PATENT SPECI FI CATI ON (11) 1 434 771 (21) Application No. 40236/73

(22) Filed 24 Aug. 1973 19) (31) Convention ApplicationNo.
' . f—(JA) (44) Conplete

Specification published 5 May 1976 (51) INT [err] HO3K 19/08 (52) Index at

~acceptance H3T 1Cl1 2B3 2F1 2F5 2J 2T2X 2T3F 3J 4C 4F 4G 4S 4X 5E

| MPROVEMENTS I N LOG CAL CIRCUI TS (71) W, H TACH LIMTED, of t@ereby

further reduce the power con- .50 1-5-1 Marunouchi,  Chiyoda-ku,

sunption of a logic circuit constructed accord- Japan bo y 7ﬁi rate

r

or gani zed accofPATFEND tSPECHICATION he -avéDof eby
decl age: the According to the present invention there i s 5 ‘invention,
for wHth(GheAprlisaion Ney 023673 ¢ er@z) #dwg 1873 ogi cal cigeuisFEEERU Si ng a”
pl u- e B GemaeptienAnplicaton Neadi63/Ae - méih Eiedy Aug. 297248, "o1 /2 ieamn ansi stors
(as hdMei @BeiprdJAB5 which it is to be performed, to g \\def i ned)

and \ﬁ# el4® mlq#&ec@ewm@het@dawaalﬂw descri bed in afih} T\ owi ng

St at Bvwt| GAJINECEY HOMK 19498 eti on type, including the g

 seri eSto@Axbuemacodptandei r st |y sai d depl etion type 10

. i nvente=bn rel #BEs 1€0 2BHGFL 2B§ 2F 2T 2T 37 46ty a M N\ UL y

bl ock cuits ufilizi4fg¥@Bal insulated gate fiel d-effect L#ct ed so as

-to satisfy a required | ogical 60 transistors (referred to hereafter as

- "Ms- expression, a5 IMPROVEMERTSUN DOGIGAS CeReuiTse fets”), and nore
partlcul arly to M sfet logic ~conduction of said further Msfet being con-

- circuits yhiych WpH@A@é]oIIeIMI?BBDI ybe td olzeckby tinmllet eellulzy e pdwerc lﬁulsee trairn
and sai dHdc |Ma moughi,o nChixad Todl 0, sumptlon of a loglc circuit constructed acc rcuit bl ock

navi ng 1 {P8E & Al Al N T, ggrnﬁ ,ﬁrertsawtﬁe& gnpl oy the

servi ng lneenﬁ&ﬂrfacrﬂmtti wé @rapeiidt] &/ pitsae t Provided & Qaatd K@M as the EE

system \Mnesr (be rsrdnhé to Ms,sdndtthamﬂmméyf walityh eff Mﬁfgfleemsxstm Safseltes:mhﬁoteh 5pperate as

| oad be perfo fn 2 fets which
oggr at eaggn y dFF bg% I and by the fo %mngggaref bgg%:g i1, vgﬁ%l' t’°§§%d C%%ﬁ,‘yeofs ex:;rpl e

20 erlhanCIQxBQI?ésent y@&moﬂ'@eldtesdbld@ctdile pAisse) se&ﬁﬂly a Miste logie cﬁ'ﬁﬁtﬂﬂ&kt O t he

remai ni ngutFubling snﬂ@ﬁﬂ u@dmﬁt rgms teémmﬂtpm : t he

O
accoman| s G Mrzm e %ﬁﬁm P can e
driven g qﬁa ndﬂ g,rya;ru cﬁf” clock drive
Syst enswhedsistos. i rSt e odr rrent of axrdumglo& hmvmgﬂnsrtanae@mrdderﬂ@akhe | oad
transi st or1§!° eMigfie m ¢inguits| %SEPROY "E&)t ri {ﬁVﬂm‘ﬁem ilagd; 635 -
Lrains. g o ke bt P S gﬁ oW ok 1,1 1o ¢
- di agram é\& aﬁ@{vexé,aﬂd off the t beB3n G v wae 6P Bidmpebodi nent  of

a | ogi2e enhan;cmmt azpcdr‘oolreducé?&ew o \whtbrreﬁemnca tel stnammgtfgimsl\dfsfet is ing

to the p °f| %R?‘éﬁt}‘cP yfuctedy tsigqu; SACOBRHYE arﬂwsss Bherqns utjliZ8d, it
Fi gure SX B Bide 11't fﬁrsé w&a gf:é ‘%ﬁ pt the clock
-~ drive sysieasad t 1srwilsﬁeria nsgereto ulsa |t@@leCpr€sh1ftCihHeitloﬁ£C0r - %0 " for the | oad

t r ansi28t @tmss as nent i oned above -i n lglhe2 pshewscthe cirewitedidggraondf and wit h

ref er enC%y cm wperem a etmn : S . 1N, IO% %%ﬁtn&?&§ cgwc%e| Fent
featuresemploﬁ Qb TaC104H iixaVRf O rg _0 such as | ow power
cons UMt ipies diffgle tdsquﬁﬂhec { drive system t g 4 é,ﬁbgmnﬁn If'f‘é“yr Cm&@@ utilizing

t he Eﬁosﬁsé ‘nr%x @E‘mnedﬁé?"érﬁngng theOpresesyUsiventibni @ i r st -enbodi nent
'35 of ciffieds egtgg o MOSKE bl eFipae it shiva e vaveforhs & Wkiodse®0| 0gi C
circuit JRBQE “ngovteﬁcs pﬁbxﬁSh'i speeaop&ewath@wcsre b |RgueoB-t age and t ake
present_ iand/ evilizingrthe ED| systers aahlsle beecei onR ﬂéﬁ@ to Riguret lathe fisf embiodimesnst ant

| curren? Ch& mtegﬁﬂt‘g’?é‘t a 5 teristic
volage andﬁ‘1 xm %ﬁ& ? Eﬁn sgrgage g8l ect r ode

of the dé:bj ousealow

and Thereeristsc wral léhoEltﬁ!drMIsﬁt o t ageaiga bdrten #0 teeledoea:inﬂode t her eof
current cg;'ghtnefellewhohg%lg asdﬁ ‘?gh’ eaowee ﬁ%i’@th ,Gumnrwmow bet ween t he
sour c%eP éE‘?:‘Br Tﬁj‘l’% ft

el ect rodé’r é;phetdn@rlt oy e s &t i ra%iﬁ 47d IR0 trhfdiy herifeelcrrglw togof Fi gure

5, [ eaxopaeseai et slsenever oadvetmasscrrstfmher ihtledes ﬂmr;Lmhan@ﬁemme PDEis-seen t hat

whenev r spehqpg \Rd t‘sre&?@}‘%‘[' r floyes, fetp, 5+ type M s-
such ¥ Gl i Gt s L SRR AL o,
applica- 4his 'ﬁxhblﬁugbf the Peeent BivadtinCedi ts r@r éiettodzyoft th e tﬁﬁslswr@d con-0rp50f a bi as
vol t age, refatcedthe gtetagy quatiy of curreatrtiiht grolligel curredt fow bstwtert the swircs tele- Qz.

appl i ed Hevyheneh e sgries cirquitaoted ghwe.o fepds g e drain glecuide of e frag-ne present
invention to source el ectrode of the transistor and con- 95 reduce the
average quantity of current which trolling current flow between the source
el ec- flows through the series circuit noted above, trode and the drain

el ectrode of the tran- 2 , '

1 434 771 -2 sr stor The enhancenent

Y o —y L L T p—— a



characteristic of the Msfet 1, the gate A second enbodi nent of the
present inven- 5 el ectrode thereof is connected to the source tionis
-shown in Figur

out put term nal that of an AND:CR | ogic gate of a type of the logic

circuit. often required for digital control C|rcuits;
The Msfel Qd3 constitute & logic Referring to the Figure, the
circuit i udes bl ock designated LB the output of which six enhanéement’
type M sfetsz Qd5 to le 0] 10 can be exp,uzagsed by the Iog| C equatlon 2»
two of sai d T ST ! TTHhree™ T i o] (o}

LB3. Three dep|sgtor \Ej}gte W @hsfets operate Thus utllmpg §qq teM g{rgn% 0

4 s dirt 1 & egted 1 &SR3 P
%pmztzezt,,;tﬁe*’ﬂom ttttﬁl { Sl ! gtt%t gf?,.“etttﬁmewtgw

convention) - 5 electrode thereof is connected to the source tichB3 shomér[ F el tﬁl&)afcuinbﬂng) rﬁsas

a two-input” tseﬂlselfbftt’lrtﬁlﬂéef@fna‘ thf F&N
Qut put  si gnal S Q %&é ARl §90gdS o th téi f&d@é “-"'
[err] the I’ OQBI&:k 20famacha 10, *

conducti on 010 tde bMesﬂre:sted tysthe fngiateguation t he ﬂwogofcsatdl umilsthB:ommmgeeacthhef 4.
The width of the pul ses of_the dlock out pu‘ﬂ’reg TP ei’*?‘t)ut

can be pulse train [ erYorr T AnL Vﬁa ower thﬁ’ﬂhg °§§9§Ee§%§§§ﬁ %m cal

expr essi on: (assuming P 3Fe Whidhteh arfdf 3ve|l t blgbkd SEhclSlof thé 1P blodks]
term nal s VA- VG:onvenuon) erI= 3 4 ‘Ftﬁerameéfﬂetf@ct(ge Jas anfvo-dognt af9d

the 1ogic bl % E,at%ﬂ??ﬁ'@}@t rq feg ﬂ. the o 1éaﬁ$:k3 utputasmzqeg ﬁ
feature of t fﬁ‘é“ﬁéid ] 8Cko [theOldgi Bﬁ& rlhe cuit
of Fi gure 21is Q tThe “sdtmgt eheMpukE e«tuqmemgﬁdnatl tefzmhﬂldmht Icin Bend the

load is connecpube mrmsousl
| ogi ¢ bl ocks; oangd‘thmfs‘h | neaM sfatt o %l_c
constructed &5 LT Qn@bh tam g@ 11, |¥°“BT6’8<¥E)éYEVF}P (JE‘*H%FSXﬁ bed

above current fieWIBode oo g Tlhebutpﬂe t 80 gdesficOfeaturb/of 78 ANB_Soﬂt:&ange-
t hrough the clwddVQ‘értseémmdr tthednmxgt | eufy of Fimate,2 i et asmglaMlsfeog)dtlal

operati ons pgsrfﬁf ‘;{‘}f logi, cblagk :- ;]i-:(; gi: m%i%ﬁ%l e“Bén
gotdcted) as

circuit conform tf'lp al MisfRDEYE RA
oW Cat [valywbedt by e 6he %mﬁﬁn gltme ddidngd- puI se

rendered withi dtscabqtdeaboeedcmwva
of e clock pulh | & ' g’fhﬁ% seertt,rtafr mctl{aelogl al mwslmsmsrftrmed n.

[err]. Hencead tbfg,c

R ] S
power COﬂSUWptI&ﬂdtﬂEivetlk'yeaClbIﬂSSLUft hd [t Quied  pulse. J; mg{
enbodi ermt  of otfairt lbe Howee guts prissibhn to n!du:b the dqipﬁsrdmonfhel thysxstoFl(Q;une 2, a SI ngl e
M sfet may be UBRHF & 5“%5;1 Pttt etpraic.s eg"he T t acoidigalks thl.‘Aemb(ﬂleMEi of
control condggt FhoNeyls of tﬁ"% Lk SISt Tigwe du Ngéﬁf )
peri od. That | Squrip&he Binowhen ph C'ﬂ?hattlk)ethepoms ﬂ%ﬁ; q??,; 1,,ﬁ
rel ation logical relation 1 reduced aagked b @legégaae oﬂfmtdgﬁh&gtsfaﬂ:é on of
the circuit jisi ncreas§d ng?ﬁv“ Y{,gl e M sf etircpit) d¥ in eﬂsqd Said single Migfetcaphbl-e

of conducting a curren S e sum of""ttﬁﬁ> dgﬂgﬂdﬁ%ihg{ﬁ%gﬁo
R pgeddl 0d.  the Jogic

100 is valid dufivagd ldingC@e desdud

| ogi ¢ ci rcui ko t.0pMRedic 4Qording hd1thid pfebehiCitheh- amedvhslﬁemg domected m:mqnaﬁﬂy; saide N - :

the Msfet is cﬁnnneetnﬁﬁhber@b dohtyecteds di dS"éEle“fe mﬂéﬂrla@?f G5- é?m stors
e at“g‘éﬁ“ﬁ, Jr 2 oF RSN

connected in.: lfﬁgﬁﬁiﬁ%@l %ﬁe
the output ter ) udip Qinglé Msifdt& rodhﬁent hm1t—

n%& : = eam%e% nge plmammm smilke Midi @nipkietks or
alternatively |ﬁetﬁad'stexﬁ H@:Eevqm,aﬁx' SR ompxbd t HeP%%lﬁlb@?Y i “E%l?yedt ran5| stors

consituting ggr LifMif¥ diradit Lohsthu

using a | arge s‘t’ynﬁ {The of 2 |a?‘Edet
constructed acfp) ,{gﬁf} 5“3 naé'dés peFuF:[a]an&?' pfgu,§ p"' %(’%haéq, ?;‘815;33 Phe
EE system HeateV% o-nhiRRed 0GRy 6 ciiehle pﬂfa&'hﬂblw e siiffegyeed. by the
circuit el ementgedls dchieved eG@B thd| EEEsjstem, a TheRefebring Ub LFigtke 3, todé eshagiaeli ment
accord- ti on; domaximxm of twe tems®rs cmbe ¢ognerted] Utyed Misfele 1Qd12 gy QddS tatvecopregted Nt
rvention e SR SRR HR e e e
Figure 3, this ghrlﬁ% o BGSJEQ o the Sou M%Mgﬁp J”gﬁd a &0 -y
of circuit phaseimiiwd whikt el inmii tht - steg ISehel'imltdil’lea)nh@tedi begleseslitth BiauS e
the EE system altput lﬂe*fe?mg? r%PeeH fhe Misfets i et#bﬂtﬂ‘l'srﬂ)el mml@f nltzxto

transistors c - %ge nug v@“ﬁfﬂw Qﬂ;f%g 6¢ ‘Fﬁétf’f"
series from tshea,p Whereas tgq fAOtMlsf L) lé’tfso&nieytge s eg,-ts
Q5 to 8, 115 w h the ED systiem about our transistors respectively

operating as | eads. An enhance- 35 can be connected in series fromthe
output nent type Msfet Qd16 opgrating as a cur- terninal, whilst still
maintaining the same rent limter is connected in series with both output
| evel at the sane at| ng speed the M sfets dl 2 and Qd14 t he gate

o e o - p—— i o o oy e M Y ' Y ~ 1A ~

..._J"

the



a pulse driven by the clock pulse train [err] (see of the clock puls

gate electrode of the Msfet Q17 being signal applied to the circuit
e
train [err] is held at the Figure 4) which differs in phase from the 2

logical " 1 " level. Only when such a cl ock 5 clock pulse train [err].

pul se falls 8o the qur caI "0" level |s 11 7E|‘1e M sf eIs 075 Qi12 and i1k
con- out pup—pot ent sf 1o rter
cirevwit. Sinmila ngtl ﬁ&s Q{E‘&tﬁ‘g gglil l& &d%ev&&ﬁll: ‘%‘E £
M sfets of the Gtﬁeﬁub)t tm:f clSc ke 3rafn ml cralnaarics lteldemedré

The gate pontenﬁsaﬂe ik q%\aéiﬁﬂfétmtﬂ!‘% i“ﬁ‘i‘éhﬁf Bif “1” QRF Won, such \gocleck
ts

EiE .
therefore mih ‘ J"mm ViehddSHis tht mﬂl‘t %0
are connecteti- L&&gfn%&d %ﬁg%gﬁ s ;%%fgh&exva Hetotthe Mt Qa3 amdevritth kiyo the a
three enhanc*erreMsfétg/pEthMcfr&tt@ Fi ngtladma akaté\/d_apm¢ tluregfulréegm perteatial| ock
75 Q1-Qt3 arseet §'f erer% e;;e‘r: |8 %efmf ﬂntg;id { the comect
subsequently %‘“ﬁ’gf? gié’ﬁ,“‘;i% o \ACkArl Glpst GFche: Ak 75
final "0" leve & ahish rasp rité ase@@ef& gat&;e ﬁlﬂd’eltﬁﬁl 4t sabpequemly @pds ev the logieali t
via a Msfet Q 4n ditput dmlng deylived Hromh theofifa ut‘OBdev PR signlay reasgm, Perwﬁe

gate electro stage ? ¥ g&% 1sf% 334 cgr leLr e{sgttplglspo v&z‘;h

pul se width 3Qt§:s"% Qﬁ?ﬁ £ifke { bEhdLcl cRIphilje: tra 1 8dd is

cl ock pul se traid tﬁeegate eleaﬂ:desl ef si&oMis&rts Qﬁanthe&emtdoofttlmemgatszgn@I\@ctHocwdvss of

the M sfets Q 2antt ﬁe’f rltsér t’@ffc urfen 92 gl is \ioh dissdsppeaprons siaghoperads .

ap . ed t he %O %;Pa 15 et fi) | rng W iée €C ‘é“; ;l-llt(p% t he
od To the g hQL Gfitht hﬁ o&gcxs Bdlos maiuadkryguswmaﬁmt he gat @5

‘rode pot entuaial V2 20 ap%ﬁ;“ed an inp ut sﬂgn@l abyyendefcsibed tﬁwgur@ezm}ﬂodl s

’%

"l

]

o he et 1N e ol Bl SR R e
t
In the above de?z&rthebﬁdrlrl:fﬁﬁﬂﬂﬁd’grani e wﬁﬂhwagm&f&ﬁ%mMmhxémpme 90
regi ster con- inalf idy pepesshry mﬂqrﬂs*ttrthP % ‘&é
[ » 1
el b R 'levmr’ﬁ&?“‘é“ SR s e S
1 [+
correct |ogical Iw p 6ilthe @tbck @rakopll pes Waske bragerof ki logiubeircuio 1a|§|tgmsfa 45
In correspond ttQ)ﬂ!ehlegl “ Y Wed agad ”@I@%kyéﬁ‘fts@“ﬁ%mgﬁiﬁﬁr@ the clopfePiliSper
level of the si ﬁ“i‘ﬁt @ﬁe‘zﬂ ﬁsﬁeegit&h&scnuédsa%ow L et he

logical " 1 "3sl %%@ tial Q@-roff e sRN QA kakes ARl  @fllowin® a@idmthg l ogi c ci I‘CUI 198
of Figure 1, forwhicheorrespards th éweipurmalemmds Idgr’l&:alpow’e@to wnptionia dgw. e LY

used and the si S fed 30 neggt number o 'IanSlstorS ernployed 0
fromthe | ogic aﬂﬁegﬁ‘%&n ? .pheiﬁ,%ﬁ V\hen nﬁdp@wilg %ﬂep% 1&gfca' n

[err] 9068 nextV1SIs6rg£vie fthd ft(Ing:atheCMEs&tllt VibRcia dfl’tﬂd’lﬁw eleQ:'éntIOt e
| ogical "0 " 4%ev@l13t #mismr%tmﬂeby ghie eleffodé et which i s tr| red by the

cl ock pul se M sf€ a“ \@%&1 sel';_a toﬁ‘ézléﬁlhgnalwq\ﬁirégﬁf%%m e&E‘:f ,dglﬁ“%étyt A%

first inverter Qhabiidps o n WEiStets  of Miket
above has the 3%d1painér i adondvdrivef the hempleménet a@z&hetreixkesmafe fving as 4 Glad dm:fng
advant ages. whi o thosigrak didn (th Migeti QA st f&Plep luding the se fyow
congyti on 15 (G0 ACRTIE L CEath APl et

| #Si nce the tﬂoﬁﬂaﬁfw f Misfef X413 Sorresponds | @M’@Eedt easp@V\ﬁﬁsﬁC QNigtied lmgualc an
be- 'e*r*rrul t aneous |ty acignad beitg mecmrhp@mmtqjuhe iggugy n @kpression, amrhd:a'dl&s\/\blrﬂlﬁrrimfet,hlee
nunber of | ogidc sigali ‘émf Y‘i?‘r ’gff 1@ ‘:i‘t“ﬁ‘e° theiersfet "gcl‘l?l qfs
the 1 ogical el erfgify mﬁ% océ” tnaaf‘“%@‘?ed‘iﬁetﬁrl@ @g;sf Al sE O cerminals
capaci tance of tsf;k&h locSIp”iilsEai‘alnygsl seri¥iiAto ecﬂivay to the load
105 when the cl camtl uhmlemgnath gmsrncg tboMl#fet and ﬂle fUAh‘#rd\ isieal cj cui
conprising a L{E"a Fc%;( nd ¢ are éﬁ ctrog Maﬁge ‘lg:xo’ofmo
M sfet transi S 1 ctgpﬂﬂ g,..mﬁh

conpl emrent and leehﬁmmmeiy Macaihet ecmlt tong sasala of ea:dwerSumY,ﬁEt sogfe tnldga?réznal

stored in the MO&#@P g In F °H GRICFRS o on -
. ?On Yoo p £ .t 1
it e e ML D ﬁuﬁ%:rmﬁfm IR

secondly a M sf et Ab ilgsteated iir Biguré 4,bheomkpucpmen potherdfithd souRe gfecttdde ofvkaid dix 13
corresponds st rigtVaceishe it ngerenisi & i ﬁ’éq@i“?fétdﬂ?dg'fdd%wn ©b whicks fs spmtroliglej ng
the conpl enent of the input expression, and thirdly a further Msfet, the
50 signal Vin delayed by the phase di fference conduction of said further
M sfet being con- between the clock pulse trains [err] and [err], trolled
by a clock pulse train and said |logic 115 because the gate el ectrode
potential V2 is «circuit block having first and second termnals .
synchroni zed with the clock pulse train.[err] serving.to connect -it

RO

respectively to the load and the input signal”Vin i's synchronized with .
Msfet and t he further Msfet._ 55 the clock pulse train [err] Sr nce t he

o o o T R Y e b 1. - o



3 1,434,771 3 wth
both the Msfets Qd13 and Qd15, the |ogical "0" level irrespective of the

put—65—gatevt

circuit when a pulse driven by the clock pulse train [errf—(see he
clock pulse train [err] is held at the Frg ers i se
from the logical " 1" level. Only when 'M muﬂnﬁm&l ock train
[err]. pul se falls te tne | evel  is the

The Mssfets Qz5, - Q12 and Qd16 cdmd4,7@ut put potentral Vl transfer¥ed via

the MsTet /0 strfute an |nverter crrcur‘t ”SrmTarI other Qlto
't he M_,sfé’tﬂlgﬂ‘sd‘ Pf’(ffﬂh?r 3Fﬁdd 'ﬁte%ﬁc %‘gg‘é gt 6% 1 e 3
(i ncl udr eCQQ&Cb @n&gn ed(qgct 15 %1 }satheld(tL constitute

three f UFigiiteM)r Whidhr Hifférs Gr phase | &et Ilt@rcﬂf‘br’e lervrar ﬁﬁlarvrhadsuah at daeekcorrect 10

cui t.s. STHeckfmlm tﬂ:ﬂv@rter ci r ts a @uleﬁoﬁ'ﬂ © g 103'@1/ I0” le s@‘en% ng to the
val ué -of t angwe 9@%&{?&@1 %l%.r @ thepu

pot e‘m—l*a;m lr&ltl%l'r@gﬁre cap ortfaedl at € as
transfer ng)ecsnsmuwﬂﬁee ﬁml&rrin 1t I r-smsie lhe'efbﬂe mgmesedtat thhec i cal An

out putlosmgnaTherfgnd@thﬁv%chnt % f}ﬁ@df *’ﬁﬂlm X”Qu se(& @I gL reason,
the peri %ﬂfj\f? el ] GBI Wt ch the
out put pgl—éﬂu@?& g Berftbd e” AL tFoB @ Ghmilaf rehiog, e piriolis Q 1 and
t he corr emsge ihem cncmt uaMitfa QieTp uldmngldcthhtheg.'ogtputspf?pﬁllr‘éldmtdﬂe cl ock

{)E;rs]e lﬁr% aee?‘g%:"iml ﬁe‘sggg %th q gf‘;ﬁe?ﬁ hort er

S
o shoﬁm tsét he- i nput
si gnal - W@Mﬁédthﬁ l@lﬂseltfamaw itigie] ist 408 dishdw

gRld s:ﬁcetmapmoﬁer r]. this

i s not drl‘sahh/gmtel wodeof ShenMisfet Rd12pier |dmgT\viﬂ0ﬂ1Hbe éece'bfbdto Véf the M sfet

Q12 i% F‘-1 ‘ré‘ﬁ“at IY d@‘glé‘F tr;fgﬂf ‘hg} :gp"q““ eq an i nput

) ock, pul ck ul

si gnal wzf is at’the: cglrt[l@ @ey(ﬁ to the

Whl ch lS smac ﬁﬂdnzetdtw §hkh rdghtet loas k dpmdgsﬂnchpﬂer bmﬂnt@fgnan Iden ﬁo:h pul se train

[err]. structed 85dQs¢rgppcha ey qn) 1llustrated in each logic block of the circuit of Figure 3 | n t he

above e ﬁﬁeﬁeﬂllﬁ%ﬁe‘?@h’t“ﬁfz iﬁﬂfnﬂﬁ;‘é}gﬁ% s@’ﬂnlme gg‘g S}:eg{,ster con-
eb Udvel 6f9iﬁ sight®f isV aflirf i @

during V\Aﬁg{;lh tabe ed above and

i 11 ust r atediogial “eac el Qagitic phekmvigly, @ tohe sigmrl(:hu lbglof:lrcﬁit FxgurB 1250r Figure 3
will gwﬂbelzs?lﬁwl rEeRfespyts ﬂPgtCéf Pénee ean;pl ay Q}_F“% |l evel is
reduc ¥ ;%F'ﬁ Iell o dgko the
pul se wi ¢4 eqt Gbﬁqtﬁy uﬁmde? I QNlth& ichl i g&ﬁ%y set he signal s

is |f.itMife thSeemarc tohecs;snaleomtpttther ugse W dth the | og |caI " 1" | evel

(eart pé‘t’é‘l‘tt e“eé § E“'@é‘F’r%"El’r“PedW‘Fr Muthe 1, for the
| oner Bk bl Erp ISfﬁ.f ’Z@ﬁ“ Q?Véﬂ“i fn" égodmnp,elsq&ed and tde si gnal
is fed 3 hegative potential). The ‘number of transistors| én@ployédn® | ogi ¢ bl ock

LB of Fi (j;urgml Sine tﬂtzetrm:t Miisfes thdelsof tHe%fcltbclpti\]Eqra%omu@E%n cg dvs next
st age of SEHEanE u tran 23 the, gumbepjof Iogicr g = | gyg|
t hus r@n ﬁ,ﬁﬂ@;g&;&{ et tri g%efr3 "g g T6CK pul se M sf et
Q16 conhtﬁn&tam ofttlﬂe Mmfgtnehlmtﬂixﬁuﬂy, trWII—IKI[WIE’(]:LAMISh—e first inwter

circuit \Mhprcﬁle goes T eshri s‘tﬂélrl'-' Glu ve has the
35 pot %&? ﬂﬁp mﬁf‘ (as Sifvant ages.
of &P st r&i

whi ch 450 e Miafdt Qalagna thd aepertne e, mclu ﬂéawe.r. consunpt i on
is | ow gv;nttgrdﬂl.ﬁﬁ e g&’heleqmdmtt)eacmlm;dt ofa mestict of; dirsg: t!(motype Misfeyi 410 Sj nce

t he trandte Ei gate elec o be

si mul tan ?fet%t‘% corresH t su'u%' a:sd thx a% a; gmrels{eéaﬁ t he nunber
of | oggoc si‘gﬂal I\ﬁnf el . Mt sifetendet lcondactiol ©f bics fubther Misfet bellgaoies of t he

| ogi cal etb;létvmnﬂm clbek p@l@a;;aﬂh aids 93t aroliefl | 384 o110 degic
of the MP® £ iy : nd_s
205 W TR rt B oy 8 el SRR ety e B i o

conpr i.55 Ak docp burea arut Isrtmge malpenodoof | 2veilogichludreuie fd@dihg Ciam M sfets of

M sf et t riagnglpokt 1@&1612 elotgt tﬂ%tctlz"ve, t he
conpl errergd1 ' rﬂg ;f; he si gnal
stored i rtoxtgé@ gs oQBe Slgrmsvlntdz b @etedt ég c e series con-

witted ibptapet @he big) efcthe eidek od acant euyse tetimnahetttlmmlr@ft anfdr tost |y said
depl et i orir# % f dis capbr seqpefrygp élteetth teml’?ﬂ!@f s4idh logi l;t r%%e

Sceontly ERHER U BN L i B A at:ds%*%z Zisret Qi3
cor rESDOFtHBVISO'HﬂH:Cﬁr& veflerdis diven 33 iches f Misfet, mecwndix&dn of @hictlls chiroBledsi gnal bei ng
the conpl enent of the input ~expression, and thirdly a further Msfet, the
50 "signal Vin delayed by the phase difference conduction of said further
M sfet being con- between the clock pulse trains [err] and [err] trolled by
a clock pulse train and said logic 115 because the gate el ectrode
potential V2 is cr rcurt bI ock havi ng f| rst and second term naI s

oy -,

b;ya fchagk p%%erael aad siddegiccdPaci t ance




tial V1 of the first inverter is driven to the M sfet, the conduction of
which is controll ed 4

© 1,434,771 4—by—a—ectock—putse —
train, is connected to a of said logic circuit blocks being controlled

second termrnal of said po er supply, the by sai'd first clock pulse train
and the segégﬁ drain electrode thereof is connected to the of said |logic
circuit bl s being controlled | 55 second termnal of said logic circuit
bl ock by a_$4econd clock pul se train phddd4Zhifted 5 and the gate 4 -
el ectrode theref is can%rcted ,fronreiard first clock pulsetrain. to rhe

cl ock puI se trai)c&)n é Enfg se tramn, is iconnected to a g{; aﬁgltqgioz%ﬂt lﬂqq:ﬁﬁ

of said ck
to daim 9, 4. drénloirddal thédof nn@ﬁ%pdk Cﬂ:é"'goft fidod¥c Qﬁ&% ﬁe fiiag tﬁiﬁﬁn@' 559,
in each of sar Osetondh tér ofp faid iedlotky &l aisetend vlock IpRise) uaalpiadeckgﬂftsd

circuit bl ocks,2drhe ed &r@Pﬂe@Fd V\irtlhs%d ﬁemhtcklwl@mkam ncludes three . .

i
M sfet transistBpeyS é’?‘%ﬁaﬁ“ cgl Fangi e O Ok 10
t he source el ec&fr@ﬁﬁ@l&oﬁﬁ; i rd r&?&éﬁg culﬁﬁlﬁtk %gwn&fﬁ;% i o %.4‘6%9‘{

M sfet one m)r ecingfit blegkdnc!udartbnest\d@ﬂqu u‘mmsm 5 cmmesl efcsmed)gmaddittbloemal

series circul? '#EE?F@ES; fepds of HE“'% de cu % gégenerr;g;nt

bl ock,  CirCuUi tgylnp LEL L b1 c

el ectrode of t hie ts&tnt‘edel&imé‘eabdmtﬁbeaﬂcﬁﬂ of satd ance i;fl& ogﬁresxst ;
65 transi st or tocthe Hl@lnohlea-r n el et 10g1cal gifenit Accotdivgi waClaimi rcur t

according to dec&ﬂé@dg sﬁﬁ*zf‘f’ﬁ tggt ﬁm‘m %1@}1 fd’r%rst af saldlo

wherein the outtpgdglsu;}; : % 1s
second and t hi raiher tepging oflsild‘.llugk: drtwichiack. Sali zd)plﬂddl’ﬁhuhli g of said 70
fng tp gny jope lemtcmitlbéqdksb highaarel chntrodd hst ock

transi stors
. f .
pul se train, C:gg% hg‘“%gggdéﬁgdﬂi l se train, ¥ig| 4 B as an
input to a sec & %) co% 1ed t; wgg% dicﬁ&pgsbﬁ tﬁ:n

logic circuit Uﬂtsickme\dnmi'e farth;r ioohy; edch eiek boupad ofos‘axdt keconp I g€ Hirhg: blockd M5 1

to 3, includi g‘;“t‘n’em&% serisg gancpf @) ‘gleo%] pwpts@et Eﬁrsnd secanda clpdky pifise gehdhi t i on

to and connect ed’6| éﬁllfé 3@5,"5';‘: BLE W skt @&&@5&#{ Ssiﬁ%ﬁt‘lizcﬁon
t

said logic ci I’Ortheiemb:h@@ e @idldlded ¥ a‘tshx@mnﬂmpepulsk
pul se train, s, @ whegeip thage log rmtﬁnhiwksernoorqfcwiudhsts mmlﬂect:by said Getbral t 800
el
| hid mﬁf&

said second arg £ach gp of a
depl e- cont?do l‘:qﬁﬁfgu@k e bl oﬁﬁﬁéﬁp&ﬁ L
and a logic crthc:ucrmmlbomfksaxd lhgicngrca:ppﬂocfsd tas aaﬂouk‘tﬂpllﬂgtct Qirchitt Mblok K& C
A | ogical ci rCLFFﬂP"lC&YFb’ %ﬂ E}FE @ &criye Gput clvF F?Hpﬂed@v@e&m@dtidoglt buiw thain sgsi d |
first clock engg klg g) ccor %}E&dE&nﬂﬁD (ﬁ ‘Egr%i?e(faby a1d 2 o E:Ef: Yh&hin.via e
a second gate MifefeRt the C Lnglc CirdiftUblbcks 2t Chh 3@ .
bl ocks tion ofintgkxdontdecteds tizoowtpuolof ehel ﬂnsy lopdvi dcoﬂﬁmandy saB&) se:tmcl El&:kl’lﬁﬂ‘sb”&a[nng
| ogi cal circui &8 'ebl%cé “%EHW““I% D i Hllpste hein Clqnmtﬂﬁb feprth ofates Misdetit 1o d
30 prised by 3 Mk 3 Gahgee e”@l& %{” r‘rl"BF?“e‘E)IWc?‘d
control |l ed by Snamdctédr tb&tsecaﬁd ihﬂitﬁ.‘lo thselhta(l@lca é\l No e(‘ctrélﬂtd%&xstl?&kwe%
cl ock pul se traﬂlfﬁl E?gia,ppl i ed AS " an i nputartaiged tteropemel sabsorhumarsd He&gu

aimg” 1

circuit blocks ¢ iim dnienge i Thod anSbP?CClﬂet“‘b‘?Sl ‘é‘k‘ 'F“N}J ySand N
oo o a1 e e S e e T W
85 signal s applis edargai tcheecavegat nput, the drain vr a a thi rd gate Msfet,

conducti on of gﬁ%‘ ﬁgf:ig%&“ ; |t%age%f;rcurt ?Ac%%)#drn to glle%rpm 6, is o
controll ed by d iﬁgﬁ’ _mmrd‘t n, whe m’t}ﬁ;"qfﬁ’ egic ci uit

bl ocks are 5dtetn1eutea§tm1cat sfdlogi ic {ilock 001 C Ci rcwﬁ%ﬁd@ﬁﬁn&y egé connected, ..
t he out put of th® A logital|d ncmclu med lextt by sai d stomi] WGk pul se train

circuit bl ock EFHigblechhirersdingtor Grim §ithestirs nput lﬁeqnﬁcf%@ntﬂpdicm by a
fourth gate M sf etEringa & 1H bmthscftwtm BlesClearsingort 8
conducti on of whi ch“‘t%'g" ggb oﬁ*t“bh%@gg%“ Hireotor{ore ‘?é&ﬁ\‘rdmf"ogr c

circuit block being second cl ock pul se trarn connected to a second i nput

of the third I ogr C 12. ‘A logical circuit constructed and circuit
bl ock. . _ arr-anged to operate substantially as
herein 8. A logical circuit acc r g to with reference

to and as illustrated 95 of O a o 3, wherein said logic circuit .
Figure 1, or Figure 2, or Figure 3 of 45 Imml ulﬂiwr"!j! Mr the gate

el ectrode of which fhe acconpanyi ng drawi to receive an i
put, the .drain electrode of which is connected to one ter- minal. of said

logic circuit |ock, and the | MEWBURN ELLIS & CO, source .
el ectrode of which is ected to the Chartered Patent Agents, T
50 other termnal of said logic/circuit block. - 70-72

Chancery Lane, 9. A logical circuit including two |ogic

London, WC2 crrcurt bl ocks accordr ng to Cla|m8 t he frrst

A a2 r . o - o ~:r 1 " YV Y



