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time periods available for rise times, fall times, pulse widths, etc. With such circuits, it

is becoming increasingly more important to maintain correct duty cycle on certain

15 crtical signals, such as clock and strobe signals, especially at high frequencies.
However; when a single pulse is propagated through many driver receiver pairs, the
duty cycle (e.g., as measured by the positive or negative pulse width) may change owing
in part to differences in the characteristics of, for example, the p channel and n channel
transistors that make up the drivers and receivers.

20 One such strobe signal is a DQS (“data strobe”) signal, and the timing of
the DQS signal is especially important for double data rate (DDR) DRAMSs in which
both the rising and falling edges of the DQS signal are used to strobe data in and out of
the DRAMs. Increases or decreases in duty cycle of the strobe, for any reason, will
result in data clocked in early or late. At high frequencies, data that is clocked in early,

25 may not be accurate since the voltages on the data lines many not have had time to settle
to a level that is representative of the data value.

To facilitate signals driven into heavy and multiple loads, a design may
employ intermediate drivers between the signal source and the ultimate loads in a “fan
out” arrangement. Intermediate drivers tend to introduce duty cycle skew as well. For

30 example, a 3 nanosecond pulse width might become more narrow than or wider than the
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caused by semiconductor process variations, P-N drive differences, temperature, Vg,
common mode noise coupling equally into the differential signal, etc. The function of
the differential receiver is to convert an input differential signal (in which the cross
point may be high or low) into a centered output signal, either a differential output

20 signal or a single ended output signal. The output signal of the differential driver,
which must finally be used as a single ended signal for CMOS logic functions, has
consistent timing for the final application. Duty cycle errors can be eliminated at the
receiver since one signal goes high and the other signal goes low for both logic states
and the cross point for each state contains the original duty cycle information.

25 Differential receivers have an additional advantage. Common mode bias
that couples into the differential signal from stray signals or from supply noise can
cause timing error (undesired delays) in single ended drivers. However, differential
receivers eliminate these timing errors. Any coupling or supply noise that is common to
both differential signals can be eliminated by the differential receiver. However, a

30 problem remains with the use of known differential receivers. Known differential

receivers are based on differential transistor pairs requiring a constant current source to



cause timng error (undesired delays) in single ended drivers. However,
differential receivers elimnate these timng errors. Any coupling @r7 NOV 2006
supply noise that is conmon to both differential signals can be elimnated

by the di ffe\ﬁ/S%&benB?wi ver. However, a 30 probl em remaigps,w,thoi0s use of
known di fferential reéeceivers. Known differential receivers are based on

differential transistor pairs requiring a constant current source to 2 7 NOV
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transistor of the differential pair. Thus, differential receivers consune a
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SUMMARY OF THE INVENTION

15 An integrated circuit in accordance with the invention includes a
differential receiver circuit that consumes substantially no standby power, has constant
propagation delay regardless of the input common mode bias, has acceptable common
mode rejection and includes first and second pass circuits and buffers to receive
differential input signals. The first pass circuit provides a “true” output signal when

20 there is a difference between a “true” buffered signal and a “complimentary” buffered
signal. The second pass circuit provides a “‘complementary” output signal when there is
a difference between the “complimentary” buffered signal and the “true” buffered
signal. The differential receiver circuit further includes cross coupled inverters latching
the true and complimentary output signals in complementary states, and final drive

25 buffers for amplifying the true and complimentary output signals.

BRIEF DESCRIPTION OF THE DRAWINGS
The invention will be described in detail in the following description of

preferred embodiments with reference to the following figures wherein:



signal. The differential receiver circuit further includes cross coupl ed
inverters latching the true and conplinmentary output signals in 7 7 NOV 2006
conpl ementary states, and final drive 25 buffers for anplifying the true

and conplinentary output signals. BRI EF DESCRI PTION OF TH W The
Tvention wit® A0S bed i n detail in the fol l ow ng dé’EEH 6?“?@?(?%

preferred enbodinents with reference to the followng figures wherein: 2 7
NOV 2006 WO 2004/ 032199 PCT/ US2003/ 03145% 4 Figure 1 is a schematic

di agram of a receiver according to an exanple of the basic invention.
Figure 2 is a schematic_diagramof the receiver of Figure 1 and having a

| at ch according to anotFigpredxiaapsthematic diagrampfadeceysr acropding,foaangxpargplg o
schemati c di ag{eabgﬁgﬁnvteg@or{ecei ver of Figure 2 and having final drivers
according to another exanple of the invention. Figure 4 is a graph of a

bal anced differential iFput 2sisgreliemartit diaghaen off the edcviwer affFigtirgliraed Bavikg gure 5
is a graph of a sinulated result of a.differential output signal 10 from

the conpl et e H9aSFAAIELp anolher ex APl HNe IVEAtOR- Fi gure 3 when stirmul ated with

the input swaveform depiigh@d isth fch&@hditR dlagrdth SUHIR Rediverdf F AR 2 Ghd Aavihg gl €
ended input signal that I's skewed. Figure 7 is a graph of a differentr al

i nput signal findrdsvers@pcosdinstel angther ¢xempleiof theriavantien. | nput signal is skewed
resulting in a high cross point. 1 igure .8 i r . -diff. i al
Olg'lg%rg 4 15 .an%rgp}l:.og a g?l ced (ﬁ‘ffgerﬁ&h" 1&;11{.?%%% 1@5 ftﬁéa X

i nput signal with high ' S poi into e recerver o t is
identical to tdeiveroadmhgur®3Figure 7 but is aligned with the graph in Figure
9. Figure 9 is a graph of a sinmulated result of a differential output signal

fromthe conplete diffefigweisals & gaph obd simyated eqult Af ridiiferentsl qpigwt Sg2hul at ed
D e AR e LA (Rl s Buiavr e 10
input waveform depicted in Figure 4.
Figure 6 is a graph of a single ended input signal that is skewed.
Figure 7 is a graph of a differential input signal where each signal of the
differential input signal is skewed resulting in a high cross point.
15 Figure 8 is a graph of a differential input signal with high cross points
into the receiver of Figure 3 that is identical to the graph in Figure 7 but is aligned with
the graph in Figure 9.
Figure 9 is a graph of a simulated result of a differential output signal
from the complete differential receiver depicted in Figure 3 when stimulated with the
20  high cross point input waveform depicted in Figure 8.
Figure 10 is a graph of a differential input signal with low cross points
into the receiver of Figure 3.
Figure 11 is a graph of a simulated result of a differential output signal
from the complete differential receiver depicted in Figure 3 when stimulated with the
25 low cross point input waveform depicted in Figure 10.
Figure 12 is a graph of a differential input signal with mixed low and
high cross points into the receiver of Figure 3.
Figure 13 is a graph of a simulated result of a differential output signal
from the complete differential receiver depicted in Figure 3 when stimulated with the

30 mixed cross point input waveform depicted in Figure 12.



into the receiver of Figure 3. Figure 11 is a graph of a simulated result of
a differential output signal fromthe conplete differential receivef 7NOV 2006
depicted in Fi gure 3 when stinulated with the 25 |ow cross point input

wavef or m de 3/0 ﬂ%ﬁ gure 10. Figure 12 is a graph of Ei’c‘itlfsfz(%ri@ﬂ%zal |nput
signal wt h ow and high cross points into the receiver Figure 3.

Figure 13 is a graph of a sinmulated result of a differential output signal
fromthe conplete differential receiver depicted in Figure 3 when stimulated
with the 30 mxed cross point input waveformdepicted in Figure 12. 2 7 NOV
2006 WD 2004/ 032199 PCT/ US2003/ 031452 5 Figure 14 |s a schenatic. bl ock
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100 accordi nge)tampbmﬁthcxawpmt@nof the present invention is depicted in Figure
1. The receiver 100 includes a first inverter Gl coupled to a true input
signal INto produce an inverted signal GROUT, and al so includes a second

inverter G2 ppyaEED DESCRIPTION OFTHE INVERTION gnal | N to produce a
conplimentary signal G 20UT. The receiver 100 also includes a first pass

circuit 116 10 to providéommangeodspepsiter dP¢awordingrto esetrampler afitempresant out put
signals are dﬁ%% c}ﬁ)q is 8&)1&% }rﬁ“lbi}ggr %gl'e%glgerng\{ﬁcrlédes Eirﬁst ugfeﬁlar\/@ﬁ C%g@?(ﬁlsisgnal

i ncl udes a secC pass circuit ary out

QUT*. The fi I‘83ta|ttﬁ6$np1ﬂt rstgualt Nﬂ:ﬂpﬂod@demhasvateﬁ s«:gmahGﬂOIUTammj aiioorncNB’és and an
n channel transistor Gate of bot Prw&)he transi stors I\/P*I and MNI are
coupl ed to t h&cons "é)‘(ﬂ'tﬁﬁ fc‘%“ﬁ d for g commimentary égput Signgh I (tRePrefiffat G |

QUT is applieghfiQirhdiearPaipha @R OUTE Tﬁeat@c?én%rr Q06 al¥bInchlids Mirst p-ﬁlecu%hlgn?d

G 1 AUT controls the conductive state of the transistors MP 1, and t hus
constitut ed atocpravidela tmpmtpltifSl&ﬂhleOUTr éb’hqxla@éfemnmimutpuli@lals ’medesmdl; ees of

both the tr an%lltﬁ t11(1)tE:rSrne 1ate gnver's\,/NPie ?ercglvgrofb%l aﬁgo %ngluﬁgscae Isé/c%né pass ClI%lll? 120 to
provide a complimentary output signal OUT*.

The first pass circuit 110 includes a p channel transistor MP1 and an n
channel transistor MN1, Gates of both the transistors MP1 and MN1 are coupled to the

15 output of the first inverter GI1 so that the signal GI1IOUT is applied to the gates of the
transistors MP1 and MN1. The signal GI1OUT controls the conductive state of the
transistors MP1, MN1 and thus constitutes a control input of the first pass circuit 110.
The sources of both the transistors MP1 and MNI1 are coupled to receive the signal
GI20UT from the output of the second inverter GI2. The GI20UT signal is coupled

20 through one of the transistors MP1 and MN1 to the drains of the transistors MN1 and
MP1 depending upon the state of the GI1OQUT signal. More specifically, the GI2OUT
signal is coupled through the transistors MP1 when the GI1OUT signal is low (i.e., IN is
high), and is coupled through the transistors MN1 when the GI1OUT signal is high (i.e.,
IN is low). The drains of the transistors MP1 and MN1 are coupled to the output signal

25 OUT and thus constitute the output of the first pass circuit 110 and the true output of the
receiver 100.

Although the signal GI20UT is passed to the output signal OUT through
either of the transistors MP1 or MNI, but not both, it is not passed through the
transistor MP1 until the signal GI1OUT becomes sufficiently low to turn on the

30 transistor MPI, and the signal GI2OUT is not passed through the transistor MN1 until



G 20QUT fromthe output of the second inverter G2. The d2QUT signal is
coupl ed 20 through one of the transistors MPI and MNI to the drains qgf7 NEe)006
transistors MNI and MP1 depending upon the state of the G I1CQUT signal. Mre
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G 1OUT is of a different polarity than the polarity of the 15 signal

G 20UT. conduct only when the signal GI1OUT is of a different polarity than the polarity of the
15 signal GI20UT.

Persons of ordinary skill in the art will appreciate in light of these
teachings that the first and second inverters GI1 and GI2 may advantageously be non
inverting buffers. In such a configuration, signals from the buffers should be cross
connected to replace the signals GIIOUT, GI20UT in order to maintain the correct

20 signal polarity into the pass circuits 110, 120. Furthermore, the pass circuit 120 can be
omitted if a differential output signal is not desired.

The receiver 100 does not include any constant current source as may be
found in a conventional differential receiver. Accordingly, the receiver 100 consumes
substantially no steady state power, although it does consume transient switching

25 power. Furthermore, the differential effect discussed above provides the receiver 100
with the ability to reject common mode bias and noise in much the same way that a
conventional differential receiver is able to reject common mode bias and noise.
However, unlike a conventional differential receiver, the receiver 100 affects a
substantially constant time delay of the input signals that is independent of the common

30 mode bias or noise due in part to the differential effect discussed above and due in part

to the fact that the signal passing through the pass circuit, either the pass circuit 110 or



Persons of ordinary skill in the art will appreciate in light of these
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Furthernore, the pass circuit 120 can be _omtted if a differential output
signal is not desired. The receiver 100 ddes not incl ude any const ant
current source as may be found in a conventional differential receiver.
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cross coupled, and they provide a latching function.

The transistors in the first and second inverters GI1, GI2 and in the first
and second pass circuits 110, 120 are designed to over drive the transistors in the third
and fourth inverters 130, 140. Since the third and fourth inverters 130, 140 are cross

20 coupled to form a latch having two stable states, the first and second inverters GI1, GI2
and the first and second pass circuits 110, 120 are sized to provide drive currents
sufficient to cause the latch to change states if required. The drive capacity of a
transistor may be characterized by the channel width to length ratio. An example of
length to width ratios for the several components of the invention examples discussed

25 herein is provided below as guidance for designing receivers according to the invention.
However, it is to be understood that the drive of the several components are only
representative of the invention examples, and modification may be made in light of
these teachings In the example used in the simulations discussed below, each of the p
channel transistors MP1, MP2 and each of the n channel transistors MN1, MN2 has a

30 width to length ratio of 15. Each of the first and second inverters GI1, GI2 includes a p

channel transistor and an n channel transistor. Each of the p channel transistors of the



130 is coupled to the true output signal OUT, and an output of the third
inverter 130 is coupled to the conplinentary output signal OUT*. An 2|7hl‘ﬂ:(1)k2006
of the fourth inverter 140 is coupled to the conplimentary output signal

QUT*, and an f the fourth 15 inverter 140 is cou he frue

out put  si gnaYVE;(.;'iﬁfi)‘}10 zllﬁ the inverters 130, 140 are cr og"scelebﬁiﬁ‘P 81452and t hey
provide a | at ching functl on. The transistors in the first and second
inverters G1, GI2 and in the first and $econd pass circuits 110, 120 are
designed to over drive the transistors in the third and fourth inverters

130, 140. Since the third and fourth inverters 130, 140 are cross 20 coupl ed
to forma | at &rst Bed/seegnd WyereraSlb QR dpes Widthdo fangiratigal 50 @ad gashRfdhe or s

Gl, Gl2 and cﬁa%elftf%nysto rlﬁftﬁeeﬁﬁp&d%éoﬁld%\re%ﬁtéﬂ 1gjg’%]hajs ZAQV o §4 afid

provide drive curren Icrent to cause t ange tates if
requi red. Theofir20ve Tapaqréfgrred vadtht rarigigtt aatiocsagrebe ﬁlhetﬂ(ﬁx:toérthzeqbehﬁct he
channel width to length ratio. exanpl e of Ienthto w d sfor t he

sever al conpoFFé‘Hf%ndBFtof RECF§ite QFﬁ‘gB PRSFIEES ocflt'é"c ausisers an i‘fe& n ﬂB? ovi ded

bel ow as gui dapged RuctiESihe Bl dgnief GEsYeSrs MESC ML I8 o Widl® TehME RtioT-8,
However, it is to be understood that the drive of the several corrponents are

only represemdatioheofothe trhehannel dransisiorseMaN?p IMN4 hand width fd teagthomtiowy tbe nade

in light of esetahlnsl theex the l,at i,0n
di scussed beI%‘w atév(f g ghanné] BRRRE| r’(i#gl ngg”x'a %%kn ra?Sﬁfof t he

n channel traGSdnattmerxschhel tM}Bsthr&MI&?: fMNmndgm cheh Ha@Bngdth&kB leagthfratidof 4Fach of
the first and second inverters G I i ncl udes _a E} channel transistor and
an n channel PHr&esstRsFameters he thirdiegd @%ﬁammer%@én 14 ¢y ke Qyer powgered by NOV

2006 WO %Hm{hg%t%gvgl eﬁgﬁ %%%Qeof?{sf)%&agge% lél%&e?{]c;??cl?x%%g e i Y Ghd €cBnd 1

G2 has a wd ratio o eac ann
transi st ors oOpast leirchitsr 510, 420, Skhechild mn&ébﬂr&rmvﬁelrs GB],ZSMa;&oaxdwt}cH $hatpdy | engt h
ratio of 20. These

red wwdth to length ratips are a ncti on of the
speci fic rﬂ%ﬁ‘a%tﬂcéf 06‘5 yelages ate?ﬁf&itod’éz‘i‘%? B‘r‘fg“ﬁ%‘f‘l‘ﬁ ‘ﬁ%cuﬁsfed E’H@Wt ransi stors
i nvol ved. Wt h this 5 e%ﬁd’ﬂ?ér%mb@@ﬁi@n@f alcbf ﬁfétecd]ﬁ*é‘r@ﬁlllaltréc@%f $004cSoriHing 1o MP4

has a width to length ratio of 8, and eac the n channel transistors
M\3, M4 has thewndtnhion ¢ $homgtih Figuré 3 Jhe Geceival I%Xmaltudozsetlhy,reqetver PO trahnel

transist on3 NFI:;’dl ;I)\grd' orfTI tglr}%ersh %‘f? g coupqecf % lrgcré teh threablUOF and OUT* signals,
respectively, to improve the drive capacity of the receiver 200. The buffers GI5, GI6
are preferably located close to the receiver 200 so that there is little or no waveform
distortion (e.g., as might be caused by a RC structure in a long transmission line). Each
of the final pair of buffers GIS, GI6 includes a p channel transistor and an n channel
20 transistor. Each of the p channel transistors of the final pair of buffers GI5, GI6
preferably has a width to length ratio of 60, and each of the n channel transistors of the

final pair of buffers GIS, GI6 preferably has a width to length ratio of 30.
Another embodiment of an integrated circuit 360 on a semiconductor
chip according to the invention is shown in Figure 3. The integrated circuit 360
25 includes the receiver 300 plus a drive chain 320 to amplify low level signals, parasitics
Z1, Z2 made of a differential signal transmission line and a load 340. The drive chain
320 includes seventh and eighth inverters GI7 and GI8 and includes ninth and tenth
inverters GI9 and GI10. True and complimentary input signals INPUT and INPUT* are
provided to inputs of respective seventh and eighth inverters GI7 and GI8. The outputs
30 of seventh and eighth inverters GI7 and GI8 are coupled to respective inputs of ninth
and tenth inverters GI9 and GI10. Each of the inverters GI7, GI8, GI9 and GI10



6, and the n channel transistors M\N3, MM m ght each have a width to length
ratio of 4. Wth these paraneters, the third and fourth inverters GB3; NGYLAS
can be over powered by 10 the drive capacity of the first and second

inverters d the first and second pass circuit 1?.[}&2 The
third and fo‘hptzﬁkﬁ)ﬂglggt ers G3, Gl4 provide the sharply l’I%a C %03’]0(3:19?% cal

| oad voltages that are to be further buffgred as di scussed bel ow. Anot her
enbodi ment of a conplete differential recéiver 300 according to the
invention is shown in Figure 3. The receiver 300 includes the receiver 200

and a 15 final pair of buffers Gl15, G 6 coupled [eceiv h and OUT*
si gnal s, respé‘&‘{‘}dﬁ%?@ﬁp?l}ﬁ‘npﬂﬁ£9’ée?ﬂ@“ﬂ$itr@ém %fp%&qt '391WF“?rﬁZ}I%’§§§1%%ra“§00.
The buffers Gapg Gl Gogefef ctHsBh 2Ye LRARBES (o hASIEy HRe 118 ah@eGhYIRerdR) SO
that there is littleor no waveform distortion (e’g., as mght be caused by

a RC st ruct ur énpunsigndloMNPUT amsINFEEI*0 (The iamplifiedRaeshand gomplimefitarysdhpy signale f

buffers A5, i ncl udes p.chann transi.stor and. n,chann 20.
transi stor. Egcﬁ"eof’u?ﬁté of @ﬁaﬁ% ¥ rdnstSt i@ 8 ¢ i’eaintﬂaﬁmgaf‘rd‘?é.?re Hters
Gl5, A6 [ etmiaiivorBse teprdseittd by Z1ematAn, ad i ald B arcdferereredfto tahien

channel transistors of the final pair of buffers Gl5 G6 preferably has a
wi dth to | engPifasitiesi 41 and 2. Thsdqarsitichradinsmsttic2 arg complayeneiedistebutedi t 360
on a sem cond chip j t | pvent.ien i.s: in.ELgure 3.
The i ntegrat egﬁ% %S%%eﬁi {HdB%a%g&%gglsﬁg?tu 8%{2{??1%ﬁ}rée%tgkl@grdegléﬁm%p%s&gm ‘!r:rlg(\?/ggchai n
320 to anplif dedcoived®d. signals, parasitics Zl, Z2 made of a differential

signal transm ssion line and a | qad 340. . The drig%e chai n.. 320 .i ncl udes
seventh and ei ght h i nveft diseusegdzaboxg thy width o Jengthrales a5 disanssed deteih apd

inverters 1@19&%@?@&@& feYRaraRis 20Rd ZITRALR Y1y 6 Bifited Reatich &biks AR

| NPUT* are pro d to inputs of respective séventh and eighth inverters
Gl7 and G 8. Weeuseditipuihes sidtulation shiscussedh balow, bugthah modifsatienssinGight afithe® 8 ar e

coupled to re ctive inputs of .ninth and tenth inyerters 9.and 4 LO

Each of the | ROGHELHE AP 1 it ard sthes YR noR ol St VS HE0a768b 100
PCT/ US2003/ 03 ##5%idth td [%Fmdﬁﬁoﬂﬂﬁc&séahww@ea&m@f QR pehahad MRhsiétbrd bFi thé or
and the inverters 47, 8, 3G9 and A 10 all together constitute a drive

chain 320 to sypnthiapd eighth nyertesh B175 SHP prefsrhinhss 2 widiuto lengthapto of§fsmding
I NPUT*. Thl% a%hioff .kheedn datffel Mmﬁ&qp)lf ih@%weﬁ{hyanid @Pg%h ﬁlbgjpe% 317, GI8 preferably
has a width to length ratio of 40. Each of the p channel transistors of the ninth and tenth
inverters GI9, GI10 preferably has a width to length ratio of 250, and each of the n
channel transistors of the ninth and tenth inverters GI9, GI10 preferably has a width to
length ratio of 125. The drive chain 320 provides adequate drive capacity to launch a
20 differential signal on parasitics Z1 and Z2 and from there to loads 340 beyond (e.g., one
or more complete differential receivers 300). Although, the parasitic Z1 and parasitic
Z2 are complexes of distributed resistances and capacitances, in aggregate, the
distributed resistance of each parasitic is fairly represented by a series resistance of
about 629 ohms, and the distributed capacitance of each parasitic is fairly represented
25 by a shunt capacitance (to ground) of about 0.8926 pico Farads; however, the specific
parameters depend on the specific design being considered. Each parasitic functions as
a low pass filter.
In the integrated circuit 360, differential outputs of the complete
differential receiver 300 are applied to the loads 340 represented by eleventh and
30 twelfth inverter loads GI11 and GI12. Each of the eleventh and twelfth inverter loads

GI11 and GI12 actually includes S individual inverters in a fan out arrangement, and



at the outputs of the inverters G9 and G 10 are applied to drive a
differential 5 transmission line represented by ZI and Z2, and Zl ang 72¥Va3)86
often referred to as parasitics Zl and Z2. The parasitic ZI and parasitic

Z2 are conpl {stributed resistances and capacit pend on
the specific éggol“@%\ng&‘ei ng consi dered as described bel ow. é‘?ois}@%lggs%d

above, the width to length ratios as discyssed herein, and 10 the
properties of the parasitics Z1 and Z2, relate only to limted invention
exanpl es that are used in the sinulation discussed bel ow, but that

the. 1 nvent | on <2l Rgmianen Ious@ad Brrel sehan fiGetnel SoRuiRgcn ahgevhe.
di scussed abovﬁen@xa&ﬂnggmédﬂe me&hmﬂeéne}sr@ﬂ%sem teSodd (eld)Qhe SRPUBTIIRevRAM
ei ghth inverters preferably has a wdth to Iength ratio of 80, and

15 each of t h&MOB aietits) @pldwéutgtthﬁr qutpt frame theeopmpicie difterastighnepeivansdPitarts G 7,

G 8 preferabl t t f el
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width to | engtahothét IIkaébbm%Eﬁth ﬁnndcaﬂaa@fhhmlduhte lengtichaisiondiscussenboed, edch off t he
ninth and tenth inverters G 10 preferably has a wdth to length ratio

of 125. The diis@ cwflﬁr%lz@tOp% of/thad 8 nyrasidn degslpvrathcaphiyelfh ingertey ﬁ a 20
di fferential %#Iﬂf‘aén%ra@{a 1? ﬁdscaswﬁt}a?c??ee@ ARd of 18 Mid 1R %Puou%‘h

beyond (e.g., one nor e lete ntial recelvers ough
the parasitic trthﬂmrsl qﬁaheaé() UnmrteEZmaﬂle ckeoenth end swalfth dnedrter ltmtled}lrleﬁlﬂ ances

and capaC|tance aggr the ri buted resistance of each
parasitic is PH ‘?‘rWYP @gh %‘WEOQ@ es resistance of about 629 ohns,
and the digfributed capgg hﬂeamseagﬁotwsmraashtresﬁulo?thahﬁ msggaal%qﬁmh@d 25
by a shunt capacitance (to groun %EOOf about 0.8926 pico Fara however, the

specific par ampbksilfﬂ@'p@m resaiven Oséﬁbtml id@aldagarg Wale widh & 6mghaesesasd fulEach

parasitic functions as e Nt =L 360,
Bt forenti al ot Wy By HRNRRARS chibific) ool Sieh8 BT B0 BEPAN L b2 P: o
to the | oads mmergpmawﬁagﬁe@uu@lgwwaﬂweamdm 330 ahavetlrbiligh the perasife Zi aadls G |
| and A 12. Each of the eleventh and twelfth inverter |oads Gl11 and G 12

actual |y i ncl QaasticZ? ato,thgdaad thatsrtheinpuiso she egmplete datferantipe raseiver 3 2 7
NOV' 2006 I\QD %99 %9%8&19 geégggé H§l?o%§/b9t3ti11€' gl%SS points remain roughly centered at about
1.1 volts (i.e., midway between zero volts and 2.2 volts, the full waveform magnitude).
In this balanced case, the differential receiver is not actually needed. At the CMOS
threshold (e.g., 1.1 volts in this case) for distinguishing between two logic levels, the
duty cycle of either side of the differential signal is a balanced 50%. The drive chain
20 320 could be designed to be single ended, and the signal out of the parasitic Z1 could be
applied directly into the load 340 since any CMOS circuits that constitute the load
would input a signal with a balance 50% duty cycle. This result may be obtained when
the p channel and n channel transistors in the drive chain 320 are balanced, and when
the parasitics Z1, Z2 are balanced. In this case a single ended signal could be used with
25 no loss of duty cycle.
Figure 5 is a plot of a simulation result of the output signals from the
complete differential receiver 300 into the eleventh and twelfth inverter loads GI11 and
GI12 when the signals depicted in Figure 4 are provided at the inputs into the complete
differential receiver 300. This simulation result confirms that the complete differential

30 receiver 300 preserves the centered cross points with a fixed propagation delay of 0.54



10 each of these 10 inverters includes a p channel and an n channel
transistor in a known inverter arrangenent. These 10 inverters repr@getidV 2006
the load (e.g., the inputs of several CMOS circuits) applied to the output

fromthe co ifferential receiver 300, but the par angenent
of this |oa59h§@ﬁ@g %’frontone integrated circuit design %@ﬁ§&%ﬁgﬁﬁg

keeping with the scale of the width to Iength rati os di scussed above, each
of the p channel transistors of the 10 ildverters in the el eventh and

twel fth inverter loads GIl, 312 preferably has a width to length ratio of
40, and each of the n channel transistors of the 10 inverters in the
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either side of the differential signal is a balanced 50% The drive_chain 20
320 coul d be wgsesARsh fulh cyrde. sﬁwghéi almvée duanewct%@lehtgbratheor&tulbpf persibly
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circuits that constitute t d i nput a signal
duty eycl e. Tﬁhcsuseesﬂlsmghmyxdéabmgmaﬂawnbduwwawed thety pyd bsaara dimitseddvirendtodinnel

transistors in the dr‘“‘[i’ﬁi chgl n 320 .are pal a&% and when the parasitics
ZI, Z2 are bafgA&@gan 1gicBes L0 pedissip frapslefdltasi gnal coul d be used with
25 no 1 oss of duty cyclﬁgurgvgya ?1050f§51ﬁ‘1ul:h|t19ﬁ rédhlt 8f $toHpBhiMaly 5Bl dhagf the
out put signals fromthe ferential receiver 300 into the
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differential skewed, and the cross points appear above the 1.1 volt midpoint at about 1.7 volts.
Duty cycle is measured from cross point to cross point, and the overlaid waveforms of
Figure 7 have equal duty cycles (about 3 nanoseconds) but at a high cross point. The
use of a differential signal path preserves the original (i.e., externally applied) 50% duty
20 cycle information but in the form of high cross points. In this case the cross points are
above the 1.1 volts midpoint or CMOS detecting threshold, and are at 1.7 volts. To be
useful, the 50% duty cycle information must be extracted to be used as a single ended
waveform for CMOS logic functions where the 50% duty cycle exists at the midpoint or
CMOS detecting threshold. The receiver 100, 200 or 300 advantageously extracts the
25 50% duty cycle information with a threshold at the midpoint between signal magnitude
extremes.
Figure 8 depicts the same high cross point waveform as inputs to the
complete differential receiver 300 but arranged in relation to Figure 9. Figure 9 is a plot
of a simulation result of the output signals from the complete differential receiver 300
30 into the eleventh and twelfth inverter loads GI11 and GI12 when the differential signals

depicted in Figure 8 are provided at the inputs into the complete differential receiver



30 receiver 300 preserves the centered cross points wth a fixed propagation
delay of 0.54 2 7 NOV 2006 WO 2004/032199 PCT/US2003/ 031452 11 nanQ<seRiymuiss
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differential receiver 300 with a delay of about 0.59 nanoseconds from the input cross

15 point to the output cross point. As with the high cross point case, the low cross point
differential signal is restored closer to the center. Either of the differential outputs from
the complete differential receiver 300 may then be used as a single ended signal since
most of the original duty cycle has been restored to both.

Figure 12 depicts a mixed low cross point and high cross point waveform

20 as might result from a common mode bias coupling into the differential inputs or from
supply noise. Figure 13 is a plot of a simulation result of the output signals from the
complete differential receiver 300 into the eleventh and twelfth inverter loads GI11 and
G112 when the differential signals depicted in Figure 12 are provided at the inputs into
the complete differential receiver 300. The mixed cross point waveform passes through

25 the complete differential receiver 300 with a delay between 0.56 and 0.59 nanoseconds
from the input cross point to the output cross point. The output signals resulting from
the simulation reveal restored cross points in the more centered output. This effectively
rejects distortions caused by common mode biases and supply noise.

This simple circuit gives reasonable performance when compared to

30 using a differential pair based amplifier that has a constant current source and varying

propagation delay.



Figure 8 depicts the sane high cross point waveformas inputs to the
conplete differential receiver 300 but arranged in relation to Figure7N0V 2008
Figure 9 is a plot of a sinmulation result of the output signals fromthe
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coupling into the differential inputs or from sup{.))lly noi se. Figure 13 is a
¢

plot of a si ntAnyett 8¢ dleskuaristrabe rredierepfinl signa) vafose beingrrmpléfieddp g e ehain
differentigl jRcelNRimai0dy, i oiltenth QYRR rlRtbriME ek Slutfade &1 1

and
generate the differential signal from a logical combination of signals received from

outside of or inside of the integrated circuit 400.
The at least one more circuit component 460 that are not part of the
integrated circuit 400 might be a CPU chip where the integrated circuit 400 is a memory
20 device. Alternatively, the at least one more circuit component 460 that are not part of
the integrated circuit 400 might be a memory device where the integrated circuit 400 is
a CPU chip. In either event, system 500 includes two or more separate integrated
circuit chips. These separate integrated circuits might be mounted on the same or a
different printed wiring assembly before being installed into a mother board of an
25 apparatus, or these separate integrated circuits might be mounted in any way in the same
or a different apparatus and connected together by cables as in the case of a desktop
computer being cable connected to a printer apparatus.
In a memory device or any other integrated circuit, or in a system on
which such an integrated circuit is mounted on separate printed wiring assemblies or in

30 separate apparatuses, the advantages over the prior art of low standby power, unvarying



GL12 when the differential signals depicted in 'Figure 12 are provided at
the inputs into the conplete differential receiver 300. The mi xed cropRGV 2006
poi nt wavef orm passes through 25 the conplete differential receiver 300 with
a del ay bet 0 nd 0.59 nanoseconds fromthe input i to the
out put cros?ﬁggWH?sgqﬁe out put signals resulting from tﬁgﬁgﬁ%ﬁPg?yg% reveal
restored cross points in the nore centered output. This effectively rejects
di stortions caused by common node bi ases Lhd supply noise. This sinple
circuit gives reasonabl e performance when conpared to 30 using a
differential pajr based anplifier that has a,constant current squrce and
varying prop&ate 98ty H@Ileag'm Feppatrply pZ@GS““W*’i%&F@%ﬂtQ@e‘b@W e IesIPE3 1452
13 Figure 14 d&aRi Mosind tiYsghemseg0 that includes a sem conductor integrated
circuit on a chip 400 (e.g., a nmenory device), and at | east one nore circuit
conponent 460 that ar eHaong describesf prefamed embqplimentsi of & moval codsmt delay zege at ed

and conpi i ment PSSR aRan BP0 R AT G Clndely’ TR |

respect to i giithethd) detaiild \48d Chuati dulehd rédirdd , bydthe/ @atehBiliivs, 3R 0s Adt@Urigat 3 Or
equi valent), parasitics Z1, Z2, the conplete differential receiver 300, and
| oads 440 t hamogiifatirnssing; vagiatiang cap de made by peoons-skiliedeinzthe jgritin dight ofathe | v

i ncl udes addip | i LCcujt 4 Y| nec s the
nvertors o 1OGEnES 1Y ferchE (SRR o] fhal SRR by BRI e
circuitry to eatitulad entaidémemy efitbelinvemtion difdldsed which asl weitisie thecsooygbuamt] Gpirit
integrated cirgyit, such as a.central processjng upnjt (CPU). or . mpdem
dynami ¢ rando H{C g@d@‘é@“ﬁ’é D rdﬁﬁ'é?qinw @‘é’(l aB%"(TdESEﬂ#@ln%ThEL?IF‘%’f %r i‘sa‘ﬁalgﬁgg Rad
generat or {510 qEeEd hrvedctidByyi 1Uetbrs PatRHf & St férh ih@ﬁ@dp}b@ndea chifgl e ended or
differential clock or strobe fromoutside the integrated circuit 400 and
convert the clock or strobe to a differential signal before being anplified
in drive chain 15 420. Alternatively, the differential signal generator may
include logic circuits that generate the differential signal froma | ogical
conbi nati on of signals received from outside of or inside of the integrated
circuit 400. The at |east one nore circuit conponent 460 that are not part
of the




integrated circuit 400 m ght be a CPU chip where the integrated circuit 400
is a nmenory 20 device. Alternatively, the at |east one nore circuit 77N0OV 2006
conponent 460 that are not part of the integrated circuit 400 m ght be a
menory device where the integrated circuit 400 is a CPU chip. In either
event, system 500 includes two or nore separate integrated circuit chips.
These separate integrated circuits nighi#Sbe nounted on the sane or a
different printed wiring assenbly before being installed into a nother board
of an 25 apparatus, or these separate integrated circuits m ght be nounted
in any way in the sane or a different apparatus and connected together by
cables as in the case of a desktop cOhAUV8r bei ng cable connected to a
printer apparatus. In a nmenory device or any other integrated circuit, or in
a systemon which such an integrated circuit is nounted on separate printed
Wiring assenblies br inATISEiEEpasHE©MBISHEat uses, the advantages over the
prior art of low s p ; ryi . 6,

PCT/ U52003/ 031452 %m%isscg%g{ﬁth?ﬁg 3 cghild ruggggt{%%ﬁgga %rr%@é aﬁﬁéﬁﬁéﬁ’ﬁﬁa‘s are
best owed tansnibdor liheaidh eignalcCinpatuioupkdo anecont @ugyus be thebfifferehidalitngsimigsion i bed
preferred enbodi nents of a novel, constant delay zero standby differenti al

| ogi ¢ r edBp\ABOUBRKPIIRE HF PRStcERvIE ATV lingen finst QPW stegnele and not liniting) 5

with the details a i ar k.t ul t 9 - ted
that modi f1cat | oner SnlTugrray o HeyERULEdEel By (BpRA € Bhe LRUR by 1,067 P%
in |ight differérhial traismissidreiohiand) . sigral iiput beupdddotoethe dfirbteowtpateststhe alilf férbraial

changes may be made in the fp rticular enbodi nents of tge i nvention
di sci osedrHTIEHORIRS: §R PHPH! ¢IHRe ¢ aé%g_rcggipquv.tldmg]a S§908 PHRPBH‘E% as defined
by the appended cl i f®: kLR Wipled Serhbd '?Féi_fﬁ;&dout%@t deshd errRERleCt ed
by Letters Patent Is set forth in the appended clains. 27 NOV 2006 15
CLAIMS  Iransmisgaeliveanddhe ouitol mpniofiths fugt paas éiraustt pass circuit having a
control input COUplal%gcotn igve]:r{err St}tlatolgI tcgllljptlec{) [)et\afvegr{ {}Ieesreggrg ngtput of the differential
transmission line and the signal input of the first pass circuit;
a third inverter having an input coupled to the first output signal, the third inverter
having an output coupled to the second output signal; and
a fourth inverter having an input coupled to the second output signal, the fourth

inverter having an output coupled to the first output signal.

2. The receiver circuit of claim 1, wherein:

the first pass circuit includes a first p channel transistor having a drain, a source
and a gate electrode;

the first pass circuit further includes a first n channel transistor having a drain, a
source and a gate electrode;

the control input of the first pass circuit includes the gate electrode of the first p
channel transistor and the gate electrode of the first n channel transistor;

the signal input of the first pass circuit includes the source of the first p channel
transistor and the source of the first n channel transistor;

the output of the first pass circuit includes the drain of the first p channel

transistor and the drain of the first n channel transistor;



transm ssion line and a signal input coupled to a second output of the
differential transmssion line, an output of the first pass circuit97NGV 2006
providing a first output signal; a second pass circuit having a control

i nput coupled to the second output of the differential transm ssion |ine
and a signal input coupled to the first output of the differenti al

transm ssion |line, an output of the secdhd pass circuit providing a second
output signal; a first inverter that is coupled between the first output of
the differential transm ssion line and the control input of the first pass
circuit; a second inverter that is coupled between the second output of the
differential trandeissgindrpass piscuainichudes & isepoad pi ehgumel dfansibter havisg aplaas, a
circuit; a thiﬁd ipwsnﬁer,having an input coupled to the first output

si gnal , tHEGIIAEASKIETO having an out put coupled to the second out put
signal; and a fourfh sefyRr 88 chant RGP idcNiled aCebbidesl chahnkD Baseeachviist put
signal, the fourth inverter having an output coupled to the first output

si gnal . graimThgoyrecaidagatepleetrade; of claim 1, wherein: the first pass circuit
includes a first p,channel.transi,stor having.a dr.ain sour.c and ate
electrode: the fir8F Bag! ppPERF IR FeonE st rhifyfaBilee d A HrufE of
transi st ggcoRd@y chegnal teindistor aid th%%ﬁﬂ’efé&cﬁrﬂ&is &F tBadeCol ©eftanA€l@iantib@r;cont rol i nput
of the first pass circuit includes the gate el ectrode of the first p

channel transi st ortharfignahépyh et the weendpass gfrcgihdndlydes tha, sagnplethetseeandinst or ;
the signgl, | . i I [ 1z source of the first
p channe?mmbggﬁéﬁg%géngﬁgS@%és@%ﬁ?%%b%?yf%ghaﬁggggﬁnc gnnel transistor; the
out put of the fir sthepagmt of tizuiccondpdsidireuit feludeathe ddhintdfehd kdcsad p chfraenel
transistor and the drain of the first n channel transistor; 27 NOV 2006 16
t he secolansayandithedrain of e seerngd ehgprsd ansistethannel transistor having a
drain, a source and a gate el ectrode; the second pass circuit further

i ncl udes a second n channel transistor having a drain, a source and a gate
el ectrode; 3. The receiver circuit of claim 1, further comprising:

a fifth inverter having an input coupled to the first output signal; and

a sixth inverter having an input coupled to the second output signal.

4, The receiver circuit of claim 1, wherein:

the first pass circuit includes a p channel transistor having a drain, a source and a
gate electrode;

the first pass circuit further includes an n channel transistor having a drain, a
source and a gate electrode;

the control input of the first pass circuit includes the gate electrode of the p
channel transistor and the gate electrode of the n channel transistor;

the signal input of the first pass circuit includes the source of the p channel
transistor and the source of the n channel transistor; and

the output of the first pass circuit includes the drain of the p channel transistor and

the drain of the n channel transistor.

5. An integrated circuit comprising:



the control input of the second pass circuit includes the gate el ectrode of
the second p channel transistor and the gate el ectrode of the secong 7NOV 2006
channel transistor; the signal input of the second pass circuit includes the
source of the second p channel transistor and the source of the second n
channel transistor; and the output of the second pass circuit includes the
drain of the second p channel transistd? and the drain of the second n
channel transistor. 3. The receiver circuit of claim1, further conprising:
a fifth inverter having an input coupled to the first output signal; and a
sixth inverter having an input coupled to the second output signal. 4. The
receiver circuit ot d'(ffeaémialtrawmmsiajnriinetdnm ¢Hip,she pdiesendal teansmissioallind dgviag p
channel %rans$stor haV|ngﬂ% dr ain, % ce an ate el ectrode; the first
pass ci r distand SrepRbeutPHE Frgbe n%lﬁhaﬁacﬁaﬁ A|PRPAAPREY having a drain, a
source and a gate §Hﬁfetrétﬁ’ﬁﬁpecélb€r OQQH@ &P, thm%reﬁflaltrgk%lJek Esthpf@gs Circuit

includes the gate electrode of the p channel transistor and the gate
el ectrode of then channeffirst passsiistivhavinge antgﬂialhput npuptledfo thidirdtiontput plabs
circuit inclu our ce .of tranélﬁtqégand t.he s

ch
the n channel ﬁﬁﬁﬂg?gfg?ﬁnﬁﬂﬂlPH%aBEFpﬂgagﬂnWﬁémPP 0 §e%¥WcﬂVWRurcﬁﬁdes

the drain of Uhfrdhtiahaatelissidreisd, 2h PutRndf tﬂeh@rsﬁﬁzﬁh @lr@lilt pmqulﬁglanﬁﬁloutput
transistor. 5. An integrated circuit conpri si ng: 006 17 a

differential sigaglsmi ssion line on a chip, the dlfferentlal transm ssion |ine

havi fi d d d. bej.
a i ferent al recel vers RorREua AU PRUGFPRFEb R FRedls B FmIRthEG

first pass ci bftHetdiffahiid tancARtbRllink ARUE sE@EPINBGk dodpleo fthd st BlthRUSE thE t he
differential transmi ssion line and a signal input coupled to the second

out put of t hediffrential eprsmzpsien Ang rAnseyti afithe seeend (gspeircudt providing ¢ secopdiss
circuit prOV|%m$gtﬁ@$ﬂrst out put signal;

a first inverter that is coupled between the first output of the differential
transmission line and the control input of the first pass circuit;

a second inverter that is coupled between the second output of the
differential transmission line and the signal input of the first pass circuit;

a third inverter having an input coupled to the first output signal, the third
inverter having an output coupled to the second output signal; and

a fourth inverter having an input coupled to the second output signal, the

fourth inverter having an output coupled to the first output signal.

6. The integrated circuit of claim 5, wherein:

the first pass circuit includes a first p channel transistor having a drain, a source
and a gate electrode;

the first pass circuit further includes a first n channel transistor having a drain, a
source and a gate electrode;

the control input of the first pass circuit includes the gate electrode of the first p
channel transistor and the gate electrode of the first n channel transistor;

the signal input of the first pass circuit includes the source of the first p channel

transistor and the source of the first n channel transistor;



a second pass circuit having a control input coupled to the second out put

of the differential transm ssion line and a signal input coupled to giyeNOV 2008
first output of the differential transm ssion line, an output of the second
pass circuit providing a second output signal; a first inverter that is
coupl ed between the first output of the differential transm ssion |ine and
the control input of the first pass ciré8iit; a second inverter that is
coupl ed between the second output of the differential transm ssion |line and
the signal input of the first pass circuit; a third inverter having an input
coupled to the first output signal, the third inverter having an output
coupl ed to the sectdoupitpeft thei frsalpassapidcudt fnolmdeh thendmirt of thairstgp ashaingput

coupled to the second output.signal, the. fourth inverter having an out put
coupl ed %%nst‘sﬁ%r_ qng&l%et‘g&‘ﬂt(’pg:@?e @fﬂﬂg]aph%.tra?ﬂgoﬁ’pt egrated circuit of claim5s,
wherein: the firstRagsond gt chrcdinmchdesa dedohd $t cHankdlanngktof hansg atddinhavi ng
a drain, a source and a gate electrode; the first pass circuit further

i ncl udes seur¢s ansita gatecdlegtiod; transi stor having a drain, a source and a gate
el ectrode; the congrol input of t. i st ss circuit,includes. the gate

ol sctrode of the f it oeetsdiie Sl ek Fep SRS 3 Gearith S BeL IR B e
first n ghanRabutce ansa sitOlecttdi®; Si gnal input of the first pass circuit

i ncl udes the source of the first p channel transistor and the source of the

first n channel tr&asiostrek inppt pf KiEvVsezowb paskSitchie inelegnstthefeatehdedtiods tof gbss s

circuit includes the drajin the first annel . transistor. and the drain
ot Che 1 oY R Rttt Bll b e b deRb Lo SRERR G0 BEARR RN et S Seaond

p channel transi stk di@l Mpul oftidd Secodd pSBWIrcEit dudes Jid Sovetecst thedeéondhe
second pass circuit further includes a second n channel transistor having a

drain, achwueldensisgr angie sowreetthoreond pehassphtragpisionsad of the second pass
circuit includes tﬁl% (gl?ﬂ‘u? o?lt}?e%e'wﬁ%?p%fs CErtllﬁt includes the drain of the second p channel

transistor and the drain of the second n channel transistor.

7. The integrated circuit of claim 5, further comprising:
a fifth inverter having an input coupled to the first output signal; and

a sixth inverter having an input coupled to the second output signal.

8. The integrated circuit of claim 5, wherein:

the first pass circuit includes a p channel transistor having a drain, a source and a
gate electrode;

the first pass circuit further includes an n channel transistor having a drain, a
source and a gate electrode;

the control input of the first pass circuit includes the gate electrode of the p
channel transistor and the gate electrode of the n channel transistor;

the signal input of the first pass circuit includes the source of the p channel
transistor and the source of the n channel transistor; and

the output of the first pass circuit includes the drain of the p channel transistor and

the drain of the n channel transistor.



second p channel transistor and the gate el ectrode of the second n channel
transistor; the signal input of the second pass circuit includes the7gNVcE0s
of the second p channel transistor and the source of the second n channel
transi stor; and the output of the second pass circuit includes the drain of
the second p channel transistor and the drain of the second n channel
transistor. 7. The integrated circuit ot9claim5, further conprising: a
fifth inverter having an input coupled to the first output signal; and a
sixth inverter having an input coupled to the second output signal. 8. The
integrated circuit of claimb5, wherein: the first pass circuit includes a p
channel transistor9.haviAgnenaly dévige @ngoisinge and a gate el ectrode; the first
pass circuit further..incl.udes an n channel transistor having a drain, a
source and a gate aefhgl@feln es;‘gntaﬂ%eng rol input of the first pass circuit

includes the gate glemieaede @hshilgioR lihdRANElchly A& % BONitr&entBRtFonal
el ectrode of the n channel transistor; the signal input of the first pass

circuit gensratetesthe hdiffsrsatidle trefismibgorp loleahmahg firstansd sseopndarmaitiivite agdubaeg of
the n ch nnelt trgl Si Et oh' damd the output of the first pass circuit includes
the drai f"1'THE By W9 RPBUnsi stor and the drain of then channel

transistor. 2 7 NQViiZRR&Atialk8chver Hn MRIANI Y, tHIQNFEEntED PaREIVSH Edapristhgdi f ferenti al
signal generator; a differential transm ssion line on a chip coupled to the

differential signal genBrsapws cirehiehaing eeenitol diput peuplad toghafirst puiputhafthag
f1rst and secgad oub PHLS.ANLDRL Gy SAEAFLELLZEY 8 hOUBIITRIFS B

differential receiver he rentral receiver Il s

first pass ci digféientifiatyan3ghiionOiel @h ouppLbS haunkteshss eirtdieplovidaly Datpwhtpalf t he
differential transmission line and a signal input coupled to the second
out put of thesigefilfferential transmission line, an output of the first pass

circuit providing a firsg. Qi Bﬁkts circuit having a control input coupled to the second output

of the differential transmission line and a signal input coupled to the first output of the
differential transmission line, an output of the second pass circuit providing a second
output signal;

a first inverter that is coupled between the first output of the differential
transmission line and the control input of the first pass circuit;

a second inverter that is coupled between the second output of the
differential transmission line and the signal input of the first pass circuit;

a third inverter having an input coupled to the first output signal, the third
inverter having an output coupled to the second output signal; and

a fourth inverter having an input coupled to the second output signal, the
fourth inverter having an output coupled to the first output signal; and

a logic circuit on the chip having an input coupled to the first output signal.

10.  The memory device of claim 9, wherein:

the first pass circuit includes a first p channel transistor having a drain, a source
and a gate electrode;

the first pass circuit further includes a first n channel transistor having a drain, a

source and a gate electrode;



signal; a second pass circuit having a control input coupled to the second
output of the differential transm ssion line and a signal input coupljeilVt06
the first output of the differential transm ssion |line, an output of the
second pass circuit providing a second output signal; a first inverter that
is coupled between the first output of 5&6 differential transmssion |ine
and the control input of the first pass“€ircuit; a second inverter that is
coupl ed between the second output of the differential transm ssion |line and
the signal input of the first pass circuit; a third inverter having an input
coupled to the first output si%nal the third inverter having an out put
coupl ed to the sec®agoBRlgoRPUtT gaealirst parg cHCYibineludes e Eatecteqiiade aftherdiBtiput
coupl ed j i ri.er having an out put
coupl ed %%m@ﬁg“@ﬁggfggﬁﬁé§?£§?§ﬁ§ ;°§ﬁﬁ?ﬁ§”§§§%&aé%@§§Fﬁ on the chip having
an input coupled tetsipmaf inpst ofoit st passgeirbit inchites Teesompsrnsf)thél Gyst @echarinet| ai m
9, wherein: the first pass circuit includes a first p channel transistor

havi ng a“@?%?ﬁ?m3ﬂ§6@P5€Ofﬁﬁﬁig”bﬁF@nQF@%$$@ae; the first pass circuit

further includes atﬁlt‘:;(;lﬁ utMoARNARL al@BRduR Q{clu'aéé’ it}{égdﬁagrg[oﬁiatﬂ? fRst §UWhGRI and

a gate el ectrode; 2006 20 'the control 1 nput o irst® pass
circuit imodiucesdtiwedrgatof tied fast n ddandfirahdigof;i rst p channel transistor and
the gate el ectrode of the first n channel transistor; the signal input of
the first pass ci r@ﬁisﬁcqnﬁcl?atﬁ%lé’éc‘{lh@c@’g%ﬁr g &eond pridapngl dfanpystop Bayiag 2 drain, a
transi st g, ahdtNBSQMiGRe0f the first n channel transistor; the output of
the first pass cirtcuit includes the drain of the first p channel transistor
and the drain of tthe skcamsit pass chramngirther anvdidst @rsecdrien shaokH trpassorchavogi 4

i ncludes a.second hanne] transistor having a drain, a source and a gate
el ect r oddraiR RSOUSE AP BUEEIEFI%uUi t further includes a second n channe

transistor having @e control input of the second pass circuit includes the gate electrode of the
second p channel transistor and the gate electrode of the second n channel transistor;
the signal input of the second pass circuit includes the source of the second p
channel transistor and the source of the second n channel transistor; and
the output of the second pass circuit includes the drain of the second p channel

transistor and the drain of the second n channel transistor.

11.  The memory device of claim 9, further comprising:
a fifth inverter having an input coupled to the first output signal; and

a sixth inverter having an input coupled to the second output signal.

12. The memory device of claim 9, wherein:

the first pass circuit includes a p channel transistor having a drain, a source and a
gate electrode;

the first pass circuit further includes an n channel transistor having a drain, a
source and a gate electrode;

the control input of the first pass circuit includes the gate electrode of the p

channel transistor and the gate electrode of the n channel transistor;



drain, a source and a gate electrode; the control input of the second pass
circuit includes the gate el ectrode of the second p channel transisi@MN0dr2606
the gate el ectrode of the second n channel transistor; the signal input of

t he second pass circuit includes the source of the second p channel

transi stor and the source of the second n channel transistor; and the output
of the second pass circuit includes the28rain of the second p channel

transi stor and the drain of the second n channel transistor. 11. The menory
device of claim9, further conprising: a fifth inverter having an input
coupled to the first output signal; and a sixth inverter having an input
coupl ed to the sechnadigna pogut sifghelfirst gg@s cifhgt mshsley thkevowee of thd pialmgel

wherein: the firgt pass circuit includes a p,channel transistor having a
dr ai n, a“&%ﬁ?%émgﬁgﬂgu“ﬁéﬁg“@}%ET %3@?“?ﬂ%a&?rst pass circuit further

includes an n changgloutpi@psths Figst pAa\cirdgit ficRidad e dfhin SOHE pRhaAHE] Rar8Rtd? and
el ectrode; the control input of the first pass circuit includes the gate

el ect r od¢hegtrain jeéths n chhmreh&rndifteinsi stor and the gate el ectrode of the n
channel transistor; 2 7 NOV 2006 21 the signal input of the first pass
circuit includes the source of the p channel transistor and the source of

then channel transistorAs e REmPHEIRGI tn Atedried feirb it aRPSS|esdt ofiélbthet Bigdutdes
the drain of the p channel transistor and the drain of the n channel

transi st ovhereirsthe meegsgied eimewonpluiesi ng an integrated circuit and at | east one

other circuit, wh } he..l r d circuit includes: a differentia
si gnal generator; gﬁgﬁgFéggﬁkﬂg grggﬁénission line on a chip coupled to the

differential signah differestifit @insniidtondiifd @hentdhdy couples b Sthie afiffbrefeal hbgtiang
first and second outputs and being characterized by a | ow band pass, the at
| east onéewseaiel ®Fr difiicrential dgnemistier Uine BAYiRp Biverfngdsesand tqupushiagd being

characterized by a low band pass, the at least one other circuit being a circuit unimplemented on
the chip;
a differential receiver on the chip, the differential receiver comprising:

a first pass circuit having a control input coupled to the first output of the
differential transmission line and a signal input coupled to the second output of the
differential transmission line, an output of the first pass circuit providing a first output
signal;

a second pass circuit having a control input coupled to the second output
of the differential transmission line and a signal input coupled to the first output of the
differential transmission line, an output of the second pass circuit providing a second
output signal;

a first inverter that is coupled between the first output of the differential
transmission line and the control input of the first pass circuit;

a second inverter that is coupled between the second output of the
differential transmission line and the signal input of the first pass circuit;

a third inverter having an input coupled to the first output signal, the third
inverter having an output coupled to the second output signal; and

a fourth inverter having an input coupled to the second output signal, the

fourth inverter having an output coupled to the first output signal; and



a differential receiver on the chip, the differential receiver conprising: a
first pass circuit having a control input coupled to the first output) 730Vt 088
differential transm ssion line and a signal input coupled to the second
output of the differential transm ssion line, an output of the first pass
circuit providing a first output signal; a second pass circuit having a
control input coupled to the second outp#it of the differential transm ssion
line and a signal input coupled to the first output of the differential
transm ssion line, an output of the second pass circuit providing a second
output signal; a first inverter that is coupled between the first output of
the differential &tagiseicadionihs ¢hiphaing arhapweaupled to thefitst ebtputségfal.r st pass
circuit; a second inverter that is coupled between the second output of the
differential transm ssion line and the signal input of the first pass
circuit; a third i nvertThe MambRdieaiteionpidim cNuHeadn:t 0 the first out put
signal, the third inverter having an output coupled to the second out put
signal; and a four th firphRass élfrcwawwgeSa%ﬁrSﬁpwbawﬂﬁpwt@rd»am S@atnE SOUEHUt

si gnal j.nverter having an output coupled to the first out put

si gnal ; %ﬁ%ag&ggk&£b§b06 22 a logic circuit on the chip having an input
coupl ed to the fir gk fustpugs ciseugnfakther ihdudebhefiemehihnderimest@thaeingiandrdia, a
wherein: the first pass circuit includes a first p channel transistor having
a drain, surepidcitateaslectiodgat e el ectrode; the first pass circuit further
includes a first n | ' Vi ' te
el ectrode; the congﬁgﬁggﬁdﬂbhggﬁ?ﬁggﬁP?%fhggégmgﬁgiﬁFéﬂ?%égﬂ{§§°? eigg e

el ect r odehael thasikior atnd the gateaiweabdd sfahsiist ochane ttdneisgat e el ectrode of the
first n channel transistor; the signal input of the first pass circuit

i ncl udes the sour clecienghippt pkthe firgpasmarcuitiipapdss dhosoussraotithe fis grdanst t he

First n ehABRGl T ANSHALQYrind fig, PURHE hsitibe 17t pass cireui t incl udes

the drain of the first p channe
the output of the first pass circuit includes the drain of the first p channel

transistor and the drain of the first n channel transistor;

the second pass circuit includes a second p channel transistor having a drain, a
source and a gate electrode;

the second pass circuit further includes a second n channel transistor having a
drain, a source and a gate electrode;

the control input of the second pass circuit includes the gate electrode of the
second p channel transistor and the gate electrode of the second n channel transistor;

the signal input of the second pass circuit includes the source of the second p
channel transistor and the source of the second n channel transistor; and

the output of the second pass circuit includes the drain of the second p channel

transistor and the drain of the second n channel transistor.
15. The memory device of claim 13, further comprising:

a fifth inverter having an input coupled to the first output signal; and

a sixth inverter having an input coupled to the second output signal.

16. The memory device of claim 13, wherein:



transi stor and the drain of the first n channel transistor; the second pass
circuit includes a second p channel transistor having a drain, a souy&éVas
a gate electrode; the second pass circuit further includes a second n
channel transistor having a drain, a source and a gate el ectrode; the
control input of the second pass circuit_ includes the gate el ectrode of the
second p channel transistor and the gat%3electrode of the second n channel
transi stor; the signal input of the second pass circuit includes the source
of the second p channel transistor and the source of the second n channel
transistor; and the output of the second pass circuit includes the drain of
the second p chanrib¢ first passsiirsuibinciislgs & pecharngl Hansisterdavingaadiainna shaemand a
transistgﬁéd%§kﬂlhe menory device of claim 13, further conprising: a fifth
i nverter®having an input coupled to the first output signal; and a sixth
inverter having anhé mpsitpacoupbEd firthet eehgiles @nth chlnpelt tr&isgisdl havinkba dihtg a
menory device of claim 13, wherein: 2 7 NOV 2006 23 the first pass circuit
incIudes“&“ﬁf@ﬁéﬁﬁ@ﬁmﬁﬂaﬁﬁistor having a drain, a source and a gate

el ectrode; the firgl Bass SRECH Ine' Wit BEL SR YHERIANNE SRABAGT.E ANAL $1 O
having a drain, a Source and a gate efectrode; e conttol 1 nput of ¥ Re
first padgsnfdli@usistot aelthelgse tloargRiof el ediafil @atsistédie p channel transistor
and the gate el ectrode of the n channel transistor; the signal input of the
first pass circuitthe snaawut K& theo fiFss dagy cifqudt icludan Hel sourgeapisthet i chapngl t he
source Oﬁmﬁﬁﬁ)Qn&h%%gﬁk bF A0S RhiHel ki d NG out put of the first pass circuit
i ncl udes the drain of the p channe? transistor and the drain of the n
channel transi st orthe output of the first pass circuit includes the drain of the p channel transistor and

the drain of the n channel transistor.





