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product an undcsirably | arge amount of EM. This problemis further
exacer bated as sem conduct or technol ogi es advance. 30 Reduction in

Integrated circuit feature mzemﬁﬁg@y of clock signal,
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10 The present invention relates to clock drivers and clock trees and, more
specifically, to providing clock drivers and clock trees with programmable output

characteristics.

BACKGROUND OF THE INVENTION
15
In application specific integrated circuits (ASICs) and in other integrated circuits a
clock signal may be distributed to thousands and perhaps tens of thousands of "locations”.
This distribution is conventionally achieved using clock trees and a typical clock tree
consists of a plurality of buffer drivers arranged in stages with each stage having more
20 outputs than inputs.

If a representative clock tree provides a 1:10 input to output ratio at each stage and

has four stages, then the number of clock signal lines increases from 1 to 10, 10 to 100,
100 to 1,000 and 1,000 to 10,000 at stages 1-4, respectively, This staged increase in the

25 pumber of signal lines provides a like increase in the number of simultaneous or nearly
simultaneous clock signal transitions (e.g., from positive to negative and vice versa).
Since clock signal transitions are a source of electromagnetic interference (EMI), large
numbers of simultaneous clock signal transitions produce an undesirably large amount of
EMI. This problem is further exacerbated as semiconductor technologies advance.

30 Reduction in integrated circuit feamre size increases the density of clock signal transitions



per unit area. Furthcrnore, faster operating speeds tend to increase a
circuit's sensitivity to EM and other parasitics. 5 In accordance with the
present invention, there is provided a clock driver circuit, conprising a
first transistor unit having a first MOS transi stor coupled between power
and an output and a second MOS transistor coupled between said output and
ground; 10 a second transistor unit having a third MOS transistor coupled
bet ween power and said output and a fo¥th MOS transistor coupl ed between
sai d out put and ground; and a clock signal input coupled to each of said
MOS transi stors; wherein the sized of the gate of at |east one of said MOS
transi st ors pes ugit prear divrthemmnye.tfasier aperating sprepeiend/RSIinEreaTes Srayits, sensitiviey

anot her aspetgtENd&%r(ﬁhé ?&p‘rsﬁi\éjs ded a clock signal distribution circuit for
an integrated circuit, conprising: a first stage clock signal driver

circuit having a clock signal input and output; a second stage circuit
group including a plurality of aqge ﬁkgﬁﬁuﬁi al 20 driver circuits
each having a clock signal inpbttantt-ottp L? tHesetrock signal input of each
of said segond stage clock signal driver circuits being connected to the
output of said first stage clock signal driver circuit, and a plurality of
third stage circuntacegndanse withdhe prasepuipvengion, pererialprawdedfa alogkrdnver sigauite| ock
signal driven circuits that each have a clock signal input and output, the
i nput of 2~ EXE™B¥ the third stage clock signal driver circuits of a given

third stage circuj firsgfromsstdrainithaciopagiitedosaranicrop thuplid tetween Pobr &
second stage clock signal driver circuits; wherein the clock signal driver

circuits of HPY BAASRPrANOP MﬁﬂSi%?ra@éP’éﬁbﬁt“ieﬁEF@@Ié“fﬁu&ﬂﬁﬁr?‘@d? arr angenent
of at leasy a firslectRflhsifs W nhtifg's vitPMOY rinsistR cBuglid SdiwldnditPles bl

said output and a fourth MOS transistor coupled between said output and ground; and

a clock signal input coupled to each of said MOS transistors;
wherein the sized of the gate of at least one of said MOS tramsistors is different
from that of the other MOS transistors.
15
In another aspect, there is provided a clock signal distribution circuit for an
integrated circuit, comprising:
a first stage clock signal driver circuit having a clock signal input and output;
a second stage circuit group including a plurality of second stage clock signal
20 driver circuits each having a clock signal input and output, the clock signal input of each
of said second stage clock signal driver circuits being connected to the output of said first
stage clock signal driver circuit, and
a plurality of third stage circuit groups each including a plurality of third stage
clock signal driver circuits that each have a clock signal input and output, the input of
25 each of the third stage clock signal driver circuits of a given third stage circuit group
being connected to the output of one of said second stage clock signal driver circuits;
wherein the clock signal driver circuits of said second and third stage each include
a parallel arrangement of at least a first and a second transistor unit, said first transistor
unit including a first MOS transistor coupled between power and an output and a second

30 MOS transistor coupled between said output and ground, and said second transistor unit



unit including a first MOS transistor coupled between power and an out put
and a second 30 MOS transistor coupl ed between said output and ground, and
said second transistor unit -3 including a third MOS transi stor coupl ed
bet ween power and said output and a fourth MOS transi stor coupl ed between
said output and ground. the attainnent of the foregoing and rel ated

advant ages and features of the 5 |nventdon shoul d be nore readily apparent
to those skilled in the art, after revi‘ew of the follow ng nore detail ed
description of the i nvention taken together with the dramnngs BRI EF

DESCRI PTI ON OF THE S a schematl di agram of a cl ock
tree in accoPeluMag 3\7&‘?%"%5&%&9“&?&/%?%% said guigutand @Rt bl ock
di agr am of WS%ﬁio%éﬂpléUBcY@&ncs ird?l?kdl agr%&%&% dance with the present

h

i nvention. Fig. S schematic blo selection logic 231 for
use in circuit 100 of 15 Fig. 2 in accordance with the present invention.
DETAI ' ~ED DECCRTR ~ Refer chemati ¢ Iock |agran1of a
clock tree in acc’@rcd‘gﬁ’@@ S ?{ﬁl‘?g’rﬁ?éugp&ssréﬁ'tﬁ EWF%W atE‘T‘?B\R/ﬂ ®The

enbodi ment 5 ofgvérit@n sHould bélflokefetilyPappRidheRandsaiskined &l @6 kit hRd DAk 2 teour
stages, though it should be recognized that the clock fret tra have nore
or less st aggﬂowngm; der@ped daseréption sithenavesiies &aken fageidt Wisth thegraiugs.r ee S
i ncludes a clock source 8 which is conventionally a crystal oscillator 25
or tl~e like. A clock signal output fron1source 8 is propagated over line 9
to a first stage ( 10) buf BR ) §: 4] G BIDRAWINGSrred to as a
"driver") . The output of dri ver 11 i s dellvered to a plurality of second
stage (20) drivers, four of which are shown (21-24). Wile four are shown,
it shouldjpe recoggi £@d {fahaddui amrmrcx&ﬁrercé% 8ot RRGSHRH 1R DrBR | as

perm tted by known fanout or |oad determ ning factors such as inpedance,
conduct or 3(Qinvention.

Fig. 2 is a schematic block diagram of a clock signal driver circuit in accordance

with the present invention.
Fig. 3 is a schematic block diagram of selection logic 231 for use in circuit 100 of

15 Fig. 2 in accordance with the present invention.

DETAILED DESCRIPTION

Referring to Fig. 1, a schematic block diagram of a clock tree in accordance with
20 the present invention is shown. The embodiment of Fig. 1 illustrates a representative
clock tree having four stages, though it should be recognized that the clock tree may have
more or less stages without departing from the present invention.

Clock tree 5 includes a clock source 8 which is conventionally a crystal oscillator
25 or the like. A clock signal output from source 8 is propagated over line 9 to a first stage
(10) buffer driver 11 (hereinafter referred to as a "driver"). The output of driver 11 is
delivered to a plurality of second stage (20) drivers, four of which are shown (21-24).
While four are shown, it should be recognized that this number can be as large or as small
as permitted by known fanout or load determining factors such as impedarnce, conductor
30



-4 length) etc. The outputs o~ the 5 second stage drivers are in turn
coupled to the input or third stage (30) drivers 31-36 and the third stage
drivers are simlarly coupled to fourth stage (40) drivers 41-46. In the

i l.lustrated enbodi nent, clock signals output fromb5 the fourth stage are
delivered to their destination (functional logic) that is indicated by

| oads 51-56. It should be recognized that the nunber of stages and the
nunber of drivers within each stage iS dependent upon the number of

| ocations to which the clock signal need be io delivered and the fanout
ability of each drivgr, etc. s is generally known. In accordance with the
present inv ﬁF‘é@ﬁﬂmﬁw&HyfﬁBf the drivers (11, 21-24, 31-36, 41-46) are
configured such that they permt programmabl e shaping of their output 15
clock signal. The drivers may be controlled individually, in sets (e.g.
drivers 31-33, 34-36, 41-43 and 44-46 may each be considered a "set" of
drivers), in stages or as otherwise desired by a circuit designer. It
shoul d be recogni zed that the provision of progranmable clock signal 2o
shaping may be nore critical in the latter stages of the clock tree (such
as the third and fourth stages of Fig. 1) because the nunber of nearly

si mul taneous cl ock signal transitions is increased at these stages. It
shoul d al so be recogni zed that staggering the timng or shape of the 25
clock signals output fromthe second stage drivers 21-24 creates staggered
clock signal transitions throughout clock tree 10. The ability to program
out put clock signals is a function of the design of the drivers (as

di scussed in nore so detail belowwth reference to Fig. 2) and the
delivery of appropriate control signals. Wile control signals may be
delivered in many known manners (including tying inputs to a particular

| ogic state, etc.), in a preferred enbodi nent, select |ines 60 are provided
t hat propagate signals from35 control logic 70. Control logic 70
preferably includes one -6 or nore data registers and a processor that
wites control/select bits to the data registers. The data registers hold
the value of a clock driver selection signal as discussed below Referring
to Fig. 2, a schematic block diagram of a clock signal driver circuit 100
in accordance with the present invention is shown. Each of the drivers 11,
21-24, 31-36, 5 and 41-46 may be configured to include driver circuit 100.
It is not necessary to configure driver 11 wth programmabl e out put
characteristics if it is the only first stage buffer fromsource 8. It is
preferred, however, that the other drivers or sets or subsets thereof are
configured to provide programmabl e output characteristics. Fig. 2
illustrates that driver circuit 100 has a plurality of transistor units 10
conprising CMOS transistors 110, 120,130. Appropriate conbinational |ogic,
such as an AND gate or the |ike (111, 121,131), is coupled to the gate of
the PMOS and NMOS transistors 112,122,132 and 113 ) 123,133, respectively,
to control current flow therethrough. An input clock signal is delivered
online 105 to each of the AND gates. Another input to each oP the AND gates
is a select Iine such as one of the select |lines 60



15 of Fig. 1. Each of the select |ixxes 60 preferably includes a plurality
of individual transistor control lines. Three control lines 161-163 are
shown ixt Fig. 2. Athree bit representative selection signal of " 101 " is
i ndi cated as being delivered by these | .nes. The value 101 (or other val ue
delivered by the control lines) is scored, for exanple) in the data
regi ster of control logic 70. 20 The out put of each CMOS transistor is
coupled to a comon output line to which load 150 is coupled. The circuit
or ot her conponentry driven by driver circuit 100 is represented generally
by | oad 150. SEEERY 4@ Hfasi Bt Hppr 2EF abPe [CEPatIHHES a‘g%oéihét et erhi t h
Wdl t hi Is k?tnapaf:stta@ee (39) r eipriesest 8d -36 Rhante Ium&&i bsfﬁals@@a@rimré. 51.
ile clock signal.s.pr atln r,oug vers _are en, il lustrated. as
havi ng a crlspgsqug?gaﬁgyg 4] E% #?ysgﬁgge( 0d ¢ K5 Vgt Eié@%
rounded cor néns tdrg ilbu$an@tmérembpgpmentvecanWedl@mak$opmmgut from
transitions. ¢fRe EQURYRA GRLRRIS 3 GUNEAIIANSIS T Uil € GodBli ot

| east in part, of time constant crea by i nherent ‘or parasitic
resi stance mftlﬁ@té%@k diogig) s thatr ehs padhcaradi dycaprads adteS5851 ikt the

| oad. Gircui shdQPqpasdr Eécé@hf@éaortr&ft t BRe VU@ f besigt lhﬂdt he,<l ock
alue I n

conbi nat | on GFEHEEn o AFHUATCE LR HEAPdalL ¥ o 8o CAPEPRETE oMLt Ahat
15 deternmi neﬁumherstmﬁ)e l@fcaltlieneutwt wHietk shgnatlddlansiignans. ndé@ be
ndl o seddrSEE-EFEER Srindre et overt it a8 Baffa halRYl “Fsed B ock
si gnal transisi @ﬁserakwtkmMJ gnificantly reduced EM and 20 rel ated

noi se. Referring mpr scﬁe%e'gflbgamht QhEhZJr%gtéﬁ‘E' TeReneh of, gsog(\’e or all

select/control |ines ermt to selectl veI y ena

transistors 2%0,t¥0, QBGVeEﬁcHlénab?%ﬁ@v(ﬁ 1r&nsi &k otelef ﬁéétl%@/lghmﬁﬁl ons
as a \éoldt agesdéhdiMbderhwit bem@tnm@&gMamél t%hbgseng?morte@ﬁ ki th
provi ded primari face .area epe dent re anc e
gate(s). Aécgﬁ‘a?:}ﬁ F§7¥nf"$ & VemBs Ya s‘f%’rtsroré\fép Jrféaljs‘éﬁfﬁl%

gates (i.e. lnheest;arre(ef.e;s.l,stdnevm ud3y33t hed-godesdi gl amy d4dl-aét zrtm;,tween
three 30 pos res v, ues .. L.hos d by bl e,
two or thr eeg%{')ﬂlt tér(gl#sl %e?ds gAI tsée&nat vebg?é?ggpa\& t¥an &Psgt orgsOarg be
configured s@t:lheﬂﬂme ogesdregpriey havectr ¢t il erd@lsy-ggleZed géttessh@éldek@rrpl e,

i f each of tfé@@@ﬁi@é& 149: 120130024808 @EfE&%%Q%mﬁb%QQ alek tdgmald a
desi gner may sel ect from anmongst "seven possib resi stive 8 val ues for

circuit 166. SIT‘ﬁ%Js%gl Rerudpe tTere oFFbWﬁ@leﬁﬁblt@(? AFE- T afisREeDr OScdhi&r i os
(which are foeldenetrby tbeth sel erki @RigdHgaad &@u@tﬁpagat;eé 65 3 Imlrges 1

161-163 in r ent hes 110, (101 Q10) 001 0+120 10),
110+130 (10?]?‘?%%%1?%29(0 %ﬁd 2ﬂo efb‘( S&Tﬁ% F?u ho‘Eu %‘: olgé1 ]l
recogni zed theganshtiens hes pneseaasedvem iWreses sttages | n th§hoala iads@ CMOS

enbodi nent, j e eégl# idy a n wther
usi ng sel ectﬂz)a%)l gg}léll\/&%eB I\l}l[r%%t rans d;‘ét%:orr{s‘!ZI a?lrrlgnge h eneé:’ﬁe?}fé Qf e

di scussed2abs¥echr sdgraedeaiuErNvOS B PRbS tsre&%‘idst%?asg@ ndééﬁﬁFﬁatalo‘ﬁ‘lwl th
resistors foepegdcés $HLgFERREOFBEE OF i Jved BT i ns iRafRls' itk Juhoud dock
schematic bl pck dj agram of selection logic 23l for use in circuit 100 of
Fig. 2 in 15" ]é%%ojr@ance with the present invention is shown. Logic 23l
essenti al | y t akesThbe ghdiddeyof tanypoogadd ofuttthe: ANDogat esighalsrcid t al00.

In Fig 3, ngrkcg?fg’r? &8 ﬂ?é%é?f%qat esttli}géi%\}eﬁzsep asc%ﬁ_s%%%"se%s’%n En%‘?:‘égh It

may under st an 1\% al So repl ace rovi des
inverter 241defta NDEh@WeWJZTZﬂZ nadeveNCR gat 8192432) Tﬁédl Bpet d@ll@(‘ﬂ%ryl @dal on

line 205 is psopgoat %teoﬁbfoi\ﬁ%g;@ s N%Hﬂéscoﬂ_h?o§e%§§ha§'sQH@E/ b3

propagated via |ine 263 to th ate and through invertor 241 t0 the
NAND gate. LOgHeV9=%d pet neRY deHEW?SmPPEEE Fst(6Pcé9611(1‘én5h7658u§n?8té1v®§
transi stor lé%at@lcbﬂéflmgiﬁ efk sich ddat) a isd gle:lre"t&strQQi ctrmbo@memm t he
cl ock signal ‘?ﬁ <gut 250. ile the inv ntl%hr%l . been escrl

t

connection W ¢EPRE ot freRESVE E?je WEI9HeE uﬁbg?g%%ofr%l t hat
it is capabl ceomtfrdiljrldsmrc noai fiCattimrl, laoglid WG preferably includes one



application is intended to cover any variations, uses, or adaptations of
the invention follow ng, in general, the principles of the invention and

i ncl udi ng such departures fromthe present disclosure as come wthin known
or 35 customary practice in the art to which the invention 9 pertains and
as may be applied to the essential features hereinbefore set forth, and as
fall within the scope of the invention and the |imts of the appended

cl ai ns. -10 1. A clock driver circuff,- conprising: a first transistor

unit having a first MOS transistor coupled between power and an 5 out put
and a second MOS transi stor coupled between said output and ground; a
second transt o0 daihregistery Apdy2 processerthawies WOHFQ}?“ S fb@ig#@trmﬁspower

A roat oo 2 ka il Al e ViRRe bf 20RLE hiter SO BEH ORISR gt Put and

ground; anda cf n coup 0 eac ransistors;

wherein the sizeRefiriig® Bt R aodchéhatlcaisdk cnargeamfofsalodk b@&ltdmammﬁrmm S
different 10 fromthat, of the other MOS transistors. cl ock dr| ver

circuit of drageRTdanCeKith étlchfﬁﬁ@ igyentionis shawnq diagh gf mﬁﬁé“"iﬁ léa?]d $33-36
transistors ah ?ngnik}% Qﬂosﬁxaﬁdy&‘x\;er c%«:vﬂl ié(?dl?WthBQé&Japyews' ze of the

gate of one o sal SI stoxs 1n said second transistor unit. 15 3.
The cl ock drcbufegure drivari il \mhpﬂogxammAblefm:tpdneharemmqus urnrgth:rmiﬁ}ﬁ:ﬁtﬂgeage

|l ogic that is abl e of h fo ch.of .said transistor units
hat el t her CGHERITAB BpegRe dbiratctesd. Hoiaris beb e et cRBt abiRL STt

val ue. 20 4.thebbut a0d @&iﬁgdfe’d%@br@idc%tbéraﬁfnaﬁl'e%fﬁuﬁchaﬁtﬁéﬂ@ﬁés conpri si ng a
third transistor unit having a fifth MOS transi stor coupl ed between power

and sai d out put &l Zillystsates WWF%WSFHQQ hapoy plueakith ef ansistos #08S out put and
ground; af'é’ comprising CMOS transistors 110,120,130, Appropriate combinational logic, such as an

AND gate or the like (111,121,131), is coupled to the gate of the PMOS and NMOS
transistors 112,122,132 and 113,123,133, respectively, to control current flow
therethrough. An input clock signal is delivered online 105 to each of the AND gates.
Another input to each of the AND gates is a select line such as one of the select lines 60

15 of Fig. 1. Each of the select lines 60 preferably includes a plurality of individual
transistor control lines. Three control lines 161-163 are shown in Fig. 2. A three bit
representative selection signal of 101" is indicated as being delivered by these lines. The
value 101 (or other value delivered by the control lines) is stored, for example, in the data
register of control logic 70.

20 The output of each CMOS transistor is coupled to a common output line to which
load 150 is coupled. The circuit or other componentry driven by driver circuit 100 is
represented generally by load 150. Each load has an appreciable capacitance associated
therewith and this



wherein at |least two of the gates of said first through sixth transistors
have a size that is different fromthe other transistors. 25 5. The driver
,circuit of claim4, further conprising control |ogic that prograns said
enabl e storage logic with the enable or7disable val ue of each of said
transistor units. 6. The driver circuit’of claim5) wherein said input is
configured to receive a clock 30 signal and said output fanouts to a

plurality of at least four clock driver circuits t hat each -11 have at
| east two transistor its _that each .include | east, .t wo nS| taQrs
coupled like g%?%icﬁ?%‘fe and s%%edse[r}%ﬁ?g 5t ok ‘_“ml-'ﬁgl dlrjinveesr Né?r ¢t Cc}f% %I aim

1, further cobptising tri-state logic coupled to at |l east 5 one of said

transistor units. fnifeclogleis! ongha ol Stiithozhoclutiliod o pelot carat ed

circuit, conprising first stag iver circult having a
cl ock S|gnal Phber aAdustrpted @Ss&@WﬁP%tégéréﬁpc@qyﬁﬁQMﬂﬁV%cfﬂémng%@

plurality of §@§pﬂ@ysme§eclcq%ksmﬁ alk0 Igédé/eﬁo@ﬂdé‘d“ &érﬁéi@@ Bayi TEtoﬂx
cl ock si gnal %?%Eh?% out put) the clock si ut of each of sai
[

second stage BRESPEFEVER ciiass Pei ﬁ OB&Eﬁecttre?d‘-stl(Flﬂ’i‘é -out EEPte of
said first stagenddédclosnegral #id veumeacmﬁansamioalsplmml at yredulthi radt

G ver ol rcui Fe Rt CHERChabE BB GeRSs BRaE S hp Gt CaRECoRY pUEISERBSI RBuL

of 15 each ofparﬁﬁi¢n¢dr8$agEam¢©cknstgﬁatldckvsignaleucusrentapgthenndh|rd
st age circ Q%Q#Pﬁgf @91§PUH?QﬁE91R9xfhe out put of one of said second
I gha

st age cloc iver circuits: wherein the clock signal driver
circuits of sald setBEdl bnd1PRi r ®esTage ededachdPade of paFle | eVadie angément

of at |east aré$i§tian?cfk§j anSQﬁ@nd::Ud@a@sslsjm'wéunsaitd patist (WLeAShStae
uni t including a Tirst NOStransistor goupled bef e, ower and, A, oyt gut
capacitance of the load creates a time constant that
15 determines the shape of the output clock signal
transitions. The provision of selectable time constants
permits a circuit designer to soften and/or separate clock
signal transitions. The softened and/or spaced clock
signal transitions result in significantly reduced EMI and
20 related noise.

Referring more specifically to the embodiment of Fig.
2, select/control lines 161-163 permit a user to
selectively enable C(CMOS transistors 110,120,130. Each
enabled CMOS transistor effectively functions as a voltage
25 divider with the necessary resistive components being
provided primarily by the surface area dependent resistance
value of the gate(s). Accordingly, if the three CMOS
transistors have the same size gates (i.e., the same
resistive values), then a designer may select between three
30 possible resistive wvalues, those values provided by enable
one, two or three of the transistors. Alternatively, the
CMOS transistors may be configured such that one or more
have differently sized gates. For example, 1f each of

transistors 110,120,130 have a different sized gate, then
35 a designer may select from amongst seven possible resistive



20 MOS transistor coupl ed between said output and ground) and said second
transistor unit including a third MOS transi stor coupl ed between power and
sard output and a fourth MOS transistor coupl ed between said output and
ground. 9. The cl ock signal dlStFIbUtIO@ circuit of claima8, further

i ncludes programm ng logic 25 coupled t0 each of said transistor units that
progranms which of the transistor units are enabled. 10. The cl ock signal
distribution circuit of claim38, wherein the size of the gate of at |east

one of said MJS tranrs#stors iu each |ver ircuit f i d seco and third
stages is 30 GRFYRF entOF r sAAREL oft O%he of TRRE®ot heF WEE tTihsi 59
t hat sane driaesbléd caMoDs ﬁ%id&i#kor scenarios (which are followed by

% ASE7. Ae. A?_ Al y. AYe. A §3, A% !
|nvvr mhc”Y] ga] C%]T%% cS]%%S cafca]sclagjncgi] ca] %]p é%ggf ] 85’1 caJ]r1 a:] ca]6ca]1ca] ca] cal
ca] ca] ca] ca] cp@]@la]kceai]@a)] chl]lcﬂ?a](éRaD E34120 (010) 130 (001), 110+12

gp&] 3R wr nh9 )aJ Cw_ai C)aJ Claécﬁ 161=]d:a<]o<>1611 Cahaah%hﬁébm]s@al ¢a] pal cal c

?]r ggggggga] Ea44] 5b§ 9@@ xsqq]iscch ;25]%2&]‘3@&]2651] ddada) vl £2) EBPc HrESEEH] ca]
Ca] ca] Ca] Ca] Cﬂi@@l@f&&alga]smma]ﬁa] Eﬁc];@ﬂ] gaBcalcal cayiog] @abaaﬁzﬁﬁ&sa\tB 9Y

] ca] ca] ca] calesiroq] ca]eaa]:d:a]ade] cayMed capea) ce@R] ca]:ea}sa:ato@\kmlaa@@d

Cf CCDp;
L +<0<<<= (_10__ en>e>r>a&)l)@ @st%}%mﬁ ec(:}a] 88 ] coar] caf TE%I])ca] ca ca] ca] ca ca] ca
] ca] ca] ca] ca]tegrsisina] da] cadmad wal] e} cajish] ca?%@qm%aggmadqu PR ()
-@O%& () - 10%erie ﬂdué't%/f?‘ e Q& ()-S 109& ()-w, @'E' 17109%& () -f
109 () - Sy10%& () - S100& [) - 109%& () ) - Foz10% ( ®% KrdlE! ,
10%&' () -, Y+109%& ()Rﬁ%%m) Toe1B3@: ()24 631 }a@ref‘)tlf%! Pdogk()dtrysamcst
109 ()- 10 11838 I0%o61cy 2310%o A ) u8E1QUK £)rcuit 100 of Fig. 2 in

Loo ¢ Tobk qacordancd hen Ot (Breblil Enbdaldn 8GR, rogic 231
essentlally takes the place of any or all of the AND gates
of circuit 100. In Fig. 3, logic 231 1is described as
though it replaces gate 131, though it may understandably
also replace gates 111,121.

20 Logic 231 provides an inverter 241, a NAND gate 242
and a NOR gate 243. The input clock signal on line 205 is
propagated to the NAND and NOR gates. The select signal is
propagated wvia line 263 to the NOR gate and through
invertor 241 to the NAND gate. Logic 231 permits CMOS

25 transistor 230 (analogous to CMOS transistor 130) to be
tri-stated such that a signal may be driven into the clock
signal output 250,

While the invention has been described in connection
with specific embodiments thereof, it will be understood

30 that it is capable of further modification, and this
application is intended to cover any variations, uses, or
adaptations of the invention following, in general, the
principles of the invention and including such departures
from the present disclosure as come within known or

35 customary practice in the art to which the invention
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1. A clock driver circuit, comprising:
a first transistor unit having a first MOS transistor coupled between power and an
5 output and a second MOS transistor coupled between said output and ground;
a second transistor unit having a third MOS transistor coupled between power and
said output and a fourth MOS transistor coupled between said output and ground; and
a clock signal input coupled to each of said MOS transistors;

wherein the sized of the gate of at least one of said MOS transistors is different
10 from that of the other MOS transistors.

2. The clock driver circuit of claim 1, wherein the size of the gate of one of said
MOS transistors in said first transistor unit is different from the size of the gate of one of
said MOS transistors in said second transistor unit.

15
3, The clock driver circuit of claim 1, further comprising enable storage logic that is
capable of holding a value for each of said transistor units that either enables or disables

that transistor unit depending on the value.

20 4. The clock driver circuit of claim 3, further comprising a third transistor unit
having a fifth MOS transistor coupled between power and said output and a sixth MOS
transistor coupled between said output and ground; and

wherein at least two of the gates of said first through sixth transistors have a size
that is different from the other transistors.

25
5. The driver circuit of claim 4, further comprising control logic that programs said

enable sforagc logic with the enable or disable value of each of said transistor units.

6. The driver circuit of claim 5, wherein said input is configured to receive a clock

30 signal and said output fanouts to a plurality of at least four clock driver circuits that each
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5 one of said transistor units.

8. A. clock signal distribution circuit for an integrated circuit, comprising:
a first stage clock signal driver circuit having a clock signal input and output;
a second stage circuit group including a plurality of second stage clock signal
10 driver circuits each having a clock signal input and output, the clock signal input of each
of said second stage clock signal driver circuits being connected to the output of said first
stage clock signal driver circuit, and
a plurality of third stage circuit groups each including a plurality of third stage
clock signal driver circuits that each have a clock signal input and output, the input of
15 each of the third stage clock signal driver circuits of a given third stage circuit group
being connected to the output of one of said second stage clock signal driver circuits;
wherein the clock signal driver circuits of said second and third stage each include
a paralle] arrangement of at least a first and a second transistor unit, said first transistor
unit including a first MOS transistor coupled between power and an output and a second
20 MOS transistor coupled between said output and ground, and said second transistor unit
including a third MOS transistor coupled between power and said output and a fourth
MOS transistor coupled between said output and ground.

9. The clock signal distribution circuit of claim 8, further includes programming logic
25 coupled to each of said transistor units that programs which of the transistor units are

enabled.

10.  The clock signal distribution circuit of claim 8, wherein the size of the gate of at
least one of said MOS transistors in each driver circuit in said second and third stages is

30 different from that of one of the other MOS transistors in that same driver circuit.



