2158313 - 1 - "A SWTCH NG CCRCU T". The present invention relates to a
swtching circuit. A conposite technique has been devel oped to form
different kinds of elenments in a single sem conductor substrate, to obtain
a sem conductor_integrated cir- 5 cuit having diverse functions -and a hi gh
i ion. For instance, a circuit technique Zﬁ”cagojs@ng

$ With insulated gate-type field- effec pa IStors
(hereinafter ‘referred to as MOSFET' s) 10 has been disclosed in Japanese
Pat ent Publteation No. 43997/1972 and in Japanese Patent Lai d-COpen No.
26181/1977. Fig. 1 of the acconpanying draw ngs, shows a switching circuit
whi ch we have devel oped and 15 in which, a bipolar transistor and an

i nsul ated gate- type field effect transt sfor are combined. The cir- cuit
shown in Fig. 1 is an input buffer circuit (switch- ing circuit) for, for
exanple, a Bi-CMOS (bipolar/CMOS m xed type) gate array. The circuit
consists of two 20 bipol afyt ' f,hat constitute an out put
stage, a CMOS inverter 12'%h$@2%giﬁ3g§‘§%%cﬁg ol'ar transistor QL in an

i nverted manner, and a buffer . :

- The present invention relates to a switching circuit.
A composite technique has been developed to form

different kinds of elements in a single semiconductor

&

substrate, to obtain a semiconductor integrated cir-
5 cuit having diverse functions and a high degree of
integration.

For instance, a ci;cuit technique for combining
bipolar transistors with insulated gate-type field-
effect transistors (hereinafter ieferred to as MOSFET's)

10 has been disclosed in Japanese Patent Publication
No. 43997/1972 and in Japahese.Patent_Laid-Open No.
26181/1977. .

% Fig. 1 of the accompanying drawings, shows a

switching circuit which we have developed and

15 in which a bipolar transistor and an insulated gate-
type field effecf transistor are combined. The cir-
cuit-shown in Fig. 1 is an input buffer circuit (switch-
ing circuit) for, for example, a Bi-CMOS (bipolar/CMOS
mixed type) gate array. The circuit'consists of two

20 bipolar transistors Q1, Q2 that constitute an output
stage, a CMOS inverter 12 which drives the bipolar

transistor Q1 in an inverted manner, and a buffer




-2- anplifier (voltage follower) 14 which drives the other bipolar
transistor Q2 in a non-inverted manner. This circuit operates as described
bqlomL A logic signal applied to an input termnal IN conprises 5 t wo
branches. One part of the input is phase inverted by the CMOS i r 12
and .i-s\nput to the base of the transistor 01 of the output sta e.‘Ebe

ug/f er

ot her part of "the input is convertedinﬁc&eLIOM/in} pedance by th
anplifier 14 and is input in 10 phase“to the base of the ot  pol ar

transi stor @ of the output stage. Therefore, the two bipolar transistors
QL, @ in the output stage are rendered conductive and are driven in a
conpl ement ar gmpaificer Wheltaye tfehboweén) (B whioN @rdrdisctthee)otbinglrt he 15

other transistor 2 is OFF (nonconductive), a chang- ing current is
supplied to bhpoleadtEanistirsthagh @einransostdnvetrtedWmamnere. transi stor QL
Is OFF and the other transistor 02 is ON, the electric charge stored in the
| oad Co is di schaThés chrsugit tdperates ag described bedow®; A he
capacitive load Co is driven. The switching circuit has the foll ow ng
features (a)lyaéccrignedyanrdied &mdamhénButs EerAdpRlf I8 comprises
5 two branches. One part of the input is phase inverted
by the CMOS inverter 12 and is input to the
base of the transistor Q1 of the output stage. The
other part of the input is converted into a low im-
pedance by the buffer amplifiér 14 and is input in
10 phase to the base of the other bipolar transistor
Q2 of the output stage. Therefore, the two bipolar
transistors Q1, Q2 in the output stage are rendered
conductive and are driven in a complementary manner.
When one transistor Q1 is ON (conductive) and the
15 other transistor Q2 is OFF (nogconductive), a chang-
ing current is supplied to the load Co through the
\,f transistor Q1. When one transistor Q1 is OFF and
the other transistor Q2 is ON, the electric charge
stored in the load Co is discharged through the other
20 transistor Q2; the capacitive load Co is driven.
The switching circuit has the following
features
(a) The CMOS inverter 12 and the buffer amplifier

circuit 14 have nearly the same signal transmission

25 speed; hence, the bases of the two transistors Q1,



. circuit 14 have nearly the sane signal transm ssion 25 speed; hence,

t he bases of the two transistors Qi, Q2 are driven substantially at the

same time in an opposite phase relation. Therefore, the two transistors Qi,,

@ are tupned_on sinultaneously for a short ti.me, meking.it possible to

decrease the tRrough current. 5 (b) The two transistors.Cﬁ,‘Cﬁ,jﬁﬁrch
Hg type, can be used to constitute the output stage. Wen a

sem condyctor /ntegrated circuit is—cdnstructed, therefore, a high cut-off

- frequency can be easily obtained to realize a high operation speed. 10

(c) Wien the bipolar transistor QL in the output stage is turned off, the

el ectri coghargegas GumulsaiRd 41 {41L1 Page ther eameCanie Wi £kl yppxkiaet ed
t hrough a MOSFET M2 of the CMOS inverter 12. \When the other bipolar

transi stghad® +8140€0AUt Prheredifrd 5 tHéNEHoleransifdtoddI@ ) ectric charge
accunul ated in the base thereof can be quickly extracted by a | ow i npedance
out put aj2 thee brhitredasnl ishimil teinesh§1¢4f6enat sheiritna ianevol t age fol | ower.
That is, the two bipolar transistors QL, @ in the output stage, re-

specti vahakimavet ppbbsible ¢k edcredye exheathirngg?0 currdrte. el ectric
charge accumul ated in the bases, and whereby the switching tinmne fromON to
OBF is cOhmpiThe two transistors Q1, Q2, which are of the

npn-type, can be used to constitute the ocutput stagé.
When a semiconductor integrated circuit is constructed,
therefore, a high cut-off frequency.fT can be easily
obtained to realize a-high operation speed.

10 (c) When the biéolar transistor.Q1 in the output
stage is turned off, the eledtric charge accumulated
in the base thereof can be gquickly extracted through
a MOSFET M2 of the CMOS inverter 12. When the other
bipolar transistor Q2 in the outéut stage is turned

15 off, the electric charge accumulated in thé base.thereof
can be quickly extracted by a low—impedance'dutput of ﬁhe_
buffer amplifier circuit 14 constituting a voltage follower. That
is, the two bipolar transistors Ql, Q2 in the output stage, re-
spectively, have paths for effectively extracting

20 the electric chérge accumulated in the bases, and
whereby the switching time from ON to OFF is conspic- _

u!Zously shortened. |

(d) Since a power source terminal pl of the buffer
amplifier 14 is connected to the output terminal OUT,

25 the discharging current of the capative ;oad'co con-



iohsly shortened. (d) Since a power source termnal pl of the buffer
anplifier 14 is connected to the output term nal QOUT, 25 t he
di.gcharging current of the capative |oad Co con- - 4 - nected to the
output_'terminal OUT flows not only to the other transistor @ int
stage but also to the buffer anplifier 14 as an operation current fg%;h
first power source termnal pl. At the monernd 5 when the | ogi e /of
t he buffer output OUT changes from"H' (high logic level) to "L" ( gic
| evel ), the electric charge stored in the load Co is allowed to discharge

t hrough the transi_stor %ﬁéand buffer anplifier 14. Therefore, the driving
pover is greBeFfefoto thegitRulefeorinat QUBaflomFe Na P, ¥pecial |y
at the nonent, of eaking. (.e). Furthe sjnce the CMOS inverter 12 and the
buf f er anpli%PErO? eﬁé&@%ﬁiﬁ#ﬁ?ﬁnégn%%eﬁéﬁcﬁngPﬁeF§%3$:ﬁﬁtt%ﬁﬂ%d a hi gh
I nput i npedapnce_ as Vi d fromthe input_side. (f) The first power source
termnal pl gf’ ttﬁg X’L’]&fﬁerr awnhgje?rlggi gscgﬁngée)&?%qnt%u{ﬂ bower source
VDD but to t Bgopokhectelr O Pdiilr &S0 08! O nGY BAS  at the moment

S when the logic state of the buffer output OUT changes

from "H" (high logic level) to "L" (low logic level),
the electric charge stored in the load Co is alléwed
— to discharge through the transistor Q2 and puffer

amplifier 14. Therefore, the driving power is greatly
10 reinforced for the capacitive load Co, especially at

the momept of breaking.

(e) Further, since the CMOS inverter 12 and the buffer

amplifier 14have high input impedances, there is ob-

tained a high input imﬁedance as viewed from the input
15 | side.

(f) The first power source terminal p1 of the buffer

amplifier 14 is connected not to the power source Vop

(7
but to the collector (output terminal OUT) of the
transistor Q2 of the output stage, and the base poten-
20 . tial of the transistor Q2 is not higher than the col-~

lector potential thereof. Therefore, the transistor
Q2 is not saturated.

The switching circuit exhibits excellent features
as described above. Further study of the problem

25 has enabled us to realize the switching circuit



'y

- transistor CQ of the output stage, and the base poten- 20 tial of the

transi stq R is not higher than the col- lector potential thereof.

Ther ef orge e transistor @ is not >saturated. The switching circuit .
exmi bi tg el | ent features as descri bed above. Further study of the\J
prebl e has enabled us to realize the switching circuit = - 5% in

the formof ehrm eﬁéﬁhesf%\ﬁcehieﬁr%eea\ﬁzfamd thed hdvgdepbgping

constants for the circuit many co trivances are necessary to satlsfy t he

hi gh- speed @ﬁzﬁ%ﬁfaééigﬁﬁﬂe I:Bﬁsl:awt@owr G Wteek | hghnp are strictly -
necessary for t swtching Circuit. is an object of t he pr esent

i nvention t@dyvi fendeHO¥LL ﬁ_éfcégéb&? &g @i dEYi€Ke NhoGhPepEegmance,
that can be suitably realized in the formof a sem conductor Integrated

circuit. 10characteris®Ee9afliinghio 1ohe powereforisugption theee is provided
a swtching circuit including: (i) first and second bipolar transistors
having c@ | ededrseri¢tby petbssabiyclfoar eheomEticing Skrtastacross a first
operation potential point and a second 15 operation potential point to
provide an output sighalis an object of the present invention -
to provide a novel switching circuit having high
perforﬁance,'that can be suitably'realized in_thé
form of a semiconductor integrated circuit.
10 - chording to the present invention there
is provided a switching ciicuit'iﬁcluding:
(i) first and secondibipolar transistors having.
collector-emitter paths which are connected in series
across a first operation potential point and a second
15 operation potential point to proﬁide an output signal
for said switching circuit at an output terminal
coupled between the respective collector-emitter paths
of said bipoler-transistqrs; |
(ii) a CMOS inverter. circuit connected betweén an
20 input terminal of said switéhing circuit and.the base
of the first bipolar transistor; ahd |
(iii) a source follower circuit_cohnectea between
the input terminal and the base of the second bipolar
transistor; wherein:-
25 (a) the CMOS inverter circuit haé a first -

MOSFET of a first conductivity type and a second

MOSFET of a second conductivity typé;



sfor said switching circuit at an output term nal coupled between the
respective collector-emtter paths of gaid bipoler transistors; (ii)
CMOS Anverter circuit connected between an 20 input term-nal of sA
«SW teghing circuit and the base of the first bipolar transistor; and
a saﬁpce foll ower circuit. connected between -he input term nal and {he bgse
of tRe second bipolar trafdbilstde sgwsncs follmver circuit hgag) at b idKo
inverter circuit has a first MOSFET of a first conductivity type and a
second MOSFET MOSFEBEcBAdtEEn&SSANG SPndyrtivity tfyPaecanduresissrneRer
circuit has a th MOSFET of the second conductivity type and resistance
means; (c) the B22%Bd and third MOSFETs have a 5 substantially equal |ogic
threshol d voltage in the absence of substrate effect:. (d) the resistance
neans has a predeternined?Fstgfaﬁ§§° #hathd ¥%§é§ B 3AYSt Brn- of f

LLiTes, Of \ hesoenand. BhPoLEly! LAURNO AL A SSNONI S o LA 2540 BT 2AS" ShTeRRL

val ue; (e) the TiTsr an econ

of substrate effect;

(d) the resistance means has a predetermined
resistance such that the turn-on and tﬁrn—off times
of the second bipolar transistor are shorter than a

10 predetermined value;

(e) the first and second MOSFETs have predetermined
logic threshold voltages in the absence of substrate
effect, and channel conductances such that the CMOS
inverter will have a desired logic threshold voltage;

15 and

(f) the channel conductance of the third
'MOSFET is so set that the logic threshold voltage
of the source follower circuit is substantially equal
to the desired logic threshold voltage of the CMOS

20 inverter circuit.



l-ogic threshold voltages in the absence of substrate effect, and channel

condugtances. such that the CMOS inverter will have a desired logic

threg ol tage; 15 and (f) the charfhel conductance of the third MOSFET
is AQ " yhat the logic threshold voltage of the source foll-ower circutit
i's Atially equal to the desired logic thresheld voltage of the

20 mverter circuit Wth the_structure of the above’sw tching

[ U ) _
circuit, a hi JhtBpEBE SFFUGEURE i Qf obRSi ABAVRNSYA tEBARG: SIERite t hr ough

t to fl i t hout i th | exit f. th ) f
fz{;gPateg cigghﬁbhggﬁﬁﬁt g%%%%%gg esﬁfgggﬁ?§%ﬁ¥3ﬁﬁfbn%ﬁﬁﬁﬁ%ﬁ§a(gescribed
1 greater Geyguby ot UL N bheiBLELS0GE 0 A L o Tl

of the acconpanyi ng

first embodi mepl égr@flﬁiwt Ol (e ChEGULLS E??iﬁitre‘&‘ijatte%ogiig:%{gf% ton of

which is substantia

raw IS a Clrcul

y equi‘valent to the circuif shown in f our

Eur opean Sgecjbiaghi-@udo. 0099100.

10

The present invention wiil now describéd in greater
detail by way of examplé with reference to thelremaining
figures of the accompanving drawings, wherein:

Figure 2 is a éircuit diagram of a firs£ embodiment QJ
of a switching circuit, the circuit configuration of
which is substantially eaquivalent to +the éircuit shown

in Fig. 8 of our European Specification No. 0099100.

A}



ﬁlgure 3 is a graph showing the relation between the resistance of the
resistor R and the threshold voltage VLT2 of the source follower ¢
Figure 4 is a graph showing the relation 5 bet ween the resistan
resi stor R and t-he turn-on and.-turn-off tines of the bipolar transi
Figure'5 is a circuit diagramillustrating a second enbodi nent of
swtching circuit; 10 Figure 6 ig a circuit diagram

illustrating a third enbodi ment of the switching circuit; and Figure 7 is a

circuit diagranfillustratigg a_foyrth enbodi nent, of .t he vvltc\ti,a g circuit.
The present invention was atBP&Ved 15 £h tFRO¥ingyt ? h&nAtdPeduce

h h h h I
o oah Cupiudln fie SPELIRIAA i dng "PUe ] SebPORoARE, kRG5O
a sen1conductohﬁﬂgé§5 ?dggiéggcr|m§@ § the s u%?gr?é SWeEhg%QE% ress

of study by us ow, an ures o]
Figure 4 is a graph showing the relation

5 between the resistance of the resistor R and the
turn-on and turn-off times of the bipolar
transistor Q2:

Figure 5 is a circuit diagram illustrating

~ a second embodiment of the switching circuit;
10 Figure 6 is a circuit diagram illustrating
a third embodiment of the switching circuit; and
Figure 7 is a circuit diagram illustrating
a fourth embodiment of the switching circuit.
The present invention was achieved
15 through the study of how to reduce the through
current of thé sWitching circuit, how to increase
the signal transmission speed, and how to realize
—/

the switching circuit in the form of a semiconductor
integrated circuit.
20 Therefore, the progress of study by us

will first be described below, and the features of



the present invention will then be described. The circuit 'shown in Fig. 2

was studi ed by us through the process as nentioned below. |. Consideration
of | ggrtN hreshold voltage VLT1 of 5 the CMOS inverter 12: The . .
subgtr pte \ef fect” takes place if the source S of NMOS-FET [err] is conigeted
to Aisle of the tran- sistor as indicated by a solid line, . Here, the
‘te gubgtrate effect” neans that if the source poten- 10 tial so

“ch €s 4s to becone hi gher than orﬁhomer than earth potenti.al while the
pot enttal of the silicon substrate s been fixed at earth potential, the

practical threshold voltage of the MOSFET changes dependi ng upon the change
in the source potential. 15 | f the substrate effect is taken into ~
consi der attlom, ptésentodayvenidommdsiol thew| begdeseribed. NVMOSFET M2 in
practice is gi.ven by the followi ng well known equation:. [ERR] where [err]
denot es t hr eshdflieveirsyd tushowmndme Eig no? sWidst fhudied &t~ Avth denot es

shi fted anount caused by the substrate effect,. K denotes a constant,
us through the process as mentioned below. -

of

I. Consideration of logic threshold_voltage'vLT1

5 the CMOS inverter 12:
The substrate effect takes place if the source

S of NMOS-FET M, is connected £o the base of the tran- -

2
sistor 02 as indicated by a solid line. Here, the
term "substrate effect" means that if the source poten-

10 tial so changes as to become higher than or lower

than earth potential while the potential of the

silicon substrat= has been fixed at earth potential,

the practical threshold voltage of the MOSFET changes
depending upon the change in;the'source potehtial;
15 If the substrate effect is taken into considéraﬁion,
therefore, the threshold voltage Veny ©f NMOSFET M, in practic_,

is given by the following well known equation:

\' Av

enN = Venno + 4Ven

Venno * X/ 28p - Vg = [2¢)

20 - vthNO + K(r[ 23? + VBE - Fa;,) -'c'v.od (1)

where V denotes threshold voltage when there is

thNO
no substrate effect,
AV, denotes shifted amount caused by the

substrate effect,



['err] denotes voltage that is twice as great as the Ferm potential [err],
VBS denot es vol tage across the substrate 5 and t he

- source of the NMOSFET M2, and [err] denotes voltage across the base_and the
emtter of the transistor 2. Next, [ERR] 10 i s defined bel o/
above~gquation, [err] and.[err] denot e conductance (constant)
p- channel MOSFET and conduct ance of the n-channel MOSFET, respefti and
[err] and BNO denote values of [err] and [e?ﬁ?, respectively,

WL = 1. Then, a logic threshold voltage VLTl of the CMOS inverte IS
given by, [ERR ...(2) 20 where VDD i s power source voltage.
Cenerally, ais set to a suitable value to so design the circuit that

[err]. Here, the threshol dgyv@ld3%d & "dordtde, CMOS inverter stands for a
gate voltage applied to the CMOS inverter en there flows

2¢F denotes voltage that is twice as great

as the Fermi potential ¢F'

VBs denotes voltage across the substrate

5 and the source of the NMOSFET Mz, and

BE
the emitter of the transistor 02.

v denotes voltage across the base and

N
Next,
a=
10 is defined below.
In the above equation, BP and BN denote conductance

(constant) of the p-channel MOSFET and conductance

of the n-channel MOSFET, respectively, and BPO and

" SNO denote values of BP and'BN, respectively, when

15 W/L = 1.
Then, a logic threshold voltage VLT1 of the CMOS

inverter 12 is given by,

Vv =

aVpp * Venpa) * Venn * Vag

LT1 1+ g
_ oy * Venpo) * Venng * KU [20p+Vpp = 2dp) + Ve
1+ 0
| .o (2)
20 where VDD is power source voltage.



5 an electric current substantially equally into the PMOSFET [err] and

the NMOSFET [err] that constitute the CMOS inverter. Il. Consideration of"
the | ogi¢c threshold voltage V of the NMOS source follower circuit: LT2 =+
10 Y sonsi dered that the |ogic threshold voltage VLT2 for turningghe
NMS B and the transistor Qfromoff to on, is [ERR IIl. Consideration

currents of the transistors qn' @: To prevent the flow of
t hroygh £urrents of the transistors [er }, the relation [err] nust 20

- hold true. If [err] =5 volts, [err] = 2.5 volts. In order for the logic
threshol d voltage V to be 2.5 LT2 volts when VBE 0.6 volt, it is
necessary to inplant inpurity ions into the channel region of the NMOSFET .
12 [err], so t benenidiNy mit | ihesebetao. 8 sulitableHyradug 49 |s@f ML is -0.6

volt and VthNO of M2 is +0.6 volt.

design the circuit that V ., %_%VDD. Here, the threshold

LT
voltage V, ., of the CMOS inverter stands for a gate

voltage appliéd to the CMOS inverter when there flows

5 an electric cﬁrrent substantially equally into the
PMOSFET M1 and the NMOSFET M2 that constitute the

CMOS inverter. _ W/

II. Consideration of the logic threshold voltage

VLT2 of the NMOS source follower circuit:

10
It is considered that the logic threshold voltage
VLT2 for turning the NMOSFET M3 and the transistor

Qz from off to on, is

Ver2 = Venw * Ve

15 .'.’. VthNo + VBE . ’ -uc'-(3) ) I\J

III. Consideration of through cﬁrrents of the transistors

To prevent the flow of through currents of the

transistors Q,, Qz, the relation VLT1 y Vth mus§

20 hold true. If Vo =5 volts, ®= 2.5 volts. In

Veri

order for the logic threshold voltage V. to be 2.5

_ LT2
volts when VBE = 0.6 volt, it is necessary to implant

impurity ions into the channel region of_the.NMOSFET



To set the threshold voltage VthNO of NMOSFET M3 to 1.9 volts, therefore,
the individual MOSFET's, M2 5 and [err] must be fornmed through
i ndi vi dual processes, or nust be formed through processes that arg
¢commoh to each other; then, the desired threshold voltages of eaclf qf
MOSEEL s nust be obtarned through addi ti onal processes. 10 I :jL/
Consi deration of the NMOS source follower M and the logic thres oId
vol tage VLT2 of the transistor Q: W have cartided out a further S y
concern- ing the logic threshold voltage [err], and have found the fact
that the logic threshold voltage VLTZ is 15 not sinply found fromthe
equation (3) above but varies with the resistance of the resistor R as well
as [err] of NWRSFESo MBhahdV Lwidd keosmer WP erlesownieReri Y 89 The
reason why the logic thresho vol t age VLT2 varres accordrn to the
rel ati on showPf MFi4s 30wl Vods and Ny apaldf dlp bkt 18t [err] =
[err] t he current that f| ows tHrougﬁ t he drarn so rce ath of t he NMOSFET
MBis: [ERR| vw?“é?esff%r?*]‘ed& geshodfe voditags %§ M3ah8 the
source of NND%¥§- volts, therefore, the individual MOSFET's, M,
5 and M3 must be formed through individual processes,

or must be formed through processes that are partly

common to each other; then, the desired threshold

voltages of each of the MOSFET's must be obtained through

additional processes.

10 IV. Consideration of the NMOS source follower M3 and

the logic threshold voltage V. 2 of the transistor QZ:

LT
We have carried out a further study concern=-

ing the logic threshold voltage VLTZ' and have found
the fact that the logic threshold voltage VLTZ is
15 not simply found from the equation (3) above but varies
with the resistance of the resistor R as well as BNO
of NMOSFET M3 and WN/LN of NMOSFET M3, as shown in Fig. 3.
The reason why the logic threshdld Qoltage VLT2

varies according to the relation shown in Fig. 3 will

20 be analyzed below.
W _
Here, 1if BN = BNO"E!" the current that flows
N .

through the drain-source path of the NMOSFET M3 is:

BN 2

IDS = T (sz-vthN) -no--.(4)

where VGS denotes the voltage across the gate



| nput -voltage VIN at the input termnal INis: [err] The transistor Q is

rendered conductive when 5 the voltage drop [err] of the resistor R
sat jsfNes the followi ng equation: [err] From equations (5), (6), there is
obf ai VGS - VIN VBE 10 From equations (4), (7),-there is

v [err] is taken into consideration, there is obtained the

foNl ¢ g equation: [err] By nodifying q%yation (9), there is obtained,
[er By nodi fying equation (10), there i“s further obtained, [ERR] |f
[ERR] is solved, [err] Fromequation (12), it will be understood that the
logic threshol d \agid dgee \Equraes o fy AMOSTERPEpdi ng upon [err] and R

Input vo}tage Vin

at the input terminal IN is:

Vin = Vos * R Ipg S -3

The transistor Q2 is rendered conductive when

5 the voltage drop R-I._. of the resistor R satisfies

DS
the following equation:

VBEQZ = R'IDS -.0000(6)

From equations (5), (6), there is obtained,

VGS=VIN-VBE . ooc-o(7)

10 From equations (4), (7), there is furthef obtained,

= BN - - 2
IDS = = (vm V_BE_ VthN) BEEEREE (8)

If both sides of the equation (8) are multiplied

by R, and if VBE = R-IDS is-taken into consideration,

dbtained, [err] If both sides of the equation (8) are mul tipl i &4 by

~

there is obtained the following equation: - -/

BN'R
15 Vg = R'Ipg =—5— (Vv

IN'VBE'VthN’ ""_(9?

By modifying equation (9), there is obtained,
2, 2. . 2

BR - VN Ve * Venn T FVin'Vee

+2V

BE"VenN T VennViy -+ (102

By modifying equation (10), there is further obtained,



Fig. .3 shows the relation between the resistance 10 of the resistor R
and the threshold voltage VLT2 of the NMOSFET [err] relying upon the

results neasured accord- ing to the present invention, wherein a soli#
rep Jesents the relation when.[err] = 10[err]/2[err], a dot- dash
l'i ne- eepresents the relation when [err] = 15 20/ 2, and a two- g

rel ati on between the resi stance of thelﬁeS|stor R and turn-on ti
turn- 20 off time [err] of the transistor Q: . Fig. 4 shows the
rel ati on between the resistance of the resistor R and [err] , that is
practically exantn In Fig. 4, the solid line represents the turn- 5

on tinme [err], l%eto:t |+IVi§ éprSﬁ]ents the turn- off time [err]. The
fol |l owi ng facts rst B 4. (1) To set t and t to
be shorter than 2 nsec., the ON QFF FeﬁEStance must be selected to be
[err]< R< [err] 10 + (‘(éfrrg\étﬁﬁ) 2)—-'E§ set0t ..antlMtlOFF to be
shorter than 1.5 nsec., _

If VIN is solved,

/ 2Vpg
2_ { 2--———R}
v ey o 2V thN’ t (4e*Venn) - 4 Vpe*Venn!  Py-

LT2 IN 2

Vee * Venn' [BTTW
No.-ﬁ'R‘ .-0-00-1000000(12)

By

From equation (12), it will be understood that the

W
]

logic threshold voltage V

LT2 also varies depending upon
g

NO' WN/LN and R.
Fig. 3 shows the relation between the resistance
10 of the resistor R and the threshold voltage ViTz of
the NMOSFET M3 relying upon the results measured accord-
ing to the present invention, wherein a solid line rep-
resents the relation when WN/LN = 10pm/2pm, a dot-
'Qash chain line represents the relation when'W‘N/LN =
15 20/2, and a two-dot chain line represents the relation

when WN/I..N = 40/2.

V. Consideration of the relation between the resistance

of the resistor R and turn-on time ton and turn-

20 off time torr ©Of the transistor Qy:



" the resistance nust be selected to be 3[err] <R < 20[err] (range B). (3)

To set [err] and [err] to be shorter than 1.25 nsec., 15 t he

resi stance nust be selected to be [err] <R < [err] (range C. In the
foregoing were mentioned the results studied by us. The specific ‘QJ% :
gnst™yction of the circuit shown in Fig. 2 wi'll now be described. 20 in

preaterN\detail. I'n Fig. 2, the source S of the n-channel MOSFET M2 may be

i ¢ Jelrt hed as i ndi cat ed by a dotted line or be connected.to the base of

angi stor as indicated by a solid \Pne. When the source of the
DSFET [err] is connected to the base of the transistor @' however, it

b€ di ffi desi h h- ol d | VLT1 of .the CMOS
Teciel . vhen H3%- chufBengr tAE, ThatRoR e teed Fhe gt tsls tatagay to
desi 5 Hya | VILTI. ' | ' ' [ [
fgﬁiggteps: é%g%%%ggigﬁégt&?ggﬁo#@NJoﬁagﬁglEerr#-g% gkggﬁé#aaﬁsgsggPetdlge

subst anti | to the threshold voltage [err] of NMOSFET [err].
For instance, NMOSFET 10 [err] are forned on the sanme chip by the’
sane In Fig. 4, the solid line represents the turn-
5 on time ty., and a dotted line représents the turn-
off time tOFF’ | |
The following facts will be understood from Fig. 4. g‘)
(1) To set tON and tOFF to be shorter than 2 nsec., the

resistance must be selected to be 1K < R < 30KQ{Q

10 | (range A).

(2) To set tON and.tOFF_to be shorter than 1.5 nsec.,

the resistance must be selected to be 3K <R < 20K®

(range B).

(3) To set tON and tOFF

15 the resistance must be selected.to be 4KQ <R < 16K

to be shortef than 1.25 nsec.,

~ (range C). ' - /

In the foregoing were mentioned the reéults
, studied by us. The.specific cqnétructicn of
the circuit.shown in Fig. 2 will now be described
20 in greaier detail; _ |
' In Fig. 2, the source S of the n-channel MOSFET
M2 may be either earthed as indicated by a dotted
line or bé connected to the base of the transistor Q2

as indicated by a solid line. When the source of the



- rmanufacturing process. Step 2: The resistance Ris set to lie within a pre-
determ ned range to set [err] and [err] of the tran- sistor QRto be
shorter than a predeterm ned value. 15 For instance, to set A
t'o be shorter than 2 nsec., the resistance Ris selected to lie wf
af oréenti oend range A. Step 3: Design the threshold voltage VLT
CMOS i nverter which-consists of PMOSFET ML and NMOSFET 20 \
That is, when the source of the NMOSFET M2 has bggn earthed, the c
of the paraneter is determ ned as: [err] When the source of the NMOSFET
M has been connected 2 to the base of the transistor @, the threshold

vol t age shoul diIMSFBEIS iMnells | comneotddnte whieh Hase exfiathentfs fedroned
earlier. Step 4. Resistance R over the range nentioned in Step 2 is used so
that the threShol howsvame M TRectmebe dNESEET tVB-onides bgproaehthhesh-
threshold voltage VLTl that is set in Step 3, and values [err] are set in
accordance wi PR o ldqes i\Gnp{ 12F, tBacRMOS inverter. When the source

of the NMOSFET M2 is earthed. it is easy to design

5 the threshold voltage VLT1’

The circuit of Fig. 2 is designed in four steps:
Step 1: The threshold voltage VthNo of NMOSFET M2
is set to be substantially equal to the threshold

voltage V. .o Of NMOSFET M3'. For instance, NMOSFET

thN
10 M,, M; are formed on the same chip by the same

manufacturing process.

Step 2: The resistance R is set to lie within a pre-
determined range to set tON and toFF of the tran-
sistor Q2 to be shorter than a predetermined value.

15 For instance, to set tON' toFF to be shorter than
2 nsec., the resistance R is selected to lie within

the aforementioend range A.

Step 3: Design the threshold voltage VLT1 of the CMOS
inverter which consists of PMOSFET M1 and NMOSFET

20 M That is, when the source of the NMOSFET M2

2.
has been earthed, the constant of the parameter

is determined as:

*pp * Venpo! * Vemno L 1

V. = : \'
LT1 1+ o 2 ‘DD




that [err] . Here, however, NO serves as a constant that does not change
once the manufac- turing process is determned. In practice, there- fore,

[err] ‘is acconplished by changing [err] of MOSFET [err]. Described . “
bel ow A speci fic exanpl e when the above-nentioned desi.gn procedure :j

fol | g /(thie source of NMOSFET M is earthed in Fig. 2). Step 1; Set

[err] of \NMOSFET's [err] and [err] to be equal to each other. Step 2:

Set t\he Sijstance Rto be [err] so qhgt the turn-on and turn-off tinmes of
hte t sisfor will be shorter than 5 nsec. Step 3: Set the value [err]
0 of PMISF [err] constitut- ing the CMOS inverter to be 30/2, and set the
value [err] of NMOSFET [err] to be 10/ 2. Here, [err] = 10 x [err] [err]

= 30 x [ewhén[ ehel s¥i2ce DHFOthEé BMOSFET Mghwa%f Heen [&Fﬁfﬂeé@ea Step 4:
Fronlthe equation (12), there is obtained, 4ERR|

to the base of the transistor Qz, the threshold
voltage shduld be designed in accordance with the

equation (2) mentioned earlier.

Step 4: Resistance R over the range mentioned in

Step 2 is used so that the threshold voltage_V’LT2

of the NMOSFET M3 will approach the threshoid voltage

VT

are set in accordance with the equation (12), such

that is set in Step 3, and values Bno’ WN/LN

that V. 5 V Here, however, BNO serves as'

LT1 LT2®
a constant that does not change once the manufac-
turing process is determined. In practice, there-

fore, V 5 V is accomplished by ¢hanging WN/LN of NMOSFET Mj.

LT1 LT2
Described below is a specific example when the
above-mentioned design proceduré is followed (the

source of NMOSFET M2 is earthed 1in Fig. 2).

Step 1: Set VthNO

to each other.

of NMOSFET's M2 and M3 to be equal

Step 2: Set the resistance R to be B8KQ so that the
e Y
turn-on and turn-off times of Qfgftransiator Q, e

will be shorter than 1.25 nsec. .

Step 3: Set the value WP/LP of PMOSFET M, constitut-

ing the CMOS inverter to be 30/2, and set the

value WN/LN of NMOSFET Mz to be 10/2.



Since [ERR] = 2.5 V=[ERR if [ERR] =2.5V [ERR] = 0.6 V[ERR] = 0.6 V are
inserted into the equation (13), there is obtained, [ERR] I f [erc}=1s
found fromthe equation (14), we obtain [err] = 5/2. That is, the yalue_
[‘err] = of NMOSFET M should be set to 5/2. The above-nentjoned strugt e(:i
makesNit possible 5 to.obtain the follow ng effects in additioné?%lxh
effects nentioned in relation to the known switching shown in Figyr . (3
The threshold voltage [err] (when there is ndPsubstrate effect) of \NMOSF
[err] constituting the 10 CMOS inverter 12 is set to be
substantially equal to the threshold voltage Vt hNO (when there is no
substrate effect) of NMOSFET M3. This_ s that the NMOSFET's [err] and
[err] can be forneﬂesénuB%gneouﬂjwiﬂﬁt%&??eniconductor substrate through
the sane 15 manuf act’uri ng process,* thereby sinplifying the manu-
facture of integrated circuits. (b) Resistance of the resistor Ris so
determ ned 8

NO

= -6 (v]
30 x 1077 1

_ [10 x 30/2 . _
@ = J;o X 10/2 T=1

v = § volts
—/ DD
5 Therefore,
v -2¥p * Veneo! * Venno
LT1 1 + o
- 5 + (-o.g) + 0.6 . 2.5 (v)
10 Step 4: From the equation (12), there is obtained,
2V
- - = |—=BE _ cees (13
Ver2 = VBe T Venn B Wy (13)
NOTN-‘R
U Since VLT1 = 2,5 V &5 VLT2' if
VLT2 = 2.5V
Venn * 0.6 V

are inserted into the equation (13), there is obtained,

1.2 V] (14)

(1.3)2= 6[61 w 3 ® s 0 00
- ) -.._Il.
30x107° gy * g - 8x10° ()




that the bipolar transistor In the output stage exhibits turn-on tine
and turn-off tinme of desired 20 val ues (high speeds). Therefore, the
high switch- ing speed of the transistor 2 is correctly determned. (c) “
g err] of the NMOSFET [err] is so adjusted that the |ogie thresthg
[err] of NMOSFET [err] approaches the logic threshold voltage [err]
15 CMOS inverter. Therefore, the two transistors QL and Q
put put stage are driven at nearly tN@ same timng in a conplenentary
making it pos- silbe to minimze the through current that flows in-
stantaneously through the transistors QL, . 5 Fig. 5 shows the structure
of a switchi¥f Wiflyi tsafoundi fyam the ceprait tabodil Abnt wef ot igy esent
inven- tion. Wat nakes this enbodi ment different fromthe circuit
structure ofW dt AR -1 Thaithdss 4 Hehe eqrbeerWidly OR NMOSKET dfpodi nent
Is formed by utilizing the re- sistance of a MOSFET M4 while it is
“conduct i ve. Sho#ldrbeoS@kbE@ #¢®- 1, the circuit in this em bodiment is
designed in five steps, Step 1. , The threshol d vol{age vVt hO of, quSFET (V%
s 18 set (ENBeabARerBRRtIONF AERUG ERT nemekrashE gossible

5 to obtain the following effects in addition to the

effects mentioned in relationeto the known switchinq

shown in Figure 1.

(a) The threshold voltage thNO

substrate effect) of NMOSFET M

(when there is no

2
10 CMOS inverter 12 is set to be substantially equal

constituting the

to the threshold voltage VthNo'(when there ie no
substrate effect) of NMOSFET M3._ This means that
the NMOSFET's M2 and M3 can.be formed simultaneously
in the semiconductor substrate through the same

15 manufacturing procese, thereby simplifying the manu-

facture of integrated circuits.

(b) Resistance of the resister R is so determined
that the bipolar transistor Q, in the output stage
exhibits turn-on time and turn-off time of desired

20 values (high speeds). Therefore, the high switch-

ing speed of the transistor Q2 15 correctly determined.

(¢) Value Wy /Ly of the NMOSFET M, is so adjusted that

the logic threshold voltage Vima of NMOSFET M3'

approaches the logic threshold voltage Vipy OF the

25 CMOS inverter. Therefore, the two transistors Q1



voltage [err] of NMOSFET [err]. Step 2: To set [err] of the transi
(time required for turning @ fromoff to on) to be shorter than
predet erm ned val ue, the resistance R of NMOSFET 20 [err]
i's conductive is.set to lie within a predeternined range, To set
be stiagter than 2 nsec., R.nust be greater than [err]. To set [er ) be
shorter than 1.5 nsec., R nust 25 be greater than 3 [err]. To set

. [err] to be shorter than 1.25 nsec., R ‘dmst be greater than [err]. Step
3: In order to Set [err] required for turning the transistor @ fromon to
off to be shorter, than 5 a predeterm ned val ue, the resistance R of

NVOSFET M wheAPft Qs iputhed R4tatior F 282 0AT Ps ATV oo A BSFTI Fhe
Phrough & pat he6BR- E4Pdd b ISR LBPRERSY PRASBISRIE dhdTsan 10
Set [err] 1o bESAREr EBr MERANIFS FHECtRERbORCARFIRRE cadq didviode T
shorter than 1S€§n@§88bhs@§ wﬂfgugh the transistors Q1, QZ‘

5 .

Fig. 5 shows the structure of a switching circuit
according to a second embodiment of the present inven-
tion. What makes this embodiment different from the
circuit structure of embodiment 1 is that the resistor

10 R in this embodiment is formed by utilizing the re-
sistance of a MOSFET M4 while it is conductive.

Similar to embodiment 1, the circuit in this em-

bodiment is designed in five steps.

Step 1: The threshold voltage Vtho of NMOSFET M, is
15 set to be substantially equal to the threshold

voltage V of NMOSFET M

tho 3%
Step 2: To set t of the transistor Q, (time reguired
for turning Q, from off to on) to be shorter than
a predetermined value, the resistance R of NMOSFET
20 M4 while it is conductive is set to lie within a
predetermined range. |
To set tON to be shorter than.2 nsec., R must be
greater than 1KQ.
To set t,. to be shorter than 1.5 nsec., R must
25 be greater than 3 KQ.



Step 4: Design the threshold voltage VLT1 of the CMOS 15 I nverter
consisting of ML and [err]. Wen the source of NMOSFET [err] is earthed,
degign the threshold voltage according to the follow ng equation, [ERRL ™
5 source of NMOSFET [err] is connected to the 20 ‘~ base oﬁ;phe'
$/0r [err], desSign the threshold voltage according to the |

i oned equation (2). Step 5: Use the resistance R of NMOSFET [err]
ranges of Steps 2 and 3, s@jthat [err] will approach VLT1 t hat
set in Step 4, and set [err] and [err] in accordance with the
equation (12) to ac- conplish the relation [err]. Fig. 6 is a diagram

showi ng a gy Qi NY CiggUbé SRoreerdichAn' 4 B9 M eIORINER! paf the
present invention. e feature of this circuit resides in the provi- sion

of a col | eghr@ateaardthad 4k@:type bipolar tran- sistor B in the input
portion. If the circuit I s based on the prerequisite that an input signal

hi gh | gzhel d | eyel |ow level V. =
0.8°v) BFepng TN KreR stdphfTofors FREUTHAN 2R nFRETLPR, the.  hr eshol d
. vol tage [e rhk t(}fanFShieSttJPrel ng&n[ Sr r LO Iglé%t tbo be shorter than

S a predetermined value, the resistance R of NMOSFET

M, when it is turned from off to on is set to lie
within a predetermined range, the NMOSFET Mé'being </
driven by a current that £lows through e path con- |
sisting of input terminal IN, PMOSFET M1, énd.tran-

10 sistor Q1.

To set t to be shorter than 2 nsec., Rg 30 KQ.

OFF

To set t,pp to be shorter than 1.5 nsec., R < 20KQ.

To set t to be shorter than 1.25 nsec., R < 16KQ.

OFF

Step 4: Design the threshold'voltage ViT1 of the CMOS

15 inverter consisting of M1 and MZ‘ When the source

of NMOSFET M., is earthed, .design the threshold N,

2
voltage according to the following eguation,

v. . =0pp*Venpo! * Vemno v,

1
LT1 T 1+ a 2

When the source of NMOSFET M2 is connected to the
20 base of the transistor Qz, desigh-the threshold

voltage according to the aforementioned equation (2).

Step 5: Use the resistance R of NMOSFET M4 over the

ranges of Steps 2 and 3, so that VLTz will-approéch 



Set to 1.3 volts. In this case, the design should be carried out accg
to Steps 1 to 4, such that [err] = 3V + 0.6V 1.9 volts.
is a diagram show ng a sw tching circuit having a NOR | ogi c .functifo
accortding to a fourth enbodi ment of present inventiaon. As sho _ .
7, the-switching circuit is provided4sth a . NOR | ogic function relyifg upon
a plurality:of MOSFET's MA, MB, MA MB, MA and M3B. The design _
procedure is the same as the one described above. CLAIMS: - CLAIMS: - 1. A

swi t chi ng..ci r,gui tetl'r#ﬁ: ﬁ %g e(ér\i se .fl.hrgtt ﬂd seggadslgltpod ar L;‘any stors

havi ng col I'ectIart are“cornected I'n~seri O across a first

operation po 4?42ﬂ 305 @g%ﬁhéegggﬁ Elngtéﬁéer o%q ﬁ Ou‘?pglnt to

provi de an outNJuiNsi'gna sard sw 6P Ftermina

coupl ed betwq'qﬂ1 e c egtor-gmgter paths of sald bi pol er
transi stors; 6f¥§ﬂ EBE 9éq%é¥%£ 9LT1 éngzll) a CMOS inverter

circuit connected betmeen an 10 input ternlnal of said switching circuit
'and the base

- Fig. Q is a diagraﬁ showing a switching circuit ac-
'cof&ing to a third embodiment of £he present invention.
'The featuré-of this ciicuit resides in tﬁe prbvi-
"sion of a collector? earthed pﬁp-type bipolar tran-
.sistor 03 in the input pbrtién. } |
If the circuit is based on the prerequisite that

an input signal (high levél V = 2.0 VvV, threshold

1H

level VIth = 1.3 V, low level v1L = 0.8 V) of the

TTL level is applied io the inpht terminal IN, the

_thiesholq voltage V

1th of the transistor 03 must be
set to 1 3 volts. 1In this case, the design should
be carried out according to Steps 1 to 4, such that

— VLT‘I = Vpr2 *Vien 't Vas

= 1.3V + 0.6V = 1. 9 volts.
Fig. f is a diagram showing é switching circuit
having a NOR logic function according to a fourth
embodiment of the present invention. As shown in
Fig. 7, the switching circuit is provided with a
NOR_iogic function relying upon a plurality of MOSFET's
M1A, M1B, ﬁZA,'MZB, M3A and M3B.
?he design procedure is the same as the one

described above.



of the first bipolar transistor; -and (iii) a source follower circuit

connect ed between the input ternlnal d the base of the second bi pol ar
transi stor; wherein:- 15 the CMOS inverter circuit has a
fips RSFET of a first conductivity type and.a second MOSFET of a.secgad
cqhdyady |ty type; (b) the source follower circuit- has a third MOSFET of

t he d cQLAIMSs+ty type and reS|stance 20 nmeans; (c) the second and
OBFETS have a substantial ly equal é&égthreshold vol fage in the
absen of subst ratswitching cdrcuid nastls means has a predeterm ned
25 resistance such that the turn-on and turn-off tines of the second
bi pol ar transistor affrsboahdr seltamd pipobaer srangisalaress havieg the first
and second MOSFETs have pre- determined logic threshold voltages in the
absence of sabifeaterefhdditernnpathanwhlictomhe tcomtmescsaedhinhaerdasg CMOS
inverter will have a desired logic threshold voltage; and * (f) the
channel condactraseseaoff izsitl ¢peration potential point and a second
5 operation potential point to provide an output signal
for said switching circuit at an output terminal
coupled between the respective collector-emitter paths
of said bipoler transistors; . \~)
{ii) a CMOS inverter circuit connected between an
10 input terminal of said switching circuit and the base
of the first bipolar transistor; and
(iii) a source follower circuit connected between
the input terminal and the base of the second bipolar
transistor; wherein:-
15 (a) the CMOS inverter circuit has a first
MOSFET of a first conductivity type and a.second
MOSFET of a second con&uctivity type;

‘(b) the source follower circuit has a third

MOSFET of the second conductivity type and resistance
20 means;

(c) the second and third MOSFETs have a
substantially equal logic threshold voltage in the absence
of substrate effect;

(d) the resistance means has a predetermined |
25 resistance such that the turn-on and turn-off times

of the second bipolar transistor are shorter than a

predetermined value; . -

O O



MOSFET is so set that the logic threshold voltage of said source fol | owe
circuit will be substantially equal to said desired |ogic threshol g of the
CMOS inverter circuit. 2. A switching circuit according to, ég%@
wher ei’h said resistance means consists of a fourth MOSFET, the g th; of
belngxpontrolled by the level of an outp@4signal produced by the\sW tchi

circuit. 3.~ A switching circuit according to claim1, wherern
emtter of a collector-earthed pnp-type transistor is connected to the

B T ST B, e BB B " e
h di d d h

ogi b Tunct| cactermined Tak ti}h SHhOFR 181 €hB8Y, 4 8 r°%*'fsa$%%“ "Wher i n
said first anng%QBQQrgQ?FE.E nédw hgﬂaﬁﬂel cg §%a| < pa?%aérf bOt h

connected to Sai npu erm na a source- s connected in

series betweep, 2p! dakl T4 RAGHEr WEL 11 haVePR! G Aled 10gic

threshold voltage; and

(f) the channel conductance of said third
MOSFET is so set that the logic threshold voltage
of said source follower circuit will be substantially
equal to said desired logic threshold of the CMOS

inverter circuit.

2. A switching circuit according to claim 1,
wherein said resistance means consists of a fourth
MOSFET, the gate thereof being controlled by the
level of an output signal produced by the switching
circuit.
3. A switching circuit according to claim 1,

N wherein the emitter of a collector-earthed pnp-type
transistor is connected to the input terminal, so

. that an input signal is applied to the base of the

pnp-type transistor.
4. A switching circuit according to any one
of the preceding claims, wherein the switching
circuit is provided ﬁith a logic function.
5. A switching circuit according to claim 1,

wherein said first and second MOSFETS are coupled to

* c L " S *



6. A switching circuit according to claim1, wherein said third
MOSFET has its gate connected to the input termnal, wherein said

resi g ‘means i s coupled to the source of the third MOSFET and wherein 5,
the I oh sai d ‘'second bipolar transistor is connected to the junctlon~

bet HAg source of the third MOSFET and the resi.stance neans. 7. A
SW t cRi ¢gircuit according to claim5, wherein said third MOSFET has its
gate ceanécted to the input 10 termn wherein said resistance neans is
connected to the source of the third FET and wherein the base of said
second bipolar transistor is connected to the junction between the source
of the third MOSFET and the resistance nmeans. 15 8. A swi tching

circuit accoai\tHeiEl ghted, bukar ebRnaedd g & MBELEEStLIiHaLe

connected to the input termnal, wherein said reS|stance means ‘1's coupl ed .

to the sour emdfthdir tdbutcdESEEIn paehe ednrdiase of s&kfdesecond bipol ar
transistor is coupled to 20 the junction between the source of the third .

MOSFET. and betoveessisd dicRinetnandasdcond oipe radiibrd igstemflasgcond MOSFETs
are connected so that their gates are both connected to the input term nal
and their source- drain paths connected in series betmeen the first
operati ng

—_—

AR R Y



75 point and the junction between the source of the third MOSFET, the

resi stance neans and the base of the second i polar transistor. 9
A switeking circuit according to claiml, ein a plurality of said®
MOSFETs, a plurality of said second MOSFETs and a pluraljty of said ’

MOSFELs are provi ded, wherein a first input terminal 5 for receiving a
first input- sigmal is conngcéedtenipgovigeuiai ddddrdindptd si&iml 150

predet erm ned ones of the first, second and third MOSFETs while a second
i nput terninal fwitereneisabhd shirdoMISFETUhasi dtd Jat & ardatd €ted OLHr OVi de
said second input signal to predetermined 10 ones of said first, second and
third MOSFETs, aride vimepwet ntsamingl ur whetrpiof shiidstresiectancamleans r tis
MOSFETs are arranged to provide a logic function output for said first and
second input si gedmted oo the sauseet ofii thecithduid MQSKETiand twhetaim 9,
15 wherein said plurality of first MOSFETs are arranged in series with one
anot her, and Wwhéh& Pass PHI s bdi s§condsbéprd aWOsRERS ighP B al sl ponmected of
third MOSFETs are arranged in parallel to one another so that said
swi t ching ci rcuite grii BERCELMORPeEYREnt thet SenreR Rt toe foriedid first -
and second i nput. ,
MOSFET and the resistance means.
7. A switching circuit according to claim 5, wherein
said third MOSFET has its gate connected to the input
terminal, wherein said resistance means is connected
to the source of the third MOSFET and wherein the base
of said second bipolar transistor is connected to the
junction between the source of the third MOSFET and
the resistance means.
15 8. A switching circuit according to claim 1,
wherein said third MOSFET has its gate connected to
the input terminal, wherein said resistance means is
coupled to the source of the third MOSFET, wherein the
AN base of said second bipolar transistor is coupled to
20 the junction between the source of the third MOSFET
and the resistance means, and wherein said first and
second MOSFETs are connected so that their gates are
both connected to the input terminal and their source-
drain paths connected in series between the first operating
25 point and the junction between the source of the third

MOSFET, the resistance means and the base of the second

bipolar transistor.

e
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A sﬁﬁtching circuit constructed and arranged to operate
tially as herin described with reference to and as illustrated in
r Fig. 5 or Fig. 6, or Fig#7 of the acconpanying draw ngs. -

s ¥

9. A switéhing cifcuit according to élaim i,

wherein a plurality of said first MOSFETs, a élurality

of said second MOSFETs and a plurality of said third

MOSFETs are provided, wherein a first input terminal

5 for receiving a first input signal is.connected to provide
said first input signai to predetermined ones of the
first, second and third MOSFETs while a seconé input
terminal for receiving a second inpdt signal is connected
to provide said second input signal to predétermined

10 ones of said first, second and third MOSFETs, and wherein
said plurality of first, second and third MOSFETs are
arranged to provide a logic function'output for said
first and second input signals.
10. A switching circuit according to élaim 9,

15 wherein said plurality of first MOSFETs are arranged
in series with one another, and wherein said plurality
of second MOSFETs and said plurality of third MOSFETs
are arranged in parallel to one another so that said
switching circuit provides a NOR logic function output

20 for said first and second input. |

11. . A switching circuit constructed and arranged

to operate substantially as herin déscfibed with reference

to and as illustrated in Fig. 2, or Fig.'S;'or Fig..s,

or Fig. 7 of the accompanying drawings.
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