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Thi.s inveniticon relates to a ¢l ock sigygal conditioning circuit, and
parti cul ar|{DBeatripiougpegadt.....L. to psaeHust-ydl y, to a cl ock signal conditioning
circuit foffiaimuse i_aag@d".ﬁlfﬁftd_p@;ﬁﬂd'.'éiio The term"smart card" is
commonl-y Uﬁggjto.referﬂ%@ a —, pRYst-a8l 8, credit-card size card containing
an integra xawmg%%fgﬁﬂ 'HéV'nE“agcentrq] processing unit (GRYHpibpRUt and
out put terﬂﬂdﬁﬁgménd‘ﬁ%ﬁﬁryr"ﬁhéﬁﬁﬁardg have no on-card 15 power supply and
rely on thé‘ﬁﬁﬁkf?affﬁﬂ"ﬂﬁaﬁggEfg?&ﬁ;ﬁ”ééﬁﬁfﬁI’ﬁ}&éﬂéygguibgna|S in order to

actively function. The™=CTrock Srgnat —dapprrea externatty to such a card
nmust be a periodic signal with a frequency greater than a m ni mum
frequency fmn and | ess than a maxi mum frequency 20 fnax Under

some conditions the duty cycle of the, external |y applied clock signal
may vary, amd§ﬁﬁﬁﬁﬁgﬁﬂiigiiiﬁiéé¥gﬂh%92cause random transients (glitches)
in the 25 gxternally applied clock signal. The result of such duty

cycl e variation and/or %:itches in the externally applied ¢l ock, si gnal

may be that the appiHStiPyERsrolr ARBEERGEC @ FirFihys ke losondsEionbrg
execut e properdifcuwdaysiang parttiioabarlpy) | £k wowgH urdt ieskilngiokly hetsnart

card. 30 S I, f. the.l ntion_. . | n accargance, with a
first aspect OF-FHe RSN POROAETPRLIE Fhr otk 1% S toch oPiRa

condi ti oni ng clamsdfit as claimed inclaimil.... . REPLACEMENT
SHEET |10 paled /tto ge:4

The term “smart card” is commonly used to refer to a
portable, credit-card size card containing an integrated
circuit having a central processing unit (CPU), input and
output terminals and memory. Such cards have no on-card

15 power supply and rely on the application of external power

| and clock signals in order to aptively function. The clock
signal applied externally to such a card must be a periodic
signal with a frequency greater than a minimum frequency
fmin and less than a maximum frequency £fpax.

20

Under some conditions the duty cycle of the externally
applied clock signal may vary, and parasitic effects may
cause random transients (glitches) in the externally
applied clock signal. The result of such duty cycle

25 wvariation and/or glitches in the externally applied clock
signal may be that the application program being run by the
CPU does not execute properly, causing uncontrolled mis-

functioning of the smart card.

30
S o he T nti
In accordance with the invention there is provided a
clock signal conditioning circuit comprising:
35 an input node for receiving an applied clock signal;

an output node for producing thereat a conditioned

clock signal;
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I'n ‘accordance with a second aspect of the invention there is provided a
cl ock signal conditioning circuit as claimed in claim3. 5 Such
clock signal conditioning circuits thus provide condi tioned cl ock
signals which are substantially inmune to glitches in the applied clock
signal and which can be substantially I'ndependent of variations in the
duty cycle of thg agg%ie cl ock si % % crltxlon of
the’ Or awi ngs 808 B Sk HeonAar BSRAPE LRI SEPET AL wi 1 | now be
15 descri bed, bycewyedfcloanignaily, mnth ref erence to t he

acconpanyi ng dramnng %Féwﬁééhs for forming at ?hgl § q cloc
bl ock-schematic CIFCUI I a |rst cl oc S|gna

condi ti oni ng c$ignal; lIZCFeSPOIlse to the egge detewkni neadisoclkNschenat i ¢

circuit di ggram timer means f&r. @n@ﬁ%@'ﬁ@n@' Qﬁkt&hﬂﬁ@'o@% tHl%fﬁla@ﬂe
circui t, in accor dar]ce W t esent_ 1 nvent i o 25

r
FIG 3 shows dBRRRKkEkIfemiisdetermdaet Ewaar st fowing aetectionoby, thf'r g
cl ock signal cedgk tdetedigrcincanst of an edge. I n accordance with the
present invention; FIG 4 shows a bl ock-schematic circuit

di agram ) )
Such a clock signal conditioning circuit thus provides

10 a conditioned clock signal which is substantially immune to
glitches in the applied clock signal and which can be
substantially independent of variations in the duty cycle

of the applied clock signal.

15
Brief Description of the Drawings

Five clock signal conditioning circuits in accordance
with the present invention will now be described, by way of

20 example only, with reference to the accompanying drawings,

in which:
FIG. 1 shows a block-schematic circuit diagram
of a first clock signal conditioning circuit;
25
FIG. 2 shows a block-schematic circuit diagram
of a second clock signal conditioning circuit;
FIG. 3 shows a block-schematic circuit diagram
30 of a third clock signal conditioning circuit;
FIG. 4 shows a block-schematic circuit diagram
of a fourth clock signal conditioning circuit;
35 FIG. 5 shows a block-schematic circuit diagram

of a fifth clock signal conditioning circuit; _
S—
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30 . of a fourth clock signal conditioning circuit,

i.n accordance with the present invention; FIG 5 shows a
bl ock-schematic circuit di agram of a fifth clock signa
conditioning circuit; 35 REPLACE \ 5 SHEET
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FIG 6 shows graphical representations of g wavef or s
occurring at certain points in the circuits of FIGS. 1-4; 5
Descrintion of the Preferred Enbodi nent Referring nowto FIG 1
a clock signal conditioning 10 circuit 100 is built into a smart card 102.
The smart card 102 iRk udeshowsegrephipabceeprereniwttionss ofr ead only

mermory (ROM 106, non’V%ﬂéé&d@g@ggfgwwalj:oger@aﬂ?vtﬁfints iRk term nal

110, a clock input termnal 112, I nput termnal 114 and a data
output terminal 116. 15 circuits ofhEIEBeck-4ignal conditioning circuit 100
has a sising/falling edge detector 118 which is connected to the

clock input termnal 112 and which detects positive and negative

pol arity edges of pulses in a periodic clock 20 signal applied at the

cl ock input t@edcEptith ofAnhenPpeferred dimbddimpeige det ector 118 is
connected to an input of a nonost abl e pul se generator 120 (having a

time constant T). The nmonostable 120 has its output connected to the
cl ock Referring now to FIG. 1, a clock signal conditioning

10 circuit 100 is built into a smart card 102. The smart card
102 inéludes a central processing unit 104, read only
memory {(ROM) 106, non-volatile memory (NVM) 108, a powerxr
input terminal 110, a clock input terminal 112, a data
input terminal 114 and a data output terminal 116.

15

The clock signal conditioning circuit 100 has a
rising/falling edge detector 118 which is connected to the
clock input terminal 112 and which detects positive and
negative polarity edges of pulses in a periodic clock

20 signal applied at the clock input terminal 112. An output

.~ of the edge detector 118 is connected to an input of a
monostable pulse generator 120 (having a time constant 7).
The monostable 120 has its output connected to the clock
input of a flip-flop or latch 122. The output of the

25 monostable 120 is also connected, via an inverter 124, to
an enable input of the edge detector 118. The flip-flop
122 has its non-inverting output connected to a clock
output terminal 126, which is connected to the smart card’s

'central processing unit 104. The flip-flop 122 also has
30 its non-inverting output connected, via an inverter 128, to

its data input.

The clock—conditibning circuit of FIG. 1 represents a
minimum-component embodiment which may be used where the
35 “mark” and “space” phases of the clock signal are equal.
The edge detector 118 is normally enabled, and when it



input of a flip-flop or latch 122. The output of the 25 nonostable 120 is

al so connected, via an inverter 124, to an enabl e i nput of the edge
det'ector 118. The flip-flop 122 has its non-inverting output connected
to a clock output termnal 126, which is connected to the smart card's
central processing unit 104. The flip-flop 122 also has 30 its
non-inverting output connected, via an invgrter 128, to its data input.
The cl ock- conditioning circuit of FIG 1 represents a m ni num comnmponent
enbodi nent thfg mherg ife 35 and." ace" ggases gf t he
cl ock signal & aF’r151n?h8re o) ﬂ%?e%ﬁ%ﬁ Hﬁi?“e C&SF Prr¥"anabiBd" and
when it at node 112 it produces an output signdl to tuetmongseable|ng

or falling edgogn e CkacknshgBebn) gPlceivedliiOda b, ShbnBl OPHGES 20

out put signal to 't he nonost nnnostabfe receives the
out put si gnal ¥heomdge depectgyeldde cbhorman@stalie mIREHCEE anppelees an

out put 5 spulge fAHaRE ng @Luaakaemof[ TV\NIQi'lch SlsSCHBﬂiéi%hd ge8st bpant Fge
mar k and space periods of the cl.o

K s nmanos out put . pul se
is applied to AL BPATSu PeBF"Elﬁe %‘I?lbef‘F]cﬂ)c S1dpsy” T Be BRERTEBPLS
out put puIseicmtﬁu&Opmﬂﬁbléd appaiéfieto the nwkrdkerinp2d, ofothhefknabfbopnput

OT the edge d tor %;%on%gtable out %ﬁ“ﬁg&%ﬁng & r%ﬂ%ﬁb@geén QUL P

si gnal upon de ection ¢l oc gnal
t he edge darventer 124 §odi:babee@|b1©rnzpuﬁ rat theTnég@dé@taét@ctbl

118 becongg re-enabled at the end of the time T, and is 15 then ready to
detect the next edge of the clock SI gnal . The detection of this, next
edge again initiat 645 gfdSrngrod uchgtﬁ% ARRILY SRl PopadetrRgtion
flip-flop 122 dfo beilsdggl ed falland eaysi Ny tﬂhe cﬂd:@ﬂk dégaalor tidBedige be
again disable%1for a Lransjtion

; f
s on  he Gardiatoy adg' 1T°alsaRled for 2 BT, “YBe EligR 95EE3LE
di sabl ed, it ild8 bedogpesr ¢¢-andbihd $t|¥hélenﬁfnﬁ2qh§ nometﬁggaed ist will

be 15 then ready to detect the next edge of the clock signal.

The detection of this next edge again initiates triggering
of the monostable 120, causing flip-flop 122 to be toggled
and causing the edge detector 118 to be again disabled for
a time T.

20

Therefore, if a transition occurs on the input clock

signal while the edge detector 118 is disabled, it is
ignored and the flip-flop 122 is not toggled (it will be
toggled on the next transition on the input clock signal

25 detected after the time T has elapsed). In this way, spikes
and short pulses on the input clock signal are “swallowed”
(i.e. they are not transferred through to the output clock
signal), alloWing the flip-flop output to produce a
conditioned clock signal which may be in phase or out of

30 phase with the input clock signal.

Thus, it will be appreciated that the when fed with an
input clock signal as shown in disturbed form in FIG. 6(D),
the clock-conditioning circuit 100 of FIG. 1 produces a

35 conditioned output clock signal as shown in FIG. 6(1l),



toggl ed on the next transition on the input clock signal 25 detected after
the time T has elapsed). In this way, spikes and short pul ses on the

i nput cl ock signal are "swal | owed" (i.e. they are not transferred

t hrough to the output clock signal), allowng the flip-flop output to
produce a condi tioned clock signal which may be in phase or out of 30
phase with the i nput clock signal. Thus, it will be appreciated
that the when fed with an i nput clock signal as shown in disturbed form
in FIG 6(D), the c cond| ion cirecui 00 of F 1. roduces a
35 condi ti oned" BEput® ‘;r {ersﬁné:nalrogs%g‘%omﬁmllﬂail (aﬂ if

5 whi ch iBIGi f668Ff)ent fromthe nomnal formas shown in FIG 6(N).
Referring nowto FIG 2, a clock signal conditioning 5 circuit 200 is
built into a smart card 202. The smart card 202 jncludes a central
processing unit 20RefEpingnew to Fdfpr ¢ ( ROV OLH6S1gH. sndibiendagor y

(NVM 208, sa poweFuit zommst A aﬁhOZaosmarel@&ielmt @leMishak-t2&3rda
i 214 and ata out

dat a i nput a term 216. 10

cl ock signal é?gu’tff drf’gg & F@&tfagoﬁrﬂ'&?s 1?%‘1‘“?139’: %4@&6@%8{%& or 218
which is connesdraskyt o(ROM) Q0SCK nonpublatileenamory @MM)arzd8ahiacpodetect s
positive polar puI S g i gn pplied at
the clock 15 |#1r%%l%@term neﬁl fff ggathﬂu?mg‘gﬁ tﬁe ed%J ?itzzctgorag 8 is
connected to almpHostemmingdul2dd @@ﬂeﬁaﬂ@taZQ‘@tlelhﬁvﬁﬁigmaial 216i-re const ant

The

Tj). The pgnostabl e 220 has |ts out put connected to the SET input of a
flip-flop 222. The clock nal conditioning ¢ircui al so has a
falling edge 20 det®€ drt °272‘4 “&'Jﬁﬁ@@f‘@ﬁ EHEFhE (ﬁ%%qsnﬁ‘ut“tsépﬁi nal

212 and whi ch slidecictgragat i218 pmllahl iy edarscoéd pid IR idlock iapperi odiC

clock signal appligd At bhe o el Ut ebeL bR cive hrity QLR o8f the

edge detector 'S "connec
. pulses in a periodic clock sighal applied at the clock

15 input terminal 212. An output of the edge detector 218 is
connected to a monostable pulse generator 220 (having a
time constant T7). The monostable 220 has its output
connected to the SET input of a flip-flop 222. The clock
signal conditioning circuit 200 also has a falling edge

20 detector 224 which is connected to the clock input terminal
212 and which detects negative polarity edges of pulses in
a periodic clock signal applied at the clock input terminal
212. An output of the edge detector 224 is connected to a
monostable pulse generator 226 (having a time constant T).

25 The monostable 226 has its output connected to the RESET
input of the flip-flop 222. The non-inverting output of
the flip-flop 222 is connected to a clock output terminal
228.

30 The output of the monostable 220 is also connected,
via an inverter 230, to an enable input of the edge
detector 224. The output of the mionostable 226 is also
connected, via an inverter 232, to an enable input of the
edge detector 218.

35



nonost abl e pul se generator 226 (having a time constant T2). 25 The

nmonost abl e 226 has its output connected to the RESET - input of the
flip-flop 222. The non-inverting output of the flip-flop 222 is
connected to a clock output term nal 228. 30 The out put of the
nonost abl e 220 is al so connect ed, via an inverter 230, to an enable

I nput of the edge detector 224. The ougput of the nonostable 226 is

al so connected, via an inverter 232, to an enable input of the edge

detector 218. 35 ces o s . .
°Y  The clock-conditioning circuit of FIG. 2 reﬂiesents a
The cl ock-conditioning circuit 5} ﬁl&. J represents a

| ow- conponent - keMimECERRRRItTEIRUN eEhodaent whaeh Y &g msed whexgr kheang
"space” phases«pdritheasd O%a%i&n?:]ha%ég B8l the cI6ERSSAIdlY H¥Wabt The time
Tl is chosen to be sonewhat ﬁé‘ %ﬁ§ %han he."qﬁ&ﬁ;ﬁgﬁ%ggg %E thﬁ %nput

cl ock signal, BREFE52 He T T2 1S EABSenttt® be'do at o ESETHER t he

I nput 6l ockess grimn scliess face’kperradd dfietbdgenplet ectarks sABadndand 224
are normally em@'@fgﬁ% il('ﬁlq_s choseié\lhea bAes g et RLIOT 128 tiR! §6hS

t
rising edge in ' ock signal input at node 212, it produces an
out put si ghbdck sigralfshdspaised peOiodhenThe cedmd dlatdsitonse2diBvend

the output siogppa {romdheiadoendeneator 218, the nonost abl e produces
an out put pulse having a duration T1. 15 The nonostable output pulse is
applied to the SET input of the flip-flop 222, forcing the output clock
high. Thei10 nonoswkéh etiitgide @Adteetiosr allgodapptieda wisindeddgevdmt er

230, to the qugle 'ggku oﬂlth% e%%ea e£8§g0%1§241t éghu s a SBWEI%%Iy,
when t he edge T 107 2P (?e]’t ects a alTrng edg% 1 e %A SEkPsSi gnal

i nput at node 2ignaltto themphwséabar dd0put Weeégnihe treondat abdicosesilize226.
Wen the the output signal from the edge detector 218, the

monostable produces an output pulse having a duration Tj.

15 The monostable output pulse is applied to the SET input of
the flip-flop 222, forcing the output clock high. The
monostable output pulse is also applied, wvia the inverter
230, to the enable input of the edge detector 224.

20 Similarly, when the edge detector 224 detects a
falling edge in the clock signal input at node 212, it
produces an output signal to the monostable 226. When the
monostable receives the output signal from the edge
detector 224, the monostable produces an output pulse

25 having a duration T2. The monostable output pulse is
applied to the RESET input of the flip-flop 222, forcing
the output clock low. The monostable output pulse is also
applied, via the inverter 232, to the enable input of the
edge detector 218.

30 J

However, if, after a rising edge has been detected in
the input clock signal and the monostable 220 has begun to
produce its output pulse with time constant T3, a falling
edge in the clock signal input at node 212 occurs before

35 the time constant T; has elapsed, the edge detector 224
will not detect the falling edge because it will be



nonost abl e receives the out put signal fromthe edge detector 224, the
nonost abl e produces an output pulse 25 having a duration T2. The

monost abl e out put pulse is applied to the RESET input of the flip-flop
222, forcing the output clock |ow The nonostable output pulse is also
applied, via the inverter 232, to the enable input of the edge detector
218. 30 However, if, after a risizg edge has been detected in

the input clock signal and the nonostabl e 220 has begun to produce its

out put pulse w,th t ant T1, a e .i,n the clock signal
i nput at nodem%ﬁ. %%%ﬁr %‘ oPHEREE PH SFlﬁBg£ﬁﬁgt§ﬂ¥“ffmh§§ noek %ﬁ& t he
edge detector 2201 via thd [inveirteet @80 .t hénf ghis ngayedge ﬁ&iﬂmmgeedgewuhl be

T di sabl e %Qy?f%%#gl QepRe APPhoEd S12METE JEN AL 220 via

the inverter Ing edge In Kk S|gnal I nput
at node 212 wi PRtRIME %hv§%t¥h@° loweut put clock to go low. 5
SSmlarly, sif, after a falling edge has been detected in the input

cl ock signal and the, ostabl has ce it outp
pul se with tine con§Pﬁ ary . e%Q| Qﬁ' a %833en?n %ﬂ%qﬁ 6%%1 ﬁéut at
node 212 occursn beiorisnpt tdiedk MQnaﬂ]S&ﬁdt tHa ﬂmosatlaiﬂsemza e sethggun
detector 218 ts h

. by t%%éu&? 1&9%% thut S}lﬁ.bg ?Qtﬁdﬁ’:ﬁm@%r‘bﬁ[e 22% P%sm

di sabl ed out put pul se appli romthe nonosta Vi th
inverter 232. ¢dge hin thg clpck siggaddyprih ahenededkl2 ocaingndefionput at

node 212 wigl | 9d €S el ot put hSJsoéjSaﬂ)Qeci-5 e m@@_ detector 218Thus,
glitches as wel]_as short pulses on the in clock signal are i nored

al  owi ng the ¥}t irp Whssit 6 rlSlﬁ?oﬁﬂ%% BecRNRR titortEd I Pscispglgr
whi ch is forceytthstawpdft ipunlgkaapphied £hemi tipetmelaxtaldieg22l6. via the

inverter 232. In this way, a rising edge in the clock
signal input at node 212 will not cause the output clock to
15 go high.

Thus, glitches as well as short pulses on the input
clock signal are ignored, allowing the flip-flop output to
produce a conditioned clock signal which is forced to stay

20 in phase with the input clock signal.

Thus, it will be appreciated that the when fed with an
input clock signal as shown in disturbed form in FIG. 6(D),
the clock-conditioning circuit 200 of FIG. 2 produces a
25 conditioned output clock signal as shown in FIG. 6(2),
which is different from the nominal form as shown in
FIG. 6(N).

Referring now to FIG. 3, a clock signal conditioning
30 circuit 300 is built into a smart card 302. The smart card
302 includes a central processing unit 304, read only
memory (ROM) 306, non-~volatile memory (NVM) 308, a power
input terminal 310, a clock input terminal 312, a data
input terminal 314 and a data output terminal 316.
35



Thus, it will be appreciated that the when fed with an I nput cl ock
signal as shown in disturbed.formin FIG 6(D), t he cl ock-condi ti oni ng
circuit 200 of FIG 2 produces a 25 conditioned output clock signal as
shown in FIG 6(2), which is different fromthe nom nal formas shown
in FIG 6(N). Referring nowto FIG 3, a clock signa
conditioning 30 circuit 300 is built into smart card 302. The smart card
302 includes a central processing unit 30 read only - nenDry (FKI@ 306,
non-vol atil e nmenor ut _termn 0 cl ock
"put tor i nal 312 THE gk SlgPﬁBu‘f°?%+‘f~&?fé“r’P A= 0 309 BRBufpbtSths
termnal 316. e8lge detector 318 wh1ch is connected to the clocB input The
cl ock signal qn fas [ deg or 318
which is conn(ei% &tnt 52 ?'cr:lﬁu(?e saé; rﬁiﬁggreBESl gg%/n ﬁg%ie(%fects
positive poIamW@Fe§dg@saoPer1°dEGI@b@ﬂkrﬁ%ﬁ%ﬁilﬁﬂmLéeélé&ktbﬁgﬁbpcbppl|ed at
the clock 55 iippic tt@&mlaah 312 Aﬂno&it&mt It e %@g@ deteetor 318 is

connected to an i nput o ﬁ mhoseEhé 5 % connected to a
nonost abl e pnn99?3§€ﬁ§PaF8ra§2?ngﬂﬁv? Fh OR 93tig 32050 ¥hQRe RYPUTHES
nonost abl e 322dmedtiesl avt putonostabhagmllese tgericratseT32ApYhaving &1 p-flop
324. The cl oc C I ti o] S | ing edge
detect or 326 &h thﬁgggghﬁec gd t%ﬁ%[ﬁ?éﬁg lﬁi%h%%? ﬂé?n%ﬁg oaté@%lZ and

whi ch det ect s coaggicited pol het §EBdieputbfoh e fdsin-#1lop 334per Thei eletlbck

signal apphi ed;@ghahhecnb9ekohPRYt cipEM N1 00 alé%l%asAQ @Hiﬂﬂﬁgoédége edge
detector 326 is connected to an 15 i nput of ate_328, whose outfut

i s connected C§tgctor ﬁﬁﬁoypéﬁhelﬁu?%%P%@ﬁ%4éFth§361€ﬁ§vFﬁ§u5 teFRina
constan; Tﬁ) f3|12 aﬁhlem&nSHaEéetQ&Qedfwlsldé ol @agaecbedpﬁbﬁheleSET
| nput of the | Jhe.nons 1 ny o] ut_.of e | op
324 is connecte§£?3° 18I81ﬁc u?b%?a}é? g%‘?fgﬁi ClOCk lnpup term nai

312. An output of the edge detector 326 is connected to an

15 input of an OR gate 328, whose output is connected to a
monostable pulse generator 330 (having a time constant T3).
The monostable 330 has its output connected to the RESET
input of the flip-flop 324. The non-inverting output of
the flip-flop 324 is connected to a clock output terminal
20 332.

The output of the monostable 322 is also connected,
via an inverter 334, to an enable input of the edge
detector 326. The output of the monostable 330 is also

25 connected, via an inverter 336, to an enable input of the
edge detector 318,

The output of the edge detector 318 is also connected
to a clock input of a flip-flop or latch 338, whose data
30 input is connected to the clock input terminal 312. The
flip-flop 338 has its non-inverting output connected to an
input of an AND gate 340; another input of the AND gate 340
is connected to the inverted output of the monostable 330;
and another input of the AND gate 340 is connected to clock
35 input terminal 312 via an inverter 342. The output of the
AND gate 340 is connected to an input of the OR gate 328.



The output of the nonostable 322 is al so connected, via an inverter
334, to an enable input of the edge detector 326. The output of the
nonostabl e 330 is also 25 connected, via an inverter 336, to an enable

i nput of the edge detector 318. The out put of the edge
detector 318 is al so connected to a clock input of a flip-flop or latch
338, whose data 30 input is connected to g he clock input termnal 312.

The flip-flop 338 has its non-inverting output connected to an

i nput of an AND gate 340; another input of the AND gate 340 S
connected to the inverted output of the nonostable 330; and anot her

i nput of the AND gdftee 3MErut codnibet edgeodetectko3 326 nputaliser vonakc8ed vi a
an inverter 342, , the,QUtipghiobst Berip- AN Ut 6 340 53400RBSECEat an

i nput of the OR gate 328. ) ] 9

The out put of ¥Hdteddge PBRectsr Boethe @ledk comcttegminalt 13- ¢ BBR i nput
of a flip-8l Olli)fl:;l:’l-p—lﬂ_lt_dﬁ’l 3&4411?%@?'@ ﬂﬂgﬁtihngidlmﬁ_ utl TopeRReededot ant he cl ocl(;
i nput term nal, : e i p- X S its inverti put  copnecte
Lo an o noutiE B AOANE: 88586908 h e e AP Al BRADaPRt S9atE

i s connect ed tis tdmrienterd ¢d chepihvertédeoummmostehlthe38@nostabaad3anet her

I nput of the . oppe d . Jd 1 pal The
out put of the%%g{é%eh%_46&1?)?%1%@0%%%&1?@0&%%&:3#6| #ﬁu%&#‘%ﬁ%@o@gﬁg‘é&&o.
It will be undemttodermiarli Bé2c| othe coneput ol fdre AN gpggi 846f 18I G 3

represent §oan @< t&f ahhenghtesflyrhe oR dscd idpad cl ock-conditioning
circuit 200 of FIG 2, in 15 which the follow ng additional conponents are

connect ed: flip-flops 338 & 344, AND gates 340 & 346, OR gates 320 &

328 and inverter 34 will be undekbtwbdl thet atips eclatkeddndd ibhéngi rcui t of

FIG 3 circuit of FIG. 3 represents an extension of the already-
described clock-conditioning circuit 200 of FIG. 2, in

15 which the following additional components are connected:
flip-flops 338 & 344, AND gates 340 & 346, OR gates 320 &

328 and inverter 342.

It will be appreciated that the circuit of FIG. 3

20 operates in a fundamentally similar manner to that
described above with respect to the circuit of FIG. 2.
However, the function of the additional components is as
follows: just after a time constant (Tl or T2) has elapsed,
status of the input clock logic level is checked. If the

25 logic level of the input clock has changed since the
beginning of the time constant, the output clock is toggled
and the other time constant is started. Thus, the
additional components serve to stretch short pulses in the
input clock signal and to change the duty cycle of the .

30 output clock signal with respect to that of the input clock

signal.

Thus, glitches on the input clock signal are ignored,
but short pulses are stretched in order to produce a

35 desired duty cycle in the output clock signal. It will be
appreciated that in the clock-conditioning circuit of



20 operates in a fundanentally simlar manner to that descri bed above
wWth respect to the circuit of FIG 2. However, the function of the
addi ti onal conponents is as follows: just after a time constant (Tl or
T2) has el apsed, status of the input clock logic |evel is checked. If
the 25 logic level of the input clock has changed since the begi nni ng
of the time constant, the output clock is;{oggled and the other tine
constant is started. Thus, the addi ti onal conponents serve to stretch
short pulses ifn th .. Lhput_clock, signal and to change, the duty.cycle of
the 30 outputF@FBC%’s%éngﬂgmﬁ?ﬁuge%%%g? ﬁ%?%%ﬁﬂ?ybﬂoFﬁegPﬁpﬁ§c%?%ckt¥
si gnal . maximuphyslugl PEcH@s +ofet e theuinewbckndiqyatutarcd dcgsor ed,
but short pul g& aﬁ&?iﬁtbﬁ%gged in order to produce a 35 desired duty cycle
c .

in the output clo Sl gha 't wWill be appreciated that in the

cl ock-conditioning circuit of _ _ 10
F][G( TS, IfT52§ hell npﬁ“husél,oqlﬁ Mgmusacapgﬁgél iaf(l%d e dhiel When ﬁaaxwmm ééﬁ' ue
0 I+ - e.l nput .an OUtptCO.CS. e In 1n, e.

Thus, it will BEUEpEIRERaPEEREhaRS (HROVhCh FEFHEEROAROT™ B nBLE: f Bk

si gnal as showhe eldicktuphddiltionimg neftdnitb(AD)0, of FIGhe3cbpolucandati oni ng

Clioult 390 OfeghliGe18nRHOBHERS: 2ctoci Aondldl ANedrurPyh Flockepipnal as

shown in FIG . N Is very ar. to the nom nal fornias shown

in 10 FIG 6@Rich is very simpla¥riqgthpwamimRlciorm gscebewnsignal

conditiom®g rrg.Clerfyi.t 400 is built into a smart card 402. The smart card

402 includes a central processing unit 404, read only 15 nenory (ROVM 406,

non-vol atile nenory (NVM 408, a power i nput term nal 410, a clock

i nput term nal 412Refegt@tiag nowi BPUFIGEr4n nalcldlk aignaldabadouiening

term nal 416'circuit 400 is built into a smart card 402. The smart card

402 includes a central processing unit 404, read only

15 memory (ROM) 406, non-volatile memory (NVM) 408, a power
input terminal 410, a clock input terminal 412, a data

input terminal 414 and a data output terminal 416.

The clock signal conditioning circuit 400 has a rising

20 edge detector 418 which is connected to the clock input
terminal 412 and which detects positive polarity edges of
pulses in a periodic clock signal applied at the clock
input terminal 412. An output of the edge detector 418 is
connected to a monostable pulse generator 420 (having a

25 time constant Tj) via a delay element 421. The monostable
420 has its output connected via an inverter 422 to an
input of an AND gate 424. The output of the AND gate 424
is connected to the SET input of a flipéflop 426. The
clock signal conditioning circuit 400 also has a falling

30 edge detector 428 which is connected to the clock input
terminal 412 and which detects negative polarity edges of
pulses in a periodic clock signal applied at the clock
input terminal 412. An output of the edge detector 428 is
connected to a monostable pulse generator 430 (having a

35 time constant T@) via a'delay element 431. The monostable

430 has its output connected via an inverter 432 to an
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0 of the e gg detector 428, and further has an | nput
(IRIMSREES &0 Shepinverted contRits tabitheymgnostable 420. The

_ |pn|ng circuit of. FIG 4 represents a | ow- conponent - count
enbodi nent whi ch be usigcon githe 15 Ymar ggu%ldﬁp%ce ghase of

cloc oning circul represents a

éﬂi;jgzmponent—count embodiment which may be used where the
*mark” and “space” phases of the clock signal are not
necessarily equal. The time T; is chosen to be somewhat
less than the “mark” period of the input clock signal, and
the time T2 is chosen to be somewhat less than the input
clock signal’s “space” period. The edge detectors 418 and

428 are normally enabled.

When the edge detector 418 detects a rising edge in
the clock signal input at node 412, it produces a delayed

output signal to the monostable 420 and directly to the AND

gate 424 which (assuming that the monostable 430 is not
producing its output pulse) immediately produces an output
pulse which is applied to the SET input of the flip-flop
426, forcing the output clock high. Whén the monostable
420 receives the output signal from the edge detector 418,

the monostable produces an output pulse having a duration

T;. The monostable output pulse is applied to AND gate 424

via the inverter 422, forcing the output of the AND gate

424 low until the time constant T has expired. The output

pulse from monostable 420 is also applied to AND gate 434

via the inverter 422, so also forcing the output of the AND

gate 434 low until the time constant T; has expired.

t he



necessarily equal . The tinme T1 is chosen to be sonmewhat | ess than the
“mark" period of the input clock signal, and the time T2 is chosen to

be 'sonewhat |ess than the input cl ock signal's "space" period. The edge

detectors 418 and 20 428 are nornmal ly enabl ed. When t he edge

detector 418 detects a rising edge in the clock signal input at node

412, it produces a del ayed out put sig to the nonostable 420 and

directly to the AND 25 gate 424 which (assUm ng that the nonostable 430 is
not producing its output pulse) inmediately produces an out put

pul se which is applied to the SET input of the flip-flop 426, forcing

t he out put clock hi gimilYely | héherDrdrt @dge detedlOrr £28i desedtre sput put

si gnal frontth 9$ dq&ect gk cl % the ?oséﬁﬁ oQ&g%ﬁzan ut put
pul se havi ng a Auraty on nDn s 1Se 1€ app ied to
AND gate 424 progucges h@ deﬁﬁazretderouzl:mt fsgguaihgt@ hehmmcprms@fbltehéwmngat e

424 Tow untg | gheeti P @&rtlﬁt@dmNnT%a%%S494pwa§Qh Thes @i tenar o s from

nonostabl e 420 is also applie via the inverter 422, so
al so forcing tREPRTEPRRS 072Q He RIS Pro SF€94323I%HFQHE|HU¥Qﬁ9tlne const ant
T1 has expiredimmediately produces an output pulse which is ébblled to

Simlarly, whep t e detect 428 .detect s fallin in.the

cl ock signal ﬂBﬁP§%§8ﬁo lﬁif’ FPB §118F§888e§23 d% qﬁt %Ptguﬁnal to
t he nonost abl ech@@kalmw 5 VﬁlerediﬂwmnoshebAngateed@Namlme (et ng t hat
t he st &yg d Li.S tp qug@ ely
produces agpougg%gagﬁgggé éﬁq% g%teggg} 428, Hﬁ?fm%é§§§ﬁqﬁﬁa t o < E
flip-flop 426, 3RoPEERIRE t%%ﬁlt}mlng 2 épaekl%m?zwt&bq MONRSHEPLgnl e 430
receives the oytayttt 1;9.11§é gtrhalaaﬁlqaat ke ﬁﬁgegggée&f&:@rvfa?&hé hewaest abl e

gL?gﬂfe;ulse i 4 %pp % U|S aV|ngt4§g %ﬁ gﬁBT$%V%?£%£Pﬂ%$H§g%ﬁ £8Fci ng
t he out put of thmeﬁ¢ﬁh§Fﬂn¢-434hhsmeupandthéThe outipnE qoristearftro®2 has
expi red. Eﬂﬁ Qﬂéﬁ%gtéﬁﬂéehjd(¥g also applied to AND gate 434 via the
inverter 432, so also forcing the output of the AND gate
424 low ﬁntil the time constant T2 has expired.

Thus, the output clock is toggled high or low only
20 when a rising edge or falling edge respectively is detected
and neither monostable 420 nor 430 is producing its output
pulse. The output clock cannot toggle while one (oxr both)

of the monostables is producing its output.

25 Any rising or falling transition which occurs on the
input clock signal while the monostable 420 or 430
respectively is running causes that monostable to be re-
triggered without toggling the output clock.

30 The output clock is kept idle (not toggled) as long as
the input clock frequency exceeds (T; + T2) 1.

Thus, it will be appreciated that when fed with an
input clock signal as shown in disturbed form in FIG. 6(D)
35 , the clock-conditioning circuit 400 of FIG. 4 produces a

conditioned output clock signal as shown in FIG. 6(4),



15 nonostable 430 is also applied to AND gate 434 via the I nverter
432, so also forcing the output of the AND gate 424 |l ow until the tine
constant T2 has expired. Thus, the output clock is toggled high
or lowonly 20 when a rising edge or falling edge respectively is detected
and neither nonostable 420 nor 430 is producing its output pul se. The
out put clock cannot toggle while one (or E th) of the nonostables is
producing its output. 25 Any ri si 3 or falling transition which
occurs on the  _input clock signal while the_nonostable 420 or 430
respectively M@lﬂﬁnﬁﬁn&1§§8§§§ttgﬁ@“ﬁﬁﬁb§¥&ﬁm@1t505@ pg- shownin ggered
wi t hout toggl imeg.t Bgnout put cl ock. 30 The output clock is kept idle
(not toggled) as long as the input clock frequency exceeds (Ti + T2)Y.
" Thus, it will be appreciated that when fed with an i nput cl ock signal
~as shown in disturReteiurimg noWwl & BI®) 35 a cliduk cligoklcopdditbonigg
Choouit 408 Olesicliie? 860U RA1 fe incd Y UnddrARArERY ChREKaRd HAUaRE
which is diff&dentinclydesha aehtral Bragassinshemdti R04, repd omiw) .

Referring nowpeghoek/G (rRoM) 256k QCKos L TRl t iGN diekicR NEVMP SO8 ¢ U tp&RE i S
built into a smart card,502. e smart card 502 inc es a_central
processi ng unit'®5i§g Ferpige nPg ' arghﬁﬁﬁ)}W9%5WFegﬂéyaﬂoh¥€ol%t??%anennry
(NVM 508, a fdowat terminpiit SLéramnded &t omtputckernpobltBi6inal 512, a
dat a igput termnal 514 and a data output term nal 516. 10
The clock signal conditioning circuit 500 has a
rising/falling edge detector 518 which is connected to the
clock input terminal 512 and which detects positive and
negative polarity edges of pulses in a periodic clock
15 signal applied at the clock input terminal 512. An output
of the edge detector 518 is connected to an input of a
monostable pulse generator 520. The monostable 520 has its
output connected via an inverter 522, to an enable input of
the edge detector 518.
20 |
The clock signal conditioning circuit 500 also has a
monostable pulse generator 524, whose input is connected to
the output of the edge detector 518. The output of
monostable 524 is connected, via an inverter 526, to an
25 input of an AND gate 528. Another input of the AND gate 528
is connected to the output of the monostable 520. The
output of the AND gate 528 is connected to an input of a
NOR gate 530. Another NOR gate 532 has an input connected
to the output of the monostable 524. The output of the NOR
30 gate 532 is connected to another input of the NOR gate 530,
and the output of the NOR gate 530 is connected to another
input of the NOR gate 532.

The output of the NOR gate 532 is also connected, via
35 an inverter 534, to the clock input of a flip-flop or latch
536. The flip-flop 536 has its non-inverting output



The cl ock signal conditioning circuit 500 has a rising/falling edge

detector 518 which is connected to the clock input termnal 512 and
whi ch detects positive and negative polarity edges of pulses in a
periodic clock 15 signal applied at the clock input termnal 512. An

out put of the edge detector 518 is connected to an input of a
nonost abl e pul se generator 520. The nonostgble 520 has its out put
connected via an inverter 522, to an enable input of t he edge detector
518. 20 & & ck si nal. g9 ni_n r t aI o has a
nonost abl e pulse genef%ﬁbr kh% @gF%pg an%&%g%tggﬁ_ i3 t he out put

of the edge detemnerted g.o Tihe @mapr@t catd’s cmtmlt amosreﬁsz;nlgsu@gﬁné@ﬂed
via an invertef,d26; 4. 0rRlp e iaR hQE 26 ANDL 0P R1RA%g ARepher 1 nput of

t he AND gate 528 IS connected to the output of the monost abl e 520. The
. output of the PPRNQRERA5H{ ancdRyeEted P40ant? it dten INPUENOR gat e 530.
Anot her NOB gate 532 has an i nput connected to the output of the

monostab ¢ 521 Ther Uil 9 e NP0, 48 05 R S SemETelabe, 2ot

connected to amotdert 500|q¢pEﬂGof5theptEFbge$em53§Ktens1on of théhe output
of the NOR gat ed 58 Bni %?ﬁ 34 E@gth
cl ock input oféél %%ﬁ %%na or QQBE coﬁgﬁ% 5%% |p f 0§36 hagGltg

non-i nverting Butyi ch the follow1ng additional components are conpgcted:
connect ed 100 anéhOSIGIOLE BH4 I dhieRrabrS5886, WS ydise 528, CHOREGhedst 83bhe

t d I t_504. The flip-fl.op.536 al h
Ts noni nver (71 G PIVSEEex, dect Litee  Fae TSR A 50 ATk a
input. 5 100 ofIEI@uIﬂ dmscmﬂhedshbodethehetd&nakﬂmdndﬂmndnungnlng

t 500 of ' d d i bed
circui of H&Gi t5§d‘tPt 1§gb5f i gé{:%géér%]soa{ n%t‘ﬁnﬁlm— h@%ﬁ%ﬁt escribe

cl ock- condltlonlng clrcul OW ng

addi tional congyeerdimenty ehisinaeyeke ursedvwsralite Smerk nead 46P826” AND
gate 528, 1HOR g &8s ¥ the clock signal are equal. As will be

explained below, in the circuit of FIG. 5 two time
constants (Ty and T;) are used to generate an intermediate
clock signal which is twice the frequency of the input
clock signal.
20
The edge detector 518 is normally enabled, and when it
detects a rising or falling edge in the clock signal input
at node 512, it produces an output signal to the monostable
520. When the monostable receives the output signal from
25 the edge detector 518, the monostable produces an output
pulse having a duration Ty. The output signal from the
edge detector 518 is also applied to the monostable 524,
causing it to produce an output pulse having a duration Ti.
The output pulse from monostable 524 is applied to the AND
30 gate 528 via the inverter 526. The output pulse from
monostable 520 is applied to the AND gate 528. The output
pulse from monostable 520 is also applied, via the inverter
522, to the enable input of the edge detector 518. Thus,
after producing an output signal upon detection of a rising
35 or falling edge in the clock signal, the edge detector 518
is disabled for a time Ty. Thus, like the clock-



532 and inverter 534. Like the clock-conditioning circuit 100 of FIG 1
descri bed above, the cl ock-conditioning circuit 500 of FIG 5
represents a m ni num conponent enbodi ment which may be used where the
"mar k" and "space" 15 phases of the clock signal are equal. As will be
expl ained below, in the circuit of FIG 5 two tine constants (TH and
TL) are used to generate an internedi ate : cI ock signal which is tw ce

t he frequency of the input cl ock si gne:ll'l The edge det ect or

518 | I hi ed, and f d
'n the ol ook SIRIRBICIRNG oL CHEe bh giﬁ#fcfprdoeds T e

t he nonost abl eclock-mdl\rsh@mlmlqecnmqostabﬂ)@ o @IGeS tilse mmupat tei gnal from

25 the edge deteglor sHAP® PRAgsLall echs ABRUERYha1, Ppul se
havi ng a durate%%ln TH T es out pgl':a si gha 111 ?romt e edge dgt ector 518 is
al so applied to the nonostable 524, causing it to produce an out put

pul se havi Bg a duramé)rti'ﬁle const’élﬁe ayt psit clivdee tfd(bm rreeesthhhetﬁa4 is
applied to th AND30 thelnv rter 526. t from
nonost abl e 528”?% aofﬂ %t th he REJ g% enES‘bﬁf ﬂ%‘os‘: 3UbY o '19 %om
nonost abl e 520ares micimcepyal itdeirvbatphe pulssd efwhich uay beghheaénabée

| nput of the oggf aLROLO 3llealDUBe. the SLAEIoREANUSRA,AN EOULPbE ST Nl

upon detectio rising ng edge in nal he edge
detector 518 edgg @Qﬁ%ﬁlﬂreélﬁcbr thet PHEPTH, Ofl'tﬁlse HNDKQaFﬁe58F30éWhose

15 c@pdi ti QR rnd Eel mlaggseﬁbféc%zli ﬂ@sﬁ{\}é}%dalb?VanéBEer 526)

cl ock-condi ti oni circuit 500 of d short
pul ses on the *%B’ﬂﬁldcll&?k s?x F‘i’gver’ sﬁnce tlmel’hceoriStr?éltcgﬁsf’g ¥e%‘ia1f @ hosen
to be |less thammée:onstamtrrﬂ’ﬂconheaun¢nd'$ta1ﬂ]tm§24\Ms@npbophodunmga:bitses 520

and 52 NSRS LIS OUhBYR UL ST LW EN e sbegLg,gt the

sane tine in res ons Ssane out U ge det ect or

518) the out putafdfen e tANE Jat EOSQBW{%O@GE ﬂﬁtelcﬁﬁﬁlt eflggin the owkRat f e
524 is inyertathdanND\Witlee52826bes high. When (after a time Ty

following the detected edge) the monostable 520 stops
producing its output pulse, the output of the AND gate goes
low. Thus, the oﬁtput of the AND gate 528 has a frequency
twice that of the input clock signal
20
It will be appreciated that the cross-coupled NOR
gates 530 & 532 and the inverter 534 together form a glitch
cancellation circuif, and the flip-flop 536 functions as a
divide-by-two circuit to produce an output clock signal at
25 terminal 538 having the same frequency as the input clock

signal at terminal 512.

Thus, it will be appreciated that when fed with an
input clock signal as shown in disturbed form in FIG. 6(D)
30 , the clock-conditioning circuit 500 of FIG. 5 produces a
conditioned output clock signal as shown in FIG. 6(1),
which is different from the nominal form as shown in
FIG. 6(N).

35 It will be appreciated that although the above

embodiments have been described as operating entirely with



is held low. However, since tine constant TL is |l ess than time constant
Tif, the nonostable 524 stops producing its out put pul se before the
monost abl e 520; at this point (after atime TL follow ng the detected
edge) the output of 15 the AND gate 528 goes high. Wen (after a tine TH
followi ng the detected edge) the nonostable 520 stops producing its

out put pul se, the output of the AND gate S | ow. Thus, the output of
the AND gate 528 has a frequency twice that of the input clock signal

20 | be_ appreci ated that _t CLOSS-icou .gates
530 & 532 and DHAARRABROSER: oo BPHE, OF of i LIS LA MV adCelPaLPaN,
circuit, and the d1tigrrdmyed36 peuformedsiassaftwareli vi de-by-two circuit to
produce an output clock signal at 25 termnal 538 having the sane
frequency as the input clock - signal at termnal 512. Thus,
it will be appreci ai‘éd"%ﬂatb%mrﬁé’éa\ﬁﬁﬂhtbﬂt varjqiputotdiesck signal as

;ggwnfl EI %lssg liﬁcm?ﬂfifd%[tmdﬂ% IaxGaleé?haBQxées %aerfrcé lcacﬁs\@ra@smabag circuit
o] roduces a ndi ti oned out put cl oc al_as shown in
2o e - e s B aPPORERR ot i R h d S dhnthR. rt
FIG 6(N). 3fithout ddpamtlingb€rapptrei hheenht ad «drddepitgh t he above
enbodi nents have been descri bed as operating entirely with

16 har dwar e conponents, sonme of the functions may, if desired, be
alternatively perforned in software. It will be appreciated that
various other 5 nodifications or alternatives to the above descri bed
enbodi nents will be apparent to a person skilled in the art W t hout
departing fromthe inventive concept. :



CLAI M5 1. A clock signal conditioning circuit conprising:
an i nput node for receiving an applied clock signal; 5 an out put’

node for producing thereat a conditioned- cIocK_Eléygﬁﬂ___________edge
detector nmeans for detecting edges in the received clock slgnal

ot ect or for detecting an edge of a C°”p;if;es v fqngll\\\lulﬂ\l \l\lﬁkll T

second edge detector for étecting an <dge of A secdn

pol arity opposite to the first polarity; blstable
means for forﬁ#ﬁﬁu%ﬁ t he output node a clock 15 signal in response to the
edge detector neans; and timer means for inhibiting swtching of

e O oot G A RESIBLARALOSHIAG B Sl O RLgRL T o0 bV the

edge detector rises 20
a first nonostabl e guligwufemedst forareanyetng oan applied clockpgigrpgger ed

in responsg to the d rflc 9% o0de for producifle!eitdWatad JoawliBgdoaBgout put
coupl ed to disable t he second edge detector, and a second

monost abl e pulEeYerfdiRedr arranged to be 25 trlggered in
response to the secalifk eiig®ctor means for déeéerimy eaikshdwi mgean out put
coupled to disable 1ock. s the first edge detector. 2. A
cl ock si gnal céﬁﬁnt Stha C|r&8n? According to 30 claim1 further
conpri sing pul se sthisitelhileg meaass fovupbenling at chheowwadys detectoclaehns

for stretghi ng;p8es Ok sBBnse tSUEHHte%@%t%&?ﬁ] means; afd A clock

signal conditioning circuit conprising an 1 nput node for
receiving an appl i edi®8ro&eagisqELr; lnhlbltlnga?f"’%ﬁﬁl'ﬁd’cg wédébeobPipkdblei ng

thereat a condiddriNGdr a pekdekesh®hédl; time following detection by the

edge detector means of an edge.

15 2. A clock signal conditioning circuit according to claim
1 wherein the timer means comprises a monostable pulse
generator arranged to be triggered in response to the edge
detector means and having an output coupled to disable the

edge detector means.

20
3. A clock signal conditioning circuit according to claim
1 or 2 wherein the edge detector means comprises an edge
detector arranged to detect an edge of a first polarity or
a second polarity opposite to the first polarity.

25

4. A clock signal conditioning circuit according to claim
1 or 2 wherein:
the edge detector means comprises a first edge
detector for detecting an edge of a first polarity, and a
30 second edge detector for detecting an edge of a second
polarity opposite to the first polarity; and
the timer means comprises a first monostable pulse
generator arranged to be triggered in response to the first
edge detector and having an output coupled to disable the
35 second edge detector, and a second monostable pulse

generator arranged to be triggered in response to the
I —
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edge detector neans for detecting edges in the recei ved cl ock signal,
wherein the edge detector neans conprises a fi+s{f—edge—d€re’c‘fﬁr—%or

detecting an edge of a first polarity, and a secon r for
detecting 5 an edge of a second polarity opposite ti‘“@ﬁgﬂﬁm ‘fmm

pol arity; bi stabl e neans for form ng at thell es a *cl ock
signal in response to the edge detector s; and : ti mer neans for

i nhibiting switching of the bistable 10 neans for a predeterm ned tine
foll owi ng detection.by.the edge_det ect or neans_of_ an. e , Jwherein the
ti mer neans Se%%r%l%%%:detecwrgang %‘?V%?gn%?\oos‘f%urte co“'lp;l%%ggﬁerator

arranged to bedisable the rfiigpdr edlgendebspborxe to the first edge detector;

15 a second nonost abl e pul se generator arranged to be
triggered in response to the second edge detector; | first logic
means havi ng idput sAc‘é)Lﬁ?fFl‘éoISthé’létlhé:%‘d{lgaPnlng circupf agrerding: tedgay

detector amd tgrébeamy RMLSimifurRBer comprisihd SpuBby seerrGingnAshabl e
pul se generat or avi_ng an outgut coupled to.a firs mpg% of

S d. 20
t he b?%‘f‘gfﬁ—% Thedhe detector meadf |- odi T TS BVLRGSI Rput s
coupl ed to thethe output auiiqukt sdbnbhe second edge detector and to the
out put s of the first and second nonostabl e pul se generators 25
and having an output coupled to a second input of the _ bistable
means. 46.  Mcrleik stigmil condiitioning eirewit arewrddingg too caaym
precedi ng 1@l ai I & ranged-4di¢,.pr oduce an i nternedi ate signal 30 having a
frequency which is an integer multiple of the ., input, clock signal
frequency and conpr¥R$ iASE (S GrdeLy means romaet se #hst FdithpIsdget o recei ve
the internmedi adetsdgnlfor dardtiagpande@get ber£ffiarsm wilgrdkyhashagaa

gie; 'n;fd T EOUSIS Yo SRP YUY 2" f%?edéégggfﬂ‘g YarDTeddl® dfMRULELRGK 35

polarity opposite to the first polarity; and

15 the timer means comprises:

a first monostable pulse generator arranged to be
triggered in response to the first edge detector;
a second monostable pulse generator arranged to be
triggered in response to the second edge detector;

20 first logic means having inputs coupled to the output
of the first edge detector and to the outputs of the
first and second monostable pulse generatérs and
having an output coupled to a first input of the
bistable means; and

25 second logic means having inputs coupled to the output
of the second edge detector and to the outputs of the
first and second monostable pulse generators and
having an output coupled to a second input of the
bistable means.

30

7. A clock signal conditioning circuit according to claim
1 or 2 arranged to produce an intermediate signal having a
frequéncy which is an integer multiple of the input clock
signal frequency and comprising a frequency divider means

35 coupled to receive the intermediate signal and to produce
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5. A . clock signal conditioning circuit accordi ng to any precedi n
cl ai m wherei n the bistabl e neans conprises a

cl ock signal conditioning circuit according to any
wherein the bistable nmeans conprises a flip-fl Opu“l‘mﬂm !ﬂﬁ“mmmt

card containing a clock signal conditioning 10 circ accar dmngst o* a
precedi ng claim 8. A clock signhal,gonditioning circuit
substantially as her ei nbef ore descri bed with reference to FIG 2 of t he

acconpanyi ng d W|n S . : Qc n I .tion i rcu
substantial ly é@ %rgrael%]b%}aglr é’%é‘é’r béﬁ Q?ﬁ %Penc 43)%51% n%3 of the
acconpanyi ng dthei figgquen@ di).the dnpuk silgakl Si;@nmllt ioning circuit

substantially as her ei nbef ore described with reference to FIG 4 of the
acconpanyi ng dr awi ngs 25
clock signal conditioning circuit according to any

5 precedlng claim wherein the bistable means comprises a data
latch.

9. A clock signal conditioning circuit according to any
one of claims 1-7 wherein the bistable means comprises a
10 flip-flop.

10. A smart card containing a clock signal conditioning

circuit according to any preceding claim.

15 11. A clock signal conditioning circuit substantially as
hereinbefore described with reference to FIG. 1 of the

accompanying drawings.

12. A clock signal conditioning circuit substantially as
20 hereinbefore described with reference to FIG. 2 of the

accompanying drawings.

13. A clock signal conditioning circuit substantially as
hereinbefore described with reference to FIG. 3 of the

25 accompanying drawings.

14. A clock signal conditioning circuit substantially as
hereinbefore described with reference to FIG. 4 of the
accompanying drawings.

30
15. A clock signal conditioning circuit substantially as
hereinbefore described with reference to FIG. 5 of the

accompanying drawings.
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