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A RULSED FLI PYREERIZE RCUI T FI ELD OF THE | NVENTI ON PCT/USISMGR8
present invention relates to the field of electrical circuits. Mre
‘particularly, the present invention relates to the design of flip-flop

circuits. BACKGROUND OF THE | NVENTI ON Flip-flop circuits
are used in sem conductor devices to maintain a binary state until
directed by an input signal to switch states. A variation of the basic

flip-flop circuit, the clocked flip-flop thtcuit responds to input

|l evels in response to a clock signal. Used in this manner, the clocked
flip- flop circuit acts as a sanpling device which only reads the

i nformation off of its input line when directed to do so by the
clocking circuit. After reading the information; the circuit stores
the information and outputs it on the output line. In all other

i nstances of tine, the circuit will not respond ~to input signals and
wi Il remain unchanged during variations of signal states on the input
l'i ne. L ‘Despite their usefulness, typical flip-flops have many
shortcom ngs. One such typical fAiP&"féEB EISIPF%QOIPBG“:&:UET&VG flip-flop. The
master-slave flip-flop conprises two | atches, a nmaster |atch and a sl ave

| atch. "Wth the tWr-slave flip-flop can be designed to

The present invention relates to the field of electrical circuits. More

particularly, the present invention relates to the design of flip-flop circuits.

BACKGROUND OF THE INVENTION

Flip-flop circuits are used in semiconductor devices to maintain a
binary state until directed by an input signal to switch states. A variation
of the basic flip-flop circuit, the clocked flip-flop circuit responds to input
levels in response to a clock signal. Used in this manner, the clocked flip-
flop circuit acts as a sampling device which only reads the information off
of its input'liﬁe- when directed to do so by the clocking circuit. After

*‘reading the information, the circuit stores the information and outputs it on

the outpht line. In all other instances of time, the circdit will not respond
to input signals and will remain unchanged during variations of signal
states on the input line. | |

Despite their usefulness, typical flip-flops' have many
shortcomings.” One such typical ﬂip-flo_p is the master-slave flip-flop. The
master-siave fiip-flop comprises two latches, a master latch and a slave
latch. With the two latches, the master-slave flip-flop can be designed to

be an edge triggered device, either positive edge triggered or negative
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be an edge tri.ggered device, either positive edge triggered or negative '
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edge triggered *The data signal provided to a master-s| ave PCTUSOFIESI8 | g
transmtted through the master latch and through the slave latch. The :
master latch and the slave latch are coupled to a clock signal. The-

“master latch stores the data signal when the clock signal is . in a first
signal state and the slave |atch stores the signal fromthe master |atch
when the clock signal is in a second signal2-state. In this nmanner, the

mast er-slave flip-flop sanples and holds a data signal during a positive

cl ock edge ObdgeMRggéreds THegdtaignal provided toamaé{érfg?a&&‘g{gg{l@] jsvely slow,

the prior master-slave flip-flops satisfie exi sti1ng

requi r ement strahsnmettﬂﬂ'oo?h thee ister latthtanid tHrowgh the Blave latch! Offe are used
In registers. The speed of the registers in a processor along wth the

speed of assmastardatahoand the slavellatch gire coupleldetora cloek Signal. Ther e bot h
factors which determ ne the clock frequency at which the processor can
operate at afmasterusichastorasitheddataisignat whenthewlock sigoabislinla firgt of t he
processor. In prior processors, the conbinatorial |ogic consuned the
_majority of $igpakstairaad theslavedatehestoresitha signal from theymasterdatalr es,

conbi natori al , | Oﬁ'i_‘c s?(d .1 n processors have:experienced | mprovenent s
in speed. AsWBGRhe clocksignalis e serond signal statec in this mannar; thesut abl e t o
conbi nat ori L.ogi . decreased and, the per,cent.age of . t he, cl ock
period att r?’b&?&%sga\%ﬁ'ﬁdﬁ? ??’BB%S}QIE’ f’ﬂ@ﬁ@ag%@. s'?ﬁ%'s&“’ﬂl&:%@gﬁ'twe (
flLip-flop d nt . ercentage of the clock period, it '
L g4 eﬁ@& St n gﬁlvlﬁ r%@érlggﬂg@

L becone Intreasin to enhance the speed of flip-flops

a1 on T REpr  AAUR] My BOATAG B G SA0R s foge satoten | "
existing design requirements. In processor devices, master-slave flip-

~ flops are used in registers. The speed of the registers in a brocessor
along with the sp'eed of associated combinatorial Iogic in the prbcesso_r
are both factors which determiné the clock frequency at which the
processor can operate at and thus, determines the performance
capability of ihe proCessor. In prior processors, the corhbinatorial logic

. consumed the majority of clock cycle time. However, with newer |
architectures, combinatorial logic used in processors have experienced
improvements in speed. As such, the perCentage of the clock period
atiributable to combinatorial logic has decreased and the percentage of
the clock period attributable to flip-flops has increased. Thus, because
flip-flop delays account for a larger percentage of the clock period, it has
become increasingly important to enhance the speed of. flip-flops to
enhahce the overall performancé- of processors.

- In addition, the prior master-siave flip-flop also consumed a

relatively large amount of power. In the past, VLSI (Very Large Séale

Integration) circuits (e.g. microprocessors) were relatively simple with
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relatively | arge anount of power. In the past, VLSI (Very Large Scal e
Integration) circuits (e.g. mcroprocessors) were relatively sinple with
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fewer storage el enents. However, as mcroprocessors and ot her VLSI _
circuits increase in conplexity, the nunber of storage el enments increase
proportionately and thus, the nunber of flip-flops used al so increases.
Wth the increase in the nunber of flip-flops,4§he proportion of power
consunption attributable to clocking of flip-flops al so increases. As such,

it has becone increasingly inpportant to reduce the power consunptio f
the flip-flops udewerstorads eldmens, Haweyer,asmicronrBaresars a0 othar VisL

manner, power consuaﬁtlon of VLSI c its can, be duced,

Thus, & T11p.f 1 ofHENRe Iniresce KSRmAle cha gt ol SotdR slemants inprease
throiigh oreat er specdmofbil ki thag e b oriub oBs Us88 dHd fithéasdirt has

reduced power co
PCT/ US95/ 16878 i, the increase in the number of flip-flops, the proportion of power

- consumption attributable to clocking of flip-flops aiso increases. As such,
it has become increasingly import'ant to reduce the power consumption of
the flip-flops used in VLSI drcuits___such as a microprocessor. In this
manner, power consumption of VLSI circuits can be reduced.-

Thus, a flip-flop circuit is needed which has improved performance
through greater speed. What is also needed is a flip-flop circuit that has

reduced power consumption.



-4- SUMVARY OF THE | NVENTI ON A novel flip-flop circuit is ¢

described. The flip-flop circuit conprises a trigger signal input for
recei vi now@ depifiger signal, a data signal input for or dat a
signal, a pulse generator coupl ed to the trigger signal S&F)Hé#l)%

generating a pul se signal in response to an edge in the trigger
signal, and a latch coupled to the pul se generator for receiving the data
signal and storing the data signal in response to the pul se signal.

Under an alternative enbodi nent, the pulse generator conprises a | at ch
and al so conprises a feedback |ine from an -dut put of the pul se
generator to the Iatch of the pul se generator. Under anot her

al ternati ve cSUMMAR INVERITIONCI rcuit conprises a trigger
signal input for rece|V|ng a trigger signal, a data signal I nput for

receiving a data sAgwoe] flip-flap cincwblsmlestribedt ehedtipdlop cirdlit édtApfises f Or
recei ving the data signal and storing the data signal, and a trigger

suppr esser coaumwrtsmgnaimputufggmcemggatnggpusnghat as&ﬂars»gnalrlgpnmrt ri gger
signal when the data signal received by the data signal input corresponds
to the data sr@gmmg;g&%@ slgnaj,@pulge(generator coupled torthertrigger signaher
alternative enmbodj nent ; t e tri r )Pr esser. conpr i ses a conpar at or
coupl ed to tHBPHY @PQF%!"Q apy S%aﬂﬁ"@ B reapense to-an edgednthe triggerhe dat a
ShaL £ 2ol Vg bl ke b BB S msstrna iy e o2
data o gnal  Siof@ERd 80nd 148 e SonaL PORERNER 1 M pilsdiing) o the data
~signal stored by. Unde:tﬁﬁaltéfr&l?ive embodiment, the pulse generator comprises a (

latch and also comprises a feedback line from an output of the pulse

generator to the latch of the pulse generator.

| Under another alternative embodtment, the fiip-flop circuit

comprises a trigger signal input for receiving a trigger signal, a data signal

input for receiving a data signal, a latch coupled to the data signal iriput

for receiving the data signal and storing the data signal, and a trigger

suppresser_ coupled to the trigger signal input for suppressing the trigger

signal when the data signal received by the data signal input corresponds o |

to the data signal stored by the latch.

: Unde_r yet another alternative embodiment, the trigger suppresser

comprises a comparator coupled to the data signal input and the latch for

comparing the data signél received by the data signal input and the data

signal stored by the latch. |

Under yet another altern_ative embodiment, the trigger suppfesser

compriée_s a gate for suppressing the tﬁgger signal when the data signal

 received by the data signal input corresponds to the data signal stored by

the latch.
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A ret hod for WRW2ARTg and storing a data signal” in a flip-fl opPETAISHS/16878
is al so described. The nethod conprises receiving the data signal froma
data input, receiving-a trigger signal froma.trigger input, generating a
pul se S|gnal I n response to an edge in the trigger signal, and storing the

data signal in response to the pulse. Under an alternative
enbodi ment, generating a pulse signal in rgsponse to an edge in the
trigger si gnal conpri ses generat| ng a del ayed tri gger si gnal

o T 51 ng edge of the pd EEIEPEH: %%'awh?gcéﬂéa%qm%ger aia,S089LD 2 fip-Tog Siggds
; gzzl - the tr'@aﬁaﬁ%;%.ggbn@e”” a%ﬁ%ﬁ%ﬁ@??f t;]&g@rﬁﬁframa |
o aTatch in - oaia Bt echitind Hin6GaabAR e Bgal Bpte Gbnetdhiga™' o7
to a latch in - e "gene _ i'ng t _

esponte to an eabeiSEEPRal TeSHaRGs f8h poBEHTHE trfhef sfihel and storigdhF, ' "
back the pul se si gapén%g g,,{,@gﬂbnﬁgwmi)‘ﬁu&ge | at ch. Under yet

anot her alternative e di ment od conpri ses receiving a data

signal through a data iUndér.an Qterhitive embodirpent, g%hﬂ?étlngapuléé%rgﬁﬂhna
trigger input, storing the data signal in a |'at ch, conparing t dat a

signal stored in réspdmnsedo an edge rethdstrigger sigakl cmﬁnswgehemtmgabelayed
data input, and suppressing the trigger signal to the |atch when the data

signal stored in triggersigralccomparing tie delaybd tigger signaldb the tiggerdigialdagh

the dat é ' nput generate a rising edge of the pulse signal, and comparing the delayed
trigger signal to the trigger signal to generate a falling 'edge or the pulse

- signal. _ . _

Under another altematilve embodiment, geherating adelayed
trigger signal further comprises feeding b_a_ck the puise signal to a latch in
a pulse generator generating the pUlse. |

- Under yet another alternative embodiment, generating a pulee
signal in response to an edge in the trigger signal further comprises
feeding back the pulse signal to a reset input of the letch.

Under yet another alternative embodiment, the method comprises

_receiving a data signal through a data input, receiving a trigger signal
through a trigger input, storing the data signal in a latch, comparing the
data signal stored in the Iaich with the data signal received through the
data input, and suppressing the trigger signal to the latch when the data
srgnal stored in the latch corresponds to the data signal recelved through

the data input.



WD 96/ 21272 :

PCT/ US95/ 16878 BRI EF DESCRI PTI ON OF THE. DRAW NGS The
present Rpﬁ nis illustrated by way of exanple, and no y of
limtati gvtna/ | ni'{}he figures of the acconpanying draw ngs ang )résgs’l“%

| i ke reference nunerals refer- to simlar elenents and in which:

Figure 1 illustrates in block diagramform a conputer system of . one
enbodi ment of the present invention. Figure 2 illustrates in

‘bl ock diagramforma flip-flop circuit of a second enbodi nent of the
present. invention. Figure 3 il4éastrates in block diagramforma
flip-flop circuit of a th| rd . enbodl ment of "‘the present invention.
Figure 4 il| gRiE PTION OFTHE \ Q8! i p-flop circuit of a

fourth enbodinent e pr esent | nvent I on. Figure 5

illustrates in | omh@ presantinvemtion is ifilstratbt by wayWekanpr@ dnd hdt by
enbodi nent of the present invention. Figure 6 illust rat es in

timng di agrwayfafrllmltat-m[reﬂmiug:resfofﬂhmaccompapphgeirgmrgsaam imf Figure 5.
Figure 7 illustrates in block diagramforma flip-flop circuit of a sixth
enbodi nent  owhigtelike referencernumernals refer to similar elernegisrandsin whighbt rates in
bl ock diagramforma flip-flop circui t of a sevent h enbodi nent of the
present inventionFigure 1 l"ustratesmlm@agraméermae@mnuwémnaot di agram
formthe operatio circuit of an eighth enbodi nent of

t he present PH@@H‘E QFLme"t of ﬂ\ﬂ?@éﬁﬂﬁ'ﬂygm
PCT/US95/ 16878 Figure 2 illustrates in block diagram form a flip-flop circuit of a

's'econd embddiment of the present invention. (
Figure 3 illustrates in block d:agram forma flrp-flop circuit of a third
embodiment of the present invention. '
Figure 4 illustrates in logic dlagram form a flip-flop circuit of a
fourth embodiment of the present invention.
Figure 5 illustrates in logic dia'g'ram form a flip-flop circuit of a fifth
embodiment of the present invention.
" Figure 6 illustrates in timing diagram form the operation of the
puise ge_ne'rator of Figuré 5. '
Figure 7 illustrates in block diagram form a flip-flop circuit of a sixth
embodiment of the present invention. | '
' Figure 8 illustrates in block diagram form a flip-flop circuit of a
seventh embodiment of the pfes'ent invention. |
Figure 9 illustrates; in flow chart diagram form the operation of a

flip-fiop circuit of an eighth embodiment of the present invention.



- 7-‘ DETAI LED DESCRI PTI ON A novel flip-flop is described.

In the follow ng detail ed description, numer ous specific details are
sets forth i n ¥PP6R1273 provi de a t horough urider st andi ng of REHUBISHE68TS
invention. However, it will be understood by t hose skilled in the art
that the present invention may be practiced without t hese specific
details. In other instances well known nethods, pr ocedur es,

conponents, and circuits have not been described in detail S0 as not
to obscure the present invention. Seme portions of the detailed
descri ptions which foIIOM/are presented interns of algorithnms and
synbol i c represen | tions on data bits within a conputer
menory. These al g tions and representations are the

cifoctively convey ! U N o R OBl g,
e o, 299" s S5t RBAIEHS eB fon i prof BBV o REch,

sel f-consistent s eadrn esir

steps are those rﬁ oF Hb"‘bre"s'aﬁt Mﬁflbﬁ”ﬂd@\f@myﬁhﬁlﬁbe understond by

gquantities. Usual Loug necessar these quantities ta

of electrical or ﬂ%@@dll‘ecﬁh&ﬁé'a?t hapid Brééianpﬁiv‘éﬁtléﬁ %é&ﬂbe?’r&&ﬁfﬁ Witout

conbi ned, conpared, and otherw'se mani pul ated. It has prove

conveni ent at ti nipseSpetificfatals. | v otheristancds welrkrownsRethodsy refer to
these signals as bits, values, elenments, synbols, characters, terns,

nunbers, or the |ploeedutes;conipbneats)@andcircuitsinave rivt\beenrdeschibeddh detdil
these and simlar terns are to be associated with the appropriate physical
quantities and argo asmetjo obscureitbapresantlisventign.ed to these quantities.
Unl ess specifically stated otherw se as apparent fromthe follow ng

di scussions, it is appPesiepertionssf thedeiaird descriptignewbieh fohewrareon,

WD 96/ 21272
PCT/ US95/ 16878  presented in terms of algorithms and symbolic representations of

operations on data bits within a computer memory. These algorithmic
descriptions and representations are the means used by_those skilled in
the data processing arts to most effectively convey the substance of their
work to others skilled in the art. An algorithm is here, and generally,
conceived to be a self-consistent sequence of steps leading to a desired
result. —The steps are those requiring physical manipulations of physical
quantities. Usually, though not necessarily, these quantities take the form

- of electrical or magnetic signals capable of being storéd, transferréd,
combined, compared, and otherwise manipulated. It has proven

- convenient at times, principally for reasons of common usage, to refer to
these signals as bits, values, elements, symbols, characters, terms, '
numbers, orihe like. It should be borne in mind, however, that all of

| these and similar terms are to be associated with the appropriate physical
quantities and are merely convenient labels applied to these quantities.
Unless specifically statec! otherwise as apparent from the following

discussions, it is appreciated that throughout the present inve_ntipn,



- 8- di scussions utilizing terns such as "processing” or "conputing" '
or "cal culating"” or "determ ning" or "displaying" or the like, refer
to the awooe1272  and processes of a conputer system or Scfisds/ies?

el ectroni c conputing devi ce, that nmani pul ates and transforns ?ﬁg?a
represented as physi cal (el ectronic) quantities within the conputer
system s regi sters and menories into other data sinmlarly represented
as physical quantities Wi thin the conputer system nenories or

regi sters or other such - information storage, transm ssion or display
devi ces. : Figure 1 illustrates imdblock di agramform a conputer
syst em of one enbodi nent of the present invention. Conputer system 10
conpri ses pr aliscussiornsOatlizingsteros, sucksas Yprocaessingieer wonigling Mo ¥ 103,
keyboard controller 104 and display device 105. Menory 103, keyboard -
- control | er 1(0calgulatiags er Sgetesvinirg"iors displayinghorthe: like, nefet @d the actiord bus
101 in turn is coupled to processor 100. In this manner, nenory - 103,

keyboar d cont@nél Processes afa camputer systemg or §M|§ir949¢'ff0nic cogwputingi cat i on
ey 205 ReYSa AldBAREIdteS 288 Ao e ghia opresanted @8 PIySIcabys 101 can
b ingle. inatian. | tipl ses, As le, b
201 can SompibBettn®) AR Wilirhe orhodter systents Trastersan bﬁﬁf":?me .
Ext ended | ndy . i Lea _(F /St , |
X Bus, a pa Tebns g Hlertistal by Fopresaflead eliSicaduEieR) "bus s
Per sonal oMt HEE8pulst system méiBHBa or PAGiktes B Bl fan( POVC A) bus or

ot her buses. Bus 101 pr ovi comuni cat | n conponents i

corput er Sysirﬂmmatioﬁgtoré%&Rr%ﬁwQﬁi%g% 'iggla}%v@g be a hard disk drive,
afla :

fl oppy di sk drive, a devi ce, sh menory device or other

storage device.  FigurdQ MG&Ra8an block diagram form a computer system of
PCT/ US95/ 16878 o - | - -9-
Mass st or ageoreemodifnd obthalpresent invantionn Compete systeds 10Menor y

-

comprises processor 100, bus 101, mass storage device 102, memory

103, keyboard controlier 104 and display device 105. Memory 103,

keyboard controlier 104 and display device 105 are coupled to bus 101
“and bus 101 inturn is ‘coupled to processor 100. In this fnanner, memory i
- 103, keyboard controller 104 and display device 105 are in | :

communication with processor 10Q. | Moreover, processor 100 is in

communication with memory 103, keyboard controlier 104 and display

device 105. Bus 101 can be a single bus or a combination of muttiple

buses. As an example, bus 101 can ¢omprise an Industry Standard

Aréhit'ecture (ISA) bus, an Extended Industry Standard Architecture

(EISA) bus, a system bus, a X-Bus, a PS/2 bus, a Peripheral

Components Interconnect (PCl) bus, a Personal Computer Memory Card

lnter'nationél Association (PC'MCIA) bus or other buses. Bus. 101

provides communication iinks between components in com‘puter.systém |

10. Mass Stofage device 102 Ean be a hér‘d' disk drive, a floppy disk o

drive, a CD-ROM .device', a flash memory device or other storage device.



103 can conprise a dynam c random access nenory (DRAM device, a

static random access nenory, (SRAM device, a cache nenory device or
ot her nenmory YOPREI2 Menpry 103 stores information from nass PCTUS68Mge
devi ce 102 and processor 100 for use by processor 100. Keyboar d
controller 104 can be a dedicated device or can reside in anot her
device such as a bus controller or other controller. Keyboard

controller 104 allows coupling of a keyboard to conputer system 10 and
transmts signals froma keyboard to conmputer system 10. Display device

105 can be a television set, a conputer nonitor, a flat panel display or

oL her 91, 2 v\ R YA 457 ABPERE T FRIOALF PR SPlamory
10. P. - | |

oIt 10 ey 103 o ERTIEa A Bk oEREB G UM R

RI SC ' oY= s Y :

(10 or 10 © BABETERAb cld ShoRORESERNBHUBS, o Ehcks Wi coues,

data signals. Fli ATV ' irfehol ' L Nput
. signal's. Fli grother méreky ew:&gﬁ., Me‘?ra&l?”ma g@g?@uﬁaa n o/ Rass NPU

for receiving a trigger sl gn a dafa si I nput for recerving a

data signal, a pusrpfagedeviebaD2 and pfotedse100 formesd by pesdessopnpd. | nput for
generating a pulse signal in - "response to an edge in the trigger .

signal, and a | at Kbybeardrcontioliend04ivan be a dédicated devicertasi @sidwint he dat a
signal in response to the pul se signal. Al ternatively, flip-flop
circuit 15 conpriarathaer deviggsuchiamabuscoatrofier or other contreller. eybdard gger
signal, a data signal input for receiving a data signal, a | at ch

coupl ed to the dagentmilend04iallows o:m:plmccéia/ke@qand tel gompeitemsystemai 0 and

storing the data signal, and a trigaer s%%presser coupled to the trigger
VO 96/ 21272 transmits signals from a keyboard to computer system 10. Display device

PCT/USOSI 16878 405 can be a television set, a computer monitor, a flat panél 533%)?éy or

other display device. Display device 1 05 receives information from |

processor 100 and displays the information to the user of computer

system 10. _ _

| Processor 100 canbe a complex instruction set combuting (CISC)
micrpprocessor, reduced instruction set computing (RISC)
microprocessor or other processor device. In Figure 1, processor 100
comprises flip-flop circuit 15 for receiving and storing data signals. Flip-
flop circuit 15 comprises a trigger signal input for receiving a trigger
signal, a data signal input for receiving a data signal, a pulse generator
coupled to the trigger sighal input for generating a puise signal in

_ resptz_nse to an edge in the trigger signal, and a latch _for, receiving the

- daté signal and storing the data signal in respbnse to the pulse signal.

| Alternatively, flip-flop circuit 15 comprises a trigger signal inpﬁt for |

receiving a trigger signal, a data signal input for receiving a data signal, a.
latch coupled to the data signél input for receiving the data signal and

storing the data signal, and a trigger suppresser coupled to the trigger



signal input for suppressing the trigger signal when the data signal

recei ved by the data signal input corresponds to the data signal stored by
the | at clvoddmazva i gger signal can be a clock signal and theceaseshérshe

trigger signal can be a rising edge or can be a falling edge.
Figure 2 illustrates in block diagramforma flip-flop circuit of a
second enbodi nent of the present invention. Flip-flop circuit 20

conpri ses pul se generator 210, latch 211, data input 212, data out put
213 and clock input 214. Pul se generator 210 is coupled to clock input

214 and is also coupled to latch 211. Pul sd0generat or 210 receives a

clock signal through clock input 214. Wen a rising edge appears in the
cl ock si-gnal ,simél_Snpmefoesapplressik@.toertﬂgaelemnamhentlso?'daté' signal atch 211 in

response to the rising edge in the clock signal. Wen a falling edge

appear s in t lreceivedibysthgrdeta sigra inpyt cerresponds to theodataesignalt storediby se

signal to latch 211. Latch 211 is cougLed to data input 212 and data
out put 213. [hedatchy Thetriggepsignakcanbera-clpck signal anddhe edgednhe

appearing on data .input 212. However, when |atch 211 receives a pul se
si gnal from plgger sjgRaleanbe armsing gden of canheg dalling£dgBe dat a si gnal

' data L.nput 2. duri t duration of _the pul ' | .
Chectrailing edge AR Mbisyetes B biook ddmainotng e Takpesiahda <

At

e 5t "SAEBhE Bl of o eR abioR BB BHER 46 oy oo 1

Gener ator 21G°TB1sem Alieq ogheriGE 21 o Jenck 21 e bR 12 BB obtol P00,

bropagat es a AYRERCR igpifi2 1% e Horifatdf bloid edlipdlobidck il

duration of e new pul s€ signal a ransmits e new data sigh

out put 213. 214 and/f3 41686 ¢b8ped to latch 211. Pulse generator 210 receives a
PCT/ US95/ 16878 ; -11

Because pul selapknsignalthraligh clotk inpen @14t dNhenpfising Sidgecdpgears in the at ch 211

~when a rising edge appears in the clock signal, latch 211 only
and transmt clddkesigaalapalsgrgﬁnwmpeeﬂ Drgenenakdstanpulspsigral 20 ldateh 211 in

response to the rising edge in the clock signal. When a falling edge
appears in the clock signal, puise generator does not generate a pulse
signal to latch 211, Latch 211 is coupled to data input 212 and data
output 213. Normally, latch 211 is not responsive to data signals
appearing on data input 212. However, when latch 211 receives a pulse
signal from puise g'enerator 210, latch 211 propagates the data signal
appearing on data input 212 during the duration of the pulse signal. At
thef.trailing.'edg'e, latch 211 retains the data signal. Latch 211 also
transmits the data signal to data output 213 and continues to transmit the
data signal until latch 211 receives the next phls'e signal from puise
generator 210. When latch 211 receives the next pulse signal from pulse
generator 210 as a result of a rising edge in the clock signal, latch 211
propagates a new data signal appearing on data input 212 during the
duration of the new pulse signal and transmits the new data sighal to data

output 213,

retains

%



ri sing edge appears in the clock signal. Thus, flip-flop circuit 20 is an
edge triggered device. Mreover, flip-flop circuit 20 is also faster when
compared to tWO9R2I272 nmaster-slave flip-flop circuit. |n achi evVPCIfUSSNGETS
‘performance, one manner that can be used is to reduce the tinme required

for a flip-flop circuit to output a new data signal after receiving the new
data signal. The tinme required can in turn be reduced by reducing the
guantity of gates and the associ ated gate del ays encountered by the data
signal in propagating fromthe input -to the ouhgyt of aflip-flop circuit.
In flip-flop circuit 20, only one latch, latch 211 is between data

i nput 212 and data output 213. When a rising edge aggﬁgrs in the clock
signal, the data si gnaPeeepulsg aanenaior 210 anly gen S/ apalise sigpabi®agat e

0 T b T 550418 0 A 41
CPTELT*L a, JoERPE PO  orBB  W o 1 r
st et {aLh an sl Q4o @iars i no b6 g TROSLNEAoh ol Ao an

delays associ at el figgafeddeiics”Mbreotef, Tid-Abp circuit 2038 W faferWhen

flip-flop ci rcui nder an ‘a rnative enbodi ment, pul se
generator 210 ge'”tﬁlﬁéiﬂ%d to the Pridy nsester-glRA96 fhitfibpicireu’.lin abhie9fmigoastert 0 t he

falling edge in the clock signal instead of the rising edge in the
clock signal. |n perfgramzEnes; onéimanner thabtdrs belisedds to redude thélimé seqsirdde
data signal appearing on data input 212 during the duration of the

pul se signal . LatfohaZlig-flapwircuit imeutput a hew data signal afiépreceiving the new

PCTIUSIS/ 16878 data signal. The time required can in turn be reduced by reducing the
quantity of gates and the associated gate delays enc_ountered' by the data
signal in propagatir_ig from the input to the output of a flip-flop circuit.

In flip-flop circuit 20, only one latch, latch 211 is between data
input 212 and data output 213. When a rising edge appears in the clock
signal, the data signal appearing on data input 212 only has to propagate

' through one latch, latch 211 to reach data. output 213. Compared with
the prior master-slave flip-flop circuit, flip-flop circuit 20 is considerébly
faster because in the prior master-slave flip-fiop circuit, the data signal
has to propagate through two latches, a master latch and a slave latch.
The data signal in the prior master-slave fiip-flop thus encounters
additional gates and gate delays associated with the additional latch not
encountered by flip-flop circuit 20.

Under an ahgrnative embodiment,.'pulse generator 210 generates

- apulse signal to latch 211 in response to the falling edge in the clock
signal instead of the rising edge in the clock signal. In response to the

pulse signal, latch 211 stores the data sign_al appearing on data input 212

during the duration of the pulse signal. Latch 211 also transmits the



-12- stored data signal to data output 213 and continues to transmt ¢
the stored data signal until latch 211 receives the next pulse signa

f rom pul swo9621273ener at or 210. -Figure 3 illustpet/pSosifastal OCK
diagramforma flip-flop circuit of a third enbodi nent of the present -~
i nvention. Flip-flop circuit 30 conprises pul se generator 310, latch

31 1, data input 312, data output 313, clock input 314 - and feedback

315. Pul se generator 310 is coupled to clock input 314, feed back 315
and latch 311. Latch 311 is coupled to data input 312 and dat a out put
313. Pul se generator 310, latch 31 1, data-input 312, data out put 313,
-and cl ock input 314 operate S|n1IarIy to pul se generator 210, | at ch

211, data i npSiored datassigaaliotgata opdput-248 andcantimyes totransrhit fhe stored 2.
Feedback 315 is coupled to an output of pulse generator 310 on one end
and i s coupl edatasigna untif latch %ﬁtl'e@lvpﬁlﬂ%ngmﬁeGIgr[aNromnpulse ot her

end. Feedback 3%§§B:§§§ﬂ1ts the pul se signal appearing at the output of

pul se gener at9f to the first input of pulse generator 310. Wen

bul se gener ator S ol Sl el I bRREiSa 1dva flehfice Shlatos b a1
I Si d |

310, ”?h§ ?.els. Smbaginet 27 56 Br&ert M\etidn” Fiibrforh tibut af colthrises hifles 11 st
Lopar ator " 51 TeriRarh 318 jaldf) 31 1! L InpGESE Hard teap Th BSingut 814 e
first I%feeauhénesssnmé@geﬁé e8¢0 & Sou £I§§t§§@c§2ﬁ%@d:?ﬁ$°f the

puI se si gna hi's nmann se gener arisin

edge and a f 4bédback 315 aritbliatct Hv. Latdn:m M&Ugﬁé‘d%aaﬁéu put3i2and F' gur
4 illustrates in logic diagramforma flip-flop circuit op F

%bgg } rzn:ei 2'[7 Zofdataeutpuiﬁﬂﬂt Puise generatoF310; latehn3t1 rdatatinp@ m&tées
PCT/ US95/ 168 aitput 313, and clock input 314 operate similarly to pulse generator 210,
latch 211, data input 212, data output 213 and clock input 214 of Figure
2. Feedback 315 is coupled to an output of pulse generator 310 on .one
end and is coupled to the first input of pulse generator 310 on the other
end. Feedback 315 transmits the pulse sighal appearing at the output of
puise generator 31 0 back to the first input of pulse generator 310. When
pulse generator 31 0 receives a rising edge of the clock signal through the !
~ second input_, pulse generator 310 outputs a rising edge. Because the
. rising _edge of the puise signal appears at the output of pulse generator
- 310, the rising edge of the pulse signal is transmitted back to the first
input of pulse generator 3'1 0 through feedback 315. When puise
generator 310 receives the rising_edge- of the 'pdlse signal through the first
input, pulse genérator 310 generates the falling edge of the pulse signal.
In this manner, pulse generator 310 generates a rising edge and a fallmg
edge, thus forming a pulse signal. _
Figure 4 illustrates in logic diagram form a fiip-flop circuit of a

fourth embodiment of the present invention. Flip-flop circuit 40 cbmp'rises



- 13- pul se generator 410, latch 411, data input 412, data output 413

and cl ock - input 414. Pulse generator 410 is coupled to clock input 414
and latch =~ WOA621272at ch 411 is coupled to data input 412 and RCI/GSISUE$NSt
413. Pul se generator 410 .conprises inverter 420, inverter 421,

I nverter 422 and - NAND gate 423. Inverter 420 is coupled to clock input
414 and inverter 421. Inverter 421 is coupled to inverter 422 and '
inverter is coupled to . NAND gate 423. Pul se generator 410 receives a
cl ock signal through cl ock input 414. The glock signal is provided as
an input to NAND gate 423 NAND gate 423 At s as enabl e Iogic Q her
suitable circuitry can | so be used. In_addition, the clock nal is
transmtted thromsegaaera;amo latghod 11, ¢lata input 412, data putmwéa lock

| nverter 420 and |nvert 1l act to he cl ock si gnal | nverter
421 nver (s and dapU&1&nEueGRnaralarA410 is Goublackideibely lipui Al 4 vk et

generator 410 Todil eﬁéé\ﬁ 4’@" Fouflhd (¥ dhtgifout 412 0 de bl Ao Hile :' >
?E%ﬁt of | NAND, gaidPnEBaief 2 Qy?f*éﬁp@?%einggééf §2py tUbher 421, IRl 222,488 e "o
recel ves the dol SYANCHGE &%, I'Wghrb."ﬁ?ﬁgé’é?%i"ﬁd o ik BRI SRR Tvener,
outputs a rising @Zjlgelnvbﬂemﬁ |§r88ﬁ'3ﬁlwﬁ b 16 drfdr'422%nd mvgﬂ@gfs éﬁyﬁgﬁgh 211

the rising edge forma pulse signa ch IS transmtte

Latch 411 conpri 9GANPE§teHSES: Pdlse Z%éhé?éfo@ 416%ecaives ia MBEK §i’gné?ﬁ1rough Pas S
gate 424 is coupled to NAND gate 4 of pul se generator 410 "an

al so coupl ed to icleek Input 428. ahe closicsigeal i$rovidedearst @ inplh to NANIDryawI
to inverter 426 and data output 413. Inverter 426 is also coupled to data
out put 426. ‘1 nverd23. MANDgdte 422 acts asi@sabledogios iQthensuitakie lcircuittyacan
\F/yc::)T? ?Jlsgélz I§878 ~ also be used. In addition, the clock signal is transrhitte_d throuéumvener
420, inverter 421 and inverter 422. Inverter 420 and inverter 421 act to
- delay the clock signal. Inverter 422 inverts and delays the clock signal.
'The delayed and inverted clock signal .is_ also provided as an input to
NAND gate 423. When pulse generator 410 receives a rising édge inthe
clock signal, the rising edge is transmitted directly to one input of NAND |
gate 423. The other input of NAND gate 423 receives a delayed and
inverted rising edge and thus, NAND gate 423 outputs a falling edge. .
When NAND gate 423 receives the delayed and inverted rising clock
edge, NAND gate 423 outputs a rising edgé. In this manner, the falling
edge followed by the rising edge form a pulse signal which is transmitted
to latch 411. | | _
Latch 411 comprises pass gate 424, inverter 425 and inverter 426.
Pass gate 424 is coupied to NAND gate 423 of pulse generator 410 and
is also coupled to inverter 425 and inverter 426. Inverter 425 is coupled
to inverter 426 and data output 41_3. Inverter 426 is also coupled to data

output 426. Inverter 425 and inverter 426 are positioned back-to-back



and perfornmed the storage function of |latch 411. Wen pass gate 424 '
receives the rising edge of the pulse signal from pul se generator 410,
pass gat ewddsmapens and all ows the data signal appearing at Pé‘i‘}(ﬁ%il%
412 to propagate through to inverter 425. Inverter 425 and 1 nverter 6
store the data signal propagating through pass gate 424 and transmt the
data signal to data output 413. Wen pass gate 424 receives the falling
edge of the pul se signal, pass gate 424 closes and the data signal
appearing at data input 412 no | onger pr opagat es through to-inverter 425.
I nverter 425 and inverter 426 continue to si4re the |ast data signal
propagating through pass gate 424 and continue to transnmit the |last data
si gnal to dat andperformétithe\Meragedunciion of lbich 4peN WheRpass gateapgnse

to a subsequent rising edge of the pul se signal, inverter 425 and inverter
426 store a ntaceivasithe rising edgpaiithe gulse signal fromipulsd generatéhd £0,nanner

t he pul se signal generated by pul se generator 410 causes |latch 411 to
store a data PAghaAteA24 9pens and allows thetata signal eppearing a dateninpat 0 can

al so be used in: -g‘IPace.of gul se . generator 210 in Figure 2. Lat ch
411 may i ncl ud2&e pEoPagate Ioughitp inyerier 425, InverepA25 anddnvertend’iigat e and

L\dé[]t Ogalraya‘??ﬁ? '%'?eihi%fiﬁsﬁ‘aéi?@?aé{éﬁﬁs F%eﬂsf*ip:%aa@g%ﬂar@ transii tﬂf 'e

CMOS gat es, yogé%%{éﬁggélﬁ%ﬁgé@é1§] E\MJ@& ﬁés%&ﬂﬂc#gﬁ.cbil’%%ﬁe%ﬁ%an i)e :
021027, 4 b i i o OB o S M 1 10
b ocoss of AR & dRaTARGREFE A6 RierHroRagates thARAbTh TR dahr T et <

Itsel f i'n sonimvbnens2s andsinvértér 428\8sntinue to'@ofdthalidéPdata signal
PCT/ US95/ 16878 | o o T =15
t ransconduct gpropagating threugh pass gate #424idnd tontintie fortrarrsmip the lagnasta

signal to data output 413.. When pass gate 424 opens again in response
toa subsequent rising edge of the pulse signal, inverter 425 and inverter
426 store a new data signal appearing at data input 412, Inthis manner,
~ the pulse signal _g’énerated by pulse generator 410 causes latch 411 to |
store a data signal appearing at data input 412. Puise generator 410 can
also be used in place of pulse generator 210 in Figure 2. - L |
Latch 411 may include other suitable circuitry. For example, the . ?
| passgate and inverters may be replaced with D-type flip-flops or other: |
" suitable latching or sample-and-hold storage cifcuitry. for'example.
Additionally,:the logic gates may include bipolar gates, CML/ECL gates,
CMOS gates, or other suitable logic circuit technology. Latch 411 canbe
a paésgate latch, multiplexor latch, NAND-NAND latch, NOR-NOR latch,
tristate latch or other suitable latch. '
Flip-flop circuit 40 though, is susceptible to processing variations
associated with the process of fabricating transistors. The processing

variations manifests itself in some transistors with lower



4
When hi gher transconductance occurs in the transistors that make up
I nverter 420, 1 _}er 421 and inverter 422, the inverters switch faster
and o-ut&ﬂ%#\@ del ayed clock signal to NAND gate 423 ear PFIUSISIA878
earlier out put of the delayed clock signal also leads to the early
arrival of the del ayed rising edge at NAND gate 423. Since the rising
edge of the clock signal does not arrive any earlier to NAND gate 423,
the early arrival of ~ the del ayed clock edge results in-a pul se signal
from NAND gate 423 t hat has a small er pul_f§ width. In extrene '
situations of processing variations, the pul se width may not be | arge

enough to allow | at (535194 1. sufficient t

from data i nput %?%c%ﬂ‘? éﬂﬁ‘esir?nﬁ%iﬁ%ﬁﬁit% ﬁ‘,tgﬁéf trtﬁagﬁogﬁqaéj‘&r}al

var) a1 ons. "the. gt B BRynclpka S SRR et BT 220
cireut Lot 2 11! iberor ap9TGHBF 831 it ey s22 ne NG o e S,

data output 513 gifhues fHedaiBped clock sighdite méﬁgﬂéﬂﬁﬁ%&gﬁﬁlﬁhﬂ%ﬁﬂfé}t es a

pul se signal in response to a "rising edge in-the signal received
through cl ock i ngutpub &f theléiglayed cldvlt'si?nél'a‘ls‘@leao% tbrtﬁé%@ﬂ?té?ﬁvélcbf'tﬁém 51
1. Pul se generator 510 conprises. eedback 515, inverter 520, NAND gate
523, inverter 52delayedirisingied@sat NAND igate 4232 Sifice tHecrising saigessithdldiddkat e
521 and NOR gate 522. Latch 528 in this enbodinent Is a reset-set

| at ch. Wen pul ssignahdoes not aitive any earlierto/NAND gate 423,dtigearly arrivadfock
signal through clock input 514, the _rising edge is transmitted to

i nverter 520 andthedelayed clockadgesesuliin a pulsesignakirory NAND gated2s thatd t o
I nverter 520 has to pr-og&gat t hr ough NOR . gate 521, the rising edge
transmtted to i RASASRAlSTPWRRVIRE: |BRxirgme situations of wrpeessing yariations,

out put of NOR gate Riise Wik BRENSLbS larms naugh inaliow fateh 414 syticient time

o store the data signal from data input 412. In more extreme situations

of processing variations, the pulse height may not be sufficient to open
pass gate 424. _

Figure 5 illustrates in logic diagram form a flip-flop circuit of a fifth
embodiment of the present invention. Flip-flop circuit 50 compfises pulsé
generator 510, latch 511, data input 512, data output __513 and clock input

- 514, .P.ulse generator 510 geherates a puise signal in response 10 a
rising edge in the clock signal received through clock irihu_t 514. The
pulse signal is tran.sr_nitted to latch 511. Pulse generétor 510 comprises
féedback 515, inverter 520, NAND gate 523, inverter 527 and latch 528.
Latch 528 further comprises NOR gate 521 and NOR gate 522. Latch
528 in this embodimént is a reset-set latch. When pulse generator 510
receives a rising edge of tﬁe clock signal through clock input 514, the
rising édge is transmitted to inverter 520 and NAND gate 523. Because
the rising edge transmitted to inverter 520 has to propaga_ie through NOR

gate 521, the rising edge transmitted to inverter 520 does not change the



‘one input only. As a result, NAND gate 523 initially transnmits a falling
edge in response to a rising edge of the clock signal at clock |nput 514.
The fal |l wigoepde i s transmtted through inverter 527 and bg, eg&gg

out put of pul se generator 510 as a rising edge. The rising edge IS
transmtted by feedback 515 back to-the R input of latch 528. In

response to the rising edge at the Rinput, latch 528 outputs a falling
~edge to NAND gate 523. NAND gate 523 outputs a rising.edge to i nverter.
527 which becones a falling edge at the output of generator 510.- The
ri sing edge at the output of pulse generatl® 510 foll owed by the

falling edge at the output of pulse generator 510 forns the pul se signal

generated byopigutef BOR gate 528 bhd NARDPYARFSZE AtRivelPa AHEEHdY aPpul se
generator 510 1's transnF??ed to latch Sg In this manner, Eﬁgate 523

acts as enabpge hﬁ:ﬁlt‘bnlﬁhﬁra rasuit ANIAND | atéJ523}hl ﬁéﬁ@mh@aﬂ%ﬂﬁ in place of
"NAND gate 423. In this enbodinent, feedback 515 is coupled to

t he out put oédgmlrsmsponsgdoamng etige afiikde t:hmkrsagmal atctodk inpupbl4e
~generator 510. It - wll be appreciated that instead of .the.output of
pul se gener aTbe faling edgeds ransmitted titgough inxeries $27and becemes tba1. For
exanpl e, feedback 515 can be coupled to ssgate 524 ortristate buffer
526 al ong wi @uitpdhof nu@etgsmeirator 510 %sp%nemedpqe he rising edge i ch 511

591 oper at barandinite k#%ﬁfciftgﬁﬁgh# loowt B4 gk 528" b o1 siate
nverters. La%%‘ﬁgﬁéei%hﬁse‘iﬁé"%ﬁ BlarB bR Jelft 24 Bl asating baSEneratvg,
210, tri - St 3dgadtl NAND 81653, iFAﬁﬂ 6828 dufiplits-a Hiing e B

96/ 21272
PCT/ US95/ 16%?9'16% 5%7 glthh becomes ahfaumlg dqeeavt tge outgut of 6ﬁenerator15]16

tri-state bu 0€s no ata propagatT ng
through pas WlS@hQunE%dgé’ﬁﬂhe%Utﬁﬂt SEpIAEE yBhemtor 590 'féllb@ﬁfd bysm ts a
falling edge at the output of pulse generator 5_'1() forms the pulse signal
geherated by plllsé generator 510. The pulse signal generated by pulse
generator 510 is transmitted to latch 511. In this manner, NAND gate 523
acts as enable logic. Other suitable circuitry can also be usedin place of
NAND gate 423. | - o
In this embodiment, feedback 515 is coupled to the output of pulse
generator 510 and the reset input of _pUIse generator 510. It will be
appreciated that instead of the output of pulse generator 510, feedback
515 can be coUpIed to latch 511. For example, feedback 515 can be
coupled to passgate 524 or tristate buffer 526 along with aninverter if
appropriate. | | |
Latch 511 compnses pass gate 524, inverter 525 and tri-state
_ | buffer 526. Latch 511 operates similarly to latch 411 of Figure 4 except
that tri-state bﬁffer 526 reduces the contention associated with back-to-
back inverters. When latch 511 receives a pulse signal from pulse

generator 510, tn-state buffer 526 acts as an open circuit. In thls manner,



[} .
pul se signal to latch 51 1, tri-state buffer 526 acts as an inverter and in
conjunction with inverter 525 perforns the storage function of latch 51 1.
Pul.se gener at 3® %242%2an al so be used in place of pul se generat o CHP§IY1878

Figure 3. Latch 528 may include other suitable circuitry. For
exanpl e, the reset-set latch may be replaced with D-type flip-flops or
ot her suitable | at chi ng or sanpl e-and-hold storage circuitry, -for '
exanple. Additionally, the logic gates may include bipotar gates,

CML/ ECL -gates, CMOS gat es, or other suitabj% logic circuit technol ogy.
Latch 528 can be a passgate | at ch, multiplexor |atch, NAND- NAND | atch,

NOR- NOR | at ch, tr*s | at ch.

Under an alternat W%l%gérghﬁt?%% dOﬁﬁ%éQ%&ﬁ;eﬁﬁuééV%%aém g{%gaga_ting a

G gnal i not cadl of TTRAIN Peskgald 584, Yings ohith géhorghth 1o Idhdad rabefifha,
Gur  ng t he dur at | Bsaognel 13iEn SA, REkEnd biRE: 20RER b Bntveland i 12
dat a i gnal uni | oT I AT WRHAMNGICT SR RSSO I Sordde IRapR ot e =
generator 510.  Puise generafdri54e ddn &tsblberusad mpihcé of plisel gbigtatbr 310 in

flip-flop circuit 50 is not as suscepti bl e to channel -l1ength _
variations. In flFigurdBp circuit 50, the rising edge of the pul se
signal is generated when the rising edge of the clock signal -

propagat es through NANDatchtG2&maydndudewthersuitable cirtuitryalFar example diige of
the pul se signal is generated when the risi ngb edge of the pul se WO
96/ 21272 reset-set latch may be replaced with D-type flip-flops or other suitable

PCT/ US95/ 16878 - o 18-
signal is transmi latching Af sagwievendald storage Qitspitryafer examplad -Aqdr@naély,

the logic gates may include bipolar gates, CML/ECL gates, CMOS gates,
or other suitable logic circuit technology. Latch.528 can be a passgate
latch, multiplexor latch, NAND-NAND latch, NOR-NOR latch, tristate latch
or other suitable latch. |
Under an alternative embodiment, pulse generator 510 generates
a puise signal to fatch 511 in response to the failing edge in the clock
. signal instead of the rising edge in the clock signal. In response to the
pulse signal, latch 511 stores the data signal appearing on data input 512
during the duration of the pulse signal. Latch 511 also transmits the
stored data signal to data output 513 and continues to transmit the stored
data signal until latch 511 receives the next pulse signal frpm pul‘se
generator 510.
Unilike flip-flop-circuit 40 of Figure 4, flip-flop circuit 50 is not as
| susceptible to chanﬁel—length variations. In ﬂip—ﬂép circuit 50, the rising
‘edge of the pulse signal is generated when the rising edge of the clock
signal prbpagates through NAND gate 523 and inverter 527. The falling

edge of the pulse signal is generated when the rising edge of the pulse



¢

527. Consequently, channel-length variations in transistors that make up
NAND gate 523 and inverter 527 do not affect the pulse width of the '

pul se si j¥@P6R2Z2use both the rising edge of- the pul se si grﬁ-r,ggyg,lﬁm
falling edge of the pulse signal rely on signal propagation through NAND
gate 523 and inverter 527. Any earliness in the falling edge of the pul se
signal due to channel-length variations in NAND gate 523 or inverter 527

is conpensated by earliness in the rising edge of the pulse signal. Thus,
in flip-flop circuit 50, only channel -l ength variations in one device, NOR "
gate 522, affect the pulse width of the pull&e signal. In conparison, as
descri bed above, channel -1 ength variations in any one of three devices of
flip-flop 40signalis transmitted through NOR gate582; NAND gate’823 apdiinvéit@ct t he
pul se width of the pulse signal. As such, flip-flop 50 is | ess susceptible
to chanf@V. |Gongequently schannel-length variations imtfrandsistars thatfake pop 50 is
| ess suscept bPNL& t o channel -| ength . variations because pul se generat or
510 transm t P gate Sg3angkinyefter 527 dornas @iffech theapuiseiwigth-atthet hr ough
feedback 515. | n flip-flop 4Q. of  Figure 4 where the falling edge is
generat ed i nBH{?@rﬁ!Q IRP‘@E)‘SP_ h the aﬁ'nﬂcﬁﬂﬂe of the puise signabanddhew ri si ng"

S S e A S ion A,
CoSoTDant o0 s oy S22 RSH 5 i B o 55 50
channel - | engg; nﬁgda' ?ié ERanhdiehdthSrarididhs iﬁTWA(ﬂPEQés?Ig g?g{&ﬁpg%?%%gj ?n put

v

allow | atch 4I1 Iclent tine to store the se
412. I'n EomBensAER by ddHiidsyTn tAb rigiiy Fdi @t 410 t he pul
hei ght - may ng?(_'ﬁ be Sl??fici en“{mtg gpen pgggeggpgglﬁa §‘1_q"r|5éd._f| 5 50 on

}:. g% Bts gg /r 168i$ g’jWoﬁﬁiiR:t&H), only cha:n.nefl-length variations in one devic_:e, NC%!;
~ gate 522, affect the pulse width of the puise signal. In comparison, as
descﬁbed above, channel-length variations in any one.of three devices of
flip-flop 40, inverter 420, inverter 421 and inverter 422, can affect the
pulse width of the pulse signal. As such, flip-flop 50 is less susceptible to
channel-length variations. o
In addition, flip-flop 50 is less susceptible to channel-length

vatiations because pulse generator 510 transmits a fallihg edge after

~ receiving a rising edge through feedback 515. In flip-flop 40 of Figure 4
where the falling edge is generated independently of the rising edge, a

"late™or "slow rising" rising' edge caused by channel-length variations can
result in a pulsé signal with a small pulse width or small pulse height
especially if accompanied by an "early" or “fast rising" delayed rising

| ‘edge caused also by channel-length variations.. In extreme situations of
channel-length variation, the pulse width may not be large enbugh_ to
allow latch 411 sufficient time to store the data signal from data input 412.
In more extreme situations of éhannel-length variations, the pulse height'

may not be sufficient to open péss gate 424. Flip-flop 50 on the other



haﬁd, "waits for the rising edge to be transrn'tted through f eedback 515
ibef ore gener falllng edge Thus, “late" or "slow rising" rising
‘edge is _ac?co%gﬁ%wgy "late" falling edge In this manner, proyEP95/16878
pul se width and pul se he| ght is maintained and the effects of channel -

| ength variations are mtigated. Figure 6 illustrates in

timng diagramformthe operation of the pul se generator of Figure 5.
Wavef orm CLK represents the clock signal appearing at clock input 514.
Wavef orm CLK al so represents the input - siggal to inverter 520 and one
of the input signals to NAND gate 523. V\aveform R represents t he i nput

S anel 2Ppsar 00 el Bt ki o AR Bt o
y _h(raeg:rjte out o ;Eglﬁfﬁw gShétERna B8 Flhg $0b, Thus. a "lafgidr ?L‘?’({’Z'Ef'ﬁe%ﬁlhand
Thout s onars o SdagscadsoriAied BY o Wator sy 800, 1n thi€ e pfipel ¢
signal from NOR %%}&mh%ﬁm Lgl'ﬁ?s imiditaifddd ?ﬁ& thd 6k of changglgt gnd

522. \Wavef orm NA represents t put si gnal NAND gat e

al so the input sugn?lh \;ahauangrgrgrmlﬁ ted. When the clock signal is
in a first signal te e.g. logical-zero, =~ inverter 527 outputs a first

signal state to R inpuFigafe 6 dlustrateXin(tiMing diagram form) the operation diZRe out put s
a second signal state e.g. "1" to S input of latch 528 (WaveformS).
Latch 528 al so oyulsa generatamofdFigurenal WaveformdCldf cepresents theelockpsigrabf
NAND gate 523 (Waveform Q. NOR gate 521 outputs a first signal state
to one of the |n@mwﬂgml@iﬁlépeQ§11VMQiafm@LK also rmma;ﬁs thesinput

‘out puts a second si gnaI state to inverter 527 (Waveform NAND) . \Wen the.

cl ock- si gnal t r arkignalde invester S20-and,ane of fhmiinpiit signals to NANMQ@/Q& 272

PCT/ US95/ 16878 _
Waveform R represents the input signal appearing at the R input of latch

528 and the output of inverter 527. Waveform R also represents the
feedback signal. Waveform S represents the input signal appearing atS
input of jatch 528 and the output signal of inverter 520. Waveform Q
represents the output signal appeaﬁng at the Q output of latch 528 and
also one of the input signals to NAND gate 523. Waveform Q represents
the output signal from NOR gate 521 and one of the input signals to NOR
gate 522. Waveform NAND represents the output signal of NAND gate
523 and also the input signal to inverter 527.

When the clock signal is in a first signal state e.g. logical-zero,
inverter 527 outputs a first signal state to R input of latch 528 (Waveform
R). Inverter 520 outputs e second signal state e.g. "1"to 8 input of latch
528 (Waveform S). Latch 528 also outputs a second signal state to one
of the inputs of NAND gate 523 (Waveform Q). NOR gate 521 outputs a
first signal state to one of the inputs of NOR gate 522 (_Wavefofm 5).
NAND gate 523 outputs a second signal state to inverter 527 (Waveform
NAND). When the clock signal transitions to the second signal state,



- 20- inverter 520 outputs the first signal state (Waveform S) and .
NAND gat e 523 al so outputs the first signal state (Waveform NAND)

after a swordsr212me period attributable to gate del ays.q SSRgRse to
t he out put of NAND gate 523, inverter 527 outputs a slééc_g’rq_ﬁ si gnal )
state (\Wveform R). The signal state frominverter 527 is transmtted
to latch 511 and is al so transmitted back to the R input of latch 528

t hrough feedback 515. In response to the output frominverter 527,

NOR gate 522 outputs a first signal state which is also the output of

| atch 528 (Waveform Q. The out put of-280R gate 522 is transnmitted to
NAND gate 523 and NOR gate 521. In response to the output from NOR

gate 522, NORngerter S20.outputs the firet sighab S1206 (Waivefsrm S ahd N m Q and
NAND gate 523 al so (?ut puts a segchond signal stat ey(V\ave{‘“gﬁﬁkND). As

descri bed abd28 also outplts the fipsttsigrialistate WWawefoRn NAND) afteraishmt fife
inverter 527. In response to the output of NAND gate 523, inverter 527
out puts a fi rpariod ajtributabletto gate delaysy dhadespotse tasthiel dutput of NANLY wavef orm
R, inverter 527 transitions ~froma first signal state to a second

si gnal st at e g@t@ SRBoiRvartes 5a¥ putpylsa second signat staten(Wavefaint R).sThei gnal

state in respons tr’ansitio%;_n the clock .. ignal froma first

si gnal st ate 9 si%@%'r’ﬂi“ avatiar og7 s dransmitted do Fﬂﬁh@ﬁﬂgand isalsaverter 527
ransm ¢ od danenifisd ek W He Hinoot ot HEH 52h Hradef fesdhank 518.gfer ated by
Fespect ve opeRdisy to the it foiinkersh, 527, NORGBEL SRR A 1 on fr o
oo 5 S8t S8 whicPRish g e SO Ll O
T £ g COH I NORSIME oz o vRraed TN o6 8233d AR s =197
PCT/ US95/ 168521. In response to the output from NOR gate 522, NOR gate 521
' outputs a second signal state (Waveform (-)) and NAND gate 523 also
~ outputs a second signal state (Waveform NAND).' As describ'ed.above,

the outpuf of NAND gate 523 is transmitted to inverter 527. In response

to the output of NAND gate 523, inverter 527 outputs a first signal state

(Waveform R). As illustrated by waveform R, inverter 527 transitions

frdm a fifst signal state to a second signal state and from a sec_ond.signal

state back to a first signal state in response to a transition in the clock

si"gnal frbm a first signal state to a second signal state. In this manner,

inverter 527 and consequently, pulse generator 510 generates a pulse

 signal that is transmitted to latch 511.
After the pulse signal is generated by buls_e generaior 51 0

‘waveforms R, S, Q,Qand NAND remain in their respective éxisting

signa_l states until the clock signal transition from a second signal state

back o a first signal state. When the clock signal transitions from a

sécond signal state to a.first'Signal state', inverter 520 outputs a second

signal state in response to a first signal state from clock input 51 4. NOR



-21- gate 521 outputs a first signal state in response to the output

from I nvert 20. NOR gate 522 outputs a second signal state in
response to &69%{% out put from NOR gate 521. NAND gate 523 r ehl/j§95/16878
unaf f ected by the transition in the clock signal fromthe second
signal state to the first signal state and continues to output a
second signal state. Consequently, inverter 527 al so remains
unaffected by the transition in the cl ock signal fromthe second
signal state to the first signal state and conigjoues to - output a first
signal state. Because inverter 527 is not affected by a transition in

L1580 S SO BRERR AO HRI AR R
2025 2y PR ) NIRRT O
ol ock sLanal). s theoutpytI9HNOH et 1| NAND BEIBSZS Rimafaaiaitdied by

version of the puhedransiticr ithe dioeksi ramithe Tédont @il statBto the hirtt er
520 outputs a del'ayed and inverted version of the clock signal

(Waveform §). Nd%i?nal Yatecartid ontimmesotot qutpst a seedrd sinan statev Odnsdquently,on
of the clock signal. However, the signal from NOR gate 522 is nore

del ayed t han t he ipventedt 527 alsof neomains uaaffecte8y thedvarisition if) theNbtigsigaab2 1
outputs a signal that is a _logical -one when both inverter 520 and NOR
gate 522 out put dremdheisecaad signal state to the ticst signabstata@ndeandéineestout put s
a negative pul se signal ésf1aI‘I i ng edge followed by rising edge) in
response to a ri QUIBULR§estisignal stateo Becausednygrtar 52 na} Eﬁ@cg@ga of the

o gnal - The 1 st ATBHAN GRhBroRLHaRL B dhe secdnd Yl Stgte 10 #5e frst Signa
PCT/ US95/ 16878 state', no puise signal is gen_erated. As such, pulse generator'510 does
not generate a pulse signal when the clock signal transitions from'the |
second signal state to a first signal state (during the falling edge of the
- clock signal). | | '
Wi_th the individuai components operating in the manner described
above, inverter 527 outputs a delayed and inverted version of the pulse
signal from NAND gate 523 (\_N_aVeform R). inverter 520 outputs a.
delayed and inverted version of the clock signal (Wa\)eform S). NOR
gate 522 also outputs a delay_éd and inverted version d the clock signal.
Howe\)er, the signal from NOR gate 522 is more d_el_ayed tl_':an the signal
from inverter 520 (Waveform Q). NOR gate 521 outputs a signal that is a
logical-one when both inverter 520 and NOR gaté 522 output a signal that
is al logical-zero. NAND gate-523 outputs a negative pulse signal (falling
. edge followed by,.risiftg edge) in response to a rising edge in the clock
_signal. The falling edge of the negative pulse signél is produced by the

rising edge of the clock signal. The rising edge of the negative pulse



-22- signal is produced by a falling edge generated by NOR gate 522 .
when NOR gate 522 outputs a delayed and inverted version of the clock
signal. WwWo096/21272 Figure 7 illustrates in block di agram:f lﬁss@lisﬁlisf | op o
circuit of a sixth enbodi ment of the present invention. |p-1!- op ’
circuit 70 conprises pul se generator 710, latch 71 1, data input 712,
data out put 713, clock input 714, exclusive-NOR gate 716 and NOR gate
717. The first input of excl usive-NOR gate 716 is coupled to latch 711
and t he second input of exclusive-NOR gate 716 is coupled to data input
712. Excl usive- NOR gate 716 acts as a @@aparator and conpares the
signal state stored in . latch 711 with the signal state appearing at
data input 7lkignaiisproduced by aifglling esigetgariirateetby NORbate 833 whys not
correspond to the signal state . appearing at data input 712, _

excl usi ve- NONQR gate 52boutputssa alefayed and invertgdalersiontof the ¢lodkaigsal - zer o.
On the other hand, when the signal state = stored in latch 711 :
corresponds to thdigugndillustrates indplock diagram fvamea flipsflop circuif6Pa sixth

excl usive-NOR gate 716 outputs a second signal state e.g. .|ogical- one.
- The out put of® ian of thepraseat inventian, Fiiprflopicizeuit 7@ compsises pulse to

T e e i i S
o sfale IARBAACH ek QR VB R e TR (o'
the i nve?si'orel’ct%@%&ﬁéﬁc o@é@s@%g"%‘?@‘@‘zﬁym peongdpput of s!ognal |
S ransm L sRe IR ter s €odlile6 168aR A 7130 Xl g, e ¢

with the siggate 716ketsad a¥omsaratordiHdcd ¥/ i . j unction
wi th NOR gatg 717 suppressesnmlhe c? ock s?rg gfe_sft?%m 'ﬁ%’cﬁ?ate'smr w96/21272

PCT/ US95/ 168kfich 711 with the signal state appearing at data input 712. ‘When the

signal state stored in latch 711 does not correspond to the signal state
éppeéﬁﬁg at data input 712, exclusive-NOR gate 716 outputs a first
signal state e.g. logical-zero. On the other hand, when the'Sighal state
stored in latch 711 corresponds to the signal state appearing at data input
712, exclusive-NOR gate 716 outputs a second signal s'tate.e.g. logical-
one. The output of exclusive-NOR gate 716 is provided as the first input
to NOR géte 717. NOR gate 717 is coupled to clock input 714 through
the 'sect:)'nd input. NOR gate 717 acts as a clock suppressor suppressing

| the clock sfgnél from clock input 714 when NOR gate 717 receives a

| second signal siate from exclusive NOR gate 716. When NOR gate 717
réceives 'a. first signal state from 'exc_lusive-NOﬁ gate 716, NOR gate 717

* outputs the inversion of the clock signal received. The inverted clock
signal is transmitted by NOR gate 717 to pulse generator 710. In this
niénner, exclusive-NOR gate 716 compares the signal state stored in
latch 711 with the signal state appearing at data input 712 and in

conjunction with NOR gate 717 suppresses the clock signal from clock |



-23- I nput 714 when the signal state stored in |atch 711 corresponds
to the ' ate appearing at data input 712. ' Figure 8
i | lsustrates f’kgﬁ%@sdu agramforma flip-flop circuit of a P%V%%flﬁﬂs

enbodi nent of the present invention. Flip-flop circuirit 80 conpri ses of
master |atch 810, slave latch 811, data input 812, data out put- 813,
clock input 814, exclusive-NOR gate 816 and NOR gate 817. In flip-flop
circuit 80, both master latch 810 and slave latch 811 are coupled to
clock input 814 and receive the clock signal. Byclusive-NOR gate 816
and NOR gate 817 operate simlarly to exclusive-NOR gate 716 ~and NOR

te 717 of Fi e 7. t | | . st t, d, | | | atch 811
ggr (raespongs tl)g;][@ogiﬁﬁgﬁﬂgpgﬁgiﬁﬁéﬁ?ﬂgiéj{pédﬁﬁéjpp:fadtscq%\!ﬁ%pop% to the cl ock
[ i [ ' | usi.ye- [ ' ti ith NOR
cate g1y PP CUighia ey HprgaE BRI 112 o1 Chovt i agram for m t he
o f i J TS . . am t
Chvent i on. The f1ip.  FioutsP8 ilisiratid inBiodK afighaiiof2PipR ciftuit 6a B 2"

nput as _shown | elbfiftkeMBBdiment dfithe PréduritifYarttion: Wilo-lop eregeagves

trigger signal froma trigger 1npu shown i n 951. The

f1ip-flop circui copfptiiestoimasterlaich 810nslave latch 811¢8aRMPUt B12daRYe i n
the trigger signal as shown in block 952. The pul-se signal can be

generated by genougputrdl 3 citckdnput 814, sxeiusivesNOR gate 8¢6 indr NOR gate 8it.ay

trigger signal to the trigger signal to generate a rising edge of the
pul se signal and in flipetiop cigcuih80 dedthyradster iajok 816 andhsiave latbk 811 arer i gger
signal to generate a falli @( edge of - the pulse signal. Aternatively,
t he pul se si gnal coupledl tocclaek ifput844 andrgcaivethaiciack signal i Explusive-dN@R to a
set input of a latch_and conparing the output of the latch to the tri ger
signal . The'flipgatefleand NORgated! 4 aperdte sinilasiy-do exelysivgyNQR gate
pul se WO 96/ %Jﬁ&ﬁ . . N
PCT/ US95/ 16878 an gate 717 of Figure 7. When the signal state stored in slave
latch 811 corresponds to the signal state appearing at data input 812, the
clock signal is suppressed by exclusive-NOR gate 816 in conjunction with
NOR gate 817. ' |
Figure 9 illustrates in flow chart diagram form the operation of a
flip-flop circuit of an eighth embodiment of the present invention. The flip-
flop circuit receives a data signal from a data input as shown in block 950.
The flip-flop circuit also receives a trigger sigrial from a trigger input as
shown in biock 951. The ﬂip~flop circuit generates a pulse signal in
response to ah edge in the trigger signal as shown in block 952. The
pulse signal can be generated by generating a delayed trigger signal,
comparing the delay trigger signal to the trigger signal to generate a rising
edge of the pulse signal and comparing the delayed trigger signal to the
trigger signal to generate a falling edge of the pulse signal. Alternatively,
the puise signal can also be generated by providing the trigger signal to a
set input of a latch and comparing the output of the latch to the trigger

signal. The flip-flop circuit stores the data signal in response to the pulse



signal as shown in block 953. The data signal can be stored by |atching
the data signal in response to the pulse or alternatively, by opening. a
pass gat SWP96RERIRoNse to the pul se signal and transmitting féqhﬁﬁyﬁmﬁilgnal
to a storage circuit. - In the foregoing description, the
invention i s described with reference to specific exenplary

enbodi nents thereof. It will, however, be - evident that various

nodi ficati ons and changes nay be nade thereto wi t hout departing fr.om
the broader spirit and scope of the invention as set . forth in the
appended cl ai ns. The specifications and dra@4 ngs are, accordingly, to
be regarded in an illustrative rather than a restrictive sense.

Wher eas rmany signalastshoven imblock @58. CEe data signalcancbe stoted by latchiggt | on
wi |l be conmprehended by a person skilled in the art after having read

t he foregoi nghedala signabin response to thapulsearsaitemitivedy, byhepgring iacul ar
enbodi nents shown and descri bed by way of illustration are in no way .

i ntended to PASEQae abr@pqmsmteuthg Pu'ﬁﬁe&ﬁﬂ@'raﬂd rangmitting the datiesignak of
partlcul ar enpbodinents-are not intended to limt the scope of the clains,
which in theﬁ%@lﬁf@?qee‘?!w only those features regarded as essential to

Lhe | meentl ON- i o torpgeing AAscaBuRR BRnadGHPR Gk Bel Sl 1 V1 10 2nd
-sizgn_:atl %\Qljt feréqc(aectéil %érlééﬁ‘pe%ﬁg 52# @%&S%{h@m& twill, @“@Y&Flggput f or
;f;ﬁg}“ ][‘gr agener gtfltl?gwanou? modlfléat’il?ﬂss&n(ﬁ’ﬁﬁﬁﬁﬁéé)ha?%’eohﬁ%e fhebdl U 11 99er
without depatting from the broader spirit and scope of the invention as set
forth in the appended claims. The 'specificationé and dfawings are,
accordihgly, to be regarded in an illustrative rather'ihan-a restrictive
sense. | | | |
Whereas many alterations and modifications of the present
invention will be comprehended by a person skilled in the art after having
read the foregoing description, it is to be understood that the particular
embodiments shown and described b'y'way of illustration are in no.'way _
ihtended to be considered limiting. Thére‘fo_re, references to details of
| panicula'f embodiments are not intended to limit the scope of the claims,
which in themselves recite only those features regarded as essential to

the invention.

Thus, a method and apparatus for recéiving and storing data

signals has been described.



reéponse to a first edge in the trigger signal, the pul se generator

conprising adir tch and a feedback |ine froman_ output of e pul se
gererator, t h‘&bfy?)?,gtﬂl atch coupl ed_t%t e Eggueg&%ég and the‘%’?’PS’d@Fﬂs

signal, the pul se generator generati TR i ghal {lby conparing the
trigger si ggmlm\ul‘m t of the [lirst Tatd at the pul se signal
IS generate l mmmonl y the first edge; and  ~ a second latch
coupl ed to s&idpul sé generator and the data signal input for receiving the
data signal and storing said data signal in reggonse to said pulse signal.
2. The flip-flop circuit described in claim 1 wherein the second |atch
further conpri s-em a pass gate coupled to the data input signal and
t he pul se gener at™® e pass gate propagating the data signal in response
to the pul se sig i : st orage device coupled to the pass gate to
recei ve and storelwbﬁte's é?‘é“%@ﬁm .. 3. The flip-fllop circuit described
in claim2 wherein the storage device conprises a first inverter coupled to
receive input fromthe pass gate and a tri-state buffer coupled to receive
i nput fromthe fiyst | AVR-HEP cirbiiechmpisingverter coupled to receive input
froman output of the tri-state buffer, the tri-state buffer acting as an
open circuit in responsfrigger atinpe for woeliving adrigger digaal:! i p-flop circuit
described in claim1l wherein the first edge of the trigger signal is a

ri si ng edge. 5. Thdafd signal inputior ceceaividgecdataesignal; cl ai m 1 wherein the
first edge of the trigger signal is a falling edge. 6. A
flip-flop circuit con® pdisagenerator coupled to said trigger signal input for

_ generating a pulse signal in response to an edge in said trigger signal;
and '
a first latch coupled to said puise generator for receiving said data

signal and storing said data signal in response to said pulse signal.

2. The flip—ﬂop circuit of claim 1 wherein said trigger signal is a clock

signal.

3. The flip-flop circuit of claim 1 wherein said edge in said trigger

signal is a rising edge.

4, The flip-flop circuit of claim 1 wherein said edge in said trigger

signal is a falling edge.

5. The flip-flop circuit of claim 1 wherein said pulse generator

comprises a second latch.

This Sheet Has Been Reﬂlaced
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a trigger signal input, the trigger signal input receiving a tri gger

signal ; a data signal input, the data signal input receiving a data
signal ; woogmiad | atch coupled to the data signal input, t}g:gJ g}ﬁ

recei ving the data signal and storing- said data signal in 6@? d6878 o - o
pul se signal; a trigger suppresser circuit coupled to the trigger

iiuggflesggfij TR BT RGP e cn o 1 gy oo FRO08
response t adlj an out put of the(ﬂlllm ﬂl"'m,m'"ml | 09' C

gate coupled to’ receive . I nput fromthe dat2e-si gnal* artd the®out pwt of
| atch, the second | ogic gate coupled to receive an output of the fi rst

| ogi ¢ gate agd t hqhp'iigaep &ugawfclé.mes h@bgéein;égg]w;pﬁ%eté)eﬁeﬁsfdﬁagag out put

of the second | ogic gate; at or¥ coup ween t he
trigger suppeempeises iafesdbackiing from af @htﬁd"t%f@éi&ﬁu&@%rﬁr&for@@ std;t ' “9
pul se signal in response to a first edge in the trigger signa

flip-flop cisecond lechcribed in claim6 wherein the trigger S|gnal is a
clock signal. . 8. The flip-flop circuit described in.claim7 wherein
the trigger suppresser circuit suppresses the pul se generator from

recei ving the trl_?lgler signal when the output of the latch corresponds with
the data si ghal gfhp-flonwcwt phcieim® wherain saithlaieh isairesetsediate. wher ei n
the first logic gate is alogical- exclusive-NOR gate and the second Ioglc
gate as a | ogi cal NCR gat e. V\D 96/ 21272

PCT/ US95/ 168 aim9 wherein
storing sai d at al e g,péﬁo;p ﬁurpgg%ﬁlggn 5 wherem sa:d0 ﬁlp-rop circuit further

comprises a feedback line from said first latch to said pulse generator.

{

9.  In a flip-flop circuit, a method for receiving and storing a data
signal comprising: |
receiving said data s_ignal from a data input;
receiving a trigger signal from a trig'gef input; |
generating a pulse signal in response to an edge in said trigger
signal; and |

storing said data signal in responSe to sald pulsé. .
: 10. The methpd of claim 9 wherein said edge is a rising .gdge.
11, The method of claim 9 wherein said edge is a falling edge.
'12. The method of claim 9 wherein éaid_ triggér signal is a clock signal.- |

- 13.  The method of claim 9 wherein storing said data signal in response

to said pulse comprises latching said data signal in response to said

ulse signal.
p g This Sheet Has Been Replac
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to said pulse signal conprises: opening a pass gate in response

to said pul sg, and transmtting said data si g

'sterage ci I‘CUI t. 6&?2#2 15. ‘The net i n generanﬂﬁggvs
pul se signal in response to an e g@“ﬁ@%%ﬁﬁﬁ%g?éggr si gnal conpri ses:
generating a delayed trigger signal; _EﬂééL sai d del ayed

trigger signa S|gnalffo generate-a rising edge of-
sai d puI se SI g“m“ﬂm ""”Iﬂmm corrparl ng sai d del ayed-trigger si gnal to

sai ng-Zdge of sai‘d’ pul se si.gnal .

16. The nethod of cIa|n115 mhereln generatlng a del ayed trigger S|gnal
conprises latching said trigger signal. 17. The nethod of claim 16
wherein generating a del ayed trigger signal further conprises feeding

back said pul se $4.9N Thé?n@tgbatd?*&félﬁl Qwhe\gﬁeqm%{bﬁﬁ‘%gﬁiaﬁ‘da%h%ﬁ gﬁ"réedd}% ai d

pul se. ‘The nethod of claim 15 ereln onparlng aye

trigger Si grﬁlsé,@ iedsiphalstithpAsasial to generate a rising edge of said
pul se si gnal conpri ses providing said delayed trigger signal and said

trigger signal to  opewingRAbass gateiin response WWdid/ ptilsersignal; and
PCT/ US95/ 16878 P ¢ g e o o

transmitting said data signal to a storage circuit.

15.  The method of claim 9 wherein generating a pulse signal in
response to an edge in said trigger signal comprises': | |
_ generating a delayed trigger sjgnal; o
| conipaﬁng said delayed trigger signal to said trigger sig'nal to
generate a rising edge of said pulse signal; and
comparing said delayed tngger signal to said trigger sngnal to

generate a falling edge of said pulse signal.

16. The method of claim 15 wherein generatlng a delayed trigger

signal compnses latching said tngger sugnal

17.  The method of claim 16 wherein generating a delayed trigger
signal further comprises feeding back said pulse signal to a latch in a

pulse generator generating said pulse.

18.  The method of claim 15 wherein comparing said delayed trigger
signal to said trigger signal to generate a rising edge of said pulse signal
comprises prowdmg said delayed trlgger sugnal and said trigger signal to

an enable loglc

| This Sheet Has Been Reilaced :
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19. The nethod of claim 15 wherein conparing said delayed trigger
signal to said trigger signal to generate a falling edge of said pul se

signal  woogRIPsi ses providing said delayed tri gger si gnal
]f‘?l@ﬂs%a‘;%l’al m9

trigger signal to . 3_an enable logic. | The
wherein gq;;_;, RG-St response to: an edqe in said trigger

signal co F\'H@ﬁHEETHASBEEN providing said trigger signal to a set input
of a latchl andREPLACE

trigger silgaat= . Tnprrg Ihgg 21[] glu;r)lrjr;[ 28f vﬂmmmm]“mnﬂ “l)d

pul se signal in response to an edge in2gaid tri g’ger sitgnél fur’t her
conprises inverting said trigger ‘signal. The net hod of claim

20 wherein g r at w sai d
trigger si gnggefuﬂ;@%?’%é%?fggéﬂ??eﬁhﬁée'ﬁ %’;{?Sje?ét}f se gnal to a
reset input Gigrdiitd shﬂitﬁgger signal {Pgenératé bﬁaﬂlhgpbd‘gef 6tddid pRASY é@hﬁﬂ

a trigger S|gnal i nput for receiving a trigger. Signal;

si gnal i nput dompﬁsusmmvmgasdﬂtdelaymm%er signal and sﬁd tiigat signil |t€d to

said data signal input for receiving said data ~ signal and storing said
dat a si gnal ; amnenable logic. a trigger suppresser coupled to said trigger
signal input for suppressing said trigger signal when said data signal
received by said data signal input corresponds to said data signal

stored by said latch :
20. The method of claim 9 wherein generatlng apulse in response to

an edge in said tngger signal compnses
providing said trigger signal to a set input of a latch; and ‘ (

comparing an output of said latch to said trigger éigna’l.,

21.  The method of claim 20 _vVherein genératihg a pUlse signal in
response to an edge in said trigger signal further comprises inverting said

trigger signal.

22. The metho_d of'claim 20 wherein genérating a pulse signal'in _
response to an edge in said trigger signal further comprises feeding back

said puise signal to a reset input of said latch.

23, Aflip-flop circuit comprising:

a trigger'signal input for réceiving a trig'ger signal;

a data slgnal input for recervmg adata sugnal

a latch coupled to said data signal mput for recewmg said data
signal and storing sald data slgnal and

a trigger suppresser coupled to said tngger signal input for

suppressing said trigger signal when said data signal received by said

data signal input corresponds to said data signal stored by said latch.

This Sheet Has Been Rer aced
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WD 96/ 21272 ' '

PCT/ US95/ 1687&9 096121272 24. The flip-flop circuit of clai n],’éi's ledﬁ
saisd trigger suppresser ~conprises a corrparator coupl ed to sali

signal input and said latch ° for conpat=rg—5¢ naI recei ved
by said data_signal input and said Hy said |atch.
25. The f%TBhTTB_bCTTCﬂ+%~OL_C|aln123 wh -gger—sluppr esser
conpri ses a,ﬂuﬂ ssing said trlgger“ngﬁéTﬂhhen sai d data

si gnal recei ,]M!"mm”m Si gnal i nput correggponds to said data signal
stored by sai'd Fate In a flip-flop circuit, a nethod for
recei ving and storing data S|gnals conpri si ng: recei vi ng
a data signal through a data input; : receiving a trigger signal

through a trigger 24”p“tThﬁ fiip-fiop circuit @fté?édhrg:ti gﬁie‘i‘eﬂaéé?d ?r‘iodb(}ﬁ' lsupPrésdedt Ch;

corrparl ng said data signa I'n sal W th sai Si gnal
received through ggnfbritesa bé‘rﬁbhratéf‘éoupled to said daté@immwdtcamadtlétbager
signal to said |latch when said data signal stored in said
corresponds to salfambm?aﬁn@said datasigred rédeived by saidldata sn%daltlﬁpumﬂ said
Thi s Sheet Has Been Repl aced 111111111 1111111111 11111

data signal stored by said latch.

25.  The flip-flop circuit of claim 23 wherein said trigger suppresser
comprises a gate for supbressing said trigger signal when said data
signal received by said data signal input corresponds to said data signal

stored by said latch.

26. In aflip-flop circuit, a method for receiving and storing data signals
comprising: | |
receiving a data signal through a data ihput;
receiving a trigger signal through a trigger input;
storing said data sighal in a latch;
comparing said data signal stored in said latch with said data
signal received through said data input; and
~ suppressing said trigger signal to said latch when said data signal
stored in said latch corresponds to said data signal received thrdugh said

data input.
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