A FREQUENCY DI VIDER Field The invention relates to a frequency divider.
Background to the Invention Many signal processing systens require nmultiple
cl ocks t OVER2BL4888f or exanpl e, high and | ow frequency ECHMYWI8/G1Hy0i d
having nmultiple clocks, frequency dividers are used to divide high
frequency clock signals to lower frequency tlock signals. There is a need
for an alternative frequency divider. Summary of the Invention In a first
aspect, there is provided a freAEREQUENCGYEDIVIDERr i si ng: a cl ock input
adapted to receive a clock signal; a reset Input adapted to receive a reset
signal; a division circuit adapted to .divide the clock signal by a factor
to produce anF@d put signal; an output adapted to output the output signal,
a clock disable circuit connected to the reset input and the clock input,
the clock disable circuit being controlled by the reset signal to disable
the cl ock si ghke inwenting relalessioonfrequene divided a setting circuit connected
to the reset input and the output, the setting circuit being controlled by
the reset sigpal, to sgt he output signal to a designated state. In an
embodi ment, tgégﬂﬂgéﬂ—ﬂﬂéﬁltﬂgﬂéahpted to receive a reset signal and an
inverted reset signal; the clock disable circuit is controlled by the reset
signal togeth it I rt | . i t ck signa
to the divisi @{?ny:s:]@?ﬁtlE?o%%y}ghsgggégﬁ??%%lﬁtelg&@hﬂp{lglc@cggm § r&cgg%(‘fbﬁ t he reset
si gnal t oget hexampleh higheandhloer freguenayetigralgnbe aveiddwtvingheubipiepatocks,gnal to
a designated fhahénc dyvereaRANRBLIvIEEhigH bty tibgtbignbf BYREET O

produce an out put si‘gn ) ) . o
frequency clock signals. There is a need for an alternative frequency divider.

Summary of the Invention

15
In a first aspect, there is provided a frequency divider, comprising:

a clock input adapted to receive a clock signal;

a reset input adapted to receive a reset signal;

a division circuit adapted to divide the clock signal by a factor to

20 produce an output signal,

an output adapted to output the output signal,

a clock disable circuit connected to the reset input and the clock input,
the clock disable circuit being controlled by the reset signal to disable the
clock signal to the division circuit; and

25 a setting circuit connected to the reset input and the output, the setting
circuit being controlled by the reset signal to set the output signal to a
designated state.

In an embodiment, the reset input is adapted to receive a reset signal and an
30 inverted reset signal, _ |
the clock disable circuit is controlled by the reset signal together with
the inverted reset signal to disable the clock signal to the division circuit; and
the setting circuit is controlled by the reset signal together with the
inverted reset signal to set the output signal to a designated state.
35 . '
In an embodiment, the division circuit is adapted to produce an output signal
and an inverted output signal,



and an inverted output signal;- p _ the output is adapted to output the

out put signal and the inverted output signal; and the setting circuit is
control | YOI (ed888eset signal together with the invert 8ITAEEP8/M0FHal to
set the output signal to a designated state and the inverted output signal
to a another designated state. In an enbodlifrent, the clock input is adapted
to receive a clock signal and an inverted clock signal; the division

circuit is adaptedheoutpgs\aeaptt 1l atputshgratpusigridiandrike invegtedut put
signal ; and thet c] ock ﬂi s?bl e circuit Is adapted to disable the clock
signal and t hRYPHYRPIBY ¥ Pock signal. In an enbodiment, the setting circuit
conprises a first theaesiing oircuitiagoatioled by the raset bignahtogetteat withsibe si gnall
to set the in : ' r G t | to
receive the r!égéﬁggir%%ﬁnoagggéﬁwg%g plgﬁg_t Sl é""ﬁ%ﬁe{gwa;%&éthﬁggﬁﬁe%, t he
second tr @nsi igvered sUbtsianaia aapotherdesionated stateinsi stor. 1n an

enbodi nent, the first transistor is a Nchannel Metal Oxide Sem conduct or
Field Effect Transistat and. t he second,transistor . is a P-channel
Veral O do. ST EHBERIBENEIE HOR oLt isredarled i et Bp 1ok arl RO rent
t he divi si on iaverded tldckrsidveat; conprises a first latch circuit adapted to

receive the cl ock LARaLi AR LML Rlbdild il HoBUaREERAGECel ve the

i nverted cl ock signal, : rst circui €l hg cOmrnec o the
second | atoch ipverded output gign@dtand sl ave configuration. In an enbodi nent, the

clock disable cirgyblolsKBEhBBTIRUR i SdatbetK dRBRIGRIGoG SigHhE arlPthe
di sengagi ng the cl ock si ?nal fromthe
inverted clock signal.

In an embodiment, the setting circuit comprises
15 a first transistor adapted to receive the inverted reset signal to set the
inverted output signal; and
a second transistor adapted to receive the reset signal to set the
output signal.

20  In an embodiment, the second transistor is complementary to the first
transistor.

In an embodiment, the first transistor is a N-channel Metal Oxide
Semiconductor Field Effect Transistor (NMOS) and the second transistor is a
25 P-channel Metal Oxide Semiconductor Field Effect Transistor (PMOS).

In an embodiment, the division circuit further comprises a first latch circuit

adapted to receive the clock signal and a second latch circuit adapted to

receive the inverted clock signal, the first latch circuit being connected to the
30  second latch circuit in a master/slave configuration.

In an embodiment, the clock disable circuit comprises
a first clock disengage circuit for disengaging the clock signal from the
first latch circuit; and :
35 - a first discharge circuit for discharging residual charges from the first
latch circuit. |



first latch circuit; and a first discharge circuit for discharging residual
charges fromthe first latch circuit.In an enbodi nent, the clock disable
circuit fYP2AWY06ESRpri ses a second cl ock di sengage ci r cBCEI/MBI00P¥EHgagi ng
the inverted clock signal fromthe second latch circuit; and a second

di scharge circuit for discharging residuad tharges fron1the second | atch
circuit. In an enbodi nent, the first clock disengage circuit conprises a

tgl rd fjraHSI StrP4n édﬁ)ﬁﬁﬁﬂeﬁptﬁé%@lﬁcwelsbbié élﬁﬁﬂtfuﬁhgﬂ@dm ?séﬁpurth t ransi st or
a apte to receive the reset s { 1 tor

o ber et ot he ! tabRRondork Bieoast o B éhusdind te ol SR LBES pei ng
driven by thes@halrf«brarttiefseummdﬂatmfaommtcand t o di sengage the cl ock signal

fromthe first | atghechidtisbhals? ARRTOERIbin ASIREEOktgEL fy feeongage

circuit conprises SI X adapte recelrve t reset signal; a
sevent h tﬁans$Qﬁde'aE@pﬂ@@ﬁto receive the inverted reset signal; and an
ei ghth transistor connected to the sixth and seventh transistor, the eighth

transi stor bejng driven he_sjxth and seventh transistors to di sengage
the inverted & FLRMEOC H‘&?th ﬁlﬁﬁ"tshgoglégbﬁ?ﬁgﬁg?eﬁc'é& FRMPIISe: 0 an embodi ment
the fourth transi sa third tsamsistpr adaptedrty réceivd ¢hd fesetisigndl;fi fth transi stors.

ot conductor 1 or HEEA R Ao ol e UL AR MR e e
Pchannel ivetal Oxialiftisénansistaticonoecteddbdh&thistand fourth tsansistorMUs) fifttand t he
fifth transi ﬁk& |ét% Bem' C&}%rr\giy M%ttﬁird %H%Ul%’? Waﬁ@@f&ﬁ@&s’éhﬁé&e Fd ect

Tr ansi st or e seventh transistor
conpl enent ar yCl%k F'Eéabf@"tnﬁhﬁrﬁﬂaéﬁ@ﬁtwcﬂFans| stors.

In an embodiment, the second clock disengage circuit comprises
15 a sixth transistor adapted to receive the reset signal;
a seventh transistor adapted to receive the inverted reset signal; and
an eighth transistor connected to the sixth and seventh transistor, the
eighth transistor being driven by the sixth and seventh transistors to
disengage the inverted clock signal from the second latch circuit.
20
In an embodiment, the fourth transistor is complementary to the third and fifth
transistors.

In an embodiment, the third transistor is a N-channel Metal Oxide

25 Semiconductor Field Effect Transistor (NMOS), the fourth transistor is a P-
channel Metal Oxide Semiconductor Field Effect Transistor (PMOS), and the
fifth transistor is a N-channel Metal Oxide Semiconductor Field Effect
Transistor (NMOS).

30 In an embodiment, the seventh transistor is complementary to the sixth and
eighth transistors.

In an embodiment, the sixth transistor is a N-channel Metal Oxide
Semiconductor Field Effect Transistor (NMOS), the seventh transistor is a P-

35  channel Metal Oxide Semiconductor Field Effect Transistor (PMOS), and the
eighth transistor is a N-channel Metal Oxide Semiconductor Field Effect
Transistor (NMOS).



In an enbodi nent, the sixth transistor is a N-channel Metal Oxide

Sem conductor Field Effect Transistor (NMOS), the seventh transistor is a
Pchannel WEt2810/094888e Seni conductor Field Effect Transi sPEI/MENPEI001HNd t he
eighth transistor is a N-channel Metal Oxide Sem conductor Field Effect
Transistor (NMOS).In an enbodi ment, the f4rst discharge circuit conprises a
ninth transistor controlled by the reset signal for discharging residual
charges from fnhgn Eibeidirhents H’\eﬁﬁn’stﬁdist:haﬂg@ clicut rdoavpirivesta nhhﬁtramﬁbd

di scharge circui t ses t.h i.stor ¢ verted
reset -signal Yt rodlicegrﬁ)yaﬁh |rﬁ§e E%J%ré'éﬂ?ﬁs frePBﬁﬂaﬁ ﬁ@é@ggéﬁ%" ﬁp
circuit. |n adatdntodiitrent, the ninth tranS| stor is a N-channel I\/bt al Oxide
Seni conduct or Field Effect Transistor (NM3S). In an enbodi nent, the tenth

transistor is a P-channel Metal Oxide Sem conductor Field Eff ect Tr ansi st or
(PMOS) . | 5 aningtbeaibedinent the secoad disgharge siradihpemprises apdenthdransistor

di fferenti al ¢dfﬁt5lle8'tﬁﬁl%bﬁnvé1ﬂ€& fdaet Sighalfor RcRERME fediualwhBes from

differenti al al e scription of the Draw ngs Enbodi nents,
i ncor por at i ngtﬁﬁg‘ﬁ r{%t,cb UFthe aspects of the invention, will now be

descri bed by way of exarrpl e wth reference to the accorrpanyi ng drawi ngs in

hi ch: F1 9T ol SrboBIn g InechA! RRALIGP ! & ROURIN fjathfiglagaceor ding to an

enbodi nent of the’l nven i"on; Circuit diagram of
the freguencySemidaneluctsr FﬂElgLEf@C!LTfaﬂsllSlgltWQﬁj a division circuit and a
clock disable circuit; Fi gure 3 i s a part| al circuit diagramof the clock

di sable circuit of Figures lustrating a rst_clock di sengage
circuit and dnfanembg gﬁ?@rﬁ'@t@ﬂpﬂﬁ?’ﬁs'smfbﬁﬁg @Q@e&k@?'@é‘pem rcuit

di agram of t hgemicovidudior #idld Bffect Tidnsito(RMOSY. 1 and 2, illustrating a
second cl ock 'di sengage circuit and a second di scharge

15 In an embodiment, the reset input is adapted to receive differential input
signals; and the output is adapted to output differential signals.

Brief Description of the Drawings

20 Embodiments, incorporating one or more of the aspects of the invention, will
now be described by way of example with reference to the accompanying
drawings in which:

Figure 1 is a circuit diagram of a frequency divider according to an
25 embodiment of the invention;

Figure 2 is a more detailed circuit diagram of the frequency divider of Figure
1, illustrating a division circuit and a clock disable circuit;

30 Figure 3 is a partial circuit diagram of the clock disable circuit of Figures 1
and 2, illustrating a first clock disengage circuit and a first discharge circuit;

Figure 4 is a partial circuit diagram of the clock disable circuit of Figures 1
and 2, illustrating a second clock disengage circuit and a second discharge

35  circuit;

Figure 5 is a circuit diagram of the latch circuit of Figure 1;



circuit; Figure 5is a circuit diagramof the latch circuit of Figure 1,
Figure 6 is a circuit diagramof the latch circuit according to an

al t er nat iY@ 286dfi8kent of the invention; and Figure 7 i 8CA/MYNEHYOLE vi ew
of an alternative enbodi ment of the invention. Description of Exenplary
Enbodi nents Referring to Figure 1, there Ps~shown a frequency divider 900
conprising a reset input adapted to receive a reset signal RST and an

i nverted resetigr@Bab aRbuitdisdraek of theuhtchdielR AcEOrditS &) M aRe®lagvk si gnal
CLK.and an inverted cloc . ', and an out put adapted to output an

I signal. CLK ,
out put si gnal em??ﬁlme'airf&fﬁaﬁ "?‘fﬁf@'f’f‘eﬁn%ut put signal OUTPUT'. Persons skilled
in the art wll appreciate that the inverted signals RST', CLKl, OUTPUT

be Lati vel . : , o
components. aer [t 7df asidelmle et i ot FhSodinedt BE b RRE
frequency i vi der enbodi nent, the reset and clock inputs are adapted to

receive only Dggcﬁﬁﬁﬂoﬁ%}ﬁblaﬁﬂﬁn{mﬁirﬁé%k signal, and the output is
adapted to ou on € output stgnal. In Figure 1, the illustrated
frequency divider 900 is a differential circuit; that is, the reset input

i s adapt ed t oRefstBhY o Bidureriettidralis showh asremainey anddéne0®ubmptising sadapt ed

t tput diff t | t ignals. It . : [ d_t hat
frequency di visrer Myt apeiePidb BrPUE rasshe hBalRRE At BeBeGreidr ent o
circuit. The $igegiR8dYy aklockimput adapied tosepeive easclockosighaldCiLiKan@8@n 40

ted t ai s | | ' ; ted
Lo receive a %qﬁ*i%ﬁ%%ﬁkgsaéﬁﬁméﬁ”#%@&@& AT odiBat 4 oLl sighiafl 1
adapt ed to ouPblit léT@ndlﬁrpluvege@@atptéﬁwralmQLhWTQ’ed Q output signal. In

addition, the first circuit 30. is adapted to receive the clock signal CLK
o e et e Rl T (5 B TR R SE e Sl Sk RIS
15 OUTPUT can be generated relatively simply using inverters or other suitable
components as part of the frequency divider. Thus, in an alternative
frequency divider embodiment, the reset and clock inputs are adapted to
receive only the reset signal and the clock signal, and the output is adapted
to output only the output signal.
20 ,
In Figure 1, the illustrated frequency divider 900 is a differential circuit; that
is, the reset input is adapted to receive differential input signals and the
. output is adapted to output differential output signals. It is however
envisaged that a frequency divider in an alternative embodiment may not be
25  a differential circuit.

The frequency divider further comprises two circuits 30, 40 connected to

each other. Each circuit 30 or 40 comprises an input adapted to receive a D

input signal and an inverted D input signal, and an output adapted to output
30 a Q output signal and an inverted Q output signal.

In addition, the first circuit 30 is adapted to receive the clock signal CLK and
the reset signals RST, RST’, and the second circuit 40 is adapted to receive
the inverted clock signal CLK’ and the reset signals RST, RST".

35
The two circuits 30 and 40 are arranged in a master/slave configuration
whereby the Q output signals of the first circuit 30 are received as the D input



The two circuits 30 and 40 are arranged in a master/slave configuration
whereby the Q output signals of the first circuit 30 are received as the D
i nput si gr¥P20YWF064§8 second circuit 40, and the Q out put PSITHRBI0E8/H01T4he
second circuit 40 are fedback as the D input signals to the first circuit
30. Accordingly, herein the first circurté30 is sonetinmes referred to as
the master circuit and the second circuit 40 is sonetines referred to as

the S: ave tC'h I §ighkbls éﬂ}héfébéoméwd 50,2348 m@rtblowlﬁtsnmls vhge ddten@ out put
signal o e

rast n o H GH st at
the Q out put §'|r‘§LHfa‘?68 {eﬁ’g"@\(%éh%ﬂ]‘r'@BPFS'ﬂﬁa%tPItﬁ%grﬁtr?'rf"i‘ln'gl"‘ﬁorrpl erre?\t aste?atte
(for exanple, LOWstate). The first and second circuits 30 and 40 toget her
for di vi f
divi's; on of rcareorlridhy nseRale fstEhefl 30 s Softeidaerel i o uBmbdrci oci
signal CLi tOlrcpnbalmd:thetmodld\nn@ed 49 igisemetimesrefenredito 8$ threaslagtiredit. and
the inverted Lé‘l’éve%ﬁ?ﬁgrano-ﬁh@vﬂe‘ﬁ'tﬁe@ oh%t%lg@%\‘o%@@ﬁéﬁep' reuit

is to act as gate SWItC Ivision clrcult reseﬂt S|gnal

RST and the i Gt 3Q/is igne statender exampleaRiGHsiae) tha& eptpuk signghal ther K and

the inverted ghoglkirsLigaelwiPbK'in tife Eb@pinveti stdteqfdr@xaimplénL@Adstateyn to the
two circuits 30, 40, the frequency divider further conprises a setting

circuit conprising two transistors 10, 20. The first transistor 10 is
adapt ed tm r ethe fiesttane éemedtoﬁduitsa%tansli@wgem'f fomma divisiopesrenid andansi st or

20 is adapt Edclbﬁk rd?s%%'lé’ arél.hteﬁmg%fe @'t&%@hwﬁﬁﬁ CHH}? |sst%t;§rbggs§fh%cél'6ék 'S

configured to a [eset reset signal RST

to set the ousignal lLKrand t@wmnqd)claclﬁélgngha%dt%m@décgﬁuoﬁa/l%%d sigRals:
inverted out piHe &ith nﬁéu RATOUTPUT and trid mvéﬁeab@fmntsfgnél mandemega@t ed

state. In this nb the first secon ran5| ors 10
conpl ement ar y‘)ft@1 e‘g ”&@ﬁ!@lp CérﬁH'téﬁé) ?%}ﬁsegw%tﬁtsé‘ﬂt dp e awf%%ﬁ% §P9 Met al
Oxi de Sem=conthat tiee rdseivBighat RSTrardihg; invérted reset sighahRISIT oan idisabld\thieannel

transi stor 1 <oBoSUETREK st i il ebRRREE ELK MR o PR g Ree o™

In addition to the two circuits 30, 40, the frequency divider further comprises
a setting circuit comprising two transistors 10, 20. The first transistor 10 is

20 adapted to receive the inverted reset signal RST’ and the second transistor
20 is adapted to receive the reset signal RST.

The setting circuit is configured to allow the reset signal RST and the
inverted reset signal RST’ to set the output signal OUTPUT to a designated

25  state and to set the inverted output signal OUTPUT’ to a state '
complementary to the designated state.

In this embodiment, the first and second transistors 10, 20 are
complementary to each other and are implemented using Complementary

30 Metal Oxide Semiconductor (CMOS) technology; the first transistor is a N-
channel Metal Oxide Semiconductor Field Effect Transistor (NMOS) and the
second transistor is a P-channel Metal Oxide Semiconductor Field Effect
Transistor (PMOS). However, besides using CMOS technology, it is
envisaged that the setting circuit can be implemented using other

35  complementary transistor technologies or using logic gates.

The frequency divider 900 is capable of operating in two modes: In the first



Transi stor (PMOS). However, besides using CMOS technology, it is envisaged
that the setting circuit can be inplenented using other conplenentary
transi st oWOZBIM88gi es or using | ogic gates. The frequ@hEMRN$/ELT4000 i s
capabl e of operating in two nodes: In the firstnode, the division circuit
di vides the clock signal CLK by a factor {im the illustrated exanple, the
factor is two) to produce the output signal OQUTPUT. In the second node, the

OuEi pﬂ] si ?nangdgﬂgé diei_s&ﬂi¢ih50it_td1ﬁglé§tﬁé dﬁl@cl@i&sfgﬁﬁli C_LKbelaa %&%ﬂl tr@lt state
an e cloc i sabl.e circui i sabl es the clpc ign e

G vi st onci r Rtate SxRntAe e TapiBr s ) 1 piaelips she Bl S QURYES wode
of operation lofthe secendemnsde, dhe iodiput signal OUTRUT ¢ skthbydibelseding ciemiitdocy

cl ock signals J - Si o AR Lp the art
W T ecogni 2 UBRERUE SERAHED i CheF His2bR Gl i JEISEs e opk Sonall | 27, BT
- and t he ssecORdPibto thepdiwision gravithode of operati on whereby the frequency
divider is set or reset to a designated state. It will be appreciated by

persons skilled in_ the art that the secoH% gpde IS %dv ntp%?eouswj n many
situations; flrPractics the figi{anode mrpresanty g diyision BedeHOPeraiedd di vi der
can be set orfréqagicytdivider 9Whidheis i dbsdedhighlieeqiehay slagRaighdls tdwelrock
signal or thefédi vi ded, si E

nal. Fiqure 2 is . a re.detailed.circuit diagram
of “the Tirst TRHECEY OO BoalsEdhs Siiga T K 51y W laadhide bt tns
great er det aiillustrated ifisstonode isaidivideitly-2 apevation)i-sabd ¢he secarid modiae di vi si on
circuit conprd LIS I ' : i & 60..
Bot h 1 at oh o1 PRLRS 8 Mg Bf BPelhbf Wirerohl MY ird ket Fsefor ol 70
conpri si ng a tPia designated dateengage circuit 80, a first discharge circuit
100, a second clock disengage circuit 90, and a second discharge circuit

110. The firs ock dise e circuit 80 is adapted to recejve the clock
stonal Gk | ohwil 8 SpPiRSA Bt Sip triled iR EE i sSRLSREE i o
first clack dadanggEousi incnaty Sfuations, fas eaagple; whercaidatd signaharités,st | at ch
circuit 50 i r}hIatrﬁe('-:‘quency divider can be set or reset to align the phase of the data signal

to the clock signal or the divided signal.

Figure 2 is a more detailed circuit diagram of the first and second circuits 30,
20 40 of Figure 1, illustrating in greater detail a division circuit and a clock
disable circuit.

The division circuit comprises a first latch circuit 50 and a second latch circuit
60. Both latch circuits 50, 60 are connected to the clock disable circuit 70

25 comprising a first clock disengage circuit 80, a first discharge circuit 100, a
second clock disengage circuit 90, and a second discharge circuit 110.

The first clock disengage circuit 80 is adapted to receive the clock signal
CLK, the reset signal RST and the inverted reset signal RST’. This first clock

30 disengage circuit 80 acts as a gate circuit for the first latch circuit 50 in the
sense that it is adapted to pass the clock signal CLK to the first latch circuit
50 in the first mode and also to disengage the first latch circuit 50 from the
clock signal CLK in the second mode. |

35  The second clock disengage circuit 90 is adapted to receive the inverted
clock signhal CLK’, the reset signal RST and the inverted reset signal RST'. It
acts as a gate circuit for the second latch circuit 60. In the first mode, the



sense that it is adapted to pass the clock signal CLK to the first |atch
circuit 50 in the first node and al so to disengage the first latch circuit
50 from tWE 281048888 gnal CLK in the second node. The se®6RMY¥IBHR0YI4sengage
circuit 90 is adapted to receive the inverted clock signal CLK , the reset

signal RST and the inverted reset signal- BRST . It acts as a gate circuit
fpr t he secpnd I at ch pi rcuit 60. In the fi rst node, theseconq .clock
di sengage cir gaicbnd@ldck ¢ dirruR@BSs ldllaptatverpRe thée atleridaiiétk CLK to

d t he second
0L Tiss9opR e 16 SEERM! o1 ack
signal CLK . Theekfdisertgatjescitvait®@® disengadeslibe second dgitk dircait 6@ dmnvthe he
reset signal RSL : hogpal RST is used to control the first
di scharge ci r?ﬁﬁdey(}goggégbgﬁgg}?ge residual charges fromthe first latch -
circuit 505 In a simlar manner, the second discharge circuit 110 is

i gnal RST 1 o cans! PRkl dredt 1003 aBhpledl toTeleiv N Hoset paBRED. ose!

di scharge resi @‘@dﬁsﬁh%{gﬁ%'giéfﬁr\"?%?%%@%ml the,{iEsh d%cp@[ge( Ciggit WL oper ati ng
in the fi5(r) st mtsﬂﬁargéwmsidmlshisﬁ@afqrﬁlﬂﬁla fisst lesteld ctrOuiﬂﬁO.VIaaﬁmilb'rms‘,nriea,tchd
circuit and the inverted clock. Si.gn ' 4SS use . dri secon

| atch circuit _sem%glls%ﬁ%gg,C|r§ﬁgﬁg&dg"ag%{édcﬂorrgg%y g t%{nngggéégegr ate to
perform t he disigrsil BST anditheinvecladireset sigeah REENgiusgd o soetralithetsecondgl i ng
of the clock gtqpalqdtifc 11 iE%t?’értb%%&h%kct%lr Qé‘froﬂ-t'ﬁé-se‘é@ﬁ? |&BRT ating

I n the second node,” upon arriva e reset signal RST, the tirst clock
di sengage ci r EliFwit 86. di sengages the clock signal CLK fromthe first latch

circuit 50 and the first discharge circuit 100 di scharges residual charges

' he fi h circuit 50 f he, Q Si |, af. fi

| at ch i roui t Vaoeh go5 g R B¢ mates T 0k SoPHLCL SuRPR Lo Bnd e ( ne™
first |ateh cifirstuatch®ircuit 50amdethibdnverted clotksignde€LKhiatusedsbalriveitbe LON
Simlarly, HPSHCGhd latdh ciduit 66 WRER'i B8 FiRGvoTa@R%irc iR 501 66 c565&3tk ¢! ock

di sengage cir o i _
to perform the division function, each of them changing state at the toggling

of the clock signal CLK or the inverted clock signal CLK'.

ciroutt 90 i SEAGHE I tsecod 1RGN LR S SEEalCl ook

20  When operating in the second mode, upon arrival of the reset signal RST,
the first clock disengage circuit 80 disengages the clock signal CLK from the
first latch circuit 50 and the first discharge circuit 100 discharges residual
charges in the first latch circuit 50 and forces the Q output signal of the first
latch circuit 50 to a designated state despite the current state of the first latch

25 circuit 50. In an embodiment, this designated state is LOW. Similarly, upon
arrival of the inverted reset signal RST’, the second clock disengage circuit
90 disengages the inverted clock signal CLK’ from the second latch circuit 60
and the second discharge circuit 110 discharges residual charges in the
second latch circuit 60 and forces the Q output signal of the second latch

30 circuit 60 to a state complemenfary to the designated state, despite the
current state of the second latch circuit 60.

By disengaging the clock signal CLK and the inverted clock signal CLK', the
clock disable circuit 70 performs its function as a pass-gate and cuts off the

35 clock input from influencing the Q output signals of the first and second latch
circuits 50, 60.



90 di sengages the inverted clock signal CLK fromthe second latch circuit
60 and the second discharge circuit 110 discharges residual charges in the
second | VOROWYG6¢E88t 60 and forces the Q output signal BETOMME208EMYRY | at ch
circuit 60 to a state conplenentary to the designated state, despite the
current state of the second latch circurt®9690. By di sengagi ng the cl ock
signal CLK and the inverted clock signal CLK , the clock disable circuit 70

performs its if BFd BofLstats oAt Mé%crmﬂt SibfarViev Bﬁa@u’ré}%dkrmé@ngfarg@m
mfluencmgthqj&out put S|gnas firSt an ?a | at.ch CII‘CUI'[S 50,
60. Fi gure 3 i¢iraw8Qaad ogihe right @ﬂrcgltgﬁg&mtoc’ﬁ St ARF ?'@\ﬁ%ﬁc”ﬁ Prst cl ock
di sengage circuit 80 and on the right a circuit diagramof a first

di scharge cirguit 110  The f t .cl th
frans: store: e st ek fSenqdgticifey 330 GAaRIRR free aHbRR o B °CF gnal o
a fourth tsr ansarsgistor 120 aaldppedtd neceivedbe vesatisigriah\aefausth trassistosihal , and a
firth transi *addpted B0 FORINRE LiftFinknéd Fodel Slhafl Mhd PHifth Frah SRR 0! S 120,

130. This arran enen reset e inverted reset signal
RST to cont r otonnestrdtq the third jgadifauntly rapsistase gk, 1 3@nEhis @sRegement 130 to

grl vte lthte L' fallbuds fdsapsi bPRSjr%dfhthﬁ@rf&ﬁﬂ%etb Rnal ng £ dvittol CLK flrom the
irst latch circui r charge cjryc es only one
transi stor, a’eﬁpﬁ?tl'l"e?Y r@rp&ncﬁféyﬂhgmggortso‘llio Lciéb\}g d?'Pf@%%ééﬁ si gnal RST.
This al | oms tthengisteeti40itgaidengade tioe clock s@gnal B¢ Knfromnithe fisstdateh @ircdib0 t o
al | ow resi duaéqcharges to discharge fromthe first latch circuit 50. The

|

fourth trans 130 is conplenentary to the third transistor 120, the
fifth transistor 140, and the ninth transistor 150. In this enbodi nent, the

third, 0 fiftfane 'El'lé?:thaodé insUiti @ SorhBAsestdRy &@Qrﬁﬁstb’%nﬁﬂﬁ”s' stors and

thefourthtran5|stor PMOS transi st of re3 Fi gure
4 illustrat estrisis Héwgﬁdagt‘?q todgreivgithg Fesat @fgr@?ﬁtﬁr&n%p esr@ﬁﬁhge
circuit 91@ anglgeal RST to icohtroptheirinthittardistar $80 tof aliow residual charges to

discharge from the first latch circuit 50.

The fourth transistor 130 is complementary to the third transistor 120, the
fifth transistor 140, and the ninth transistor 150. In this embodiment, the third,

20 fifth and ninth transistors 120, 140, 150 are NMOS transistors and the fourth
transistor 130 is a PMOS transistor.

Similar to Figure 3, Figure 4 illustrates on the left a circuit diagram of a
second clock disengage circuit 90 and on the right a circuit diagram of a
25 second discharge circuit 110.

The second clock disengage circuit 90 also comprises three transistors and
is arranged in a similar manner to the first clock disengage circuit 80. The
second clock disengage circuit 90 comprises a sixth transistor 160 adapted

30 to receive the reset signal, a seventh transistor 170 adapted to receive the
inverted reset signal, and an eighth transistor 180 connected to the sixth and
seventh transistors 160, 170.

As with the first clock disengage circuit 80, the second clock disengage

35 circuit 90 allows the reset signal RST and the inverted reset signal RST to
control respectively the sixth and seventh transistors 160, 170 to drive the
eighth transistor 180 to disengage the inverted clock signal CLK’ from the



5 second discharge circuit 110. The second clock di sengage circuit 90 al so
conprises three transistors and is arranged in a simlar manner to the
first cl o¥R281946t$8ge circuit 80. The second cl ock di seR§AGEYPGLH 90
conprises a sixth transistor 160 adapted o to receive the reset signal, a
seventh transistor 170 adapted to receivdOtie inverted reset signal, and an
eighth transistor 180 connected to the sixth and seventh transistors 160,
170. As with gd@rid latsh éifcitisodi sengage circuit 80, the second cl ock

di sengage 5 circuit 90 allows the reset signal RST and the inverted reset
signal RST to control respectively the sixth and seventh transistors 160,
170 to drive Simalazitglhdfitst dischatger cidlit 109, dthes secagledistieargeoicuiéd 161 ock

signal CLK f LU | ik ar I i schar ge
circuit 100, lﬁgcégﬁﬁgggﬁ ycﬁ'gefgngﬁ‘é'%ﬁéu% E%Eé@gﬁg&)&éﬁ%cgé@@osllfegntﬁ{/thgne
transi st ors, amverft@%r@s%tﬁsgrﬂ&sﬁg@d@@hafgﬂ lestfiugy charges fivpen thaiseeonst si gnal
RST to di schaggs ¢irgiitgm! charges fromthe second latch circuit 60. The
seventh and tenth transistors 170, 190 are conplenentary to the sixth and
eighth transistors 160, 180. In this enbodinment, the sixth and eighth
transi stors ariee bbiEhthrandsteatharansisiors 120, 13natetdegnsienentadry anthe sirth

ci reuit 70 stauheEAh RplssherbRofe b Wil srihediERt sf RyTeabl efdrif <1 or o,
it is envicsadeangistars aig NMQ®transistdre 160e180,sand thiesseykeottkand tarithe circuit
can be i npl e”@éﬁs‘?&ol@ﬁﬂ@, ﬁd‘ﬁ%ﬁM@?ﬁtrQﬁsiQ{o&&Ui try (such as using other

conpl enentary transistor technol ogies or using logic gates) to force the
out put signals of the master latch circuit 50 and the slave latch circuit

60 to their desidiymee ddck disablEiciieuR 79 sHowHShItRlseSmbeWint & ch circuit 50
o 20, 5P BB RS S35 SR E i e o M SR et "0 O
appr eci atis t he dasesTheatrrkdisable circsit cambrerdnplemented using other types of

circuitry (such as using other complementary transistor technologies or using

logic gates) to force the output signals of the master latch circuit 50 and the

slave latch circuit 60 to their designated states.

20  Figure 5 illustrates how a latch circuit 50 or 60 is implemented according to
an embodiment of the invention using four CMOS transistors 200, 210, 220,
230. Person skilled in the art will appreciate that this latch circuit is commonly
referred to as a D-latch.

25 Figure 6 illustrates how a latch circuit 50 or 60 is implemented according to
an alternative embodiment using two CMOS transistors 200, 220 together
with two NPN-type Bipolar Junction Transistor (BJT) transistors 215, 235.

Figure 7 is a schematic view of a frequency divider according to an
30 alternative embodiment of the invention.

This alternative frequency divider 300 is an extension of the one described
above 900. It is formed by a plurality of frequency dividers described above
- 900 when cascaded, or connected in series. As will be appreciated by
35 persons skilled in the art, this system is a divide-by-2" frequency divider,
where n is the number of divide-by-2 frequency divider circuits.



referred to as a D-latch. Figure 6 illustrates how a latch circuit 50 or 60
is inplenmented according to an alternative enbodi nent using two CMOS
transi st oVe 2009648880 t ogether with two NPN-type Bi pol ar PSRREYI08% 0001 Hnsi st or
(BJT) transistors 215, 235. Figure 7 is a schematic view of a frequency

di vider according to an alternative enbodidment of the invention. This
alternative frequency divider 300 is an extension of the one described

agove 888- WLt It ivill B@Mﬁrﬁﬁo@t@béfs@bb?ﬁll@ﬁ ith &muﬂwm&inrongéﬁtr%wdybfdd .
above en cascaded, or, connected in series will. be appreciated by
persons sk I | BCHIFarge e be fabesy i deBsng tonang st ghe SERRE AL
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scope of tshe invention, in particular that various features of the above
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"conpri seto orintheiciaimsnshichdolloxs and imiinel preseding deseriptiors ohtlye ingentiwad i n an
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15 features in various embodiments of the invention.



produce an out put signal; an output adapted to output the output signal, a
clock disable circuit connected to the reset input and the clock input, the
cl ock di SWRI2B10464888i t bei ng controll ed by the reset sigR&I/M¥2083/48bl4e t he
clock signal to the division circuit; and a setting circuit connected to
the reset input and the output, the sertﬂﬁg —circuit being controlled by the
reset signal to set the output signal to a designated state. 2. A frequency

di vider as clqped AIMS!BEFININGRESNYVENTHONARE ABROLELOVRSapt ed to
receive a reset signal and an inverted reset signal; the clock disable

circuit is controlled by the reset signal together W|th the inverted reset
signal to disable Aﬁ&qtiencydsmmabomprmhg division circuit; and the setting

circuit is control %gfo ?ﬁfn lili't Jtosﬂegg% 8@8%@@%}“ th the i nverted reset
S atre e.

signal to set the €sl 3. A frequency
di vi der as cl ai nedalreseillmuhaziapwmwet‘eﬁel\lﬁ@ eiset 8igpalici rcuit is adapted to

produce an out put  siggbn RAE.RAdHENEAE BG4 Elosk Sk by ASaglr R 1 S

adapted to out put t he out put signal and the inverted output signal; and the
setting circuPfo ,ugemqtgp\@angly the reset signal together with t he

Iﬂverted reset si gmbutpmt&etaptémetomwtthélomﬁlt sighat desi gnat ed state and
the i nverted output n to a apother.d nat ed, sta ency
di vider as clai ned® fpcg (ﬁ?ﬁﬁl% c:rﬁwgp%nq?ctt%cﬁocﬁg fES?HBBP{ $'§d ﬁ?}eaﬁ 8‘8 'ﬁgﬁ
recei ve accl oihle dogodisabledcisuitibeing tentralleddly thegeat sigha! tdidisaliletheci r cui t
is adapted tog Bg‘ggig\ﬁ%l {mecd“ggf&n é&ﬂﬂj cﬁd'nd the inverted output signal;

andt he cl ock |sa e Clrcul to disable the clock signal and t he
' a setting CII’CUIt connected to the reset input and the output, the setting

circuit being controlled by the reset signal to set the output signal to a
designated state.
15
2. A frequency divider as claimed in claim 1, wherein
the reset input is adapted to receive a reset signal and an inverted
reset signal;
_ the clock disable circuit is controlled by the reset signal together with
20 the inverted reset signal to disable the clock signal to the division circuit; and
the setting circuit is controlled by the reset signal together with the
inverted reset signal to set the output signal to a desighated state.

3. A frequency divider as claimed in claim 2, wherein
25 the division circuit is adapted to produce an output signal and an
inverted output signal;
the output is adapted to output the output signal and the inverted
output signal; and
the setting circuit is controlled by the reset signal together with the
30 inverted reset signal to set the output signal to a designated state and the
inverted output signal to a another designated state.

4, A frequency divider as claimed in claim 3, wherein
the clock input is adapted to receive a clock signal and an inverted
35 clock signal;
the division circuit is adapted to receive the clock signal and the
inverted output signal; and



I nverted clock signal. 5. A frequency divider as clained in clains 3 or 4,
wherein the setting circuit conprises a first transistor adapted to receive
the i nverWOAOHE$E8Ssi gnal to set the inverted output si §RAMYMARRIHecond
transi stor adapted to receive the reset signal to set the output signal. 6.
A frequency divider as clained in claim33 wherein the second transistor is
conplenentary to the first transistor. 7. A frequency divider as clainmed in

claims 5 or 6, wh %'é@éﬂ‘&sébl@%rchft?@éd?\ﬁt@ﬂ tb Yishbhe HRAOBEK sifRhPAndIrede

Sem conduct or_ Fi el ect Transistor and the secondtransistor is a
P- channel Metigvedgd glocksignainduct or Fi eI d Effect Transi stor (PMOS). 8. A
frequency divider as clainmed in claim4 , wherein the division circuit

further conprises first circuit ted Q receive .0ock signal
and a second Yatc éfeﬂb'ﬁr‘i?yﬁ ey (ﬁ%'”} '@l %ofﬁv\e{ Freedn M% %%'@é;gnal ,
the first d atcitcuiticoroprisdsei ng connected to the second latch circuit in a

ter/sl f 8,
whor oi nthe ol ock SHCAARCsIcr adapted BRREK e RSP ARALGDAEIR T L o

for di sengagiinyerted optpadsignagrand from the first latch circuit; and a first

di scharge circuit éeéc&icﬁﬁaﬁéngforﬁgdés@o%arbc@bém@ﬁesfet@@ntalnﬁ) gotrtRe | atch
circuit. 10. A fregiuency divider as clained in claim9, wherein the cl ock

di sabl e ci rcu‘?‘t’tpfjh PRk conpri ses a second cl ock disengage circuit for
di sengaging the inverted clock signal fromthe second latch circuit; and

6. A frequency divider as claimed in claim 5, wherein the second
transistor is complementary to the first transistor.

7. A frequency divider as claimed in claims 5 or 6, wherein the first

15 transistor is a N-channel Metal Oxide Semiconductor Field Effect Transistor
(NMOS) and the second transistor is a P-channel Metal Oxide
Semiconductor Field Effect Transistor (PMOS).

8. A frequency divider as claimed in claim 4, wherein the division circuit

20 further comprises a first latch circuit adapted to receive the clock signal and a
second latch circuit adapted to receive the inverted clock signal, the first
latch circuit being connected to the second latch circuit in a master/slave
configuration.

25 9. A frequency divider as claimed in claim 8, wherein the clock disable
circuit comprises
a first clock disengage circuit for disengaging the clock signal from the
first latch circuit; and
_ a first discharge circuit for discharging residual charges from the first
30 latch circuit.

10. A frequency divider as claimed in claim 9, wherein the clock disable
circuit further comprises
a second clock disengage circuit for dlsengaglng the inverted clock
35  signal from the second latch circuit; and
a second discharge circuit for discharging residual charges from the
second latch circuit.



a second discharge circuit for discharging residual charges fromthe second
latch circuit.11. A frequency divider as clained in claim9, wherein the
first cl o¥R281046d$8ge circuit conprises a third transi sP6T/MYHPYEYIHo
receive the reset signal; a fourth transistor adapted to receive the .
inverted reset signal; and 5 a fifth trahdi stor connected to the third and
fourth transistors, the fifth transistor being driven by the third and

fourth transisfor Atfr‘éq%ﬁgyf‘ R dIANREKn SRR, LRSI e st dbok at ch

circuit. 12. A’frequenc r as c in claim 10, erein the second
cl ock o di ser@é@@%ﬂ@@'ﬂ‘?l{'t %Qm@)rﬂﬁ%s a sixth transistor adapted to receive

the reset signal; Rtfrvemdistor adapietad r@@hﬁ%ﬂﬂbie@et@@ﬂbve the inverted

reset signal; and a th tran |st r,_connec Si, xt event h
transistor, the eﬁg?ﬂ“r#'?&%’?%?tgfﬁ a‘?)t@ 19 r%ﬁ‘?'\’/%h"eog/ ﬁ@gﬁﬁtl’?'%ﬁ asnéf/enth
transi storss to s d ffthgagsistdreonneetetdd tiod thiid and)falrthf tramsistoes, dleebitid | at ch
circuit. 13. Al ' ' i | e fourth
Cransi stor | SSEPLERRS S na i BTG nEh s b alteRbBAS Y T 2
frequency di \ﬁ@l@?sﬁﬁabﬁ@m @ first latchioirsut.l or 13, wherein the third
transistor is a N-channel Metal Oxide Sem conductor Field Effect Transistor
(NMOS), the fourt ransistqor.js a P-ch nnel Oxi de, Sem co
Field Effect @ansAg'PBPe(‘@Naﬁderéﬁdﬂ@ f'f‘fcﬁmt{(gﬁ’%h%r?ﬁ‘r Pssegonaeﬁl&knm
Met al Oxiide Smgeﬁgu'g:mcrart&mﬂnﬁhegffect Transi stor (NMOS). 5 15. A frequency
di vider as clained, Ln t sistor is
conpl enentary to t%é"g} {{?h%tﬁﬁagﬁgﬁpﬁoq?éﬂg@fe fé)se?ftgr% frequency di vi der
as claimed in cl auaTse\lawtb_rtraDSLstonia@le;d tohreceivetthe dnvertatsiesebsignsl; and
\ channel Metal OdlgighRiraGRE Eohndteh b Fid Sgih dic8elciRfrahSER) the' e

- channel Meta | de Sem conduct or

seventh transistor 1s~a | ¢ ( )
eighth transistor being driven by the sixth and seventh transistors to

15  disengage the inverted clock signal from the second latch circuit.

13. A frequency divider as claimed in claim 11, wherein the fourth
transistor is complementary to the third and fifth transistors.

20 14. A frequency divider as claimed in claims 11 or 13, wherein the third
transistor is a N-channel Metal Oxide Semiconductor Field Effect Transistor
(NMOS), the fourth transistor is a P-channel Metal Oxide Semiconductor
Field Effect Transistor (PMOS), and the fifth transistor is a N-channel Metal
Oxide Semiconductor Field Effect Transistor (NMOS).

25
15. A frequency divider as claimed in claim 12, wherein the seventh
transistor is complementary to the sixth and eighth transistors.

16. A frequency divider as claimed in claims 12 or 15, wherein the sixth

30 transistor is a N-channel Metal Oxide Semiconductor Field Effect Transistor
(NMOS), the seventh transistor is a P-channel Metal Oxide Semiconductor
Field Effect Transistor (PMOS), and the eighth transistor is a N-channel
Metal Oxide Semiconductor Field Effect Transistor (NMOS).

35 17. A frequency divider as claimed in claim 9, wherein the first discharge
circuit comprises a ninth transistor controlled by the reset signal for
discharging residual charges from the first latch circuit.



Field Effect Transistor (PMOS), and the eighth transistor is a N channel

Met al Oxi de Sem conductor Field Effect Transistor (NMOS). 5 17. A frequency
di vi der MWOZPHYUEH8i n cl ai m 9, wherein the first di schaP§&MY308%/900174
conprises a ninth transistor controlled by the reset signal for discharging
residual charges fromthe first latch ci @Suit.18. A frequency divider as
claimed in claim 10, wherein the second discharge circuit conprises an

tenth transisjgr Rr?rterq?khegdmdérfb% IR RCLIZiRS 0, ﬁh@r@ﬁ% tﬁeogec@nachargl ng

r esi dual char&es from econd latch circuit. uency . di vi der as
i

claimed in cl@Fgharge Gifesit COMRTises Anenth rangistor antirglﬁécq W IAMEeqvet al

Oxi de Semi congidet Signki B dischbggihg Tésiosalhargds\m)the 28cord iatemumw di vi der
as claimed in claim 18, wherein the tenth transistor is a P-channel WMt al

Oxi de Sem conductor Field Effect Transistor (PMOS). 2 1. A frequency
di vi der as cl t9.nedAifreqaepcydividdr ashaaipresciedilaig t7.avinereinmther nth t he reset

| nput s adap tirgﬁstétgr °8 RLUfaftd) MLEIDkRe SdHiibnaLaBRFRId Bffc FranSiidut 1
u e a

adapted to o renti signal's

20. A frequency divider as claimed in claim 18, wherein the tenth
10 transistor is a P-channel Metal Oxide Semiconductor Field Effect Transistor
(PMOS).

21. A frequency divider as claimed in any one of the preceding claims,
wherein the reset input is adapted to receive differential input signals; and -
15 the output is adapted to output differential signals.



