2217940 TRI PLE RAIL LOG C GATE. BACKGROUND. OF 'THE'.| NVENTI ON 1. FI ELD OF
THE | NVENTI ON: The present invention relates to digital |ogic dgates, and
nore 5 particularly, to inproved AND and OR gates having a pl ural it of
i‘nputs, whi.ch may be used in a variety of circuit application éﬁ&'lu
BACKGROUNB:. , 10 I n many conputer qyst_ems It Is necessary to
utilize Al@or OR gates as part of a digital circuit Typically, the use of
an AND or OR gate within a circuit does not adversely inpact the speed of
the circuit, since the nunbmrrpf RAIQWOBIC IBATEL he particular logic gate is
smal | . However, in the daseWnere a 1o0gic gate nust detect whether one of
.tens or hundreds of inputs are either high or 15 low, the digital |ogic
conprising the gate may take hundreds of nanoseconds to make the

determ nation. The use of anBAKK 1 QF P NS hundr eds of

i nputs may significantly inpact the speed of the d| gital circuit and create
a-bottleneck’to efficient circuit operation due to the length of time which

the gate takes o g , 20 As will be descri bed,
the present in entiwmd AND and OR gates which nmay be used
in a variety of circuits fgmgg H’“El r\#{g’ | ogi c
gate. The present mvent?éﬁwﬁrlmﬁ{r‘%? strgé:tai b@%ﬁ%&t +‘§ga|cal AND
or OR functgonparticulely; timproved AND afdi oalnateeShmwasm I\%AénapmsgaHnE\mh and

significantly inproves system perfornmance tine.
| NVENTI ON may be used in a variety of circuit applications.

2.  ART BACKGROUND: :
10 In many computer systems, it is necessary to utilize AND or OR
gates as part of a digital circuit. Typically, the use of an AND or OR gate within
& circuit does not adversely impact the speed of the circult, since the number of
inputs into the particular logié gate is small. However, in the case where a logic
gate must detect whether one of tens or hundreds of inputs are either high or
1S low, the digital logic comprising the gate may take hundreds of nanoseconds to
| make the determination. The use of an AND or OR gate having tens or
L hundkeds of inputs mey significantly impact the speed of the digital circuit, and
- create a bottleneck to efficient circuit operation due o the length of time which
the gate takes to generate an output. |
20 As will be described, the present invention ptovides improved
AND and OR gates which méy be used in a variety of circuits requiring large
numbers of inputs into the logic gate. The present invention’s triple rail structure
permits the logical AND or OR functions to be completed very quickly using &
single logié gate, and significantly improves system performanée time.



According to the present invention there is provided an inproved OR gate,

conprising: a drive rail line; a sense rail line; a reference.rail |ine;
"First transistor neans coupl ed between said drive rail and said sense .
rail for selectively permitting current to pass between said dr;ve and

sense rails; a plurality of input lines, each of said input |ines. Zoupl ed
to a gate of said first transistor neans,. respectively, such that Tf an
input lineisin a first state the transi2stor to ‘whi ch- sald i nput lineis
coupl ed passes current; second transistor.nmeans -coupled 'between a known
vol tage source [err] and'sa|% e rail: third transistor nmeans coupl ed
bet ween said vol t age sourc5-ﬁézggi-—aﬂﬁgbiﬁagﬁaégience rail, said third:
transi stor nmeans being sized to pass |less current than said second |
transi stor means; Fourth or I be N, raiI
and ground; detectlon S|8%a?P|n%bh€5g§ ﬁé %gg%éﬁi réﬁ%?% %@c?hg£s gl and
providing saldpspgndbdtgntﬁmgggmgﬁ R gaite,scoopdisingisrd and fourth
‘transi stor neans, the receipt of said S|gnal resulting in the passage of
current = through sai d %cqnd third and. fourth transistor neans;
rive rail line; _ .
'a sense rail line,

" a reference rail line;

First transistor means coupled between said

drive rail and said sense rail for selectively L_)
permitting current to pass between said drive and sense
rails; . : : _ .

_ _ a. plurallty of input . llnes, each of said
tlnput lines coupled to a gate. of said f1rst transistor
ﬂ'means, respectlvely, such that 1f -an 1nput 11ne is in a
' flrst state the tran51stor to whlch sald 1nput linels
_;;coupled passes current; ' '
_ _ second  transistor means’ coupled between -a
' _known voltage source (Vdd) and said sense rail;
- third trans1stor means coupled between said
"voltage ‘source (Vdd) and said reference ra11 said
: third transistor means being sized to" pass less current
:than said second transistor means; - S C ) \‘i
Fourth tran51stor means coupled between said
drlve rail and ground;
’ detectlon 31gna111ng means for generatlng a
-detect 51gna1 and- prov1d1ng saia signal to the gates of
said second, third and fourth ‘transistor means, the
:receipt of said 51gnal resulting in the- passage of
current through said second, '“thlrd and: fourth
transistor’ means; S o

sensing means coupled to said sense and



sensi ng nmeans coupled to said sense and reference rails for sensing the

vol tage on said srails and generating a predeterm ned output if the voltage

op one of said rails exceeds the voltage on the other. Also according to

t he present~invention there is provided an inproved AND gate conprising: a
drive raibmyine; a sense rail line; a reference rail line; first transistor
-means coupl ed between said drive and sense rails for selectively permtting
current to pass between said drive and sene rails; a plurality of input

i nes, each of said input lines coupled to a gate of said first transistor

neans, repectiverFpfesigace kails fori apnsingnéhes valtage ren saidderahds

transistor to Whianld Findratiwy ld e teduihned B%%%%% QErEﬁ@tvoieﬁgﬁdon
transi stor neans coupled het ween said drive rail 1 ne and gﬁ ggrvoltage
| ©

(vdd): third traf®esCd ST EXFeFSsEDe YRL4ag6n08 gr ound
fourth transistor means cowlsed azeiordimgs diod thef preseat dnveandogr enode

said fourth tranil sip I Jﬁae'ds 2 e'l%ro%e%e%mt %aq__%s%ompg,ggln%urrent t han

said third.transis
a drlve rail line;

a sense rail line;

- a reference rail line; _

first transistor means coupled between said

drive and sense rails for selectively - permitting
current to pass between said drive and sehse rails;

a plurality of input 1lines, each of said
input lines coupled to a gate of said first transistor
means, repectively, such that if an input line is in a
first state the transistor to which said input line is
coupled passes current, _ |

second tran51stor means coupled between said
drive rail line and a known voltage (Vdd), .

thlrd transistor means coupled between sald'
sense rail and ground, .

fdurth transistor means coupled between said
reference rail and ground, said fourth transistor means
being sized to 'pass less current than said third
U . . transistor means;

detection signalling means for generating a
detect ‘'signal and prov1d1ng said signal to the gates of
said second, third and fourth trans@stor- means, the
receipt of said signal resulting in the passage of
current through said ‘eecond, third and fourth
transistor means; '

sensing means coupled to said sense and
reference rail 1lines for sensing the voltage on said
rails and generating a predetermined output if the
voltage on one of said rails exceed the voltage on the
other.



detection signalling means for generating a detect signal and providing
said signal to the gates of said second, third and fourth transistor

nmeans, the receipt of said signal resulting in the passage of current . *
t hr ough said second, third and fourth transistor neans;fse Si ng
means “coupled to said sense and reference rail lines for sefing the
voltage on said rails ‘and generating_ a predetermned  output if the
voltage on one of said rails exceed t he Vbltage on the other. BRI EF
DESCRI PTI ON OF THE DRNmVNGS Flgure 11s a schenatlc illustration of a prior
-art OR gate having 5 .. ga® - > 3%  IRAWINGEi C illustration
of the present |nvent|ons- p ' R gate. - -rgure 3:i's a timng

di agram il lustratingthe state of various |ines conpr|5|ng the OR gate of
Figure 2 in the event that no.input is high. 15 Figure 4 Is a tinmng
diagramillustrating the state of various lines of- the ORcircuit of Figure

2 hemat el st at ol 1gRREA 1 Adbchaelie BilsiBon of marior st PRCGAM g ° °
present |§vem% : - '

Flgure 2isisa schematic lllustration of the present lnvention's

'_mpxemnoagate - v
10 - S |
Flgure 3 is a hming dlagram illustratlng the state of various lines
comprising the OR gate of Flgm'e 2in the event that'no input ls hlgh.
15

Figure 4 is a timing diagram musﬁaﬁng' the state of various lines
of the OR circult of Figure 2 in the event at least one input is high,

20 R Flgure § is a schematic Mlustration of an AND gate utmzmg the
teachings of the prasem lnvenﬁon. |



DETAI LED DESCRI PTI ON OF THE | NVENTI ON An inprdved nulti-input logic gate is

di scl osed having particular application for use as a OR or AND gate In a
igital circuit. In the followwng 5 description, for purposes of

expl anatiopn, specific transistors, circuit devices, circuit architectures

and conpomgnts are set forth In order to provide a nore thorough

under st andi ng of the present Inventron - ver, It will be apparent to one

skilled in the art thaklRRSiliRicPeie ML) NiaiW .2 i

t hese specific details..-In other |nstances wel | kndMn circuits and devices

are 10 shown in schenmatic formin order not to obscure t he present

I nvention unnecessarilty Pﬂmr te is
di scl osed whi ch enpl oysAn\% I pl'e @H@Hﬁ@'ﬁeﬂ S'Fi’rs af@&'ﬁ%ﬁferr]
199. For -pur papplicationtfor aseSas &l ORGHAND atdrna) nal dfdm.Olﬁ-amwlw Figure
lis descrrbed with reference-to 15 108 I np uts however, the descrrptron
of the opeBat rdeacﬁpﬁonh for qmrposasaot explanation, sagciﬁetrgaaicms.r dwittde\dusm

ust rated, each I nput

t h
To0y & Covo! Biiculh afchectutes ad Soponants are seLiaahin afdes So PLVIR AMARS | he

gaue of o N, H6HGh uhpanfhreit ofd mﬁ%@r‘i&&w&aﬁfﬂﬁmrﬁr@%@%ﬁr;t o
all of the 20 Sucuhmeﬁwﬁ@mmmarﬁehpmvemwawvﬁgemﬁorS 300

.are turned of , at no current passes through”them n the input to
the gate is hilyse specificrdathils. inhethier iristances, welk known irsuit® 8nd devices aeel Of f

(no current passrn t her et hrough) when the Input to the N channel

transi st ol@ g&he 3"‘ sehematic form in prder not to pbscure dhepeasentinventionit s are | ow,
P-channel tran |§E$ ﬁoo 25 are all turned on, and they permt current to
pass therethr ¥ource Vdd. N-channel transistors 302 woul d then be

?H/e(ri?gr t gg 40:“3% of t\ithYeldrihée  Figute'€ alpﬁBfeari or H&eﬁ&‘ﬁfdﬁfeﬂhﬁh .
| _employs multiple inputs denoted as In 100 through In 199. l’-'or purposes of this
Specification, the prior art OR circuit of Figure 1 Is describ,ed with reference to
1S 100 inputs, however, the description of the operation of this prior art circult may
be generalized to an OR drcuit having N inputs. As illustrated, each input (for
- @xample, input 100) is coupled to ﬂie gate of a P-channel transistor 300 as well
&s the gate of an N-channel transistor 302. The output of the prior art circult of
| Figure 1 is high if any one of ihe inputs is higi'r and will go low only if all of the
| 20 inputs are low. In operation, the P-channel n'anslstors 300 e turned off, such
— ' 'that no current passes through lhem. when the input to the gate is high.
Conversely, the N-channel transistors 302 are turned off (no current passing
therethrough) when the input to the N-channel transistor's gate is low.
| Accordingly, in the case where all inputs are low, P-channel transistors 300
25 are all tumed on, and they permit current to pass therethrough from source Vdd.
" N-channe! transistors 302 would then be off and the output of the circut of
Figure 1 due to the presence of invertor 304 is low.
In the event that any one of the inputs (In 100 through In 199) are
high, the P-channel transistor coupled to the high input line Is turned off, and
30 the corresponding N-channel transistor for the high input fine is tumed on. The
enabling of an N-channel transistor results In the circult of Figure 1 pulled low




In the event that any'one of t'he Inputs ([err] 100 through [err] 199) are
hi gh, the P-channel transistor coupled to the high Input line Is turned

off, and 30 the corresponding N-channel transistor for the high |nput I|ne*

Is turned on. The enabling of an N-channel transistor results In’t

circuit of Figure 1 pulled | ow -6- to_gyaund, and the output &% |nvertor

304 high. It teigrburitt; andithe outputdf infveror 804 Higiat Rivilll 86 appréidtad ShoweVire

again pul | ed | ow,.a significant anount of -ti-ne nust el apse bef or e enough

current is prbatl wmmﬂmwnwhmwmnmmmm[msﬂ to

charge the input to the invertor 4 to i d h_stat e. as been5
estimated t hAaRRA-ROIAR, 8P ﬂiﬂ éﬁg&ﬁﬁ ﬂ'&pg@s‘ﬂm‘ﬁ# W gate

Pliustrated W@“ﬁ“ﬂf‘!‘%g‘%‘gﬁ”ﬁﬂﬁéﬁiﬁf namroug tw »

“state verg qmmmmwmm@m&l % mggga” |nputs are or to

‘get to ground I n order. te.achieve a high state

t he current ffigure 1istabiiing:throagh the)200 transistors (B arid Nshanhel) ﬂlmr e

. It has been, found that t he useof an O? ate as |IIustrated In F ure 1
SI gni fi Icanltl ' ﬁ!ﬂfbﬁ"w dreught e adowstate-very qu
D bcessi ng Z&ep'sﬁ%#?‘méﬁ %ﬁﬂ@g&ﬁ?@b A eﬂﬁﬂg&ﬁ@aﬁv@wmes

| mproved CR gy %d?é\éﬁ n@m afd I, tﬁé’ebhﬁﬁtc!h

# i,peed
15 digital CIrCUItS engloye i'n conpdt er -equi Pent . cone
limitati®0s dbomerslstastlllustateddn Figure tatithas beEnQnundthetMuserelrmonN to

Figure-2, the. present.invention's C]?q%gte | s rIIustrated I'n schenatic Y
of Toodemddigital r ai

circuit formg ﬂsmﬂdﬁb@%ﬂedﬂ mdmpasﬁ - speed

Coupt 0d bet wolROhBneprgGiAry, HEA ik Thenriormisy bl BiabrPasdicam” ° 7' °

processing equlpment. As wm be described. the présent invention provides
improved OR and AND getes which have particular epplicatlen In.high speed
15 digial circuits employed in eomputer equipment. end overcome the llmitatiens
| of pror art system lustrated in Figure 1. | |
Referring now to Flgure 2 the presem invention's OR gete is
Hlustrated ln schemeﬂc circult ferm As 'shown, the OR 9ate includes a drive ralil
310, a sense rall 315 anda reference rail 320. The drive rail 310 and sense rail
20 315 are coupled between the source end drain of N-chennel transistors Gt
" through Qn. Inputs I1 through In ere eoupled as shewn. to the ‘gates of the N-
_ ehannel uanslsters 01 through Qn, respectively A pluramy of dummy
- transistors Qd are eeupled between the reference reil 320 end ground in order
o equallze the eepacﬂanees of the ralls 310, 315 end 320. Drive rail 310 is
25 coupled o the draln of transistor Op as2, sense ran 315 Is coupled to the drain -
of transistor Qp 854, end reference rail 320 Is eeupled to the drein of transistor
Qp 3ss. The source of trensistors Op 352. Qp ss4 and Qp 3se are coupled to
voitage source Vdd. In edd‘tnon. N-channel trensistors Q.qm are coupled |
* between the drive rail 310, sense rail 315 and reference rail 320 as shown and
30 - aprecharge line 360 is eeupled to the gates elapasz. Qp354 . stss and the
Q.qu.nrensisiore. _'

v



through [err]. Inputs [err] through [err] are’coupled, as shown, to the
gates of the N-, channel transistors [err] through [err], respectively. A
glurality of dummy transistors [err] are coupled between the reference rai
20 and ground in order to equalize. the capacitances of the rails 310, 315
and 320. Live rail 310 I's 25 coupled tosthe drain of transistor [err],

sense ra 315 |'s coupedPtghdnielitrahsisior ogssrmaa?aa[mw&en vallihe §4uH66 Vi rail

320 is -coupled to-the drain of transistor [err The sou

transi stors [quemd'allfaﬁl and Rechanne! trdnsistor Qdsq 45 coupled,cad shiovn | n

addi ti on; nnel transi stor%mﬂ re coupl ed between the drive rail
310, sense r&eﬁ"ﬁ referspce £ail: 320w As will bedessribed mose ge
line 360 i f and t he ransi st ors.
-7- P—channeWiﬂg‘}'s?éﬁgftg?§s?%m%ﬁﬂm g“'!ﬂh vdd and
sense raig 34ans t et ween
vol t age s%urce W gﬁéshécéﬁ ?%&&%H&B%ﬁ%mﬁéﬁkm fuI |y
bel ow, transisense raik315. Sanse mprm@sstm as b difgreAtal ERplNELEUCH that KéD
transistor [err]. A sense anplitier 366 is coupled to the reference ra|I

320 and sensOutput B7QWGSSQMMHNM indicatad thy the diffetefnice-between!
The. di f  or on VENRRHE, PR FRTBEANCR ol 340 ahdisansh ot 5151 Aoderog ine.a7 s cauplech 1. A
the gates of HLAnveg %&%@'&F&'&Wﬁ%ﬁ%ﬁ@% bf"@eh“{aﬁgﬁ%?ﬁi' Be port
I(zl]j cﬁgzﬁg}ewgg?st or exr?‘]‘d 'ﬂ?e&zﬁ? ?gﬁg‘ftsagfecﬁmﬁéﬁuth 0 dr | ve rail 310
and t he drai furtifercoupledito the gate-af Nahgnndﬂndﬂbeﬁamewwoﬁmhes 2,3,
an 4, the O%ou G}tecll%] dnc')ive fa% a%ldrﬂctg Ic!train of whuch is coupled to ground.
| ‘Referring now to Figures 2, 3, and 4, the operation of the OR circult of the
present invention will be described. Precharge line 360 is dri_ven high such that
1S transistors Qp as2, Qp 354, Qp 3se, and the two Qequal transistors are turned on,
o thereby permitting current to pass therethrough. Accordingly, drive rail 310,
~sense rail 31 5, and referencé rail 320 are driven high and are equalized to the
- same voltage. Due to the structure of the circuit illustrated in Figure 2, the
voltage of drive rail 310, sense rail 315 and reference rail 320 will stabilize in
20 accordance with the equation V = Vdd -Vth, where Vih equals the threshold
voltabe of the particular MOS transistor devices used. Typically, the value of Vih
equals approximately .6 volts, and the voltage on the drive rall, sense rail and
reference rail approximately equals Vdd/2. As lllustrated in the timing diagrams of
_Flg_ures 3 and 4, subsequent to the precharge period, the inputs I4 through In
are applied and permitted to stabilize fdr a predetermined amount of ime. ‘A detect
| signal is p;ovided on line 375 which tums transistor Qas2 to on, as well as
: tranélstors Qss2 and Qsgq4. lt will be appreciated that by permitting current to pass
“ through transistor Qsg2, drive rail 310 is immediately pulled low to ground. In the
event that all of inputs 11 through In, are low, then transistors Q4 through Qn
30 ._remain off. As previously described, transistor Qsg2 Is sized such that it passes a
greater amount of current than transistor Q3g¢. Upon the application of a detect



present invention wll

t hat 15

tran

sistors [err] , and the two [err] transistors are turned

on, thereby permtting current to pass therethrough. Accordingly, drive

ra|I 31

0,

sen

se rail 315, and reference rail 320 are driven high afd are

equal i zed to the sane voltage. Due-to §he structure of the ci-r cui ty™
illustrated in Figure 2, the voltage of drive rail 310, sense rail 315 and

refer ence signal op line375, tanigistors Qsep

[err] -
MOS tra

apprOX|na§ﬁé
reference rail

di agrans fanBlstr

[err] through [err

predetS
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w il be
[err]
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ra
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mmdmwllhgu\e sensatraitn V =

. ¥pland oS 1380 i 0, Ve Rl A8 bt g 5, *1

bk

tor [err] to on, as well as transistors [err]-and [err]. It
ci ated that by pern1tt|ng current to pass through transistor

that al ldri);/el L’H’“ %er r%g%ﬁ?%b@gl&gw%@?%ﬁﬁw[@em :

through [%ll’él]lltapﬂ memgﬁ SiibsabeeMAs e [ 6?&153136% ”] 's

sized such that 1t passes

[err].

sense
[err],

greater anount T cur ent t an transi s

Upcall 818 eadp'eferenwrelmzm ascdescribed ebomahetepplieeﬁenaiﬂheansu stors
[err]_ and [er
320 t !)&ar.

r ai

t

re P&S&%ﬁ'ﬂb#g Gl ﬁpﬁe rad@mh refer&gzet[]gll

be déscribed. Precharge Iline 360 is driven high such

1

Y rail and
Vptae'OH e 4Gt egﬁéﬁ“ﬁgﬂm%ﬂwﬁz?ﬂa{“@%&ﬁe i i ng
: i rall. SeAse amp 38 riﬁe'mghbhe I nput s
|25 are applled and pern1tted to stablltze f
0D dhe sense | wumlmyanellndlceﬁwmaodmwmram which

kB, ARt ww@ma@e@s B T Lo
YﬁLL?gemg?gbwgﬁe“g‘sﬁﬁ.éu?gas‘%pgﬁagﬁagg\?ﬁ l.e” that. one ofa%?e%s .
([err] theoddiags resyits in drive rall 310 being pulled ewtogroundilongwlmsenseml
815 through transistor Q3. As llusirated in Figure 4, and as Inthe case
previously described above, translstorOsu pullethe referenee reilazotowerde
higher voitage Vdd euch that the sense emp 366 senses lhet the referenee reil
voltage is higher than the sense rall veltage and eulpute a slgnal on llne 370.
indicating that at least one of the lnputs (11 through In) is hlgh end !he oulput ler
~_ the OR gata Is thersfore high (or true). It will be eppredated that i more than one of
the inputs is high, then the sense rall 315 ls pulled toward Qround at a faster rate
“than if only a single: inputis high. &t has been found that the present lnvenﬁon
provides a significant increase in epeed for determlnlng an oa funcﬂon. end. es
will be described below, an AND mnclion as well.

"‘Referring now 0 Flgure 8, the preeent lnvemlen is Illustrated as an AND

- logic gate, and: includes a drive rall 400, a sense rall 410 and a reference rall 415. N

Inputs to the AND gate ofFlgureS(h throughln)ereeeupledtethe getee of P-

* channal transistors Qp1 through Qpn, which are in tum coupled between drive ral

400 and the sense rail 410. ‘A plurality of dummy transistors Qg are eeupled )
between the reference: rell 415 and Vgd In order to equellze the eepecneneee of

the rails 400, 410 and 415. A P-channel transistor Qp 420 Is coupled to the ddve

reMOOmdtoVaaesmustratedhﬂguns Apredieehergeeltwltbllso



‘circuit of Figure 2. Is hi gh. Subsequent to the precharge of drive rail 310,

sense rail 315 and reference rail 320, as described above, the application

of the Input 10 signals to transistors-[err] through [err] would result In
bne of thg,lnputs (for exanple, input [err]) to be high. Accordingly,

N- channelsgtiransi stor [err] woul d be turned Hng Thg appllcatlon of a detect

signal on line 375 turning on transistors [err and results in

drive rail Flg@fﬂdﬂt@ﬂlﬁm\lgt W éF@'ﬁhﬂlﬂO!B»!l'll'lﬂﬂmlrgh
transi stor [er us ed Ln Fj 5
previously de AZ’&MHHGP G#g#éﬁr‘?% ?HB, éﬁi@"&aﬂ""ezo
ﬁngZ;gngeh'rgm Uol tagg f“h. Hﬂer f han tne seEse rgl | vol tag€ an ouputashg

signal on |inpefiéen ﬂM“MMMMﬂMﬂnmmmm

EQ;O??Eegeg])mls hi gh and the O%pp@t for the CRa;ise l's thﬁrFf %
o 1o ik i o i A i o i

i nvention pro Wg@g@ RAGURBgh Iveror 444 1o tidcgates Nochhned OR
.function, "and, V\P escr el ow, an AND function as well. Referring
now to Fi. gurewmwm dAs illustrated; she transistor Qs t® coapled pletdogi c

gate, and includes a drive ra I 400 a sense rail .410_and re ce rail
fé5i hgng;tssgmgnel . @"('M%Qﬂ[d@?ﬂ uﬁﬁ&m
turn coupﬁé MG@@W.% 5%%‘5&8&%d%@wuﬁ4ﬁ%wm#y of

dymy transis %ohéfa W By detectiine 442 and Vdd
In order to etq‘tjgllz the capacrt ﬁﬁl 30 the ralls 400, 410 and 415. A
P-channel transi St in opbratioh, diiing pndmmmmgnmmmmgm[mr]

as Tllustrateq n e lor passing through 1he lnvertor 425, The low Sighal on fine 428 acts 1o
| tmmontranﬂstoucpqz;.o_pmandopm.awellasmcoqualizlng
15 transistors Gpe. 1t will be appreciated, that since ransistors are normally off when
© the gate stats Is high, that Qp 420, in the absence of a detect signal, is off. it will
further be appreciated that since transistors Qpe are on, during the predischarge
phase, that the drive rall 400, sense rall 410 and reference 415 are discharged to
a threshold voltage above ground. At the end of the predischarge phase, line 426
£0 tums off transistors Qp 428, Qp 430, Qp 432 and the equalizing transistors Qpe.
U The Input signals are then appiled to Inputs I4 through In and permitted it to
The driving of the detect line high results in a low signal on line 442 after
_ passing through invertor 440, which results IntrMOpao being tumed on,
thereby allowing current to flow from voltage source Vdd onto the drive rail 400. ‘in
addition, the application of a low signal on lne 442 results in N-channel transistors
Qn 418 and On 448 and Qn 450 10 be turned on, thereby pulling sense rall 410 and
reference rail 415 low toward ground. lt;thoprosam invention llustrated in
Figurs 8, transistor On <48 Is sized 1o pass more current than transistor Qn 450, -
30 such that the voltage on sense rail 410 will move toward & ground state faster than



provi ded, and includes an invertér 425 coupled to |ine 426. P-channel
transistors [err] and [err] are coupled to the drive, sense and
reference rails, respectively, and to ground. P-channel equaI|2|ng o
transistors [err] are coupled between the drive rail 400, sense rail- 410
~and reference rail 415, as shown, with 5 the gates of the transhﬁ?prs
[err], and [err] coupled to I|ne 426. A detect circuit includes an
i nvert.or.:440 coupl-ed to1ine 442. Line “443° ‘$Tcoupled to the-gate of
transistor [err] and through I nvertor 444 to the.gates N-.channel

Eéﬁ”fgétﬁémﬁm a1l ot Ko o ek b s
couBI ed bet qygﬁ é& e h"t J,g and rourﬂmg%ﬂ%ébﬂééh?all '
410 and ref ce ral ﬁ%ae b%% on !h.riﬂpulswmémw

ate’
enabl ed by dh Fhllbﬂii?lrfbﬁstdﬁg r sV t he predischarge |ine
high results, 'Ing al ow si gnal E’Jﬁ@'&?‘t’éﬂ"‘gg‘m SonSeamMp 480 Rwilkrt or

425. The | ovP@BgReac a!admatdnm“om

: and

[err], ﬁ VEPI asgﬁl e equal i zing 15 “transi stors 'ﬁ%ﬁ%*ﬁlﬂ"%
appr eci af*ed laasonat exist, MMP&[%%&WW@ eis
hi-gh, that [ ,&kﬁ%ﬁ ce of a detect signa ST 0 rt her
be appr eci ate 1S |S§F§9§a ‘Qbﬂﬂﬁncﬂdmdhmw:mgml
phase, that ﬂlb?elérg i 410 and reference 415 are
di schar ged EDO a thr%?h’rglﬁd vol t age %’%%‘@rﬁf"sﬂtﬂ@mﬁaw&hlﬂw

r edi sehar g@Utpiton nemma . and the
o | g that &MAND bondioir bies it eus, | oo

equal i zing transistors [err]. e ‘i nput "sign 0 |l nputs

t hr ough edinglycanimpreved :OR @nBhAN | h
Lg;uts é(r)]ug [em g 442 after pagméntgmbﬁﬁs ué'ﬂaiﬁ%ésqhméﬂg ng_)

whi ch resul #bﬁ#ﬁmdfg pngtionsdp he completédo Theprest m&ww ng
ot £ on. ° PACU BRLRLARACIOP b I High Sheed it uompter sendborandriss N

t t in rﬁﬁa th b |
seﬁgzl ?alolr S%?;gdzgt;er eneﬂgﬂ?”ﬁéf]mg&ﬁ'ﬁygmﬁﬂﬂh m&eggs%nggent "o
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Ln\r/egtllt o?ha&&eg]a?efw::n%ﬁ';]&ﬂbﬂd With fedérenssé 15 ﬁﬁlilre]l ¥ %‘ll%ugﬁ% h be m)re

ed in the art that the ﬁgures are for illustraﬁon only. and do
- 1S notserve as Iimitaﬂons on the invention. o




+ 30 such that the voltage on sense rail 410 will nove t

faster than  -10- the voltage on reference rail 415. As is well known,
AND gate requires that the output 480 of sense anp 460 b M'mmmum LI
sthe Inputs to the AND gate are high, all other input stat m
| ow signal: fromthe sense anp 460. It will be appreciated thdt #n ¥hes event
t hat any‘Sne of the inputs [err] through In are low, 5 then an AND
condition does not ‘exist. The current passing through the drive rail 400

w || be passed to the sense rail 410 bringisgeis voltage to a higher value
than the reference rail, which when sense@%ﬁgﬂlﬂa sense anp 460.results in
a |l ow outpuyt on line.480 indcating that an condi ti on does not exist.
Accordingly, an Inproved OR and AND gate has been di scl osed which 10
pernmts high speed logic functions to be conpleted. The present Invention
has particular application for use in high speed digital conmputer

envi ronnent s & and nayqy be i d of digital circuitry.

Al t hough- thespresent mven@f‘\gﬁ b%% t’&&@#ﬁ@éﬁ%th reference to Figures
1 through 5, it will be amammpﬁhdgy one skilled in the art that
the-figures are for illustration dnly, and do 15 not serve as linmtations
“on the invention. 20 - 1a semsaveiding; 1. An inproved OR gate,

Lonprising: a drive rail. arer}etenoe call line:

) first transistor means coupled between said drive rall and sald sense
_ | _io rail for salectively permitting current to pass between said drive and sense ralls;
~ " a plurality of input lines, each of said input lines coupled to a gate of
said first ransistor means, respectively, such that if an input line is in a first state
the transistor to which sald input fine Is coupled passbs current;
. segor;d transistor means coupled between a known voltage source
1S (Vdd) and sald sense rall; |
third transistor means coupled between sald voltage source (Vdd)
and said reference rail, said third transistor means being sized to pass less current
than sald second transistor means;
o fourth transistor means coupled between said drive rail and ground;
20 detection signaling means for generating a detect signal and-

- : provldmg said signal to the gates of sald second, third and fourth transistor means, -
the recelpt of sald signal resulting in the passage of current through sald second,
third and fourth transistor means; '

| sensing means coupled to said sense and reference ralls for
~ 85 sensing the voltage on sald rails and generating a predeterfnined output if the
o 'v'olta"ga on one of said rails exceeds the voltage on the other.

2. The OR gate as defined by claim 1, further including
30 precharge means coupled to sald drive, sense and reference rails for selectively.
charging said ralls 10 & known state prior to the generation of said detect signal.



a sense rai

line; a reference'rail line; first transistor neans coupled

between said drive rail and said sense 10 rail for selectively permtting
current to pass between said drive and sense rails; a plurality of Input ?

| i nes, each

of said input lines coupled to a gate of said first transi stor

means, respectively, such that if an input line is in a first stalg t he
transistor to which said Input line is coupled passes current; second
transi stor nmeans coupl ed between-a known vol tage source 15 (VUd) and said

sense rail;

third transistor neans coupl ed between sai'd voltage source

(vdd) and said reference rail, said third Hran5|stor means being.sized to
pass |less current than said: second transi stldr nmeans; fourth transistor
means coupl ed between said drive rail and ground; 20 detection

The eht 60 of eai d secondk ot g g%ﬁ%%#@?%@x%{a@p%%%ﬁﬂé&%?é‘i of
sai d signal r%é:staemban%sn@agé@ﬁm&mwﬁ §6t0 Sisfeh sem& hird

and fourth transistor neans

ensi ng means coupl e

ref erence B linpGling®> sensing the voltage on said rails and generating a
predeterm ned output if the voltage on one of said rails exceeds the
voltage .on the other. 2. ° The OR gate as defined by claim1, further

i ncl udi ng 30 precharge neans coupled to said drive, sense and reference
rails for selectively charging said rails to a known state prior to the

generation of said deteg si Q‘ﬂ@' OR gaie'as-Jd%fined ﬁ-claimTﬁﬁu%rgﬁEﬁdﬁﬁﬂﬁlﬂ ned

by cIa|n12 wherein said first-

o

transistor means coupled to said reference rail for equahzing the capacitance of u
sald teference rail and said sense rall,

| _ 5. The OR gate as defined by clanm 3, wherein saxd 'sensing
' means comprises & sense amplifier.

a5

30

| 6 The OR gate as defined by claim 5, Mier'ei’ri said
'p_re__cha_rge_me_ans includes.sixth transistor means coupled between said drive

- rall, sense rail and reference rail to equalize the voltage on said ralls. " \J

7 The OR gate as defined by claim 6. whereln said
precharge means further includes:
_ ~seventh transistor means coupled between said vc!tage scurce
| Vdd and sa:d dnve rail, sense rail and reference rzil, tespectwely. |
a precharge line coupled to said sixt: and seventh transistcr
.means. such that if a precharge signal Is provided on said precharge line, sand

. sixth and seventh transistor means tum on and pass current therethrough.

A 1l



vtransi stor means conprises transistors, at |€ast one transistor for each of
said 5 I nput ,lines. 4. The.OR gate as defined by claim3, further
including fifth transistor neans coupled to said reference rail for
‘equal i zing the capacitance of 10 said reference rail and said sense rail.
5. . ThemQR gate as defined by claim 3, wherein said sensing neans
conprises a sense anplifier. 15 6. The gate as defined by claimb5,
wherein said precharge nmeans includes si=xt &transi stor neans coupl ed
between said drive rail, sense rail and reference rail to equalize the

voltage on said rails. 2Q 7. Th gate. a i Y, ' rein
sai d pre(_:hfarge neans fur?‘ner W%|%§%‘gmﬁg$ﬁ@&?bﬁﬁéﬁﬂé§8&%ﬁ§°
betveen ‘sai d vgbletiA thhielstor Mans boiMpAbEs NadHandel rénsigtbfs, Sense rail and
reference rail, respectively; a precharge l1ne coupled to said sixth and
seventh transi stor nmeans, such that if a precharge signal is provided on

said precharge line, said sixth and seventh transistor nmeans turn on and
pass current therethrough. 8. The OR gate as defined by claim?7,

wherein saigd sixth and sgventdd transistor nsg.conmnri ses, N-cha

trags}_stog - 5 2 Q_ﬁ'e_ O%heg%Qajaﬁ@ '"3@ bﬂﬁ_ﬁ’et ‘BW'@&%?QB?E'S%O?@ n
sai irst tra nsi stors. ) e

gate as defj negﬁlg?/&gral m gcmgij%e} ﬁecsﬁ;élhg f@%ﬁiﬁbﬁ transi stor neans

conprises an N-channel transistor.

_ 10. The OR gate as defined by claim 6, wherein said fourth
10 transistor means comprises an N-channel transistor.

11. The OR gate as defined by claim 6, wherein said second
and third transistor means comprises P-channel transistors.
1S -

12, The R :gate as defined by claim 6, further including an
" invertor coupled between said detec!idn signalling means and the gates of said
second and third transistor means. |
20 |
13. The oRr gale as defined by claim 2, wherein said known
state is approximately Vdd - Vih, where Vih equals the threshold voltages of said
sixth and seventh transistor means. |
85

N



11. The OR gate as defined by claim6, wherein said second and third
transi stor neans conprises P-channel transistors. 15 12. The OR gate as
defined by claim6, further including an invertor coupled between said
detection signalling neans and the gates of said second and third
transi stor means. 20 13. The OR gate as defined by claim 2, V\,hereanssal d

known state is approxi mately [err] - [err]i4where [err] equals t he
t hreshol d voltages of said sixth and seventh transi stor neans. 25 14. An

I nproved AND gate corrp sin p?dite sense rail line; a
reference rail line; I“ An Ifh “?’i"f‘?@‘i‘i&ﬁﬁmﬁmﬂ means coupl ed between
said drive and sense raldriyefmil line} ectively pernmitting current to pass
between sai d drive and sene.rails; a pl urality.of input lines, each of
said input |ines coupl Ed‘%‘&ﬂi lines’ of said first transistor neans,

respectively, such th I ine is In a fi rst state the transistor
to which said input | f‘#gbfegﬁhﬂi passes current; second
‘transi st neans coupl msqyng !Fﬂl ! in nown vol tage
(vdd): thi rdférglsélétel(;?&rrgans coupl e %&H@ ﬁ%@@@qm&mﬂ wilsund;
fourth transforiesle spermittihg duireht'opass Betwé %Wﬁi ﬁéﬂ“%round
said fourth transistor neans being.sized.to pass |ess gjﬁi ®sai d
_ a piurality of Mput lines, each of said Input lines coupledto a. gate
oi said first transistor means, respectively, such that if an input lineisina tirst
state the transistor to which said input line is coupled passes ourrent. |
‘to S second transistor means ooupled between said drive raii line and a
known voltage (Vda); = _
. third transistor means coupled oetween said sense rail and ground:
_ fourth transistor means ooupled between said reierenoe rail and
- ground said tourth transistor means being sized to pass less current than said
1S third transistor means. '
detection signalling means for generating a deteci signal and
providing said signal to the gates of saud seoond third and fourth transistor
~means, the receipt of sald signal resulting in the passage ot current through said
- second, third and fourth transistor means. .
20 ' - sensing means coupled to said sense and rei_erenoe rail lines for -
~ sensing the voltage on said rails and generating a predetermined output if the -
voltage on one of said rails exceed the voltage on the other.

a
- )

\/

a5 15. The AND gate as defined by olaim 14, further Inolud‘na
predischarge means ooupied to said drive, sense and reference ralls for
selectively disoharging said rails toa threshold level above ground prior to the
generation of said detect signal

-
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15 third transistor means; detection signali'ng neans for generating a
~detect signal and providing said signal to the gates of said second, third
.and fourth transistor neans, the receipt of said signal resulting in the
‘passage of, current t hrough sald second, third and fourth transi stor neans;
20 3,; sensi ng ‘neans coupled to I d sense and reference rai
lines for sensing the voltage on said “rail*s and generating a predeterm ned

25 P T YO R0 g bachND ke 28 deliond by e 15, Whera B ad e nc udi n
Cerect vel 3%?@%%@!%“%2??@%‘%%?@%%@@%& oo

to the gener fnés. sai d detect srgnal. 30 - 15 - 16. The AND gate as
defined by claim15, wherein said first transistor nmeans conprises
transistors, at |east one transistor for each of said Input lines. 17. The
AND gate as defined by claim 16, wherein said sensing neans conprises a
sense anp®ifier. 18. The AND gate as defined by clain117,

wherein said- predlsch e ncl.udes transi st an Ied
bet ween said drive raa\HJ sxﬁ‘?jw g8 ‘%ﬁ'&‘?‘&f‘sﬁgxé’éa %’Eﬁ\ﬁﬁ?

vol tage on sg %bh@ﬂ 9. The AND gate ‘as defined by clalm
18, wherein Sgﬁg re |séﬁarge nmeans %rther I ncl udes: -sixth transistor
means coupl ed betmeen said drive, sense and

10 ~ 18. The AND gale as defined by claim 17, wherein said
predischarge means includes fifth transistor means coupled between said drive
rall, sense rail and reference rail to equalize the voltage on said rails.

15/ 19. The AND gate as defined by claim 18, wherein said
predischarge means further includes: _
| sixth transistor means coupled between said drive, sense and
reference rails and ground;
| a pre-discharge line coupled to said fifth and sixth transistor means,
20 such that if a predischarge signal is provided on said predischarge line, said fifth -
and sixth transistor means turn on and bring said drive, sense and reference rails
to a threshold state above ground.

20. The AND gate as defined by claim 19, wherein said first
fransistor means comprises P-channel transistors.

21. - The AND gate as defined by claim 20, wherein said second

30 transistor means comprises at least one P-channel transistor.

W



reference rails and ground; a pre-discharge line coupled tq said fifth and
sixth transistor .neans, 20 such that if a predischarge signal i.s provided
on said predischarge line, said fifth and sixth transistor nmeans turn on
and bring said drive, sense and reference rails to a threshold state;above
ground. 25 20. The AND gate as defined by claim 19, @h@rein
said first transistor means conprises P-channel transistors. 21. The AND
gate as defined by claim20, wherein said second 30 transistor neans
conprises at |east one P-channel transistor.  22. The AND gate as
defined by claim21, wherein said third and fourth transistor neans
conpri se N-channel transistors. 5 23. The AND gate as defined by claim 22,
further including seventh transistor neans coupled to said reference rai
for equalizing the capacitance of said reference rail and said sense rail.
10 24. "The AND gate as defined by ClaTﬁtyg, wherein said fifth and sixth
transistor means conprise P-channel transistors. 25. An inproved | ogic

gate substantially as #rei Aumgatesasruérmodmmaihﬁéf”mrﬁQaaB'iﬁ’rrd and
acconpanyi ngfdyr@wgrgss gxce t fi _
.7 Yiourtly ranslistor: means co pnse N-channel transistors

5
23. The'AND gate as defined by clarm 22, further including
seventh transistor means coupled to said reterence rail tor equahzlng the o u
capacitance of said reference rail and said' ssnse rall,
10

24. The AND gate as defmed by claim 23, wherern said tlfth and
sixth transrstor means compnse P-channe! transistors

25. An improved logic gate substantially 8s hereinbefore
described with reference to the acconpanying drawings except flgure_ 1.
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