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. ··· ~GURE !, is~~.schrmaliC di8gt$9h~:~>~t:;:~,;.°')'~u ·. 
. •. ,pnor,art ~nsnu.~111on gate ~r,raIJ.gem~t;-• · · . the drain electrode ~-"'*~-~-·•i:o\ial.ll¢:~~-~"- ,.1 . ; ~-- 'FIGURE• 2 1·s· a fuNca~· ·1:• v .. o.lt amper... i·nput vo1~· .. o:e · ·::.cc:·,.·.· ..• ··· ·.•..-.. • ......... ,··:•""9;· .. ~.-
~ ... , .. ··-~. :·-:.1.y.& -. .,. .. . ~c.. . !····: ··:_:·-· .. -·_. .<·-,~~·-:·:;-:":.~;·:.·.:\ . ·..:·~ 

characteristic Of an insulated".;gattL fie.Id.. .. . It is :desired-"i.Ii som~f'ca:se.s,(:art<H:is~p~l: :,; ·-

:~~~~~~~~~~~~~ · ~ -~!-~twa .. vei~~~ o! ·out- : .~:s:~:O:i~· ~~t.,r::~~~t:f-.:-~!.:~ft.j _' . .::~;.-
l:d1. ~~~~Bio~:r~ _:mfie~ct~W!~re:~rs~!; ·. __ .·;r:;:;~~~~,:~.:~~~::_:~w!tt~[~tha:>e <:2:~- --
an · . . .. istor use4 a~ a transpu~~9ll ·.gate--is · t · . 

10 FIGURE 4 is a schematic diagram 'of _a _ the full· iripiit voltage is· nofliansinitted to 7S 
transmission gate embodying the invention. --the sending tCrminal . fOr some ·OJlCri!µng 
. FIGURE l is a schematic diagram illus- conditions; ~$ JV:ifCn~w_.- .IJC! .:·4~S<;ti.1>ed~ : . 7 ~ __.. -.. , 

trating a known transmission gate ~range- Let iL be ~sumed ~.f .~!lpltj.tor 28 _is - •.... 
ment. An input or sending source. repre- initially charged-in thC>·" polarity · di~titili · ·-' .. ·. 

15 sented by box 10. produces signals !1~. _its .indica~ adjacent the-capacitor. Letit be so-
output terminal 12. The input souree- is· assUliled flirther that the mo~ble arm of · ·· 
illustrated. by way of example. as a switcli-- the switch 14 is connected: to the grounded 
14 having a switch arm which may ·b~: ·tennin_al.:J6. Transistor 32 is biased· off 
connected either to a terminal 16 or to a when· its -gate voltage is at ground p(>ten- _ -

20 ~m~na1 .JS. _ Te~. _16 is -coD11.ected ti.at . When -W..~ conµ"Q~- voltage at .gate 85 
directly, to _ground .a~d teraji;ta:l. 1~8, is. ~n,".' elec~cle ~8 is_ .tlie~ cluUi·g~ to +v <i~ v~lts. . 
µected. to.~ positive· teqnfual. of .a. -~ry ti:arisll~toI ... 3_2, Js ; re~dereq ·. eenducting_; : f:'ot. 
20., .. Lhe negative ~erniinal. of _.the · b~ttery - (be : vol~ge; c9~~ti_o.ris .;giv~~- flie transistor 
~eing ground~. .Depending .. u.poti .the ~e~., . 32·-~#~,;#•. ;a· gr~Iid~" .:~ou~._ ;~~si$,,. . , .. 

25 tµig of the $Wlt~hmg ~. _the outpµt o~ .tli~ toro. wlieJ:tin. ~tn.>de 34. is ~he s9w:ce 90- · 
:.; ~ device •. at sending po~t 12._ JD.aY )'e ._ a el~ctj-pqc; ~:-:ele¢1t9de ":l,6 is 1.h.e diaiti -

voltage ~evel of either ground, potential or electrode(. . Beau;ise ~t~ ·:--~Utce.:is grolln.ded 
+Vo voJts. where Vo_is the value--of bat· diiectly;.)s. ¢qnsta.n~;-potential difterential · 
tery 20. It is desired tq muisrnit the. yo~~-: r;f V 0 - v~l~ eXists . be®.~en .tl.Je :-source elee- . , 

poin\:: 30 a~ appearing at $ending ~ 1~ sek<?tiv- trOde 34 and· the gate Clectr6de 38,and-t'1c: 95 
· · ely to ~ receiving terminal·. 24 of an out• transisto:r remains .biased in. a. low imped.; . · 
-·· p~t unit 2~ .. The load at the·re.ceiyi-riig ter:- ~~ @.gl1" ... 90µ~uetiv~~):. state so lo~g as 

nµnal 24. is: illustrated as. a Cllpacitor. 28. ~,'._sw*b-. aµd _ gat.t, voltages nema10. at 
A transmission ga~ comprising aQ.: N.. these valueS." .. Therefore, ·capacitof. ·28 Js . , 

3S type field-effect tra.ri.Sist9r ·32 ·nas . soui:C~ able to. fully. discharge .. througll. the. ·coi:i.;.100 _ .. 
" and drain ~c#rode11. ~'h: ~36 .;~f_ which . one ductio:ii,. ?Eitii: of. th¢. tf.iti~~4lr 32. aiid. ~he . .. 

- . 34 is COll:llected to. the.Siµlqing_:.termjnal '12 v()lfage,-~t. r#ivingJ~fpijnaJ 24 Will"~ 10- -
and the 0th.er. 011; 36 connected to the ~e~ ground , P.P~~tial.: .--: Tfl,µ~_;. ··.for this'· type 
ceiving terminal . ~· The • gate electrode. operation ."of. the· ttans®.$~()n gate 32· the . . .. 

. !"..:· . 

_.,;: 

40 ,38 of the fi~ld-:effect tran11istor is conneqed fulf .voltage _ at tlie seJJ.@]g' __ terininal 12 is· 105· . 
·. to a terminal 4;Q; to which is. appliecJ .a·eo~~ tm~tted ~.the ~yijig- term~al 24. ...;~ 

trol signal havjp.~ a p0tential of eithe~ zero ::·At_ th¢ ·en?!. o,t· '~1*? ~~i~<>n periO~~ C.he 

l::.ics 

volts or +Yo:·:vol~~ ·· . .. . . ·. : ;. , cqntrol ~vQltage:, at gare ~r<'~tr()de ; ~8::-;•s · 
-. The fi~-e~t ~~.istor 32 ma,y, be, for changed front +Vo: y<*s: tO grdll!Jd_ p<>t.- •.. 

45 ex.ample. an .M9S ~~nsistor; _or ~, tJ:t!~ fihn ~ntial, an(I: transiStpt: ~z~ then becom~- ~on~ ho .. 
, ._- tranSistor: _ of Jhe jJ]sµla~<kga,te type. , Foi:: eonductiiig; Let. it- oe·: a,S~:i:tmed now that · · 
· · the partic~lar., yalu~: ()f. vol~ge- . illustr~~- the ·inovable .~wit.ch a~ i,s shif~ into ~~~ 

in FIGURE 1, such a transistor would 1JC -tact w~th: foniltn~l. 1~. Tile :Volta~ at sen4-
0:~ -.of the: eµhancell1.5'Dt ty~. For. o~er ing·letjiiiiial' 12 ·,·tJienjs"·+ Vo v!)lts. During . 

SO vaj.µ~s' of voltalt-':. t])e .. transistor ~~:iild be the· next gating· period. the ~ntrol v~~tage _n5 
.~ :; one, of, t?e depletlo~ type. an~ coflld ev~n . at gllte . e~CtrO~e ,. 3~_ }~; .~gain: ~ft~ to ·· 

be .a un!po-.laJ: trans_IStor .... The :cha~cterJ!I~ + V 0 v9Jts. .-lt .will . be· qqt~d 1'Jat Jbe yQlt". 
~ q,f_:fy{QS @<I TF'f.;ir~s~~t()tS~!l.~t'l.--.-well_ ag~ .. i;lt.·~~;~l~tf9~:.~~:~~--th~;satll.~¥~l'l:l~ 
known -~ ¢~. a:rt .~nd_ wilL~~t .b.u:Ie~f p~~g-~ ~s. ~.e. y~~~~g~,-~t :e~e<;tf~4~ ~4·: wl:i~ the c. 

SS s~~- it to; ~y that_ S.U:ch :#y1~ ~J;e ~i~ mitiaJ yo!~ge. !lt ,(ll~ctr~-}6'18 ~r<> -:Yolt.!J~ i2o 
direcf!<>~!1A ~e: s.~~.~at ,~~~t: -~~ A<X:<>r«:t_ingly~~e ,:tran~is~?.t 37. now:,Ot>C1:"· ---· 
tlow m .•. either 'd~tion in the. conduction ate,s as a·, source foUQw~. with eJ~tr9d~ 
paih defi#ed by. the scn~rce aiid draiti etec:. 36 ~ctioning as. tl).e~S6~'~1~~.-:ah.~ 
trodes. ·. For ·an N-type tran8i~t01;. )he erectrOde 34 fii4ctj.oning·'.~:)}Je''dt(lin'.el~ 

60 sourc_e :elec~~e. gener~lly .is taken to ·be troi:Je. · :A'.volt~amp¢re 9~~st,ie ~(j'fo,t 125 
·, that -ele_ctrQ<te; o_ut ~ which. the current tlie tran:sistQr .32 ope.rating J.Uid~r ~¢~· cQn'.".. 

· flows, in the conventional ·sense~: As will. ditfons.~-is illustrated .in~:Ji'IGURE 2. ·· . . 
become apparent, the electrode 36 may be . In FIGURE- -2. the voltage differenttal 
considered the sourt:e e.lectrQde for one between source and-- -gate ·is plOtted' al<>ng 

· 65 value of input voltage applied at -receiver . the abscissa.. Since the Clrain electrode 34 · 130 
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g::s-t=~t~~~ 'l?:!t;Wilh~s=1.m~: 
, . .. a:~ .. senqing · ~rmi~~l · 12 :minusf '·the ·:out.Put ,fiiia,F sigpaf~voltage ieachect: at thC- receiv~ . .-

..... :.~; ~=~~::~~~i>To~~1n:i~:~~~:11~~~~~ · '.~~~~-~~~.~o~;;~~V:;~::C~js:r:~'10 
•.. · :·o::· y./~n;: .tfansistotA2 :js-?iilitially .. render.et:l ·reaches a_: value· o~ + Vs:W'·Volts _.at a: time 

~Qnducµye. the ·9utput:voltage: (or source · •T1 .. when<tlie:.::full.:Vo. v.<5lts: is transmitted 
\' :'.y~lfag~)Js .at ground potential~ an<! a dilfet.'.' t0 the receiving terminal. However. ~··the 

.. · :·9 'e~tiaL of: Vo · v.olts·~ exists .. between souree · voltii.ge: at· the, ·receiving terminal does· :not:• 7-S. 
~~c:l, gate~· 'Initially~'i .therefore, .. a sour¢ reach;:a"value Vsw ·until'-lf"tinle Ta for:.the 

: , .. '~u~nt. ·11:;:fl.ows·.ill theHransrriis.sion ·l?a~l_l. :tran8i~_tor"-•ope~ating jn:.the sorirce,~ollower 
,~~ Jllj1Y 1* seen-1nFIGURfl 2. ·As ·capa- n'lode;'''The·;jtinle'.Ta:may«~;..:fol'.'example, · ·< :• q~tor: :38: .•cliargeSj: the >p0tential difference -three times /as . gteat . as-. -thcr tin:ie Ti. , .If 

U _betw~O.s~ :and· ·gate< tj.~.teasesf wh~re- Yswds the switclling: :voltage, :i~-~ the wolt- ·so 
-t>Y ,the: s~.c¢":current also· decreasesr again •age requirecl:,anhe receivingitermirial 24-. to 
as; 'illpstn~.ted in ·FIGURE :·2. . When'·'ithe :Operate: ·the ,circuit . CQJJD.Ccted tbere~o. Cit 
·capacitor .: 28 <has:' charged to '··a .'value of -may. be_ seetF that there·. is .a·, considerable 

·· .. ·. Yo-V~/vc>lt8~ wlJere;;:VT 'is···.the threshOld delay ·between the :time :that. transistoi: 32 
; . llJ Voltage ·, required? for·: conauctio:n ill tlie is rendeted , conducting ,and:, the" time that ·ss 

· ·· · _transistQr~'_.· transis!<)r· i-32 <b~es noncon- the outl_)ur circuit· beeomes::operative. This 
ducti:pg:· and ;oibe: ··.capacitor 28 charges · ri.o· means that· the overall· circuitry.· has·. a :much 

/\ furth~r~. · __ J~ ~) ·=·· ~ (,::: loW.er' .. i·repetition . rate. thani :·~would~ be . pos_-
·: ·(J~i-suinrrtaiy-' of,:th~s''type:ofoperat.i.on, it sible· if the full +Vo voikwere transmitted 

· \:,'lS, · ~;v.:~1>e-; :said.- 'th~t> :w~en: 'tr.ansmiSsi~h, ·gate to Jhe :ieceiying ~ina~. ~·- .. · ·· ,. :·. · .. .. 9.0 
· .. ·. '~rans1stor:32·:·operates:>as.'a:'SO\ll'ce follower. :·.-'The aforementioned 1inntati~s and. dis-

- .the· ·C~pacitor ·;28' cali.Iiot ·charge 'to ;fhe full advantages of the single transistor .gate. ·are 
:yalue, of' the ·sending· :voltage/· Rather, the overcome ., by, the improveii transmission 

· ;. signal vol~gcHt~'. the. rece~ving terlilinal 24 gate of our ... invention; . This . jmproved 
· 30 reaches a·:value"which is· equal to the send~ gate . is illustrated schematically in FIG- .9S 

·: · iog:: voltage,,,riiinus· the· 'Conduction ·thres• URE~- . In :FIGURE::4. the N .. type field-
;, hold 'v9ltage' of, the traJ:i'Sistor. ' For a· typi- effect transistor·· 32 is comiected between 

~alJnsulated~gate; .;field-effect transistor: of the sending terminal 12: and. the.::receiving 
:,: _ the'e11hanceme1Jnype.: the'threshold voltage terininal ,24 in.the same.manner as'.in.-;the 
: -~'may be:tw<:>'or~three-vo!ts/!.:Assuming·th!it FIGURE. Lcircuit. I·n ·addition; ·a .second -ioo 

·. ... ·Vo equ~ls ten- ·VOlts;:.this> means: that ·-the field-effect tran~i$tor 60.>of .the ·;opp(>site 
signal voltage reached at the: receiving. ter- conductivity·:.type, , namely P~type/• has: its· 
-~al' 24 is'Orily seven·or eight: volts. and coriduction.:path connected:inoparalleL:Wid~ 

:: . · ~h~ :full ·sen_ding"volta:ge has not been trans• tho conduction path· .of first. Jninsistor 32~ 
~~o mittect> -.. - · In ·particular. :.transistor:: 6Q'fhas,;a source· 105 
· >'WI:ie:rf.·the transmission gate is used ;to electrode and a drain eJ.ecttod.e· which ,de.~ 
. trailsfer> signals ;}n; •digital'· circuits, ·it '.may fine a conductiOn path. · :Oile· ·of; these elec~ 
"- · happen tbat::the, signal voltage rea:ched:·:at trodes 62 is .conri.ected<dir~tlyi;to the. elec'.' 

: :tb,e'i~iving:termi'Iral 24:iin~,the,source: foJ.;. trode -g4·:0f firsi;transisfor 32/and::th.e other 
· <45 lower.· mode :·of :operation:;<is ., insufficient: '.tO one Of •the- •source . and• drain. ;-electrode~ 64 ll 0 

··•· , triggei,:>s~!teh;:'•ot<.-~thetwise eifeet•.pr~r is·connected: to-the other,_,eleetrode.;;36 ·.~f 
operatio1r:·of: if: Circuit ooh:tiiected ~;at '.the "re;. first transistor 32;, The gate electrode ._38 ,of 
ceivin:g terminal, 'i Even": assuming.' that- this transistor. 32 is< connected tq· a Jirst: source 

· , value: of' :voltage· -is: su.ffi,cient.- '1lf'niore im~ 1o··or controt:signals;: anddhe gate 6.6, of 
· --~6 p0rta!1ti di~advanta:ge of ~the<~ype _operation se.con4 ; tranSiStor:. ·60 '·}~:' ;C01"nected> to .. _a 115 
' , : Q.eScnbetFls' that a>looge1' 'period of tinle soutce·;72',of'.:·contr0Ls1gnals;, ·- :.:: '' · ·· ... 

· -is teqwred.<fot~ lhe- 'voltage···a:Freceiv'in:g·.ter• f<Sourcesno~~d 72: a:re :operative,:to apply 
: · ·iJ,ii!J.illf4Jo r:eacpa ·.value sufficient to oper- gating ·:signals Ofi•·~~site ::phase .CODC.UJi::' 

,, _. ~te th,e'crrcmtry ·rhere~t:thliI('WouJ.d: bcn·e:. rently,-.:_:at 1the· gate·'electrodes:.~38-; a1'.1d- !i6_. 
· 'i~$ qtiire.d' if". the'. ':full :v0·- v~lts were· transmitted. .resp-ec~vely.u.The,·: signals'. supplied _f.?.y ·::these 120 

'. : to the r_e<;Civit'ig'terrtiinal. e:This:::resulnruiy !'Otii"ces-are·.-of:.~uch amplitud~ and po:lai:ity 
·· be bettei:''imderstOod frofu~'.if-:con'.sid~ration lliat•'both--of ihe·;trainsistors:-32 ,and:60 ·:are 
. . 'of- th~ wivetornk'm FlGU:RE :3; . i .- .. : .,; .. tendered :concfociing.: .concW'!Cn:tly · -.and are 

: : . · ·:' ·Iri FIQ:cJRE:>3;·:time ~s· plotted: :along> th.e rendered_' 'noilcanductin:g· · cqn~ll(re,~ly; · _By 
:<>O, ab~ciss!l~· 'and. voltag~ :;at. th~ ·receiving: 'ter- · wa,.-.;.-·: ofU exampl~; . when ·the -Jransmiss~on 125 
·· ·• nlina}'.24-·:'is-<pIOtt~d'. alont('·the-r::.ord.inate, gate>isi':u~d->in>a :digital ·systemdn: 'Yhich 

:: 'Way~orIµ: 50' .js ;.t}~e '._Character~siic·· tot:\ olt:. thcf:digital:-sign:als :have :'.va:lues : of ~ro :volt$ . 
,. ·· age ~sus :fime·'whe(l tb.e··.'full<V0:•vtiltir -is and: +Vo vblts:>'conti'ohsignaLsource 70 

. ·,_ . ;.. tra:risilJitted cf1"0nf ::the' :· sending '."Jerminali ! 12 applieS: a:: voltage·: :of.: :groilnd. ! potential .aJ 
<6$ to the re~iving ·tertiiinal,.24:Characteris• gate<electrope:,3s a:s 'the :other:,.;s9urce.;7'.? ·130 
i ···.>/.:.: ~-: 
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. .concurrently .. applies a .. _voltage Qf _ +Vt> - -~lectI~ _ 3,2. is_ at + V0 volts-. Con~ti!lnt~ "' r(°­
·. :-V.olts -· 1,1.t" the.: gate ekWtrode 66. CoJ"[CS- Jy, fi~~t Q:ansistot _32 pr~ide!I aJ4w itill~d .. __ J-' ·; 

:.pt>ndingl;., ,.when:_ source 70 appli_es a vQlt- ~~"- pa.th _for the complete .discharge. :Qf ~ 
-!l&C of_ +Vo yolts __ at gat~ el~tr9'Je, 38, ea~tor ~8 •. _ _ _ _ _ _ ___ . · _ _- --.. ·- ·j;:_; 

-' :source 72 apphes grou~d potent-1ai at gate :_ -. :In -suitunary of_ the. FIGUR.If 4 _circuit;· ,10 '", 
:etectrodao. 66. :: Iii terms .of _ tofiVentiotiill th~ transmission g~!'e _is oper~tiye .to trans,;. . . 
.digital tenninology~ the outputs: ef _the :m~t t~- full voltage :ftom the_ sending .te~- ., 
:soui"ees 70 and 72 ai:e the cpmprements of .minal 12' 0"10, the .reeeiv.ing .term_imil .24· re• 

. .obe anothet. · . - _ _ .- gatdless .of the. sending: vo1ta~e. Tbe com- ... 
10 . · Consider_ now ~he openitiQlii of the im.- binec;l. operatioo _ of the tw~ · tta:nsistt>rs 75 

ptov.ed :ttansniissiori gate, and issunie · that a~comp4shes the ful~ transmission _ of the 
capacitor. ·2·s is µittially urtcharged. and that _sendin.g voltage to._ the_ teoeiv'ing tennimil 
.lli<? voltage applied at 8endii1g Jertninal 12 24 fer . either input oondition andj in9re. im~ 
,has a value_ of .+Yo volts. When it is de- portail.t;- pennits the -v<>ltage at the .teceiv~ _ · 

U sited ta gate ~c voltage" from the. sonding .ing t-eriµinal 24 to .. oh~nge_ -at.a ,mueb faster .80 
J.eriliirtal tg _the reeeiving tenirlnal~ . soutce .m~- ~·: c:ould .tie ,aeoomplisbed with . a 
70 applies a voltage_ of +Vo volts at P,te .single, =tl1ansis.tof. Mdte -&!*ifioally1 the 
-38,: alid sour.ie 72 · apiJlies . ground' p9te~tial y_olfiage : versus titn.e .. eh~ctetistic for the 
at gate 66, TransistOr 32 opl'tllteS aiL a J1IGURE 4 circuit mar .be _ reptesen~ by . 

20 .£toJJr<:e followet~ and our.rent flowslin the die cliaraeteristio curve 50_- of FIGURE 3, Ii 
oofiventional ·sense fr6m. the . se.nding tet- "!berea~ ~.e ~~arac~ristia- fo! a: ~in~ tra~· 
minal 12 to the receiving terminal 24 _.t0 s1stor- __ 1s, given by the_ oliaractel'1st1c __ 52. of 
oharge the · -capa<>;it<>r. :21b· ___ :COJ1GUrnmtly FfGURE 3. - . _ . , 
tbetewiLh; seoond ·transist(}r 60 g;petates in · By,way:of example:only of the- uses for 

25 the common s9ttrt:e inode, since. : the gate a, transiniS&fon gate of- the type deseribe.d, I)() 
66. is at ground potential and-: the. source thb~ ~te may .be:-used ht _the ctoss•coupling 
elecuode · 62 is at c +Vo volt:s. First.. tl"WJr netwotk _ pf. an insulated;.gate · field•effeet 
eistor 12 betomes -tio.DGonouttilig .. when transistor fl.ip~ffop, or iii the input gating 
the charge on oapaoitor 28 reaches a value netWorlci the~to, _ As is kn.own. an insul~ _ 

30 -of Vo-VT volts, for reas0ns preVipusiy.dis--:. · ~~gate fi.eld·~ffect ttansist~f_has a very 9.5 
cuss1~;d in connection With the FIGURE· 1 high inpntin'lpedance1 alI1ld little 9r no c~r~' 
oir0Ul.t. - However. siooe _ second transis.wt tent flows in . the input eircUit thereof, Such 
_§(). Cilperates: iil the eoi:nllicin sour:oe _ mOO.e. _ a transistor; when eotisidered as a lood. 
transistor 60 continues to be biaSed. in the · may· be represented a.s- il. capacitor,·- such_ as 

-SS oi1 condition irrespective of the e1fultg~ «Jn the __ «apacitor 28 m FIGURES 1 and 4. -IOet 
. capacitor. 22. Accordingly, second tr~ WHAT WE CLAIM IS: . --

-sistot 60 c~ntinues to· provide a low im~ 1. A- transmissi~. -Bi~ compt.ising;: a 
pedaooe tra~soiission path lor current flow first field-effect- transistor Of. one :conduct~ 
from seiul.ing terftlihal:-12 to receiving tet" ivity: type. having fiisvand S!'Cond ele¢• 

-·40-minal 24,' :and allaws the -capaei~ to trodes defining a conduction path, antJ:ha:v~ tOS 
cliarge. to- .the:.fuIL +Vo volts,:. whet'eby the ing : a gate _ el~ctrode -- for controllit;ig . the 
full sending · ~oltage .is received at -the out• c~nductivity of said path; a second field• 

- put, or receiving., terminal 24. effect transistor of the _opposite conductiv• 
At the , . termination of the ttansftlis_siou, icy- typo having first and second eleetrodts 

: 45 ot gating period; .transistor 32 is t\J.rfied oft definilig ·a conduction path, and h_avil)g a -110 
by source 70: and tramistGr 60 is .. biased, gate electrode~ means -cennecting the con• · 
Off by __ so~ 72, _ Assulil.e now that . -~ ductidn path _ of the :6..rst' transistor across 
sending voltage at _ terminal 12 -changes the oori.du~tion path of the second tran.sis- -
from +Vo volts to ground potential. Dul:.:. tor; and ineans for applying signals at the 

50 ing the n~xt gating pei'iod, both' of the_ trall'.'.' gateS: -of the first and second transistors t(;) us 
· sisters · are agaiti' rendered conducting <by are:fid1;tr 'bot1i fra.'nsistoi$ .c~ndu,ctmgl eon~ 

their. respeetive control . signal soltl'(leS · 70 currenitly and no~oondu~t;.ng c~c_url'!'ntly. 
aiid 72. >Second ~nsistor 60 now _Qj)er~ - 2, A transinission gate ~s elaiQled _in 
ates as a -souttc follower, with eleettOd~ claim l, wherein the sign.Ii.ls appUed.. at the _ 

SS ~ tiein~. the ~urce ~d el~o¥ 62 ~ing gates oLtbe first arid serond uansistors ar~ 1ZG 
the dram. This transistor provides a ~n~ the complements of t:>ne another, . :- . 
ducti0n,: path for discharging capd.ciU>r; 28 . - 3, A ttansmissio.o. gate as claime~ JJ.l · 
Until the·.vbltage at output tctnlinal_U .. talls claim l, wheteln tbe signals applied at the 
to a value of Vr volts, where V;r is :the .. (:On~ gate~ _of the. first and second __ tran$istors ~re 

60 duction threshold of tranSisOOt' _ 60. -HQw- digital _signals _having _ ~ith~r . a_ fil."~t valu~ 125 
twet~ first tran.$i.stor. 32 is nmv operaii~s or a Sec<>nd :vlilue. and wherein a sign~l ~f 
ifi -·· tha grotinded sounre mode. -whereby tlie fir$tvalue is,_applied tQ j;be_ ~te of the 
this ttatttistor remains biased on: _ s0 long · :first transistor when a $ignal Qf tbe secon<J 
as tli.d voltage at sending tetininal 12 is at vllh:ie is- applied t0 the<ga:te of the second 

-65 ground potehtial alid the voltage at groUti~- transistor, and vioe-ve.rsa. _ --·_ - · - 130 
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concurrently .applies a voltage Of + V0 electrode 32 is at + V0 volts. Consequent- ,, __ 
v.olts ·at the. ·gate electrode 66. Corres- ly* firsi transistor 32 provide~ adow imped'.' " 
.pondingly, ,_when.,s.ource 70 applies _a volt-···· ·ance path tor the complete discharge .Of .. ~ 
.age of + V0 volts at gate elect~e 38. capacitor :28. . . . . . . · 

5 ·source 72 appli;s ground p_Otential at gate In summary of the. FIGURE 4 .c~rcuit, 70 , 
·electrode- 66 ... ln, .· terms .of conventibi161 the rransmission gate is Oper~tiye .to trans­
.digital terminology. the outputs. of the mii. the. full voltage from the sending te,r­
.sources 70 and 72 are the cpmplements of minal 12 "to the receiving .terminal.24 re-
oile another. ·. ·. . · gardless of th~ sending voltage. Tl;le c6m-

10 . Consider now ·the operation1 of the im- bined. operatioo of the twp transistors 75 
proved tiansmi$$ion gate, and assume that a~comphshes the full transmission of the 
capacitor. ·2a is initially uncharged and that _sen~g voltage to the receiving terminal 
tb~ voltage applied at sending terminal 12 24 for either input condition and. more. im .. 
has a value of +\ro volts. When it is de- portant, permits the voltage at the receiv- · 

U sired to gate ~e voltage from the sending .ing terminal 24 to change at a .much faster 80 
.Jeriliinal ·to the receiving terminal) source tilte than could be accomplished with . a 
70 applies a voJ~ge of + V0 volts at g~te single transistor. More s~ifi.cally. the 
.38, artd sour~e . 72 apPlies grolind ·potential voltage versus time characteristic for the 
at gate 66. Transistor 32 operates as a FIGURE 4 ·circuit may be represen~ by 

20 bOiJrce follower, and current flows. in the the characteristic curve SO of FIGURE 3, 85 
conventional -se11-se from the sending ter- whereas the characteristic for a sin~le tran.:. 
minal 12 to tile t~eiving te:rl!inal 24 to sistor ~s given by the cliaracterist1c 52 of 
charge the · capacitor 28. Loncurrently FIGURE 3. 
therewith, secoµd transistor 60 operates in By way of example only of the uses for 

25 the common source mode, since the gate a transmission gate of the type deseribed, 90 
66 is at·. groWld potential and the source this gate may be used in the cross-coupling 
electroqe 62 is ~ +Vo volts. First tran_.. network of . an insulated-gate field-effect 
1:1istor 32 becomes nonc_ondueting when transistor flip-flop. or in the input gating 
the charge on ¢8.pacitor 28 teaches a value network thereto. As is known, an insul~ . 

30 of Vo-VT volts, for reasons previously dis- ated•gate field-effect transistot has a very 9S 
cussed in connection with the FIGURE 1 high input impedance, allrd." littla _or no c~r· 
circuit. However. si-nce second transistor l'ent flows in the input circuit thettof. Such 
-~ operates in the common source mode, a: transistor, when considered as a load, 
transistor 60 'continues to be biased in the ·:may be represented as a capacitor. such as 

SS on condition irrespective of the charge_ on the capacicor 28 in FIGURES 1 and 4. rnn· 
capacitor 28. Accordingly. second trani- WHAT WE CLAIM IS: 
sistor 60 continues to provide a low im- 1. A transmissio.n gate comprising.: a 
pedance transiµission path for current flow first field-effect tran.-;istor of one conduct-:­
from sending terininal 12 to receiving ter- ivity type having fir~ ··and second el~ .. 

·40 minal 24~ &Qd. allows the capacito_r to tl'odes defining a conduction path, an-d:ha~~ lOS 
charge to the·. full + V 0 volts, whereby the ing a gate electrode for controlling the 
full sending vpltage is received at the olit· conductivity of said. path; a second field-
put, or receiying. terminal 24. effect transistor of the opposite conductiv• 

At the tenirlnation of the transmission . ity type having first and second electrodes 
45 or gating perioo, transistor 32 is turned off defining a conduction path. and h~ving a I JO 

by wurce '1'0 and traru;istor 60 is biased gate· electrode; means connecting the con-
off by source 72. Assume now that the (luction path of the first transistor across 
sending voltage at terminal 12 changes • the conduction path o£ the second transis­
from + V 0 vo.J.ts to ground potential. Dur- tor; and means f~r applying signals at the 

SO ing the next gating period, both of the tran- . gates of the first and second transistors to US 
sistors are ·again rendered conducting by . , .r~nder both tra,nsistors condu.ctmgl con­
their respective control signal sources 70 · currently and nonconducting concurrently. 
and 72. S~nd mins.istor 60 now oper· · ': 2. A transmission gate as claimed .in 
ates as a souree. follower. with electrode_: :claim 1. wherein the signals applied at the 

SS 64 bein~ th¢ s~urce ~d electt~ 62 being; 'glltes of the first and second transistors are 121) 
the dram. This transistor provides a con.·. · the complements of one another! . 
duction pat1t · for discharging capacitor 28 · _ 3. A transmission gate as claimed _m 
until the .voltage at output terminal 24 falls· claim 1, wherein the signals a.pplit;d at the 
to a value of V-r volts. where VT is the con- •_;ga:tes of the first and second transistors are 

60 duction thte$hold of transistor 60. How--;. ·'dlgital signals having either a first valu~ 12S 
ever, first triln.sisto.r 32 is now operating : ·or a second value. and wlretein a signal ~f 
.in the grounded source mode. whereby the first value is applied to the gate of the 
this ttansiStQr remains biased on so long first transistor when a signal of tlle secon4 
a~ the voltag~ at sending terminal 12 is at value is applied to the gate of the second 

65 ground pote11tial and the voltage at groun4. transistor, and vice-versa. · · 130 
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·'\ . 4. N tmfi~~oli . sa~.: -al8~- ~J.aimed in 
:"'·: ·daim·t. includiD.g:a signaL~11~igg. poin~ 

.. --~,-- :=~~J~t>~~~t!i~~Wuc~~ 
··: 5 paths of the firSt a~cf~@ild iransiStors be-

·•· ' +?AV»"1!t~ '";: : > ~aim·· 4. iµcl~ ~s: o! vatyi~g the 
10 voltage at said Signal, ~n<bng point be­
. · tween a fi1't value and a: second vaiue. 

6. A ~smission ga,f:C) as claimed m 
' claim s. wherein the"signals applied at the 

gates of the first an4.. second transistors 
IS have either the 6rsf value or the second 
. . value, and wherein a .. :signal of the first 
· value is applied at tb,e ' gate of the first 

· .. · tralifilstor when a. si~ · of the secona 
\1llue is applied at the. gate of the second 

20 transistor, and vice-versa. 

7. /!.. ~-~ssion . gate as elaiJned:"':in .. 
cJaim §. wh¢tein: the.:_:'fifst_ Gµld Second ~·0 --<: 
sistors are insµJ~ted.~gate ::field-effect ~,. __ ,,.. .. 
sistors and whereiii.On:e\of ·the ttamiste:ff"">~---. · 
is a P:type ~~~t~1 :ailtf:the Othef-::.tranSis'-''25·· 
tor is an N-type transistor. 

8. A transmission gate substantially as 
hereinbefore describ'ed with reference · to 
FIGURE 4 of the accompanying drawing. · 

9. A transmis~on gate construetedf 30 
arranged and adapted to o,Perate substa.n:­
tially es herein described with reference to 
FIGURE 4 of the aecompanying drawing. 
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