-1- METHOD AND APPARATUS FOR HIGH-SPEED INPUT SAMPLING
TECHNICAL FIELD This invention relates generally to semiconductor
integrated circuits and, more 5 patrticularly, to high-speed input circuits.
BACKGROUND In modern high frequency integrated circuits, the valid
data window in which signal inputs are valid for sampling by a clock is
continually shrinking as system clock 10 frequencies continue to increase.
For example, modern Double Data Rate (DDR) Dynamic Random Access
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generally expressed in terms of a minimum propagation delay and a maximum
propagation delay. The required data window, or sampling window, from an input
sampling perspective is defined by the required time that the signal must be valid at the
20  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
25  system design parameters.
Once data signals 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,
routing, process, temperature and voltage variations. This is particularly true with
30  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



many systems employ a Phase Locked Loop (PLL), or Delay Locked
Loops (DLL) to -2- remove any clock delay inserted by the clock buffering.
These systems work well but are too complicated for many situations.
Conventionally, a sampling circuit 90 that does not incorporate a PLL or
DLL may be similar to that shown in FIGp1. In FIG. 1, a differential buffer
40 sensing 5 transitions on an input clock 2 and an inverted input clock 4
generates an internal clock 12. The differential buffer 40 is used to
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signal before arrival at the flip-flops 60. These matched delays 50 may be used to
delay the signal by an amount similar to the delay on the internal clock 12.

20 By incorporating the differential buffers 10 and 40 and matched delays 50, the
FIG. 1 embodiment of a sampling circuit 90 reduces the sampling window. However,
as clock rates continue to increase, new circuitry and methods are needed to accurately
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



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 -3- operate at higher clock
frequencies and allow more tolerance in_gystem design. An embodiment
of the present invention comprises a signal sampler including a first
sampler, which may be a conventional flip-flop, configured to sample a
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20  to generate a first sampled signal, sampling the data signal at an active transition of an

inverted clock to generate a second sampled signal, and generating an output signal at
the active transition of the clock by evaluating the first sampled signal, the second
sampled signal, 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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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. -4- Another
embodiment of the present invention inclydes at least one semiconductor
device including at least one signal sampler according to the present
invention fabricated on a semiconductor wafer. Yet another embodiment,
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system including at least one input device, at least one output device, at
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3 is a block diagram of an exemplary application of the signal sampler
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clock signil e Gra%ifgd, Wack dirghiare whariexerepiBryoaplieatianbefiieeest
signal sampler showing differential buffers for data inputs and dual

it SUB A e PV §BH R ating a clock signal and an inverted
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the Signalﬁ@“‘nﬂgg block diagram of an exemplary signal sampler according to the
present invention;

FIG. 3 is a block diagram of an exemplary application of the signal sampler
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 to the present
invention; and

FIG. 8 is an electronic system diagram showing a plurality of semiconductor

memories including a signal sampler according to the present invention.



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
to the present invention; and 30 FIG. 8 is an electronic system diagram
showing a plurality of semiconductor megaories including a signal sampler
according to the present invention. -5- BEST MODE(S) FOR CARRYING
OUT THE INVENTION In the following description, circuits and functions
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The terms “assert” and “negate” are respectively used when referring to the
rendering of a signal, status bit, or similar apparatus into its logically true or logically
false state. Accordingly, if a logic level one or a high voltage represents a logically

20  true state (i.e., asserted state), 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



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 exampgle 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
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applied_across a wide bus of similar signal types, such as a data bus.
Ho%%%r, the present -6- invention may be implemented on any number of

data signalscieliHeineaysindlfdatansi@ral dudnerital ity B ebwe eRiaIMAle of a
time of a data signal relative to arrival time of a . clock at a sampling circuit
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jitter in thepubput of differential input buffers; and 4) mismatches of high
and low propagation delays,.due to differing 15 process parameters and
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15 process parameters and buffer design, which may affect clock signals
and data signals.

The conventional sampling circuit shown in FIG. 1 may address a portion of
factors 1) and 2) by inserting a matched delay in the data signal line in an effort to
match the data delay to a value similar to the clock delay. However, factors 1) and 2)

20  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 signal 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 as a rising edge triggered flip-flop (rFF)

25  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

30  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



FIG. 2 illustrates a signal 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 as a rising
edge triggered flip-flop (rFF) 25 and the second sampler 220 is shown as
a falling edge triggered flip-flop (fFF). Adgitionally, 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
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constraints or other considerations. The present invention compensates for this rising
20  time versus falling time mismatch by using the second sampler 220 to capture the data
signal 206 on a falling edge of the inverted clock 204, which may more closely match
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 signal 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



constraints or other considerations. The present invention compensates
for this rising 20 time versus falling time mismatch by using the second
sampler 220 to capture the data signal 206 on a falling edge of the
inverted clock 204, which may more closely match the falling edge of the
data signal 206. Similarly, the first samplgr 210, using a rising edge on
the clock 202, may more closely match the rising edge of the data signal
206. The resulting first sampled signal 216 and second sampled signal
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value on an output signal 250. A truth table 270 shown in FIG. 2 defines
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table 270. This evaluation mechanism effectively narrows the sampling window
20  because a correct outcome for the output signal 250 is generated even when the first
sampler 210 and second sampler 220 disagree on the logic value for the next state.

This signal sampler 200 may be used within a semiconductor device. For
example, the signal sampler may be useful when data signals must be transferred
between modules on the same semiconductor device across a long distance. The long

25  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

30  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



clock is opposite to that of the previous state, indicating that the data
signal 206 has transitioned. This works whether the data signal 206
transition was from a low to high or from a high to a low. These states are
shown as the third and fourth lines of the truth table 270. This evaluation
mechanism effectively narrows the sampfng window 20 because a correct
outcome for the output signal 250 is generated even when the first
sampler 210 and second sampler 220 disagree on the logic value for the

nextfiaiaent bisIH @RS PIRAERCMBY Deousee raithine SeRICoIEustake

device. For example the s&al sampler may be useful when data signals

muklbe tamlsarratisraibh e Headhie (il WenddARl e FoRAEEd to

acrgaslar loingdigtanserkhe lonp 2 andisBmnees m@yaﬂt{%uﬁgeﬁ’eﬁﬁfﬁﬁ@élt
skew between clocks and data, and therefore reduce input capture
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5 grembefudgenen heWisl i s RGN LeADI OBWINEJuke jid@herEn@ fluctuations) on
exemplary embodiment of an |g£ut structure 100 usmgll;éthe signal samPIer
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connected to (Jlr%(f’fgrentlal buffers (110, 120, and 130). Differentia] buffers

SRS AT BrooHS RistamSdiRripoRiRe occur

SIgaﬁkﬁmmgﬁamDaI@w cRcRdipsiment ahdmiransitoanpeiMdasetheon
avolta e referen nal 108. Inthe FIG, 3im tE%nentatlon aIIthefleBut

sugH‘é‘ig 1ed iigy ‘Eﬁ AGSIB8Y R iRl 1h!Girh it GRS Mk
bufdiersyd 160 bﬂ@h@ﬂﬁtalﬁgnmmmbe\ﬂamwﬂagad@ﬁafame gignal didfhe clock

This a identifi y. In factor 3), v
T R Yo R A T S bt nd 2 as
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15 remdwlmrrb@cmelﬂmaamﬁﬂgeﬁhfmﬁﬁgmmﬂmﬂdﬂefdﬁﬁemng and
signals 206 and clock als d204. Asar t of the. 10
DL o e oA PN e doTy BRgjted with the
mactlzhﬁcklgieih)a{m@ﬁcbmme data signals 206, WhICh are used to match the

delays onle oKk SO0l 202 S0 0% TSR TSPV A 100 wing

the signal sampler 200 on input data signals 206. In this embodiment, it may be more
20  important to detect accurate transitions on the input clock 102 and inverted input
clock 104 without introducing the possible time jitter, which may be present in the
FIG. 3 embodiment. In the FIG. 4 embodiment, a first differential clock buffer 120" and
a second differential clock buffer 130’ connect to the input clock 102 and inverted input
clock 104. The differential clock buffers 120" and 130’ do not use the voltage reference
25 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
30  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



defined above. Clock signals 202 and 204 may have significantly more
load and buffering than data signals 206 and as a result have more delay.
The matched 15 delays 160 may contain metal routing, buffering, or a
combination of buffering and metal routing so that the data delay
substantially matches the delay associatggl with the clock signals 202 and
204. FIG. 4 shows another exemplary embodiment of an input structure
100" using the signal sampler 200 on input data signals 206. In this

eMipeGHRRMOEKNAY2D Sein@ie usOhN NS HARKIRUSIE0H BEEHFAIC AR SHIRRg
on the input clock 102 and inverted input clock 104 without introducing the

pOSSBHS e THF, (e ey BROGHEHE e ERDYS LARsSaFARRRCIRH Lo firs
thegFitGreArambogiment aifitshdifiekentiaolonkehufiar 160’ MniciasaeRRd 160

differential clock buffer 130" connect to the input clock 102 and inverted

inpBECRSCHS DI, FPRE iRl marc delaputrerie o5 sishelaPa s drlavef the

5 voltage mefe e & @NallOs Rather atheihisst diferentiahalpficdncter
120’ asserts the clock 202 when the input clock 102 has a hi%r?\'}er volta%g
than the ifvErtedIRBEFRRCK FOUHE hEGERETEY GBS WHERTHE

inpieclipakl L has W0V thiokapediaehthe vettesiopw teaakG 194 nPodiment,
similar fashion, but with an inverted signal, the second differential clock

buffeP33B° JLRSFANHE Nl PESER B msHions omvBrdaiper 18Rk Some
104yhasns sAyighentglirdetian dae input thecknd 0 adel ARgakgMtNe7 for each

inverted clock 204 when the inverted input clock 1 as a lower voltage, .
10 thabi AR ‘"ﬁf%fﬂ Ritsck a6 t&i‘%ﬂé’sé‘?ﬁﬁﬁ?ﬂ EWPFﬁéigB%?-. {8 %@a&a fsttion
trapsitgnBeafithesivtapoaltiocksatatived difiderntial inmedralocks 102ayebut 106
still use the sigpal sam L@]}Z 862;) imﬁ)rove.the samglin% window. Similar
to 18 FIRETS EHRBIHEHY e iSRS B & e EBFHIS AR fgprate
diffesasitiahkisttersod M thsingnthelvoliagrerpdesidne difigidrldindalaivedon the
delays 160 m e used to.more closely match de on th t
B Sy BT § 5ok A G h B LIBEE B0t prior o
15 arrisiitgdinibesignal 8anmpeIETS 200mbidinte o) the FaG ofeentexiimplesiows dual
emhadiment o input stryciure 100" using the signal ler 200. In
DT R LA S Lo ARG e Ty s
IMpOsthrBo Gettsy ﬂms@ﬁmmemtianﬁsmmmméﬁt hﬁpytgéﬂﬁasomee
SySietms ey b confered it A 2o B nR 08 A0 (DYRLEHAPIB Y e

clock 204 for use by the signal sampler 200 to improve the sampling window.

using

20 FIG. 6 shows another exemplary embodiment of an input structure 100" using
the signal sampler 200 on input data signals 206. Some systems may not include the
input clock and inverted input 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 from a single input

25  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.

30 As shown in FIG. 7, 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. 7) described herein. Of course, it should be
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10 bit on a data bus. Rather than using the reference signal 108 to
determine a transition point, the FIG. 5 embodiment connects the
differential buffer 110 to a data input 106 and inverted data input 107.
This configuration may generate a more accurate transition detection
without introducing the possible time jitter jar time skews on the data
inputs 106 due to variations in the reference signal 108 of the FIG. 4 15
embodiment). As with the FIG. 4 embodiment, the FIG. 5 embodiment

sheygesigbddiffe irptiahatopluRitiers (dB mnd AR rie aenaer attstivstelRskother
202 and inverted clock 204 used by the signal samplers 200. This

emBBBHERIN A GEFR B nior e ARt AR HB1EsHIAI0E (Rt uPsis 2
signalcRtieEtve ®U0s kiptkar)3rans iy RS fipk2FOBY wussuale A allium

signal sampler 200 to impraove the sampling window. 20 FIG. 6 shows

andiRENaRisTay SMByRRRIRMteNS I ARk e Bcqattgiqngbstrate. As

Signa SRR EneQerai T Nl Ut signala 2RBnpames YSIeFASUbay et
include the input clock and inverted input clock for use by a receiying
eo%resent

device. THE SROSENI fiferitian e L 68{5TAH e I IREPEER Y

by usiagienclaskistendé(bheifputirl germmiagdhe sleduPdnite 520, at
inverted clock 204 from a single input 25 clock 102. Similar to the FIGS. 3

andCASEIREERTRSHRE il WA ilBthEnFOBAIAN IR et 1o RF P erpRetitidre 240
buféersptit€s usiegsthayaltagen@ierenaensignabdQfcepbraiovig. Matched
delays 160 may be used to match delays of the data signals 206 to_the
del%?g}gpi‘?‘iﬂ@c‘l{s%ﬁé%‘ﬁ“aﬂﬁcf @é%r)té%sﬂ éﬁﬁlﬁﬁﬂﬁﬁfgﬁﬁﬁ Hévé‘fethl} should be
signadesasoplgrs 2Q20eaicAsdslbawmémbis300) anag el ovineaien 400 f

in accordance with the present invention, includes a plurality o .
a3 S M e Bt AR A NS e i GHE Bl Sl RAM
shesRAMY Hevil} destipdieietn dofieaurse, it should be -11- understood

that the semjconductor devices 300 may be fabricated on substrates qther
than & < B S URFE OB RS PSRRI G O S SE T O
sulksitaidingenBllitennentdass (S Q)stibsinade dosoa kit cob Qintapp gther, the
(SOS) substrate,. a gallju rsenide wafer, an indium phqsphide water, or

o BTN ElS SRS Ertime Wbt GRS AL il ope
inclugearnddentempassesdltsaaipstabsikatadinisshewaitoiplks oBtarinvention

elegstrgeryccriggayem 500, in accordance with the present



invention, comprises at least one input device 510, at least one output
device 520, at least one processor 530, and at least one memory device
540. The memory device 540 comprises at least one semiconductor
memory 300' incorporating the signal 10 sampler 200 (not shown in FIG.
8) described herein in a DRAM device. Iltjshould be understood that the
semiconductor memory 300" may comprise a wide variety of devices
other than, or in addition to, a DRAM, including, for example, Static RAM
(SRAM) device and Flash memory devjcgpvidlthough this invention has
been described with reference to particular 15 embodiments, the invention
is not limited to these described embodiments. Rather, the invention is
limieghonrlylbymtigappended claims, which include within their scope all
equivalent devices or methods that operate according to the principles of
the invention as described. 20 -12- CLAIMS What is claimed is: 5 1. A
5 method ofisamplinehadisidnsls GapipESIREnSABRipgandata signal at an

active transition of a clock to generate a first sampled signal; sampling
the YRRl BRgh A AL il ARG HER B Ahahbalesl QSERTE g ariLratagpled
second sgigifled signal; 10 determining a next value on the output signal
by: determining, that the output signal should ge asserted if the first
sarPiRd ugha e Setelild R AL e EREting ShiRdGSg sk isaanmye a second
determiniRgnipaidthieutput signal should be negated if the first sampled
signal is negated and the second sampleag signal is negated; 15

10 det%%?ﬁﬁ?ﬁ&ﬁw%??ﬁ%%ﬂiﬁﬂ%’f&ﬁ%@ﬁto%%‘ &¥oggled if the first sampled
signal andctbmtigie@ntasasplagsiganiiaioindnppasirdodichstaiessansled signal
e el 1% S L ianal e spalye to he active

determining that the output signal should be negated if the first sampled signal

is negated and the second sampled signal is negated;
15 determining that the output signal should be toggled if the first sampled signal
and the second sampled signal are in opposite logic states; and
generating the next value on the output signal responsive to the active transition of the

clock.

20 2. The method of claim 1, wherein the active transition of the clock is a

rising edge and the active transition of the inverted clock is a falling edge.

3. The method of claim 1, wherein the active transition of the clock is a
falling edge and the active transition of the inverted clock is a rising edge.
25
4. The method of claim 1, further comprising:
buffering a data input to generate the data signal; and

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



20 2. The method of claim 1, wherein the active transition of the clock is a
rising edge and the active transition of the inverted clock is a falling edge.
3. The method of claim 1, wherein the active transition of the clock is a
falling edge and the active transition of the inverted clock is a rising edge.
25 4. The method of claim 1, further compyising: buffering a data input to
generate the data signal; and buffering an input clock to generate the
clock and the inverted clock. -13- 5. The method of claim 4, further

comprising.delaying therdatarsinnglhyupseesigiminedasiak e ant §enal by a
an arrival time of the data signal at a signal sampler is substantially near

an BFAGTRe Gty AP Aa eV R Qb e deth s gighal asighphspmpler is
6. ThesmethodeheknimvaviekesT thdftesirambaardats dneulcid Resferegshal

by comparing the data input and a reference signal to assert the data
sigifadl'F g voltage of the data input is higher than a voltage of the

5 reference signal and negate the data signal if the voltage of the data input
is lower than the voltage of the reference signal. 10 7. The method of

claim 4, wherein DiRHERRGIL AR YRt Berbierog thy dain PR Rrdormed
d fallﬁyl Bgmb@_{m@ganei aga;tﬂphd aa m?r&@s?gﬁm@ a@aé% ﬁg raa@dfsagnuog&gamage
of the data input is higher than a voltage_ of the inverted data input an
ne@éf&e%adrﬁ?éﬂtéﬁ;hgﬁpﬁft I{/6|¥8B%g8%’ﬁ1%ed1§if§rﬁ?ﬁﬁts}§r}6\/€@ﬂ$%ﬁtﬁw@e data
voltageiaf the vouestest thé diatarppuit BwEhehaneHobi@lainthd #iEtbate signal.
comprising: buffering a data input to generate the data signal; and

10 buffering an input clock and an inverted input clock to generate the clock

and the 20 invertad sledlsddf thenmgthbel€h taffardeithénBecomprisigformed

delaying the.data signal by a predetermined delay amount so gn arriva|.
tim &%ﬁg%t ?g#éf. g}p%%ﬁl&ﬁgflég?ﬁ&% ta mp t to assert the data signa. 1fa

voltage of the data input is higher than a voltage of the inverted data input and negate
the data signal if the voltage of the data input is lower than the voltage of the inverted

15 data input.

8. The method of claim 1, further comprising:
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

20 inverted clock.

0. The method of claim 8, further comprising delaying the data signal by a
predetermined delay amount so an arrival time of the data signal at a signal sampler is
substantially near an arrival time of the clock and the inverted clock at the signal

25  sampler.

10. The method of claim 8, wherein buffering the data input is performed
by comparing the data input and a reference signal to assert the data signal if a voltage
of the data input is higher than a voltage of the reference signal and negate the data

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



5

10

15

20

25

30

substantially near an arrival time of the clock and the inverted clock at the
signal 25 sampler. 10. The method of claim 8, wherein buffering the data
input is performed by comparing the data input and a reference signal to
assert the data signal if a voltage of the data input is higher than a
voltage of the reference signal and negaig.the data 30 signal if the voltage
of the data input is lower than the voltage of the reference signal. -14- 11.
The method of claim 8, wherein buffering the data input is performed by

comparing the datgeinRuiqans aniin\ered dadineHhoiRssal fipudidigerformed
signal if a voltage of the data input is higher than a voltage of the inverted
dat®y iﬁ%‘ﬁ%‘iﬁ%ﬁrﬁ%@ dite iR baRd SGgREFTFhdbInRYL Rt E dhedaipoigral if a
lowgy thanthe\witagpefithadnverasda S dlaia ippub hetbedngtiipe: ahd negate

claim 8, wherein buffering the input clock is performed by: comparing the
inptiediacisnal & fBrevaliees abibadyainastiavastien sl of the inysrted

inpgdtglR@ds higher than a voltage of the reference signal and negate the
clock if the voltage of the input clock is lower than the voltage on the
reference signal; and comparing the inverted input clock and the

reference gignal Th@aseibiher t1xeAte dwiefkn barfeeiliagReahpaeddeiegerformed
input clock is higher than the voltage of the 15 reference signal and

negdte the inverted clock if the voltage of the inverted input clock is lower

thagpthgamaliageigputheotefenance fignad. sighal icameinad @betaina Soltage of the
wherein buffering the input clock is performed by comparing the input

Clock and TRSADEHGIEE HELE 1 Rt Te SR et ABg e he clock
inverted clpgie Vaattagmefdpa nptkt slaskdsthighee thiag valirgeridhe:
inverted ir%j)ut i:iloc , and negate the clock and assert the inverted clock if

the voltag¥&¥ 't nput clock is lower than the voltage of the inverted
inpesaRekagldie A sigralispnnpleck camprsiTeicAbeaiiisil $a ospder thonfiguraticlock

to sample.a data signal at.an active transition of a clock and generate a
first s amp1 4%, ﬁ%ef;ofatlhe inverted mput ¢ octf( 1S hlgﬁert% ﬁle voltage of the

reference signal and negate the inverted clock if the voltage of the inverted

input clock is lower than the voltage on the reference signal.

13. The method of claim 8, 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 the inverted clock if the voltage of

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

14. 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 responsive to the active
transition of the clock wherein the output signal is:
asserted if the first sampled signal is asserted and the second sampled signal is

asserted;
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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 responsive to the
active 30 transition of the clock wherein the output signal is: asserted if

the first sampled signal is asserted and the second sampled signal is
asserted; -15- negated if the first sampled signal is negated and the

second sampled signal is negated; and a logic level opposite to a

previous Ipgigstatalef the aifpuwasional & e it ssampled sianahpnd tignal is
second sampled signal are in opposite logic 5 states. 15. The signal

sampler of claim™42hét¥n the active transition of the clock is a rising

edge and thegactivelteppstiendaf frevioueriniarkdshefallipa sraal ifle first
16. The signal sampler of claim 14, wherein the active transition of the

clock is a falling &tigRisdhHeRi andithe fesoadi SHTIRSHS TR AR L RRROS UG logic

rising edge. 17. dthessignal sampler of claim 14, wherein the first sampler
is a flip-flop configured to capture the data signal at the active transition of
the clock and generate 15 the first sampled signal with a logic value

sampled g the dal@sﬁggaradaﬂq@remecsmalzsameiernqﬁ@ajmeléamhﬁﬁem the
the second sampler is a ﬂl op confrgured to capture the data Slgaq I at

theSettive TraNSoHes AbRIIHEY TEBER R GerBYSHEHflosE bR ne edge.

sampled signal with a logic value sampled on the data 20 signal. 19. The
srgnal sampler of claim 14 further a first jn put buffer o era

10 coupled tc}gi datd E‘?ﬁ&ﬁ%a%%r %Zgg%?SEgQﬁ sty estfﬁﬂ ij¥ he
25 dsRGO raCfanmgtddggﬁeh@ﬂera&bo@aumamﬁmaﬂlmnu&mcﬂi@ﬁdsamsmg edge.
inverted input clock configured to generate the clock and the inverted

clock. 20. The signal sampler of claim 19, further comprising a matched

delay oparably cnguigedbsamsieitpf thiihedirshengiutthefiat sabpler is a flip-flop
Conflgﬂzrg%g H)tg gll%){utrgeth%%ata signal at the active transition of the clock and generate

the first sampled signal with a logic value sampled on the data signal.

18. The signal sampler of claim 14, wherein the second sampler is a
flip-flop configured to capture the data signal at the active transition of the inverted
clock and generate the second sampled signal with a logic value sampled on the data

signal.

19. The signal sampler of claim 14, further comprising:

a first input buffer operably coupled to a data input and configured 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.

20. The signal sampler of claim 19, 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.



30 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. -16- 21. The signal
sampler of claim 19, wherein the first input buffer comprises a first
differential buffer operably coupled to thg glata input and a reference
signal, the first differential buffer configured to assert the data signal if a
voltage of the data input 5 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 sig]nal. 22. The signal sampler of claim 19,

wherein tHe first TISUY BRHSRRBIF <daim, K<V ARttt BLImer opKfansymprises

coupied WwrthedalbitRtpBARK vpréadatadnpitput Adde fifskence signal, the
differential buffer configured to assert the data signal if a voltage of the

daddrhAtsERigherisarcaigisg dogrsing hedaad'gathibrriass Abggdata input
5 theidptansighal if YoRapobagr affthencatasipuhisninertHeantha daltadacdfoltage

the inverted data input. 23. The signal sampler of claim 14, further
cor%‘il?&iﬂ@f?i@&tﬂ?#}ﬁﬁd{l%ﬁl&ﬁ%%ﬁ%tg%ﬁlﬁ% siefth input and
configured to generate the data signal; and a pair of input buffers
operably cqoupled to an input clock and an inverted. input clock and )
configureddo gerle %‘Eﬁﬁ%{%&%‘?@%&ﬁh%%‘éﬂ%fb gt anpur huilig Ramprises
sam tlll@f Qi it aZ%ufoﬂr‘(:@E}ﬁbls_lQﬁﬁblb@d?fdml@é(dd&ﬁﬂiﬁlf@lﬁé(n@@@[gb%ﬁed data input,
coupled to an outpyt of the first inpyt buffer and configured to delay the

10 ot Sty o G bERAET L BT ATy STHU A B e data
datasigRaiiihéhehasignallcget e snsehstaniialypocaidne gatbhkting §fnal if the
the clock ai(h%}f invertedeilock%rt thgﬁsigtpal sa‘{n ler. 25 5d The signal
sampi8FoP Clafft 3 RN e HE PGt BeFrer CSHIREES “4' /8Pyt
differential buffer operably coupled to the data input and a reference
signal, the,_first differential buffer canfiqur ssert the. data signal if a
voltage o%l%e dﬁg?ﬁ&ﬂﬁg eéroﬁﬁczl?%g ‘\f/&&;& BT ence signal

15 and fiegatpuiientiaiasigntal iEdbgladitegeatdOnphthadedarippatiso|geverdisahe data

the voltagsg(%l‘aipgnheference signal.

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.

20 24, The signal sampler of claim 23, 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.

25

25. The signal sampler of claim 23, wherein the first input buffer comprises
a first differential buffer operably coupled to the data input and a reference signal, the
first differential buffer configured to assert the data signal if a voltage of the data input
is higher than a voltage of the reference signal and negate the data signal if the voltage

30  of the data input is lower than the voltage of the reference signal.
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-17- 26. The signal sampler of claim 23, wherein the first input buffer

comprises a first differential buffer operably coupled to the data input and

an inverted data input, the first differential buffer configured to assert the

data signal if a voltage of the data input is higher than a voltage of the

inverted data input and negate the data gmgnal if the 5 voltage of the data

input is lower than the voltage of the inverted data input. 27. The signal
sampler of claim 23, wherein the pair of input buffers comprises a pair of
differentiapglock prdfarsavbatgir: sfftstdifferantalislockipfiepaparllYomprises

coupled to the input clock and a reference 10 si%nal is configured to assert

the R arGeAg HFERRSFBUY ERUEIETS A SaTEHAR A sy Wb data input.

referenes sieAAdnegate e wart e witaae abheifARYIERAK e data
lower than the voltage of the reference signal; and a second differential

clotIPBL & ShsE sl colipR P I e EAkHBRL I8 Issfic i data signal if the
refotgnge SighaliigGapiicned & masekt thadpvertest elackitiavaliage of

the 15 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 logzer thametkigvokagplef dnelsatersned&ignahe Rir DTenpi@alffers

sampler of claim 23, wherein the pajr of input buffers 20 comprises a pair
of §HFAPERELT SRYERITHEr & ark I%Pﬁtfgf JReidRtial clock buffer operably

coufied drthernpuileleakdetdhedpneartagidnpitelaghis rerfligdredference

assert the clock if a voltage of the input clock is higher than a voltage of .
10 the invertSEMpL QBLRA tﬂé@%ﬁﬁ?edc%léﬁ it ff?éta%l?ié%é?ﬁﬂ%cﬁ?ﬁ%fs higher
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clock is lotnes thantiae ofofiagerattiae dprarltasiinguietack]lodl ifae aoltage of the

second differential clock buffer operably coupled to the inverted input
Clook anch STt (0K e BB HLAES B0hs FSHRETE MR EIBEA i the

voltagentithietdrveded dapbi tladpisdbighen fhanthacekagedahpaedipltand the

clock and negate the inverted. clock if the voFa e of t%? inyverted input

clock 15 oW BT SHEth AR COMAGE S he L C R eg 100kl & VATRES of the
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.

28. The signal sampler of claim 23, wherein the pair of input buffers
comprises a pair of differential clock buffers wherein:

a first differential clock buffer operably coupled to the input clock and the inverted
input clock is configured to assert the clock if a voltage of the input clock is
higher than a voltage of the inverted input clock and negate the clock if the
voltage of the input clock is lower than the voltage of the inverted input clock;
and

a second differential clock buffer operably coupled to the inverted input clock and the
input clock is configured to assert the inverted clock if the voltage of the
inverted input clock is higher than the voltage of the input clock and negate the
inverted clock if the voltage of the inverted input clock is lower than the

voltage of the input clock.
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29. A semiconductor device including at least one signal sampler, the at
least one 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; 5 a second sampler configured to sample the data signal
at an active transition of an inverted claglgand generate a second
sampled signal; and an evaluator configured for generating an output
signal responsive to the active transition of the clock wherein the output

signal is: agserteq ibthr Jifgh@ampiacesiatadiscassertesnanthaesafgaadthe at

sampled signal is 10 asserted; negated if the first sampled signal is

nedR PP LuRBlH CIRBiBSignal is negated:; and a logic level

OpRAsiestenpIeF RYidURI0gIe ShatplohieLubput signatifbedisticsasnpledck and
signal and the second sampled signal are in opposite logic 15 states. 30.

A semicol8URSF d/Hrer SUBRIEHiS#H at least one semiconductor device
incligingatipastoamaianad samanpiplk the atdeasioacasignab sAMPRH of an

comprising: 20 a first sampler configured to sample a data signal at an

active tranSfEHbFA EkesAe YeAsrnd Hropedishial &hal; a second

samplerreiigvighivcsaoientheidatansigiak aieanl asipe dansiting fian
inverted clock and generate a second sampled signal; and an evaluator

configured 485 JenaFABA§ ATk SURBSISIGRAPRYSEHE B 10 the active 25
transition gfsthecloaiewingrRinhe Gigipuisignatds .assesiaddhtheutifstd signal is
sampled signal is asserted and the second sampled signal is asserted;
negated if the firgfs'fé?%led signal is negated and the second sampled
signal is negatadr aididd alegicllsyahbppesiiedaal pheibadagiastate afal is
the output signal if th%fgrst sampled signal and the second sampled
signal are in oppd d

a logic level opposite to a previous logic state of the output signal if the first

sampled signal and the second sampled signal are in opposite logic

states.

30. A semiconductor wafer, comprising:
at least one semiconductor device including at least one signal sampler, the at least one
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 responsive to the active
transition of the clock wherein the output signal is:
asserted if the first sampled signal is asserted and the second sampled signal is
asserted;
negated if the first sampled signal is negated and the second sampled signal is
negated; and
a logic level opposite to a previous logic state of the output signal if the first
sampled signal and the second sampled signal are in opposite logic

states.



states. -19- 31. An electronic system, comprising: at least one input
device; at least one output device; 5 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
comprising: a first sampler configured ta gample a data signal at an active
transition of a clock and generate a first sampled signal; 10 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 responsive to the active
transition of the AARSHRISAHED FPNPLRMEI is: asserted if the first
samled: Sgnaipst asseed and the second sampled signal is 15 asserted;
negated if the first sampled signal is negated and the second sampled
sigHFRst ARG AR SEiogic level opposite to a previous logic state of

5 theapléRUbAIgRALHsEae fingt sampled signal and the second sampled
Siggtallegsrte oirrl]e?rrl)grggg/edlquic% c%?n%ﬁsﬁsé, at least one semiconductor memory including
at least one signal sampler, the at least one 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;
10 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 responsive to the active
transition of the clock wherein the output signal is:
asserted if the first sampled signal is asserted and the second sampled signal is
15 asserted;
negated if the first sampled signal is negated and the second sampled signal is
negated; and
a logic level opposite to a previous logic state of the output signal if the first
sampled signal and the second sampled signal are in opposite logic

20 states.



