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Field of the Invention The present invention is in the field of digital
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pate output, however, may generate "glitches” in the-clock signal, particularly if there is any uncertainty as to the

times at which the disable signal changes with respect to the clock signals. This condition can especially arise when

20  the enable signal is synchronously generated with respect to the clock to be gated. These glitches accur when the
disable signal is esserted shortly after the ri;ing or falling edges of tha clock, resuiting in narrowed clock pulses or . -
possibly even "spikes” which can cause malfunctions in the clocked logic circuits. Thus, a need exists for a logic

circuit that provides the h_enéﬁtS of a clock which can be enabled and tlisai:led without generating such glitches.
Summary of the laventio

25 The present invention provides a clock enabling circuit which receives an input clock signal and which -
receives an input clock enable signal synchronized to the input clock signal, and which generates an enabled clock
output signal which is active when the clock enable signal is asserted and inactive when the clock enable signal is
not asserted. The circuit comprises a toggle fiip-flop having as inputs the input clock enable signal and the input
clock signal, and having an eutput which changes states upon occurrence of a rising edge of the input clock signal

30 only when the input clock enable signal is asserted. The circuit also comprises a D flip-flop which has as inputs

*  the input clock signal and the toggle ffip-flop output. The D flip-flop has an output which changes to the state of
the toggle flip-flop output upon eccurrence of a falling edge of the input clock signal. The circuit further comprises
a combinatotial logic circuit having as inputs the toggle and D fip-flop outputs. The combinatorial logic circuit
generates an output which is functionally the exclusive-OR of these flip-flop outputs and which is the enabled clock
35 output signal of the clock enabling circuit.



di sabl e signal is asserted shortly after the rising or falling edges of the
clock, resulting in narrowed clock pul ses or possibly even "spi kes" which
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15  Detalled Description of the Invention
FIG. 1 illustrates a logic diagram of an exemplary prior art clock enable circuit 10 having the problem solved
by the pre'sent invention. As’illustrated, the circuit $0 includes a D flip-flop 12 having 2 clock input 14, a data input
(D) 16 and an output () 18. The clock input 14 receives a CLOCK IN signal on a signal line 20. The D input 16
receives a CLOCK ENABLE input on a signal ine 22. The D flip-flop 12 generates an ENABLE_Q signal on the Q

20 output 18 which is provided via a signal line 24 to 8 first input 30 of a twa-input AND gate 32. A second input
34 of the two-input AND gata 32 is connacted to receive tha CLOCK IN signal on the signal line 20. The AND gate
32 has an output 38 which provides a CLOCK OUT signal on a signal line 38.

As Tllustrated by a CLOCK IN timing diagram 40 in FIG. 2, the CLOCK IN signal comprises a plurality of
clock pulses defined by rising edges 42 and falling edges 42. The O flip-flop 12 of FIG. 1 is respansiva to the rising

25 adges 42 to transfer the state of the CLOCK ENABLE signal on the D input 16 to the Q output 18. Thus, as
illustrated by a CLOCK ENABLE timing diagram 50 in FI6. 2, when the CLOCK ENABLE signal is active, as indicated
by a high signal level 52, the high signal lave! will be clocked into the D flip-flop 12 on occurrencs of one of the
rising edges 42 and will appear at the Q output 18, as illustrated by a rising edge 54 of an ENABLE_Q timing
diagram §6. : '

30 While the ENABLE_Q signal is at a high level 58, tha AND gate 32 will provide clock puises on the CLOCK
OUT signal line 38, as ilustrated by clock pulses 60 in a timing diagram 62 in FIG. 2. When the CLOCK ENABLE
signal switches to its inactive state (a.g., low) as Bustrated at 64 in the timing diagram 60, the ENABLE_(Q signal
will become inactive on the next accurrence of one of the rising edges 42 of the CLOCK IN signal. However,



the clock output FIG 2 illustrates timng diagrans of signals associated
with the prior art clock enable circuit showing the 5 glitch on the
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signal is high while the ENABLE (0 output is high. Because the ENABLE O signal switches on the falling edges 44

of the CLOCK IN signal, the CLOCK IN signal is always low when the switching of the ENABLE Q signal has

occurred. Thus, there is no possiliiﬁty of the CLOCK OUT signal having glitches caused by the short concurrence

20 of both signals being high. _

Although the circuit 70 of FIG. 3 would -appaar to be a simple and straightforward solution to the clock
enable circuit, it shovld be understood that current circuit design is done using circuit generation softwara which
generates integrated circuits from Jogic eguations and state information provided by a design engineer, or the fike.
Such circuit generation software performs minimization and optimization routines in laying out circuit paths within

25 the integrated cirevit. The routines are not entirely under the control of the design engineer. Although a design
engineer may specify the circuit 70 ilustrated in FIG. 3, the circuit peneration software may produce a circuit similar
to the circuit 10 of FIG. 1 having the problem described above. Thus, there remains a need for a glitch-free clock
enable circuit which will produce predictable results regardless of minimization and optimization routines performed
by the circuit generation software. .

30 FIG. b illustrates a logic diagram of a circuit 108 in accordance with the present invention which provides
a clock output signal which can be enabled or disabled in a gfitch-free manner. The structure of the circuit 100 is

‘ such that when the circuit paths for an integrated circuit are genérated by circuit generation software, the resulting
tircuit 108 will operate in 3 predictable mannsr,
: The circuit of 100 comprises a toggle flip-flop 110, a D flip-flop 112 and an exclusive-OR (XOR) gats 112,

35 The two flip-flops and the XOR gate can be advantageously implemented with standardized integrated circuits such
as, for example, 74-series (such as 74, 74L, 74LS, 74S, 74F, etc.) transistor-transistor logic (TTL) or 74C-series o
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An exemplary toggle flip-flop in accordance with the foregoing characteristic table
will be described below in connection with FIG. 7.
The D flip-flop 112 has a data input (D) 130; a clock input (CLOCKB/) 132 and
a data output (QB) 134. (The "/" at the end of "CLOCKB/" signifies that this is a
25  negative-edge triggered flip-flop, i.e., the flip-flop is responsive to a falling edge of the
" CLOCKB/ input as explained below). The operation of the D flip-flop is also well known
in the art. For example, when the D input 130 is high, a falling edge on the CLOCKB/
input 132 causes the QB output 134 to be in a high state, mespectxve of the previous QB
output state. When the D input 130 § is low, a falling edge on the CLOCKB/ input 132
30 causes the QB output 134 to be in a low state, irrespective of the previous QB output
state. _ .
The XOR gate 114 has a first input 140, a second input 142 and an output 144.
The operation ofanXORg'ateisalsoWelllmownintheart. ‘When the first input 140 and
the second input 142 are at different logic states, the output 144 is at a high logic state. '
35  When the first input 140 and the second input 142 are at the same logic states (i.e., either
both high or both low), the output 144 is at a low logic state.



exenplified by the circut 10 of FIG 1. FIG 4 illustrates timng diagrans
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- ' 214) and high-to-low transitions (for example, transitions 212 and 216). ‘The QA output
124 of the toggle flip-flop 110 and hence the Q1 signal 154 change state only on the

20  CLOCK IN input signal low-to-high transitions (as illustrated, for example, by transitions

220 and 222 of the Q! timing diagram 204). The QB output 134 of the D flip-flop 112

and hence the Q2 signal 156 change state only on the CLOCK IN input signal high-to-low

transitions (as illustrated, for example, by transitions 224 and 226 of the Q2 timing

diagram 206). T

% As shown in the timing diagrams 200, 202 and 204, if a low-to-high transition

(illustrated by transition 228 of timing diagram 202) on the CLOCK ENABLE input signal
150 occurs sufficiently before a low-to-high transition 210 of the CLOCK IN input signal -

152 such that the minimum sefup time of the toggle flip-flop 110 is satisfied, then the high

state (illustrated by a logic level 230 of timing diagram 202) of the CLOCK ENABLE

30 infm signal 150 enables the toggle flip-flop 110 to respond to the low-to-high transition

(illustrated by transition 210 of timing diagram 200) of the CLOCK IN input signal 152

and the toggle flip-flop QA output 124 and hence the Q1 signal 154 changes logic states

(s illustrated by the transition 220 of the Q1 timing diagram 204). As long as the

es



by the circuit generation software. 30
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each successive . rising ezége
the OA output 124. ¥\wakpvmHatiming di

OCKA ‘I nput 122 toggl e
thrgugh 23, the, cLOEK OV qutpyt signg)

is an enabled/disabled version of the CLOCK IN input signal 152, as controlled by the
CLOCK ENABLE input signal 150. The Q1 signal 154 is XOR’d with the Q2 signal 156
such that when the Q1 signal logic state (illustrated by the logic level 242 of the timing
diagram 204) is different than the Q2 signal logic state (illustrated by a logic level 244 of
the timing diagram 206), the CLOCK OUT signal logic state is high (illustrated by a logic
level 246 of the timing diagram 208). When the Q1 signal logic state (illustrated by the
logic level 242 of the timing diagram 204) is the same as the Q2 signal logic state
(illustrated by the logic level 240 of timing diagram 206), the CLOCK OUT signal logic
state is low (illustrated by a logic level 248 of the timing diagram 208). Thus the CLOCK

ouT signal pulses occur only during the period of time that the CLOCK ENABLE input

25

30

signal 150 is in a high Iogic state (illustrated by the logic level 230 of timing diagram
202) coincidentally with the low-to-high transitions (illustrated by the transitions 210 and
214 of the timing diagram 200) of the CLOCK IN signal 152,

FIG. 7 xlluslram a logic diagram of a circuit 300 that is an implementation of the
toggle flip-flop 110. The circuit comprises a positive-edge-triggered D flip-flop 310 and
an XOR gate 312. As illustrated, the flip-flop 310 has a data input (D) 320, a CLOCK
(i.e., toggle or trigger) input 322, and a high active data output (Q) 326. The XOR gate
312 has a first input 330, a second input 332 and an output 334 and operates as previously
described. A TE input signal 340 is provided to the second input 332 of the XOR gate
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10 state irespective of |logic state changes on CLOCKA input 122 The
characteristic table for a toggle flip flop is shown bel ow wherein QA" is
the logic level of the OA output 124 prior to a rising edge of the CLOCKA
i nput 122 andwOAf/esari is the logic level of the OA output PCINSIREETS 5
rising edge of the CLOCKA input 122. TE QA[err] QAlerr] 15 .

0 312. A CI{OEKA signal 3423sprovxdedtothe1CﬂOCK input 3220of the D ﬂ:p—ﬂoﬂ) 310.
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state, | ”eSpeSiﬁrP-ﬁg%Sio 6&1&-:1%%&&1-&% @w@m (332, \Ohqhe bthé Hand, Ritidh the30

Is low, a falli e e CLOCKB/ i nput 30 causes t put
134 to be in a'llﬁdwl?ft%&@esm the R gptp 31 :BPP%?‘B &?&@“‘cﬂ?ﬂﬂ#‘@&*
The XOR gaje 114 1h st angdut 536, fI‘ﬁ&UTtheléthpﬁt ﬁwlsdswggmoi%hammcmfw

144.
CLOCKA signal 342.
It should be understood that by using the two flip-flops 110 and 112, the circuit

generation software will be constrained to connect the circuit 100 as illustrated because
known circuit minimization and optimization routines do not combine the functions of
15 such clocked flip-flops. Thus, the circuit 100 in the integrated circuit generated will
operate in a predictable manner to produce the glitch-free CLOCK OUT signal 158.
‘While preferred embodiments of this invention have been disclosed herein, those
skilled in the art will appreciate that changes and modifications may be made therein
without departing from the spirit and scope of the invention as defined in the appended
20 claims. :



The operation of an XM’HLH’””""MHQMEII known in the art. When the first

i nput 140 and the secofid § nput »1

output 144 is at a high
second i nput W47t

at different logic states, the
|l ogic state. 35 Wien the first input 140 and the
the same logic stafges (i.e., eithdlCTIHo6SHIBgh or

both low), the output 144 is at a low |l ogic state. WO 96/ 41417

PCT/ US96/ 08578 WHATIS CLAMBID(ASof FIG 5 has a CLOCK IN input signal 152
which is provided as the CLOCKA input 122 of the toggle flip-flop 110 and
as the CLOCKBF i nputl- 132Agircuitiwhich feceiyestan dpputiclock signal haiving dirst add@carddogibas a

CLOCK ENABLE j,

dgﬁxainp‘l;t
toggle flip-flop 110. The QA output 1
ggnerpies

generates a (&
flip-flop 112,aduigorh

Soc inbtile IsEmi AV Thd! D the’
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apjopipnt ¢leck signol reengnsive torsaid dnpud glock epblesignphigaid  »

iet TSt i nput 140 of the XOR gate 114. The (B out put -

134 of the Dflip-flop 11 gen&_rat es a (@ signal 156 at the second i'nput

142 of the XOR gate 114.

a fqggle

thaying lg, gt gormeetedc tansaid dpup glock '

signal 158 atethe Owhddll sigdl} aCfirst! detkothftt GairRctdd b sakDinput clock sighBE aPg figk | ON

of the circuit 100 is il
200 that repr&sent s PHE

lustrated,in F]G,6 by a, CL IN timng diagram
R et o (ERd Lo, pptch i i euppSyhaneiag ot SER g

di agram 202 that r eppesedeindentd of bbthiakchiydBidm bdid fikst dgitske thoid cddll 1bgieT NY
diagram 204 1 02t " CRaR° S Wi ARk Bpd B8 vk said iogur clodk el S0 e S0 ' !

represents thd @
10 enable

1

state;
a D flip-flop having a data input connected to said first output, a second

12 clock input connected to said input clock signal and a second output, said second
13 output changing to the state of said data input upon occurrence of a change from

14 said  second logic state to said first logic state at said second clock input; and

156

a combinatorial logic circuit having a plurality of inputs comprising said

16 first output and said secand output, said combinatorial logic responsive to said first

17

18

- 19

20

N

N

© o

output and said second output to generate said output clock signal, said output
clock signal having a first logic state when said first output and said second output
have a same logic state and said output clock signal having a second logic state
when said first output and said second output have a different logic states.

2. The circuit of claim 1, wherein said combinatorial logic circuit is an

exclusive-OR gate..

3. A method for providing a glitch free clock signal, said method comprising

the steps of:

applying a first clock signal having first and second logic states to a clock
input of a toggle flip-flop; -

selectively enabling said toggle flip-flop with an enable signal having an
enable state and a disable state; |

generating a toggle output signal having first and second logic states from
said toggle flip-flop, said toggle output signal responsive to said first clock signal



signal 156, and a mmnmmﬂmmmdl agram 208 that represents the CLOCK
QuT 15 out put si c : sdstrated by the tim ng diagrans 200, 204
and 206, the CLOCK I N input signal 152 is a pulse train having | owto-.high
transitions (Wossatanple, transitions 210 gnd 214) and hi

transitions (for exanple, transitions 212 and 216). The QA output 124 of

t he toggl e fioi p-f| aypd sdid emable siguaky stidectogiie shtpnaklgﬂaBthmﬁngghghtaites 6 lejchon

exampl e, by 11 ansi (T aieod B Cipanglof i S ch Bl KOl B logl Hat i

out put 134 o2 the Bemdpom@pemnammmhhm@dmwmmwgw@mte

onlly on the (LOCK |hbub\btheafl 1 budlof Bxd= lgfilh a alehilo b SO
for texanpl e, by tran5|t|ons 2724 and 226 o he t| m ng di agr am
As shown in Whe tinmng @Priyjpg sed sopgle mmﬂmﬂaﬁmammml? itflop

transition (Jgl | ustrated 308 firit (bl ftotal IOk Gmitit 3F 5RAD2 n t he
CLOCK ENABLE | nput si gngﬁxy’g% el?ﬂére Hipiad)

occurs suf |C|ently b Iovv-to
transition 260 of the CEM“FN“| D\fliprilop ojitput signa H’(ﬁ‘?‘dtlﬂﬂﬁp‘ %Wrﬂﬂ@%@etup
Ellrr:a OI tPedﬁgggl eI | 231%&?%?&|siiﬁlﬁﬁcldchwzgﬁd|§hﬂ %@&Kmd
illustrate a logijc ve imin am
ENABLE 30 ﬁ”n%ut QS‘F&F'EL Wgé“inﬁ@gt é‘bﬁ’g’ !%’j Sg8ld t o
the | owto- hisgh trmntsmamrétlddcusigmtmgayﬁbmaaﬂlwwgwmwwwmgﬁgram
200) of the CLOCK IN i._r%ﬁt signal 152 and the toggle flip-flop QA output

124 and henc® the al 154 changes logic states (as illustrated by the
transition 240 of the OQhpglying rsaidckogg]e autpBO dignal Amd | ssidgDaflipiflop output signal to

22 respective first and second inputs of ‘a combinatorial logic circuit, said

23 combinatorial logic circuit generating an output clock signal responsive to said first

24  and second inputs, said output clock signal having a first logic state when said first

26 input and said second input have a same logic state and said output clock signal

26 having a second logic state when said first input and second input have different

27 logic states.
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CLOCK ENABLE i nput signal 150 remains in a high state, the toggle flip-flop
QA output 124 and hence the QL signal 154 continues to change |ogic states
on each | ow t WOFM1I% r ansi ti on of the CLOCK I N input si gndiCT.
illustrated by transitions 234, 236 and 222 of the tim ng diagram 204).
After a high-to-low transition (iIIustrated by a transition 5 232 of the
timng diagram 202) of the CLOCK ENAB nput signal 150, the QL signal 154
remains at its current logic state (|I trated by a logic | evel 238 of
timng di agram 204). As shown in tinmng diagrans 200, 204 and 206, the @
signal 156 is a half-cycle delayed version of the QL signal 154 \Wen a
hi gh=to-low transition (illustrated by the- A2 ansition 212 of tining
di agram 200) occurs on the CLOCK I N i nput gnal 152, the Dflip-flop B
out put 134 and hence the 2 signal 156 aci;Laes a quyc state (|Ilustrated
ENAB

by a logic |evel qgtiefENAgLE! M . |s e ..} Q e
current logic s Dby a ﬁ]I/ogl _
sHowD iy i i ng 2¥4gr a roughz208, the
i ﬁver% %he

204) of the QL si 154.

CLOCK OUT out put ki@t IN1eg 15 an enaljl ed/ di sabl on of

I N i nput signal 45 ,/hs cPni¥ CLOCK ENABLE i nput si gnal 150.
The QL signal Is XOR ¢l with the signal 156 sugh that when the QL
signal |ogic state (illus } N2 of the timng
diagram 204) is different than the S|gnal |l ogic state (illustrated by a
| ogi c | evel 244 of /C7QS? ;7 '
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the tim ng diagram 206), the CLOCK OUT signal logic state is high
(illustrated by a logic 20 | evel 246 of the timng diagram 208). Wen the
QL signal logic state (illustrated by the logic |evel 242 of the timng

di agram 204) weekdmirsane as the @ signal logic state (il lncTussdionsisby t he

| ogic | evel 240 of tim ng diagram 206), the CLOCK OUT signal logic state is
low (illustrated by a logic |level 248 of the timng diagram 208). Thus the
CLOCK QUT signal pulses occur only during the period of tinme that the CLOCK
ENABLE input 25 signal 150 is in a bisgi |ogic state (illustrated by the

| ogic level 230 of tim ng diagram 202) coincidentally with the | owto-high
transitions (illustrated by the transitions 210 and 214 of the timng

di agr am 200) of the CLOCK IN signal 152. FLe—illustrates a |ogic di agram
of a circuit 300 that is an inplenentatiof of the toggle flip-flop 110. The
circuit corrprl ses a positive-edge-tri ggere flip-Soop 310 and 30 an XOR

gate’312. '||GL%¢IQ'[ENABLE€ f ln flop 3 @. ata_inp 0, a
CLOCK (i.e., tagy T OB ‘gut 38—t 'oum 'L.Q.. 8tput
(Q 326. The 0'-£ : 2 Ras a fi sE/Fnut 307 a $lecond gnput 3F2/and an
out put 334 and -Speriefe®™ as ¢ :,.» des crlbed A TE"i nput signal 340 is
provided to the D nd inp 332 Ot 3 e OR gate WO 96/ 41417
7 PCT/ yS96/ 08578 2 A CLOCKA signal 342 is provided to
the CLOCK input 322 of the—B re—QA—<si gnal 346 is generated
fromthe Q output 326 of the Dfllpflop 310 The Q :
- (PRIOR ART)
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output 326 is further provided to the first input 330 of the XOR gate 312.
The XOR gate output 334 is connected to the D input 320 of the flip-flop
310. 5 While the TE input signal 340 is at a | ow state, the output
of the XOR gaW@9%Aa¥1Ni | | be at the same |ogic state as thePGIERIPRFTS si gnal
326 on the first input 330 of the XOR ga3# 312. Thus, the current state of.
the Q output 326 is constantly |l oaded into the flip-flop 310 on each
transition of the CLOCKA signal 342. OnyH@ wother hand, when the TE input
340 is high, the XOR gate 312 operates hjnvggt.&he-cyoutput signal 326
applied 10 toits first input 330.%Th t he Q out put signal 326 toggles

2. |1t _should be understood that
by using the two flip-flops 110 and Y12/XheXcircuit generation software
wi ||l be constrained to connect the ci‘ﬁé’hl@b as illustrated because known
circuit mnimzation and optim zatign [efiiNJnes do not conbi ne the functions
of 15 such cl ocked flip-flops. Thi he cchuit 100 in the integrated
circuit generated will operate in a prefidiab¥fe manner to produce the
glitch-free CLOCK QUT signal 158. rhi+e prieferred enbodi ments of this

i nvention have been disclosed hergin, thgosle skilled in the art wll

appreci ate that changes and nodif§cati

may. be made therein w thout
departing fromthe spirit and scope of isvention as defined in the
appended 20 cl ai ns. >
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WHAT IS CLAIMED I S: 1. A circuit which receives an input clock signal

having first and second logic 2 states and an input clock enabl e signal
havi ng an enabbesaasmt e and a disable state and 3 whi ch geREFESWIFR out put
cl ock signal responsive to said input clock enable signal, said 4 circuit

conprising: 6 a toggle flip-flop having an.enabl e i nput
connected to said input clock 6 enabl e signal, a first clock input
connected to said input clock signal, and a first 7 out put havi ng

first and second logic states, said first output changing |ogic states 8
upon occurrence of both a change from sai d4{/5rst | ogic sate to said second

logie 9 state at said first clock input and when said input clock

enabl e signal has said 10 enabl e state; 11 ' aDflip-flop
having a data input connectegl to saiq first .second 12 cl ock
i nput connected to said in cl ock 4i nd out puf, said second
13 out put changing tlo the stat g but uponjoccurrence of
a change from 14 gaild_second | dgi ipg first lfogic state at

sai d second cl ock i nputg~and
having a plurality of inp
second out put, said conbi
out put and said second out out put cl oc
out put 18 cl ock syg i i tate when
out put and said second Qut gi ¢ st
out put cl ock signal havin

forial |

first

gic circuit
tput and said

ignal, said
aid first
and sai d
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20 when said first out put and said second out put have a different
| ogi ¢ states. The circuit of claim 1, wherein said

conbi nat ori al
met hod for prgb
the steps of:
second | ogi c states to a cloc

aglitch

free clock signal, said netHGﬁ“@ﬁWFFPS|ng 2

qgkﬁﬁferUIt is an 2 exclusive-OR gate.

applying a first clock si gnal

having first and

k 4 " input of a toggle flip-flop; 5 6

selectively enabling said toggle flip-flop with an enabl e signal having an
7 enabl e state and a disable state; 8 generating a

t oggl e out put signal having first and second logic states from9 sai d
toggle flip-flop, said toggle output S|gna5/5espon5|ve to said first clock
si gnal WO 96/ 41417 9

PCT/ US96/ 08578 10 and sai d enable signal, said toggle output signal
changing logic states on each 1i occurren of a change of said first

clock signal fromsaid first
state when said enabl e signa
signal maintaining a curre
state; 14 appw®yi
of a Dflip-flop; '

| ogic state to _spilh 12

has sai d enable at e,
state when said abl e signa

sai d

CLOCK A
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.3'42/ |

second | ogi c
t oggl e out put 13
has said disable
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ing said first clock signal to a clock input of?@ﬂq}é

15 —

flip-flppCORREC generating a D flip-flop output signal fr ai

Dflip-flo *DAlip-flop 17 out put signal responsi f{,‘if;‘g;}z;o %g,
KMP§- £ | op

said first cl ockpydgnal and SRkt fRSGHR; {aa u
out put si gnal chggg' gtothe logic s{nmfagkn%ba?%at og%(%e out put gnal 19
whén sai d INTERNATIONAK APPLICATION RUBEISHEDWNDER THE PATENT COQPER SHONEREATY RPET)

first g9 heratlionsl Ps a2 app YTy Sar ot oygtE S oRE ot
si gnal ;&g’ldﬂﬁt T p-t1 op out put si %q I‘“EB‘“??“"BP’“%“F‘ BF1 ve fiWO DalAL7
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| ogi ¢ ¢rTTUtgEnEratTnyamout put—ct-ock—gtgrar—responstye—to—sare—H+st—24

and se¢endnterapioiabAppbatiol Nawtiep Ut  C POIiSos0ssya 3 (81) 1aMgning) Statds:l AW toN] IPOKI KR 11 PNVEE BG,
said fi 25 L.nput and sai ndli nput¥Nnave a sane |l ogic state and
sai d ow[z%ttﬂu%’f T S’E‘% 26 6’“’%@%"3\6&; second | ogi c state when said

first inaf’)ut and second i nput have differ efPublshed | ogi ¢ states.
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(57) Abstract

. A circuit (100) utilizes a toggle flip-flop (110), 2 D flip-flop (112) and combinartorial logic (114) to generate a clock signal (158
which can be.enabled or disabled'without creating spikes or shortened pulses in the clock signal.gl'me circuit receives an input cl?ck s(ignaz
(152) and an input clock enable signal (150). The circuit (100) generates an output clock signal (158) which is an enabled/disabled version
of the input cloc!: signal (l§2). co_nu'olled by the input clock enable signal (150). The circuit (100) tlus provides the operational advantages
of enabling or disabling, with a single control signal, groups of logic circuits triggered by a common clock signal.
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