METHOD AND APPARATUS FOR HI GH SPEED | NPUT SAMPLI NG
TECHNI CAL FI ELD This invention relates generally to
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particularly, to high-speed input circuits. BACKGROUND
I n nodern high frequency integrated circuits, the
valid data wi ndow in which signral inputs are valid for
sanpling by a clock is continually shrinking as system
cl ock frequencies continue to increase. For exanple,
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pasratrrllp‘fllflllg fa)crerls ec%i\r/eu & d\é\ﬁrtlelzi by the required time that the signal must be valid at the
sampler prior to arrival of an active edge of the clock (i.e., setup time) and the required
time that the signal must be held valid at the sampler after the active edge of the
sampling clock (i.e., hold time). The valid data window and the sampling window
combine to constrain the maximum operating frequency of a system. Reducing the
sampling window will allow higher clock frequencies and allow more tolerance in
system design parameters.

Once data si gﬁals and clock signals enter a semiconductor device, any
divergence between how the signals are treated prior to arriving at a sampler, such as a
flip-flop, widen the sampling window due to delay differences caused by buffers,
roﬁting, process, temperature and voltage variations. This is particularly true with
clock signals, which may have large fan-out loads and require significant buffering to

drive those loads. To compensate for the delay introduced by this clock buffering,
many systems employ a Phase Locked Loop (PLL), or Delay Locked Loops (DLL) to
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receive and sample these communication signals with even smaller sampling windows.
There is a need for an apparatus and method that will reduce the sampling
25  window required to accurately sample input signals without requiring complex PLL or
DLL circuitry and, as a result, be capable of operation at higher clock frequencies and

allow more tolerance in system designs.

DISCLOSURE OF THE INVENTION
30 The present invention includes a method of sampling a high-speed signal and a
signal sampler for sampling a high-speed signal by creating a reduced sampling

window on the signal relative to a received clock signal, which may allow a system to
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t henghaiaghal, and a previous logic state of the output signal. In some embodiments,
the evaluating includes asserting the output signal if the first sampled signal is asserted

25  and the second sampled signal is asserted, negating the output signal if the first
sampled signal is negated and the second sampled signal is negated, and toggling the
output signal if the first sampled signal and the second sampled signal are in opposite
logic states.
Another embodiment of the present invention comprises a semiconductor

30 device including at least one signal sampler according to the invention described

herein.
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sanpl ed signal is asserted and the second sanpl ed
signal is asserted, negating the output signal if the
first sanpled signal is negatéd and the second sanpl ed
signal is negated, and toggling the output signal if
the first sanpled signal and the second sanpl ed signa
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a predehtigeentieher ence for generating a clock signal and
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showing dual differential clock buffers using a voltage reference for generating a clock
signal and an inverted clock signal;

FIG. 4 is a block diagram of an exemplary application of the signal sampler
showing dual differential clock buffers for generating a clock signal and an inverted
clock signal;

FIG. 5 is a block diagram of an exemplary application of the signal sampler
showing differential buffers for data inputs and dual differential clock buffers for
generating a clock signal and an inverted clock signal;-

FIG. 6 is a block diagram of an exemplary application of the signal sampler
showing a clock buffer for generating a clock signal and an inverted clock signal;

FIG. 7 is a schematic depiction of a semiconductor wafer including a plurality
of semiconductor devices including a signal sampler according fo the present
invention; and

FIG. 7 is an electronic system diagram showing a plurality of semiconductor

memories including a signal sampler according to the present invention.
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20 Si pglbtae (B, AsctedB@le), a logic level zero or a low voltage will represent the
logically false state (i.e., negated state). Conversely, if a logic level zero or a low
voltage represents the logically true state (i.e., asserted state), a logic level one or a high
voltage will represent the logically false state (i.e., negated state).
In this description, “data signal” is used to indicate a signal to be sampled by
25  one or more clocks. It will be readily apparent to those skilled in the art that the
present invention may apply to any type of communication signal to be sampled.
Therefore, the term “data signal” may apply to any signal to be sampled, such as, for
example only, data signals, address signals, control, signals, status signals, and timing
signals. Additionally, many of the drawings illustrate a bus of data signals. This is
30  done to illustrate that many of the methods of the present invention may be applied

across a wide bus of similar signal types, such as a data bus. However, the present
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logically false state. Accordingly, if a logic |evel

one or a high voltage represents a logically true
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may be more fully addressed by the present invention. Also, the FIG. 1 conventional
circuitry does not address factors 3) and 4).

FIG. 2 illustrates a si gﬁal sampler 200 according to the present invention. The
signal sampler 200 includes a first sampler 210, a second sampler 220 and an
evaluator 240. The first sampler 210 is shown és arising edge triggered flip-flop (rFF)
and the second sampler 220 is shown as a falling edge triggered flip-flop (fFF).
Additionally, the evaluator 240 is shown as containing evaluation logic and a rising
edge triggered flip-flop. The active transition (i.e., rising edge or falling edge) is
shown in FIG. 2 for the convenience of explanation. It will be readily apparent to those
skilled in the art that the signal sampler 200 may be implemented with the first
sampler 210 and evaluator 240 using a falling edge as the active transition rather than a
rising edge and the second sampler 220 using a rising edge as the active transition

rather than a falling edge. Therefore, for general discussion it may be more convenient
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the falling edge of the data signal 206. Similarly, the first sampler 210, using a rising

edge on the clock 202, may more closely match the rising edge of the data si gnal 206.
The resulting first sampled signal 216 and second sampled signal 226 are
25  connected to the evaluator 240 to determine a final sampled value on an output
signal 250. A truth table 270 shown in FIG. 2 defines the evaluation logic. If both the
first sampled signal 216 and the second sampled signal 226 are at the same logic value,
then that logic value will be used as the output signal 250 on the next active edge of the
clock 202. In other words, if both the first sampled signal 216 and the second sampled
30  signal 226 are low (as shown on the first line of the truth table 270), then the output
signal 250 will be low on the next active edge of the clock 202. Conversely, if both the
first sampled signal 216 and the second sampled signal 226 are high (as shown on the
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signal sanpler 200. Furthernore, due to buffer design
and processing paraneters, the data signal 206, the
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p-ashunerge oflwichek 202he falling propagation delay of a

si gnal be faster than th [ ro at |

Gorng TR IR i e poRbnb WFlsiie il MR 21 ap the

f adebdrdGammpraaSi gtnblmsrakesmrb%p@shtam@glc axed) If thi§ Rehdda0€ @SBay be safe
par aneters are wel tc due to | ayout constr ai nts

orto gssuete thas g dida agnabAo trarﬁéwp@deslén@ dath vigneli20A transition occurs,
fnoasgﬁngg%ﬁgegép Elgllrene%(ﬂtssin Whlgdhqge &lt% n_é%{aq 56§ gso a?h Ib%féget th% gglve edge
t lhﬁ‘tlf(@%gzlﬁi(ﬂ%ﬂ rt1}i£(lefizt1(Del‘ledgefoﬁ}l’ielumxfgrte(ﬂ gl@cngOi hIﬁfoit}lrer entdspboth the
cl oC C my. nor ose nmatch the fa n
edist smplee! %@daseg?rérfampffo 820 showl v $0 trpplle FATRINE the same
S %?Eme s tiat ?amlﬁ’ad &ﬂth@ I}])Fév%ug gctﬁ@%cﬁréd%é] teﬂﬂ(;elr&l&l@ #ie stgf@évhere

nor e c ose e rising edge o " data sign
2016e fifsh mm}ﬁsdmgmah@l& andgthe ssanmd schpdédgmgral 226disagieess ¢®wljat the

ar.e c n cted to e eval uat or 240

¢ B Tt R ARG FRORE bR S 00 R B
255@ af 06 Mtift htaa@é}ﬁn Qta‘wﬁm thdprevicus dodkedddvas of the samplers

evaluation |l o both the first sanpl ed S|§nal 216

n@wdwté cgplbesr e gmmediug taynlark szsstlmrt@%ﬂt that sargpige In this
3% %aihE %v?l{ugg)g 1%9{%&8% § 14 tié@k Y thé 5’1%1(#? gtgtee%z Flggﬁltput

ext actrve ed
2Qs2gnal DS(Did”tBﬁt thOnedsstate bf thetobtpuhdgdal 250 atshenmdxe dct'ﬁvie gngd of the
216 and the, second _sanpl ed signal, 226 e_ | ow
< 005% 15 APRRES 1 P! TTEe GPUsSiFEe SUARHG D13 e Site prengliagh has

t h?an%toﬁ% 'ﬁh%@xlks %%ch\éﬂ tht dB§ s gﬁé{l’ 298 uraHs‘;nmss 86th =2 Y& to high

edge of e cl ock Convers “both the first
s amfrcmml a isuggnah l(m.b“ﬂmsd staﬂaealseh@m asstbﬂﬁineichné ifgurthl lirgg 6f the truth

are own on thesecand line of the truth .

C 5808 2907 Rl P Btahieting SarR e Mamgve /e Raphia indax

t hechR¥%t cBfrbdt \bBtcBfle Por@he sultut Glpaalke S8GL gent it dveRWhien the first
only the conditions where the first sanpled signal 216

arramples 24 @ enthepcandhjampter 22Q distgrooen the dogiqivabpmies ieaext state.

assure THAR Rt SimblPt 0 Sl WSBES foil s ick O For

d adxampi eg thelsigA@iGs atnpien &laly be nsefglovdtieh, data signals must be transferred

between modules on the same semiconductor device across a long distance. The long
distances may introduce significant skew between clocks and data, and therefore
reduce input capture windows at the destination. In addition, the signal sampler may
have even greater use for inputs to a semiconductor device.

FIG. 3 shows an exemplary embodiment of an input structure 100 using the
signal sampler 200 on input data signals 206 of a semiconductor device. In FIG. 3 the
data inputs 106, an input clock 102 and an inverted input clock 104 are all connected to
differential buffers (110, 120, and 130). Differential buffers are often used for

semiconductor inputs to provide faster sensing of input signal transitions and allow



abundant set up tine exists in which the data signa
206 is valid before the active edge of the clock 202

waomeheacti ve edge of the inverted cl ock 204PCT/1S2005/028611
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ot her words, both the first sanpler 210 and second
sanpl er 220 shoul d have no troubl e sanpling the sane
val ue as that sanpled on the p$evious active cl ock
edge. Therefore, in the state where the first sanpl ed
signal 216 and the second sanpl ed signal 226 disagree

as,djGstbRtof iiarAatian gblgn@se@&@a V@& o8 tefbBficeds 'avmseqlgﬁae

t he eval uator 240 assunes that the data sig
muElG. ﬁawlﬁn‘lmtv@ed, altthe mpﬂlrsagnatsr(ee pr@yioysndl %jlareacminected to

auarty §ER RS ) B SR R s e e

SCelpadl i108. T]IiIQa@dtéslsélsaﬁabt@m)'l@éﬂtifﬁe@B&"vﬁ)tu@l? 'IfoaE@?g) barfége |
to the previous state of the output signal 250 so that

t hBugeatiosoattiee vsitaghwefasence signali I8 avill 2o jitter (oetime ﬂuctuatlonS) on
ac{he\éﬁ %{j&ﬁh? Blﬂten:%ggl ?f%rs é‘? (ﬁ@? 5?%6 ?a yhuast Of'm%ZIlﬂ’erentlal

evo

h abufferahs), 1 2@nad 130 Toir shewtard@grmaob ahd tHé&ldbatsagnslls Q02hnd 204,
% transitjon was froma |ow tq high or froma high
&

detgiamiingswindpw ray rgmaingyderbesause e same fimeghgtuations occur
Lgb&#h@ .d'aﬂar% @fzoé élB 4 %Msbio? ahd 904, T{% §ré°s¥1~’i",45@s‘i bPie

C anlsn1 Fect! ve ows the sa
beinauéls:ed tlmrfnematlmstmmtm dam:eletdmlt oFJICb Gtalsn shoas nﬁ’c‘cﬁed s

<8015 95 <o, which o oo Qi e A GERE Crock
st Alzals J0P sHd204! narhess, MHdHed dA mﬁd&%ssus%%é d&"fé&‘ér@ 1

d2
sem conductor device. For exanple, the sig ?ml ) as
megefined abaeu Clagkeigndls282 endj2(4 manhaye S@Iftqaat&nsmererle@ﬂ and
be S t conduct o d
SChURERSTRALES, 8008 RAEs RS AQRIE B Sy e

i nidlgduce nﬁiy@ﬁhﬁ‘ainoﬁfthl 1B, b@ﬁéﬁﬁ@ﬂoﬂi @erksnaaiog oﬂ’@if?enng and
and tEerefore r edu input capture wi_ndows at th

deBefehauiinnso hhl teidte fgny subai@ntiallymaatchen i d@}aymcwwémth the

evggdgé iSloousg ob@r inputs to a sem conductor device.
hows an exenpl ary enbodi ment of an input.

str uct uFI&. #6bows amgher kxensplgnyaimbs dimuneof @06pw Istrucmnﬂtl 00’ using

R LR Wk T R I W —.

| Myigoirtast th Apeét acb@ trhfdtichs @nFhd mﬁ&%ﬂﬁﬁtl 08l afhdPinverted input
differential buffers ( 1 10, 120," and 130).

Di ¢lpek KMwishoubimtrpéucingithe pesstbimtime itlerf which araydepersentan the
S A, b ST o R T e 120
pOoa sdcotbdiefdrentialalock IbUﬁ'@el 30efoRhedd Gethe hrgiﬂ&&]odlﬂﬁn dnﬂ ifiveeted input

clock 104. The differential clock buffers 120’ and 130’ do not use the voltage reference

signal 108. Rather, the first differential clock buffer 120’ asserts the clock 202 when
the input clock 102 has a higher voltage than the inverted input clock 104 and negates
the clock 202 when the input clock 102 has a lower voltage than the inverted input
clock 104. In a similar fashion, but with an inverted signal, the second differential

clock buffer 130" asserts the inverted clock 204 when the inverted input clock 104 has a

higher voltage than the input clock 102 and negates the inverted clock 204 when the

inverted input clock 104 has a lower voltage than the input clock 102. This

embodiment may generate more accurate transitions of the internal clocks relative to



FIG 3 inmplenentation, all the input signals (i.e.,
102, 104, and 106) are connected to simlar

walkdobeeemt i al buffers 110, 120, and 130 with tPeT/s8ams/028611
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vol tage reference signal 108. This addresses factor 3)
identified previously. In factor 3), voltage
fluctuation on the voltage ref@rence signal 108 wl |
cause jitter (or tinme fluctuations) on the output of
the differential buffers ( 1 10, 120, and 130). By

u F kel o . .
O pSt Mo of el FINBE IR il RE R 33 o haoy ARG lniiing
2 04md4>\he Sohatan t(stherﬁ G rigenabaiidtoent thy date rputs 16 cer coneedeskte first

b oRrieraaL bl 1} s S5 TaeR actbion e 1 0 flehel G 160
ofmame used FPHbeetbsklyiBatéd &B}éyd h R Eatd B alPseZ(%"%B@}%l &ph s of the

out.” FIG 3 also shows matched del ays 160 on the dafa
si vkl 202 206 inveredcHockr 04 psied tor ariving ehthe bignal shraplersai®0t he

cl ock 202 and 204. The mat ched . deI 600
addr es?@bﬁéﬁ ol %ngﬁ}eﬁ?xse n‘f)lar%n g‘%lmem ge ool 08{{8?00 using

Cthekigrdl @ ﬂf)lér 202 Iatis dodaynt@\ea esfedsibl (o8O FIQ. 4@idiment,
| oad and buffering than data signals 206 and as a

r éswRy be HyRoriaatte %@Ptayore?ﬁ@rﬁﬁfréwwna an fedatasiopdPo. Some
bas'fg/%t@ﬁqg n{(ri?tb@ goéﬁ&%d\gﬂh DHith G 'upg?] 4 404 i e‘f‘tgfmbtg 3&1&) oPfor each

ering-an routi ng t at a

S LHJSdramdatablhsyRmbxcthasudlmhd edfayn@signal Hi8ad defietrhing h ¢ransition

glx&i%i '§P 3 P@%%é@@ﬁgﬁgnq nggféﬁts F‘#ﬁ)ffﬂg t?fﬁ gﬁﬁ?rel%é@a defajinpyt 106
t hagheral dsaihel072 %@ébnﬁ@ﬁ}’dﬁorﬂﬁhﬁlgéie%@ln fhofOfcurite

this enbodinent, it may be nore inportant to detect
admmsmpe dctﬁqwmwumn@ntmdqch@ theypessibld tonkjitlRr img skews on the

rte t .cl 104 intr
U s ) Pbithe v Bfiono i Bk eales OB CR R AR BEe [
3 G@ituAchERENtAs With IhB(F 1G] LemBoBMBROhBENG. Rerhbddithent shows dual
differential clock buffer 120° and a_ second

di differentinl iclock briderk (1301 4ndr1393tp 2epsistrahe clopk 2Pkeandripyrted
) 86k AR HEXBRIS b BRI by gonerate more
t Immaiettﬂgﬁtmrsfcff tlenoersi gnaki gﬂzﬂ806 Radtivero thelebock 202 ind inverted
di ff t ck.bu asserts. the ¢l ock 202
A ok By Sesighan o 200 (P aHeYS Do THIREHAR L he
I nver tedd. l@hﬁwscein%qi@r QY eRBEdHRA $H8 1SR Stuct@€ 100" using

when the input clock 102 has a | ower voltage than the
i rthesigeal samplat 2Q0) arcRput@lata signals 286.nBome s¥stesks roay, ndjdnclude the

1tnfr)]utacpoc\< nvg mvelqedS 1ngunt Hdck foreusg gy grr]éjceldvllr{gf eerecr(l,t IT]% present
invention may still be practiced with data inputs 106 by using a clock buffer 140
(FIG. 6) that generates the clock 202 and inverted clock 204 from a single input
clock 102. Similar to the FIGS. 3 and 4 embodiments, the data inputs 106 are
connected to first differential buffers 110 using the voltage reference signal 108 (not
shown). Matched delays 160 may be used to match delays of the data signals 206 to
the delays of the clock 202 and inverted clock 204 prior to arriving at the signal
samplers 200.

As shown in FIG. 6, a semiconductor wafer 400, in accordance with the present
invention, includes a plurality of semiconductor devices 300 incorporating the signal

sampler 200 (not shown in FIG. 6) described herein. Of course, it should be



clock buffer 130" asserts the inverted clock 204 when

the inverted i nput clock 104 has a higher voltage than
wa bweorges cl ock 102 and negates the inverted pdDUK0206R8611

when the inverted i nput clock 104 has a | ower voltage

than the input clock 102. This enbodi nent may generate

nore accurate transitions of tlHe internal clocks

relative tothe input clocks 102, yet still use the

signal sanpler 200 to inprove the sanpling w ndow.

Si fhdepstoddanithie fehfRondu@BPRIIREDI0 mhy'Be Hplidatd G duBstiR& other

are connected to first differential” buffers 110 using _

t hthag @ stliggre we st sbethase fos iexgmaple, roilican@e eulathe (SOB sulBoate, a

TR B30 5 Ry 0 S A o St Rt Al o

| Nyreéridiwefle) @K intdn phd)sﬁhidt‘ afdr[ dr\oitheg balk st ofith@hdtisubstrate. As

sanpl ers 200. FIG 5 shows another exenplarK »
S enbwdibsrehy therterm“wafplitindpdes and pncompassey al] swgh sehstrategnal

sanpl er [ j - i an:
the’ Fi Sy B FI0L AERRRLIECloter? 30T EELRATATA B present
nomgesoaycat sty atisist orenspud detibeS Idattdedshond outfift deiea1$20, at
sy&tens maybe configured with a data.input 106 and ,
i niFat CBEPIPEEROY %u’l‘“ RGN SUERTHITV I R- dAE gy device 540
Rag st @ANcddbb G e @®nl&h G RIS b@n i i
det&eﬁﬁrﬁsne a t ransie;i on pct)i nt, (t%ﬁz gl %éor%&%rf%gg? m nat1

10 ¢ osameders200 ot dhdweindrlG. ) ddseritfed herkirintaddDRA Nbdeyviden fushould be
106 _and inverted datg input 107. . This configur.ation
o G EeHE Ae pP el P rnds o S ssise A ey of
Wi dvaees othiet thaslue imgldids tasDRAME ihidhing, ifértkample, $tai®RAM
skews on the data inputs 106 due to variations in the
r ef M devdgesnd| Flash gnesrory HevigasG - 4 enbodi nent) . As

with th ' t . ' -
shows d’ﬁ‘ﬁ‘&‘%"f@é ?’L@?@é@g FS%%&gﬁ@féaP”éé‘(rg%%%W&%]?
15 t oergboiiimantts, thdraveltoaks @ 2indrd to theerdesdibed exkodifentss Bdther, the
by. t he. si.gnal sanpler,s 200.. Thi s enmbodi.nen A )
qeiRPaioB F e EEUG PRI PPIER FoHS MU HR B i scope al
dag el G atvidl8r hrib ' iffébnti
o e R Rl Bl fbntion
t has deserleilng wi ndow. FIG 6 shows anot her exenpl ary
enbodi nent of an input structure 100'" using the
signal sanpler 200 on input data signals 206. Sone
systens may not include the input clock and inverted-
i nput clock for use by a receiving device. The present
invention may still be practiced with data inputs 106
by using a clock buffer 140 (FIG 6) that generates
the clock 202 and inverted clock 204 froma single
I nput '



clock 102. Simlar to the FIGS. 3 and 4 enbodi nents,
the data inputs 106 are connected to first
wodinbd/enmst i al buffers 110 using the voltage r @CEE2006/028611
signal 108 (not shown). Matched del ays 160 nay be used
to match del ays of the data S|gnals 206 to the del ays
of the clock 202 and inverted-t-ock 204 prior to
arriving at the signal sanplers 200. As shown in FIG
6, a sem conductor wafer 400, in accordance with the
present invention, includes GLgpimsgality of
sem conduct or devi ces 300 incorporating the signal
sanmpl er 200 (not shown in FIG 6) described herein. O
COMyISR is didimedqul d beunderstood that the sem conductor
devi ces 300 may be fabricated on substrates other than
a silicon wafer, such as, for exanple, a Silicon On

5Insulat (Sg’%é‘ll?fzsé a Silicon On dass (SOQ
substrate, P PLGmPEAE 338RR SERISE) substrate, a
gakdrhplMgad @i @Rl Wah 8Etivetfinkitigh UM eBaéi% eﬁéj %@ff?rgt’saﬁf)led

ot her bul k sem conduct or substrate.
the t er g#laf er” incl udes and encorrpasses all such

in.FlG 7, el ectro syste
o0 e dAE AN ot Gonsfion B I s S BEnciat a second
corrprl sempiédhg:%tandne i nput device 510, at |east one
out put device 520, at |east one processor 530, and at

10| o geteraing @By s el atdee saige ramrinancafihe clodbyoeyalsatng the first

conpris
i ncor porgazft]ﬁﬁ %dgél etﬂéél)gg}%% %p‘{a %%gan(?? BEeV%H%&ﬁ‘ %ate of the
FI G 7)odpstignbkd her ei n |n a DRAM device. It should

be understood that the sem conductor nmenory 300" may
conprise a wide variety of devices other than, or in

addi tiop. to, TRe AN of O&inHHA I reid Ble a@%@é@n@ﬁxﬁ%ﬁﬁx‘e%ﬁck isa

RAM (SRAM) devi ce and Flash nenory devi ces

15 t hriging edasind dhe astive tweition of theiibedtedclobk iseffellieg edget 0
particul ar enbodi ments, the invention is not limted
to these descri bed errbodi ments. Rather, the invention

i s |'im3ed oThymbiiod bcl@RPERARELS thaiaBBve t¥WALiEBn bPGk YR8k is a
in their gco pe all eqU|vaIent devi ces or net hods

ngrdpatnd the adhairagsiten efiee pertadidhackds arisingedge.
|nvent|on as described. CLAIMS Wiat is claimed is: L A
nmet hod of sanpling a signal, conprising:
20 4. The method of claim 1, wherein evaluating comprises:

asserting the output signal if the first sampled signal is asserted and the second sampled
signal is asserted,

negating the output signal if the first sampled signal is negated and the second sampled
signal is negated; and

25  toggling the output signal if the first sampled signal and the second sampled signal are

in opposite logic states.

5. The method of claim 1, further comprising:
buffering a data input to generate the data signal; and

30  buffering an input clock to generate the clock and the inverted clock.



sanpling a data signal at an active transition of a
clock to generate a first sanpled signal; sanpling the

wombao®rgnal at an active transition of an i n\PETIES2005/028611
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clock to generate a second sanpled signal; and
generating an output signal at the active transition
of the clock by evaluating the3first sanpled signal,
the second sanpled signal, and a previous logic state
of the output signal. 2. The nethod of claim1l,

wher ei n6t he TBE iné@ol bOEsint 5 A0 cbllﬂﬁn' §hP8Hayisg fe'duBis}Bal by a
edge .and the active transition of the inverted clock

i sPedetgmingddelaypaount sopnearieal o of thelatd signb] atvarségnal sampler is
th I sitien of e Q is.afalli dge

and P a8 b AR B ol 35 sy Pleel R i Ht

ri sammpgeredge. 4. The nethod of claim 1, wherein

eval uating conprises: asserting the output signal if

the first sanpled signal is asserted and the second

sanpl ed7 si Inhe héndd SEAARLS, WIRAA b Bt O PibuSL BlBImed

if the first sanpled signal’ I's negate
s abip¢apasing theel datsinpe gad e deferanck $ggbloi asgerttthednaikiphidl if a voltage

[ | ,if.the first pl.ed si | d th d
<P e ol high pRT SN LR yrEncs dereb st dhe dta
mediedlifahe wdl@bebithe Hath ilpRE isCONRtha tHQ?'/o]QEE bethe ?%fex%n%egsi gnal.

data input to generate the data signal; and bufferi
an input clock to generate the clock and the inverted

cl ock. 6 Th : fm.5. furdher conprisin

del ayi n% t hgrﬁ]%gtggﬁi g{ﬁ'ﬁhﬁi Wi CIs eélpﬁiﬂ?'?e(g%d‘g?‘ét)}gperfomgd
anuaimmang thealata in@lt ahd B intrtddiitdapa 16 h@bathealatabignal ifa
S|9qal gfggler_ls sg%%tantlallé1near an arrival tinme

of Vqt8° 2 1Be fata feput i &1ahRT bR & yolkags ekthgenverfed datgnput and negate
S P URE sighal ifl1RE _VHI‘?JEE ‘r&? t]'féfdagll i@%ﬂsﬁow%gtqh%{]@f%g ?f; th8%ata input.

the data input is or me compari ng
i nput and a reference signal to assert the data signa

if a voltagenof the data input is higher than a

vol t aggé'of ?ﬁ'ée IP%tF%(} %‘ﬁ"@aémsli’glf@ef %ﬁ{ﬁlpr%g@at e the data
buffering a data input to generate the data signal; and ‘
buffering an input clock and an inverted input clock to generate the clock and the

inverted clock.

10. The method of claim 9, further comprising delaying the data'signal by a
predetermined delay amount so an arrival time of the data signal at a si gnal sampler is
substantially near an arrival time of the clock and the inverted clock at the signal

sampler.

11. The method of claim 9, wherein buffering the data input is performed
by comparing the data input and a reference signal to assert the data signal ifa voltage
- of the data input is higher than a voltage of the reference signal and negate the data

signal if the voltage of the data input is lower than the voltage of the reference signal.



signal if the voltage of the data input is |ower than
the voltage of the reference signal. 8. The nethod of
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by conparing the data input and an inverted data input

to assert the data signal if a voltage of the data

i nput is higher than a vol tagd4of the inverted data

i nput and negate the data signal if the voltage of the
data input is |lower that the voltage of the data

i nput. £ ThendREResoOdaif] RiviReroin bMFAG ihERRPb®i§i8erformed

buffering a data input to generate the data signali
anly ¢suirfagng thy data inpys@nd et Bekrtatitainpitie esser thej datasignal if a

clock to.generate the,.clock and the.invert cl ock.
oottt S 87 A e s 855 Saek SRR g i e
t hige dath 9ighhlGNMk vBage of iRdRtEHIt EIdweethay theRBHie FeheAlata
arrival time of the data signal at a signal sanpler is

subBttantial |y near an arrival tine of the clock and

the inverted clock at the signal sanpler. 11. The

met hod of claim9, wherein buffering the data input is
perfornd byTleomphod ofcldined, chierein byffdring sk iaputefoek éyyeformed
signal to assert the data signal if a voltage of the

dat i nput is higher than a voltage of the reference

Si arin theRER LR ck Bl AR Gertle $1AAI th hsdeA®hd Qb &AL vAtage of the
ﬁ@ﬁl S | (ﬁ ﬁ)’g ? t he

the data™inp ower than t vol tage o ‘
r ef er enioputsilaghas higher tdne vodtapoof thé refdrenomsignalvand megate the clock

buf fering the data input. is. f b i th
L o DB BRSBTS s
data sigpal;anfi a vol tage of the data input is higher

than a vol tage of the inverted data input and negate .
t heonengriag hegnedrted inpuhdogkoanddbereérrench signaltte assars the pverted clock

| ower than . 3 ta. ] e

et nod B ol of e AT Rngh Bp s R PUn ik Soledidr e

I s per freferaite bighalaadpegatafe invertedglotk i€ theokltagecbfahe inverted
reference signal to assert hhe clock if a voltage of

the i npAPUAIRS i%vem%@ﬁ VeHage o Wefefageeesienghe

reference signal and negate the clock if the voltage

of the input clock is |lower than the voltage on the

ref erentke si Greahethedaf claim 9, wherein buffering the input clock is performed

by comparing the input clock and the inverted input clock to assert the clock and
negate the inverted clock if a voltage of the input clock is higher than a voltage of the
inverted input clock, and negate the clock and assert thé inverted clock if the voltage of

the input clock is lower than the voltage of the inverted input clock.

15. A signal sampler, comprising:

a first sampler configured to sample a data signal at an active transition of a clock and
generate a first sampled signal;

a second sampler configured to sample the data signal at an active transition of an
inverted clock and generate a second sampled signal; and

an evaluator configured for generating an output signal at the active transition of the
clock and deriving the output signal from an evaluation of a logic state of the
first sampled signal, a logic state of the second sampled signal and a previous

logic state of the output signal.



conparing the inverted input clock and the reference
signal to assert the inverted clock if a voltage of
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the reference signal and negate the inverted clock if
the voltage of the inverted input clock is | ower than
the voltage on the reference dbgnal. 14. The nethod of
claim9, wherein buffering the input clock is

performed by conparing the input clock and the

inverted input clock to assert the clock and negate

the inverted clock if a voltage of the input clock is

h i gher than Bhesgnahsrannder af glaim A evheseinithgactivetrasition o the

g?ékels ta'?ﬁm%heﬁgé(%n%ﬁ? gﬁ%g Ertans}tl(f owe\r/eel% :\4 gﬂedt 00%\}50?% fagﬁjég edge.

of the inverted input clock. 15. A signal sanpler,

conprising: a first sanpler configured to sanple a '
data sibhal R signahsampler of claimilf i rewthaaetn@ém@nah@l of the

gengaak & fé’}luflé &?‘% an@ R 86 H?]@i"f'ihn oPthE SRR g‘l@&? s%rising edge.

confi gured e t he ata signal at an ac
transition of an |nverted cl ock and generate a second

sanpl ed ; .and an _ev conf | d for, . _
generat | ii eoWBﬂ%anmla zICH‘ %h"éheé?}f’ %VeferPtrséWQ fef isgnflip-flop

of cdnfigurel @ fpﬁﬂé’ thHe@hia\sighdl dt e &H{/@Hinsﬁiog Rathef c[d?:maﬁ@ generate
eval uation o | ogi c state of first sanmple

si parst sampledsienal watha legic vilge saemicﬁborsdnnﬁhted@alg nal and
a previous logic state of the output signal.16. The
signal sanpler of claim15, wherein the active

transi ti®n ofhddighatsangieriof cRir il S wigcréifl @& sadshdishe ler isa
ac |ve trapsition of the inverted clock is a fal

jg: flopzontiglzed fogapresthnfita sigby! at thiash vesrappigpe phihe ¢ hverted
acct,lbékeanﬁ &2 Asthtt ¥ seQdndls El?lp%h QpKal Wittfa %%lcl va slglgglgd e data

he act i transition el nverte
rlsgn@ edge. 18. The signal sanpler of cIa|n115,
wherein-the first sanpler is a flip-flop configured to
capture the data signal at the active transition of

the cl omk anﬂi&»@?ﬁf Sfpldrde chainh $5, vﬁﬁa’i@h i e%hlg%} 1s‘%ﬁﬁ’glﬁ‘ed to

| ogi ¢ val ue sanpled on the data signal. 19. The si gnal
sdﬁﬁ@@ﬁ'of claim 15, wherein the second sanpler is a

yr.e t he dat.a signal at,the .
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the secnnﬁwﬂanpled si gnal mnth a logi c value sanpl ed
on the g?ta , ) ) ) .
a negated level if the first sampled signal is negated and the second sampled signal is
negated; and
a logic level opposite to the previous logic state of the output signal if the first sampled

signal and the second sampled signal are in opposite logic states.

21. The signal sampler of claim 15, further comprising:

a first input buffer operably coupled to a data input and confi gured to generate the data
signal; and

a second input buffer operably coupled to an input clock and an inverted input clock

configured to generate the clock and the inverted clock.



signal. 20. The signal sanpler of claim 15, wherein
the evaluator is configured to generate: an asserted
wo ewel020795 t he first sanpl ed signal is assertedPenusion®028611

second sanpled signal is asserted; a negated level if

the first sanpled signal is negated and the second

sanpl ed signal is negated; andé6a |ogic |evel opposite

to the previous |ogic state of the output signal if

the first sanpled signal and the second sanpled signa

are in £ppos @51 %zﬁn ERRIm 23, fu;m@r RiiRgh %%YQPéh%H delay
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inverted cl ock.22. The signal sanpler of claim 21,

5 f uthelsignalsempler.si ng a mat ched del ay operably coupled to
an output of the first input buffer and configured to
delay the data signal by a predeterm ned del ay anount

SO an apj.i varhd digml sh‘.m;tléle)fd&ﬁrﬁ 2% Whabintlge filgeinput®adtr comprises
sangl er.is substantially near, an arrival tlms of the
cl dEt difigranHal huﬁﬁ‘?’é?ﬁeé@h&%’@l@dé? theylatadnpyi and & gafpeece, Signal, the
23 r
" ois] AR TLACATRIRlred o £ My S SARNIP Dol of e Shta inpu
10 opls thighlesythew a pbleigetoﬁt}tehefex:éat@&gﬁqb artd @agdteahe ddtesigmd & the voltage

si |, the fi f tlal uffer configured to

oS aqth Pt S e e Yol of P St it o 1 nput

i's higher than a voltage of the reference signal and
negate the data signal if the voltage of the data )
ot 18 oubhe it prenSIcan d of B drechshispgdafier comprise

I f
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15 bufht Q'llfst ﬂffﬁ#(&ﬂaybwf&u Bd)rﬁﬁkufe@l tb Assed HeadataWgtal A\ Iﬁd/oaﬁ\ge of the data
inverted data input, the first differential buffe
colpPHigs h@aerttbara%@}age phibe yyereddaiminpuy and gegate thagiétaéfgﬂal if the
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25. The signal sampler of claim 15, further comprising:
20  a first input buffer operably coupled to a data input and configured to generate the data
signal; and
a pair of input buffers operably coupled to an input clock and an inverted input clock

and configured to generate the clock and the inverted clock.

25 26. The signal sampler of claim 25, further comprising a matched delay
operably coupled to an output of the first input buffer and configured to delay the data
signal by a predetermined delay amount so an arrival time of the data signal to the
signal sampler is substantially near an arrival time of the clock and the inverted clock at
the signal sampler.
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vol tage of the data input is |lower than the voltage of
the inverted data input. 25. The signal sanpler of

W@ b@oe@d5 further conprising: a first input bedT/@82005/028611
operably coupled to a data input and configured to
generate the data signal; and a pair of input buffers
operably coupled to an input dlfock and an inverted
i nput clock and configured to generate the cl ock and
the inverted clock. 26. The signal sanpler of claim
25, fursdher [ ! -
coupl e dﬁ‘? 0 aﬁﬂgﬂ%ﬂ tk é}g?l@rtcﬁ‘gh?:ﬁ ?g t ‘gﬁér{%ﬁt&gﬁ%ﬁgb%; r111 g o comprises
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buffer configured to assert the data si gnal if a
vol tage of the data input is higher than a voltage of
t he i nvé?.t edThiasignal nqmnleraafdlarimgéwharbﬁa thekapadr ofiigmi bufférs
t he volsgage iOff‘?g'ﬁe daat aloi gFuftf is.lower than the
vof(fn&]ﬂje of PHhE 7Epy éa daty efrfﬁﬁ'ﬂf’remm The si gnal
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conpri ses a pair. of differential clock buffers

wher ei nsigaal s opfiggrd fosasaast the Flogk tf@WOBéﬁq@ﬁh%lﬂE‘Fté’b?cii is higher
coupl edyl,0 . LB e%‘f"H}e r e&?llé? ﬁgrgal Ql?cf S’Jgg{eqﬁecaoaé ?E}G oitg‘ge of the

conflgured to ssert t oltage o
I nput cinputkclmcsk i logiee that tteenvoltagrod fitheye favénce Isgnalefmﬂ ence

| he.clock if the vol th
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operably coupled to the inverted input clock and
inverted input clock is higher than the voltage of the reference signal and

negate the inverted clock if the voltage of the inverted input clock is lower than

the voltage of the reference signal.



reference signal is configured to assert the inverted
clock if a voltage of the inverted input clock is
whe@hoeovhan t he vol tage of the reference si gnedT/a8INNS/028611
negate the inverted clock if the voltage of the
inverted input clock is |Iower than the voltage of the
reference signal.30. The signdRB-sanpler of claim 25,
wherein the pair of input buffers conprises a pair of
differential clock buffers wherein: a first
di fferesq.ial g s‘?%;r}%l B 16 ofRREH 28] Wh&rQH A Sthir oF id i buffers
i nput clock and The inverted I nput clock 1s confi i gur ed
t ocamsrmses a pheofaliferkntiadl clack buffagewhekint he i nput clock is

B BELAERERA sligkrRAtEr erbibcnyBienio Ffeth HheCaifie Hhred
| ower tipgd JAR iy nifdRAMS adsBetHeRURK ifRvdlARISS the Rkt clock is

and a second differential clock buffer operab

5 coupl edhighertlpa 4 voltege efdhe myertedanit lelogk and negatertpeielock if the
clock i ' f
t he vol oalféggé?g? Lﬂz)qt llqgcer ?%SV rﬁﬁaﬁfﬁhé Q)Yt%gé gfgth n%%#ed input nclock,
the volimige of the input clock and negate the |nverted

clock if hhe vol tage of the inverted input clock
| odesiconddi e’teHEaI\FB%Cl% &g@‘erocfpefqhb/ GoMplg gtﬂhs aRverted input clock and the
sem ConﬂH&ttc‘PJckq§ drif@uled & yﬁé@&eqﬁveh@@ 1&19&%&&@@% of the

sanpl er, "the at [easSt one signal sanp er conpris
10 first smnp’t@nnpm afock istegher dnasahqﬂoaagxe afghainpigradk amtl nagate the

active tra clo and ner te.a first
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t he datwlitb&bfthe dipubdlogdctive transition of an inverted

cl ock and generate a second sanpl ed signal; and an

eval uator configured for generating an output signa

at the tiv bt f I [yV]

ut put o5 gnaft SRR At b feaFltaie B Spilbich W a
15thEaﬁbﬁSﬁg@ﬂﬁmhﬁdr@ﬂﬂmﬁh@ a logic state of the second

| ed si gnal _and previ ous Ioglc state of the
oue“Bm SR épn@@rewoem@mmw HeP Ftvecdthngitiod phgclock and
at | eas%englrg,ee S6 i@far;devi ce including at |east
one sighal sanpler, the at | east one signal sanpl er

c ompacdd sagipler configured to sample the data signal at an active transition of an
inverted clock and generate a second sampled signal; and
20  an evaluator configured for generating an output signal at the active transition of the
clock and deriving the output signal from an evaluation of a logic state of the
first sampled signal, a logic state of the second sampled signal and a previous

logic state of the output signal.



a first sanpler configured to sanple a data signal at
an active transition of a clock and generate a first

we apload9si gnal ; a second sanpl er configured tPCHEAPOE028611
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the data signal at an active transition of an inverted
cl ock and generate a second sanpl ed signal; and an

eval uator configured for gened®ting an output signa

at the active transition of the clock and deriving the
out put signal froman evaluation of a | ogic state of

the first sagpbARosd@RRWafd dogg,hgmgt ate of the second
sanpl ed signal and a previous logi € state of the

ouat frast oziegeraicondiBtor Apviet iscludingiaticss snesigna smpples thecpt least one
at least 0 ut device; at |east one output device;
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signal; a S%ﬂﬂ@br&él&tmlcbﬁn(tgnmétawﬁdoﬂd)saﬁ@lﬁaﬂ s@gdahan@lat a
signal at an active tr nsition of an inverted cl ock

and gerf@reyplyater enfisnepd dargspergting PreHtput siggala theagiiyeransition
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active transition of the c |V|ngt e ou
si gnal fr omsaic eftht fiest sammpled signal,@dbgic statetof thof setdrel sampled
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out put signal .
33. An electronic system, comprising:
at least one input device;
at least one output device;
at least one processor; and
at least one memory device comprising, at least one semiconductor memory including
at least one signal sampler, the at least one signal sampler compﬁsing:
a first sampler configured to sample a data signal at an active transition of a A
clock and generate a first sampled signal;
a second sampler configured to sample the data signal at an active transition of
an inverted clock and generate a second sampled signal; and
an evaluator configured for generating an output signal at the active transition
of the clock and deriving the output signal from an evaluation of a logic
state of the first sampled signal, a logic state of the second sampled

signal and a previous logic state of the output signal.



