such that the presence of said sync detect signal indicates the
presence of a frame boundary associated with the beginning of a data word that is

_\
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and the gate thereof connécted to the bias voltage Iine 70. The source of
the tranﬂmmmmwmu ted wwth the TH2-Bar gate control signal is
connecte an N-channel transistor 96 having the source

t her eof cénnkct'ed ®o3grédund and the gate thereof connected to the bias
voltage line 70. The transistors 92, 94 and 96 are Sized in integer

mul tiples or are interdi gitated of the transistors 68. Each of the
transistors 68 Wil be considered to have a reference size of WL
representing the wdth-to-length ratio. Eg transistor 92 is a factor of
two greater than the transistor 68, the tfansistor .94'is a factor-of four

greater, and the transistor 96 is a factor of_ 8§ great Ther ef qr
transistor 92 tQbaregeived in thepexse W@ﬁ%@@#ﬁf“ﬁ‘f@i@]ﬁefqﬂ& &%tor 94

w il have a cug astg f E?ﬂda t @iaié‘b have
a current there ug%? 40?3?% Yﬁ“éii”% n@@%ﬁ??gﬁtﬁ gach of
t he transi st orsrc&Be last n bits. store]lhﬁammsmwreg@mnssom ated wit h the BPZ gate

control signal has the source t'hereof connected to the drain of an.
N-channel transi stor. t he source thereof. connected to-ground and the

gate thereof connecged t l&eﬁ?ﬁ d@m r ijaﬂl
rel ationship that |§ thrgleégﬁm a*sue -{Tfeﬁtar%g&nélstgﬁng@a fef
addi ti onal bypdasﬁgiaasfmtmviﬁlhesu@nwﬂﬁeﬁtﬂambhgoiimdsbmldathlnegme!f
connected to the ERRZ line 52, the source thereof conneg ed o the drain of

an N-channel t Fbbeingthglengtpots datp N’Q"bﬂt'@eﬁﬁéﬂlééﬁ SEgtRe raflel dafy hass

si gnal BP. TraH%'i?.I«' d[s&_.mlé &Eﬁ ze to the tranS| stor 68 and has

t he source thereo conneclyet%'l 0 gr%rmg d the gate thereof connected to
the bias control signal 70 and constitutes a current source. The transistor

90 is turned on during normal operation, the 9-bit node, and turned off
turning the bypass % bit Thegme qircyit/of Gdaim §,avherein spid frame dstechcirruip o

turned on. As Fucl:ced%ii rt%‘P&él:?Ju?é i Yondetidd S 158 Finé Qﬂxctsr@ﬂF b iPbiod?
cycles of the bit clock, such that the next m bits can be loaded into the serial data
register prior to loading into said serial data register.

10.  The sync detect circuit of Claim 9, wherein said frame detect circuit
comprises a circular m-bit register having first logic signals stored therein and
clocked by the bit clock such that the values passed therethrough are recirculated
and an insertion circuit for inserting a logic signal of a second logic state into the
first of the registers in said circular register with the mth register being the output
register for outputting said frame detect signal whenever said mth register is at the
second logic state. |
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15 is turned off, this will resul't in a negative difference of -1[err] as

conpar ed—to the normal operati ng node. : Referring now to Fl GURE 6,
there is j ppgrammatic view of the frame-detect circuit 60 of
Fl GURE 3.|] mm!!eﬁ“ M| I circuit 60 is comprised of a 9-bit circular

. C '

regi ster o1 reular register 110 has an input redgf _ rlt
regi ster, the input register |abeled "0" and the output |r WTI%B
"8". The input register is connected to the output.of ap AND BERIACED2 whi ¢h

has one input thereof ‘connected to the output of a bubbl€ generatrton Broctk
114 and the other input thereof connected™o the output of the output .
register |abeled "8.,,0n g line 116 The bubbl e gener.at]o 114 is
operable, in r_espon;b toiﬁﬁgﬁhgﬁmtﬁgﬁ‘?ﬁ#fi ‘ésl"gr‘?gb?%mto pl ace-
a zero in the pRgderhidgd sidef of @sthadits ilenpth il ASchalldigitad Qata@Grefh@bd 110. 10
the absence of "the FRFND signal, the output of the bubble generation bl.ock

114 is raised hlogked witk h bitiedack; comprising the steps 0 regi ster | abeled "8" is
input to the input register.’| aheled."0" =~ This allows .a logic "0 to be
continuously inserted i niSCRiRgyM 3,eria)datageg) ﬁ’éﬁi’%‘ééﬁéﬁea?q#%
cl ocked by thesfdond b 'Rving NRASHIL ledst ) and SloCkibp e defialBdtd) FopPérUibekeg 9l St er
| abel ed "8", this wll- C(i)nr%st‘i t%ﬂe a frane bor-'de?‘.- It is noted that whenever
the sync word mwathdbe bitelodk; t he next eight bits nust be |oaded into the
register 40 for the data_i-s to be.latched into.t atch 34.° Therefore, the
frame border nust be del m@w%@f%fwuﬂ&tsﬂ%'&ecﬁrregtdomammtha

parallel current domain converter such that a discrete current value is output for

cach of the n bits in the serial data register, the value thereof corresponding to the
bit mismatch digital value of the associated serial bit;

siz_mming the discrete current values associated with all of the
converted n bits stored in said serial data register with a summing circuit to
provide a summed value;

comparing the summed value with a reference sum value with a
comparator; and

generating a sync detect signal when the step of éomparing provides

a threshold comparison of the summed value with the reference sum value.

\
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cycles before generating the FR signal. Wen this is generated, the output
of register 40 is then latched, this output constituting the next data word
foll owi ng the sync word. The bubbl e - generation block 114 therefore nerely
generates-a low logic level on the input to the AND gate 112 for a single
clock cycle to ensure that a logic "low' is loaded into the register 110 on
t he i nput thereof. The output of the register 110 on the regi'ster |abel ed
"8" is also input to a register bIock 118 to .provide a sync out put S|gnal
that is del ayed and stor.ed.

16 Referring now to FIGURE 7, the?% S |Ilustrated a nore detailed
bl ock di agram. of the serial data reglster 40 and 42 and the data | atch 34.
Each of the registers.-in the serial data.register 40 and the serial data -
regi ster 42 are conprised of a nmaster/slave conbination. There is provided
a master latch 130 having-the input ‘connected to the serial data input,
which for the first register wil |smcmnrmu'¢mn'ﬁnd for subsequent
registers will be the output of ‘the previous register. The output of the .
master latch 130 is input to the input of a slave latch 132. The output of
slave latch 132 is connected to the input of the next master |atch 130. The
master latch 130 is clocked by the inverse of the clock signal CK and the
slave latch 1302 is clocked by the CK signal. Therefore, whenever the cl ock
signal is :

ABSTRACT OF THE DISCLOSURE

A sync detect circuit is comprised'of two serial data registers (40) and (42),
cach for storing a single word.. A plurality of current sources in current source.
banks (44) and (46) are operable to convert the bits in the stored sync word to a
dlfferentxal current domain. Depending upon the logic state, the currents are
added on two lines (50) and (52). When the differential current falls below a
predetermined limit, a frame sync signai is .gencrawd to latch the next and
following words into a data latch (34). These are then transférred out to a system

upon the generation of a system data clock.

Figure 1



| oW, the master latch will latch data on the output thereof and, whenever
sthe clock signal goes high, the slave latch. 132 will clock the data to the
output thereof. This output is |labeled "Q'. The data latch 34 is
al so a master/slave configuration with each data register therein conprised
of a master latch 134 and a slave |atch 136. The master |l atch 134 has the

i nput thereof connected to the output of lﬁ& associ ated slave latch 132 in
the serial data register 40. The output of the master latch 134 is
connected to the input of the associated one of the latches 136 in the data
| atch 34. The master |atches 134 are cl ocked by the frame sync signal FR
and the slave |l atches 136 are cl ocked by the PCK system word cl ock. The
master |atches 134 are clocked such that they will latch data therethrough
on a lowlogic |level of the FR signal, whereas a high logic level is
required for the PCK signal. By providing the nmaster/slave relationship
with the latches 134 and 136 in the data latch 34, the internal frame sync
signal FR allows the data to be |oaded into the naster |atches 134 with an
internal frame signal ‘associated w g the sync detect circuit 10, whereas

t he system sync &f?' Zgnal PCK.?T? ws data to be output therefromin

‘th
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17~*134 | oads on the "low' logic |evel of the CK signal, whereas the PCK
,Signal transfers data on the "high" level of the CK signal. Therefore, the
master/slave | atches 134 and 136 wi.ll not be "transparent." Additionally,
since there is a separate internal frame sync signal, it is not necessary
to align the systemword clock PCK wth the internal frame sync signal FR
Referring nowto FIGURE 8, there is illustrated a timng diagramfor the
clock signals CK and the systemword clock PCK. The data output of each of
the slave latches 132 is |abeled as "Q'. This illustrates the operation of
the structure of Figure 7. h of the shift register cells in
both the serial register 40 and the data latch 34 is a relatively straight
forward | evel -sensitive D-type latch. The nmaster latch 130 operates with a
sinple reset operation. Each of the master |atches 130 and 134 have a
power - down node of operation. During this power down-node, the clock inputs
are set such that the |atches enter the state wherein the output of each of

the master latches will be a logic "1", the clock input to the naster
‘latches 134 is forced to an,inactive state i

c "1" and the PCK cl ock
is forced to an inactive st 0 logi =" 0"\ This will force a logic "1"
output on the output of ea@tl of the sl avéel at cifes 182 and | ogic "1" out put
on each of the slave Iatcheb/l,&)@.— Thi s ef%eth‘M@y enders the naster
| at ches 130 and 134 "opaque-/ i.e},{ they Ho no§8$llom1data to be
transmtted therethrough. ﬁhpy ne y forke &he dutput tp be a logic "1".
The sl ave | atches 182 and 136, on{the otfeK Rand,| ane tr&nsparent and pass
the forced output off the—master—T4atthes/lt 1 and 134.} &espectively,
t her et hrough. I n thils jmanner, m,sét circyitry isneq } er
| at ches and S o T
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not “in the slave |atches.

18 I n anot her power-down operation, the register 42 will be powered
down after detection of the sync word. This:is due to the fact that it is
no | onger needed. In summary, there has been provided the sync
detect circuit that is operable to detect the presence of a sync word in a -
serial data string by converting the digital word to a parallel word in the
current domain. In the current domain, currents are added to a first line
in the presence of a logic bit match value and to a second line in the
presence of a logic bit msmatch value. These currents are added for each
bit in the sync word and then the two3i 4l ues conpared with each ot her. Wen
the value falls below a predeterm ned reference, this indicates the
presence of a sync detect word. This event then triggers the generation of

a frame boundary for a word. This franme boundary is en ut|$ ed to | atch
the next and fol I[gf§.nggdata word in a latch and tt’s% ut put %‘&&f t he
system _
90 90 100
Tﬁé———~it Tﬁi——it THW—|| B8Pz BP——JE
96 94 92 ¢ 98 102
o™ Ny * »
BIAS IH 1L { 1 |
8¥ 4V A v v
L L L L L
v
FIG. 6 116 FR
y
112 Ato 118
SYNC
;l__g——lﬂllﬂshls]sivla}“{fr—n T
CK _ (,114 o
BUBBLE FRFND +
GENERATION -
FIG. 7 Dro[g] DTO[1] DTO[2] DTO[3]

PCK —

136

FR —

3
%

134

g._

r*ftl/ 34

132

{‘F‘E%

B

132|130 132




AIthough the prefer odi ment has been described in detail, |t-\a§,l:mgl d$

‘be undem gus changes, substitutions and alteratlons can b .
made th um Mﬂmﬂﬁﬂ'tmartl ng fromthe spirit and :scope of the inventi gﬁoﬁ /
as definéd by & ed clains. -

19 MHAT IS CLAIMED | S: 1. A sync defgect circuit for detecting the -
presence of a series of sync bits in a predetermned order in n data bits

in length i NWAIALIS ﬁMWEﬁt'ﬁ? data stream and clocked with a bit - cl ock,
conpri si ng: a serial data register for receiving the data bits from

the serial data streamand having a |l ength at |least n, said serial data
regi ster clocked by thésmquq;p@agcwtforde ecting$he presence.efia waiies obswnstitsr f or

converting epciinRbefs ﬁﬁued?aé.aéf rPddta bitQ‘irPleﬁgﬁ'l'|ﬁfae§e‘ﬁaidlg4fkal%id§ﬁ’éan€“&ﬂdt0

output a di screte differential current value for each the n sequenti al
bits in sai doleekedawithiabif daski eenaprisingse val ue t hereof corresponding to a bit

m smat ch digital value,ghug ﬁ%%st@t‘ {?éogf\ﬁéjth@ osa?QPﬁé'{'rbﬁll thQ'sIeﬁFl data a

summing circuit for summ ng scre erential current
associ at ed wéttdanalahd chfavnaea leogtheattleastm, isaidssetiabdata registeniclocked lbaltheiaita
register to ag&vi de a summed val ue;

a parallel current domain converter for cbnverting each of n sequential
bits into a differential current domain to output a discrete differential current value
for each of the n sequential bits in said serial data register, the value thereof
corresponding to the bit mismatch digital value of the associated serial bit; -

a summing circuit for summing the discrete differential current values
associated with all of the converted n bits stored in said serial data register to
provide a summed value;

a comparator for comparing the summed value with a reference sum
value; and

a sync detect sighal generator for generating a sync detect signal
when said comparator provides a threshold comparison of the summed value with

said reference sum value.

2. The sync detect circuit of Claim 1, wherein said parallel current

domain converter comprises:
a first differential node and a second differential node;
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& conparataqr.for conparing the summed value with a reference sumval ue; and
a sync detect signal generator for generating a sync detect signal when
sai d‘conparﬂm [ wghr eshol d conpari son of the summed value with
said refere mnm’mﬁmlm"F The sync detect circuit of Claima1l,
wherei n sai d artal Itel ®*cusrent converter conprises: - a first
differential node and a second differential node;

20 a plurality of switchable current sources associ ated
with said first and second.differential nodes, each of said sw tchable
current sources associated with one of th# n sequential bits in said serial
data register and switchable to said first differential node when the
associ ated one of the n dplumligpofswichatde durrent sespendsematehwithfsaiddfindt n sync

bits and switchable to.said.second differenti.a ode en_the associ at ed
one of the n pand difprep @88% garyafes @W@Eﬁgﬁﬁwﬁif‘ sources associated

with one of the n sequential bits in said serial data register and switchable to said
first differential node when the associated one of the n bits matches said

corresponding one of said n sync bits and switchable to said second differential
node when the associated one of the n bits is mismatched with the corresponding
one of said n sync bits;

said summing cir;uit comprising said first and second differential
nodes for summing the switched current thereto by said Switchable current sources,
respectively; and '

wherein said comparator is operable to determine the difference
between said summed current on said first and second differential nodes and

compare said difference with a predetermined reference.

3. The sync detect circuit of Claim 1, wherein said serial data register
has a length of n.
4. The sync detect circuit of Claim 1, wherein the sync bits are

arranged in an order that represents a discrete multiple of a system data word
associated with the data received in the serial data register.

5. The sync detect circuit of Claim -4, wherein the series of sync bits
comprises two data words in leagth. '

6. The sync detect circuit of Claim 1, and further comprising 2 frame
boundary detect circuit for generating a frame sync signal upon generation of said
sync detect signal, such that the presence of said sync detect signal indicates the
presence of a frame boundary associated with the beginning of a data word that is
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one of _ ; said sunm ng circuit conprising.
said first. and second differential nodes for summ ng the swi tched current

thereto llmm MH“IG current sources, respectively; and
wher ei n AL L L L LS operable to determ ne the difference between
said summed current on said first and second differential nodes and conpare

said difference with a predeterm ned reference. ' 3. The sync
detect circuit of Claim1, wherein said serial data register has a | ength
of n. 4 . The sync detect circuit of Claim1l, wherein the sync

bits are arranged in an order that repres@hts a discrete multiple of a
system data word associated with the data received in the serial data
register. to be feceived infthe nextsequbntisiatuntier ofibits rkciCbdiinnthd senidiclami n t he
series of sync bits conprises two, data words in-| enﬁt h

o 6 .
sync detect  ci Fegister afier detgrtiamof saidcsype detact signahand Whergin said o seaupRsial dits y

detect circui Faxchfxc ggp&q)ﬁ%%g%dﬁﬁf@my&&ékgﬁl upon generation of said

sync detect signal, -such e presence of said sync detect signal
i ndi cates the presence of a frane boundary associated with the begi nning of

a data word that is - - :
7. The sync.detect circuit of Claim 6, and further comprising a parallel

The

data register for receiving the output of the first m#bits of said serial data register,
m being the length of a data word in the serial data stream, said parallel data
register loaded by said frame sync signal.

8. The sync detect circuit of Claim 7, wherein said frame detect circuit
comprises a delay for delaying the generation of said frame sync signal by m clock
cycles of the bit clock, such that the next m bits can be loaded into the serial data

register prior to loading into said serial data register.

9 . The sync detect circuit of Claim 8, wherein said frame detect circuit
comprises a circular m-bit register having first logic signals stored therein and
clocked by the bit clock such that the values passed therethrough are recirculated
and an insertion circuit for inserting a logic signal of a second logic state into the
first of the registers in said circular register with the mth register being the output
regisfer for outputting said frame detect signal whenever said mth register is at the
second logic state.
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21 to I'n the next sequential nunber of bits received in the
serial data detection of said sync detect signal and wherein
said h s “m“ﬂmﬂ‘m& the last n bits stored in said serial data

regi ster he sync detect circuit of Claimé6, and further
conpr|5|ng a paraIIeI data regi ster for receiving the output of the first
mbits of 'said serial data register, mb%y'ng the length of a data word in

the serial data stream said parallel data register |oaded by said frane
sync signal . : The sync detect circuit of Caim?7, wherein

sai d fram sync st @'n;f'ﬂ' 8, AR Beroble=Cet S5, P ByREBRE f 20T
next m bits predefeemineddsrder of a ddta biterin dngtiatim arsuéiasﬁlgltapgatersttean’- @adi ng f
i i The sync detect circuit o

IClnfatiomsgl, dv\/ig‘gklé%?dg"ghﬁa i’ﬁ%@kgéqws"kq ﬁh&ﬁt‘?p%cq'rrpri ses a circular mbit
regi ster having first feegivingsinGnsedrinl Sbty Rgistdraheidatabits ﬂinQQhedsehw ddta bit
clock such tsq(r’j‘etan% gﬁd Kg\lngge Sa | ngtﬁ a?le%gter;,eé[n rc?ouc%];g%g sér?a da aure%Es?er clocked
with the bit clock;
converting each of n sequential bits into a differential current domain
with a parallel current domain converter to output a discrete differential current value
for each of the n sequential bits in the serial data register, the value thereof
corresponding to the bit mismatch digital value of the associated serial bit;
summing the discrete differential current values associated with all of
the converted n bits stored in said serial data register with a summing circuit to
provide a summed value;
comparing the summed value with a reference sum value with a
corhparator; and
generating a sync detect signal when the step of comparing provides
a therehold comparison of the summed value with the reference sum value.
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and an i nsertiom Ci inserting a logic signal of a second |ogic

state_int b t registers in said circular regist i t he
mt h regi sﬁMHﬂ'”ﬂ!IHR{I&H‘Eut regi ster for outputting said fr‘gﬁﬁmde{]éitl
si gnal whernever sal gister is at the second logic state. (oS’ 4
22 10. A nmethod for detecting the presence of a series of sync bits in
a predetermned order of n data bits imdength in a serial digital data
stream and clocked with a bits clock, -conprising the steps of:

receiving i WHAGK CoAIMER IS ¢ egi ster “the data bits fromthe serial data
stream and having a length at |least n, and cl ocking the serial data

regi ster clocked with the bit clock; . .. . converting each of n sequenti al
bits into aldiffAmsynedelecteirquitier datécting theupraseare efia series ebsynerhiterin ao

out put a di i i al f f am nti al
bi 151 -t hel SReAAGd RO 3 o WtE T et i o berf ] ol sfeat " 1o
bit m smat ctloekeglwith a biticlgek, somprsingssoci at ed serial bit; sunmmi ng t he

discrete differ ekl datd régiiol Rl VoRIARPOE! i Bitd o he'sefll ddtel sfraamer t ed n

bits stored in said serial data re summng circult to provide

a summed vaandhaving a lengtivatdeast ngsaid seral daterregister slogkedhbythedditglegice sum
value with a conpafRLRf cufdHl converter for converting each of n sequential bits into a
' differential current and to output a discrete differential current value for each of the
n sequential bits in said serial data register, the value thereof corresponding to a bit
mismatch digital value of a serial bit of said n sequential bits;

\ a summing circuit for summing the discrete differential current values
associated with all of the converted n bits stored in said serial data register to
provide a summed value;

a comparator for comparing the summed value with a reference sum value;
and '

a sync detect signal generator for generating a sync detect signal when said
comparator provides a threshold comparison _of the summed value with said
reference sum value.

2. The sync detect circuit of Clai'm 1, wherein séid parallel current converter
comprises :
a first differential node and a second differential node;
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gener at i signal when the step of conparing provides a
therehol Hmﬁmﬂm, mﬁ m he summed value with the reference sum val ue.

22

10. A method for detecting thé ‘presence of a series of sync bits in a
predetermined order of n data bits m length in a serial dlgltal data stream and
clocked with a bits clock, comprisitig the steps of -

receiving in a serial data register the data bits from the serial data stream
and having a length at least n, and clocking the serial data register clocked with the
bit clock; i _

converting each ofh sequential bits into a differential current with a parallel
current converter to output a discrete differential current value for each of the n
sequential bits in the serial data register, the value thereof corresponding to the bit
mismatch digital value of the associated serial bit;

summing the discrete differential current values associated with all of the

U converted n bits stored in said serial data register with a summing circuit to provide

a summed value;

comparing the summed value with a reference sum value with a
comparator; and

generating a sync detect signal when the step of comparing provides a
therehold comparison of the summed value with the reference sum value.
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