Title: Low Qutput-Capacitance. Double-Diffused Field Effect Transistor This
i nvention relates generally to power sem conductor devices of | ow_output
capacitance and, nore particularly, to a double-diffused netal-ok?d%ff'?%fkﬁ
semsdnductor field effect transistor (which is hereinafter referred to
sinply as 5 "DMOSFET"). The DMOSPET of fthe kind referred to can be
effectively utilized in such devices demandi ng hi gh breakdown vol tage, high
speed switching and hi gh noise resistance as the power semi conductor device
of a solid-state.relay gnd so.on.. Generally, the DVOS _shows .a high

br eakdown Vol t age = F RS Pe et RS- ST U O e 5 : SEalpet ance, and
| ¢ advant ageous as being high in current density because of its structure
but lower in ON-resistance than in the case of non-DMOS type FET. Further,

t he DMOSFET i Ehia igvention|relatesrgeperally taqowee semicondudter devicsstofilowt eutput and

is, therefore, adyantagequs._in its_capahility of ;transigttin i,gnal s

W t hout any n?‘mgnd maie q“%i&’oﬁoofa tﬂ%u 1%%%1%&“4?0wer
sem conduct or seifivbrductor field effeét-thdndistor (Whith aierdiesfter dbfetd tb¥malyl &Nt i On.
In the conventional DMOSFET enpl oyed as the power sem conductor dévice in a
solid-stat® r SPMOSEEI"he ot her hand, there has been involved a problem

that the output capacitance [err] becones high. Here, the output
capacitance [err] is 20 the sumtotal of a capacitance between gate and

drain [err] aTHe BMOSFET!ofMheking refefred 5 cinbeeTectively wtilibat il such devices [ err |
= [err] + [err] and there arises a risk that, particularly when a high

frequency si géémanding rhigh dhreakdewne voitagerrhigh peed |switchipgaad high noise

gh
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t here has been discl osed a basic arrangenent of the DMOSFET, in which a

cup- shaped zone of . .
Generally, the DMOSFET shows a high breakdown voltage, high speed

10 switching, and high noise resistance, and is advantageous as being high in current
density because of its structure but lower in ON-resistance than in the case of
non-DMOS type FET. Further, the DMOSFET is a so-called unipolar device
having no offset voltage, and is, therefore, advantageous in its capability of
transmitting signals without any distortion, and the utilization of the DMOSFET

15 as a power semiconductor device in a solid-state relay has been attracting
attention.

In the conventional DMOSFET employed as the power semiconductor device in

a solid-state relay, on the other hand, there has been involved a problem that the

output w.paciﬁnce (Coss) becomes high. Here, the output capacitance (Cggg) is
20 the sum total of a capacitance between gate and drain (Cgp) and a capacitance

between drain and source (Cpg), that is, Cogs = Cgp + Cpg, and there arises a

risk that, particularly when a high frequency signal is intended to be ON/OFF

controlled by means of the DMOSFET, such signal is caused to leak through the
g output capacitance (Coss). |



one conductivity type is provided surrounded by the other conductivity type
zone, and this cup-shaped zone of one conductivity type is fornmed al ong an
aperture 5 made in an insulating filmprovided on a surface of

sem conductor substrate. Further, as shown in U S. Patent No. 3484865 toégg
J. N enhuis, for exanple, there is prdblded an upright DMOSFET by formn
either a drain or a source electrode on the bottom surface of the substrate
in addition to an electrode forned on the top surface of the substrate. 10

I n anot her yU.1%. %Qﬂt t : there has been

di scl osed éyéf}ﬁs Nglom%“%@ﬁﬁ?eﬁﬁéw %P@@g@?“%ﬁhﬁ%@% nsul ati ng.
filmon a diselosed arbasiomrfahgerhent of thié DPMOSFEE, inawhioh acupahiaped Aine@fr ode of

t he sem conducto ubstrate apd a gate_ el ectrode is formed al so on the

i nsul ati ng °PPPH§‘ P@vw@élsmreﬁn@dv ¢ ather eendustivity:type #ene,

?ﬁgﬁf Z'?it Ingl Ilm on %@%&nne %Qﬁe%ﬁ?&%m (ﬁg‘?ﬁggg'kg:l so in

U. S. PatSentmadde. m4a‘r6ﬁisilimng film provm or\acsurfice ®f tsemidvndactoMsbbstrhts; of
Goodnan et l% and e, ran erren rrade tQ reduce the
bet ween- gaFOrREE a8 (;HLS ?4 R. évg' jenhuis; for exagple,ne out put
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€ctrode requires a
wor ki ng, awtbcﬂbdepnﬂmhnmmfmboﬁﬂmlhsuajpmaddxmapmbldc&oﬂbﬁomﬂe

el ectrode has, been deternipative at all to the | owness of the
bet ween- gat®8- %ﬁ%?ﬁﬁ@@?ﬁﬁ%ﬂb&m €-[err]. In a further U'S Patent No.
4902636 to S. Akiyama et al, there is disclosed a 25 device in which the

insulating filmis nmade thicker at its part |ocated above the drain zone 61-/
t he t opl(sudh another dbSoPatent: Noe #455565utot Ar MuGobdmas et al, t thete hdsebeen

o e ORI A8 S ke b o R 1o
can hardly oieaf@aiiSone oh the top surface side having a source electrode of the
semiconductor substrate, and a gate electrode is formed also on the insulating film
but only at a position above the channel reglons Substantially the same
15 DMOSFET having the gate electrode on the insulating film only above the
channel regions has been disclosed also in U.S. Patent No. 4466175 to D. J. Coe
According to these DMOSFET’s of Goodman et al and Coe, their arrangement
is made to reduce the between-gate-and-drain capacitance (Cgp) and to eventually
lower the output capacitance Cegs. |

-

20 In these DMOSFET"s according to Goodman et al and Coe, however, there has
been a problem that the gaté electrode requires a working, and the precision of
this working with respect to the gate electrode has been determinative at all to the
lowness of the between-gate-and-drain capacitance (Cgp).

In a further U.S. Patent No. 4902636 to S. Akiyama et al, there is disclosed 2
25 device in which the insulating film is made thicker at its part located above the 2
drain zone on the top surface side of the semiconductor substrate so that the |
between-gate-and-drain capacitance (Cqp) can be lowered. With this arrangement,
however, there arises a drawback that an accumulation layer can hardly be formed

v



in the drain zone bel ow the gate el ectrode upon application of a gate

vol tage, and the ON resistance becones larger. In still another U.S. Patent
No. 4609483 to L. E. dark, there has been disclosed a DMOSFET in which a
guar®ring zone is formed circunferentialyd y about a main PN junction so as
to inprove relatively 5 high breakdown voltage characteristics. In this
case, a depletion |layer extended fromthe main PN junction is further nade
to extend towards the guard ring, as a result of which the depletion |ayer

can ‘be shapedid thexirsinezons belewt thy gate efeeasddiporeaplicitionadfergate eoltige| and
intensity in the |nter|or of the DIVDSFETénﬁm be minimzed_ _\Wile the

provi si on of ¥ @mm%@mm 8Q)fi‘l)vi ded

with a high b fe

el-ectrode is caﬁﬁ;mkd\ﬂg F&hggsﬁf)@c%%c e tlg L%‘a’H@ g, and t he
capaci t ance bﬁﬁemﬁbhm@mﬁﬂyabmtwﬁah@jﬁrmmmax@mmve i‘elativel)O be

t he between-drai n-and- source capacitance [Igrrj so that_ the_ output

capaci tance whigh Wﬁ'\a@ tage; characieristics .aweahﬁpaflaxeﬁexﬁné%nt
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i nventi on, th| s amc e reallse ing a | ow out put-capaci tance
dot) e- di f]ﬂusprbvﬁddl withfa high bwuhiewntmltagthenesmmprohlein irs that dlved soureeon t ype

sem conduct or rat e hayi ng surfac dr ai n el ectr
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and connect edeliycflarttepdiw Foard b a&xa%erz&mﬂfmwwﬁ ﬁomuettwn type
in the other § sal d nmj or sur?1 ces sal d sem conductor substrate forned
by nmeans of abewesn«rainfandsounce tcapdcitances (Cysk 60 ithati the output capagitanceswill

conducti on tyﬁg i@r@gch wel* region, said source regions being provided
thereon with 33% ode connected to a source term nal; channel

regi ons

15 A primary aim of the present invention is, therefore, to provide a lower output-
capacity, double-diffused field effect transistor (DMOSFET) which solves the
foregoing problems and is capable of transmitting output signals without any
distortion, lowering the output capacitance (Coss) Without raising the ON
resistance, and preventing the high frequency signals from leaking in the OFF

\_ 20 state of the device.

According to one aspect of the present invention, this aim can be realised by

providing a low output-capacitance, double-diffused field effect transistor

comprising: a first conduction type semiconductor substrate having two major

surfaces; a drain electrode provided on one of said major surfaces of said

25 semiconductor substrate and connected to a drain terminal; well regions of a

% second conduction type in the other of said major surfaces of said semiconductor
substrate formed by means of a double diffusion to have source regions of said

first conduction type in each well region, said source regions being provided

thereon with a source electrode connected to a source terminal; channel regions



4 defined in surface area of said well regions to be between a first
conduction type sem conductor zone of said sem conductor substrate and said
source regions; gate el ectrodes respectively provided above each of said/_;.K
channel regions with an insulating filminterposed between said channevgsg
regi ons, said gate el ectrodes being 54 connected to a gate term nal throtgh
at | east capacitance conponent neans for |owering the output capacitance of
the double diffused field effect transistor; and a guard ring region of

o SecoribhaR i e A i BAD el S bt RECRRO I e

regi ons. Ifmidsidubior zemdsisaiddeniibehdudtot Bibistrateind \shidadurteegivis; Pats € relay  «

conprising a.light emtting means generati ng an optical signal upon receipt

of an |anﬂle<§IQ§1ﬁ&IfeSH§°WR1Y(N6Y1@ e gachy e t‘ﬂﬁ@“@ Fﬁ&ﬂfﬁvm @t force

upon recei, Ew,&g ec?hﬁﬁ Fgﬁadg ng means, €
a power D@@%@@rﬁg% sal %ﬁ’ ovOo eﬁje %&h”%%g avi ng gate

term naf, cundlectediis afgate cbrtmmghmagldaﬂms tdﬁb@ﬁﬁﬁ]ioﬁmﬂnanﬁlfost

i npedance state to a second |rrped? ce, s Wt h hot ovoI ta| force

appl i ed t dlowsriag $bg autput ¢Apacitance g Mws&ﬁ& st

conduct i on, t c u%ﬁﬁ g‘érggvo - a drain

el ect rode provi dgg{go ne é)t?gaslgl n‘%‘}atgﬁn&;{%}ﬁ*’gc al d sem co tuct or
substrat e enductoniypé semiconductbraione tosberbutsitie saiét Wellrregionsiinchiding @2 second
conduction type and source regions of said first conduction type
respective‘l’m@rmnby means of a double diffusion in the other of said

maj or surfaces of said sem conductor substrate, said source regions bei ngu
provi ded thereon with a source el ectrode connected to a source term nal,

channellOr eAnother dsgfechefl theninvention pmdcsaasoiid-staed‘ehyldonmmma light be
bet ween a fi r.st conduct i on.type nductor of. sai d sem conduct or
substrat e SRHURS F%%BB c@aﬁ’ I“BB{‘ %\?@"ﬁpq‘ ovi ded
gg?\\:\:eﬁaga tgat e Hg?ﬁﬂ'g%‘es a a| d c neI Hg@ﬂ g%ﬁtldfwm&?%d
signal emitted from said light ermttmg mans, a power MOSFET connected to
said photovoltaic means and having a gate terminal, and means for driving said
15 power DMOSFET from a first impedance state to a second impedance state with
‘said photovoltaic force applied to said gate terminal; said power DMOSFET
comprising a first cdnductibn type semiconductor substrate having two major
surfaces, a drain electrode provided on one of said major surfaces of said
semiconductor substrate and connected to 2 drain terminal, well regions of a
20 second conduction type and source regions of said first conduction type o/
respectively formed by means of a double diffusion in the other of said major
surfaces of said semiconductor substrate; said source regions being provided
_thereon with a source electrode connected to a source terminal, channel regions
defined in a surface area of said well regions to be between a first conduction type
25  semiconductor zone of said semiconductor substrate and said source regions, gate
electrodes respectively provided above each of said channel regions with an
insulating film interposed between said gate electrodes and said channel regions,
said gate electrodes being connected through a first capacitance component means
to said gate terminal, and a guard ring region of said second conduction type

.



said gate el ectrodes being connected through a first capacitance conponent
means to said gate terminal, and a guard ring region of said second
~condyet.i on type 5 disposed in said first conduction type sem conduct or
zone be outside said well regions including said channel regions, said
guard ring region being connected to sai @ source regi ons through a second
capaci tance conponent neans. The invention will now be further described in
detail, by way of exanple, with 5 reference to the draw ngs, in which:-

Fig. 1is an g sﬁﬁcﬁﬁp‘ &WA{E% | 4 ' of a
DMOSFET accor g tgﬂt e preéskgﬂtu&#nv W&@fbﬁg%f%%m%‘%am
equi val ent t orégiensihCISEIng safd dhagnel Tegibnsy said guardingregiondseing cminected do Vi ew
of a main part,af anot her ea&gdinent of a 10 DMOSFET of the present

i nvention; Fi &idsopzee fegions trough 2 &econd CRRACHAICE ROMPONENMEINSSFET of Fig. 3;
and Fig. 5 is a circuit diagramshow ng a working aspect of a solid-state
relay in which the DMOSFET of Fig. 3 is enployed as a power sem conduct or
devi ce. Gener Jhe)inventioh iwill HdREbé furtiver iescribed dy details by fway efxexapiple, withhower
15 sem conductor devige [n a solid-state relay, it 1s desirable for

| owering tRe S%FF{?&F"E%&&A‘? » MeWRKRYhat either the capacitance between
the gate G and the drain DJerr] or the capacitance between the drain D and
the source S [err] is lowered. In this connection, it is possible to | ower
t he out put cajfig.i 1dsan ¢manged sgctiongd cviewy afhe nsaim fpartcofh ar @mifodirhent RMOSFET,
but this resu i I ncrease_ in the 20 ON resistance, so as to be
undesi r abl e. k@@@ﬁ&ﬁﬁ}q¥mﬁm%“bnggﬁﬂ%?N@MFan, a | ow out put capacitance
of \{ e DMOSFET can be realised by neans of at |east a connection of a

capaci tance conponent means to the gate el ectrode conneqft ed to the gate
termnal, wtKigit2 isna circuit diggrane e@tivalentito tthenDMOSFET of Fig. 1;

Fig. 3 is an enlarged sectioned view of a main part of another embodiment of a
10 DMOSFET of the present invention;

Fig. 4 is a circuit diagram equivalent to the DMOSFET of Fig. 3; and

Fig. 5 is a circuit diagram showing a working aspect of a solid-state relay in
which the DMOSFET of Fig. 3 is employed as a power semiconductor device.

~ Generally, in the DMOSFET to be employed as, for example, a power
15 semiconductor device in a solid-state relay, it is desirable for lowering the output
capacitance (Cogs) that either the capacitance between the gate G and the drain D
(Cgap) or the capacitance between the drain D and the source S (Cpy) is lowered.
In this connection, it is possible to lower the output capacitance (Cgss) by
 reducing the surface area of the DMOSFET, but this results in an increase in the
20  ON resistance, so as to be undesirable. According to the present invention, a low
4 output capacitance of the DMOSFET can be realised by means of at least a
connection of a capacitance component means to the gate electrode connected to
the gate terminal, without increasing the ON resistance.



6 Describing the | ow output capacitance DMOSFET according to the present

I nvention with reference to the drawings, there is shown in Fig. 1 an
enbodi nent of such DMOSFET, which conprises a sem conductor substrate 1 .
consi sting substantially of a first cgnduction type, here, n-type P
sem conductor zone 2, and 5 second cOnduction type, here, p-type =
sem conductor regions 3 fornmed in one surface of the n-type sem conduct or
zone 2 for form ng channel regions CH, and first conduction type, here,
n-type seng t , idﬁﬁﬁx 40@%, IIMOSHET A6Sording2 % ype

sem condugtogéreﬁrge ig%skgﬁf or cto'_n tl 'tmatg?ng source re ions@%ﬁve thtte channel
regi ons CHnwéntionavith referencactoi the drandngs, ﬂmismhgwa-m%ig@emcmbo_m’menh-type
sem conductor the.sem conduct or substrate.l. and,the.n:type :
sem conductiomehIMESRET, hidk FhaRase A SEmipraicid Rueas, 1 optsine br ovi ded

gate el ectguaﬁsﬁﬁﬁlﬂwmdoﬂaw@hi@g%ﬁﬂ&@i/ tsemiondtetor Borid R Sarpse, the ¥

p-type sem conduct'or regions 3 for m ng t'he channels as well as the
n-type $eniecondicondnction dips; shete,f prtypeoseminonduntor gegions 3r foymedsinaene f or med by
means of 15 .a double diffusi_og arrie%f)u& wi.th fhe gate el t%%des 6 nade
as a sk, SUEERCE AE e 5fypesemicondyctas 7ane & fof formyng. WP e Y€ r egi ons

3, a p-typRrst esndiRAsH | heRR) inOlps sérhiicodudtst régions dUdfiled in8 siffacd he

pur pose of 1 nproving the breakdown voltage charactistics. Further on the

sai d one sared of theop-typecsemicanductor segionsdd Earronstnting sqree rRgiensostrate 1,

there is provided a source 20 electrode 10, while on the other surface of
the zone 2 a drain electrode 11 is provided. To thesé gate el ectrodes 6,

sour ce el egbbwite tharmieliregiciis CH of e ie témichbhdictoregiofi®B berieed the gat e u

termnal G source termnal S and drain termnal. D, respectively. In.

connectlf)ngn'ttﬂ!!3 spmicondugtor izone 2 of the semicondustor Substrate lcand the a-type |
: . : : . 1a
55 e bt naterireRBeE s PbnE Fea iy B8 sRCE refiond MAE S Biinilied tlE °0 12 10

to this reglpsteddeni 6 witlehanr insalating Fiimt U interpoped.y ale thiscease,uthie pitypé 9. 2, the
OULPUL CapaC  dfuctor “regions '3 for forming the channels as well as the n-type
semiconductor regions 4 for forming the source regions are formed by means of
15 a double diffusion carried out with the gate electrodes 6 made as a mask.
-Further, on the outer side of the p-type semiconductor regions 3, a p-type
semiconductor region 8 is formed as a guard ring for the purpose of improving
the bfealcdown voltage characteristics. Further on the said one surface of the
'n-type semiconductor zone 2 of the substrate 1, there is provided a source

20 electrode 10, while on the other surface of the zone 2-a drain electrode 11 is \J
provided. To these gate electrodes 6, source electrode 10 and drain electrode 11,
there are connected a gate terminal G, source terminal S and drain terminal D,

respectively.

In connecting the gate electrodes 6 to the gate terminal G, there is interposed
25 Dbetween them an inverse parallel éonnection of diodes 13 and 13a so that the
~ output capacity can be lowered. Referring more specifically to this respect with
reference also to an equivalent circuit of Fig. 2, the output capacitance (Cogsy) in
this circuit is represented by a following formula:
Coss1 = Cps + Cp + { Cap.(Cas+Cp)}/{Cac+Cos+Cp}



this circuit is rebr.esented by a following fornula: [err] 7 Wth the

capacitance [err] of the diodes 13 and 13a nmade extrenely snall, the
formubha w Il be [err] Here, the output capacitance [err] of the
conve#t i onal DMOSPET is 5 [err] and their difference will be [err]

and it will be appreciated that the output capacitance is nade | ower than
that of the conventional DMOSFET. 10 In Fig. 3, there is shown another
enbodi ment of the DMOSFET according to the present invention, wherein the
same consti tugph Megpakitants (CDPOF e GibAS EITRAF1 TP Rad® extridicly suHIE ignot ed
by the sane reference nurreral(gggs those used I n %g. 1. F% tlxe présent
ertbodi nent , | forouda millbe a contact electrode 9 is forned on the p-type

guard ring sem conguctor tegj ol r ned tsigde . the p-type 15
cklannel -formng se '%@L$¥0+0¢|198'| &?@r@ﬂﬂy i ving the breakdown voltage
char act er i St i efere, (e @ftphP BASaitinck(CTL) BF tiRURSEPRECHMUSFED s and a fur t her

I nverse parallel ‘connection of diodes 14 and 14a 1s connected across these
contact el &ctrode Cogne €aurtcCp et Ehr ode 10. Referring nore specifically to

the operation _for, Lowering the output capacitance 20 in the present
enbodi nent  wi PH&)P@F%&@%@%EP@% an equivalent circuit of Fig. 4, the

out put capacitanced gl[r = OLs{ 1904V (L # T ecui t will be [err] Wth the
out put capacitances_0 Fﬁgépd.i oalg connec ior%)q;l_s, 13a and_ 14, 14a nade
extrenel y srmaknd it will be appreciateid|thatithe output capacitance is made lower than that of

the conventional DMOSFET.

— . ,

10 In Fig. 3, there is shown another embodiment of the DMOSFET according to the
present invention, wherein the same constituent elements as those in the
embodiment of Fig. 1 are denoted by the same reference numerals as those used
in Fig. 1. In the present embodiment, in contrast, a contact electrode 9 is formed
on the p-type guard ring semiconductor region 8 formed outside the p-type

15 channel-forming semiconductor regions 3 for improving the breakdown voltage
characteristics, to be separate from the source electrode 10, and a further inverse
parallel connection of diodes 14 and 14a is connected across these contact
electrode 9 and source electrode 10.

— Referring more specifically to the operation for lowering the output capacitance
20 in the present embodiment with reference also to an equivalent circuit of Fig. 4,
the output capacitance (Coss) in this equivalent circuit will be
Coss2 = Cps~+(Cp-Cp)/(Cp+Cp)+[{Cop-(Cos+C)}/{Cap+Cos+Co}l
With the output capacitances of the diode connections 13, 13a and 14, 14a made
extremely small, the formula will be

25 Cossz = Cps+(Cap.Cas)/(Cap+Cas)

AR



25 [err] =~ 8 Conparing this with the output capacitance Terr] of

t he conventional DMOSFET, then [err] and it will be appreciated that the
out put capacitance of this enbodinment is made 5 | ower than that of the _~
.conventional DMOSFET. Now, in the forggoing DMOSFET's of Figs. 1 and 3, \_he
inverse parallel connection or connections of the diodes 13 and 13a or of
13, 13a and 14, 14a are acting as the capacitance conponent, and are caused
to be inserted in series in parasitic capacitance conponent of the DMOSFET

so that t n&@rﬂl Jaﬁam eyofle MO, It IS
effecti velt;ﬁoo segﬁé%@l 0 egﬁgﬁ I nve %gs)par aFPgYénéﬁgﬂ%ect lon ag the

capaci t angkeenconponent. That is, a capacitance conponent neans interposed

bet ween the gate el ectrode n eir. Ci te termnal is required to
achi eve a funct @ﬁcemmgvi&fon& &s{@@%%?ﬁ ctrodes any hi gher voltage '
appl i ed t gy, (81166 oph! Bl OIS PR imilis eV OSFET

and al so turnl ng tﬁ ﬁ'%FET to O\I tat Simlar a&e capaci tance
conponént lowmﬁlannharqfdhedommtmthMQSFEﬂtact el ectrode and t he source '

electrode is also required to provide to the source el ectrode any higher
vol tage applied to the source termnal than a predeterm ned voltage, for

mai nt ai ni Nov, 8 RhE FsFRoiheY DMOSEETbF Hgd. "ESRdr 3,5 BRC Iriveksd! fardfigiount , a 20

utilization of normal [ rect i onal characteristcs of the di ode as the
capaci t an®ennestion oz conmastions ofithe |d1csles :13 andulSa neoﬂlibdéamdd4; h4a age nor mal

di recti on oper at as a. condenser bout V, .for xaggilge,. but acts
just as a gy I’?ﬁ age S&HSS gL :
r

& odes. °“&¥‘?‘ﬁ‘e“‘e°?§§‘.“r“§§@?‘& e%éﬁréﬂﬁ‘gh%%?ﬁﬁw‘é?“‘?ﬁ%ﬁ% e'to be™
execut Hi twiillobe) thes¢hyhreducede  dfere,hit istieffeetive to use the diodes of the inverse
parallel connection as the capacitance component. That is, a capacitance
component means interposed between the gate electrodes and their common gate
terminal is required to achieve a function of providing to the gate electrodes any
higher voltage applied to the gate terminal than a threshold voltage of the
15 DMOSFET and also turning the DMOSFET to ON state. Similarly, the
capacitance component means interposed between the contact electrode and the
source electrode is also required to provide to the source electrode any higher
voltage applied to the source terminal than a predetermined voltage, for
maintaining the breakdown voltage. Taking these respects into account, a
20 utilization of normal directional characteristics of the diode as the capacitance o/
component means results in that the diode used in the normal direction operates
as a condenser up to about 0.6V, for example, but acts just as a conductor under
higher voltages than that, and a desired operation can be realised. With the
inverse parallel connection of the diodes, further, desired injection and withdrawal
25 - of charge are to be executed ﬁnough either one of the diodes.

~

Ih addition, the gate electrode is formed normally with polysilicon employed. It Y
will be readily appreciated, therefore, that the foregoing diodes can be provided

to the semiconductor substrate in a simple manner with other parts than the gate

electrodes of the'polysilicon film utilized. In an event where the diodes are



In addition, the gate electrode is fornmed normally with polysilicon
enployed. It will be readily appreciated, therefore, that the foregoing

di odes,_can be provided to the sem conductor substrate in a sinple manner

wi t ot her parts than the gate electrode§ of the polysilicon filmutilized.
In an event where the diodes are 9 fofmed with the polysilicon film
enployed, in particular, the diodes will have an extrenely small junction
area, as a result of which the diode capacitance [err] is nade to be

extrenel y sli fydined withl tha polysitico® filifi ehipidyed SinPartibuldr thel disded will! havedn
enpl oyed in the present_invention. 5 "In Fl g. 5, there is shown a
solid-state r@t@ﬂ%MJmnmm%wmph@e diode capagitance (Cokisa power

" aht cem ¢t i Y b, 8%aldy S, o Bhg delyiloon Mhonfi(Rb TSy a8 i oo
recei ved, an énplo in theqiresent investion, enent s 22 generating a photovol taic

force upon receipt of the optical signal emtted fromthe el ement 21, power
10 DMOSFET's 23 and 23a driven froma first inpedance state to a second

Lerm nals 81 THEERSHaHEFts Bih oot Bl SK B WAICH e DAOSBETREREE P g
a di scharge mwam&e&wammwmummwrm@m&m&&m kelay SSRpr esent

i nstance, the power, FET' s .23 and 23a are connected in series with their

source S madecamprisingAdight-emiiting element:2l,gengrating an\optical fignal vtk anginput

arrangenent . r.dj. rorpal | i e use
of DMOSFET acég@i%ﬁa?%&taﬁe&#?eﬁ@ t?%%‘%ﬁ%?%\éﬁ %%&%&t&?é%%ci tance
of (the relay fypte upowaecdipteof thecoptidab wighaldesmittedt fromhihghelémentu2hcpowert - of f
ability to_be inarovepl, ;nd the relay can be_effectjvely inproved in the
ability ofl0coPMGSFERS 28 cand; 4Pa rdriven cire & figshimpedance istafg |tp & Sesqndyi | y

e ! RS i phlitn FUEUDRIBIERAOD b PR
capaci t ance oof theseopdwerdfansistors; ang acentrolaintuiti24 constitutingsd dischange mearts
| heonvent enCeforagate charge of the power DMOSFET 23. In the present instance, the power
DMOSFET’s 23 and 23a are connected in series with their source S made

15 common so as to be a bilateral voltage blocking arrangement. Accordingly, in the

solid-state relay SSR of Fig. 5, the use of DMOSFET according to the present

invention allows the output capacitance of the relay SSR to be effectively lowered

and the high frequency cut-off ability to be improved, and the relay can be

effectively improved in the ability of controlling the high frequency signal.

20 It will be readily appreciated from the foregoing that, generally speaking, the
DMOSFET according to the present invention allows the reduction of the output
capacitance only to be effectively realized without causing any such inconvenience
as a deterioration in the breakdown voltage characteristics, an increase in the ON

-resistance and so on to take place.



as a deterioration in the breakdown voltage characteri efiee' an ‘i ncrease in

the ON resistance and so on to take pl ace. CLAI NS 1. | ow

out put - capaci tance, doubl e-diffused field effect tuw I’mmﬂmﬂ”ml ng: a
first conduction type sem conduct or s#tgstrate havi aces*
drain el ectrode provided on one of sa maj or surfaces of said

sem conduct or substrate and connected to a drain termnal; well regions of
a second conduction type in the other of said major surfaces of said

sem conductor substrate formed by %\iﬁf a double diffusion to have

source regions of said first condu ype in each well region, said
source regions being provi ded thereon with a source el ectrode connected to

a source t channel regi,ons de d,.i e ea of sal d wel l
regi ons to bgt wiosh qutp Pﬁ’%apg@@%c ‘;QS‘EFW@ §fen$‘€la trRedonf said
sem conduc%d}ﬁ trate and said source regions; gate el ectrodes
respective ro

filminter posedaMmmdue&mdyphemmhdnmsnbsuateha\dngw@mjmsurfmS bei ng
connected to a ermn thrpu h at | eagt paci t ance conponent neans
for |omringthgé‘amp o PRONRED O Qoo OF Bl JHPT (A9ckaers: OB Bt f oc:

transi st or gaBRGhdhictir 3nbstiatd Snd EsHrRBted a%mﬁ.conduct il.on type di sposed

in said first con uctlon type sem conductor zone tO be outside said well
regions includi wgllsmgtbnsmfnaedecmﬁgcmducum type in theofliestofr smdanajdr ng to

Cl et 1 e RRGE AL WO SLDRCPaARP ph SRR donie B MRS & Qobtle GRS o o1

accor di ng ﬁd)hﬁ}eagdnrée wgi&{ﬁbﬂsﬁelﬁspmeﬁwwqamnm region, said \_)

source regions being provided thereon with a source electrode connected to a
source terminal; .

channel regions defined in surface area of said well regions fo be between
a first conduction type semiconductor zone of said semiconductor substrate and
said source regions;

gate electrodes respectively provided above each of said channel regions
with an insulating film interposed between said channel regions, said gate
electrodes being connected to a gate terminal through at least capacitance
‘component means for lowenng the output mpacxtance of the double diffused field
effect transistor; and

a guard ring region of said second conduction type disposed in said first u

conduction type semiconductor zone to be outside said well regions including said
channel regions. |

2. A transistor according to claim 1, wherein said guard ring region is
connected to said source electrode through another capacitance component means.

3. A transistor according to claim 1, wherein said capacitance component
means comprises a diode.

‘ded above each of said channel regions with an insulating

Ak

o)



means conprises a di ode. 11 4. A transi ster—according to claim 3,

wherein said diode is provided in a pair which ‘lual ly in
inversg parallel relationship. 5. A transi st mﬂﬂ@& “m\m | ai m 2,
whersi/n sai d capacitance conponent rreans nd sa ern capadit ance
conponent neans respectively conprise a ode 6. A transi stor according
to claim5, wherein said diode of each said capacitance conponent neans is

provided in a pair which are connected nmutually in inverse par aI I el

relationship. 47. t?aﬂsiﬁﬁcé&ﬂing%%%ﬂwgnﬂé?elﬁ@%ﬁd%@de% 6,

wherein said diodes are fornmed wth poly5| I con. 8. A%sol | -st e relay
conpri sing a whight are connectes mMy@mwlmwhhMthp si gnal upon recei pt

of an input signal, a photovoltaic nmeans generating a photovoltaic force
upon recei pt of sai d optical signal emtted fromsaid light emtti ng means,

a power DVOSFET copnggahsidof Gccordifig R0 Adim0d,! whéreliE 38 capatitined s

termnal, and neans for driving sal d power” DMOSFET froma first |rrpedance

state to a sebwaRS ARhaid ranother gapacifance componentomeans! respestivelyceompriseiad t o
said gate teraioggl; sai d power DMOSFET conprising a first conduction type
sem conduct or strate having two maj or surfaces, a drain el ectrode

provi ded on one of said major surfaces of sai'd sem conductor substrate and

connected to a drain termnal, well regions of a second conductlon type and
source regi on§ of Aaitvansistor taceonding: cﬁgﬂﬂyée wheseincsaid digde of bsmi/reans

Sem conduct or CHRRL A cathebliy Helf @éfp@é%%ﬂg”?hém&*c&%é%%ﬁ Il 1

soge el ectrﬁﬂﬁwegemﬂ chshipyir ce term nal, channel regions defined in
a surface area of said well regions to be between a first conduction type
sem conduct or zone of said sem conduct or

7. A transistor according to any one of claims 4 to 6, wherein said diodes are
formed with polysilicon.

8. A solid-state relay comprising a light emitting means generating an optical
signal upon receipt of an input signal, a photovoltaic means generating a
photovoltaic force upon receipt of said optical signal emitted from said light
emitting means, a power DMOSFET connected to said photovoltaic means and
having a gate terminal, and means for driving said power DMOSFET from a first
impedance state to a second impedance state with said photovoltaic force applied
"~ to said gate terminal; said power DMOSFET comprising a first conduction type
semiconductor subétrate having two major surfaces, a drain electrode provided on
one of said major surfaces of said semiconductor substrate and connected to a
drain terminal, well regions of a second conduction type and source regions of
said first conduction type respectively formed by means of a double diffusion in
the other of said major surfaces of said semiconductor substrate, said source
regions being provided thereon with a source electrode connected to a source
terminal, channel regions defined in a surface area of said well regions to be
between a first conduction type semiconductor zone of said semiconductor
substrate and said source fegion_s, gate electrodes respectively provided above -
each of said channel regions with an insulating film interposed between said gate



substrate and said source regions, gate el ect r—eeles—#es—peet-l—vel—y——prow ded
above each of said channel regions with an ins posed
bet ween said gate el ectrodes and said chann Iﬂ h’g@h!m ate

el et rodes bei ng connected through a f st capaci ‘means t'ag
said gate termnal, and a guard ri ng egi on of said second conduction type

di sposed in said first conduction type sem conductor zone to be outside
said wel | regions including said channel regions, said guard ring region

bei ng conrameimwcsﬁmpegmslm t6 eleEEbded bRRECHANSARP thrd vigPF
conponent neans. 9. Arel ay accor di ng to claim8, wherein a urality of

said powera mt@carcenwmtm terminal, and a,guard mngm ot her

o 374 o oS "B Wl o o, 1B eSS RS, s,

W th ref er @ifi€oridactol 2ori¥ o\t vitside’shid wellreins inchidiA®sdi® CRanneliegions) i al |y as
described herein with reference to the draw ngs.
said guard ring region being connected to said source regions through a second

capacitance component means.

9. A relay according to claim 8, wherein a plurality of said power
DMOSFET’s are provided and connected in series to each other with said source
terminals made common. | o

10. A low output-capacitance, double-diffused field effect transistor
substantially as described herein with reference to the drawings.

11. A solid-state relay substantially as described herein with reference to the
drawings.



