sed on .1he ovetsll speed of operation of 50
sys afid, - it ‘pafticular; the fopéti:
f the varmu§ énrcmts and /or

objéf:t of this m- g
xmproved traﬂs-' 55

.jmprovéd:- tﬂm

1 "=-:' ﬂien gate
5n - gatiel are employed “fot whxch_employs tield-effect fransisivors, o0 <E
amiple, to_ Selectiy ly g}ate 1 emation - Still - _othér ob]ect of this inveition i§ 60

an ifiiproved - trafisifission - gats
two 1 ﬁéldaéﬁ'ect tt""sxstors of

thie - same - tegardless “of * thé dﬂreoﬁon 6f 6*‘

clirtent fiow* throtgh the gate or the value

of the signals being trafismiitted. -

A farther ﬁbject' of -thig - jivention -is’ to

provide * an Hafi$niigsion - gats >

- which “midy - -be& *“operited selectivély o 70
tfanSmit ¢ full- sehdmg' voltage to d re«

mg drawmg, hké (-

of th f
ers dendte‘ lﬂﬁé cdthpoil- 8

tecelving poitit: ¢
;s‘thatalonget 'tiod.of
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~ FIGURE 1:is_a schematic' d1agram o8
pnor art transmxsslon gate arrangement "

FIGURE: 2 is’ a ftypical® volt-ampere
charactenstxc of an msulated-gate ﬁeld- -
o S -in other cases, that
« FIGURE 3 is a: set of waveforms of out- :
put voltage versus time for different operat- -
ing conditions- of a ﬁeld-eft‘ect transistor; -
_istor tsed as a transmx_
‘the full input voltage is. not transmitted to 75
-the sending terminal for some operatmg '

‘5' eﬂ‘ect transxstor,

and

10 FIGURE 4is a schematlc diagram- ‘of :1_

transmission gate embodying the invention.

. FIGURE 1 jis a schematic diagram illus- -

tratmg a known transmission gate: arrange-
ment. An input or sending source, repre-
15 sented by box 10, produces signals at its
output terminal 12. The input soutee is’

illustrated, by way of example, as.a switch "
14 having a switch arm which may. be .

connected either to a termmal 16 or to a

20 terminal -18. . Terminal 16 is -connected

. directly .to ground .,and. termmal 18 is.con-
necled to- posmve terminal of a battery

20,.. the negative terminal . of |the -battery -
being grounded. ‘Depending. upon. .the sst-

25 ting of the switching arm, the output of the
;+ device, .at _ sending point 12, may be.a
voltage level of either ground ‘potential or
4V, volts, where Vg is the value-of bat-

tery 20. It is desired to transmit the volt-

30 age appearing at sending pein. 12 selectiv- -

. ely to a receiving terminal-24 of an out-
" put unit 26. The load at the’ receiving ter-
minal 24 js illustrated. as a capacitor. 28.
. . A transmission. gate .comprising an: N-
35 type ficld-effect transistor 32 has “source
-+ and - drain electrodes 34, 36 .of which one
34 is connected to the. sendmg terminal 12
and the. other onz 36: connected to the re-
ceiving terminal 24. The . - gate. electrode
40 38 of the field-effect trans:stor is connected
- to a terminal 40; to which is applied a con-
" trol signal havmg a-potential of either zero
volts or +V-volts. -
- The field-effect tranmstor 32 may be “for
45 example an MOS transistor. or a thin film-
.. transistor of the. insulated-gate type. . For
the particular  values of volt.age 1llustrated
in FIGURE 1, such a transistor would be
one -of -the . enhancement type. For: othier
50 values of voltage, the. transistor could be
.- one,of the depletion type, and couid even
* be a unipolar transistor. - The characteris-
tiese of MOS and TFT transrstors are. well

known in the art and will not be. descnbed— P

55 Suffice it to say that such ‘devices
_ dxrecnonal ‘the- sens that "currer cail
flow in. elther -direction ‘in ‘the conduction.
path deﬁned by the source. and drain-elec-
trodes. - For “an N-type transistor, . the
60 source. electrode. generally is taken to be
;- that. electrode out of which the current
flows, in the conventional sense.. As will
become apparent, the electrode 36 may be
considered the source electrode for ome

* 65 value of input voltage applied at receiver

-ing " terminal 12 . be! transmitted "to

rvollage at

. dl;)pear at, the reoelvmg_ erminal
isadvantage -of .a single - ficld-effect T
~gate_is ‘that  °

conditions,’ as ‘will now. be described. ... ;- ¢
Let il be assumed tha'._,_capacnor 28 is _"-_ e
initially -charged-in the~ polarity- - direction -~

 indicated adjacent the capacitor. Let it be 80r -

‘assumed  further - that  the movable arm’ of
the switch 14 is connected to the grounded

-terminal :16. Transrstor 32 is biased off .

when' its gate voltage is at ground poten- - L
tial. . When the control yoltage at gate 85 - - -

electrode 38 is_then' changed to +Vq volts, -
transxstor I

cenducting, For

given. the transistor -
ounded source strafisiss . :
trode 34 xs theé source 90 - -

use -thi -"source is glounded w T
directly, a’ constant ' potential differential Ll
of Vo volts exists betwgen the source elec- '

trode 34 and the gate electrode 38, and the 95.' S
transistor remains biased in.a fow imped- - L
ance (high c_onductlv:ty) state ‘'so -Jong'as

the : switch . an te. "Voltages memain ‘at :

these values. - Therefore, ‘capacitor- 28 is ;. -

able to_fully. discharge . th'rofugh the. ‘con= . 10@

duction ‘path; of the. . d’-the
voltage at, reoervmg

control voltage at._g / cl w5 [
changed from +V,. vols' to ground pot- .. .
ential, and transistor . 2_ then becomes non-'iw-_ o
conductmg Let. it be o

the movable switch arm i

“shi _
-tact with terminal 18. The voltag_, at send-

ing terminal 12 then. is"4V,o volts. During - .
the next gating period the control voltage 115 .. .

-at. gate. eléctrode 38 is again_changed to-

+Vo volis. It will be-ndted. that the volt-
ate. y ' .

'32 now " oper- --20 .

et, w1th electrode :
£ o .

Accordmgly, ' :
ates ‘as a:: source *foll¢

: \pe; for 125
the transrstor 32 operatmg upder these con- _
ditions is_illustrated in FIGURE 2.~ . . - .

‘In FIGURE "2, the voltage differéntial .
between source and- gate :is plottéd’ along - I
the abscissa. Since the drain electrode 34-130
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V '-.=.and gate’ electrode 33 -are at: ~the same:po

-_abscxssa also is.equal to-* the input’ voltage
at- sending terminal 12 :minus'‘the “output
tag

lotted: along the ‘ordinate:.
hen transistor-32 ijs: “initially. rendered
onducu
1ge) s at ground.- potential, and a différ-
f: Vi volts: exists:-between source
te: '?--Imtlally, .therefore; -a :source
yE ﬂows the< transm:sston path,
t “in:FIGURE 2. As capa-
charges, the porentral dﬂerence

by the: so urrent also: decreases, agam
as: ﬂlustrated in FIGURE 2. .. When*ithe
‘capaci 8 hag charged to a ‘valug " of
0~V VOlts, - where: 'V :is :the threshold

; quxred -for: conductron -in the

- : ducting’ and :the ‘capacitor 28 charges no
further.
s summary of :this ype: ‘of: operauon 1t
__-may ‘be'said: ‘that: when':transmission: ‘gate
transistor: 32~ operates asa-source follower,
. the ‘capagitor ‘28 cannot : charge ‘to the full
valueof  the ‘sénding voltage;” Rather, ‘the
~ signai’ voltage: at: the, receiving: terminal 24
) reaches a:value which is equal to the send:
ing: voltage: sminus: the ‘conduction -thres-
hold voltage of - the transistor.: For a typi-
cal: insulated-gate: :field-effect transistor. of

may ‘be two’or thre¢ volts:3 - Assuming' that
Vo equals ten. volts; ..this’ means’ that “the
signal’ \oltage reached at the: Teeeivilg ‘ter-
minal 24 is only seven'or eight: volts, and
full sendmg voltage has not been trans-

s

1

' cexvmg termmal Even assunung that thls
_ i value of voltage is: sufficient, @ 'more im-
_-~j'50 portant: disadvantage of ‘the: type operation

© . described “is thay & longer ‘period of time

;- is Tequirsd-for the- voltage at: ‘receiving ‘ter-

.. - minal 24 te reach. a value sufficiént to oper-

. até the ¢ircuitry thereat::than*would: bé: re

h' 5 quired if the full 'V’ volts Were: transmitted
- - to the receivifg ‘terminal.

Thrs result may
‘c}erstood froi:

;. transmitted from :the'- sending 'f=ternimal 112
to the receiving terminalf- 24 - Characteris-

B et D

Jthe .voltage: “plotted:. alon the _c b
receiving - terminal:24. Source

, the ‘output-voltage { (6r source -

the“enhancement type, the: thx;gshold voltage .

: 2 8 ; the waveform -of:: voltage versus
ime: for the condition' described abové.in :
connection - with ‘FIGURE: T; - wheteln =the. -
final’ - sigfial -voltage reached at the receiving -

V=V As may be sesn: in- 70
FIGURE 3, the: receiving ‘terminal <24 .
‘réaches a: value of + Vi - volts "at atime
T, - whert': the: full’ - Vi . volts s transmitted
to the receiving terminal. However, sthe
voltage at- the: receiving terminal: ‘does ‘not:

75

‘reachia value - Vgy until atime T, for:the

transistor’-operating in: the source: follower
mode::: The timie T, may: be,:forexample,
thiree times as .great . as-.the: time - Ty. - . If

Vswiis the switching :voltage, i..; the volt- 80

‘age required::at the receiving’ ‘terminal 24 to

:operate : the -circuit . connected théreto, {:
1may.-be seen that there.is .a: cons1derab1e
delay between the ‘time :that . transistor 32
is - rendered : conducting and - the-:time that
the output: circuit - becomesoperative. This
means that- the overall-circuitry: has:a :much
lower.repetition -rate. than;'would be pos-
sible: if the full +V, volls were transm1tted
to the: receiving terminal . 24.. .- -

-/The aforémentioned limitations and dis-

25

90

_ advantages of the single transistor gate.are

overcome .. by. the improved trafiSmission
gate of our- invention: . This . improved
gate -is illustrated schematlcally in FIG-
URE 4. .In FIGURE:4, the N-type field-
effect transistor - 32: is connected between
the sending terminal 12:and: the:receiving
termiinal :24 .in. the same.manner as-in:the
FIGURE. 1.circuit. In: addition; a .second
field-effect’ transistor. . 60..°0f . the ;0pposite
conductivity ~type, , namely P-type,: has: its
conductiosi - path connected:in- parallel::with
the conduction: path of first- transistor- 132
In particular, -transistor: 6Q:has.ia souice-
electrode and a drain electeode: which de-
fine a conduction path.- One of:these.elec-

93

100

105

. trodes 62 is connected: dn’ect]y«to the. elec-

trode 34 :of first; transistor 32; and.:the other
one of ' the sotrce .and: dram ‘electrodes 64 110
is -connected: to -the :other: electrode.::36 -of
first transistor 32.-The gate elecirode .38 .of
trazisistor- 32 is:connected to:a:first: source
70 of contro}: signals; and: the gate 66..of
second - transistor: 60 s ::connected::. to a
source‘--f72 -of -control ssignals, .. s

" Souirces” 7(; anc% 72:are: cgperaltlxa\;e to apply

tm ‘signdls o posite :;phdse . concur:
ga g 1gn he: gateaglectrodes -38; and -66,
~The: signals supplied by -these

K15

respectwei 120

‘sources -dre of such amplitude and ‘polarity

that-both..of fheriransistors32 and-60 are
réndered :conducting: concurrenily -and are
rendered nonconducting - concurrently: - By

! xaniiple; - whien : the - transmission
gate s vincia ‘digital system.in: which-
thé digital slgnals have svalues.:of: zero volts
and 42V volts: <control-signal: source. 70
applies’ a- -voltage:of ::ground ; potential at
gdte “electrode 38 “as ‘the ‘other: source: 72 130

125




4 . 10913

. concurrently. apphes 4 voltage é'f +Vp.

- volts -at™ the; gate eléstrode 66. - Cotres-

pondingly, . when soutce 70 applies a ‘volt-_

age of +V, volts dt gaté eléctrode 38,
-5 :source 72 applies ground potential at gate
-glectrode. 66. = In terms of cofiventiondl
digital termmology; the outputs: of the

sources 70 and 72 are the cpmprements of_

_ehe another:”

10 - Considér fiow." 'he operatleu of the jm-
proved ti'ansmlssmn gate, and dssume that
capacitor. 28 is initially uricharged and that

lie voltage applied at Sending tefininal 12

has a value of +V, volts. When it is dé-

15 sired 15 gate the voltage from the séndinig
ferhiinial to .the receiving termindl, source .

70 applies a voltage of "4V, volis at gate
38, arid source 72-applies ground péotential

ai gate 66, Transistor 32 operates as. a
20 vource . followef, and urfent flows, in the
dofiventional -sense frdm . the sending: tet-
fninal ‘12 to the. fecgiving terminal .24 .to
oharge the:- capacitor 28, . Lencurrently
therewith, second ‘transister 60 opefates -in

25 the common sofirée imode, sinte -the pate
66.i8 at ground potential ‘and- the sotirce

. electrode 62 is at .+ Vg volts. First tran-
pistor - 32. becomes . tionconduéting . when
the charge oii capacitor 28 reaches .a value

30 of . Vo-V volts, for reasons previously .dis-
~ cusséd in ¢onnection with the FIGURE: 1
circuit. However, sincé second transistor
60. operates ‘in. the. tommon. soutée mode,
transistor 60 continues to be biased.in the
-85 on condition irréspective of the. chdige on
capacitor - 28. Accordingly, second - tram~
‘sistor :60 continues to:provide & lew. im-
pedarice transmission path for curfent flow

from. sending . terinihal- 12 to rfeceiving ter:

-40.minal 24, and . allows. the -capacitor 1o
charge. to- the fall: Vg volts,. whereby the
full sending voltage is received at-the out-

" put, or receiving, terminal 24.
At the . termiination of the ttansimsslon

:45 or gating period, iransistor 32 is turned off

by source 70° and transistor 60 is biased
off by source 72: . Aifumié now that the
sending voltage at. terminal 12 - changes
from +Vj velts to ground potential, Dur-
50 ing:-the next-gating petiod, both of the tran-
sistors ‘are agawy rendered conducting by
theit respecuve control . signal - sources * 70
and 72. : -Second transistor 60 now oper-
atés as a source follower, with electrodé
55.64 being the. source and electiodé 62 being
the drain: This transistor provides.a con:
duction. -path for dischatging capdoitor, 28
until the' veltage at output tefminal 24 falls
to a valdg of Vi volts, where V; is the con-

60 duction threshdld of trangistor 60. - How-
ever; first transistor. 32 is now operalmg
ifi * the gmunded source mode, - whereby
this transistor femains biased on so long
s the voltagé at sending terininak 12 is at

".$5 ground potenfial and the VOItage at ground.

.electwde 32 is at 4+ Vo volts Consequent- T .
1y, first transistor 32 provides adow itaped-. /7 .

ance pangor the dompleté dlscharge of
tor .
n summary of the. FIGURE 4 exreuxt:

the transmission gats is Operative to trans-
it the. full voltage from the. sending ter-

minal 12 to_the receiving terminal 24 re-
gatdless .of the sending voltage. The com-

bined operation  of the two transistors 75

accomplishes the full transniission. of the
sending - voltage to..the receiving  terminal - -
24 for either 1npiit 6ofdition and, more. im-
portatit; permits the -voltage at the “receivs

ing terminal 24 to_change at.a much faster 80

rate. than: could be accomplished with &
single.  tiansistor. - Modie specifically, the
voltage - versus time- ¢haractefistic for the
FIGURE. 4-circuit inay be represented by
the characteristic curve 50. of FIGURE. 3, 8§
whereas the characteristi¢ for a smgle trane
sistor- is. givéri by the e‘haractenstlc 52, of
FIGURE 3.

‘By:way - of example. only of the- uses for '
a  transiniésion gate of the type deséribed, 90
this gate may be-used i the cioss-coupling
detwork of - an . msulated‘gate “field-effect

. trapsistor. . flip-flop, or i the irput gating.

petwork:, thereto: - As is. known, an insul: -

- ated-gats field-effect transistor has a. very 95

high input. 1mpedance, angd little of no cur:’
rent flows in .the input cifcuit thereof. Such

_a transistor, whén considered as a ‘load,

may be represented a8. a_capacitor, sach as

the capacitor 28 in FIGURES 1 and 4. 130

- WHAT WE CLAIM 1S: :
1. A_transmission  gate comprlsmg. a
first field-effect. transistor of one conduct-

_ivity. type having firsg ;and second elec:

trodes defining a conduction path, and:hdv: 195
ing .a gate electrode for control[ing the -

' cenduchv;ty of said path; a second field:

effect transistor of the oppesite conductiv:
ity type having first and second electrodés
definiig a .conduction path, and baviog 4.1]0
gate electrode; means connecting the con- -
duction path . of the first’ transistor across
the coriduction path of the second transis- .
tor; and ineans fof. applying signals at the
gates of the first and second tramsistors to 115
arefider ‘both framsistors conducting} con-
curremtly and nonconduetmg concurrently

-2:' A trahsinissioni  gate as claimed in
clalm 1, wherein -the signals: apphed at the -
pates: of the first and second transistors are 120
the eomplemeiits of one another; - .

. 3, A transmission. gate as claimed. m g
clalm 1, wherelit the signals apphed at the
gates of the first and second. transistors are

 digital signals having either a first value 125

or a second -value. and ‘wherein a signal of

 the first value is applied to the gate of the

first transistor when a signal -of the second
valie is applied to the: gate of the second :
transistor, and . vme-Versa e - 130
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concurrently applies a voltage of +V,
volts "at the. paté eléctrode 66. Corres-

pondingly, .when_source 70 applies a volt-

age of +V, volts at gate electrode 38,
5 source 72 applies ‘ground potential at gate

‘glectrode 66. . In terms of corivéntional

digital terminology, thé oufputs eof the

souices 70 and 72-are thé complements Of

one another: . _ :
10 . Considér now the operation of the im-
proved tfansmission gate, and assume that
capacitor. 28 is initially uncharged and that
the voltage applied at Sending términal 12
has a value of +V, volts. When it is de-
sired to gate the voltage from the sending
Jerminal to the feceiving terminal, source
70 applies a voltage of +V, volts at gate
38, and source 72 applies ground -potential
at gate 66. Transistor 32 operates as a
soudrce follower, and current flows, in the
coiiventioral -sense from the sending ter-
minal 12 to the receiving terminal 24 to
charge the- capacitor 28. Concurrently
therewith, second transistor 60 operdtes in
the common sotirce mode, since the gate
66 is at ground potential and the source
electrode 62 is 4t +V, volts. First tran-
gistor 32 befomies noncoaducting when
the charge on capacitor 28 reaches a value
of Vo-Vg volts, for reasons previously dis-
cussed in connection with the FIGURE 1
cireuit. However, sincé second transistor
60. operates in the common source mode,
transistor 60 ‘continues to be biased in the
oun condition irrespective of the charge on
capacitor 28.  Actordingly, second tran-
sistor 60 continues to provide a low im-
pedance transmission path for current flow
from sending terminal 12 to receiving ter-
minal 24, and allows the capacilor to
charge to the full +V, volts, whereby the
full sending veltage is received at the out-
put, or receiving, terminal 24.

At the termination of the transmission
or gating period, iransistor 32 is turned off
by source 70 and trapsistor 60 is biased

15

25
30

35

45

off by source 72. Assume now that the

sending voltage at terminal 12 changes
from +V, volts to ground potential. Dur-
50

to a valus of V; volts, where Vj, is the con-

60 duction threshold of tranmsistor 60. How--

ever, first transistor 32 is now operating
in the grounded source mode, whereby
this transistor. remains biased on so long
as the voltags: at sending terminal 12 is at

é5 ground potential and the voltage at ground.

“may be represented as a capacitor, such as

ing the next gating period, both of the tran- -
sistors are again rendered conducting by .
their respective conirol signal sources 70"
and 72. Second transistor 60 now oper--
ates as a source follower, with electrode -
55 64 being the source and electrode 62 being :
the drain. This transistor provides a con-’
duction path “for discharging capacitor 28 -
until the voltage at output tetmina] 24 falls-

. gates of the first and second transistors to
..srender both fransistors conducting{ con-

»
electrode 32 is at +V, volts. Consequznt- e
ly, first transistor 32 provides adow imped- gi’%
ance path for the completé discharge of

capacitor 28. . L

n summary of the FIGURE 4 circuit, 70 .
the transmission gate is oOperative to trans-
mit the full voltage from the sending ter-
minal 12 to the receiving termindl 24 re-
gardless of the sending voltage. The com-
bined. operation of the two ({ransistors 75
accomplishes the full transmiission of the
sending voltage to the receiving terminal
24 for either input condition and, more. im-
portant, permits the voltage at the reeeiv-
ing terminal 24 to change at a much faster
rate than could be accomplished with a
single Uansistof. More #pecifically, the
voltage versus time characteristic for the
FIGURE 4 circuit may be represented by
the characteristic curve 50 of FIGURE 3, 8§
whereas the characteristic for a single tran-
sistor is given by the characteristic 52 of
FIGURE 3.

. By way of example only of the uses for
a transmission gate of the type destribed, 90
this gate may be used in ths cfoss-coupling
network of an insulated-gate field-effect
transistor flip-flop. or in the inpit gating
pnetwork thereto. As is known, an insul:
ated-gate field-effect transistor has a very 95
high input impedance, and little or no cur-
rent flows in the input circuit thereof. Such
a: transistor, wheén considered as a load,
the capacitor 28 in FIGURES 1 and 4. 100

WHAT WE CLAIM IS:

1. A transmissicn gate comprising: a
first field-effect transistor of one conduct-
ivity type baving firsg "and second elec-
trodes defining a conduction path, and:hav-.
ing a gate electrode for controlling the
conductivity of said path; a second field-
effect transistor of the opposite conductiv-

105

_ity type having first and second electrodes

defining a conduction path, and having a
gate’ electrode; means connecting the con-
duction path of the first transistor across

10

- the conduction path of the second transis-

tor; and means for applying sigoals at the s
3}

‘cuirently and nonconducting concurrently.
2. A transmission gate as claimed jin

-claim 1, wherein the signals applied at the
“gates of the first and second transistors are
‘the complements of one another,

120

.'3. A transmission gate as claimed in
‘claim 1, wherein the signals applied at the

.gates of the first and second transistors are
“digital signals having either a first value
of a second value. and wherein a signal of

125

the first value is applied to the gate of the
first tradsistot when a signal of the second
value is applied to the gate of the secofid

transistor, and vice-versa. 130
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5, S
“claim 4, mcludmg means or va;rymg the
40 yoltage at said signal: semlmg point be-
. tween a first value and a second value,
6. A transmission gate as claimed in
: " claim 5, wherein the signals applied at the
gates of the first and sécond tramsistors
15 have either the first value or the second
" value, and wherein a signal of the first
* value is applied at the ‘gate of the first
~ transistor when a . signal of the second
value is applied at ‘the’ gate of the second
20 transistor, and vice-versa.

7. A transmxssmn gate as clalmed m
claim 6, wherein the\ﬁfst and second trap--
sistors are insulat
sistors, and whe
is a P-type tran

tor is an N-type transistor.

8. A transmission gate substantially as
hereinbefore described with reference to
FIGURE 4 of the accompaunying drawing.

9. A transmission gate constructed; 30
artanged and adapted to operate substan-
tially as herein described with reference to
FIGURE 4 of the accompanying drawing.
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