RECEI VER LATCH CI RCU T AND METHOD BACKGROUND 1. Technical Field 5 [0001]
Enbodi nents of the present invention are related to the field of electronic
devices, and in particular, to data receivers. 2. Description of Related
Art [0002] Receiver latch circuits (sense anplifiers) are extensively used

in integr d&shofBoir cUits (1Cs) both for inter-chip a%TﬁfS&ﬁﬂ%&ﬁMSi gnal i ng.

A transmtter circuit (driver) sends binary data signals through a
transm ssion line (interconnect) to the receiver latch circuit. Since the
transm ssion line may be a | ossy channel, data transfer through the

transm ssion |line RE\%;E%ER‘?‘LA?@}C UIT AND METROD - dependent

attenuation or |oss causes signal distortion in the form of

i ntersynbol 15 interference ((St). Equalization of the data signal may be
needed to reduce the 151. BRI EBAHSEROPNION OF THE DRAW NGS [0003] FIG 1
is a ci r.;:ui].‘tec i}%ﬁ%ac of a receiver latch circuit, according to sone
enbodi nerits 0 e present invention. 20 [0004] FIG 2 is a circuit

schenat igomf] ExYdIAENT OF BleVSresbmtiflentibh G folatad eI g blele@romicenbodi nent s
of the present inventjon. [0005] FIG 3 is a small signal nodel of an

eval uat F8WCES: 0GR PARIGWATitR defadeceivet§ecor di ng to some enbodi ments of the
present invention. [0006] FIG 4 is a flow chart of the operation of the
receiver latch circuit of FIGS. 25 1 and 2, according to sone enbodi nents

of the ptebenrerintinyohfekied Ar
[0002] Receiver latch circuits (sense amplifiers) are extensively used in integrated

0 circuits (iCs) both for inter-chip and off-chip signaling. A transmitter circuit {driver)
sends binary data signals through a transmission line (interconnect) 1o the receiver
tatch circuit. Since the transmission line may be a lossy channel, data transfer
through the transmission line at high rates may result in frequency-dependent
attenuation or loss which causes signal distortion in the form of intersymbol

15 interference (ISI). Equalization of the data signal may be needed to reduce the 1S,

BRIEF DESCRIPTION OF THE DRAWINGS
[0003] FIG. 1 is a circuit schematic of a receiver latch circuit, according to some
embodiments of the present invention.-
20 [0004] FIG. 2 is a circuit schernatic of another receiver latch circuit, according to
some embodiments of the present invention.
[0005] FIG. 3 is 2 smali signal- model of an evaluation circuit shown in FIG. 1,
according to some embodiments of the present invention.
[0006] FIG. 4 is a flow chart of the operation of the receiver latch circuit of FIGS.
25 1 and 2, according to some embodiments of the present invention.
[0007] FIG. 5 is a system incorporating one or more receiver latch circuits of FiG.
1 or 2, according to some embodiments of the present invention.

DETAILED DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS
30 [0008] In the foliowing description, for purposes of explanation, numerous details
are set forth in order 1o provide a thorough understanding of the disciosed
embodiments of the present invention. However, it will be apparent to one skilled

in the ant that these specific details are not required in order to practice the
I




5 is a systemincorporating one or nore receiver latch circuits
nyMIIZI EI G1 or 2, ac%:/ordi ng to gome enbodi ments of the present invention.
DETAI LED DESCRI PTI ON OF | LLUSTRATI VE EMBCDI MENTS 30 [0008] In the follow ng
description, for purposes of explanation, nunmerous details are set forth in
order to pwowigras@7t hor ough understandi ng of the di scl pepdsasiuesizarent s of
the present invention. However, it will be apparent to one skilled in the
art that these specific details are not required in order to practice the
WO 2007/130971PCT/ US2007/ 067924 di scl osed enbodi ments of the present
i nvent i offisclased embhiodimgnts atise presint inveotion. dhetheriitstdncel wel-kiewn and
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FIG 1, chesue ihe diselosed embodimentsofitheepresabidhvaritionLii t 18_, 5 ?SCO{ ﬁ; ng to
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i t-1n contil nuous-ti ne
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s e gty el e
capaci t zziq? é%ﬁ A ap')ié f?roa gﬁﬂ%lqk’f F{eﬂedaﬂ"% ﬁlﬁ’é@m@r{a‘éﬁqgé@“ﬂﬁﬁsﬁmw@y whi ch may
resul t iselectivé atipéificationnalng féé@mﬁ{%dpataﬁée}{aﬁéﬁgmch @%‘ﬁ‘ﬂ?ﬁgﬁ ;5%'" | ﬁl mmy be a
SIIT:.][ lor ts:/ﬁ ﬁgn%oﬁ%!‘t?r;\e Ieauasiggﬁone%? 816 received input data signal Vin. The feed-
15 forward capacitance may generate a zero in a transter function for the dynamic
latch 12, as will be described in detail hereinafter. This added capacitance helps
to equalize the attenuation caused by the 1S, which may result in a flatter overall
frequency response with reduced signal distortion.
[0010] In some embodiments, the input data signal Vin may be a smatt swing or
20 low voltage swing signal. The voltage of the small swing, data input signal Vin
may have been reduced so that when it is transmitted over an interconnect to the
receiver latch circuit 10, performance is improved. The receiver lateh circuit 10
may restore the input data signal Vin to a full rail-to-rail (“full rail”) output data
signal Vout. In some embodiments, the input signal may be a differential signal,
25 where both the data signal and its complement are transmitted, as shown in FiG.
1. in these embodiment, the receiver latch circuit 10 detects a relative change in
voitage between two interconnect wires, with the input data signal Vin being
applied across the two interconnect wires and therefore across ifiustrated input
nodes inn and inp in FIG. 1. Hence, the value of the input data signal Vin may be
3¢ the voltage difference between a voltage Vinn at node inn and a voltage Vinp at
node inp, where the last letter “n” or “p” stands for negative or positive,
respectively.




90 | ow voltage swing signal. The voltage of the small sw ng, data input
signal Vin may have been reduced so that when it is transmtted over an

i nterconnect to the receiver latch circuit 10, perfornmance is inproved. The
receiver latch circuit 10 may restore the input data signal yin to a full
rail-to-rayb200718dob1 rai | ) out put data signal Vout. % 551(,}@ hjrents, the
I nput signal may be a differential signal, 25 Wnere both the data si gnal
and its conplenent are transmtted, as showmn in FIG 1. In these

enbodi t he recei . latch circuit 10 detects a relative change in

vol tagg?ﬁ@ uelﬁr?"fr\ﬁoerf’%?‘&W@Bﬁn%reﬁ?‘?’%'éat%cfrﬁ“'f ﬁém%ﬂ'ﬁﬁ? &Rlfdesi gnal Vin

bei ng apidedGppriadhswhére thavhedelVier lEEMEIREH 10 dedscta A ab@@n@f&{aﬂgém 0ss
|IIustrat§d m&ut nodes inn and inp in FIG 1. Hence, the val Ue of the

i nput  d¥PEags ghgisingle infkgomecsyireHienrs) thaderidelasignilandehaden a vol tage
vinn at sﬂﬁ?@-ehﬂéﬁ GgAkIa by Sbha efbddieras, tﬁ@%@ﬂ&aé@ﬁv.ﬁm{b@ letter "n"

or "p" stands for negative or p05|t|ve respectiv In sone

embodi nméRpEnulfipiexecsignaland onhebe spyried fo qg‘“ﬁweﬁ%'éerdaQP ﬁgP‘é'f ®&d appr oach,

wher e t RACWAGEFIE1. | AtoheCdmbiditnehld, R iRBHIARD sBRSIOViH e ge in voltage
on a single interconnect wire; hence, the input data signal nmay be a

si ngl e- drtdiRlexgdvignal henceotheremey dermesat of rqq@e!erlﬁﬁhmmta@ﬁ@tanaw in may be
a 5 nonyayldekinh géﬁqﬁ@;&q(}@m@n%up%%%ﬁgﬁﬁl ed to a single receiver |atch

circuit 10, as shown In odi ments, the input data signal

Vin may [0812] insemegrbasimentg e dyramisdatchigrmayringlusie aa esaluationr ecei ver
| at chy C'cl’r:IbH ’iétoll‘écéak}étthé% up@atél%%ﬂﬁl \Vlgdﬁﬁ"al hﬁ/‘r@%ﬁ%tﬁﬁg%oh BRUto data signal

Vin. [0012 some nclude an
eval uat ie¥ atumquwmﬁ %d ﬁ@f@cé@@a/@rquﬁéol aepipteddatie emfgn@lofmm an

anpl 1 FYiehahughidifditdini 4 %ﬂy@wrﬁ;v R8O TEleh cf Hldse Hioufl'fe, g eChaY g€

circuit 20 couple e out put’s o e evaluation circ and the
anpl i f yiard %umaumpluge OHE@G mase traheisters iasovill be described heaeidafRd imay i ncl ude

one or @{aﬂe ggﬁérai mﬁsmaaeméhc%w gamwa%hﬁ & ik gﬁg? %?t ail. In

gener al eiver latch crrcuit Ave three ct peri ods of
i's oper &Pﬁ@ﬁgﬂs & pechdrge @eﬂmamn&ﬂaimoamhMtarﬁramnpIdntatm‘nahdan
anplifi né] | at chi ng period. [0013] In sone enbodi ments, precharging
of the dyna gla ch 12 by the

[0013] in some embodiments, precharging of the dynamic fatch 12 by the

precharge circuit 20 may occur as long as the clock signal clk is low (first clock
phase), which defines a precharge period. During the precharge period, the

20 output data signal Vout may be shorted to a supply voltage Vdd. The output data
signal Vout is the voltage across output nodes outn and outp {output terminals of
the dynamic latch 12). The parasitic capacitances associated with the output
nodes ouin and outp and the sense nodes en and ep may be precharged. In
general, any components connected {o these nodes may contribute to the

25 capacitance that is precharged.
{0014} In some embodiments, two interconnect lines may be coupled to the input
nodes (teminals) inn and inp of the evaluation circuit 16 to apply the input data
signal Vin. As the clock signal clk transitions from low to high, an evaluation
period may be initiated by the rising edge of the clock signal. During the

123
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evaluation period, the input data signal Vin may be evaluated by the evaluation
circuit 16 to produce at its sense nodes en and ep {sense output terminals of
evaluation circuit 16) a sensed data signal Ve, which is the voltage difference
across the sense nodes en and ep.

(W3]




precharge circuit 20 may occur as long as the clock signal clk is | ow
(first clock phase), which defines a precharge period. During the precharge
period, the 20 output data signal Vout may be shorted to a supply voltage
Vdd. The output data signal Vout is the voltage across output nodes outn

and outp (wot@aiasiwar m nals of the dynamc latch 12). Therai@misichs
capaci tances associated with the output nodes outn and outp and the sense

nodes en and ep may be precharged. In general, any conponents connected to
these nodes may contribute to the 25 capacitance that is precharged. [0014]
I n sone H3SHThe ampiifvingocitonit dBaoaynamplify itesersey data sighall \astotdfulihe i nput

nodes (t g %f"dfﬁ | eval yat.i circujt 16 to apply the
i nput ((jafaf':li[{g-lpgllﬁa | ﬁgﬁﬁgr%zﬂ& o@% %‘E‘;‘ES‘QVE‘RL{Q{J ﬁaé?@%? Q@P{Yﬂﬁsd“f'%ﬁﬂpl ow to
hi gh, ansesgsteickphapeof the aleok dignal okt iMdre dpbyifidang, thesinjgifygslpge of the clock
si gnal . ' . tion .peripd the input data_signal Vin may be
evgl uat e%;t rl‘t% hréﬂgvg%?%%é'ng%ﬁppgﬂg?a:l\%q B"t%raoc'tﬁ'i?g‘g Positive ?%&ﬁ%‘@ 88odes gn and
ep (sénswillbetqustribest méramaticnThe\balginminigast tisd sewiificalibh oRtheadpgdd dat a si gnall
Ve, whi ch., Lfference across the sense nodes en and ep.
[ 0015] ﬂ%ﬁéyﬁ%éﬁﬁéggﬁyglﬂﬂqpeﬁ’ Siwgl?ﬁ@t'%ﬂ%‘éﬁt%@%ﬂ%nal IoVet 0 a
ful | raiThereaftarj the siavepalch ddtrayiatihathe \tput 886 Sighal WRLbor hajifol the signal
Vout durél G d ¢l gck r]a e of the clock signal clk. Mre
specifica?‘ﬁ‘y‘,?er?’ﬁé) g'fﬁ)ﬁ%?? ?'ﬂ'gacclﬁ?‘cuit 18 may increase the output signal Vout
with a 00b6ignphs rddeiver fatstribinmdit, 102 8céorting ko BEmERMIIRRENESf gignaf ter. The
begi rmi g%gt he a lification of the sensed signal Ve ends the eval uation
peri od 3%‘5 JivRe '%qf’?li' PR Shimplemenied i the fpelrstage, thendynamie iatch t he sl ave
| at ch 1412neMitrioagk the feeciui Rtth éi@bﬂ18iiQE§den¥(QM{aB@ﬁwiiﬁeé(mjciﬁit,?gﬂﬁg period of
I )

' atch circu ccording to

t he cl ﬁg}é s\ilénatl cl k. [%16 In the receiver ) :
sone enbodPHRHEPN e thegepeiverdatchicigwhi ¢ Biay essanlially speete irsa i npl enent ed
in the fineatmatmgao Hdrstyrdarhsd hily G é@;oitéhﬁﬁwgmbhﬁcérﬁ,ﬁs&ys@r latch

circuit t.10 i sl@@ss%ent i_al I%‘ a non-linear circuit uri n'g the eval uation

peri od, WFSTURIAUPE, 1 5p0R nbedimentgothgglynamiciatonl2 mapsiusiedhen a | i near
mannes tpeevidieshi-medtiorddiebd adyrard Y e i il conti nuous-timne
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pacit ?rgnsistor or metals or other alternatives.

[0017] The capacitor(s) Cf may be incomporated into the dynamiclatch 12 ina

20 number of different ways. FIG. 1 illustrates one example for the incorporating of a
pair of capacitors Cf where differential signaling is used. The pair of capacitors Cf
may be coupled betwegen input terminals (nodes inn and inp) and sense terminals
(nodes en and node ep) of the evaluation circuit 16. More specifically, the first
capagcitor Cf may be coupled between the negative input node inn and the

25 negative sense node en and the second capacitor Cf may be coupled between
the positive input node inp and the positive sense node ep. Hence, the capacitors
Cf may be coupled between nodes having the same poiarity.
[0018] Referring to FIG. 2, there is illustrated a receiver latch circuit 22, according
to another embodiment of the present invention. The receiver latch circuit 22,

30 which aiso uses differential signaling, incorporates an altemative coupling
configuration for the pair of capacitors Cf. The first capacitor Cf may be coupled
between the negative input node inn and the negative ouiput node outn and the

second capacitor Cf may be coupled between the positive input node inp and the
4




Cf nay also be inplenented in a nunber of other different ways, such using
a tra%sistor or netals or other alternatives. [0017] The capacitor(s) Cf
may be incorporated into the dynamic latch 12 in a 20 nunber of different

ways. FIG 1 illustrates one exanple for the incorporating of a pair of
capaci t or syghodthisosy di fferential signaling is used. Thge 3.,%7 paci tors
Cf may be coupl ed between input termnals (nodes inn an sense

term nal s (nodes en and node ep) of the eval uat|?)ndciorcwt 1'?h Mor e ve
i ficall t capacitor be coupl e et ween e negativ
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sense no t he capacitors Cf cou ween nodes havi ng

the samegB% 2 fsthe Saing @sdie resebier [aigh SiBURt10,01 FIG1 hidveace.dh Itfemmeat ed a
recei ver nlimbek eiafiiihk sdfe A%CREFEAD it %B%Q%tc@%ﬁ& 28 Wi 84t Ot;e;t'e present

I nvention. The receiver latch circuit SO uses ferenti al
si gnal’i n§*PIRiRedrsiset ereraiesdn ther same m@nawspﬂ thagecaivdrilgioh alrtwini@ of the pair
of capacfi@ris Cf. The first capacitor Cf may be coupl ed between the
negative mBut node I nn and the negative output node outn and the second

capaci t of003 her enphgriimanisewier the inputistsda sigual is apingieedded np and the 4

Jale) Agai n, the
capaci t 2%59&74‘8%%@%"352%9%%%%3’3 R et ar 1y, The
r emai ndeterina ﬁ\?dﬁb@én% ronfysanshofdhe d!usm'atea ca;bad?tb@. ?ﬂmags biah&eﬁbaglres af etnra] ?n

rence .nu
receij ﬁerln|ﬁﬁé1ﬁgb6&h'¥ehtslﬁ ap'zle:%r gfﬂ%ﬁ%ué!?fgr & %f“\%ﬁ |r\p|ﬁt0t be 5

the sane and t rest of t e recei ver
expl ai nel@Misahioa sensgieminao! the eveluaaneionin feming the dinpal‘cﬁ@reﬂ')i\/rﬁ&y | at ch

c1 it BaSlpidd Gaden R RIS SRR R A o 971
i nput sisyrgle ead@ﬁ evaiuatioputircuié ismamainvétinglahen trenepaciosr Of yﬁ@,eb@f t he
LT ustr ARG H SingiSindR%r 08 YSRAESH circuit to a non-inverted sense
15 terminal of the evaluation circuit. If the logic of the single ended evaluation circuit
is inverting, then the capacitor Cf may be coupled from the input terminal to a
logicat complement of the non-inverted sense terminat of the evaluation circuit.
Likewise, the capacitor may be coupled to the output of the single ended dynamic
latch. If the logic of the singfe ended dynamic latch circuit is non-inverting, then
20  the capacitor Cf may be coupled from the singie input of the evaluation circuit to a
non-inverted output terminal of the single ended dynamic latch. If the logic of the
single ended dynamic latch is inverting, then the capacitor Cf may be coupled
from the input terminal to a logical complement of the non-inverted output teminal
of the dynamic latch.
25 [0020} Summarizing the positioning of the capacitor Ci{s) within the dynamic latch
12, at least one capacitor Cf is coupled between at least one input node (input
terminal) of the dynamic latch and at least one “atch node” or “latch terminal®,
where the laich node/terminal is a sense node (output sense terminal of
evaluation circuit 16) or an output node (output terminal of dynamic latch 12).
30 With differential signaling, a pair of the capacitors Cf may be coupled between the
input nodes and the sense nodes (a pair of “latch terminals”}, as illustrated in FIG.
1. Alternatively, the pair of capacitors Cf may be coupled between the input

nodes and the output nodes (a pair of “latch terminals™), as iflustrated in FIG. 2.
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o In some enbodi ments, the capacitor Cf may be coupled fromthe single
I nput termnal to a sense termnal of the evaluation circuit. Again, the
capacitor Cf may be coupl ed between term nals that have the sanme polarity.
If the logic of the single ended evaluation circuit is non-inverting, then

t he capaciw@soowizedRY be coupled fromthe single input grddifzyaidation
circuit to a non-inverted sense 15 termnal of the evaluation circuit. If

the logic of the single ended evaluation circuit is inverting, then the
capacitor Cf may be coupled fromthe input termnal to a |ogical conplenent

of the nwithismyls-bAded SBASINGEE Bl céﬁach&ecﬁﬁﬁbﬂétcbﬁ@eg%e ldya Li kew se, the

capaci tor. may b.ﬁ coupl ed to the output of the sing ynham ¢ | atch.
It the | IOPIE Y NRES &nd G single sersaRedeacingle datchterminal”)ios arsinglé nver t i ng,
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conpl ement of the non-inverted output term fa e | at ch. 25
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udfiod irc@i 14 S?ﬁ%)aﬂgﬁaf)tﬁﬁgéigﬁtqa

i nput node (i nput term nal ynam c |latch and at |east one "latch

node” orl002 k. Bdkustratas a differestialmodasmall-sigdel medetiohtHe dvaliatisanse node
(out put Henses B Nl 719 | ' it,16) or an output node (output
term nal  of dynammc I'at c%]"%i)gl &%@d%pﬁél&%gph@nﬁ%p ﬁ'ﬂﬁ‘l"i%il@ ,aﬂa pai r of
t he dtpdle senseddatanignaiVe dulingitieyaivation pbrod. nidn inpdiasoderst t he sense
nodes ( gehidbihafidn of el i } pal s’ sgdd.lustrated in FIG 1.
Al ter natq i vel 'y? t he pai ?"%rfg@a%gg?t%(?sﬁdheﬁﬁ?}‘?t@@?%ﬁ'ﬂﬁ?lgﬁ" eARRYER t he i nput
nodes aridietifRutgde 30 mayies céupledihroudh theaaphciter Ofi{dcumhisindtiondst 1| | ustrated in
FIG 2. .3 <8P P 007, 7924 Wth single-ended signaling, a
si ngl e cag%%{ﬁrore gﬁ%g?ﬂ%&ggﬁ%%of%%&ﬁ 'r}:?tigp'r?éﬁ%f’ﬁe%m@sﬁ&c?é'dand a single
sense n&@ef FiGsTinyite the sansk rode@2rtadving the senséd\@ita spiapwé. node (single
"l at oL {G; ¥ f. these confiqgurations, the capacitor(s) may be
coupled ber'Eg\;\ég(Z‘]rsl 'orll%gé@} i er %hél)g %Iuetfontﬂ@ugagé"%f‘%fﬁsttﬂﬁnswtﬁtq%ﬁ% "node"
and "t ethatizay comgrt getessembured ertialgas Yealtd drairs bieshts AR btROARoEENt | oned
herein i ' an.in or _an oufput term npal of the
eval uat Flien&@ﬁf%uﬁﬁ%tn?stl%ﬁtaﬁﬂﬁo s M&?’F‘?’W@e ET‘?W"{)”E‘&@ the voltage applied

1o the gates of M1 and M2. The transistors M1 and M2 may introduce an

inversion between their gates and their drains. The combined drain currents of the

20 transistors M1 and M2 are shown by a circuit line 34, which illustrates that the

drain currents may be a function of the change in input data signal Vin and the

transconductance gm of the transistors. Capacitance Ce, resistance Re {(Re =

1/Gie) and the circuit line 34 may be shown in parallet coupled between the sense

node 32 and ground. The capacitance Ce and the conductance Ge are parasitic

25 capacitance and conductance of the sense node 32, respectively.

[0022] With respect to the feed-forward capacitors Cf, a transfer or response’

function Heq for the evaluation circuit 16 from the input node 30 to the sense

node 32 may be:

Heq=Ve =~ - am + 8 2-Cf
30 Vin Ge + s(2-Cf+Ce)

where s is a complex frequency variable. The s values in the numerator represent

zeros of the transfer function, whereas the s values in the denominator represent

poles of the transfer function. The evaluation circuit 16 without the capacitance Cf
6




[ [ [ - Si | nodel of the
21] FIG 3 illustrates a differential node snall-signal I _
Easgl u!’it ion circuit 16 of FIG 1. This nodel provides analysis of the input
data signal Vin and to the sensed data signal Ve during the eval uation
period. At an input node 30 (conbination of nodes inn and inp of FIG 1),

i i 3Py oﬁﬁos‘iﬁﬂm ed
the input watamomisgnal Vin is applied. The input node 38cig¥
througﬁ t he capaci@?or Cf (conmbination of capacitors Cf of FIG 1) tﬁ ah
sense node 32 (conbination of sense nodes en and ep of FIG 1), wt dtl\/g f
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f eed- for\mrmmameogemme&:imhatfah%sf@fcn@{s Hegsa‘)?&?ﬂnf: unction Heq for the

the i nput node 30 to the sense node 32 may be:
eval t I 2§jg[ncéérﬁ%1&bf é%ngé"(t %’ itorsriamay be 1807Eo bl this viahegaency

var | abI emeiheillastrativaes oh® of h&n?%ﬁBén%QfalJe%P%ﬂ? §lith ¢QLESpGhg t e Lranster

s the s val es I n om nat or represen@ pol es of the
Irgﬁts;grd%pgﬁg?ﬁ@ﬁ pa%l‘?é‘ WRpE ﬁtaPBWaE‘P’r‘ clﬂ Qomﬁembpdvmnts iez capmmittotsance Cf 6

VO 2007/maﬁ>95m@rﬁinmmaa%aﬂamb@@a %ﬁ%eeztgst%;@ vyogg@wth one high

®@%tion within
frequen and ma ss .signal s w thout
t hat ban%q}dl%g%%o"ﬁ%mgé% VgDl @Paaﬁﬁf@nae gémaythe offlusetwrendhesamhenct i on Heq

at hiigh rmwawmwnew rﬁbfeaaftt@élfb%ervlafla?&ﬂ%uﬁé)gls Lgéaq RAR ?FHP% a' gnals by
provi din itio
di a%p?caqio%s s:r}c %1'0%;!; Osrer\t](-:l-rggesk;oepqgoenr:gl}/ters 1g'he different
applications may result in different channel loss and ISE.
[0024] Referring back to FIG. 1, the receiver latch ciscuit 10 will now be described
in further detail. This description will also describe the receiver latch circuit 22 of
20 FIG. 2. In-some embodiments, the receiver iatch circuit 10 may also be referred
to as a latching sense amplifier, and the dynamic latch 12 may aiso be referred to
as a strong am latch. In some embodiments, the receiver latch circuit 10 may
use complementary metal oxide semiconductor (CMOS) technology.
[0025] In some embodiments, the evaluation circuit 16 may include N-type
25 transistors M1, M2, and MB. The gafes of M1 and M2 may be coupled to the
input data signal Vin and the gate of MB may be coupled to the elock signal clk.
The sources of M1 and M2 may be coupled to the drain of MB and the source of
MB may be coupled ground. The drains of M1 and M2 may be coupled to the
sense nodes en and ep, respectively.
30 [0026] in some embodiments, the ampiifying circuit 18 may include N-type
transistors M3 and M4 and P-type transistors M5, M6 and M11. The drains of M3
and M4 may be coupled to the sense nodes en and ep and the drains of M5 and

M6 may be coupled to the sources of M3 and M4 through the output nodes outn
7




5 capacitor Cf may provide a short inpedance path for high frequency
signals with increased gain, while it does not affect |ow frequency
signals. Wien the capacitors Cf are coupl ed between the input nodes inn and
i np and the output nodes outp and outn, respectively, as shown in FIG 2,
then a sulygd ambasbtly same zero may be generated in thedidRghREelgnction
Heg Vou Wn. u) [0023] In sone enbodi nents, the capacitors Cf nmay be 100fF,
but this value is nerely illustrative of one of many possible values, with
such val ues bei ng dependent in part on upon the application. In sone

enbodi mearidsquip lrespagbizelyt dhe spascebef pﬁ@ddwﬁ?tdyme tdupled & tha vub:rgeabl ebI
capaci t r e i zat unt s vari abl e
capaci tﬁ’ giygo @Ae gﬁ{%é& s%ﬁdﬁqﬁg\ﬁggﬁg escqteeéﬁo n?\?[?ﬁdgﬁ“e or nore of
the r ecegatm of Mé ahdcbjtﬂ myibe)coup!edmgbtmn IMTh inkag tiendgetip alifatit ons such as
mobi | e, ent result in

co The |ffe applic smay
i 11 er e 00 I i SRR s s Bl Pripd BBedlo kS " {he
& ecei verodttaumitfdla dtnmlatsglﬂaw\bdl; toupied foahd garisidd el amd fg; whereadet ?I | . This
escri pt W S escribe t eiver Jatc ircuit 22 of 20 FIG 2.
In sorreoéﬁ'% r?f‘LP §§%@ayé3@eqqy8 |‘3§’tﬁhg%?ﬁ? 4i?"‘ll]'l?ﬂ%rray al so be referred to
as a Iat[thﬂngeha&géhlrémmﬂnﬁ Ghdltitfé Ry transisidre M2, MsEo alrko  be
In some enbodi.nents, .the receiver |latch

referre trong arm |

e cut ¢ M A laBel SifheSh et Gine HoteHn wreenAd SRE HacaBtE D)

t echnol e@ypiebA92k] NNandMB rﬁapﬁmématrara.h@eo@;@d mhb%tmtheuéé 16 may

i ncl ude N-tgﬁg 25 transjstors The 8at es of and M2 nmay be

coupll®d AP oﬁ'tﬁp{ﬁ""pﬁg{"ﬁiysﬁ%mg %ﬂ%éﬂﬂ‘qyﬁ'@‘@é‘i‘%“ W’WW% coupled to

the cl oGke Ségitodekken ahdcers Adl; gﬁvépj ML and may be coupled to the drain
of MB and the source of oup Iedé%;ound The drains of ML and M

may be d8%7fldn SPW%@E@%‘H%@S%&@@S@*&%M y hegsettaseb{SR) iaghi 0026] 1n

some enbypgi Sieoé fatcH m;saéﬁ@wnfthmm{%erwﬁst% mwwsc Nugse Nahaigigrd ransi stors
M3 and M4 and P-type transistors The drains of MB and M4

may be lﬁ)‘%cﬁﬂd&“’fjﬁ@’%%%s ABE 88 éﬁW‘@&ﬁ?ﬁf"@’ﬁ@ the glays lgeh ¥8 and M6 may
be couplyeg, lhﬁ;htth@o%m ggﬁamfo%r%m%&@ckhkﬁg%utﬂ%a.mbtfaﬂt uagzﬂéas outn 7 and

outp, respectivel e sources of be coupl ed to the voltage
Pl GO BBveRiSratfPrues SERodws duis S5 ORe Seloieh dd Thedether and ( ne
gat es OfnMi rGNOSHRatER Y zﬁﬁoﬁ&”@'vﬁ%r&:ﬁ%éﬁ@fp aMﬂegHﬁ\Ye hhdp %Qﬁfet her all four

gates M5-Ms when in its conductive state, i'ts gate being coupled to
cl k. inputs of this stage (or outputs of first stage at the nodes outp and outn,
respectively):
20
inip | g

—
0 0| not possible
0 1|0

25 1 01
1 1]hold

[0029] Referring to FIG. 1 and a fiow chart of FIG. 4, the operation of the receiver
latch circuit of FIG. 1 will now be described in more detail. In a precharging

30 operation 40 of FIG. 4, when clock signai clk is low during the precharge period,
the P-type transistor switches M3, M7, M5 and M6, M8, and M10 are ¢closed and
short the internal nodes outn, oulp, en and ep, respectively, to supply voitage

Vdd. This performs a precharge operation, wherein these nodes are precharged
g




5 Qutput node outn also may be coupled to the gates of M3 and Mo, whereas
out put node outp al so may be coupled to the gates Mt and M5. [0027] The
precharge circuit 20 may include P-type transistors M/, M3, M), and MO,
all with their sources coupled to the voltage sour ceI ;S:d andﬂpt hei r g?t esd
coupled t and MB may have their drains coup bl fRe79hit Put nodes
10 outp ag‘éggdl?glrllw?espectivel y, and Md and MLO may have T%[#elr J?al ns
coupled to the sense nodes en and ep, respectively. [0028] In sone

enbodi ments, the slave latch 14 may be a set-reset (SR) latch. The shave

| at ch 14toithe shippig valtage Bveins. t Daring thtsdowc!dbﬁpw?d, tlgégamgif(rjantslhst olr S

ML6- 19, : LAVt 8. As, previpu escri be e slave

| atch 14 '%%\fy& *g‘t@ﬁ‘ @ﬁ%nﬁ&%ﬁ%yiﬁeg%gpl &agetﬁgtfl?%t%%gr Wik period. A
rail -to- il DuﬁagMemmummpemaheswgmtraasiafmwﬁmmatma?&fls q an\cAﬂh qb of

t he sl av c . adhe tru chart for ,a SR latch is as follows, erein
in and i Az?% tg’ ﬁ%’é%f e %eég@'rat"i%ﬁgﬁﬁﬁ RodRsoWR. ?W?lnsﬁ)‘ O??&"%B?Eutsl of -
firstsstdi ed moaekks outp and outn, respectively): 20 inip ql--

o g eger 0 ] Referring to FIG 1 and

' . 251.011 1.1 1 .hold [0029 )
2 11 ow RRRYY Bbtifiaal oifbhe Rides i SHAGHIR e SUCEYN ProcherariLblen ¢ of FI G
1 will nribecliesdegdn iatmdaiing olmErggiod;anza;ifljF.rg,_I ¥l @tﬁfaﬁfaﬁaﬁ%g?g% g%g%?%:j ont ﬁg of
. .S Jdow durin he prec ,
7 Cype TR SUTE s i S st g achegroseand

to ground, whereas M8, M7, M6, M8 are opened (non-conductive state) to

10 prevent further pre-charging. The charges at the sense nodes en and ep
discharge with different speed because the gate voltages of M1 and M2 are
different, with that difference being determined by the input voltage Vin. M1
converts the voltage Vinn into a current that discharges sense node en and output
node outn, whereas M2 converts the voltage Vinp into a current that discharges

15 the sense node ep and the output node outp. With one current being larger, its
associated nodes discharge faster; hence, this enables fatching in one direction.
The voltages at the nodes en and ep are complements of each other at the end of
evaluation.

[0031] in an equalization operation 44 of FIG. 4 concurrent with the sensing

20 operation 42 of FiG. 4, the inclusion of the previously-described at least one
capacitor Cf allows for the previously described equalization during the evaluation
period when the dynamic latch 12 operates in a substantially linear manner. In an
amplification and latching operation 48, ance the lower voltage of node outn and
node oulp reaches the appropriate voltage level, the corresponding P-type

25 fransistor, one of transistors M5 and M8, will turn on, pulling the higher voitage of
nodes outn or outp towards the supply voltage Vdd. This provides full rail
amplification. When M5 or M8 is triggered, the evaluation ends; hence, the
evaluation period ends and the amplifying and tatching period begins. In ancther
latching operation 48, the slave latch 14 latches the output data signal Vout for a

30 whole petiod of the clock signal clk.

[0032] Referring fo FIG. 5, there is illustrated a computer system 50, according fo
some embodiments of the present invention, which is one of many possible systems

in which one or more receiver latch circuits 51 may be used. In some embodiments,
g




short the internal nodes outn, outp, en and ep, respectively, to supply

vol tage VvVdd. This perforns a precharge operation, wherein these nodes are
precharged 8 to the supply voltage |evel Vdd. During this | ow dock peri od,
the gates of transistors Mo, M6, M3 and M4 nmay be coupl ed toget her by

transi st oWt/ EgoAHLL. During this low clock period, tﬂﬁ/\ﬁi&%ﬁ@mﬂ ansi st or
a

switch MB nay be opened; hence, the charge at the intern nodes out n,
outp, en and ep cannot be discharged to ground. [0030] After internal
out put nodes outn and outp are sufficiently precharged while the elk is

low, in gadredrihe EcRiRY BiPBircdds 8 nidybe the BBeifdahidR oMt PO PE. St ts as

el k transitions high. Transistor MB'is closed (conductive state) to allow
di schar glBetBeeYRsHah ciipidt et G- 2min sppe aubogiraetpahe deqaivar latoh gireilt ve
state) tgq ﬁﬁy@fs@‘éﬁi@ﬁe—éh’&é&&??nﬂfhﬁ: G858k Renbobitfertt, r%e&rﬁ&etthﬁ &R nodes

en and ep di Scharge with ferent speed because the gate voltages of M
and M deiehdierils 2hmayherysedring roermeryrahin 82, mading cnetas niara eecainertdateh i nput
vol tage Mdiits Ml neBehideti h Nigin g i t I.scharges
sense node Iesn and “out put ‘_no erggéuétsg?eﬁ’ g?éégewe%onvgﬁrﬁéﬁt?h@g&g t°de Vi np
into a cHprcieceiveriatol oreuily ey besisptdn slbas viepsated sfrcaihC) tlipsot et node

outp. W | ' i | ge faster;
hence, t%ﬁﬁgﬁa@#{eiﬁpgi ?:‘%r%gd{‘ %g%ﬁgemgh{ro@é?ﬁg%% a?:%igﬁﬁ,; ggse% caﬁ:h ${1e nodes en
and ep dnay bavmlewands of sevesaldiundrastiransmisdien ket infinpaialitpat bases WiB031] I n an
equal i zatd ' . FlG. e.S | ng 20

oger ati génésggia%?q%hﬁ%ﬂéﬁgq’rﬁ%:‘f%ﬁvselz}’o%&g?HH]ngg%wé\dv‘%%Hfslg'y{-nasgog'i‘%i ged at | east
one tapahiedimentsathegreeifenlatcheirpuitd! naylrgcatesoff-chipdsiglaand/at orechigdur i ng

t he eval elp | t .c_l.atch. erates. in a substantiall
[ near - or-AbRESARE MUiker e A8 Ben Birthitdo BRAPAYHe Rgfelidle he °'
| ower voeteiver lsfchidet 51 maydedn tivzisaroe thipr(eachipssigiads)ap miftepentathip (offl t age

| evel , t | P- . 1 r.ansi st or. ne of, transistors Mb and M,
will turérplﬁpo%,gﬁ%%s' ﬁﬁ%gé%ee rﬁ%%'ﬁgif&{'/to t:ggg%&?abﬁeoﬁesgs%&ﬁgr%&pp towards the
suppl y voommager sydmsT ang thgr complder $ystdm S5aiid mengdy Hlihseativieast ondhen Mo or Ms i s
tri gger g liéé}@neval uation ends; hence, the evaluation period ends and the
anpl 1"f yi and 1 atching period begins. In another |atching operation 48,

the sl aJ@033jt brthé4ystatchkantBepankaguss tanhaustedbala sdbstrafecsr prinkd whol e
PE! Lo SelBoflIEERTSI0MLs Bty BBLTE PRRLER el Erbhiatire I8 S e
present additienttd te satkelcd0 asd thed Cqfackagy 56,486 POBS S ieeave infoulidch one or
ore r e(iﬁc-i}r\égrrl ﬂ‘lleartngi}?'t lgtlerrngyyl Et>2S ar?dl- a gﬁ}{’ah%? oy i?’n}e:»gﬂoultguts(ﬁg? m%?e%ifgf Q);[tgr’nalg
20 devices or external buses, all coupled to each other by a bus systern 62 on the PCB
58. More specifically, the system 50 may include a display device 64 coupled to the
bus system 62 by way of an I/O module 66, with the /O module 66 having a graphical
processor and a memory. The VO module 66 may be mounted on the PCB 58 or
may be mounted on a separate expansion board. The system 50 may further include
25 amass storage device 68 coupled to the bus system 62 via an /O module 70.
Ancther I/O device 72 may be coupled to the bus system 62 via an /O module 74.
Additional /O modules may be included for other external or peripheral devices or
external buses.
{0034] Examples of the main memory 52 include, but are not limited to, static random
30 access memory (SRAM) and dynamic random access memory (DRAM). Examples of
the mass storage device 68 include, but are not limited to, a hard disk drive, a
compact disk drive (CD), a digital versatile disk driver (DVD), a floppy diskette, a tape

system and so forth. Exampies of the input/output devices 72 may include, but are
10




WO 2007/ 130971PCT/ US2007/ 067924 each of the receiver latch circuits 51 may
be the receiver latch circuit 10 of FIG 1 or the receiver latch circuit 22
of FIG 2. In sone enbodi nents, the receiver latch circuit 51 nmay use

si ngl e-ended signaling. In sone enbodi nents, one or nore the receiver latch

circuits qused in a menory chip 52, and/or o cei ver
| atch 5 ci rcwtsh’gl may be used in a processor chip Sﬁﬁszgﬂgﬁ)ngwhe

enbodi ments, the one or nore receiver latch circuits may be used in other

I nt egrated (_:i rcuit (1C chips of the conmputer system50. 1Cs, such as the
menory cwpbhrﬂizecat@ddeﬁeeqastdtab@‘or carhingnicdtiomwith haoenpugavarsds (€., gever al

hundr ed S nput / out put buses w th associ ated

transmi tltké drlc\?/"léér) {“OIP{eII(gledle\'}"e%re’g 'Eﬁ&?p ?rgxglgg,r%}gngyop vice: adisplaynd 10
enbodi nmepristertdpeakerspanba starineln) aid davidesslitaply foie@hnianititfonghith si gnal s
and/or o p | nal s. t her rds, .t river

transmit ??'ﬁngfetc??ﬂ"clg%g’“?" ?Pé‘?réugif: W°3‘ﬁ39ﬁe£éﬁ§@ﬁt lnéei'%'?e(ﬂef’@& aag may be

in the sane digitapmbdemsEPNsiegninksadapterd] éﬁcﬁfr@rﬂb r@}hylae{neéé} Ghkemei gnal s) .
The recel %%f l,atch ci rcm 51.is %%Rll i cable to s‘)éstems ot her than conputer

syst ens, - {1168 CoMHNISa '?9%93‘#? k8 Poppiegsyiie Al 88 one
15zgp|to| i ;:Ekamples of @3ls éy&tédﬂezmﬁ&cﬁfgﬁﬂare&igt hﬁu@@%%&ﬁertéﬁegaff g}ﬁr}km}agg gg a
substrate r via a socke e ma
be a not Wé?'iﬁf%r{gﬁ)%ﬁ‘ ﬁg Frid{'iﬁ&f g%'&@éi"’*ﬂ@(ﬁ@ Byfe andspieitugtness, the g
PCB 58 rrhys b,@at@mrezuﬁa}ede irhsiERRAtedNR ATBIhGIo/ AV AsPediindtiod ddlsbd Y Of
mput/ou{ ésﬁ/ es for external 20 devices or external buses, all

G oSt B

coupl'®d Xpangien dyseImbspensing Npoptie edempbieviemd® i cal |y,

the syst midbisimymanptaiiGes niliyiRbdroglam e ystem 62
by way of an I/agq;gnﬁgﬁb’A)Gg W|th th%é*ig/ 8@0@% @féglgjp%g\n/?% F/b %ﬂl%cfcal

pr ocessofMeqRY ﬁ@"f%ﬁ%’diﬂ@“%cwswehﬁ@rh@@yﬁﬁmﬁ% PCB 58 or

may be npuﬂ@reﬂngmp@h FORAHHS démané:tt%abm?ér%ce;f Bf-‘ﬁ@mﬁ ﬁmdﬁ%sfmé( further
i ncl ude 2. gi_fs%%stora e _device 68 coupled to bus sy stem 62 via an

1/0 rrt)duli’ré""“i'jﬁt fevnal %ﬂ%ﬁ).m@fﬂ@omiw@r@@uw@mcede@hﬁwb syst em 62
h
via an |CQnﬁD£éHG?st§ﬂ1 Inﬁ.‘?ffélbb' e &f &:z’iﬂgﬁoﬁﬁ SR ﬁ%gégﬂé’%(%h& 06r er

external or tg:vg i pheral devi ces or extern uses. of t he
mai n men®d RPILRINt senigf daeriacn (e:9.cFirpWire). rixasples of @Ed@lMﬁmﬁimﬁ4access

Tenory (SEAMcIAR AR ol ARBRAF GRSR ST Yok B efALP| es of the mass

st orage device 68 |ncI ude, but are not |mte sk drive,
conpact 'BiCERPrasessar. @Gmrocaﬂﬂﬂléﬁnt%Ipomefesmatﬂueﬂ@n S‘kt apmputing (DE0), a floppy

C71|23 lr(rgt t ?Rtgﬁ%rg&%gﬁy %;t‘éfﬁ‘:@éaqnétﬂﬂh% 58t cdRRLARISE) MikFop B Y R B devi ces
0y long instruction word {VLIW) microprocessor, a graphics processor, a digitat signal

processor (DSP), or any other type of processor or processing circuit.
[0035] Although specific embodiments have been illustrated and described
herein, it will be appreciated by those of ordinary skill in the ant that any
arrangement which is calculated to achieve the same purpose may be substituted

25 for the specific embodiment shown, This application is intended to cover any
adaptations or variations of the present invention. Therefore, it is manifestly
intended that this invention be limited only by the claims and the equivalents
thereof.
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WO 2007/ 130971PCT/ US2007/ 067924 not |imted to, devices suitable for
comuni cation with a conputer user (e.g., a keyboard, cursor control

devi ces, m crophone, a voice recognition device, a display, a printer,
speakers, and a scanner) and devices suitable for conmunications with
renot e devi ces over conmunication netxmks (e.g., Ethernet interface

devi ce, ﬂ{\@ I'5 digital nodens, |ISDN term nal adapters, and frane

rel ay dev ?ca,rple Sie cases, these communications devices may al so be
nounted on the PCB 58. Exanpl es of the bus system 62 include, but are not
limted tﬁ *)erl Phe@? conérol i nferface (PC) bus, and Industry Standard
Architectlre ( [alchfrgud LOMBAISNG: The bus system 62 may be i npl enent ed

as a si nglg b@dﬁanﬁa |a'tcrcmtudn@tatq&svfonbmmermu(ae t@recemsérempbmtw th
expansi on

pendl on t t er nal dul es i nt er nal
T hoiamL ot 2t RERE Ao, Rt R inal g Bymaime teieh Peic) sdspias) B GarSEAe morror 3
access (Wémbllﬁéb@Uw&atb%igrﬁpmlét%dspiﬁspaﬂ\@ﬁhéhﬂbdﬂdéta%@fae@n&
Dependi ng upoght he exte /O nodul es

external in f the
s 4P dne RinSRlcaRlt inQEdg ot 4535 858, dapeblsr s osos, BEtNeB e At ar { ace
(e.g., Snedst ohe ikpUeiminalSusd &8 Atleast GielatchSElhinal ito Petide inter@itt! seri al

I nterface A- 23 Il tipoint serial interface (e.qg.,
Fi reWre_)'"tgéﬁ%ﬁﬁ?&tth H”Il‘ugatlaé' cessor chip 54 may include any type of
conput ational taé rdryuam:cswthh i&ﬁhelbihbluﬂmb an Bvdlestioncsircait mavrngpth@ca@sm a

ex instruction set co Clscgtgm Croprocessor,

m crocontrol,l er tin
et termica) Bt leghoAte Sagse farawal Gnd Bt B s agher 30 | ong
i nstr Iuct | dHita Bighal oh\fhéw leBbCoriesePe 6 36 fiinal; aarg?mplify:ﬁg chEWiG esssled toathd wl tal

Si gna pI‘O SSOor r ny e o0 rocessor or roces

o1 el ¢ P IRg 988 sahi bestined gad Incuah i B MR saesHay Je el nd B8span &0 and
descri be(béﬁa@fa@efhe ¢dtpwdaka anﬁms@@aﬂbagt |bbahhmstﬁe @énﬁdoualamgnakahd in the
art that anécﬁrran s cal cul ated to achi eve th?mtie ﬁur pose

may be subBIEFPYOESTSYL f°8PPFﬂ3° 8l PRt IRRRISREATIOH AN, %cation

is int endﬂ@bnﬁ@emﬁwartoamcﬁ&g@ttﬁé lap s bny 8kh& tedminad and ke I m‘aeﬂbne
I nventi on. Theref,ore It is manifestly intended that this invention be

linited dWIRP M cl ai ns and the equival ents thereof. CLAIMS What is
clained is:

2. The receiver latch circuit according to claim 1, wherein the at least one
capacitor is coupled to the dynamic latch to generate a zero in a transfer function of
the dynamic latch.

3. The receiver latch circuit according to claim 1, wherein the at least one latch
terminal includes at least one output terminal of the dynamic latch, with the at least
one output terminal having the amplified output data signal thereon.

4. The receiver latch circuit according to claim 1, wherein the at least one input
terminal and the at least one latch terminal have a same polarity.

5. The receiver latch circuit according to claim 1, wherein the input data signal is
a differential input signal; the at least one input terminal includes a pair of input
terminals to receive the differential input signal; and the at least one latch terminal
includes a pair of latch terminals.
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1. Areceiver latch circuit, conprising: a dynam c | atch including
at least one input termnal to receive an input data signal and at | east
one latch termnal, the dynam c | atch being adapted to generate an
anplified output data signal based at least in part on the input data

signal ; a@)d The reckiver (e iréuil aésdrdingad Lﬁh:rﬂ% ,AivhéreimS theOdhaa® kA Or
coupl ed hetween the a | east one | nput term nal aﬁ@ the at | east one Iatch

t er mi nal ,INGiAeseq pak of QUi jepwials Revipg deseen thenampliiied pUiput £2ta, sgngha) ;

the dynardig et éwdtmrtenmabwdjm Me RirebuatchGBmiihals Wnk tha\dnigiiéde at

| east one i t term n ast one sense term nal and adapted to
generate%‘@-@ﬁ?@oﬁw elgg@fgffergrppa?ﬂgtpgtdqtgagpalone sense termnal; an

anplifying circuit, coupled to the at | east one sense term nal and

i ncludi ng at | east one output term nal, apd adapted enerat e the out put
data sigrfal badlEdeseiverds ‘i"ﬁ“'béF@’B‘Hgt‘Pné'aé‘B% SRR esg tion girguih

pr echar geyagithé Walr, of%plﬂ't@ﬁmhé)lsttbﬁ‘e@ilvd Q@ﬂlﬁ%ﬂtlﬁﬁmﬂ §igi1"alnaﬁ§|a paiel of he at

| east one output_ term rechar ge e . at | east sense term nal and
t he at Iééﬁfe%@’@&WﬂF%%Pﬂﬁ aiense ?"%Tﬁg %ﬁh@aa"l"&faé?ef‘ terrivalsi @3 cor di ng
to cl ai Mife evdIgdtRNtirbticbéihg heasted ri‘e?dt@cthé@énséij defa! BigRAl dntthé pair @y nami ¢
Iatchtosgenerateazer a tran % nction of the dynamc latch. 3.

e T ecoisbams feaniitdased ot Rastbpafl o the ARSI AGREL ot ne. ot eaci one

| atch term nal includes at |east one output term nal of the dynami c |atch,

wi th the at st one o ut . term nal,_  havi e anpl.ifjed out ut data
signal t Rer eoﬁ%e ch"f’ﬁtalqut&b@f"%t accQreiRg ctoy @gm %aé@'lﬂ’?i eigqf lepsl;

wher ei n tchgadfor ||ribﬁﬁfesQi"§a|lr BPbipdcR6r] Belpléd BetiWen ake banof uqﬁuetérﬁﬁrialts t er ni nal
have a sane oI arlfﬁéﬁcgt The receiver latch circuit according to claiml1,

wher ei n taﬁgt PRIt © %’P’Ej‘?ﬂ.\? is adifferential input signal; the at | east
one input termnal includes a pa| r of input termnals to receive the
di fferentl al i nput si gnal ; | east, one at ch terg}:nal i.ncl udes a

pair of [%at ch fereepkprslatch ‘H’c“'fh"é’c? gg@i \S’e‘i"a'ﬁaﬁcw greincGReh Sbis BRE to claim
5, wher eicBpadiRrgiareaibuplel HetledrsHe isiake BaiPaf pOf teAh@ lant DhBidhthespdiavi ng

thereonthea lified output data signal, with the pair of output term nals
bei ng t h&f [FEh eBT""P'ﬁth@H'”E@rﬁﬁ"P?aﬂ’%!a%Md t he anplified output data signal
being a differential output data signal. 7. The receiver latch circuit

accordin to claim5, wherein the evaluation circuit has the 8a|r of i nput

terninal 40t o ridefesaiven lateh cirgyit Apgosging nputlaig) §nherginy the pair, o iPuknse
t erm nal $ethéI§1|ﬁchﬂelﬁélhégaiﬂ°ve5iﬂﬂﬁ%ﬁ1ﬂrﬁaﬂa‘ha|aﬁp@m\)wnwﬁeﬁﬁthél e pait oh

t erm nal s and t’f?is FI uation cj rﬁwt bei n adapt e nerate the sensed
data si gifeh &m udeg@ aegalive falchtermyng @agédpat't'weefa tepmipal theéon t he
differ empbﬁ\'of'dééﬂélto‘ﬁs Heflde a Sirst NG 4 Qé@jn\ﬂeéadaaﬁé‘rhaﬁdi fth‘élﬁst apadi @Brng to
claim5, wherein the at | east ane ca%m(]:ltor includes a pair of ca aC|tors

coupl ed E@t’%‘ér?eﬁ‘t’t%ﬁrbﬁler negative dRgut igiminal and Qt‘?d"%g?é'V?)d?tPh de"I"a?‘c

t er m nal $ecorf¥ caba6itdres SdupRId hativeén ﬁierpﬁiélta’i/e HpuPtefnial 4 thbﬁ,\ioﬁitlee Idﬁ'ﬂﬁr ein
each of the palr of capacitors are coupled between one of the pair of input
t er mi nal $erEWElone of the pair of latch term nals having a same polarity.

10. The receiver latch circuit according to claim8, wherein the pair of

i nput term nal s include a negative input ternmnal and a positive input
t er mi nal 11t he Thgireceiyer|latel pir¢idh aacarding toligqt “&'eFPéngﬁ evlyatiop giredt ni nal

and a pomd}ud\égalﬁgt(ahdtaegéaongltmnglglgrﬁ@,ﬁ of capacitors include a first and a
second capacitor; and the first capaci tor is coupl ed between the negative

i nput t er ni na® shand AEeRIGIURE, FeRPERtvEly ARYRIRd torgfentcond capaci tor s
coupl ed bet wegfirst BRd Bk Brair) PepetBiely, R8Liplad &b HRSaRAsTseh¥& tdrtirfals
term nal. of the evaluation circuit; and
a first and a second gate, respectively, coupled to a negative voltage of and a
positive voltage, respectively, of the differential input signal, with the first gate being
the negative input terminal and the second gate being the positive input terminal.
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11. The receiver latch circuit according to claim 10, wherein the

evaluation circuit includes a first and a second transistor having a first
and a second source, respectively, coupled to ground; a first and a
second drain, respectively, coupled to the pair of sense termnals of the

eval :Jaé i ore.ci rThg fe_;ceiaeldialtch circult faf:&:drarnga@maam slemad?imatsalecfméﬁ thél Y, f
coupled t a negative voltage and a positive vol{age,, respectively, o
Che di 11 SR ane;safie STUTALENaNG A leAet p7g ouPgslemisel Rtherd b el ve | nput
term nal |ated téhfingl cannthedRtli€ash @ha thpul eeriril hd thd apleastioheTatdRtermingl2. The
receiver |latch ci I’CLiIt according to claim1l1, wherein a selected one of the

at | east GYEASAMEPYRIG nal and the at |east one output terminal is the at
| east one latch termnal; and the at | east one input termnal and the at

| east one | at term ngl, have .a sa olarity. 13. The receiver |atch

i roui ¢ cBbor athayebaveh atch Sl a AN i 2 fthier SUBPER | ar ch coupl ed to
the dynam c | af glhve lafch colibRdnte @Rl dy@amiciaédh. ci rcuit according to claim 12,
wherein the input data signal is a | ow voltage swing signal and the

anplified output data signal is a full rail-to-rail output signal. 15. A
system Cl;ﬂl.’fprih'ﬁ‘imbeiyer |atchajgchiﬂh@@fr@ihgtb 6ia|rn¢uiz{]wﬁé;rbm thacn’_apwhag_sagndl east one
receiver .latch circuit, with t recel yer, latc ircuit. includjing .

ynar o (% @dAw RLPGRIPHoNSTAL 287t 8Pt oot el Pora) s et (alH&Tal nput
data sigratpiagignal | east one latch termnal, the dynamic |atch being
adapted to generate an anplified output data signal based at |east in part
on the input data signal; the dynamc latch including at | east one
capaci t ors, coypspeheiomgsizirigne at | east one input terminal and the at | east

one latch term nal o, r.educe. i nters | interference in the ipput data
o gnal b fegraled GEU ZPip RN B Wash PUS Feranan g Sl BHPANS ot
havi ng t heceiterlifals tirclitendliigitg termnal and at | east one sense termnal and
adapted to generate a sensed data signal .on the at |east one sense
Torm nal: Can  anpi | YT S moting A et 05e itk b ia rege SRS t or ni nal
and i ncl udi ngdata sighasand aele@stiopuliatt tefimiell, thaagnanianitel bbing agageate t he
out put data si%_rblal based %tqdloeast iin part %n t he lsﬁ}gns_ed data signal: and a
‘ g5Re &k

al ;

precharge ci r8&heratecyypme OytRut data)signgf &t epart RAthe Pt he at
| east one out gatk sighari nal , to precharge the at |east one sense terminal and
the at least one opt Py amic Ttk clling at least om8 Sapsdtor, couplbd between

the at least one input terminal and the at least one latch terminal, to reduce

intersymbol interference in the input data signal;

the dynamic latch further including an evaluation circuit having the at

least one input terminal and at least one sense terminal and adapted to

generate a sensed data signal on the at least one sense terminal; an

amplifying circuit, coupled to the at least one sense terminal and including at

least one output terminal, and adapted to generate the output data signal

based at least in part on the sensed data signal; and a precharge circuit,

coupled to the at least one sense terminal and the at least one output terminal,

to precharge the at least one sense terminal and the at least one output

terminal;

a mass storage device; and

a bus coupled to the integrated circuit chip and the mass storage device.

16. The system according to claim 15, wherein the integrated circuit chip is a
14




a bus coupled to the integrated circuit chip and the nmass storage devi ce.
16. The system according to claim 15, wherein the integrated circuit chip
is a 14 selected one of a processor chip or a nenory chip. 17. The system
according to claim15, wherein the at |east one input termnal and the at
| east oneselettsdhonesimd protediar enip obaMeristy @hipt Y.  18. The system according to
claim15, wherein the input data signal is a differential input signal; the
at |east one input termnal includes a pair of input termnals to receive

the differentife dyamm abddiing to 8kh 15 avidreihems bt 1886 dnatisput t&iimdlahdi s a
pair of latch term r]?a)tléﬁ an%hhe at Ieasf one capacitor includes a pair of

capaci t ort8e atlgas g Jerain Qa2 seMEPOaIBLt terminals and the pair of

latch termnals. 19. A receiver latch circuit, conprising: a dynam c
| atch inc]Juding a negative and a positjve jnput termnal to receive a
di f f er enti&al iﬁ'ﬁutsyﬂ ‘F‘aaE‘FCﬁ%HQ tgn glaim nk‘igawhe)%maﬂw éﬂ%s‘i’act?v%g'l‘ajt'éha

term nf'i| diffdrentey nﬁéﬂtcsiéﬁélﬁthebﬁi Nshst bt _gut ;br@ﬁmfiﬁéhﬁ:le%haa;ﬁﬁ?ﬂ of iilﬁﬂthUt put
data signal based at, le st_fg n _a{_t on,thqff di fhereptlal ||n t data signal;

t he dynaﬁ?'&“'T@? é‘h'ﬁ’cﬁf"?ﬁg‘? di ﬁfﬁrﬁa IRgutsignal And4he ah leastefy aE‘E'dﬁE‘i"t" 'St o
reduce iy gaisyniaRh teimiRalsArRIBe at ledshené BapHcitiinalugésa Pair ofichpaditess, f i 1 st
capaci tor being coupl ed b_et¥\,/een the negative input term.nal and the

hegat i ve TOHPIE DeBYaRn e palka A teERBAA 409 HEPALH IWISh SRR od bet vieen t he

positive input termnal and the positive latch termnal; t he dynam c

| at ch further jncludi n% an evaluation circuit having a pair of sense
t er m nal s19- wi threcgiverlaioh sirevit comprisiig: i ncl uding a first and second

tr ansidst or hawy dis]gmmié ialttﬁ'iéi inA0&ing a&?@gﬂﬂg adia Qéesiti\ﬁéafﬁlpﬁtlctbhmﬁbwtolréédﬁik? @flht o the
ground; . arlTlrst and a secon yarn, respectively, Ccou 0 e palr
of sense QETARRk PUTHata AEnalL A A eeive A & Rostiysdatch tefining! fhe dmagile o
second ga4ieh beRGRRAGICYRS Fenm%@&nbﬁﬁea_mmﬁhhmesigrﬁl bagsd afieadiGh paposi tive
vol t age, resggitlve ?ll{'} of the differential input signal, with the first

gate bei iR PRIMRERIHAI DR FA$9RRYr i nal and the second gate being the
posi tive i nputthé @ymarmidliatch further including a first and a second capacitor to reduce

intersymbol interference in the input data signal, with the first capacitor being coupled
between the negative input terminal and the negative latch terminal and the second
capacitor being coupled between the positive input terminal and the positive latch
terminal;

the dynamic latch further including an evaluation circuit having a pair of sense
terminals, with the evaluation circuit including a first and second transistor having a
first and a second source, respectively, coupled to the ground;

a first and a second drain, respectively, coupled to the pair of sense terminals
of the evaluation circuit; and

a first and a second gate, respectively, coupled to a negative voitage of and a
positive voltage, respectively, of the differential input signal, with the first gate being
the negative input terminal and the second gate being the positive input terminal.
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