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GLITCH-FREE CLOCK ENABLE CIRCUIT 

Background pf the Invention 

Tha prasant invantion Is In the field of digital loglc circuits. 
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5 Dascriation of the Related An 

Generally, ligital logic systems operate on a synchronous basis. That is, the circuits withil the digital logic 

system are responsive to a common •cfDck" signal such that output signals generated by a first logic circuit within 

the system change at prelictable times with respect to the clock signal Thus, a second logic circuit receiving an 

output signal from the first logic circuit can gate the output signal at a particular time with respect to the clock 

10 signal In this 1111111*, it is assured that the output signal is stable, Lg .. has reached one of two binary states and 

has been at that state for a sufficient amount of time that the second logi: crc:uit wll detect the correct state. 

It may ba advantageous ta seleetively disable a number of circuits within a digital logic system far a 

specific time period. One method of accompDshing this would ~a to gate on and gate off the common clock ilput 

to a group of synchronous circuits using a control signal For example, the clocking of bits through a shift register 

15 comprising a number of interconnected bistable components could be controDed by salectively dlsablng the clock 

inputs to each of these bistable components. A gating function accomp6shed by, for axample, •AllDing• the clock 

with a •crisable" signal such that when the d"isable signal is asserted the clock signal does· not pass through to the 

gate output, howevar, may ganerate •glitches" in the· clock signal, particularly If there is any uncanainty as to the 

times at which the d"isable signal changes with respact to the clack signals. This condition can especially arisa when 

20 tha enabla signal is synchronously generated with respect to the clock to be gated. These aitches occur when the 

disable signal is asserted shonly after the rising or falling edges of tha clock, resulting in narrowed dock pulses or. 

possibly even •spikes" which can cause malfunctions In the clockad logic circuits. Thus, a need exists for a logic 

circuit that provides the b.enafits of a clock \'l!hich can be enabled and d"isabled without genarating such glitches. 

25 

Summarv of the lnventjon 

The present invention provides a clock enabfmg circuit wbic:h racelvas an input clack signal and which · 

raceives 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 dock enable signal is 

not asserted: The circuit comprises a toggla trip.flop having as Inputs the input clack enable signal and the Input 

clock signal, and having an output which changes states upon occurrence of a rising edge of tha input clock signal 

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

the input clack signal and the toggle llip·flop output. The D trip-flop has an output which changes to tha state of 

the toggle 1r..-flo~ output upon occurrence of a fallinl edge of the Input clock signal The circuit further comprises 

a combinatorial logi: circuit having as inputs the toggle and D tip.flop outputs. The combinatorial logic circuit 

gene~tas an output which is functionaDy the exclusive-DR of these flip-flop outputs and which is the enabled cJock 

35 output signal of the clock enabfmg circuit. 
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Br!af Descriltlan of the Drawinas 

FIG. 1 Dlustrates a logic diagram of an exemplary prior art clock enable dri:uit having a potential glitch on 

the clock output. 

FIG. 2 illustrates timing diagrams of signals associated with the prior art dock anable circuit showing the 

5 g&tch on the clock output signal 

RG. 3 Blustrates a logic diagram of an alternative exemplary prior art clock circuit which eliminates the 

potential glitch on the clock outpuL 

FIG. 4 illustrates timinri d"ragrams of signals assodated with the prior art clack enable circuit of FIG. 3. 

FIG. 5 IBustrates a logic diagram of a first ambad"IRlnt of the present invention which Is nsponsive to a 

10 clock enable signal and a clock Input signal to enable and disable a clock output signal 

15 

FIG. 6 illustrates timing diagrams of signals associated with the ambodiment of FIG. 5. showing tha 

relationship between the input signals and the output signal. 

FIG. 7 Dlustrates an embodiment of a toggle f&p-flop which can be incorporated into Iha embodiments of 

the present invention. 

DateDed Description of the Invention 

FIG. 1 Dlustratas a logic diagram of an extmplary prior an clack enable circuit 10 having the problem solved 

by the present invention~ As ·n1ustrated, the tircuit 10 includes a D flip-flop 12 having a clock input 14, a data input 

(D) 18 and an output (Q) 18. The clock input 14 receives a CLOCK IN signal on a signal line 20. The D input 1& 

receives a CLOCK ENABLE Input on a signal &ne 22. The D fDp·flop 12 generates an ENABLE_Q signal on the Q 

20 output 18 which is provided via a signal Bne 24 to a first Input 30 of a twa·input AND gate 32. A second input 

34 of the twa·input AND gate 32 is connamd to raceive the CLOCK IN signal on the signal rme 20. The AND gate 

32 has an output 38 whil:h provides a CLOCK OUT signal on a signal Dne 38. 

As Ulustrated by a CLOCK IN timing dlagram 40 In FIG. 2, the CLOCK IN signal comprises a plurality of 

clock pulses defined by rising edges 42 and fali"mg edges 42. ne D flip-flop 12 of FIG. 1 is responsive to the rising 

25 edges 42 to transfer the state of Iha CLOCK ENABLE signal on the 0 input 16 to the Q output 18. Thus, 11 

illustrated by a CLOCK ENABLE tining diagram 10 in FIG. ~ when tha CLOCK ENABLE signal is active. as imficated 

by a high signal level 52. the high signal level wHI be clocked into the D f&p.flop 1 Z on occurrence of one of tha 

rising edges 42 and wDI appear at the Q output 18, as iDustrated by a rising edge 54 of an ENABLE_Q timing 

diagram&&. 

30 WhRe the ENABLE_n signal is at a high level 58, the AND gate 32 wm provide clock pulses on the CLOCK 

OUT signal line 38, as iUustrated by clock pulses 10 in a timing diagram &2 in FIG. 2. When the CLOCK ENABLE 

signal switches to its inactive statl (e.g., low) as lustrated at 64 in the timing diagram &D. the ENABLE_O signal 

will become inactive an the next occurrence of one of the rising edges 42 of the CLOCK IN signal However, 

• 

• 
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because af the propagatiaa delay In tha D flp.fJap 12, the ENABLE_Q signal wil remain active high far a short 

amount of time after the CLOCK IN aignal switchu to Its high state. Tha concurrence af tha ac1ive high ENABLE_ a 
signal and tha active high CLOCK IN signal at the first anti second inputs 30, 34 af tha AND gate 32 wDI result 

in a short pulse ar •glitch• && af the CLOCK OUT signal Tlis gltch can ha detactad by ci'cuitry which ·recaives 

5 the CLOCK OUT signal aml may causa unpradictable results In the operation of an integrated ctl:llit into whlcll Ille 

clock enable circuit 10 is Incorporated. 

RB. 3 ilustrates an alternative exemplary prior art drcuit 70 which is a partial solutiaa to the problems· 

examplflld by the circuit 1 D of FIS. 1. FIG. 4 lustrates tming diagrams for the circuit Df RS. 3. Like ellllllllts 

in FIG. 3 and FIG. 4 are numbered as in FIG. 1 and FIG. 2. respactively. As illustrated in FIG. 3, the D trip-flop 12 

10 is replaced with a D flip.flap 72 having a falling edga triggered clock input 74 (as indicated by a circle at the clack 

input), a D input 7& and a Q output 78. Tha D flip-flop 72 operates in a manner simftar ta the operation af the D 

f6p.flop 12 af FIG. 1; however, the state af the CLOCK ENABLE signal on the data input 7& is transferred ta the 

0 output 78 on th~ falllng edges 44 of the CLOCK IN signal rather than on the rising edges 42. Thus, as ilustrated 

by a timing diagram 80 in FIG. 4, the ENABLE_Q output wiU switch from low·to-high (illustrated by a rising edge 

15 82) and from high·to-law !illustrated by a falling edge 84) after each fafmg edge of the CLOCK IN signal. The 

CLOCK OUT signa~ Dlustrated by a tining diagram 90, will hav' output pulses 12 which occur when the CLOCK IN 

signal is high while the ENABLE_Q output is high. Because the ENABLE_D signal switches on the falng edges 44 

of the CLOCK IN signal, the CLOCK IN signal is always low. when the switching of the ENABLE_D signal has 

mrred. Thus, there Is no possibility of the CLOCK OUT signal having glitches caused by the short cancurrance 

20 of both signals being high. 

Although the circuit 70 of FIG. 3 would appear to be a simple and straightforward solution to the clock 

enable circuit, It should be understood that current circuit design is done using circuit generation software which· 

generates integrated circuits from logic equations and state information provided by a design engineer, or the Ike. 

Such circuit generation software performs millmizatian and optimization routines in laying out ci'cuit paths within 

25 the integrated circuit 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 ganeration software may produce a circuit simDar 

to the circuit 1 D of FIG. 1 having the problem dascribad above. Thus, there remains a need for a g6tcMree clack 

enable circuit which wDI produce prad"tctable rasults regardlass of minimization and optimization routines performed 

by the circuit generation software. 

30 FIG. 5 illustrates a logic diagram of a circuit 101 in accordance with the present invention which provides 

a clock output signal which can be enabled or disabled in a grdch·free manner. The structure of the circuit 100 is 

such that when the circuit paths for an integrated circuit are generated by circuit generation software, the resulting 

circuit 108 will operate in a 11edictable manner. 

The circuit of 100 comprises a toggle fUp·flap 110, a D f6p·flop 112 and an exclusive-OR (XOR) gate 114. 

35 The two flip·flops and tha XOR gate can be advantageously implemented with standanfaed integrated circuits such 

as, for example, 74-series (such as 74, 74L, 74LS, 74S. 74F. etc.) transistor-transistor logic (TTlJ or 74C-series or 
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4000-series complaniantary metal-mide-semic:onductor CCMOS) logic tD name a few. In the prefenad implementation 

of the prasant invention, the flip-flops 110, 112 and XOR gate 114 are advantagaausly inplamanted in custom or 

aemi-t:ustam logic circuitry such as prDgranvnable array logic (PAL) or applc:atian specific integrated cfrculta (ASIC). 

As lustrated in FIG. 5, the toggle ftp.flop 110 has a toggle anable (TE) Input 120, a clack fu., trigger 

5 or toggle) Input (CLOCKA) 122 and a data Dutpllt (DA) 124.. The apara'lion of tile toggle flip-flop is wen known In 

the art. For example, when the taggla enable aignal on tha TE input 120 is high, a rising edge of the signal an the 

CLOCKA input 122 causes the DA output 124 to change states fLI,. ta taggla from 1 high state ta a low state or 

to toggle from a low state to a high state). While the TE ilput 120 Is high, nch succassiva rising edge of the 

CLOCKA input 122 toggles tha DA autput 124. Whan the TE input 120 Is low, the DA output 124 wll not change 

10 stata irrespective Df logic state changes an CLDCKA input 122. The characteristic tabla far a toggle fip flop is 

shown below wherein DA' is the logic lml of the OA DutpUt 124 prior ta a rising edge af the CLOCKA input 122 

and OA1• 1 is the logic leval Df the DA output 124 after a rising edge of the CLOCKA input 122. 

15 

20 

TE QAt QAt+1 

0 0 0 
0 1 1 
1 0 1 
l 1 0 

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 "r at the end of "CLOCKBf' signifies that this is a 

25 negative-edge triggered flip-flop, i.e., the flip-flop is responsive to a falling edge of the 

CLOCK.Bl 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 hi~ a falling edge on the CLOCKB/ 

input 132 causes the QB output 134 to be in a high state, in'espective of the previous QB 

output state. When the D in.Put 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 of an XOR g8te is also well known in the art. 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 ~es (i.e., either 

both high or both low), the output 144 is at a low logic state. 

.• 
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.5. 

The circuit 100 of FIO. S bas a CLOCK IN input signal 152 which is provided as 

the CLOCK.A input 122 of the toggle flip-~op 110 and as the CLOCKB/ input 132 of the 

D flip-flop 112. The circuit 100 also has a CLOCK ENABLE input signal 150 which is 

provided as the TE input 120 of the toggle tlip-flop 110. The QA output 124 of the 

toggle flip-flop 110 generates a QI signal 154 which is provided as the D input 130 of the 

D flip-flop 112 and as the first input 140 of the XOR gate 114. The QB output 134 of 

the D flip-flop 112 generates a Q2_ signal 156 at the second input 142 of the XOR gate 

114. The circuit 100 generates a CLOCK OUT output signal 158 at the output 144 of the. 

XOR gate 114. 

10 The operation of the circuit 100 is illustrated in FIO. 6 by a CLOCK IN timing 

diagram 200 that represents the CLOCK IN input signal 152, a CLOCK ENABLE timing 

diagram 202 that represents the CLOCK ENABLE input signal 150, a Ql timing diagram 

204 that represents the Q 1 signal 154, a Q2 timing diagram_ 206 that represents the Q2 

signal 156, and a CLOCK OUT timing· diagram 208 that rep.resents the CLOCK OUT 

15 output signal 158. 

· As illustrated by the timing diagrams 200, 204 and 206, . the CLOCK IN input 

signal 152 is a pulse train having low-to-high transitions (for example, transitions 210 and 

214) and high-to-low transitions (for example, transitions 21211Dd 216). ·The QA output 

124 of the toggle flip-flop 110 and hence the QI 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 Ql timing diagram 204). The QB output 134 of the D fliJ>-: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). 

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

(illustrated by transition 228 of timing diagram 202) on the CLOCK BNABLE input signal 

150 occurs sufficiently before a low-to-high transition 210 of the CLOCK IN input signal · 

152 such that the minimum setup 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 input 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 Ql signal 154 changes logic states 

(as illustrated by the transition 220 of the Ql timing diagram 204). As long as the 
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CLOCK ENABLE input signal 150 remains m a high state, the toggle flip-flop QA output 

124 and hence the QI signal 154 continues to change logic states on each low-to-high 

transition of the CLOCK IN -mput signal 152 (as illustrated by tcansitions 234, 236 and 

222 of the timing diagram 204). After a high-to-low transition (illustrated by a transition 

5 232 of the timing diagram 202) of the CLOCK. ENABLE input signal 150, the Qt ~ 

154 remains Rt its current logic state ("illustrated by a logic level 238 of timing diagram 

204). 

As shown m timing diagrams 200, 204 and 206, the Q2 signal 156 is a half-cycle 

delayed version of the Ql signal 154. When a high-to-low transition flllustrated by the 

10 transition 212 of timing diagram 200) occms on the CLOCK IN~ signal .152, the D 

flip-flop QB output 134 and hence the Q2 signal 156 acquires a logic state (illustrated by 

a logic level 240 of the timing diagram 206) which is equal to the current logic state 

(illustrated by a logic level 242 of timing diagram 204) of the Q 1 signal 154. 

As shown in timing diagrams 200 through 208, the CLOCK OUT output signal 158 

15 is an enabled/disabled version of the CLOCK JN input signal 152, as controlled by the 

CLOCK ENABLE input signal 150. The Ql signal 154 is XOR'd with the Q2 signal 156 

such that when the QI 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 

20 level 246 of the timing diagram 208). When the Ql signal logic state (illustrated by the 

logic level 242 of the timing diagram 204) is the same as the Q2 signaJ 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 signal 150 is in a high logic 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 illustrates 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 

30 an XOR gate 312. As illustrated, the· flip-flop 310 has a data input (D) 320, a CLOCK 

(ie., toggle or trigger) input 322, ~ a high ac1ive 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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312. A CLOCKA signal 342 is provided to the CLOCK input 322 ofthO D flip-flop 310. 

The QA signal 346 is generated from the Q output 326 of the D flip-flop 310. The Q 

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 1he flip-flop 310. 

5 While the TE input signal 340 is at a low ~ the output of the XOR gate 334 

will be at the same logic state as the Q output signal 326 on the first input 330 of the 

, XOR gate 312. Thus, the current state of the Q output 326 is constantly loaded intO the 

flip-flop 310 on each transition of the CLOCKA signal 342. On the other hand, when the 

TB input 340 is high. the XOR gate 312 operates to invert the Q output signal 326 applied · 

10 to its first input 330. Thus, the Q oU1pUt signal 326 toggles on each occurrence of the 

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 optimimtion 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 prefeI?ed 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 Qf the invention as defined in the appended 

20 claims . 
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WHAT IS CLAIMED IS: 

1 1. A ~uit which receives an input clock signal having first and second logic 

2 states and an input clock enable signal having an enable state and a disable state and 

s which generates an output clock signal responsive to said input clock enable signal, said 

4 circuit comprising: 

& a toggle flip-flop having ·an enable input connected to said input clock 

e enable signal, a first clock input connected to said input clock signal, and a first 

1 output having first and second logic states, said first output changing logic states 

a upon occmrencc of both a change from said first logic sate to said second logic 

s state at said first clock input and when said input clock enable signal has said 

10 enable state; 

11 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 

1 s 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 

1 & a combinatorial logic circuit having a plura1ity of inputs comprising said 

1& firSt output and said second output, said combinatorial logic responsive to said first 

11 output and said second output to generate said output clock signal, said output 

1 a clock signal having a ilI'St logic state when said first output and said second output 

1s have a same logic state and said output clock signal having a second logic state 

20 when said first output and said second output have a different logic states. 

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

2 exclusive-OR gate .. 

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

2 the steps of: 

s applying a first clock signal having first and second logic states to a clock 

4 input of a toggle flip-flop; 

5 

6 selectively enabling said toggle flip-flop witl!. an enable signal having an 

1 enable state and a disable state; 

a generating a toggle output signal having first and second logic states from 

9 said toggle flip-flop, said toggle output signal responsive to said first clock signal 

... 
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1 o and said enable signal, said toggle output signal changing logic states on each 

11 occurrence of a Change of said :first clock signal ftOm said first logic state to said 

12 second·logic state when said enable signal has said enable state, said toggle out;put 

13 signal maintaining a current state~ said enable signal has said disable state; 

1.4 applying said toggle output signal to a data input of a D tlip-flop; 

16 

16 

applying said first clock signal to a clock input of said D flip-flop; 

generating a D tlip-flop output signal from said D flip-tlop,, said D tliJj-tlop 

11 oulpUt signal responsive to both said first cloclc signal and said toggle output, said 

1a D flip-flop ou1pUt signal changing to the logic state of said toggle output signal 

1s when said first clock signal changes from said second logic ~ to said first logic 

20 state; and 

21 applying said. toggle output signal and said D flip-tlop 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 

2s having a second logic state when said first input and second input have different 

21 logic states. 


