l/bYNANIC CMOS CIRCUI TS W TH NO SE | MMUNI TY DESCRI PTI ON BADRGHSUND THE
rNVENTICN Field of the Invention The present |nvent|on generally reI es to
dynan1c conpl ementary netal - oxi de sem conduct or (WSS

particularly, to a high speed CMOS circuits yith i hid ' Nlini ty.
Description of the Related Art In many hi gh Speeg¢ oS

circuit application I h L TT
ef fect transistor (M%&c@%$e%¢g% g
data signal. Oten the input data signal is driven directly |nto a NFET
(n-type FET) device; however, such a receiver cifcuit |acks noise imunity,
the noi se margin being controlled by t RESSREPBEONhe NFET device. A costly
fix to this problemis to buffer the |nput data signal with static

i nverters. SUMVARY OF THE INVENTION It is an Objgft of the present

I nvention to aneliorate one or W%G%H%\%ﬂ I'I or art.

According to one aspect of the invention there is prOV|ded a hi gh speed
M5 _ ' Field of the Invention

The present invention generally relates to
dynamic complementary'metél—oxidé semiconductor
(CMOS) c1rcu1ts .and, more partlcularly, to a high.
speed CMOS c1rcu1ts w1th 1mproved noise 1mmun1ty.

Descriptioﬁ'of the Related Art _ -

In ﬁahy high speed cldcked,dynamic CMOS circuit
aﬁplicationsta receiver circuit in the form of a
stack of field effect transistor (FET) devices are
driven by a clock signal and an input data signal.
Often the inpﬁt data signal is driven directly into a
NFET (n—type FET) device; however, such a receiver
circuit lacks noise immunity, the noise margin being
controlled by the size of the NFET device. A costly
fix to this problem is to buffer the input data

- signal with static inverters.

SUMMARY OF THE INVENTION

It is therefore an object of the present
invention to'provide dynanic clocked CMOS circuits
with impfoved noise immunity.

According to the present invention, the receiver

circuit is modified such that data input is through
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recei ver circuit conprising: first and second stac ed
sconnected between a first node and ground, the sec ) EHISISEEE] $1ASTBEHY g
cl osest to ground; a data input connected to the sﬁcond RERLIAGIR i ce aid

data i nput being noisy; a clock input connected tot TSt NFET device,
said clock input being relatively quiet; a PFET device connected between a

source voltage and-ge NQ&e;iLor fBLebyitBEL1 | SbnRBEL88CLBUgNEERATGNEC @S e @
gate of the PFET device being connected t0 said data mgut so that the PFET

devi ce and the secHIREINFEIPYE\HRELES AF afit2Fved t 2POVenENPFERFRFENPUAL i o
bei ng adj usted to &BFi@d. | NPEttBeHNah DFEP Po-t¥pet PETEbYei iBEOYISNG NOI SE

imunity of the receiver; out put node, coupled_ to said.first nqode b
anot heryi nverter; %ﬁf&f‘?%%%%?’%emgﬁg ¢ HRRLhANE gt anadei FQFmﬁgdg’Yhiygh

and sai d out put nardee | Swaclsedidledle carsd OLuput edeeioés sai Théi PEETaddvieeond

i nputs discharging said fi node. and drivin i p d | gh_via

said other i nvert%ncgn%‘%ab:i#?e ?‘21’%3 (rjrwe%%‘jéhtﬂ%?geg\f?er %ggéﬁagrggg}é‘r Slnng
first node high anicdhveartternut pthe neiignad bwinpet orxiimgee bnanbs heetabpect of
the invention therg4 ided sesyAgrhe AND SidL£Uile COMPELBLRY: L EERSL and
second st acked NFIf%‘ﬂd'gSvtP{cﬁeBs/ connlgf(':.te et ween -a .f]Terst.e node and grgung, t he
second NFET devi c&haft dgie|eamantirrab FRET Lhrestolapirleddfected to the
first NFET deV|cemﬁﬁnﬂkéﬁégﬁeargpgT;NFEm)féﬂig|igﬂa@§gbﬁﬁma@e§9cgﬁg_lnput
connected to the second NFET device, said second input being noisy; a PFET _
devi ce connected E}AEeh %P B AMt¥ye and a node formed by the first

- and-'second NFET To achieve these and other advantages and in

aécordggce*wi;h'yhe'purpose of the-invention, as_ . - -
" embodied and broadly described, the invention
provides for a CMOS receiver circuit with improved

noise immunity, comprising first and second stacked
NFET devices connected respectively between ground
and a first node, an input node coupled to the first
N?ET device closest to ground and a clock node

- coupled to the second NFET device closest to said
first node, a PFET device connected between the input
node -and a node formed by the stacked NFET devices,
the first NFET device and the PFET device forming an
inverter for receiving an input signal, the switch
point of the inverter being adjustable by adjusting
the PFET/NFET ratio of the inverter, thereby
increasing the noise immunity of the circuit.

The above circuit arrangement may be used in a
variety of applications including, but not limited
to, CMOS receivers, dynamic AND/NAND gates, dynamic
multiplexing circuits and dynamic differential input
circuits. It is to be understood that both the
foregoing general description and the following

detailed description are exemplary and are intended
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devices, a gate of the PFET device being conn ; s
that the 2 PFET device and the second NFET i nvgrter, t he

i nproving noise imunity of the receiver; an_output node coupled to said
first node by another inverter; and restore feans for precharging said

first node high a ai d out put_node |o si mul t aneoys occurrence of said
first and secgnd ir%g)ptsﬂrsovcﬁcgechéfﬁﬂh%r s%’f%iﬁrﬁrs’to"ho%tg éhﬁj WYSTHY°Rafd out put
node hi gh via sai ¢latiyed.i nverter and said restore neans thereafter again
precharging first node high and said output node |ow. According to stil
anot her aspect of the invention there is provided a dynam c' CMOS

mul tiplexer circuit conprisiBPREEF {PRSCREPTIL QR CONITRE RBAWINEET devi ces
connected between a first node and ground, the second NFET devi ce being
closest to ground; a first control input connected to the first NFET

‘device, said first conttPi HoRs@C 138 A atae aby sqliset 2speqtistanfita i nput |
connected to the aa@ahdakjEEngqw R beitdd Urﬁelr?,%b%dl ffgl&m Qﬂidéﬁgf nflmsaé; b;l
first PFET device_.connecte twee sour,ce voltage and a node fo
the first and secSﬁgEﬂﬂé?gdgﬁgéggfﬁa%§§ﬁ§lﬁﬁl@ﬁeOﬁiPsPrPﬁEFqﬁQ.ng .

. embodiment of the invention with reference to the
drawings, in which: _
Figure 1 is a schematic diagram of a dynamic AND

 cir§uit_incorporating a conventional CMOS receiver
Cércpit;;-__ . L B ~ - T

" Figure 2 is a schematic diagram of the dynamic
AND circuit with “the improved CMOS receiver circuit

in accordance with the present invention;

Figure 3 is a schematic diagram of the"receiver
circuit according to the invention employed in a
dynamic multiplexing circuit; and

Figure 4 is a schematic diagram bf the receiver
circuit according to the invention employed in a

differential input application.

DETAILED DESCRIPTION OF A PREFERRED
EMBODIMENT OF THE INVENTION

Referring to the drawings, and more specifically
to Figure 1, a dynamic AND circuit incorporating a
conventional high speed receiver circuit is first
described to illustrate the problem solved by the
invention. The AND circuit receives a clock signal
(CLKL) , an input data signal (IN), and an externally
initiated restore (RST) signal. It is understood
that if the RST node is grounded, the circuit would
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connected to the first data input so that the first PFET device and the
;second NFET device forma first inverter, the PFET/NFET ratio of the first
inverter being adjusted to set an input signal trip point, thereby

| nproving .noi se immunity of ;the first data input of the dynamc

mul tiplexer; third and fourth stacked NFET deVi ces connected between said

first node and gro the fourth NEET dewvice .hei ng, closest to.ground, said
first node being c%%g:gc e tséﬂaf; SRR 525 % dcon lﬁ%\FgﬁC& S %%L:Johﬁ
control input connérpPagatldyt Hatehinad INFIEEdraited asel dpusiecondvioarsa ol theput

being relatively quh8hi .@a3&C tad e ol { aurih NFET
devi ce, said second ?ngut ab%i_%gq%r?%‘?s%;sl %%g‘tgéo%%%%&%?dé%h\%?c%%c%nrhoeﬁ%ﬁ
bet ween a source vol t agéMaftigd FdFEVHE, nad LBy Sth¥FER devime flourish e

devi ces, a gate oftaheeaeqoedtBEEIngaitnaa%gnasﬁhgd ng)h%osw%l L@ ¢ nput
so that the second,;{EETldeilcl ce antdl the fourth NFET device forma third
inverter, the PFETHRBEFPSE §18Pathd LKLY d 1PndBPREr then 55PN IEETR 0 set

an input signal trdevpoentia theckby beRwevnNYFRYI gevi@sunbt wndl dddrecond

data i nput of the L.C L'tiplexer;. and restore neans for precharging
said first node hig%@g% ggﬁﬁgggt BRETREYER 8&/,-.IcgfenﬁFF5Hé5usaﬁcEdwnﬁeeﬁge of
sai-d first and secoedei hpuis preshargedi higapdahduthé bupptt siogiehansgiing
said first node angh-gkhyi885S 7 . Pk hi gh vj ai;d_secoqnd i;nverter
and said restore %ans ttgr ea??‘gr.ggéa%v%?ggﬁa?gf.ngbﬁﬁs?e?{&&? iqgﬂ‘sa'nd )
sai d output node |YREVER EY DEGERFET| ZN TF mMEnDRIWI NEEs precharged -
' . ‘state. ST S : _
- An _input. data signal (IN}).on- the gate of NFET __
"deﬁice'lz_biases_théf device into conduction, and
—  when ‘the clock signal (CLKL) is pulsed at the gate of
NFET device 14, the node 16 is discharged, driving'

output node 18 high through inverter 20. In the
restore operation, after the clock signal (CLKL) has
pulsed, the restore signal (RST) goes low, driving
node 16 back high via the NAND gate 24, inverter
chain 26 and PFET device 28, and the output node 18
low via the same NAND gate 24 and inverter chain 26
and_NFET device 32. With the output node 18 low, the
output of NAND gate 24 goes high, turning off PFET
device 28 and NFET device 32. The circuit is then
restored to its precharge level.

Returning to the receiving circuit comprising
NFET devices 12 and 14, a chronic problem for these
conventional receiver input circuits is they lack
sufficient noise immunity because the input signal is
driven directly into a NFET device. The voltage
threshold, v, typicaliy 0.4 volts, is the switch
point of the NFET device. Also, the NFET device

itself accounts for a certain amount of noise in the



The foregoing and ot her objects, aspects and advantages wil|l be better
sunderstood fromthe follow ng detail ed description of a preferred

enbodi ment of the invention with reference to the draw ngs, in which:
Figure 1 is a schematic di agr am of a dynami c_AND circuit incorporating a

conventional CMOS receiver ci rcwt REPLA?:ENENT SHEET 3 Fi gure 21is a
schemati c dlagramof thed nant c ulé%e#[ththe | nprove
receiver circuit i accordante’ W hp? " pr YR eht T mﬁﬁﬁr'@a§gr"§‘ a

schemati c di agr amisf adrerekd dry cthenﬁ’ﬂE'haimmhengMo th_e I nvention
enpl oyed in a dynam ¢ gy td,pl &g fg G4 QldycdhdddYis do | Snd SEPEERLI ©

di agram of the reteiver circurt according I hVentT on enployed in a
differential inputhgpginmu |Simn2[ETﬂﬁq_@lt£SCNSIEﬁ Gt A PREFERRED

EMBODI MENT  OF THEthEJ-‘{EJrg\' '%EiIéH fa{é"gnwéztél&sdfﬁwa!}gﬁ 3 ANsh & €in
specifically to F'%ghie 1. AE?Q(%hlS increases the noise immunity of
the circuit, .it slows down the circuit significantly.
NOR type 'inputs have also been used to reduce noise
in DRAM (dynamic random acceés memory) devices, but
“they also slow the circuit down.
In llght of the foreg01ng, there exists a need
 for a CMOs recelver circuit with 1mproved noise
~ o 1mmqglty in. high sggﬁg circuits. Tge_sglutxgn to the”
SR noise immunity problem should not significantly slow
| down the circuit. _ R i
Figure 2 shows the circuit of Figure 1 modified
according to the present invention. In Figure 2, the
CMOS receiver circuit is modified by inverting the
stacked NFET devices 12 and 14. This places the
clock signal (the quiet signal) NFET device 14 at the
top of the stack, and the input signal (the noisy
signal) NFET device 12 closest to ground. In
addition, a PFET device 36 is added between the
source voltage,'V“, and the node 38 between the NFET
devices 12 and 14. The input signal (IN) is
connected to the gate of PFET device 36. Thus, the
input signal sees an inverter comprising PFET device
36 and NFET device 12. The threshold voltage, V,,
seen by the input data sSignal (IN) can be adjusted
based on the device strength ratios of PFET 36 and
NFET 12. Device strength as used herein is defined
as the amount of current a device is capable of
conducting. The inverter's switch point can be

adjusted by altering the size ratios of PFET 36 and



circuit incorporating a conventional high speed receiver circuit is first

. described to illustrate the problem solved by the invention. The AND
circuit receives a clock signal (CLKL), an input data signal (IN), and an

externally initiated restore (RST) signal. It is understood that if the RST

node is grounded, the circuit would 4 be®one a self-restore CIrCUIt The

clock signal ist |caIIy I nt erpal . enerated and.qui et, whereas t
i nput . dat a signaﬂ%f g%%erEPEHGBYf éﬁgﬁvéﬁa ﬁBF59°1gﬁ ﬁﬁpgnéFﬁbﬁﬂzt first

NFET device 12 iscimssedito receive the input data signal (IN) to the

circuit. The clock Slgﬂﬁé ég%g% L¢ |n§ggtag §?§gﬁgggéygﬁ¥ Q%%&%% 14

st acked between NFET devic . operation of the
circuit, at t|rma#tﬂ¢¢9h@dka§80|snppévhargebahﬂgﬂ;nandfthbeoutput node 18

s preCharged"“%é%fﬁlﬂyﬁéée ., PEEdedfVbECLRE ESrdhi¥ednBY nbhwerter 20
to maintain t his "prec 3 . . .
margin. Specifically, increasing the size of PFET 36
will improve the noise margin but it will hamper the
performance of the dynamic AND circuit. Good noise
~immunity and adequate performance may generally be
realized when the device strength of the PFET device
© 36 1s about one—elghth to one—quarter the strength of
NFET device 34.
) The receiver c1rcu1t accordlng to’ “the. 1nventlon ;
- o Tﬂls not llmlted to the dynamic AND circuit of Flgure 2.
-and can be used in any application in thch high-
speed (AND/NAND) circuits are needed and one of the
input signals requires additional noise 1mmun1ty

Figure 3 depicts a dynamic multiplexing circuit

utilizing the principles of the present invention.
In Figure 3 the noisy data inputs would be connected
to input nodes 42 and 44. The control inputs that

" arrive early and can be locally ﬁuffered are
connected to input nodes 46 and 48. The input signal
at node 42 sees an inverter comprised of transistors
52 and 54, while the input signal at node 44 sees an
inverter comprised of transistors 56 and 58. The
inverter PFET/NFET device strength ratios for the
present multiplexing embodiment would be the same as
the embodiment of Figure 2.

Figure 4 depicts a differential input
applicetion of the invention. Here the noisy data
inputs are connected to nodes 62 and 64. These noisy
inputs are respectively connected the inverter
composed of NFET device 66 and PFET device 68 and the



state. An input data signal (INT)on the gate of NFET device 12 biases
.that device into conduction, -and when the clock signal (CLKL) is pul sed at
the gate of NFET device 14, the node 16 is discharged, driving output node
18 high through inverter 20. 1In the restore operatlon after the clock
signal (CLKL) has pul sed, the restore signal (RST) goes low, driving node

16 back high via t ND gate 24, Jiny. I, chai.n 26 _and eyice

and the out put nonngél gvlvgwogptqﬁeedsaréb{ﬁgﬁ acy are 2 zaﬁ&"fﬁ;e%rf e‘f:“n%?n 26
and NFET device 3274Wtﬁ‘hteh§emm@tlnm¢e si§nladw, clloekowirporofrdNANTIgrate 24
goes hi gh, turni ngepkf E§E£§ % P i Meblcdevhee i HIACIGfILo) S

then restored to ifs precha rning to the receiving circ
- conprising NFET deineBE in %he two stelwkeni c problem for these conventlonal

recei ver input circuitsyh$ibhenel aekenitfibnChal! baehs BestRYNdd ReGalisss t he

Input signal is of the embodiments described above, those skilled in
the art will recognize that the invention can be
practiced with modification within the spirit and

scope of the appended-claims}



driven directly into a NFET device. The v (A — i

;0.4 volts, is the switch point of the NFE WSI%ETM%B:EM hﬂt}“ﬂ@ﬂﬁ“!m”m
itself accounts for a certain anmount of ngise i REFIRCED 5 s rownds =
path. In Figure 1 the noise margin is cont device 22. In

an effort to reduce input noise and buffer t®he input si gnal, sonme have used
static |nput I nverters, such as inverters 34 and 36 shown in Figure 1.

While this increases the noise | mruni ty of L2A¥Scircuit, it slows down the
circuit significantly NOR type inputs have al so been used to reduce noi se

i n DRAM (dynam c rando acces no, devic but t he o sI
circuit down. In |ight Sﬁlﬁﬁé%?ﬁF;é%¥%§'%Fﬁ5 Jéy Theé "e1dsn

as new and desire to secure by Letters Patent is as

follows:

1. A high speed CMOS receiver circuit comprising:
first and second stacked NFET devices connected_
between a fi:st-node and ground, the second NFET
device being closest to ground;
a -data input'connected to the second NFET
device, said data 1nput belng noisy; :
- - ) - a clock_lnput connected to the flrst NEET- . — =
dev1ce, said clock input being relatlvely qulet and
a PFET device connected between a source voltage
and a node formed by the first and second NFET
devices, a gate of the PFET device being connected to
said data input so that the PFET device and the
second NFET device form an 1nverter, the PFET/NFET
ratlo being adjusted to set an input signal trip
point, thereby improving noise immunity of the

Yeceiver.

2. The CMOS receiver recited in claim 1 wherein the
PFET/NFET ratio is approximately one—eighth to one-

quarter.

3. A dynamic AND circuit comprising:

first and secondlstacked NFET devices connected
between a first node and ground, the second NFET
device being closest to ground;

a first input connected to the first NFET
device, said first input being felatively guiet; and

a second input connected to the second NFET

This Sheet Has Been Replaced
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fnr a CMCS receiver cir d noise imumnity in high speed
.circuits. The solutionf mllml "muy ni ty wgﬁﬁﬁhgglgtg&o
significantly sl ow down thecci¥cunt.s Figure s OW§gﬁm;~ygwnut of Figure 1

nodi fied according to the present |nvent|on receiver
circuit is nodified by inverting the stackea NFET deV|ces 12 and 14. This

pl aces the clock&%&Hg% (£$§?q ég&nglgg gnaFFIﬁFE¥&§§vl4 at the top of the

stack, and the input srgn € Nnol sy ice 12 closest to
ground I n addition, aaF¥EHTd@eve@e360nsea§qédbbéwaeenatﬁeuséer@@lﬁ@nﬁage

Vdd, and the ”Od%n§§ Qeﬁ&ﬁgnfépﬂe&FEg:gﬁ¥'§§§s%2aﬁ8dsééonahﬁFE@pUt si gnal

(IN) IS connected to the gate of devi ce . . Thus, ,the input signal

sees an inverter OMFESI iy FHET okvFke BEERdeXEFES Beingecennegted to
threshol d vol t agesaj®rédcoseeinpyt 6 tRRL! tHat arergaalickNanaagnke

adjusted based on Lhe deVigf 340 L09 Fol R 105 e FEE, 38n8 Brer /NrET

ratio being adjusted to set an input signal trip

point, thereby improving noise immunity of the
receiver; .

an output node coupléd'to said first node by an
1nverter, and |

é restore means for precharglng said flrst node
,hlgh and said output node low sxmultaneous-_
occurrence ‘of said first and second inputs
- ‘ - dlscharglng said first node and d;1v1ng said oufput
. node high via said inverter and séid restore means

thereafter again precharging first node high and said

output node low. : .

4. The dynamic AND circuit recited in claim 3 wherein
the PFET/NFET ratio is approximately one-eighth to

one—quarter.

5. A dynamic CMOS multipiexer circuit comprising:

first and second stacked NFET devices connected
between a first node and ground, the second NFET
device being closest to ground;

a first control input connected to the first
NFET device, said first control input being
relatively quiet;

a first data input connected to the second NFET
device, said first data input being noisy;

a first PFET device connected between a source

voltage and a node formed by the first and serond
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NFET 12. Device stren n i s defined-—as=tHe—any of current
a device is capable o “@ i ﬂ i“ﬂ‘ i nver t @r rgisBMBRETH! ?n? clan be
adj usted by altering t t|05*o PFET '6 andREPL!EC t her eby

i mproving the noise imunity of the circuit,. The—chHorce a partlcul ar
PFET/ NFET device strength ratio involves allS’aI anci ng of the per f or mance

I.e., speed) of rcui t and nQi e |1y, increasing the
gl ze of IF;FET) 36 \R‘n% drﬁ)rl(ﬁ/es’t e %% %e rgl rqfltiust[{ %{#% ?‘rper t he
performance of t mmm& i\ hoe ritiist dedwd Jm'pLSE_scmmmﬁ yeleendf mdelquat e
performance may gepal Hdw earx{?dﬁ"ﬂr?ee%é@b‘%{h »Presh Qi SHeSt cﬁ:ﬂl?té‘ Pirdpe PFET

device. 36 is about one-eighth to one-quarter e streng
inverter, the PFET/NFET ratio of the first inverter

being adjusted to set an input signal trip point,
thereby improving noise immunity of the first data
input of the dynamic multiplexer; -

| third and fourth stackéd NFET devices connected
between said first node and ground, the fourth NFET
device being closest to ground;

a second control input connected to the third

NFET device, said second control input being

o - relatlvely-qulet, S f; T T T o —
R : T a second data 1nput connected to the fourth NFET
o ‘device, said second input belng noisy; and

a second PFET device connected between a source
voltage and a node. formed by the third and fourth
NFET devices, a gate of the second PFET being
connected to the second data input so that the second
PFET device and the fourth NFET device form a second
inverter, the PFET/NFET ratio of the second inverter

~ being adjusted to set an input signal trip péint,
thereby improving noise immunity of the second data
: inpﬁﬁ'of the dynamic multiplexer.

6. The dynamic CMOS multiplexer circuit of claim 5
wherein the PFET/NFET ratios of the first and second
inverters are approximately one-eighth to one-

guarter.

7. A dynamic CMOS differential circuit comprising:
first and second stacked NFET devices connected
between a first node and ground, the second NFET

device being closest to ground;
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NFET devi ce 34. The receiver ci | ording to the invention is not
<limted to the dynamc ﬂ uli mﬁmmﬁﬁﬁure 2 —he—gset” any
application in which hi D) cir tmﬂsS&EéTm§§6@65§§ one of
the input signals requires additional noise._i ni t \REMIARRRL 3 dgpicts a
dynamic nmultiplexing circuit utilizing the i B f—the present

I nvention. In Figure 3t i at.a | t ld b nnect ed L oput
nodes 42 and 44. The.cgn I‘q'g%?-'l %&sﬁ%é{%'pa%roﬁn\\%%eegr I";%/) %ﬁl csaercl:qone& ﬁqo}tzga]]lol y
buf fered are conndeveédet ospagutt imsdedad® dmgpur8belhg NPy ;si gnal at node

ar ) 4 & at nc
42 sees an inverter cogprised Srelr AVISLOLSAZ-RAA BAc A & Wik daput

signal at node 44 sees an I nverter conprise transistors
i nverter PFET/ NFEMOYE3IPRe2B angorer forsedf by the ghss&nenguissiganski ng

embodi nent  woul d Meet h@etaaBsgs at hatembgdichent jek+Fpgrfrenéinki gure 4
depicts a dlffer%&éﬁﬁéc£2§“%o-the first data input so that the first
PFET device and the second NFET device form a first
inverter, the PFET/NFET ratio of the first inverter
being adjusted to set an input signal trip point,
thereby improving noise immunity of the first data
input of the differential circuit; _
third and. fourth stacked NFET devices connected
_ _ between a secénd node and ground, the fourth NFET. - -.
devicé“beinéféloéégf fo ground; - ' i

a second data input connected to the fourth NFET
device, said second input béing noisy;

a second PFET device connected between a source
voltage and a node formed by the third and fourth
NFET devices, a gate of the second PFET being
connected to the second data input so that the second
PFET device and the fourth NFET device form a second
invertexr, the PFET/NFET ratio of the second inverter
being adjusted to set an input signal trip point,

thereby improving noise immunity of the second data

input of the differential circuit; and
a control input connected to the first and third
NFET devices, said clock input being relatively

quiet.

8. The dynamic CMOS differential circuit of claim 7
wherein the PFET/NFET ratios of the first and second
inverters are approximataly one-eighth to one-

gquarter.

. This Sheet Has Been Replaced




appficatlon of the invention. Here the noisy data inputs are connected to

Anodes 62 and 64. These noisy inputs are resaee%rve%y—connected the inverter
conposed of NFET device 66 and PFET deV|ce H&Qﬁﬂdhﬁgmhnverter

conposed of NFET device 72 and PFET devi | nput signal,
clock or control signal CLK, is applied t e N MMHE ‘Land 78- at the
top input in the two stacks. Wile tB&- escribed in

ternms of the enbodi nents descri bed above, thoSe ékilled inthe art wll
recogni ze that the invention can be practiced with nodification within the

spirit and scope §¥nANEcaBROBICEREUBTHE WITH NOISE IMMUNITY

ABSTRACT

Dynamic CMOS circuits are provided with improved noise
immunity. These circuits comprise first and second stacked
NFET devices (12, 14) connected respectively between ground
and a first node. An input node is coupled to the first
'NFET device (12) ¢losest to ground and a clock node coupled
to the second NFET device (14) closest to the first node.
A PFET device (36) is connected between the -input node and
a node (38) formed by the stacked NFET devices (12, 14).
The first NFET device (12) and the PFET device (36) form

- —an inverter for-receiving an input signal. (IN), the. switch
point of the inverter being adjustable by adjusting the
PFET/NFET ratio of the inverter, thereby increasing the
nolse immunity of the circuit.

Figure 2 -



=

8 CEAIM5 1. A high speed CMOS receiver circuit conprising: first and
“S&cond stacked NFET devices connected between a first node and ground, the
‘second NFET device being closest to ground; a data input connected to the
second NFET device, said data input being noisy; a clock input connected
to the first NFET device, said clock input being relatively quiet; a PFET

'~ device connected between a source voltage and a node forned by the first

and second NFET devices, a gate of the PFET device being connected to said
data input so that the PFET device and the second NFET device form an
inverter, the PFET/NFET ratio being adjusted to sef an input signal trip
poi nt, thereby inproving noise immunity of the receiver; an output node
coupled to said first node by another inverter; and restore neans for
precharging said first node high and said out put node |ow, sinultaneous RST
occurrence of said first and second inputs discharginpg said first node
driving said output node high vja sabg ot her A

nod

Anverter~and-sai-dyr or
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-2.. The CMOS receivei recited in claim 1 wherein the PFET/NFET ratio is
gpprOX|nater one-eighth to one-quarter. 3. A dynamc AND circuit
conprising: first and second stacked NFET devices connected between a first
node and ground, the second NFET device being closest to ground; a first

i nput connected to the first NFET device, said first input being relatively
qui et; a second input connected to the2§écond NFET devi ce, said second

i nput being noi sy; a PFET devi ce connected between a source voltage and a
node fornmed by the first and secopnd NFET devices, a gate of the PFET device
bei ng connected to said second in so t hat ﬂﬂﬁ PFET devi ce and the second
NFET device forman inverter, the HBFET/ NFET ram’o being adjusted to set an

i nput signal trip point, tHﬁﬂéby—H rovi ng noi y of the receiver;
an out put node coupled to said fir node by afot her |nverter and restore
sald

means for precharging said first ngde_hi gh and ut node b
. si mul taneous occurrence of idfifst and second |np 'dr schar ﬁglsald
- first node and driving said Odt put {node high vila said othe |nverter and
" said restore neans theregafte It prechargin ’first Eﬂde igh and said

out put node | ow. 59 dd
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4. » Thesdynamic AND circuit recited in claim3 where |2/ Titio
i s approxi mately one-eighth to one-quarter. 5. A EXFEEEC El‘:ﬁcwkﬁ

mul ti pl exer circuit conprising: first and second staclﬁe WflUﬁe

connected between a first node and gr ound,! the secon ‘device 'h'h‘i g

cl osest to ground; a first control input connected to the f| rst NFET
device, said first cDY¥YNAMIGEMOSECIRCUETSWIRH NQISEIMMUNITYt data i nput
connected to the second NFET devi ce, pgRicRIPTION data i nput bei ng noisy; a

first PFET devi ce connected between a source vo a node forned b
the first and second NFET dBACKGRQUYD QFOTM??B&ZET bei ng connec%/ed

Ejo fthe ]1:| rst d?ta | nput so that ht hFieidbﬁtheEﬁEInﬁkﬁyl ce and the second NFET
evice forma i nverter, the P ET/ er
bei ng adj ust ed JFB"’ pEssent InySTLion sEpefAty Nﬁ) @”ﬁbﬁc %{gﬁlg%e %@OW@&&. se
i Mmuni ty of seinfieoiducedr (GMGS) cipeitits abd merejpmmmlm’lmmal lpgbxmed GCMOSccizgudts -

fourth stackes cted between said first node and ground,
the fourth N r&lggé%ege P ng c ﬁ’gest to ground sal d first node being
connect ed Description of the Related

In many high speed clocked dynamic CMOS circuit apphcations, a receiver circuit
in the form of a stack of field effect transistor (FET) devices are driven by a clock signal
and an input data signal. Often the input data signal is driven directly into a NFET
(n-type FET) device; however, such a receiver circuit lacks noise immunity, the noise
margin being controlled by the size of the NFET device. A costly fix to this problem is
to buffer the input data signal with static inverters.

SUMMARY OF THE INVENTION

It is an object of the present invention to ameliorate one or more disadvantages of
the prior art.

According to one aspect of the invention there is prov1ded a high speed CMOS
receiver circuit comprising: first and second stacked NFET dévices connected between a
first node and ground, the second NFET device being closest to ground; a data input’
connected to the second NFET device, said data input being noisy; a clock input
connected to the first NFET device, said clock input being relatively quiet; a PFET
device connected between a source voltage and a node formed by the first and second
NFET devices, a gate of the PFET device being connected to said data input so that the
PFET device and the second NFET device form an inverter, the PFET/NFET ratio being
adjusted to set an input signal trip point, thereby improving noise immunity of the
receiver; an output node coupled to said first node by another inverter; and restore means
for precharging said first node high and said output node low, simultaneous occurrence
of said first and second inputs discharging said first node and driving said output node
high via said other inverter and said restore means thereafter again precharging first node
high and said output node low.

According to another aspect of the invention there is provided a dynamic AND
circuit comprising: first and second stacked NFET devices connected between a first
node and ground, the second NFET device being closest to ground; a first input
connected to the first NFET device, said first-input being relatively quiet; a second input
connected to the second NFET device, said second input being noisy; a PFET device
connected between a source voltage and a node formed by the first and second NFET
devices, a gate of the PFET device being connected to said second input so that the



to-an out put by a second inverter; a second control [FpEE=eoiected Lo |t he
third NFET device, said second control input being rsI%ﬁRWWEﬁW%ﬁFE%
second data input connected to the fourth NFET device, sal S qgg; npu
bei ng noi sy; a second PFET device connectéd between & émt age-anfd a
node formed by the third and fourth NFET devices, a gate or the second PFET
bei ng connelRFET demcelaed:f.m:smdndjaleE’ll‘ deytice foomtandnvertee, the PSTRT/NEET tasioi heingand
the fourth A}szs Y isEf Boirn tasi b ﬁ'lﬂ bt { ﬁ{erebtyhﬁnﬁ%gﬂg'\lﬁgﬂ_e rlﬁ‘ltl'ﬂlﬂll fofhﬁe

third invert eing a jUS

—

n_i nput Si ere
i mprovi ng n'iS‘P%lge‘i A RYS ngde Pﬂ'&’lg‘igbﬁ%d fizst gode by, gnqag?pert %ﬂﬁt ;Jestor mea}{s
- mul tipl exerfor P g)rssldrm&ﬂnod@hlghrmrmnomgutsmdé 16w, stmlﬂmieoﬁy odtusresce

Thputs of ¥ fﬁir?toargiﬁe%% et SRS it e e i S5 e

drivi ng saihighwigsaid otice itvegtar anchsmd restare oeans thnmaftemgaunprechargmgeﬁnsb nede

nmeans t her in.or ng first node high and sai d out put node
| ow. 6. qﬁkﬁ%éy%%%déﬁ V Hé{ﬁ(ﬁ] pl exer CI rcuit of claim.5 wherein the

PFET/ NFET r at i oAcesrdingetor stilk tanaﬂ@r 28p%sh o | the dRYeation fhereajspproyideg: & dynamic
one- ei ght h CMOS'em8lPIéRE - circuit comprising:  first and second stacked NFET devices

connected between a first node and ground, the second NFET device being closest to
ground; a first control input connected to the first NFET device, said first control input
being relatively quiet; a first data input connected to the second NFET device, said first
data input being noisy; a first PFET device connected between a source voltage and a
node formed by the first and second NFET devices, a gate of the first PFET being
connected to the first data input so that the first PFET device and the second NFET
device form a first inverter, the PFET/NFET ratio of the first inverter being adjusted to
set an input signal trip point, thereby improving noise immunity of the first data input of
the dynamic multiplexer; third and fourth stacked NFET devices connected between said
first node and ground, the fourth NFET device being closest to ground, said first node
being connected to an output by a second inverter; a second control input connected to
the third NFET device, said second control input being relatively quiet; a second data
input connected to the fourth NFET device, said second input being noisy; a second
PFET device connected between a source voltage and a node formed by the third and
fourth NFET devices, a gate of the second PFET being connected to the second data
input so that the second PFET device and the fourth NFET device form a third inverter,
the PFET/NFET ratio of the third inverter being adjusted to set an input signal trip
point, thereby improving noise immunity of the second data input of the dynamic
multiplexer; and restore means for precharging said first node high and said output node
low, simultaneous occurrence of said first and second inputs or said third and fourth

inputs discharging said first node and driving said output node high via said second
inverter and said restore means thereafter again precharging first node high and said
output node low.
BRIEF DESCRIPTION OF THE DRAWINGS

The foregoing and other objects, aspects and advantages will be better understood
from the following detailed description of a preferred embodiment of the invention with
reference to the drawings, in which:

Figure 1 is a schematic diagram of a dynamic AND circuit incorporating a
conventional CMOS receiver circuit;
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1 O NFET devices, a gate of the first PFET being conn
data input so that the first PFET device and the seco
first inverter, the PFET/NFET ratio of the first inve
set an input signal trip point, thereby ifprovingnois
first data input of the dynamic nultiplexer; third and fourth stacked NFET
devi ces connectBigufe? e schematic idiageamd dise dyramie ANDI cirtdie withuthe impdokéd

devi ce bei e . gr. ) I3 AT .connected to the
o, <o\ 2EnERAS Rl BB Ry BEE PR GEPLER iRRpe ot o0 o ¢
second data i npHigurod e sehemagicdingram of the IFETerRitcuEaccerding todhe HEYentignut
bei ng noi Syém@69e@.ir§§agﬁﬂnielﬂﬁgﬁxh%%iﬁﬁﬂpm ed between a source vol tage
and a node fo r’rlgd bg/t_ e third and fourth . N . . .
. igure 4 is a schematic diagram of the receiver circuit according to the invention
employed in a differential input application.
DETAILED DESCRIPTION OF A PREFERRED EMBODIMENT
OF THE INVENTION
Referring to the drawings, and more specifically to Figure 1, a dynamic AND
circuit incorporating a conventional high speed receiver circuit is first described to
illustrate the problem solved by the invention. The AND circuit receives a clock s._ignal
(CLKL), an input data signal (IN), and an externally initiated restore (RST) signal. It is
understood that if the RST node is grounded, the circuit would




NFET devi ces, a gate of the second PFET bei ng connected to the second data
second inverter, th i A of tge second i nyer : e
to set an input si gnal trip point, thereby inproving moise i tlhe
_ oo VRS
mul tiplexer circuit of claim5 wherei nGLAIMSET/ NFET
and second j, nvmgﬁfawmesq&%eaﬁuﬁ%mgf&g h to one- quarter. 7. A
devi ces connect'# sheand stackedNFHE sevieasicopnectad betwesn aditshaoderml greund,e
bei ng cl osaké sécond NEET devibé Beibh @Risesdtias ghnrmd; Repl aced
a clock input connected to the first NFET device, said clock input being relatively
quiet; ‘
and second NFET devices, a gate of the PFET device being connected to said data input
so that the PFET device and the second NFET device form an inverter, the PFET/NFET
of the receiver; _
an output node coupled to said first node by another inverter; and
simultaneous occurrence of said first and second inputs discharging said first node and
driving said output node high via said other inverter and said restore means thereafter
2. The CMOS receiver recited in claim 1 wherein the PFET/NFET ratio is
approximately ohe-eighth to one-quarter.
first and second stacked NFET devices connected between a first node and ground,
the second NFET device being closest to ground;

| nput so that the s and the fourth N A
REPRLCESTNT Stifiistled
second data input of the dynam c multiplexer. 6. The
dynamic CMOS differestial circult cogr I Si'n rst and second stacked NFET
a data input connected to the second NFET device, said data input being moisy;
a PFET device connected between a source voltage and a node formed by the first
ratio being adjusted to set an input signal trip point, thereby improving noise immunity
restore means for precharging said first node high and said output node low,
again precharging first node high and said output node low.
3. A dynamic AND circuit comprising:
a first input connected to the first NFET device, said first input being relatively

quiet;

a second input connected to the second NFET device, said second input being
noisy;

a PFET device connected between a source voltage and a node formed by the first
and second NFET devices, a gate of the PFET device being connected to said second
input so that the PFET device and the second NFET device form an inverter, the
PFET/NFET ratio being adjusted to set an input signal trip point, thereby 1mprov1ng
noise immunity of the receiver;

an output node coupled to said first node by another inverter; and

restore means for precharging said first node high and said output node low,
simultaneous occurrence of said first and second inputs discharging said first node and
driving said output node high via said other inverter and said restore means thereafter
again precharging first node high and said output node low.

4. The dynamic AND circuit recited in claim 3 wherein the PFET/NFET: ratio is
approximately one-eighth to one-quarter.
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I nput bei ng noi sy; ﬁﬂﬂgﬂmﬂﬁ g’cjg“lce connect ed betwee -:.a::SFEH-Ft’E"
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t hereby i rmr OMVfiifd0ambbstOnd SELKEd NFET defoef toidecdadbaivedn ! fildf nddteand round
differenti ourth sta ked NFET devi ces connect ed

ci r and
bet ween a@"eé %%Télﬁ?ﬁwa#’mﬁ&m?ﬁé% h NFET device being closest to
ground; a secmcﬂirsimmhmnutmnn@cmecbd) the fitse NFET tdeviseFdaid efirse eonteali idlput
second in%h.l %@eﬁp@ﬁ& a second PFET devi ce connected between a source

vol tage a med by the third and fourth
a flI'St data input connected to the second NFET device, said first data input being

noisy;

a first PFET device connected between a source voltage and a node formed by the
first and second NFET devices, a gate of the first PFET being connected to the first data
input so that the first PFET device and the second NFET device form a first inverter, the
PFET/NFET ratio of the first inverter being adjusted to set an input signal trip point,
thereby improving noise immunity of the first data input of the dynamic multiplexer;

third and fourth stacked NFET devices connected between said first node and
ground, the fourth NFET device being closest to ground, said first node being connected
to an output by a second inverter;

a second control input connected to the third NFET device, said second control
input being relatively quiet;

a second data input connected to the fourth NFET device, said second input being
noisy; :

a second PFET device connected between a source voltage and a node formed by
the third and fourth NFET devices, a gate of the second PFET being connected to the
second data input so that the second PFET device and the fourth NFET device form a
third inverter, the PFET/NFET ratio of the third inverter being adjusted to set an input
signal trip point, thereby improving noise immunity of the second data input of the
dynamic multiplexer; and .

restore means for preéharging said first node high and said output node low,
simultaneous occurrence of said first and second inputs or said third and fourth inputs
discharging said first node and driving said output node high via said second inverter and
said restore means thereafter again precharging first node high and said output node low.
6. .. The dynamic CMOS multiplexer circuit of claim 5 wherein the PFET/NFET ratios
of the first and second inverters are approximately one-eighth to one-quarter.
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ABSTRACT

Dynamic CMOS cilrcuits are provided with improved noise
immunity. These circuilts comprise first and second stacked
. NFET devices (12, 14) connected respectively between ground
and a first node. An input node is coupled to the first
NFET device (12) closest to ground and a clock node coupled
to the second NFET device (14) closest to the first node.
A PFET device (36) 1s connected between the input node and
a node (38) formed by the stacked NFET devices (12, 14).
The first NFET device (12) and the PFET device (36) form
an inverter for receiving an input signal (IN), the switch
point of the inverter being adjustable by adjusting the
PFET/NFET ratio of the inverter, thereby increasing the
nolse immunity of the circuit.

Figure 2



