- 5 AUG 2005 WO 021063629 PCT/ US02/03342 | H GH SPEED S| GNAL AR AND
METHOD FI ELD This invention relates to nenory d, nore
Coul e LT

parti cul ar toa circuit and nmethod for accel erating tion of
signals in nennry devices. 5 BACKGROUNR OF THE | NVENTI ON The speed at
which digital signals can propagate thriough integrated circuits, such as
menory devices, is often a primary factor limting the speed at which
integrated circuits can operate. As the speed requirenents of nenory

devi ces and ot her i nt edBGHSPEED SIGNAL PATH ANESMETHOIE! ease, i ncreasi ng
the speed at which signals can 10 propagate through conductive lines in
Integrated circuits has becone increasingly inportant. The speed at which

digital si orEtsNREAL pigngate through signal lines is reduced as the
capaci tance and/ or resistance of the lines increase. In general, both the

capaci tance and the bisiisvention rdat&atcsmgnmty ﬂevi@:saaml,dﬁoreq:hiﬁyulmﬁaﬁrdional
toits len th e dela a_signal S proportional to the
product of ca a%%%ﬁ@%égoﬁacce g es‘?%‘?‘?%@ "c‘fﬁé‘&?@is Mf%"%’%nal line is

proportional to the square of its length. Another requi rerrent of
integrated circuits is |ncreased density of sem conductor features.
| ncr easi hg BMeKGRQUND OF THE BNVENGEMN or features inevitably results in a

reduction in both th n i - and the,s i ng bet ween
signal |ines. However, Tnt d&c%ﬁgh'?& cﬁ%ﬁﬁ'% sggfp? %ﬂvﬁgﬁ &ﬁ??%’ases
their resi suramtsesucm&smmndrgdmcexglstdfenanﬂmaﬂgfd&ﬁrﬂﬁﬁﬁn@ﬂﬂ%ﬁéed'dt Ré@ch

I ncr eases th§| rteﬁa tance As nmentioned above, both I ncreasin

capaci t ancé” s"fiﬂap?’%tgl etk QuiEments of Wﬁ‘!"ﬂ"@ﬁ e of
signal s t hrfeghitel Nfircitd 0aitichbd & inclddbeS .R&@Q(lang”m%«,ss& gna i&ﬂcs?é.mt@ by

the need to maintain the cross-sectional |nes constant as
their i mg%tedétqushsmduopmélmqmmeggtcdmdmmmmebmmdagml ler.

Further | ndrRae TEaRbec s FuSh 3RHE s3hie Fif oReapus AupsebCten Sneiai (i oo
and fast er rejneedins thy cam&dﬁ:eaﬁda’or teSisRAREfakd Hhds, m&'d&déahh YencBAChoMPthee. _ 5
AUG 1005 capacitance and the resistance of a signal line are directly proportional to its length.

Since the delay of a signal line is iproportional to the product of capacitance and

15 resistance, the delay of the signal line is proporticnal to the square of its length.

Another requirement of integrated circuits is increased density of
semiconductor features. Increasing the density of semiconductor features inevitably
results in a reduction in both the thickness of signal lines and the spacing between
signal lines. However, reducing the thickness of signal lines increases their resistance,

20 and reducing the spacing between mgnal lines increases their capacitance. As
mentioned above, both increasing capacitance and increasing resistance reduce the
propagation speed of signals through the signal lines. This problem is often exacerbated
by the need to maintain the cross-sectional area of signal lines constant as their
thickness decreases, thus requiring that the lines be made taller. Yet taller lines present

25 a greater surface area to adjacent lines, thus further increasing the line capacitance.

Thus, greater feature densities and faster operating speeds are, to some extent, mutualty

exclusive.



WD 02/ 063629 PCT/ US02/ 03342 2 One area where the propagation -df Al gipg al
si gnal SW(?OZW%F&EP“' arly problematic is the coupling of %ﬂus@%ﬂggzss and
e

control signals in nmenory arrays. Menory arrays mnust be Vvéry nse to
provi de acceptable nenory capacities, thus naking signal lines very thin
and cl ose together. The high density of“nmenory arrays 5 thus limts the
speed at which data, address and control signals can propagate through
menory arrays. Further, propagation delays are also increased by signals

in adjacent |ines tromsiakda0WHBE: it QRPABitoR Of 'dBstal Q*igmlsV\@serbaﬁicaiaapa' in
one line transitions fromlow to high and a signal in an adjacent [ine

t ransi t i onsPoplematic g theocoupling fofrdatay address, andcenuérol siguals ¢ upéniory anfays.he

transitionthgs h ines_slows the propagati.gn of both 10.signals
t hrough thelr troggfe}%*si I\(‘E)%l_‘“l ii;leng(%r.y Ral yf&f%gaﬁ%@’{ﬂﬁﬁ T hBteteEnbwsi n
nenory  ar r myleing signildlintives! thid aRbcloNEgethd?e "Mhe \hi@P@ndity 8P mead: .
conpleted until, the data address and control signals have prdpagated to

-

the fartt esthugimits the-speed ptwhigh daip, addgesp gndyegritrof signals Fancpropsgate thtnagh
propagat i onpgR O'ptarth 921;?9%%@09 'd@a&%&m.ﬂo%@t&g\%@@y %F@%ﬁi%aﬁ%ﬁ%rﬁg by

coupl ing the signal “throug verter‘having s
char act er i slines transitislingacpposierdirections., Wiheh gBigtaldin ofid livie tiansitivhd £hRIowt a

vol tage level. .that .is .clgoser to.one J.ogic |level th the other logic
level . Wt HOrEER Anf Aesi ?#Pdﬁ}r"éllacf’}t ‘Ié'f? irasitions fromy bigh tp Jp¥e doriram

transistor dagacifiet uplihOSE iHeaRmEHbAY bektheerC@E Bh& s1bWs AR 68
supply vol t%ge Vcec, \l;hi ch is‘3 typically ?iebout 3 vsol tss, aﬂrﬁgﬁaggﬁund i

pot enti &P. spenaks through theis irepreqtive Ningp p Finadly: the tngtly of signalflineh an imeansy st or s

12, 14 is ' u otential, the P transjistor.12 i s turned
O and ¢ he B, elauety R 85 RRieRR. horedon gt Be phRBloR o i dafe g

i .e., VCC |aidedss amidantrdl sigmischave Gldpagawidan the fartiepistarie @bl atry.hi gh, i.e.,
VCC | evel, the PMOS ransiftor 12 is turned OFF and the NMOS transistor
14 is turned ON, therbiyvsll taermzag tat thgpropagation speed pEiongyerize of maligitabyut put .
25 1n a skeygfl b4 86 htelerROELP bodh &4 'aims@_{;  indéter habi ﬁc'lsﬁ@}ed
differently fromthe gt?h_er of thﬂgﬁﬁﬂz‘ins%tors ]Z%Ti ?)‘F{ngga%rp e,a t he
channel 18f " oitshingshatetenistics.2 A skewedrinyettrr is ddsignodscetiat/it switches Momvaltage hat i s
w der or | hann f.the oLh . Qne .lhe transistors 12,
14, the dog?%gg%ag@?\ rg'tfl’%gﬁgg%*ev %ﬂﬁﬁﬁéﬂeﬁ’g‘?i&vﬁ%ﬁ V“‘EF& #¥Ferent,
or the trankidn imvenal [0age forthed byt D@MOSINGISEON $2 kBd ah4NFIDS kéndlthd €4 ent .

In the . . I .

coupled in series between a supply voltage Vcc, which is typically about 3 volts, and

ground potential. When a input signal IN applied to the gates of the transistors 12, 14 is

20 low, ie., ground potential, the PMOS transistor 12 is turned ON and the NMOS

transistor 14 is tumed OFF, thereby producing a high, ie., Vcc level, output signal

OUT. When the input signal is high, i.e., Vce level, the PMOS transistor 12 is turned

OFF and the NMOS transistor 14 is turned ON, thereby producing a low, i.e., ground
potential, output.

25 - Inaskewed inverter, one of the transistors 12, 14 is fabricated differently

from the other of the transistors 12, 14. For example, the chanmel of one transistor 12,

14 may be fabricated with a channel that is wider or longer than the channel of the other

- one of the transistors 12, 14, the doping concentrations of the transistors 12, 14 may be

different, or the transition voltage Vr of the transistors 12, 14 may be different. In the

30  case of the inverter 10 of Figure 1, the NMOS transistor 14 has a channel that is wider



30 case of the inverter 10 of Figure 1, the NMOS transi st or S1M6HA® a
channel wigh@lpeigzoWM der - 5 AUG 2005 WD 02/ 063629 PCTI USOZ/ G342 nzLhan the
channel of the PMOS transistor 14. As a result, the NMOS tran5|s or 14 has
a smaller resistance than the PMOS tragsistor 12 with the same
gate-to-source voltage Vas. The switching characteristics of the inverter
10 are shown in Figure 2, using a voltage |level of Vcc equal to 3 volts,
al t hough ot her levels of VCC may be used. Wien 5 the input signal INis at
1.5 volts a'banthetchaml @ﬁtbni'MOS)tmg;ismmrid tAs Bresudt, the, NMOS thiviiStor 14 amsi St or

14 has a | owe res et or 12 because of |its
i ncreased &Hf: lﬁ'héqs ﬁ] (%%E%Hﬂ"\%mt iiwght % FA0 %‘F"‘%B‘Feh‘é{%tla&? r eady
transitionevgd W@M&ﬁmg%ﬂa%ﬁd‘@ﬁcs ofhtRe ‘iweﬁ&t 105 @ Bbwii] Fkk}ﬁﬁ 3 hkéfn :W tched

fromhigh to | ow before the input signal IN has sw tched mIo
hi gh. The |Y9Jfésetlérels?ﬁva:c9e¢ﬂétca ¥elts, h@qusbg&eskmbfvmmyﬂmmmm

falllng d iana OUT. occurs .before e e of the
i nput si gnglﬁ ﬁﬁu{ Fﬁmﬁhl St Zr?gv %asﬁigaqs 1&8P1 %F'?#F’n% I?ssa%gﬁﬁjgb% and
the falli ngrasiger lOﬁadthwieNeslkﬁﬂéﬂ tharfthe PMOSrarkistirab beaubdbie iRe&RLEr at ed
simply by c of skewed inverters in series.

nb
Unf or t unat éﬁ‘;'?neg i |§°$ﬁl;‘ﬂ“§‘h& the guiputgigngt thmﬁwwwedtmgrﬁﬂghre 2,
uhen the | iineigl. OO odbh! st OB hall iuds SwAShela'erdl 2810 IR0 Berbde QR ot LS 1©
ansi st or ave a

15 ground, the NMOS tr cont 1 nues ovver resistance
t han t he Pl\ﬂt@alNmsmtt:b&dmﬁnImstcalngles'ﬁhdmvarteelmmphtatesahémas@dmmnal ns

at grou otential...The ut signal t hus es .fromlagw to high
wel | ?Q ! i Oﬁ 3&’“9 % ﬁg"t BS‘WJWgeRﬁ thé\vert er
coul d be d g ipgall IS, I€ fhd rﬁedah@asf@eﬁbrr&ﬂ?ﬂm%smggdééﬁd'tﬁh%ﬁl I I'N

by making the channel width of the PMOS transistor 12 greater an the

channel wi RfiheoiN sigralatigital signal eouki bejapcelesated siamply blbmrge@mgmmnd:ct ben
del ay the rdchapinetls B sl Uﬂf&'l‘t?mﬁklg{]ﬁc? i bot Bl Ge. SHAMSHAN e

i nherently accelerate one edge o S|gna onIy ense of
del ayi ng t He Higure 2, stige thef inpothegrchl gNtxalat $i5gvults .as lit lratﬁlﬁohelﬁean} ol RAr ent

t hat sk d_inve one. ot he use accel erate di |taI SI gnal s
in int egyr’gt F‘hfw gﬁ'ﬂfﬁ’ rslq m"'iFsd‘éS‘F‘f?e% lows resisianes:

| NVENTI ON Arahmabr 3Pt 5@l thoal ?mt 061tage SUP rdphdist at Rrdtid! ﬂoEe\f.uaf myertefs
skewed toward a first polarit nal transition alternating wth a

second pl urefAvt §1gg$l OYF dhugswitches from ow to high well after the input signal IN has
switched from high to low. An inverter could be designed to accelerate the falling edge

of the input signal IN by making the chanmel width of the PMOS transistor 12 greater
20  than the channel width of the NMOS transistor 14. However, doing so would then
delay the rising edge of the imput signal IN. Thus, skewed inverters inherentty
accelerate one edge of a digital signal only at the expense of delaying the other edge of

Fé

the digital signal. It is therefore apparent that skewed inverters alone cannot be used to

accelerate digital signals in integrated circuits, such as memory devices.

25 SUMMARY OF THE INVENTION
A high speed signal path includes a first plurality of inverters skewed
toward 2 first polarity of signal transition alternating with a second plurality of inverters
skewed toward a second polarity of signal transition, As 2 result, each of the inverters

in the first set accelerates a transition from a first logic level to a second logic level, and



skewed toward a second polarity of signal transition. As a tg:%f;tﬂﬂseach of
the i nveyd 4ds3sdon the first set accelerates a transition t

| ogi c Ieveﬁito a second logic level, and - 5 AUG 2005 V\J){)%@?é ng

PCTI US02/ 03342 4 each of the inverters i4n t he second set accelerates a
transition fromthe second logic level "to the first logic |level. A pass
gate preferably couples an input termnal to the first inverter in the

series responsive to a control signal having a first value. A preset

circuit preshtof thdinvensteih eheSsecondisdt agielerhtey € trafsitibh FonP thé SeoGRERgRN
transition of the inverters 5 resulting fromcoupling a digital signal

t hrough t helevghig thedirst Ipgir levgle A\ pass sate prefereblx cpuples anjnpytiennnajio the

signal path : L0l I I lgnal to
respective g’ﬁ%tﬁtﬁlgﬁn&é}al ﬁlgg@%gas%aﬁ#ﬁ%%e hl%%hgsgggags%d’%%& %ﬁk for

t he di git al pressigythelinwirkets tyrackhiierlesd aw thdt any sitgedriegh tramsittoh of e dhveptatsh f or
the cl ock si |, .the digital. ., signal. wll be present at its output,

t er mi nal fo’feg'gglb%#P‘Bd:ol‘ﬂg’(g ”e‘hﬁ‘ﬁ’?rﬁ%ggé?ol‘%mﬁé‘%‘gﬁﬁst"ﬁ {be pocelqtated | Amairsi gnal
s present gftheh QpbdALs Athd '@ | be
used to designat ggha dat agﬁ\:/ig?i d pg¥?§§“?§§€mé%?;§?‘a|ﬁb%?g?lﬁ?%%éﬁﬁ?gh

speed si gnalo Tgspeptivenqupus dermninads. | By designigg the\highespeed sighdlqpath for ¢l digisal

circuits, a | ' one or .nope,. of. the hi.gh eed. si gnal

b ey 2O o SE B 5L O oA b RBE e A HESBTe
15 Figure lsigml &ilb bopednt at ifouput R Al fop A pbridd Y dnBémpaskdstthd perfdddtiae 2 1S
atim ngi dlégr m show ng the switchin r(_al-;;)onse of the prior ~art inverter
circuit 18 K sygnaljs tptjity O&ln%gqr@! .ad Ariedilt, the\plgpk sigadlrasibgnal

propagat i 0Nydah k& Hidi ord | [ . of Etae-' I on.
20 Figure 4‘1%5:l t‘gufstcl)%ila% adiaﬁf;?gm o\r?%'t&elﬁgg%?lrere t 'o?ﬁgbﬁgl e gsé%!%!g?%r used
i n the hi ghmgpbeusediiymemogy dgyinga bt atherdntegraiet! cirfuifs] and 2m8mobi divice Wsings a
timng diagram _show . pul sed. cl ock signal ner at ed, b t he pul se

gener at or o?uelﬂr&ﬂr%oﬁtgiaﬁlﬁégfgﬁ@mtp& %P&e@ﬁéﬂoﬂ’gﬁﬁr %0 the pul se
generator. 25 Figure 6 is a timng diagramshow ng the timng relationship
bet ween a ul sed clock signal at the end of a clock signal path and an

B THE DRAWINGS
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15 Figure 1 is a schematic of a conventional inverter circuit.

Figure 2 is a timing diagram showing the switching response of the prior
art inverter circuit of Figure 1.

Figure 3 is a logic diagram of a high speed signal propagation circuit in
accordance with one embodiment of the invention.

20 Figure 4 is a logic diagram of one embodiment of a pulse generator used
in the high speed signal propagation circuit of Figure 3.

Figure 3 is a timing diagram showing a pulsed clock signal generated by
the pulse generator of Figure 4 in response to a clock signal applied to the pulse
generator.

25 Figure 6 is a timing diagram showing the timing relationship between a
pulsed clock signal at the end of a clock signal path and an address/control signal at the

end of a different signal path in the high speed signal propagation circuit of Figure 3.
Figure 7 is a logic diagram of a high speed signal propagation circuit in

accordance with another embodiment of the invention.



end of a different signal path in the high speed signal propégﬂéJlGiZtﬂﬂﬁ
circuit wipofeesdoe 3. Figure 7 is a logic diagramof a h| §tfzﬁ13§lzgna'
propagation circuit in accordance wth another enbodi rrent 0

i nvention. - 5 UG 7005 WD 02/063629 PCEI US02/ 03342 5 Figure 8 is a block
di agram of one enbodi ment of a nenory deévice using several of the high
speed signal propagation circuits of Figure 3. Figure 9 is a block diagram
of a conputer systemusing the menory device of Figure 8. 5 DETAILED
DESCRI PTI ON OF THE | NRIENTE| 0 OWockndbiagiamanftone fembolingint P @atlemogndavice

propagation_ cit eleratln t he. t|o of digital
signals in a m)ry ﬁpt\l}?gghlsgeeﬁﬂgﬂglt 6“‘1“&“@?’8{)@%@ The circuit 20
includes a plurality FigueoHies blaRnfigim YA Hmps usid th a@namr

cl ock S|gnal path 40. Each of the ad ress/control pat hs 22, 24, 26

driven by adeMcerddiigme Byve buffer 44 through a respective pass gate 46. The
pass gates 46 and the clock signal path 40 are driven by a pul se

generator circuit 50 directly and though an inverter 54. The pul se
gener at ob CDE&“IAIEEBGDWWOG'HHEDWEN![K)NCLKD on each rising edge of

an internal clock si K.INT. The CLKp signal is also coupled to a
clock input of the é%o‘kwe%%lﬂoblﬁhr@ﬁ@eémepwe% ceuit At fos|

si gnal s out a@bletaliflg MHaf i or R?H gg! tor 50
is shown in Fi ureg4 J'Ir'ﬁﬁeaéapu 0selr)g(jene thir?qm rcu tvg%h?ﬁc u esglgﬂgl['?f er

t hat receivds helrplnt @9 miagludet o plurslity mﬁladdxéisléohﬁﬂl sigmel pmhqom 24226 and a

correspondl Kl AN e a, pass gate 60,
to an inver k VI th'i‘CEl‘ %‘Rﬂﬁa'??ﬂ Fofﬁ?'gglé#r g“ Fhbetitvyeahy 2 tine
del ay CilﬂCUtet;peGﬁve Bl[ffbr'f/lﬂ tcoDNDre@pdclve Pass Ehte 48\ ga Egat@4§!u§9th5@ﬁ)@kves
the 20 out puéya?fﬁghe I nverter 62 through an inverter When the CLKIN

signal is I8 40558 guvendry %MBSWRB&’Q&F@WQ direpilyyénd thpeghhingivester t he
ot Pt Pt §E MRy Athies L AURG o o)k BB KR bn Qtl AUGY B of 2 112"

I's coupled to the output of ena Ré pass
aresult, imemtemel Clokk kgualdHH_INT. dbe @Dﬁi stgnalt ik @lso vbypidd tofa clédkﬁnmu bge

gener at or %‘grs%lf&c t S laq/‘gzﬂld nal s ?‘éﬁmgguttor}%e%uﬂcysﬂ gnal

tranS|t|ons I'ts
15 One emboduuent of the pulse generator 50 is shown in Figure 4. The

. pulse generator circuit 50 includes a buffer that receives the internal clock signal
CLK_INT and outputs a corresponding CLKIN signal. The CLKIN signal is applied to
a pass gate 60, to an inverter 62 receiving the CLKIN signal through a conventional
time delay circuit 64, and to a NAND gate 70. The NAND gate 70 also receives the

20 output of the inverter 62 through an inverter 66. When the CLKIN signal is low, the
output of the NAND gate 70 is high. The high at the output of the NAND gate 70 and a
low at the output of an inverter 72 that is coupled to the output of the NAND gate 70
enable the pass gate 60. As a result, the low CLKIN signal is coupled to the output of
the pulse generator 50 to produce a low CLK signal.

25 When the CLKIN signal transitions high, its rising edge is immediately
coupled through the enabled pass gate 60 so that the CLKp signal transitions high
coincident with the rising edge of the CLKIN signal. The high CLKIN level is also
coupled to the input of the NAND gate 70. However, the output of the inverter 66

remains low for a period corresponding to the delay of the time delay circuit 64 so that



coupl ed through the enabl ed pass gate 60 so that the CLKp sj auapogs

transi t waneydsgs coincident with the rising edge of the geyhdhanizepal . The
high CLICIN level is also coupled to the input of the NAND gate 70.
However, the output of the inverter 66 cremains |low for a period
corresponding to the delay of the tine delay circuit 64 so that - 5 AUG
2005 WD 02/063629 PCT/ US02/ 03342 6 the output of the NAND gate 70 renains
high to keep the pass gate 60 enabled. Upon the expiration of this delay
peri od, bottheonfput of the NAMDNANTT Opsmeiny bighrte Ketmythe passegatsnf0 erabledi Bipothe

NAND 7 J | whi i.sahl es  t te 60 her th
ow at t he Be eRpiFtsp e Rk e Bodh sie SE o AEARA R o b Bitebpur &
hi gh, there&h)iSiEg'thmAN@Qﬁmomtilo&ﬂﬁlﬁéﬂﬂisﬁ%sﬂy\ﬁ%QMﬁQr 78

then couples the CLKp signal to ground. Thus, a high Kp pul se is
gener at ed olWeaidke oytputnf tariyAND gaig &0 camseg the dnvgrien 72 toroutpuga high; Bereby

det er m ned l]lﬁ?‘niﬁ tlt.aH%f | | A \ ~o-Fl gur e
5. . Thegfa m%égggﬁeﬂ%?@%he %-ﬁ?s?@ngp%lﬁg@&?rﬁ% th%ﬁlﬁ%g%\ggﬁgﬂg 10
out put a hi gigmal dggroungnaBhusng igheChEs pulsatie gaidraeton eschi ringObdget dath&IMOS
transi stor The KIN, signal is, then coupled_through the pass gate 60.
However, si &lﬁ%‘“ﬁ@“ %Iaﬂﬁtgﬁ?die‘qﬂ?"g E’erg‘?‘ 3&6‘(188“1‘3&%?%@1’3’ BETIH €5, BRe  NAND
gate 70 hassHawhiiFighrds.9h, the high-to-low transition of the CLKIN signal
has no effect on the output of the pulse generator 50. The CLKp si gnal
fromthe pul se genera’lhwrggﬁlgtmpaffdhe@é@i signadl wausestthe NYGNR fpaten@itto r i si ng

ol ai ndd cosaplt ol dpRh R R RORE SR i it OSN350 ana

40 are SubBheaCTLKAN! yignallas thehodoupled GaRARM e pass Ogatd B0.L MoVl sk tAE

brevity, th ructure and, operation o onlg/' t he si?nal path 22 w Il be
descri bed. PR hap Grpmsitioneq oay wiefbbefarethe NoNILeate 70 hasgutpubs Bigh the
representi ngoh BRI Shhdidd S€ mpakBeIN ;signa{l%b%aafe@t 8 theC 'Jfacﬂéguﬂé a
signal line. "Afirst series of 1nvertérs 94 alternating wth a second

series of igrnevatogisy. The (e spgnalfoin dite pibsecgederaton 50 therfare ramns lowtundi] si gnal
ot ude 3. Pobeet et 8 B IR e oo CERy BHEP & etk 22hown)
i n the sanmeexpiuiedgioed.i on of the inverter 10 shown in Figure 1.
Retumning to Figure 3, all of the signal paths 22-26 and 40 are
substantially identical to each other so, in the interest of brevity, the structure and
operation of only the signal path 22 will be described. The signal path 22 includes a
20 series of resistors 90 representing the distributed parasitic resistance and capacitance of
a signal line. A first series of inverters 94 altemating with a second series of inverters
96 are placed at spaced apart locations in the signal line represented by the resistances
90. All of the inverters 94, 96 include a PMOS transistor (not shown) and an NMOS
transistor (not shown) in the same configuration of the inverter 10 shown in Figure 1.
25 However, the NMOS transistors of the inverters 94 in the first series have a channel
width that is greater than the channel width of the PMOS transistors in the inverters 94.
As a result, the inverters 94 accelerate the rising edge and delay the falling edge of a
digital signal applied to their respective inputs. The PMOS transistors of the inverters
96 in the second series have a channel width that is greater than the channel width of the



25 However, the NMOS transistors of the inverters 94 in tﬁé ﬁUﬁr?QQﬁ series
have a eoh@usizs2oni dth that is greater than the channel wp&ﬂugs ,&slg& PMOS
transistors in the inverters 94. As a result, the inverters 42accel erate
the rising edge and delay the falling edge of a digital signal applied to
their respective inputs. The PMOS transi‘stors of the inverters 96 in the
second series have a channel width that is greater than the channel w dth
of the - 5 AUG 2005 WD 02/063629 PCTI US02/03342 7 NMOS transistors in the
inverters ONM®S transistorslii theliiM@rR V8! WRMHSTeSft, 6 GREEAR &Qﬁﬁ&é'ﬂ{é fiffing©d9e
and delay the rising edge of a digital signal applied to their respgctive
i nputs. By FHeeERAdelan thefismeiedge ol digital pignalappliedd theirsespectivalingmt h 22 and

th | t ti t hep| . f th [ 22
areat !y accelerates tibPHEREEringeiis 3 LRE RN BF e el a2 B8 e
great|y delalfemating thelihvertgrseig @6atheredfter,pihle Sighal P 225 b@R®Y accblefdess @8 €dge
on the C%Kp .S|gn I Qflﬁ] °f1§§djj se enFe]rator 50 is used to latch an input

signal oat of" ﬁ%ob ? PR H‘P“Wg?l? andsgreilidelaysithe fallingsadee of the nwlsed 46.

he ~ high | i ind! hS.Si . h
ot ched 1 npur o s e cafe SBCELy ital GROFARCLAEREPSE i ted @ BRRT (o

| atched input signal to'the input o nverter pat h
22. \Wen t h# WpRpsignalent of inpwishuffeoAs, wilich ivcoupled tb tansiiksiai gite 9ot Fné6 i s

di sabl ed, ' | rese evice.98 is turned on. hus, .a high
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path 22 wi lﬂath prior to the occurrence of a valid input level out of buffer 44, more time is allowed

for the default signal level to propagate though the transmission path. Now, only a non-

20 default (in this case a high level) is required to have a fast propagation time through the

transmission path when CLKp transitions high. The only requirement is that the reset

low level must propagate through the transmission path 22 before the next CLKp

propagates through transmission path 40 so that the output of transmission path 22 will

be low for the next CLKp cycle if the input of butter 44 is not logic high level. By using

25  a short pulse on the CLKp signal to pass the high level input through transmission path

22, and then resetting the path during the remainder of the CLKIN high time and the

CLKIN low time, the default lJow state is guaranteed to have enough time to propagate
through the transmission line 22.

In operation, when the CLKp signal is high to enable the pass gate 46, the

30 low at the output of the inverter 54 turns OFF the NMOS transistor 98 50 that the output
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15 accelerated by the inverters 96. Thus, the NMOS transi stor 98 presets

al| of the logig\lg¥el of shegwgnad from,the buffer 44 ¢amges| the inviertem i9¢n9G tesswittbdogiat

transition jm : . d t t. he
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to the inverters 94, 96, only ) )
15 that none of the signals propagating through the signal paths 22-26 have adjacent

sections that change logic levels in opposite directions. As mentioned above, the
20 propagation delay of signals are increased if adjacent signals are transitioning in
opposite directions. As a result of presetting the inputs to the inverters 94, 96, only
some of the signal paths 22-26 will be switched. For example, if a signal applied to the
path 24 by the buffer 44 is high, all of the inverters 94, 96 in the signal path 247wi11 be
switched. If the respective signals applied to the paths 22, 26 by the respective buffer
25 44 are low, none of the inverters 94, 96 in the signal paths 22, 26 will be switched. Asa
result, there will be no capacitive coupling between signal transitions in one path and
opposite signal transitions in an adjacent path. More specifically, a segment of one
signal path fransitioning from low to high will not be adjacent a segment of another
signal path transitioning from high to low, and vice-versa. In a worst case, a transition

30 ina segment of one signal path will be adjacent a segment of another signal path that is
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signals which are active for both hilgh and [ow statées can

have val i dSksHiagadgress.commend and daty En¢s mere dhanrckick dinas i, aderess, sometandi e d

more than ther &P Gknals which are active for both high and low states can be designed to have
valid pulse widths that are both accelerated more, and stretched more than the clock

20 signal.

In one embodiment that will be shown and described below, the signal
paths 22-26 are used in a memory device that uses a clock signal to define a data valid
window of an address, data or control signal. In such cases, it is important to ensure
that a Clock Load signal at the output of the clock signal path 40 is within the time that

25 +valid data is present at the outputs of the signal paths 22-26. If the Clock Load signal
straddles the time that valid data are present at the outputs of the signal paths 22-26,
spurious data may be registered by memory circuits (not shown in Figure 3) that are
coupled to the outputs of the signal paths 22-26.

As shown in Figure 6, the inverters 94, 96 in the clock signal path 40 are

30 designed so they have less skew than the inverters 94, 96 in the other signal paths 22-
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to define a valid w ndow of an address, data or con . In
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of the digital signals fromthe signal paths le t ock Load
si gnal . 18n adcemlingivianethendyehiidiraent obthe anvention is sleveh inFigag At Thecigquitchi0t 150

10 accordin her, enbodi nent__of the inyeption is .shown i.n Eiqure 7.
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The circuit 150 differs fromthe circuit 20 by substituting a NAND gate
152 for theSYosamting e NANI gats d S fandhe pash gates 16 ind ZMQS dransistpr,28 used dmthepeed
pr opagati on 'rsi,gé&' iofll QR Wﬁ\@] pw%gjp f

gener at or clili‘rét(;wt 583{%2@%“8\%, t he 2ﬁI)AI‘\}ID gatrgﬂiKSZ olggﬁﬁgﬁgﬁgﬁgguﬁe

i nver t ert598g4nemtargircwit 6 v lawt the NAMNR ghteriS iholds frerifiprt hethe yvettteds loantsi st or

98 in the cjr it2.V\?uen.he CLKR. 0 t O e pul se ergior _circuit
50 i s high, P"t‘ﬁ“ﬁ‘“l\ﬁkﬁ%‘"@% Sitide, Borforia by iy F’b“S‘SI"‘tS’Q in thc circull 20, When the

CLK}p output of the pulse generator circuit 50 is high, the NAND gate 152 is enabled to

act as an inverter to perform the same function performed by the first inverter 96 in the

circuit 20. As a result, the first inverter 96 in the series that is used in the circuit 20 is
20 not needed. Although the high speed propagation circuit 150 is shown as being
implemented with a NAND gate 152, it will be understood that other circuits, such as a
NOR gate (not shown) may be used as long as the polarities of the signals applied to the

gate are appropriately adjusted.
One embodiment of a memory device 100 that includes one or more of
25 the high speed signal propagation circuits 20 is shown in Figure 8. The memory
device 100 is a synchronous dynamic random access memory (SDRAM) device that
includes as its central memory element left and right banks of memory arrays 111A and
11B. Each of the memory arrays 111A and 111B inctudes a plurality of memory cells
(not shown) arranged in rows and columms. A control logic circuit 112 controls the data

30 transfer steps associated with a read or write access to the memory cells in the



act as an inverter to performthe sanme function perforrred I rst
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processor (cnmmt ism)mflﬁlem&ugtyr&v&)s 10peCah@and Highkid are ﬁbﬁﬂ&ﬂi&ﬁ@fcoﬁ&op' ts

each. Hg@e # ‘L 06’e(h:nderstood t hat the rrem)ry device 100 may have
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Command signals are provided e contr clrcul oded by
command decWdk (wrifecenable), RAS (fﬁiwewr@s gtrobed and cCAB| (colukmoaddréss strh'me)art

and i ncl ud I ock en CS p,.sel ect),
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Di stinct caobnmads. d?tﬁeﬁ:imﬁlb,ethdadﬂﬂﬁﬂﬂmﬁmtbvﬁimgh,cﬂﬁstlb%ﬁ @dAStinct

pr Ocessi)g high can represent an ACTIVE command. Examples of other well-known commands
include READ, WRITE, NOP and PRECHARGE. Although the processor actually

produces distinct command signals that in combination are registered and decoded as

commands by the memory device 110, it is convenient to refer to these commands as
being issued by the processor.

20 The control logic circuit 112 sends the internal clock CLK_INT signal as
well as various control signals on control lines 113 to other parts of the memory
device 100, corresponding to the processor-issued command. These control signals may
control not only accesses to the memory cells in amays 111A and 111B, but also a
variety of other functions including the input of data to and output of data from the

25 memory device 100. The length of the control lines. 113 on which the control signal is
routed may be fairly long, and they may be spaced close to each other. Consequently,
the high speed signal propagation circuit 20a may be used to accelerate the coupling of
control signals to various memory components, as shown in Figure 8.

The memory device 100 is also provided with an address of the memory

30 location to be accessed on a 10-bit wide address bus 115, including a bank address
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speed signal propagation circuits 20b,c may therefore be used to accelerate the coupling

of these address signals from the row address multiplexer 117 to the row latch and
decode circuits 118a,b.

In response to one or more control signals provided by the control

20  circuit 112, the column latch and decode circuit 120 takes a column address provided by

the address register 116 and selects one of several column access lines 124a and 124b,

each of which is coupled to one of the memory arrays 111a and 111b by one of two VO

interface circuits 126a and 126b, respectively. In response to one or more control

signals provided by the control circuit 112, each of the I/O interface circuits 126a and

25 126b selects the 32 memory cells corresponding to the column location in an activated

row. As with the lines from the row address multiplexer 117 to the column latch &

decode circuits, the lines from the address register 116 to the column latch & decode

circuit 120 may be long and/or close together. For this reason, the column address

signals may be routed from address register 116 to the column latch & decode
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the address register 116 and selects one of several column access | nes

124a and 12pgwn) avhich detesping land amplifipthediogis sate offthe (selectedrmremany realls | |

la and icl t Interface..circuits 126a and 126bh,
respect i :\;/eléf Bp%‘l t‘?@% p%&ssee %ﬂt{)e%ethgl}ou%Fegp%cgm P3rE Oéﬁo ?%P&nﬁ%%iﬁ'gi‘a%y t he
control ci r(aoi showhP, Tieeln imérfich eirdi 1264 £idf 1268 aBb ielide YOLARAitShd: g 126D
sel ects the 32 n3e ry cells corresponding to the colum |ocation in an
activated 9o &@W‘t“l@“ﬂ‘ﬁ@‘%‘ﬁ&g fddram pdats mputiggistes 30 taspongivestepne 17 to

the col um 4ahekR BnudlasRER c}ﬁbﬁ&é& ﬁfmetchﬁu&icgr‘gﬁ%g/ﬂg@@gqgéﬁg@ﬁiﬁ | ster

116 to the colum latch & decode “circuit 1 or close
t oget her . HAP inteiface cienitsri26a,h ereddC wense antglifars (nos slgman) shareegeibe dstatioad f r om

address seqgister, 116 to the. colu | gt ¢h decode - 5 AUG 2005 WO

02/ 0636 Q %ﬁ@dﬁﬁﬁf@%r?ﬁ?@@%g‘%ﬁ%@g‘ﬁe ga‘h i°5h”§’6@égg i fEaP
propagat i ontheisfghul patRD doff the BC ki@ SiPer kldy Uei BhE Gnd clofd Gogtnet,  RAET f ace
circuits 126a .and 126b i nclude sense anplifiers (not shown) which

det ermi ne d'ﬁﬂ“%ﬁqu%?b!%’@. BRiF dhesdaty egels thraugh anetbercaf thehigh ypasdisignab
CouEL .2 RS RATPAS) e B RUR o GPE yElhdd 28
i ncl ude 1/ Claga busifiltat DG padsgae-DQMt ta ttansfEPoulinit AaralQPQE 1 ne gipiicedssr dod3 and
e ORI T L
Interface Mythelcbrirol 2Ruibl 121 HdWeved RSANVERHErBEE that @ita BAVAW Y gleltaf orf €CEI Ve
data from lesser number of bits may alternatively be coupled to or from the memory device 100.
The memory device 110 includes a refresh control circuit 132 which,
responsive to one or more control signals provided by the control circuit 112, initiates
20 regular and ‘periodic activation of each of the rows of the memory cells in the
arrays 111a and 111b for purposes of datd refresh, as is well known in the art. In
response to one or more control signals provided b& the control circuit 112, a respective
one of the /O interface circuits A and B senses data stored in the memory cells of the
refresh-activated row and rewrites values corresponding to the stored data in each of the
25 memory cells, .
Although several high speed signal propagation circuits 20a-e have been
shown in the memory device 100 at specific locations, it will be understood that a fewer
or.greater number of high speed signal propagation circuits 20 may be used. Also, such
high speed signal propagation circuits 20 may be used at different locations or in
30 different types of memory devices or other digital circuits.



10 the digit line sense anplifiers and couple the data to the fags out
regi st eywoldhezdgai n, the signal paths fromthe DC sense gfllﬁéifay be
| ong and cl ose together, thus naking it desirable to couple e data
signal s through another of the high spgﬁd signal propagation circuits
20e. The data registers 128 and 130 are’connected to a 32-bit wde data
bus 31 at DQ pads DQO-DB1 to transfer output data QO @1l to a processor
and 15 input data DO-D31 froma processor, responsive to one or nore
control signals proviRigde 9bjs &hbloclondiighmCof Wikt erhBlimERVRYef . confputir! | be
under st ood t hat ta.having a greater_or _|esser nunber of bits ray

al t er nat i vePFeBel 7 oting the: Bempry: device 19 of Figue devThe computer isystern iz v
device 110 jn@ efbs i1 cul j . responsive to
one or nore cglril%(rj%l%l@iteénal s&grlgz\il el%k%%itn%e%%ho% r mcf‘?‘é%‘?"? A3 FECCHIRE | at es
20 regul ar sefitvare toeperfodn clesicetdi cabelatinnsodndetasits. afirduitey 1T\ pichlly shtMRIRT Y

cells insthe array(stél | a ang 1 1b for, purposes of data refresh, as is

wel | knotn HRCEEHOE @9 Shapil) pd aie msgnary dghiee 100 o sbovemntQus OF; [ limput

provi ded bydewites CRNtsuel a6 ia Reybbard 1ot 2 Poinfinp Helicd Cis &’Pﬁleaft tt!]ﬁ cggphg;erface
S O e

circuits A and B senses data stored in the nenory ce
r ef r esh- actGFBNYI2ranadng 17ewed ellaws an opwsaton(ot sisovita gnanpallyhinpst dated dat a

in each of . ugh,several high speed gnal

pr opagat i onttl%igtroéﬁs 28%@%&@%} é&gﬁbk}s}%mlﬁ%ﬂt"t %"%ﬂﬁ?ﬁfﬂ%&%ﬂ?&?%% at
speci fic | dbabioh®s td provide|to like vpedebsdao Gehididbd By foR\Eikcuitdy. - BrEAPRE opuNbDEr
of high peeg%l?i nal gr%&gl%%ti on circuits 20 may be used. Al so, such high
speed s}gneﬂu gg"zl‘éeﬁtliﬁ @gmnter apd pidep displag gnigt Oge pr morerdata sfomagé ons or
in 30 diffRyRed1718Yieesudd RHD (A =1- W] Wt [ its. WO
02/ 063629 - 5 AUG 2005 e us%dé'/’%%-tz ‘fﬁ‘%?%@ﬁ%e glsﬁggghﬁﬁ%e{:%%f’%& am of
one enbodi FelRevefdaty dompaxtamal sstetagen média Wb ghovas). MEBramplele oF Caord@) of
Figure S. - ut. ar em 170 inclu anputer circuitry 172 for

et or m ng RO i aSSel104Re mela {9EiRle SRR b6 achamtchard it Aoges
desired caldisksatriagneticanupe t @sdtders, Cadd ebinpyct 4R Ledddi dnly I, t RRGMP
processgge (rgag% shown) and the nenory device 100 as shown. e or nore

i nput Vi 174, such as a keyboard or a pointing device, is coupled to

the conputer Circui twilli appfcitddUfiat 1ol ebddiiEnt® B BRI ALR0n GAG

shown) to nmanual ly input data _
been described above for purposes of illustration, various modifications may be made

without deviating from the spirit and scope of the invention. Accordingly, the invention
is not limited except as by the appended claims.



thereto. One or nore output devices 176 is coupled to the conputer
circuitry 172 via the bus 175 to provide to the operator data generated
by the circuitry. Exanples of 10 output devices 176 include a pri-fgtgg @d
a video display unit. One or nore data storage devices 178 is coupled to
the conputer circuitry 172 via the bus 1735t 0 store data on or retrieve
data fromexternal storage nedia (not shown). Exanples of storage devices
178 and associ ated storage nedia include drives that accept hard and

fl oppy disks, magnetic tape recorderé gpg conpact-di sc read only nenory
(CD-ROVM) 15 readers. It will be appr E t hat, al though enbodi ments of
the invention have been described above for purposes of illustration,
various nodifications may be made wi thout deviating fromthe spirit and
scope of the inventiog.p; ks t i tion is not limted except
as by the appendlgd clgihrlréfﬁ)?&gh%%%tgbgﬁ?ﬂsﬂ}@Al M5 1. A high speed signal
pat h, conpri si ng fimt et pf invertdrs,cch ofthe ireesersdmdie firkt dehbeing vieswedrioward 4 he
first set bei. kewed toward a _ first polarity of signal transition so

t hat eé‘@ﬁ%ﬁ"gﬁgfis \A@rfr@‘?sénqnns‘l fhat WF&EPP&& nyerters dpgthe Jirgt sef ragpelemaies @ f r om
a fi rsﬁadsmhqrdr&xafstidgic,axem@ageéoﬂ@u@é1% gl ; a second set of inverters,
each of the inverters in the second set being skewed toward a second

pol arity of si grrasecondisesidfiinvertetsh eacheafothd ipedriars inythbsecumd et Heing Bkewedom

the first larit t hat h.of the | ters in the d set
accel dPRp SeBha bRy Pensl s, et epeond gplarinehane Aifesers dom e i c

l'evel , pdldifty isb (R4t eBELS of thelifferfels’ ifth@ 8toRd QN 6hteD G tﬂﬂéﬁiﬂHFﬂE %g{ﬂﬁrl:\e&ﬁfdi es
d e wth the

wi th each other between an input node and an output no
i nver tlogis l¢vel torthe first dogie bvel, tictinventats ingherfitshartdeecombset being couplédia segeond

set; apg a. logic circuit coupli an input termnal to the input _node, the
ogi ¢ Bt Seity s Rervedin FE0 aodt i ap Sbivi SR the FieRe i dbe AT SRput
node rfARAQALE Wethithe Avered dhe SdcBiidber@di Ng @ first value, and being
operable to couple an input of one of the inverters to a reference voltage

responsi ve to t ladogigsirewt caiplinghn fnput tegninakte thninpwiaiode, the kdgid siratitftiegent
fromt | val ug, .t h ref erence vol t gge bei ng a voltage cqrrespondi ng
the 1 GPmivE ISR e S ertieT 6 D ofe espopeitece CAnahGBRA G g &

first value, and being operable to couple an input of one of the inverters to a reference voltage

responsive to the control signal having a second value that is different from the first value, the

reference voltage being a voltage corresponding the logic level from which the inverter

accelerates a transition.

2. The high speed signal path of claim 1, further comprising a pulse
generator structured to generate the control signal, the pulse generator being operative to
generate the first value of the control signal responsive to a predetermined edge of a clock signal,
the first value of the control signal being generated for a duration that is substantially shorter
than the period of the clock signal.

3. The high speed signal path of claim 1, further comprising a pulse
generator structured to generate the control signal, the pulse generator being operative to
generate the second value of the control signal whenever the pulse generator is not generating a

first value of the control signal, the second value of the control signal being generated responsive



2. The high speed signal path of claim11, further conprising a pulse
generator structured to generate the control signal, the pul se generator
bei ng operative to generate the first value of the control sigrdlAUG 2005
responsive to a predeterm ned edge of a clock signal, the first value of
the control signal being generated for a duration that is substantially
shorter than the period of the clock sigrid& . 3. The high speed signal
path of claim11, further conprising a pulse generator structured to
generate the control signal, the pul se generator being operative to

gener abe prédetaniidddyablieclotk sikal e técohd 5418681 thedeMed] Signhl eiml\ken@rated
first value of the control signal, the

generator is not generati

secondoyauatien ﬂtag'é S'é'éﬁﬁ%ﬂéﬁy shagter thap balf of the mevied efithe clopbpighale - 5 AU G
2005 16 to a predeterm ned edge of a clock signal, the second value of the
control signal being generated for a duration that is substantially
shorter than hald of Thee hiyh ispstdobighdlepath 06K cRiring| whérein Re Nbgid SiRRMd
signal path of claim1l, wherein the logic circuit conprises: a pass gate
coupl i9MPPK¥ES: i nput terninal to the input node, the pass gate being

operative to co Eiﬂt e'q@% eqre ns,| to the
first control s:‘s &Ef tggﬁaw EH]E% Efe lg})&a{ va ] Q the a I{sz)\(/a\,tg’tthﬁ psagﬁ ?tc\r%“tghe

i Nnput apleratine t@fcomlﬂe theninput efminabtd the mpxtterodaeﬁpu@éltagﬁtherfasp&ﬂﬁﬂovelghﬁt t he
second cont nal haV| ng the first value, the first value of the

second3¥ Bt ‘bf“’“% H¥5andpei ng present when the first control signal has
other than the fy §\§ﬁch\/9$l.tﬁgi\1/1%ftﬂ§ 1%&.&% ett)fhﬁ'tgzl Qe rp % e 3 f‘él%h{;«?g'gltage

correspondi ng the | ogi c ei nVert aceerera
transi rcspmnslse fonthe lmoghd sqimm]i sigha] having ﬂielﬁrm‘vahieaﬁmf#st vuheroetlﬁ seéthdsoohfreln i s

coupl t.he i nput .6, The hi gh speed 5|gnal ath of claim1l, wherein
the f .Sﬂ@tﬂf being poeses Yjﬁ &riirst t@“ggé'm has gtheg thagy @iﬁéirSfaY%ueeéhEprquﬁes of
each ajdie i i ing a
ot hafe bARE a'0laat Tob P ing AL ihvel BORH Wit 0@ hOdH SRIGHATY D 2

to rewmsitient he first or second control signal, and an output term nal
coupled to the input node. 7. A high speed propagation circuit,
conprising: a control circuit structured to alternately generate first and

second val ues ofs a CQRE hiyh spei'Ggnal ?ati'l'(ff%ianﬂ'tgth%%‘?%e%:ﬁhﬁ@t:&pt@l\’fong a

plurality of inverters coupl ed In"series wt
the input node.

6. The high speed signal path of claim 1, wherein the first control signal and
the second control signal are compliments of each other, and wherein the logic circuit comprises
a logic gate having a first input terminal coupled to the input terminal, a second input coupled to

receive the first or second control signal, and an output terminal coupled to the input node.

7. A high speed propagation circuit, comprising:

a control circuit structured to alternately generate first and second values of a
control signal;

a first high speed data path having a plurality of inverters coupled in series with
each other between a first input node and a first output node, a plurality of the inverters being
skewed toward a first polarity and alternating with a plurality of the inverters skewed toward a

second polarity that is different from the first polarity, the first high speed data path further



each other between a first input node and a first output node, a plurality
of the inverters being skewed toward a first polarity and alternggiﬂg 005
with a plurality of the inverters skewed toward a second polarity é g[‘s
different fromthe first polarity, the first high speed data path further
- 5 AUG 2005 17 conprising a logic circuit operative to couple an input
signal ternminal to the first input node rldsponsive to the first val ue of
t he co - S : ' ' t risi a
rst gt Ete ol bektve 1 3By 18 38 ol SnF el 1Bl SE B 4R '
to a lresponsiveuel the cfist eslperdd thg dontral wighblaghe fiiranhighi sped ldatal pMBY fubthed S
skewed to accel erate a transition, the input being preset responsive to
the scOBWESInG a fFsigreseheirquinPeBiive fogfaset anyinguido vae sg@emwe%@eedpmbaelpat h

e iy . _ ; ; ! ; ‘ashath
- secauloblihe &Y yBltodd W WHich RONR R it Bugdiel 6 fooctinhd S5l 8 il
i nver theimg gredengespémivedo tewacshdivaluefof ditcopnblatigria); agdd al ternating with a

plurality of the inve(*%i’eg[’s skewed toward the second polarity, the second
hi gh speed dat a 33§Fep sesedodtp Pt Ivying & pRsHY of dngertersi Goupled insesias i ve
to co : |.n
Fespore cafh SEE Wty 3 MORPLPET RO B4 b 3k SEPR fode B BBRN of he, o
dat a patdrtefubdig skewed ntpwardi the fimst peladtydargdr dteatating fdthi 4 plapdinadf the ibverterses et
an inpyt to one,of the inverters to a logic_  |evel corresponding to a

vol t ag*i‘ewgm“wm the seqsad gy, dhe secondliiplpecd daa pethisther compriamgiteeand t he

I nput e (o] g XY RVZ ] C [ ral .signal ,
ot B Bl ok € X8OmpleCa Suipl of S RiEe (BhdtfioP tp [ SEQR' Bpuchdl
skewedesponsiletto dhes ifigst atalwepef thedcdnerol kignalnhet sesbd dfgh speedi daad path fuktherf i r st
hi gh speed. dat a ga%{: is coupled to the first, out put ngg]e .of the first high
speed SORISING & 90N, presel SireioReFAlve 4o, pERsel A0S BRUL 0 98¢ b theripygrtess (o) logic

c . . pess igh. d
app! | agvdi QodrliBosfiigBla LRKE FRRORALR tiehlEMRls Qbwbdf SRERAf gﬁﬁggg&gﬁ ata

path is coupled to the second output node of the secon at a
pat h. iSputbemglpresat egpoadivp tothe gedond maloe ofthe tondfol sigaalnhé inwentersan thetseeorfdi r st

d d t circuit h ' ti itch. i
" nput TEN SRt ety path; calleptahe being skebed 39 bt SERal R S AR nput Bignthe
secondeMahi@rte firdenigiP8ced Had pHMas codpl tb BfeFirSHutouf AbiAG he AR P%g%gyéa' tage

corresponding the logic level "fromwhich the inverter accelera
t r ansidatapath €or aTpesiol ithgt cppumphsses apeged ihah a gignaliapplied tocthaisenodd inguesignal each

f th it ' | ed t t] f the first d d
"nput FERte < seeSpE B sprestaa pack W iiplel So BtcheRongt o dpctrde P e siind
high speed data path.

8. The high speed propagation circuit of claim 7, wherein the first and
second preset circuits each comprise a respective switch coupling an input of one of the inverters
to a reference voltage responsive to the second value of the control signal, the reference voltage
being a voltage corresponding the logic level from which the inverter accelerates a transition.

9. The high speed propagation circuit of claim 8, wherein each of the
switches is coupled to a respective one of the first and second input nodes of the respective first
and second high speed data paths.

10. The high speed propagation circuit of claim 7, wherein the logic circuit

comprises a pass gate.



10. The hi gh speed propagation circuit of claim7, wherein the |ogic
circuit conprises a pass gate. - 5 AUG 2905 18 11. The hi gh speed
propagation circuit of claim7, wherein the logic circuit and thejiuesenh
circuit conprises a logic gate. 12. The high speed propagation circuit of
claim7, wherein the control circuit conprlses a pul se generator
structured to generate the first value of 18he control signal responsive
to a predeterm ned edge of a clock signal for a duration that is
substantially shorter than the period of the clock signal, the pul se
generat or generali ng Thehighapeed prapagetiaf citduit afaMimo?, vﬁh@iﬁhhe w@e:urcart t he
first value of the control signal is not being generated 13. A high speed
propa@ﬁ@ﬁ?r?rﬁﬁ"‘r@{ﬁ“!tc%'@ﬁﬂ’rslaslpﬁﬁga‘& first series of alternately skewed

i nverters coupl bet yRef

termnal; a secg%d seri esgg? ??gdrpngt e?{ r@ﬁ{%f |n\/erl%gérﬂs?a%:oc%gfr%%uttmeen
a cl occhmpnsnsta pubedenantor am:dunecktmgmpmte the first walue of the contvelrsighabresporkive
second seri s bei ng ske causi n a signal coupled to_the
first Ramr CH\Fé‘BFQ 8 ct%w%? St lurgiion, fat ﬁ@ﬂ'aq?a%'atlmtorteém&r

bef or eas@optte% ock sl ﬁ'fhé%a enfR gEfkrhiingd E SRHAVAIB R i edifrol B O1 S
is présent at t termn preset circuit opera t|ve
to preﬂmhe\tehﬁ)elﬁrmerahmrﬁtha”cmtrel s‘igrrad;tsrmntiemggenuhtecbrl es to a logic |evel
fromwhich a tr [ Pﬁ?‘ge accelerated. 14, ,The hi gh speed

propagat i on cir o‘gq’égga“i BIOP3ERION SHCHibL AIPPISinG: o first pass gate
coupling a si 9n§|ﬁr§tr§91'~iés Seeninanly i@wellEnvekeRou] 1B BEroReH'S signlFinBitode 2t ©

bei ng operative to couple the si gnal Input termnal to the sign I nput
node raaépmgsalxmltmmtemunadxntrol signal having a first value; and a second

pass gate couplin cl ock ut ter 'n to the cl ut n ,. the

second pass gat & sg‘é%‘rgseB‘B%Png ately B‘%é“‘t%rsc?%ﬂ%ﬁlﬁ??ﬁ\ﬁ?“t‘eﬁﬁclﬁdpp‘tto t he
cl ock o Hid BRHRK JufsP RIMinaT, the idveRers i e ééet,ﬂaese%s BEtﬁ% GRS LI Shhdde- 15.
The hi gh speed propagation circuit of claim13, whereih the preset circuit

conpr icgessng asignal soupled tocthe iosh seriaspf anvertens to bepreetm abthesipnal outputttemendln t he
first sFrre

ad aRer a clock signal coupled to the second series of inverters is present at the clock

output terminal; and

a preset circuit operative to preset the inverters in the first and second series to a
logic level from which a transition will be accelerated.

14. The high speed propagation circuit of claim 13, further comprising:

a first pass gate coupling a signal input terminal to the signal input node, the pass
gate being operative to couple the signal input terminal to the signal input node responsive to a
control signal having a first value; and

a second pass gate coupling a clock input terminal to the clock input node, the
second pass gate being operative to couple the clock input terminal to the clock input node

responsive to the first value of the control signal.

15. The high speed propagation circuit of claim 13, wherein the preset circuit
comprises:
a first switch coupling an input of one of the inverters in the first series to a

reference voltage responsive to a second value of the control signal, the second value being



ref erence voltage responsive to a second value of the control signal, the
second val ue being - 5 AUG 2505 19 different fromthe first val uejofysthe
control signal, the reference voltage being a voltage corresponding the

| ogic level fromwhich the inverter accelerates a transition; and a second
switch coupling an input of one of the inverters in the second series to a
reference voltage responsive to the second9val ue of the control signal,

t he ref c 0 iLn vol . correspanding the lpgic |evel from
uni ch SRGERBalClek e e At e BubPSiefRt 15 RRSARE vhlte Blng f WOiee

pr opagairesponding the Ibgioflevel frbinwiiich thB &ivetter dco€lefates altrafivitib®;andi S coupl ed to
the signal input node and the second switch is coupled to the clock input
node. 17. The hRgecosgswitch eepligaen énput pf onsiaf the inyergrain the sodoad striestth e
prese : [ opagat i gn
G 1 curEisped liage HRIORSEE (8 O elndThfie of the St HBal BEF ForBIHBE IPMALT ¢ e
oper atbeing aofoltageecoprespaiding the logic levdl EroaDwhich kheGhVetter he@Rf@ESd irit@ition. cont r ol
signal to cause the preset circuit to preset the inverters in the first
and second series. 19. The high speed propagation circuit of claim18,
wherein the conggol c4 ' ' -OUES ’ r r o]
generate the cogtg'r ol ‘gfliég:;l'r‘;i P sPégggﬂgﬁnéa%thmf‘%péﬁt °§r°g"§‘§$‘e5?%”1%ﬁfe°§[ @ggia&o&%’hm ock
si gnalis ¢éampled td tressigmahinphiaiode and thestcuntisevittly issoapied to thbalbck alput abde he
period of the clock signal. 20. A synchronous nenory device, conprising:
an address bus adapted to receive address signals; a control bus adapted
to receive cont sl sifﬁFﬂ- ' L DQ; | s ; . . pt ed
to receive and éziput agghg#%ﬁ?ﬁg?ﬁgPﬁf§§§¥ggﬂéggﬁ%gﬁgﬁ§¥§%??ggﬁ?ﬁﬁﬁ an
addr esemgasmsadogic gael ed bet ween t he address bus and the nenory-cell array;
a data path coupl ed between the nenory-cell array and the data bus; a
control circuit coupled the control bus, the nenory-cell array, the
address decodeigand t |+ p t ' . eto
generate controﬂséigngpgh%% Sﬁ?Pﬁ?mé#ﬁ%qggﬁﬁg#ﬁgﬂﬁgrjwﬁ@ﬁﬁgﬁ%ﬁﬁﬁﬁggkce in
synchrcontra naizgnit reontrelliog ahdk opératival of thechresed cikift, 306 oMol circuit generating a

control signal to cause the preset circuit to preset the inverters in the first and second series.

19. The high speed propagation circuit of claim 18, wherein the control circuit
comprises a pulse generator structured to generate the control signal responsive to a
predetermined edge of a clock signal for a duration that is substantially shorter than half of the
period of the clock signal.

20. A synchronous memory device, comprising:

an address bus adapted to receive address signals;

a control bus adapted to receive control signals, including a clock signal;

a data bus adapted to receive and output data signals;

at least one a memory-cell array;

an address decoder coupled between the address bus and the memory-cell array;

a data path coupled between the memory-cell array and the data bus;

a control circuit coupled the control bus, the memory-cell array, the address
decoder and the data path, the control circuit being operable to generate control signals to control

the operation of the memory device in synchronism with the clock signal; and



a high speed signal path included in the nenory device, the high speed
signal path conprising: a first set of inverters, each of the 4"kl 1085 s
in the first set being skewed toward a first polarity of signa

transition so that each of the inverters in the first set accelerates a
transition froma first logic level to a second logic level; a second set
of inverters, each of the inverters in thé0second set being skewed toward

d I t
S Froona, POl 2L G 3l AARTAIORA 1 e RERRPeREL Tl b

secongathafompeisimiger ates a transition fromthe second logic level to the

first logic level, the inverfers int rst and . s nd set  bei ng
coupled in series wi f' “ﬁé&hoé) H@?%@P&é@gthﬁdnYWﬁtmrfgﬁl%“ﬁﬁat being, shewsd

node with tt&?a:iirhvﬁﬁﬁ EE\%Bfgyi‘gf B%Jl'tfa%&m&?ts At o bF B MvEdert hx?tﬂe”ﬁl%f &r s in

t he second set; an cuit coup ing an input term nal
i nput node acteherateog iransitoanrfoorn b fissilogic bpelrtaulsmnﬂdlogmlqyble t he |nput

termnal to the input node responsive to. a rst contr am ng a
first value, and beiAg rsngg“E"GrtE‘EuB"r@‘gjnﬁ’Pﬁ‘b‘{ﬂ'te@f“‘o Grohdrast b

inverters Ts?ex?erft%@vﬁf@i‘&%oﬂ@ 1 D@4néRiohOth@ sé 1&{%@9# deEaR!
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including a | ogic gate having a first input termnal ‘coupled to the |nput
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si gnal , and an out put .term. nal co to L.npyt node.
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conpri ses: cacilfbéingp@atieUbchile B2 1h§\ﬁlﬂémﬁ1‘i’dl 13 thelingu® nbdErespitidive 1O Birstt he
pass gate being operative to couple the input termnal to the input node

responsi ve contrel signabhaving a dirgfvaluecand baing opérghialto ceupde an jinpas of oo ofthiet
ut.,. to_one of the inverters.to
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second val ue of the control signal. 5 AUG 2005 21 22. The synchronous

menory deviseeondfcontreli signal being) present whea the firsé contral signal has other than the first
value, the reference voltage being a voltage corresponding the logic level from which the

inverter accelerates a transitton, the logic circuit including a logic gate having a first input
terminal coupled to the input terminal, a second input coupled to receive the first or

second control signal, and an output terminal coupled to the input node.

21, The synchronous memory device of claim 20, wherein the logic circuit
comprises:

a pass gate coupling an input terminal to the input node, the pass gate being
operative to couple the input terminal to the input node responsive to a first value of a control
signal; and a preset circuit operative to preset an input to one of the inverters to a logic level
corresponding to a voltage from which the inverter is skewed to accelerate a transition, the preset

circuit presetting the input responsive to a second value of the control signal,



conprises a swtch coupling an i nput of one of the inverters to a
reference vol tage responsive to a second value of the control siggghIIG hﬂﬁ
ref erence vol tage being a voltage corresponding the logic level f

which the inverter accelerates a transition. 23. The synchronous nenory
device of claim 22, wherein the swtch is_ coupled to the input node. 24.
The synchronous nmenory device of claim202lfurther conprising a pul se
generator structured to generate the control signal, the pul se generator
bei ng operative to generate the first value of the control signal

responsi ve to a2predeThy sinckignewigecradryadevice of chiirg 24| wherelietht ipksstt sirtuite of
the contraol signal being generated for a duration that is substantially
shor t SPMPFises? Syich cguplingangapyt of op¢ of the invegers tQ a gefarencovoltage sgspensivsiBus
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bet ween the address bus and the nenory-cell array; a data path coupled
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the control bus, the nenory-ce array, the ress” 'deco the data
pat h, cvhgled trthe alpuchedeui t bei ng operable to generate control signals to

control the operatiopn of the menory device in synchropnismwth the clock
signal; and a hsﬂ;h spedus¥f HH?“%H?‘%"W@EV\?EI@E{&FHX?&? {PPHERE @Pulsene
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coupl gehri 11 dTend peridl oF i G5ckQignallverters to be present at the signal
out put term nal before and after an internal clock signal derived fromthe

external clock

25. A synchronous memory device, comprising:

an address bus adapted to receive address signals;

a control bus adapted to receive control signals, including an external clock
signal;

a data bus adapted to receive and output data signals;

at least one a memory-cell array;

an address decoder coupled between the address bus and the memory-cell array;

a data path coupled between the memory-cell array and the data bus;

a control circuit coupled the control bus, the memory-cell array, the address
decoder and the data path, the control circuit being operable to generate control signals to control
the operation of the memory device in synchronism with the clock signal; and

a high speed signal path included in the memory device, the high speed signal
path comprising:

a first series of alternately skewed inverters coupled between a signal
input node and a signal output terminal,
a second series of alternately skewed inverters coupled between a clock

input node and a clock output terminal, the inverters in the second series being skewed in



signal and coupled to the second series of inverters is present at the
clock output terminal; and a preset circuit operative to preset’tihie 2065
inverters in the first and second series to a logic level fromwhich a
transition will be accel erated. 26. The synchronous nmenory device of claim
25, further conprising: a first pass gate coupling a signal input term nal
to the signal input node, the pass gate beiddg operative to couple the
signal inp ' . t he. Sj ' . Y 0 cont r.ol
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term nal t ouipheteeminakbéfoRiindfidean infdinal Sboek3tbnabadiveatfonD e tedid lciickve to
couple the clock input termnal to the clock 1nput node responsive to the
first val ugigsl andsovpled toghe sqcgndseries of invertersis peaserdib ths claskeuiput tepminel; of
claim26, yherein the preset circuit conprises: a first switch coupling an
I nput of one of the inverters in the first series to a reference voltage
responsive to a secongrasat ciecuif opeigtiveantpredet slicQingtbrters g tisee firs0 dnd dkdvadbei ng
different fromthe first value of the control si Pnal t he reference

vol tage beiSFrFsdo ¢ Mgiglsxel from whicharternsigion mll beagceleraiedsl f r om whi ch t he

I nverter accelerates a transition; and a second switch coupling an input
of one of the inverters in the second series to a reference voltage
responsi ve to t Ré.Thesymtronatismmembryt device ofitlaivh 25, fgribdr,cotripeisingf er ence

vol tage being a _voltage corr ondi agmt he I ogic |l evel fromwhich the

inverter accel efdFHPass &altea‘l’f’%’ﬁ’ﬁggﬁﬁlgﬂ P derayiid b B sigmelpRpkipdedts Bess of
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sy nc hrcomntoal sigmehlavingdefristealwd;, and ai m 25, further conprising a control
circuit controlling the operatiqn of the, preset cjrcuyit he control
circuit generatPn %dmg‘?‘tﬁlco'éﬂq@gaq CIPE\‘BE’HEE"‘E’H@I E’r@@é‘{lo i IpYf Rodeothgy eset
the i RY&Ihl&ass metdeﬁlegf bperdtivnd REFRNHe Tfilck GRput termiftiFo2hERILR i Eut' nolig®
synchronous nehfory device of claim 29, wherein the control circurt

conpr irespensavepiol thefievauaofthe sontwot signald t 0o generate the control signal

responsive to a predeterm ned edge of the internal clock signal for a
duration that is substantially shorter than half of the period of the

internal clock gygnal The synchronous memory device of claim 26, wherein the preset circuit
comprises:

a first switch coupling an input of one of the inverters in the first series to a
reference voltage responsive to a second value of the control signal, the second value being
different from the first value of the control signal, the reference voltage being a voltage
corresponding the logic level from which the inverter accelerates a transition; and

a second switch coupling an input of one of the inverters in the second series to a
reference voltage responsive to the second value of the control signal, the reference voltage

being a voltage corresponding the logic level from which the inverter accelerates a transition.

28. The synchronous memory device of claim 27, wherein the first switch is

coupled to the signal input node and the second switch is coupled to the clock input node.

29, The synchronous memory device of claim 25, further comprising a
control circuit controlling the operation of the preset circuit, the control circuit generating a

control signal to cause the preset circuit to preset the inverters in the first and second series.



31. The synchronous nenory device of claim25, wherein the preset circuit
conprises a logic gate. 32. A conputer system conprising: a data5meg%5
device; a data output device; a processor coupled to the data input an
out put devices; and a synchronous nenory device, conprising: an address
bus adapted to receive address signals; a_control bus adapted to receive
control signals, including a clock signal;23 a data bus adapted to receive
and output data signals; at |east one a nenory-cell array; an address
decoder coupl ed between the address bus and the nenory-cell array; a data

pat h coupl ed beB0een Thesynehmnhyusarérhorgrdeaige afclainh29,deticteil tse contreDeifcui!
circuit caupled the control bus, the nenory-cell array, the address
decod SPTURHSFSt RePYlss LepgRier sthicturemhttpogenerate (the naitly signal assnonsiye glenar at e

contr SRk t: t 4 : ' [
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i n t hdalfeftreypeded ofthe iitbmahtlodk ssgrmbd  si gnal path conprising: a first set
of inverters, each of the inverters in the first set being skewed toward
a first polarity of signal transition so that each of the inverters in the

first set accehgrat e‘f’h@@ﬁn%ﬁr%ﬁi)ﬁé- ﬂ&n&‘godggtﬂ:eg)iffrcﬁrimlﬁginﬁeljeﬁlvﬁla ﬁ}%Ffa'tiiﬁzgﬁond

|l ogic level; - 5 AUG 1"" a secon Inverters, eac

i nver tcemprisas atlhgicgeteond set bei ng skewed toward a second polarity of
signal transition, the second polarity being different fromthe first
polarity so that each of the inverters in the second set accelerates a

transition fromghe SgRcARPulePSistent, R¥bribifigt N first logic level, the
inverters in the first and second set being coupled in series with each

ot her bet ween andawpoputdedee;and an out put node with the inverters in the
first set a data output device;

a processor coupled to the data input and output devices; and

a synchronous memory device, comprising:

an address bus adapted to receive address signals;

a control bus adapted to receive control signals, including a clock signal;

a data bus adapted to receive and output data signals;

at least one a memory-cell array;

an address decoder coupled between the address bus and the memory-cell
array;

a data path coupled between the memory-cell array and the data bus;

a control circuit coupled the control bus, the memory-cell array, the
address decoder and the data path, the control circuit being operable to generate control
signals to control the operation of the memory device in synchronism with the clock
signal; and

a high speed signal path included in the memory device, the high speed
signal path comprising:

a first set of inverters, each of the inverters in the first set being skewed

toward a first polarity of signal transition so that each of the inverters in the first

set accelerates a transition from a first logic level to a second logic level;



alternating wwth the inverters in the second set; and a logic circuit
coupling an input termnal to the input node, the logic <circuit gijggmﬁ
operative to couple the input termnal to the input node responsi Up 431
first control signal having a first value, and being operable to couple an
I nput of one of the inverters to a reference voltage responsive to a
second control signal having a first value?4the first and second control

signal s being conpl i gRBtsHd%%kt gﬁﬁ%nﬂg,h%{ch dtRe fibepiersVidl tHE seé%nh%t 5ﬁggnd

control signal being present en t Irst control signal has ot t han
the first val ueskewed towhel ®seend pblasateohsigmy teensitibh,ale second rpedppndeing t he
| ogi c | evel froHl i c(l;%qt he | vert&r_i accel er at es transition, the |ogic
circuit includif eent Jipm they ‘@_t RAHG S that e P‘Fxﬁﬁ‘t@t’%ﬁqﬁ ) _°c§98%‘?de6°tt o)
the input termgaleratds £ 4aR8HoA B ﬂﬁoélé%ﬂdlo R:dfe%?l%vtﬁe h& 1bpikS

Evé?’rthgecond
control signal, and an output termnal coupled to the input node. 33. The

conput er syst emimvertersan theJiest anth sccond sdtbeingegupledinrseries withpphiatlxs: a pass
gate coupling an inpyt termnal tq the input nqde, the pass gate.being
operative to coupl o PR ELIPYINe Aal o1 SFpHaoHh yith Broaen s fRe FtLstto
first value of guGRAMHgQLith fhkIMRHers3n theRefn@IBE asd FCUi t Operative to preset
an input to one of the inverters to a logic |éevel corresponding to a

vol tage from which t adoginwitcit rcoiplingkavinput derodnnd [terthe énput tnodesiheilogic t he
preset circuit presetting the inpu esponsive to.a second val ue.of the
Bontrol i gnal . Bt agiee e & CEpls BETEBRL Bl 8 4B RRETEA ISR
circuit conprisg¥ird codttbilsighalRivitlg I'frsBPalhid) @i b&lhg Bp&aBIE td ESupldWFinp@ioY 10 a

reference voltage responsive to a second value of the control signal, the
reference vol t agae bEthegnyertesd toaayreferencecoltagaiienppnsive tb @giecoridesamtrol $ignah '

which the inverter. acceleragtes, a.trangition. - AUG.7Rn5 25 1 nput naqde.
35, “The comput ePeUJE AATOTAILS 3P il A0 serBi ropidl SEFUL ROPE BBRBRENSES « he
36. The conput egadhysthé!Mhe firdt halnBoBthe sbddnll R61trd] QAR BeiiniOprasetivhén Gefdtat or
structured to generate the control signal, the pul se generator being

operative to genenteal signhlchagiother thapshe Brshyalug dhetefrrensie voltagabeinga peltageve to

a predeterm ned _edge of. a.clock.sigpal, -the first valu | he..congr ol

2 bnal bei ng. gesgTapefipd e ISGE 1 EPRRm P me el Rrbfrfe LRBIER tEpa

hal f of the peidga cidduit MeludineCAk IopidBat having a first input terminal coupled to the
input terminal, a second input coupled to receive the first or second control signal,

and an output terminal coupled to the input node.

33. The computer system of claim 32, wherein the logic circuit comprises:

a pass gate coupling an input terminal to the input node, the pass gate being
operative to couple the input terminal to the input node responsive to a first value of a control
signal; and a preset circuit operative to preset an input to one of the inverters to a logic level
corresponding to a voltage from which the inverter is skewed to accelerate a transition, the preset

circuit presetting the input responsive to a second value of the control signal.

34. The computer system of claim 33, wherein the preset circuit comprises a
switch coupling an input of one of the inverters to a reference voltage responsive to a second
value of the control signal, the reference voltage being a voltage corresponding the logic level

from which the inverter accelerates a transition.



37. A conputer system conprising: a data input device; a data output
device; a processor coupled to the data input and output devicesr-iangd 0%
synchronous nenory devi ce, conprising: an address bus adapted to receive
address signals; a control bus adapted to receive control signals,
including an external clock signal; arraypsa data bus adapted to receive
and output data signals; at |east one a nenory-cell array; an address
decoder coupl ed between the address bus and the nenory-cell a data path
coupl ed bet ween3the nEhocompeer syatemayf daith 34)evibadin thiesviteh is @Bupled tethecui t
coupl dapdthedeont rol bus, the nenory-cell array, the address decoder and
the data path, the control circuit being operable to generate control
signals to control the operation of the nmenory device in synchronismwth

the clock signak; angeombiier mwoﬁbanﬁlszpmewgﬁlpﬂﬁﬂ lapdidee gheraRrY

device, the high speed signal path conprising: a erles
al t er satethzeddt gomsdiate ﬂweqmarohmgrmhphemlsnegemsmfaaemgg:paratwe tqogmlemﬂﬂaea'mi a

signal_putput te second serjes of alternately.sk nv rte S
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coupled to the first Séries of inverters to be present at the signal

out putpetied of thaclogksignal. and after an internal clock signal -5AURCS 26
derived fromtheg,ext en nal ock si gnal .and coupled to the second series of
inverters is prggent A0 PWEGEFBE?FI?’ %uWBUfmgerm nal ; and a preset circuit
operative to pradefaihpe deviegrters in the first and second

a data output device;
a processor coupled to the data input and output devices; and
a synchronous memory device, comprising:
an address bus adapted to receive address signals;
a control bus adapted to receive control signals, including an external
clock signal;
a data bus adapted to receive and output data signals;
at least one a memory-cell array;
an address decoder coupled between the address bus and the memory-cell
array,

a data path coupled between the memory-cell array and the data bus;

a control circuit coupled the control bus, the memory-cell array, the
address decoder and the data path, the control circuit being operable to generate control
signals to control the operation of the memory device in synchronism with the clock
signal; and

a high speed signal path included in the memory device, the high speed
signal path comprising:

a first series of alternately skewed inverters coupled between a signal

input node and a signal output terminal;

a second series of alternately skewed inverters coupled between a clock
input node and a clock output terminal, the inverters in the second series being
skewed in a manner causing a signal coupled to the first series of inverters to be

present at the signal output terminal before and after an internal clock signal



series to a logic level fromwhich a transition will be accel erated. 38.
The conputer systemof claim 37, further conprising: a first pass gAie?:;
coupling a signal input termnal to the signal input node, the pass gate
bei ng operative to couple the signal input termnal to the signal input
node responsive to a control signal having a first value; and a second
pass gate coupling a clock input terminal to?@he clock input node, the
second pass gat | at | t i t_termnal to the
cl ock input nod?egfég;%gﬁﬁ%e%%&%gbﬁp% g{/a (Eecgléﬁl%ﬁgr@gnste%%q&ngﬁnﬁﬁaqe 39.
The conputer sysivenesfis pleséniutifie clobleowtpit teiningl] #flet circuit conprises: a
first swtch coupling an input of one of the inverters in the first series

to a reference vol t 3gUCLEFBHSPRAEINVS B RIEwH e priers 3n thor Ersg opd segond
signal . the secqibe(dhisiORY A% on hihaRnstibR Wikl Bealdefcbbieq/a! U Of the
control signal, the re ence vol tage el ng a voltage correspondi ng the
|l ogic level fromwhich the inverter accelerates a transition; and a second

switch coupling_.an input of one of the inverters in the second series to a
ref erence vol t agé r esbBHEIMRNtETSystem of glapm 47\ furthed comprigi@gcont rol si gnal ,

the reference vgql | I I hng. - | i from
whi ch the inverfta él"frrél g%fzse eér’{;i’('%h snggts%gﬁgpﬁgiﬁﬁ%W#ﬁ%l%gﬁ%lhﬁgé&gy@gggnﬁsof
cl ai mgat, benigeoperative e coupls thesigriat imputstenminpl todhé signdl ieps ingdatespapive toade
and t he selcond]ﬁwi.tch isﬁéoqpl d to the clock input node. 41. The conputer
syst efeBolsignalhaying 4 firsf yalve:@Bdpri sing a control circuit controlling the

operation of thg QrgHelase bhte Wohplidgf OO il td tlﬁed}gékaitn%}ﬁtglgtﬁleg trol

signal to cause the presét circuit to preset the inverters I'rst
and seecomd pass igats. bedig ofidnativectoouple thy clogin inputcteminaldt, thetvbooki inpitheode

control circujt,c ri,ses ul se, generator structured to generate the
cont rd'FngPﬂﬁea%otP%@%EH@P?/@@B"&“@é’&E@Hm' ned edge of -5 AUG ?:: 27 the
internal clock signal for a duration that is substantially shorter than

hal f of the period of the internal clock signal. 43. The conputer system
of claim 25, whéPein Thecommuatsysemoficlain 38;prliesein the prespt cirguait @mptides: A

thod of desi i idity of g digital .signal, i si ng:
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mannerrefefente voltage responsive to a second value of the control signal, the second value being

different from the first value of the control signal, the reference voltage being a voltage
corresponding the logic level from which the inverter accelerates a transition; and

a second switch coupling an input of one of the inverters in the second series to a
reference voltage responsive to the second value of the control signal, the reference voltage

being a voltage corresponding the logic level from which the inverter accelerates a transition.

40. The computer system of claim 39, wherein the first switch is coupled to

the signal input node and the second switch is coupled to the clock input node.

4]. The computer system of claim 37, further comprising a control circuit
controlling the operation of the preset circuit, the control circuit generating a control signal to

cause the preset circuit to preset the inverters in the first and second series.

42. The computer system of claim 41, wherein the control circuit comprises a

pulse generator structured to generate the control signal responsive to a predetermined edge of



accelerates a first transition of the digital signal and delays a second
transition of the digital signal; coupling a clock signal throuéhM5 705
second series of inverters in a manner that accelerates a first
transition of the clock signal and delays a second transition of the clock
signal, the transitions of the clock signal being delayed and accel erated
to a | esser degree than the transitions @f the digital signal are

accel erated and del ayed, respectively; and designating the digital signal
at the output of the first series of inverters as being valid when the

cl ock th¢ arhalictochaigngl foulaplurationahattiisubsaan4ity shefteictha®half 6F dietpRfisd oftthe The
nmet hod of claim 44, further conprising presetting the inverters in the
first Bigmabelegksigralries to a logic level fromwhich they will transition
in an accel erated manner prior to coupling the digital signal and the

cl ock signal through the first and second series of inverters,
respectively. 4@3. A hThhcoammae systemalfl chiml25, wherpin thé pesét difchis tormptisedh
inverters, each of the inverters in the first set being skewed toward a
first PHF&MFty of signal transition so that each of the inverters in the
first set accelerates a transition froma first logic level to a second

| ogic level; a second set of inverters, each of the inverters in the
second set bei ng4skewAdnethamdel dtsignatimgdahevaiilitg of b digidl st adontiprigingt t i on,

t he second polarity, being.different fromthe first_  polarity so that each
of the inverter§°‘?lﬁ“13h‘begjé%@;dlg§‘%ltﬁ’éﬂggl%ﬁéﬁté§“%s ofr WEFtSTS AR o maAer hat
secon ol al : NESE I v, t I -S| i4r st
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bet weeignalh i nput node and an output node with the inverters in the first

coupl i ng an i npdPURIEA Alaek Blgte BrSughin SHoBE SeRTeo ByPRSTE i dmantsgihy
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first control sig avi ng irst value, and bel ng opera dpl e

an i npe trafsitgons off the lndockrsignal beingtdelayed ahd necalerated|to aglessee slpgmesithan the a
second cantrol. signal, havjng a first v e, .,the first value of the second
cont rgﬁmgﬁﬁwaqf@ee%ﬁ’dalﬂ@gtﬂga L¢ﬁat?¢1%“$4era§f¢€8§PFFthe?3§ iaﬁaal has other than
the first val Uede%i\%ﬂting %ﬁcedigﬁél%i%ﬁﬁi AABEoRBUIYT the HRL SARS o?weﬂé@gﬁgbmg the

logic I evel fromwhich the rnverter accelerates a transition;

valid when the clock signal is being output from the second series of inverters.

45. The method of claim 44, further comprising presetting the inverters in the
first and second series to a logic level from which they will transition in an accelerated manner
prior to coupling the digital signal and the clock signal through the first and second series of

inverters, respectively.

46. A high speed signal path, comprising:

a first set of inverters, each of the inverters in the first set being skewed toward a
first polarity of signal transition so that each of the inverters in the first set accelerates a
transition from a first logic level to a second logic level;

a second set of inverters, each of the inverters in the second set being skewed
toward a second polarity of signal transition, the second polarity being different from the first
polarity so that each of the inverters in the second set accelerates a transition from the second

logic level to the first logic level, the inverters in the first and second set being coupled in series



a pul se generator structured to generate the second control signal, the
pul se generator being operative to generate the first value of thg pggcunAd
control signal whenever the pulse generator is not generating a second
val ue of the second control signal, the second value of the second
control signal being generated responsive to a predeterm ned edge of a
clock signal, the second value of the se@8nd control signal being

gener g . r ration that is substantiall harter than half of the
et od B etflcoforcioRberchh, bt node SPR] BRbLChodt with e FivanetSop U bfoets,

f ur t helte@@tiig with fig: iavértersia theseidde®angt ruct ured to generate the first
control signal, the pul se generator being operative to generate the first
val ue of the fi @degiesieuibiouplingan inpukigunisalte thegnputmodeidhe logicwtuisdgingof a

| ock . s ' : he fi | . signal bei d
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si gnala firéBralue) endbedy Speesle ®i@ople afdiput 6f orkel oFithe i Periieioni RfdréiRe VoRig

circuit conprises: a _pass gate coupling the input termnal to the input
node, the pass &#Panshs t9g sesped sentiad signakhayinga find vialsuthet fisstvalag of thet he

I nput LME.: ' ' I avij.ng..t first val ue;
and o "gte SRSl il prealie kbt e SRR B3l hos o R 4P i e Vol nce
vol t ageferenes poltsges deing 4 heltagc oodlesponding |ths ilggial levaVirae WhRhS iheSinvarddrue,
the first value of .the second control signal being present when the first
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29 voltage bei v ' | oq r i.ch the
i nverter accele ?gqlfgsse gé&e?a(r! %n%ﬁ%&qggeﬂ%{gh@fe g s"%e!é‘gl\ﬁé%;' gs];i%]gfpp@? P
cl ai mgeéferatoe being optvatiesid ginetase the {irktedhietofithe s¢cdpd comesl GignaDwhikehihgh

speed sjgnal path of claim46 wherein the first control signal and the
second’“k SERSEPIOLIS pabgensrating 3 spondwakig opthesgeand soptes! signaly thefeeandvalusof| ogi ¢
ci rcui | . ' ' . i | | al to
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47. The high speed signal path of claim 46, further comprising a pulse
generator structured to generate the first control signal, the pulse generator being operative to
generate the first value of the first control signal responsive to a predetermined edge of a clock
signal, the first value of the first control signal being generated for a duration that is substantially
shorter than the period of the clock signal.

48, The high speed signal path of claim 46 wherein the logic circuit
comprises:

a pass gate coupling the input terminal to the input node, the pass gate being
operative to couple the input terminal to the input node responsive to the first control signal
having the first value; and

a switch coupling the input of one of the inverters to the reference voltage
responsive to the second control signal having the first value, the first value of the second control

signal being present when the first control signal has other than the first value, the reference



a first set of inverters, each of the inverters in the first set being
skewed toward a first polarity of signal transition so that each of the
inverters in the first set accelerates a transition froma fitﬁtm$ﬁ@%0
| evel to a second logic level; a second set of inverters, each oOf

i nverters in the second set being skewed toward a second polarity of
signal transition, the second polarity beAg different fromthe first

| ari nat f Iy ' d,set I t
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| nver tteamsition t he first and second set being coupled in series wth each

ot her between an input node and an output node with the inverters in the
first set alternating with the inverters in the second set; and a logic

bei ng.  oper at i veto oo pighShEd Whnal Pah aFclall4p sRiin peXfolcRBh EopEliB s ve
to a fthe mputamder ol signal having a first value, and being operable to

couple an input of one of the inverters to a reference voltage responsive
to a second control signal having a first value, the first and second

control signalsspbein | d iSna? fhafhase) i r of .the
second control sP'gnaI Q%éé?{%l SB?%Q% a?\Rﬁgln lﬁyﬁ ?"vg[hté%'o;]h[er%%t éslol%bﬁgflgﬂ%lls
ot her antidhe tsénil i controlv sipnit, aré temphieite i ceavlo lotirg cardewherein thel logi@ecircuit
correspondi ngaHt he | ogic. | gl/ﬁl‘lﬁt fromwhich the inverter accelerates a

t r ansiPIBHSeSAraRIc ggfechaying inpytieryng] goupled iy the inpup teminah @ sgeqndrigputi nput
ter m nalple@tPletélve el driB ' ' 0
coupl ed I'go receei ye tehe fc%rr s‘%&lgﬁcsﬁstg%%%m%%rﬁ%P@Fgﬁ%ﬁﬁagcﬁgpgg%ﬁggﬁ?é
t er mi madle.coupl ed to the input node. 52. The high speed signal path of
claimb51, further conprising a pulse generator structured to generate the
first control signal, the pul se generator being operative to generate the

first value of the fijpg Qbnai| ngpﬁ.ﬁ sive to a predeterm ned
edge of a clock signal, %lﬁ%g%(lirg? Vk/]glpiajéeo ?’%2 first control signal being
gener at ed for aadustael efnnvdrets, each of tlesinaertarain the finst setcieing wkewed eovaed aod of
the clock signal. .53. The. high eed . signal, path of claim51 wherein the

| ogi ¢ f’(c"):?tr ﬂ@c@nﬁﬁ@é&“ﬂlgobggsagﬁwhc?ﬂWi‘ﬁ e 1 thsy first sehaceglerates ane

i Nput (AR Gen ibM PRSCloPRUS PR I'EcoftPIBERILWE {0 coupl e the input terminal to
the input node responSive to the first control signal having the first

val ue: and a second set of inverters, each of the inverters in the second set being skewed

toward a second polarity of signal transition, the second polarity being different from the first
polarity so that each of the inverters in the second set accelerates a transition from the second
logic level to the first logic level, the inverters in the first and second set being coupled in series
with each other between an input node and an output node with the inverters in the first set
alternating with the inverters in the second set; and

a logic circuit coupling an input terminal to the input node, the logic circuit being
operative to couple the input terminal to the input node responsive to a first control signal having
a first value, and being operable to couple an input of one of the inverters to a reference voltage
responsive to a second control signal having a first value, the first and second control signals
being compliments of each other, the first value of the second control signal being present when
the first control signal has other than the first value, the reference voltage being a voltage
corresponding the logic level from which the inverter accelerates a transition, the logic circuit

including a logic gate having a first input terminal coupled to the input terminal, a second input



a switch coupling the input of one of the inverters to the reference

vol tage responsive to the second control signal having the first value,
the first value of the second control signal being present when thefi2805t
control signal has other than the first value, the reference voltage
being a voltage corresponding the logic Ievel fromwhich the inverter
accelerates a transition. 54. The high sp@ed signal path of claim53
wher ei &')u{)l@& 1o chai(\:rg tHefirsCot slegéjndtc%n&glesién% ,%d rallgglext'put terminal coupled to the input

node.

52. The high speed signal path of claim 51, further comprising a pulse
generator structured to generate the first control signal, the pulse generator being operative to

generate the first value of the first control signal responsive to a predetermined
edge of a clock signal, the first value of the first control signal being generated for a duration that
is substantially shorter than the period of the clock signal.

53, The high speed signal path of claim 51 wherein the logic circuit
comprises:

a pass gate coupling the input terminal to the input node, the pass gate being
operative to couple the input terminal to the input node responsive to the first control signal
having the first value; and

a switch coupling the input of one of the inverters to the reference voltage
responsive to the second control signal having the first value, the first value of the second control
signal being present when the first control signal has other than the first value, the reference
voltage being a voltage corresponding the logic level from which the inverter accelerates a

transition.

54. The high speed signal path of claim 53 wherein the switch is coupled to

the input node.






