1 2 AUG 2005 A Cock Switching Grcuit *166166* Background and Field of
the Invention 5 This invention relates to a clock swtching ci ﬂcZuAUszgg5
SWi tch?ng between a plurality of clock signals. A clock switching circuit
.is enployed in a wide variety of applications, for exanple, as a variable

timng reference in a processor, in phgse |ock |oop 10 s_ys;m
synchronising to different signals or in data tel ecomunic m ’ﬂW’H@m
comuni cating at different daqcmak@m&qﬁg@'trbgnal swi t chi ng CI Leul

suffer froma drawback that the switching “between clock si gnal B8uses

"glitches"” to occur at the output of the switching 15 circuit V\/Qlch are
undesirabl e since such glitches can create timng errors. There“*Mas been

proposed g ) : al |l eviate this problem an exanpl e of
which is o€ roed xrpatent—dgoeuatrent US5, 652, 536. I n thi Iﬁ@wﬂw]m’”’
glitches are mnimsed or elimnated by synchronl sing a clo

signal, which is used to indicate the switching between a currént~to a new
cl ock si gnal 20 to a falling edge of the new clock signal. It is an

obj ect 5 of Thise invendani wiates for @vcldekaswitithing neitduite farl ewitcsingt befweercia cui t
whicth is easy to inplenent.
plurality of clock signals.

A clock switching circuit is employed in a wide variety of applications, for
example, as a variable timing reference in a processor, in phase lock loop
10 systems for synchronising to different signals or in data telecommunications

when communicating at different data rates.

Conventidnal switching circuits suffer from a drawback that the switching
between clock signals causes “glitches” to occur at the output of the switching -
15 circuit which are undesirable since such glitches can create timing errors. There
has been proposed switching circuits which alleviate this problem and an
example of which is described in a patent document US5,652,536. In this prior
art, glitches are minimised or eliminated by synchronising a clock select signal,
which is used to indicate the switching between a current to a new clock signal,

20  to afalling edge of the new clock signal.

It is an object of the invention to provide an alternative clock switching circuit

which is easy to implement.



12 AUG 2005 2 Summary of the invention According to a first aspect of the
I'nvention, there is provided a clock swtching <circuit conpri s!’né AYGi 2007
switch)having a first input arranged to receive a first clock signal, a

. second input arranged to receive a second clock signal, a control input,
and a switch output, the control input 2selectively connecting the switch
output to the said first clock signal or the said second clock signal; ii)
a first fBSumrhanpofitheiimeerdiottat a i nput arranged to receive a clock sel ect
10 signal which provides an indication to switch fromthe first clock
signal to the second clock signal, a clock input, and a data output; iii)
a second flip flop having a first data i nput coupled to the data out put of

L0 AR 0 R b 045 AVALECe} 5 AR RIS

coupl ed taq. output of the first flip-flop, a second input coupled
to the da Eé@ﬁ?%ﬁbﬁﬁmgt he second flip-flop, and an output; and v) an AND

gate, 4 second)idsiHtoh diAingiBist MBUb ATEREeS o sapeNam MEst Ik SOnBLE 1 he
output of the AND gate arranged to provide the first clock signal and is
coupl ed to thesecaikinpip@rangedHe receive 4 segorid ojmcktsignalr aasténkiMputei ng
such that on detection of the indication for the sw tching
and a switch output, ’ghe control input selectively connecting the switch
output to the said first clock signal or the said second clock signal;
if) a first flip flop having a data input arranged to receive a clock select
10 signal which provides an indication to switch from the first clock signal to
the second clock signal, a clock input, and a data output;
iif) @ second flip flop having a first data input coupled to the data output of
the first flip-flop, a clock input coupled to the switch output of the switch,
and a data output,
15 iv) an XNOR logic gate having a first input coupled to the data output of
the first flip-flop, a second input coupled to the data output of the second
flip-flop, and an output; and
v) an AND logic gate having a first input coupled to the output of the
XNOR logic gate, a second input coupled to the switch output, and an
20 output; the output of the AND gate arranged to provide the first clock
signal and is coupled to the clock input of the first flip flop;
the arrangement being such that on detection of the indication for the switching

by the first flip-flop, the output of the AND gate switches from the first clock

signal to an intermediate state and subsequently to the second clock signal: the



by the first flip-flop, the output of the AND gate switches fromthe first
clock signal to an internediate state and subsequently to the secbRdAdt Qo
signal ;) the 12 AUG 2005 3 switching fromthe internediate state to the

. second cl ock signal being synchronised to a falling edge of the second

cl ock signal. An advantage of the descni bed enbodi nent of the invention is
that with the 5 switching fromthe first clock signal (current) to the
second cl ewiclingnédon{ rike) imtermgdiaye cétateni toedhé osecdrid | dloek esigRalobel

second clock signal, glitch is mnimsed or elimnated. The descri bed
enbodi menydireniad t8 af flihi YdgRbraAE 388ohdBlockMgrigir angement 10 is sinpl er
and easier to inplenent as conpared to the conventional design. Brief
Description of the Drawi ngs An enbodi ment of the invention will now be
descri bed, by way of exanple, with 15 reference to the acconpanying

drawi ngs, ,i.n ich: FEigure 1 js.,a circuit diagramof a clock sw tching
circuit aé\Eo?@‘*{]%{ﬁaQ% O[fhtge ?ﬁfé’ﬁ?po‘?mbaa@“%tg‘ﬁf? gﬁz"ﬁ’@ﬂ?'@ﬂ ds dhat withgthe agr am
of the variogus input and output signals 20 of the clock switching circuit
of Fi gur eSWitching Al Ahedirat elecksigngl fedicent)tp dhe gecond aleek signatl (ewspdi nent
Figure 1 illustrates a clock switching circuit 10 according to the

i nvent i onbeiRgcRynchronised to a falling edge of the second clock signal, glitch is

minimised or eliminated.

The described embodiment also has a further advantage that the arrangement

10 is simpler and easier to implement as compared to the conventional design.

Brief Description of the Drawings

An embodiment of the invention will now be described, by way of example, with

15 reference to the accompanying drawings, in which: -

Figure 1 is a circuit diagram of a clock switching circuit according to the
invention; and
Figure 2 depicts a timing diagram of the various input and output signals

20 of the clock switching circuit of Figure 1;



conprises two flip-flops and in this enbodinment, they are in the formo
fi ?Et D5 type fI!Op flop 20 cascaded with a second D-type flip flbg %.Eg?ﬁe
clock $witching circuit 10 further conprises a swtch such as a _

- mul tiplexer 40, an "XNOR' gate 50 and an "AND' gate 60. The multiplexer 40
conprises a first input 41, a second ipput 42 and a switch 10 output 43.
The multiplexer 40 is arranged to receive two clock signals, CLK A and CLK

B, typi caDetaileld Deddriptiontofithe edsEmBbdimtéit tWwo inputs 41,42, In this
exanple, CLK Ais of a higher frequency than K B. Each clock signal, CLK
A and CLK B, may be provided using a crystal oscillator (not shown) to
generate the required continuous clock frequency. The nultiplexer 40

further c L e - 4 j£h selectjvely connects,the

swi tch oul e 4318 %4%?%%@@@%é*mm}t&aecqmg?tq g i @EJA 42 of
' I plexer 4 nd.thus one . of the two clock frequencies, or
ok B wi 1| PR Bho Ty omaadii tfe embadimad, fevraredn tanfaim abafraiDor t ne
first flip-flop 20 is arranged to receive a clock select 20 si gnal , CLK
SEL, havi B’@eaﬂ'P 89P2Q eargadai with esiecond &-type flindiopad0.oFhe: oloskIsedtchinigi ch of
the two clock signals, CLK A and CLK B, is output by the clock swtching
circuit 1loircuitp@ artingr compiisesappwitchtsuch, asia phaitipleser 407 af “KNOROGAR chip
(not shown) may be used to generate the CLK SEL signal and the required

| ogi ¢ | evB0 andhen TANB ghtei 60.f | op 20 al so has a clock input (CLK) 22 which
is used to 12 AUG 2005 5 latch the clock select signal, CLK SEL, to a data
output 23 of the first flip-flop 20. The CLK input 22 is coupled to the
out put of the clock switching circuit 10

The multiplexer 40 comprises a first input 41, a second input 42 and a switch
10 output 43. The multiplexer 40 is arranged to receive two clock signals, CLK A
and CLK B, typically of different frequencies, via the two inputs 41,42. In this
example, CLK A is of a higher frequency than CLK B. Each clock signal, CLK A
and CLK B, may be provided using a crystal oscillator (not shown) to generate
the required continuous clock frequency. The multiplexer 40 further comprises a
15 control input 44 which selectively connects the switch output 43 either to the
first input 41 or to the second input 42 of the multiplexer 40, and thus one of the

two clock frequencies, CLK A or CLK B will be output by the switch output 43.

A first data input 21 of the first flip-flop 20 is arranged to receive a clock select
20  signal, CLK SEL, having a logic level which serves as an indication to select
which of the two clock signals, CLK A and CLK B, is output by the clock
switching circuit 10. Depending on the application, a processor or a controller
chip (not shown) may be used to generate the CLK SEL signal and the required

logic level. The first flip-flop 20 also has a clock input (CLK) 22 which is used to



provided. by an output 63 of the AND gate 60. 5 The first flip-flop 20
further conprises a data output 23 which is coupled to a first datsc gosit
31 of jhe second flip-flop 30, a first input 51 of the XNOR gate 50 and

. the control input 44 of the nultiplexer 40. The second flip-flop 30 further
conprises a clock input (CLK) 32 and asdata 10 output 33. The CLK input 32
Is coupled to the switch output 43 of the nultiplexer 40 so that the clock

signal , ClachAtios cldck sledtssiginald QLK BELS o aheatal disthut ?eftlsf_tthélﬁr@if ﬂigtffofﬁ econd
(0]

flip-flop 30 to its output 33, in accordance with a falling edg t he

sel ected 9hOThe TIK Mput@XKis cAipl&dfo %’l? ?oglfél{locgghézcg&ggg\gﬁ%hiﬁgt&cmel0C| ock

I nputs 22,32 of the first and second f gatlve-edge

tri.ggeredgroymsﬁg%%awwtsggf%%ﬂ@ Efae{%%%d flip-flop 30 i s subsequently

coupl ed t I nput gate 50. The output 53 of the
XNOR gate 50 is 20 logically "ANDed" with the switch output 43 of the

mul tiplexer 40 by the AND gate 60 to produce the output 63, CLK OUT, of
the clock_switching circuit 10. Preferably, each flip-flop 20,30 further
conpr i 5es The (fistellipriigpue0 Jurthar compgses g dals outpuh@3 WaBHTISNGUpI&dtd iave”
(logic "low' in this case), the CLK 12 AUG 2005 6 OUT signal 63 would be
def aul t edfitsbdata ipput 3hef tie séeondilipeiapc80,sa firstlirmut B1kofAhe XNORKgdle 5The
operation of the clock switching circuit 10 will now be described by 5

ref er enceand ttie gorteol2npui 4 6f theel rERIpRI@F 4Di M ng wavefornms of the signals

The second flip-flop 30 further comprises a clock input (CLK) 32 and a data
10 output 33. The CLK input 32 is coupled to the switch output 43 of the
multiplexer 40 so that the clock signal, CLK A or CLK B, is used to latch the first
input 31 of the second flip-flop 30 to its output 33, in accordance with a falling

edge of the selected clock signal, CLK A or CLK B.

15 In this example, both the clock inputs 22,32 of the first and second flip-flops

20,30 are negative-edge triggered.

The data output 33 of the second flip-flop 30 is subsequently coupled to a
second input 52 of the XNOR gate 50. The output 53 of the XNOR gate 50 is
20 logically “ANDed” with the switch output 43 of the multiplexer 40 by the AND

gate 60 to produce the output 63, CLK OUT, of the clock switching circuit 10.

Preferably, each flip-flop 20,30 further comprises a reset input 24,34,

RESET_N, which when RESET_N is “active” (logic “low” in this case), the CLK



RESET N, . CLK SEL, CLK A, CLK B and CLK OQUT. Assum ng at state 0, the RESET
-N S|gnal 24,34 of the flip-flops 20,30 is pulled lowto "resefl" AHE Bock
switchilng circuit 10. During this period, the status of the io clock select
-signal, CLK SEL, has no effect on the first flip-flop 20. Wth the RESET
-N at "low', the outputs 23,33 of the f6lip-flops 20, 30 would be a "l ow' and
thus the output 53 of the XNOR.gate 50 woul d be "high". Correspondingly,

t he secon®UTignabe3 afould ®eANPadasRttEutpEt Bné BF BHE tv@dtélot:h%%grtd?@ @Mfzwt 63
of the AND gate 60 woul d be dependent on its first input which is

coupled toroth&k B15 switch output 43 of the nultiplexer 40. In this

enbodi nent, with the control input 44 of the nmultiplexer 40 a "l ow',
corresponding to the output 23 of the first flip-flop 20, the swi tch out put
43 of the rrultipl exer 40 is defaulted to output the first clock signal CLK
A. 20 The 3 of e AND gate 60 is co led to the CLK input 22 of
the first gpet% I8P 96 tg?ndépg( g:hﬂ@ |HCER 1R ewilli new bsx desagieed 1y to the
dat a output 23 of the first flip-flop 20. Simlarly, the switch output 43
of t heS nul€fefNSRe to 4biguse ud.e avhieh f||U$fb%fBS timingCl wavefoums 3af dhet Bignatscond
flip-flop 30 so that the first data input 31 12 AUG 2005 7 is |atched out
of the seB&EHETINCEKGEIZCLK Aa€id¢ BaneCKIQUE. f al | i ng edge of the CLK

i nput 32. At state 1, RESET -Nis set to "high" and thus the outputs 23,33
of the flip-flops 5 20,30 would now be dependent on their respective first
~data inputs 21,31. In this

Assuming at state 0, the RESET_N signal 24,34 of the flip-flops 20,30 is pulled
low to “reset” the clock switching circuit 10. During this period, the status of the
10 clock select signal, CLK SEL, has no effect on the first flip-flop 20. With the
RESET_N at “low”, the outputs 23,33 of the flip-flops 20,30 would be a “low”
and thus the output 53 of the XNOR gate 50 would be “high”. Correspondingly,
the second input 62 of the AND gate 60 is a “high” and thus the output 63 of the
AND gate 60 would be dependent on its first input 61, which is coupled to the

15 switch output 43 of the multiplexer 40.

In this embodiment, with the control input 44 of the multiplexer 40 a “low”,
corresponding to the output 23 of the first flip-flop 20, the switch output 43 of the
multiplexer 40 is defaulted to output the first clock signal CLK A.

20
The output 63 of the AND gate 60 is coupled to the CLK input 22 of the first flip-
flop 20 ahd is used to latch the first data input 21 to the data output 23 of the
first flip-flop 20. Similarly, the switch output 43 of the multiplexer 40 is used to

“clock” the CLK input 32 of the second flip-flop 30 so that the first data input 31



case, at.state 1, the clock select signal CLK SEL is set to "I oW amG %Dgh
each "high-low' transition of the CLK i nput 22 (being negative- e&ge
tri-ggeyed), the state of the CLK SEL signal is latched to the data out put

- 23 of the first flip-flop 20. 10 Correspondingly, the control input 44 of
the nultiplexer 40 is "low' and thus the nultiplexer's output 43 is
switched to output CLK A as before. The output 53 of the XNOR gate 50,

whi ch depinldéched outeofcthe econd FiBAop T30t ineadcorddridePnith PRllingOe @t ¥PIHed Stil |
be a "high". Thus, the CLK QUT signal 63 of the clock 15 swttching circuit

10 woul d &K ihphe3spenerating the clock signal CLK A. The cl ock sw tching
circuit 10 conPi nues outputting CLK A until the CLK SEL signal changes
state, which is an indication to switch clock signals fromCLK A to CLK B,
for exanple during state 2 in Figure 2. 20 During this state, the CLK SEL

signal is Led hugh by, for exanpl e processor._ The output 63 of the
cl ock swi fo‘gﬁhﬁ%qc%—@& 88&;0 ﬁ’t@ah c?ﬂgng'@s tE‘ﬁrﬁéﬂP%ﬁ@%ﬁ@l@éth%ﬂmﬁ@Rﬁesi gn
of the circuit 10 to mnimse or elimnate glitch. 12 AUG 2005 8 The

swi t chi ng28830;weuldinovsbe depgrdent en theinrespgttitesfirstidata inpetsri2zk 817 lalthisng edge
of the CLK input 22 of the first flip-flop 20. Wen this happens, as shown

by the acasgy 3t stateel,dhe &tk selpoabignal CUKeSELtis et td Slowieamiivititeadh of the
first flip-flop 20 and used to control the multiplexer 40, the second

| flip-floptighdowt traastidlidf the CLK input 22 (being negative-edge triggered), the

state of the CLK SEL signal is latched to the data output 23 of the first flip-flop

20.

10
Correspondingly, the control input 44 of the multiplexer 40 is “low” and thus the
multiplexer's output 43 is switched to output CLK A as before. The output 53 of
the XNOR gate 50, which depends on the outputs 23,33 of the two flip-flops
20,30 would still be a “high”. Thus, the CLK OUT signal 63 of the clock

15 switching circuit 10 would still be generating the clock signal CLK A.

The clock switching circuit 10 continues outputting CLK A until the CLK SEL
signal changes state, which is an indication to switch clock signals from CLK A
to CLK B, for example during state 2 in Figure 2.

20
During this state, the CLK SEL signal is pulled “high” by, for example a
processor. The output 63 of the clock switéhing circuit 10 does not change

immediately due to the design of the circuit 10 to minimise or eliminate glitch.



5 gate 50. Wth the control input 44 a "high", the switch output 43 of the
rr‘ulgti pl exer 40 outputs CLK B to the first input 61 of the AND @at AU 0%Nnd
to the)CLK input 32 of the second flip-flop 30. Wth this change, on the
- next falling edge of CLK B, a io "high" state of the CLK SEL signal would
be latched to the second flip-flop's data output 33. Therefore, the start
of the CLK SEL signal at the data output 33 of the second flip-flop 30

woul d be Fhecwitohirgpdf the SLKSEL rigreside oply rdifisteked Bt thd 8R! fallibigedgait put
by the switch output 43. This is shown using an arrow Y in Figure 2. 15 It

shoul d al sptHeeCRRAAPENE2 bt st fiipotby QG.OWﬂefcr;Bﬁ%Oﬁé;ﬁf(f%  3s3nACarthd et veen

S
when the data output 23 of the first flip- when L.he d .atouzﬁut
33.0f th nghef Bi R- ; t “highl, . si t his, point, e
firet f1anPios B CLR SELRigfol ot B 3tcfied T RUZF]}LB%% %rfirﬁgﬁph@ogegong
flip-flo i nchroni sed tq the B signagl. During this period o
| at gncy, p?ﬁce’anfjlslllsget% ﬁ%%%ﬂﬂtmg € BF"W@%WMQ%@%%C% ﬂ@-fépp AP @d thetXNER second
input 52 is still a "low'. Therefore, the output 53 of the XNOR gate 50
woul d be g2at§ %‘#v which means that the output 63 of the AND gate 60 is al so
a "low', as illustrated using arrow Zin Figure 2. This "low' state is an
intermediate state of the clock switching 12 AUG 2005 9 circuit 10 before
the output 63 of the AND gate 60 switches to the new clock signal CLK B.
The preseWth tife tontsoli inpat A4da 2highS! e sRtEMANAS GS4Dof RAE ROkDlexer 40

outputs CLK B to the first input 61 of the AND gate 60 and to the CLK input 32
of the second flip-flop 30. With this change, on the next falling edge of CLK B, a

10 “high” state of the CLK SEL signal would be latched to the second flip-flop's
data output 33. Therefore, the start of the CLK SEL signal at the data output 33
of the second flip-flop 30 would be synchronised to a falling edge of the CLK B
signal being output by the switch output 43. This is shown ﬁsing an arrow Y in
Figure 2.

15
It should also be apparent to a skilled reader that there is a latency between
when the data output 23 of t.he first flip-flop 20 and when the data output 33 of
the second flip-flop 30 outputs a “high”, since at this point, the first flip-flop 20 is
synchronised to the CLK A signal whereas the second flip-flop 30 is

20 synchronised to the CLK B signal. During this period of latency, the first input 51
of the XNOR gate 50 is a “high” but the second input 52 is still a “low”.
Therefore, the output 53 of the XNOR gate 50 would be a “low” which means
that the output 63 of the AND gate 60 is also a “low”, as illustrated using arrow

Z in Figure 2. This “low” state is an intermediate state of the clock switching



glitches fromoccurring when the output 63 of the AND gate 60 switches to
tthe new clock signal CLK B. 5 Wen the "high" state of the inptit2 384G @05t he
second)flip-flop 30 is eventually latched to its data output 33, the

out put 53 of the XNOR gate 50 changes state to a "high" and the output 63
of the AND gate 60 switches fromthe igternediate state to CLK B such that
the switching is synchronised to a falling edge of the 10 new cl ock

si gnal , Chifclt 1%0*&&%%@633699@ Awg?ﬁagﬁ ﬁv@t&hgg"{’é’th@tneﬁk%%@ of

Figure 2, the data out put of the first changes state only

' L ] L at arrow U A simlar
o, SErELH SR ORGP YIS MGG SRR Ol
\ Wt chi ' it..10. to ange but since IS
of o hi gndehbEdah 85 uRlly R e bl Becht e ANB R &l swieieaiinec k SeL
signal switches from?" o&/' to "high". The transition fromthe internedi ate
state to Pﬁﬂ&%ﬁgwﬁh B synchronised to a falling edge of the new
clock signal, CLK A, as shown by an arrow Win Figure 2. 20 In any case,

the wotst case |atency would be one clock cycle of the cl ock signal at the
CLK input 32 of the second flip-flop 30. In this case, this neans that the

wor se cas¥éhent e thighUsthtbeofathe inpat81fcthe sdcdndeflipemepndodsaslentiglldl . CLK
B or the first clock signal, CLK A as the case may be. Wth this
ar r angenepichdd'® A daldodBlP330the output 53 of the XNOR gate 50 changes state

to a “high” and the output 63 of the AND gate 60 switches from the intermediate

state to CLK B such that the switching is synchronised to a falling edge of the

10 new clock signal, CLK B.

When the CLK_SEL signal goes back to “low”, at state 3 of Figure 2, the data
output 23 of the first flip-flop 20 changes state only at the next “high-low”
transition as illustrated by arrow U. A similar latency, as represented by the
15 intermediate state, is observed for the output 63 of the clock switching circuit 10
to change but since CLK A is of a higher frequency than CLK B, the latency is
shorter than when CLK SEL signal switches from “low” to “high”. The transition
from the intermediate state to the CLK A would be synchronised to a falling
edge of the new clock signal, CLK A, as shown by an arrow W in Figure 2.
20 |
In any case, the worst case latency would be one clock cycle of the clock signal
at the CLK input 32 of the second flip-flop 30. In this case, this means that the
worse case latency would be one clock cycle of the second clock signal, CLK B

or the first clock signal, CLK A, as the case may be. With this arrangement, the



clock switching circuit 10 can switch between two cl ock signals m nimsing
or wthout generating any glitch. In addition, this is achievad WsGrmpgsa
sinplen circuit design. 5 The enbodi nent described is not to be construed
+as limtative. For exanple, although the described enbodi nent uses a "Il ow
at CLK SEL to select CLK A and a "highy to select CLK B, the reverse can
be used. In addition, other suitable types of flip-flops nmay be used in

| f i lcirguit | i vt s el
pl ace of thekBwiyghing lciruit [1@P&an JsztHﬁVbétG/eéﬁWdeJbl’olﬁlg%?gf’ffél’ls Eﬁﬁh@%ggt o ¢

invention, it will be apparent to one of ordinary

many chan i . A it hout . departing from
t he scopeggb;!;'ota E e'?%\%gﬁ?i%gﬁ{ @g&dlqgi%ne !oﬁgﬂitﬂ%géﬁggeqysbga ﬁgﬁﬁlgr ﬁ'“&‘l“gck
sSwi-t chi ngd%is‘irﬁuit conprising i) a switch having a first input arranged to
receive a Frst clock si gnal, a 5 second input arranged to receive a
second clock signal, a control input, and a switch output, the control

i nput selectively connecting the swtch output to the said first clock
signal or_the said second clock signal; ii) a first flip flop having a data
i nput &r r IRgeRMbedimardidascabet ds knat ¢bdir copstyued ashimitativeo\Fotesxamiple,
indication to swtch fromthe first clock signal to 10 the second cl ock
signal, aalthaegh theodescribeti emiatimentt Bss ai‘iow” &t GERSEL fthigeiddt qpavi ng a

first data input coupled to the data output of the first flip-flop, a

clock i npdhd @ URight thosdl8gt B B AN RVErse?B8n bd!¥sBd. In addition, other

suitable types of flip-flops may be used in place of the D-type flip-flops.

10  Having now fully described the invention, it will be apparent to one of ordinary
skill in the art that many changes and modifications can be made thereto

without departing from the scope of the invention as claimed.



output, iv) an XNOR |l ogic gate having a first input coupled to the data

out But of )15 the first flip-flop, a second input coupled to thel @a@‘éﬁ 2005
out-:put Jof the second flip-flop, and an output; and v) an AND | ogic gate

- having a first input coupled to the output of the XNOR |logic gate, a
second input coupled to the switch output, and an output; the output of
the AND gate arranged to provide the first clock 20 signal and is coupled
to the clock input of the first flipciaips the arrangenent being such that
on detection of the.said indication by the first flip-flop, the output of
the AND gate switches fromthe first clock signal to an internediate state

and subsequent lyclbek SWRCISAG &FEufk bBfpristiggnal . the switching fromthe
intermedi ate state to the gecond cﬁ,(?ck si gnal being synchronised to a

falling edge of) 4 RGiRAIRVhS hfFst HpeP&ranged to receive a first clock signal, a

5 second input arranged to receive a second clock signal, a control input,
and a switch oufput, the control input selectively connecting the switch
output to the said first clock signal or the said second clock signal;
if) a first flip flop having a data input arranged to receive a clock select
signal which provides an indication to switch from the first clock signal to

10 the second clock signal, a clock input, and a data output;
iii) a second flip flop having a first data input coupled to the data output of
the first flip-flop, a clock input coupled to the switch output, and a data
output,
iv) an XNOR logic gate having a first input coupled to the data output of
15 the first flip-flop, a second input coupled to the data output of the second
flip-flop, and an output; and
v) an AND logic gate. having a first input coupled to the output of the
XNOR logic gate, a second input coupled to the switch output, and an
output; the output of the AND gate arranged to provide the first clock
20 signal and is coupled to the clock input of the first flip flop;
the arrangement being such that on detection of the said indication by
the first flip-flop, the output of the AND gate switches from the first clock
signal to an intermediate state and subsequently to the second clock
signal; the switching from the intermediate state to the second clock

25 signal being synchronised to a falling edge of the second clock signal.



