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.SYNC ·nETaCT CIRcp!T 

TECHNICAL FIELD OF THE INVENTION 

The present inve~on pertains in general to a sync detect circuit for 
detecting the prese~ of sync bits.in a serial data stream and, more particularly. to 

a sync detect circuit for operating in th~ current domain. 
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BA<;KGROUND.OF THE INVENTION 

Serial data·stt~ are typically ~mifted· over. a single wire cbta. bus. 

~or ·a s~no~ transmission, the first stqr·requir~ is ex~tion of a bit clock 

therefro~.. In some systems,. the bit clock .itself is transntlued over a ·separate line . 
. . . . . . . . . ·~ 

. . 

or. bus, ._s~ ~~ ~ ~ recep!i<>~ is synCbro¢7..ed with respect to ~ clock edge 

associated· wi~ a bit. However., ·most data. is transmitted .in groups _·of bits, each 
. .· . 

~up of bits co.~iµiting a .single data wor~. Typically, a <la.ta word is ~ight bits 

long, which constitutes a ~yte, or nine bits .long to .accommOdate some line coding 

or CQ"or correction o_verhead. Although the data: is received in a synchronous 

manner, ~uch that each bit ~ be recognized, it is still difficult to determine the 

byte bo~dary or frame boundary. This would require a .separate frame clock. 

In data ~torage devices, such as magnetic hard disks or CD ROMs, data 

must be extracted from the media, which is typically a mechanical spinning media, 

in a synchronous fashion. The method typically utilized to synchronize the overall 

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 shift register 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 th,e 
. . . 

sync word, 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. 
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SUMMARY or·:TBE. lNVENtiON" . . . ... ~ . . . . .. . 

The .P~esent inv~o~ dlsclQs;ed..~. c~ecl herei~ comprises a sync detect 

circuit-for detect;~ the pr~ of a, series c;tf ~ync -bits i~ a predetermined _order 

Qf.~ ~~bits in·~eDgth ~a senal---s~~nrand cl~cked ~th a bit clock. The . 

sync detect circuit includes a serial dau,. register for receiVing the data bits from the 
. . . . . . .. 

serial.data·strean;i-and having.a lengtJi o~at l~·n. The serial.data register is 
: .·. . . . . . . 

clocked by .the bit clock. A parallel current~ converter is provided for 

converting pattern matching of~ of. the n seql.lCntial .bits into the current 
. . 

domain such that a discrete current value is output for each of the n bits in tlie 

serial data-r~gister. The value.of each of the discrete 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 Wita·register to provide a summed value. A, 

com.parator then compares 1'te summed value with a reference sum value. A sync 

detect signal generator then generates the sync detect signal when the comparator 

pr~vides a threshold comparison of the summed value with the reference sum 

value. 

In another aspect of the present invention, the parallel current domain 

convert.er is-operable to convert each ·of then sequential bits stored in the serial 

data register into a differential current domain. The parallel current domain 

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. F.ach 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 
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n s.equential ~its in the ~erial .data _reg~ter an_d swi~ble when the associated one 

of then.bits is at a second lo.glc state.oppos~ the first logic state and is operable 

to switch ClU'fent .to the second differe~tial n04~. The summing circuit comprises 

~first· ind second.differ;ential nodes ~hich ~e .operable .to swn the switched 

current theretQ. by the fi~ and seco~ CUfl'Cllt SOJJCCCS, r~pective~y. This 

difference between lhese two sums -is compared with a predetermined reference 

and, when it is less than this reference, the sync detect signal is generated. 

In a further aspect of the present invention, a frame boundary detect circuit 

is provided for generatiiig a frame ~ync signal upon generation of the frame found 

signal. The frame sync signal therefore indicates the presence of a frame boundary 

associated with tb.e 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 operation, the 

n sequential bits converted by the parallel current domain converter are the last 

received n 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. 
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BRIEF D~CIUPi10N-OF_ THE DRAWINGS 

For a mol'.e C()m.p~ete ~tandµig. of .the present invention and the 

advan~ges ~ereof, reference Is now ma<I,e to the. following description taken in 

coajunction with the accompanying D~wings. in which: 

FIGURE l 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 illustrates a more detailed block diagram of the sync detect 

circuit of the present invention; 

FIGURE 4 illustrates· a schematic diagram of ~e-_ 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 che overall operation of the 

system. 
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DET~EJ> D~ONQF-~INVENTION 

JleferriJ1$_now to_ FIGURE l,.there is ill~trated a block diagram depicting 

a sync detect circuit -10 .utilized in conjunction with a data srorage device 12 such . 

as a 1'ard ·diskdrive and front e~ <:ir~itry. 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 o~tput ~ ~ ~ta ~tr~. on a serial data output line 14 

and.also provide a bit clock output on a line 18. The serial data is in a format such 

that it is s~nized. with the sync detect circuit 10 in that they share a similar bit 

clock. This clock is generat.ed 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 detect 

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 a CPU 16. The sync detect 

circuit 10 must detect both the beginning of a sector ouqmt by the data storage 

device 12 and also detennine 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 
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_in theJe~erence ~ync word.D:i ~ter 28 with a comparator 30. When a true 

comparison is made, ~ indicatC$· ~ the. sync word is prese_nt in the.data register 

26. When this occurs, this J;epr~ents a word boundary or a frame boundary. This 

is input tQ a frame sync circuit 32. The tram~ sync circuit 32 generates a frap:J,e 

s~nc s~ FR, which is. input ~ _an. output~ 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 o~tput 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 of FIGURE 2. The serial in/parallel out da~ 

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 se~ register 40 are labeled "O" through "7" and the registers 

in the serial data register 42 are labeled "8" through "17". The out.put of each 

register in the serial data register 40 are input to a bank of current sources 44. 

there being i. 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 
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~ 44"and 46.will sink cµrrent from.the lines 50·or si. which lines 50 .and 52 

are conn~ through ~istors .54 and 56 to a posjtive supp~y volt.age rail. 

R~rection.of ~e Ctµ-~ sour~ caq. be controlled. also ~ough an XOR gate 

used as logic compensation between the logic s~te Q and register, stored sync 

pattern. 

The coding scheme utiJiz.ed. is to have each ctJrrent sourc~ sink current from 

one of the lines 50 and 52 at a level of 10• There will be provided a progr~ing 

scheme which is a metal-mask programmable scheme tbat will sink the current J<i 

from the line 50 in the presence of a bit mismatch and will sink current from the 

line 52 in the presence of a bit match. Thereafter, it is only necessary to compare 

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 some fault tolerance for a 

selected. number of bits tbat 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 610, since for each bit and error. there would 

be Io less current in the correct one of the line and 10 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 



9 

byte ~lock ~CK, thiS. allowing the data. tQ be extracted by the system and 

synchronized.th~ewit,ll_.jndependentofthe frame sync that is defined by the sync. 

d~ circuit 10." · In -0~ to gen~ the frame detect signal, the si~ls on the 

lines 50 and 52 are iQput to a frame detect block 60, that is operable to· determine 

if there is a· sync. word detected,~ then determine whe~ to generate a frame clock 

signal. This will be d~cribed in more detail hereinbelow. 

Referring now to FIGURE 4, .there is illustrated a detailed block diagram 

of the cw-rent 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 assoc4rted 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-progranunable 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 bits BO-B 17 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 B 17. The 

programming is such that the line 72 associated with the drain of transistor 62 for 
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the bit BO .is connected to the li® so. whereas the drain of the transistor 64 . . . . . . 

~sociated.~ith.the BO bit.is.conn~~ line-52. ·Similarly, the line 72 associated 

wi~ the drain.oftransistor 62 for the bit Bl is connected to line SO and the line 74 

associated with the drain oftransistor.64 for the Bl bit is connected to the line 52 

The pair of transistors 6~ and 64 for the Bl 7 bit are connected Qpposite to those 

associated with the BO and Bl bit. The line 72 associated with the drain of 

transistor 62 is connected to the·Jine 52 and the line 74 associated with the drain of 

transistor .64 is.conn~ to-theline-50. Therefore, when a logic "l n is present 

on registers BO and Bl, current will be sinked from line 50. whereas a logic "1" 

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

The threshold current source S8 is illustrated with a single current switch in 

the form of an N-channel transistor 76, connected in series with an N-channel 

current SOUI,"ce 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 the VaiAS 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 line 52. For an eighteen-bit sync word, this will result in a 

current of 181o 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 
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_that the .sync WQrd is lQaded ill tile ~e~sters 40 and 42,. which will only exist for a 

s~e·c~~k c.y~le~ In order to provid~.an appropriate offset, .the threshold current 

source must" provi® .at m<>St a matclling CU:ITClit •evel of 1710 on the line 50 to 
. . . . . 

prov.ide a voltage drop across ~ resistor 54 corresponding to the voltage .drop 

across·the resistor 56. To account for errors, this level is lower, as will be 
. . 

describ~ herem·below ! 

The vol~ge 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 input of 

the comparator 80 connected to the line 50. The output of comparator 80 

comprises a Frame Find signal FRFND. This comparator 80 compares the voltage 

of the two lines 50 and 52, and whenever they go below a "O" 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 chis 

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 rhe ERR line 50 and the ERRZ line 52 are laid out in parallel 

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 
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.thresb.Qld, the voltage·po~ .of the en:or ofthe ERR line· SO and the 

ERRZ line 52 will. be _apprQxhn:8~ly .a single voltage apart (V 0 =Io *R). 

This small amount of voltage differ~ will ensure that all current switches 

and current sources will· operate at·a,pproJtimately the same potential, thus 

greatly reducing effects of non-ideal device characteristics.. This elimiriates 

the need for more elaborate cunent.sources. such as· cascode current 

sources. · In .addition, the. current switches can be realized as minimum size 

source-connected MOS transistors. 

3. The number of additional current sources required to re-balance 

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 ~ync field bit pattern. 

5. The differential approach is twice. as insensitive to device 

~match errors as the single-ended approach. 

In order to determine the number of current sources and the size $ereof 

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

Derivation of Differential Current-mode Equation 

Let. 
N = 18, observation window size, i.e., size of the serial shift register equal to the sync field 
length 
n = actual number of Uistantaneous bit errors, 0 " n " N 
t = set threshold value, i.e., tolerated number of bit errors; for three bits: O " k " 7 
k = additional number of current sources connected to the non-error line that are not 
switched dynamically 
lo = unit current source 
V 0 = voltage drop contribution of the register bit. Vo - Io *R 
The enor current is directly proportional to the instantaneous number of bit errors and the 
number of additional static sources: 
16 = (n+k)fo 
~ non-error current is directly proportional to the instantaneous number of correct bits: 
I1o1 = (N-n)fo 
Both currents are converted into voltage through a pair of matched resistors: 
V6 = (n+k)foR = (n+k)V0 
V N - (N-n)loR = (N-n)Vo 
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and lheir differCilce .is b<;ing input ro a-~ator 
AV =·VN~V6 -(N-2n-k)Vo. 
As. IQng as AV is_:iess than mO·.die sync~ ~iidnues. It stops when· AV is greater ~ 
zero and the sync. found condition iS ~ declared. · 

Deriyation of k 
-S:Ync found. if. AV.:!! 0 
N·-2n-.b 0·==~ k2 N "".2n 
Since k is: an integer •. the~ ~i,te of k that satisfies this equation is 
le ~ (N-1) - 2n . . . 
For the·~ of bit errors equal to.the ~old t, 
k = (N-t)·- 2t or. 
k ::= ·(2•2• + p).;.; 2t 
k = 2*(211 ~y) + p = 2*t + p 
such that. 
N•l = 2~ + pand, . 
t = one's c;omplement oft i~ B digit binary representation. 

For example, for N = 18, t = {~.t,,fo) 
t = [t2,t1tfo1 (bit-by-bit inversion) and 
k=2t+3 

The comparator input as a dynamic function of the number of bit errors, 
AV = (1 + 2(t-n)] V0 

Because the current sources are simply redirected. from one line to the other during tb.e. search 

process, the mininmm. differential voltage distance is 2Vo. 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= V0 (found ifn=t) and AV= -V0 (not found ifn=t+l). 

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 switcJ:tlng 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, THl and TH2. 

The BPZ signal is a bypass mode signal and will not be considered. The threshold 

signals THO-Bar, THI-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

cbannel transistor 92, the source thereof connected to ground and the gate thereof 
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connected to. the. bias voltage line 90. The transistor .90 associated with the . 
.. 

tlµ"eshol<l. gate. coµtrol siJP1al: THl-ijar -~ the source the~of connected ·tO the .drain 

of an N~el transistor·94.with the.sQ~rce of transistor 94 connected to ground 

and the gate thereof connecl:Cd to th~ bias vol~ge line 70. The .source·of the 

transistor 90 as~ociated with the .TH2-Bar gate control signal is connected to the 

drain of an N~hannel ~istor·96 having the source-thereof 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 ~r. Therefore, transistor 92 will have a ~urrent 

therethrough of2I0, transistor 94 will have a current therethrough of 410 and the 

transistor 96 will have a current therethrough of 810, Io being the current through 

each of the transistors 68. 

The transistor 90 associated with the BPZ gate control signal has Che sourC:e 

thereof connected to the drain of an N-channel 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 52t the source thereof connected to the drain of an N-channel 

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 nonnal operation, the 9-bit 

mode, and turned off turning the bypass 8-bit mode. In this mode, the transistor 

100 will be turned on. As su.ch, when transistor 100 is turned on and transistor 90 
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is turned offt this will result _in a negative difference of -10 as compared to the 

normal operating mode. 

Referring now to FIGURE 6, ·there is illustrated a diagrammatic view of the 

frame detect circuit® of ~GUlIB 3. Th:e frame detect circuit 60 is comprised ·ot 
. . 

a 9-bit circular register 110. The circular register 110 has an input register and an . . . . 

output registert the input repter labeled "O" and the output register labeled "8". 

The input register js -connected to the output of an AND gate 112 which has one 

input thereof connected to the_ Qutput 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 FRFND to place a zero in the input register labeled "O" in 

the circular register 110. In the absence of the FRFND 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 "O". This allows a logic "O" to 

be continuously inserted into only one bit of the register 110 as it is clocked by the 

CK signal. Whenever a "O" 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 Klow" is loaded into the register 110 on the input thereof. The output of 

the register 110 on .the register labeled "8" is also input to a register block 118 to 

provide a sync output signal that is delayed and stored. 
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Referring .now to FIGURE 7,. there is illustrated a mQr~ detailed block 
. . . 

dia~ of the se_rial data re~ter 40 .and 42 8nd .the _data latch 34. Each of the 

registeJ:"S .in the_ sei:ial data register 40 .and the serial data register 42 are comprised 

of a ~ter/slave co~ination. There i~ provided a master .~h 130. having the 

inp1lt co~~ted to the serial data input. which for ~e first register will be the DTI 

~put and for subsequent registers will be tlle 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~ 132 is connected to the input of the next master 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. Therefore, 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 cloek 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 latch 134 is connected 

to the input of the associated one 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 such 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 cherefrom in 

synchronization with the word rate of the system. It is noted that the master latch 
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134 loads .on the "low" logic leyel of ~e C~ sjgnal, whereas the PCK signal 

transfers data on the •high• level of th~· CK signal_. Therefore, the master/slave 

latches 134 and l;i6_ will not -be "transparent.~ Additionally, since there. is a 

sepa(ate internal ~ sync signal~ it is. not neces~ary to align the system word 

clock PCK with .the·internal. frame sync,signal FR. 

Referr~g no~ to FlOURE.8,. there is i~Iustrate<;l a timing diagram for the 

clock ·signals CK and the system word clock PCl(. 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-dow.n mode of operation. During this power down-mode. 

the clock inputs are set such that the latches enter the state wherein the output of 

each of the master latches will be a logic " 1 ", the clock input to the master latches 

134 is forced to an inactive state of a logic "l" and the PCK clock is ·forced to an 

inactive state of a 19gic "O". This will force a logic "1 " output on the output of 

each of the slave latches 132 and logic "l" output on each of the slave latches 136. 

This effectively renders the master latches 130 and 134 "opaque", i.e., they do not 

allow data to be ttansmitted 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 latches 130 and 134. respectively, 

therethrough. In this manner, reset circuitry is needed only in master latches and 

not in the slave latches. 



18 

In a1:1other power-down operation, the register 42 will be powered down 

after detectio~ oqhe sync.word. ·This is dl,LC to the factthat it i~ no longer needed. 

In summary, there has been provided the sync detect circuit that is operable 

to detect the presen~ of~ s~ word in·a.seriaJ, data string by converting the · 

digital word to a parallel word in the current domain. In the current domain, 

currents are ad4ed to a first line. µi the presence of a logjc bit match value and to a 

second.line in the prC$Cnce of a logic bit mismatch value. These currents ai:e 

added for each bit in the sync· word and then·the.two values compared with each 

other. When the v.alue 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 invencion as defined by 

the appended claims. 



I llllJ min 11111111111111 . 
L H S * 

WHAT IS CLAIMED·IS: 
THIS SHEET HAS BEEN 

REPLACED .. 

I. -~.sync_ 4etect c~it·for. detectiµ.g the presence of a series of sync 

bits in a predete~ order of n data bits in length in a serial digital data stream 

and Clocked with a bit clock, comprising: 

a serial data r~gister for receiving .th,e data bits from .the ~rial data 

stream and having a length at least n, said serial data register clocked by the hit 

clock; 

a parallel curren~ domain converter for converting each of n 

sequential bits into the current domain such that a discrete current value is output 

for each of then 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 swnmed 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; 



.20 

THl.S SHE.ET HAS BEEN 
REPLACED 

a plura.14y of sw~~ ~t sources associated -~th said first 
. . . .· 

and seconctdifferential :llOdes, ~h of said s\yitchable current s9urces associated · 
. ~ . . . . . . . . . . . ·. 

wit,h one.of~e µ..sequential b~ts i*1 said serial"dataregister and switchable to said· 
. . . . . . . 

. first differential.node when the associated one of the n bits matches said . . . . .. " .· . . . . 

corresponding one of said ~ S.Y.JlC bits ~ switcJ:1~ble to :said second diff~rential 
. :· 

node w~n· the associated one of: the n·bits is nµsmatched wi~ the corresponding 

one of said n sync bits; 

said sutnmlng ·circuit comprising_ ~aid first._ and second differential 
. . 

nodes for summing the switched cunent thereto by said switchable current sources, 

respectively; ~d 

wherein said comparator is oper~ble to determine the differeQ.ce 

b~tween said summed ~ton ~ first and second differential nodes and 

compare satd difference with a pred~nnined reference. 

4. The sync detect circuit of Claim .1. wherein said serial data register 

has a length 9f 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 dat!. 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 l, and further comprising a frame 

boundary detect circuit for generating a frame syil.~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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to be receive.cl U,. the-next ~uen.tjal number of bi~ re.Ceive4 inthe·serial.data 
. . . . . . . . . . . . . 

register. a~ detection _of said syµc 4et"eCt si~l a~ wherein _said n sequential bits 
.. ·:· . . . . . . . 

arc the l~t;Q. bits.stored ~_&aid •erial data-~glster. 

8. Th~ _sync.detect ~~·of Claim 7, .and furth~ ~mpri$ing a parallei" 

data re~ter ~r receiving the o~~t of the fir$t iJi.;.bits of s~~ serial data regist~r, 

m being the length of a __ data word.in~ serial data stream, said ~rallel data 

register loaded by said frame sync signal. 

9. The- sync detect circuit of Claim 8, 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. 

I 0. The sync detect circuit of Claim 9. wherein said frame detect circuit 

comprises a circular m"1>it register having first logic signals stored therein and 

clocked by the bit clock such that the values passed th~rethrough are recirculated 

and an insertion circuit for inserting a logic signal of a second logic state into the 

first of ~ registers in said circular register with the mth register being the output . •. ... . 

register for 9utputting said frame .detect signal whenever said mth register is at the 

second logic state. 

il1ifiliUr 
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11. · .. A_.in~od .for (letectiDg ~e. pr~nce of"~ :Series .of sync b~ts in.a 

pr~etermin¢ order of il "- bits in·ICJ,Jgth· in,~ ~erial digital data stream and . . . . . . . 

clQCk.ed With. a ~lt-cloek, ~rising the steps of:. 

~i\'ing··~ .a serial ·d_ata register· ~e data -bits from the serial data . . . . . . . 

stream and .f:iaving a length at least n, and cloc~g :the serial data register clocked 

with the bit clock; 
. . 

converting each Qf n sequential bits into the current domain with a 

parallel current domain c;on.verter such ~-a .discrete current value is output for 

each of the n bits in ~e serial data.register~ ~ value thereof corresponding to the 

bit mis~tch digital value of the associated serial bit; 

s~ the discrete current values associated with all of the 

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

provi(le a summed value; 

conq>aring the summed value with a.reference sum value with a 

comparator; and 

generating a sync detect signal when the step of comparing provides 

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


