SPECI FI CAT| ON S SOLI D- STATE RELAY TECHNI CAL FI ELDS ~. . . The
present invention is directed to a solid-state relay, and nore 5 = = = ™7
particularly to a solid-state relay having a pair of LDMOSFETs of which

drains define output termnals for connection with a load to be controlled

by the rel ay. BACKGROUND ART Solid-state rel ays have been
widely utilized in place of nmechanical 10 _gel ays in view of nany

advant ages i ncluding mniaturized configuration, | ow ener gy
consunption, and hi gh-speed sw tching perfornmance. Because of the above

advant ages, the solid-state relay essfully incorporated in a
smal | device, such as an automati ccﬁa@efﬂc‘b@zgﬁﬁmnt for testing LSI

chi ps, for exanpl i the 15 neasurenent of this kind, the
relay is desi gnedgp&\ﬁf&#‘%@jﬁaﬁmg; of out put signal as a testing
signal. As tth I?NY@?}CI}’P?EIF out put si gnal beconmes hi gher, the rel ay

is required to have a I'ower output capacitance devel oped across out put

termnal s of the Thedtesert iMeationfigrditstte@itotahevlid-staayirldy, anddorei - €.
the periods in which'the output termnals are in non- 20 conductive

condi tion,s i npatitulardy toa solod-statenglaynhaviaigea peiri of BEMOSFE Betofeehichhe

output termnals during on-periods of the output signal. The out put
capaci t ance idraimnedefinesrutputitepminglufareconnnsetionawith atendito be cgﬁmlgfrdai n
capaci tance a}g t he non-conductive condition of the output term nal s of
the relay. 250Y ther8l@¥anese Patent Lai d-Open Publication No. 9-312392

di scl oses a i retay which utilizes LDMOSFETs as swi tching

el enents in a%Aéﬁba@Pgﬁgﬁéﬂeduce the output capacitance. The LDMOSFET
Pﬁz top struct ur egplidiétatdrélay® have Btewiddy autiizdd il ﬁwcégbﬁh%cﬁhﬁfdgﬁ regai:g
of a siligon tedyys inwidwdf3nung advaatagesiachelidgfhimatirieddeonfiguratiegnf i ne
of the well region and with a drain region being diffused within a
confine of thowhenkergy egnsumptiong\aed highaspeadhswitching pexfoomaacd. t he

well region are formedq in the tqQp surface of the silicon |ayer, there is 5
formed a P-N Bgeansesebths aboye aduantagss, '&Wc#%dﬁbat?ﬁ@l%’o?% of the

area i s responbicgraby manpant S el d0RE i S ol iRl €8

[ d
drain of rﬁéﬁ’gﬁlﬁ mdfiRE G609 ’Léﬂfhihmg&‘é éieet NI Syt HG1EE £ r thé S ot
sati sfactory r+mnim zing %e out ptt? capacﬂq nce %tween t%e 26 out put
term nal s1pf fleasiRIn¥nt of this kbhSAHS Ry gd@ﬁ@nbﬂ"(&'ﬁfb@gﬂe a series of The

present invention has been accorrp’l i shed 1 n view of the above
output signal as a testing signal. As the frequency of the output signal

becomes higher, the relay is required to have a lower output capacitance
developed across output terminals of the relay during off-periods of the
output signal, i.e., the periods in which the output terminals are in non-

20 conductive condition, in addition to minimizing on-state resistance
between the output terminals during on-periods of the output signal.
The output capacitance is the sum of a drain-source capacitance and a
gate-drain capacitance at the non-conductive condition of the output
terminals of the relay.

25 Japanese Patent Laid-Open Publication No. 9-312392 discloses a
solid state relay which utilizes LDMOSFETs as switching elements in an
attempt to reduce the output capacitance. The LDMOSFET has

structure in which a well region and a drift region are diffused in the top



insufficiency to provide a solid state relay which is capable of 15
mnimzing an output capacitance across output termnals of the relay,
while retaining a | ow on-state resi stance across the output term nals.

The solid-state relay in accordance with the present invention conprises
a control unit which gives an electrical energy upon receipt of an input
signal and a pair of LDMOSFETs (Lateral Dauple-diffused Metal Oxide 20
Sem conductor Field Effect Transistors) nmounted. on a supporting plate

of electrically conductive material . LDMOSFETs are arranged in circuit

wi t h individual_ gat g‘ nly coypl ed to receive t.he trlca ener gy
fromthe conSYERCYIR ta%l con layehH Wit} pRONICH EFZION RYNE 1 gdaw b"ha

S f L FET d h h
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first conduc I'rst con ve type
di ffused in {4 fégaoﬁwré%ma inh@estop fitfadeyPthe alwanl 1a5,@g,| ®Rréfisa second
- 3- conductive type diffused inthe silicon layer in a laterally

spaced ref at fermed a P-Ninterfactr of extendiedrareannchuiding the botigms oftthé he fir st
conductive type diffused within the well region to define a channel

ext endi ng betriferegion antbﬂm)we&leragignon ThelPzNdotarfaes pﬁguehlgelaﬁgedhe wel |

region along the, top

a.eofth.esulco e% The ource regipn and
the drain refféns feSPEIBﬂ & IPEINICRP NG %CPH%G%%H}%C © $OWYLCC| 8 FET.

source o+ SRBC PMRRERRCS, AiSotlifiet tﬁ@?&’{%ﬁ‘%@ﬁﬁe Aughfe" *"

el ectrode i S1 s not E%%ﬁ‘tﬁﬁ?cﬂ?e ik 1ﬁ%ﬁoﬁfplﬁhr a@ftbﬁbé%‘ei%e&ﬂ@ﬂ&c“ ve

mat eri al over t ugh a dielectric |ayer
and whi chodebugﬁ_ﬁ tbh@unals oigmeq-e(pi LDMOSFET. A characterizing feature of
t

the solid-soli ate rel ay reS| des in that each LDMOSFET is of an SO
(Silicon-On- I nsul ator) structure corrposed of a silicon substrate

pl aced on said ortin | at e buried oxide |ayer on the silicon
substrat e, amsmeoﬁjﬁﬁ @FCE%EpMENIIQN buri ed oxide | ayer, and that

R e A

wel | region o g#&épl t H;}H Iayer to
have its bot r('f;sm a dt(gég(lg‘r’]@?%} %Mlg s‘fl‘?t@d%l& ?%3%% g(\)/\t/ell 20 region
of the sggonghipPmitkisll #€o ancthcEBS?s Siipg WBrthds offthkielay

first conductive type a P- rface only at a'small portion adj acent t he

channel . Thawlile retaining &l@lw dmstaﬂalrysmtaricleaomks theegutputltetmimdlsy
confronting the drain region forns the P-N interface. Because of this
reduced P-N ilhessalid-statadeldysin aecendsacewithéhe presantdrvetipnycompeises

exhi biting much Io r ca ance th n the S|I|con | ayer, S pOSSIb|e to
greatly r eduéecoé‘t’éﬂ At é%@rcbeglé’%&& §RELCAl SMeEgy Upos; mezmeofom plput

Cetuced PN I PR Bhin O LIV R E A Ul TR s RS hl Bxiae

20 Sem1conductor Field Effect Transistors) mounted on a supporting plate

of electrically conductive material. LDMOSFETs are arranged in
circuit with individual gates commonly coupled to receive the electrical
energy from the control unit so as to be driven thereby to turn on and off.
Sources of LDMOSFETs are connected to each other in a series fashion

25 5o as to have individual drains connected to the output terminals,
respectively. Each LDMOSFET is configured to have a silicon layer of
a first conductive type, a drain region of the first conductive type

diffused in the top surface of the silicon layer, a well region of a second



-4 - conducting condition of the output termnals. Mreover, the SO
structure can assure sufficient flexibility for nounting the LDMOSFET
on the supporting plate, either with one of the drain and source being
el ectrically connected to the supporting plate or being electrically 5

i sol ated, in accordance with particul ar demands. One of the
source region and the drain region is confi-gured to surround the ot her
within a plane of the silicon layer. This surrounding ar r angenent

enabl es the source region to confront the drain region over a prol onged

line in the p 14 . r i 5 te
resi stance be encq{‘ﬁ%ﬂg)f%tf?ﬁ%ahrmﬁﬂ%g tlﬁg&r’ Ee‘fgblafexglég%?‘g%ﬁ‘;’g‘atwt he
rel ay can enj hi SN ANEL | OF¥hR bkance
and the | ow oﬁpg? g}%ée)a%éélsi s?anc’e. Alhts%gtﬂg%r%%gp e exi ;%ii;é‘ﬂtgonducﬁg'??gglh

rel ation thatdiffissesinwiidhén theaveld regiaineto define archmnngl ektending detweehe

out put capacitance becones, the above structure of reducing the P-N 15

i nterface ar ethe souroetregidresnd acconfrontingiedget sfctheuwvplltregigrael angthe taren
the on-state re istagce is.required tqQ be reduced to agn, acceptabl.e extent.
Preferabl yo t$rtactpk&he sicon layeronii g seurceregion anddhe khea ggionegi on.

devel opi ng artelant FPamente 3he BSOS 380 drlin PRLENOET o BrePamd o or 20
bet veen e oghcauot B5480HRE BB shcA AR RSARE Iy LA AELEC

oxi de layer, particurarly e single supporting plate nmounting the

pai r of LDMOSKpiens $n éléditieallytcorftleRtdd rélation thet@bc onAssite ehectbode ¢es

of LDMOSFETs or when the two Separate supporting plates each nount i ng
t he LDMOSFET eomnexded tata gateddyep of aneslectrivatly comdubtavenmteriabwhibk isut put

termnal of the relay. In order to facilitate the recognition of
several a#wanplaged wierithe qhasaehthrongdra diglectrie layesaad whichidefines dhes,

chpaci t ance- BARPILONIISER K n-iiAsacteazane dabes pj the Spligetplic state

- - . ' i al | h

por5ti on of tﬂlgél% ?eéslpgﬁggﬁﬁﬁ%@fg“mgﬁﬁgﬁ'aﬁnéﬁ%‘g%ﬁ @ﬁggggllpﬁggr egi on,
while the Iﬁﬂ%@?%ﬁu@f@e%&ﬁﬁbfﬁ Bgaaéiiikéﬁ%ﬁbkfraf lajBdifdidonal

capaci tance devel oped t hroug uried oxide layer in a vertical path

fromthe 5 Swppzﬁ'tiﬁ%plzdne,t@bhhi%dscbbﬂld@rlhyéﬂoﬂlthb%ilﬁam sabstrite, aadehe
potential of the rain or fromthe drain region to the supporting plate
at the sab®e silicootlayer an the huréed oxidelayer, and that theewelliregion bagundgshas a
peri pheral zone ted lateral |y outwardly of the well region and
electrically Mﬁf@ept eﬁﬂamllm leyesdpdinveya batompabyited agagdsaidt | s
preferred to. eLeﬁtrLﬁahl connect the peripheral zone and the drain
comonly to thgng Fiﬁ%e$late. Thus, the peripheral zone around the

wel | region can bSiﬁ@@Eh@g{e?rgeréﬁﬁgapﬁffgSE%%lvefihé a1l depth Orahe sﬁﬁ?bﬁ?”’

thereby elimnating an ad evel opl ng capaci tance

through the blayeedo hav@eitd BoftonPabuaed ddagndtaheific okRIElaler, eHrdwlelte
silicon substrate. O herw se, the additional path would add’a

capaci t angte i regianaflthe secohdtdomduetivedape fdraisnwithuheesiliepadayanofthe
i nevi tably deyel oped. between the bottom of the well region and_the

supporting pl Hr# qondisgive e Prdinssifaee pale et atsmeald pprison il aeenitbet
channel. That is, only a side boundary of the well region laterally
confronting the drain region forms the P-N interface. Because of this
reduced P-N interface and also because of the buried oxide layer
25 exhibiting much lower capacitance than the silicon layer, it is possible to
greatly reduce a drain-source capacitance for minimizing the output
capacitance of the relay in the non-conductive condition. Also the

reduced P-N interface area can reduce a leak current at the non-



unduly large parallel connected capacitance between the source and 20
drain. In addition, a separator ring of dielectric material may
be formed in t he peripheral zone to surround closely the well region in
such a manner as to electrically isolate the well region fromthe

peri pheral zone. Thus, it is possible to prevent an unduly high

capaci tance from devel opi ng 25 between the4wel|l region and the peri pheral
zone, thereby mnimzing the overal | drain-source capacitance when the
drain and the peripheral zone are electrically connected to the

suppor ting p'c%hﬁuctm& conditiofU6f ¥ outPut t€ARInA8E MERIRes e80T the

second conducti ve

- my Ren@itifelsad assurehsufficiémoflexibility fort Mugtingothe hDMESFEEgi on
in a spaced relation therefrom At Ieast one of the source el ectrode
and the @t theesugmpiortingy, phateneithervwith ome of phe draic drah dourceabeaingeed

rel ation thereto fromthe coryrespondi ng one of the squrce and the
channel to f &lestsically Wrngeqiad tedhe\ﬁuppﬁgmgqurobpm eleewiglbrent ary

circuit elerrent th thi,s arra providing the wiring pad
over the 1§%‘6‘5‘?%t13daqcé’ﬁgl angg Wi Ba’s‘%?@%éﬁ ce an additional

capacitance  rORMIdE M AT thBIdH 8 theBrlh dboRacBReheEd egponTi nol Y

m nim ze t he overal sour ce-dfai n or capaclitance

Al ter nati vel wurdSurl AR oftitt WRARS 8 Jﬂﬁné %ifcihefsﬂli&% fayet @Hﬁ‘%ﬁiﬂ&@ndmg type
may be diffused within the wel lon to extend theé full depth of

silicon lay erarrangmnememablesltha sbﬁ@d@fégioﬁ&b&idxﬁ'tbﬂﬂﬁhm draén segioreover
region. At |east one of the source electrode and the gate el ectrode

extends over aprolongedding in thy planerofthepsiticonrleyer,itbaretjereducingem oe 15
correspondi ng one of the source and the channel a Wring g,ad for

Wiring cofneS#EFeFStancs,RpESRht 9“?9‘%@8?@“@1&%‘4113% ay. he ASEOpOIEL Y
mnimzing t |nlorder to mnim.ze the aoyerall hS dral el gat e-
drai n capaci tHRGEIACEREDIRN AL Pégnmsagé’éagvﬂnfﬁﬁ £dBYLouth When
the drain regadlcltinf@AhlNEABW BnSHAILIAA " U IHARIPIhAE 8 4 N

supporting plate 1s utilrzed to e y I nterco sour ces

of the two LOWe¥RETslatidn ttsatrthefseﬁaﬂ%& the sRUztRetresisBRIdePROHM greater TR
outwardly of the drain region electrically to the support| ng pl ate.

Thus, the peraypet ehpacitenceubecomby, thie abovedstaiicture of aaducingitheesPaN no
additional capaci tance through the .correspandi n portlon of the buried 25
oxi de | ay¥r., 1@?%f@9ﬁ/a¥ﬁanﬁsrﬂ19§hg feptive darmmnimize the HYipPE espacitangeswhen
this structu utlllzedt suryound

closely the 359.%‘ P %’%‘%lg %rﬁatgﬁgfirtlf’q%gr‘?‘ém@grm PRCeRia Eﬁ PREED:
[gyer tod fglyf?rf’fefaw%rd{é%'rgﬁ‘%r%g: Sgic AR dntieild & Sifouaaife drabd fodibl o

the drain Further, the present invention envisages to minimize an effect of
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developing an additional capacitance between the source and the drain or
20 between the gate and the source owing to the presence of the buried
oxide layer, particularly when the single supporting plate mounting the
pair of LDMOSFETs is utilized to electrically interconnect the sources
of LDMOSFETs or when the two separate supporting plates each
mounting the LDMOSFET are each utilized to interconnect the drain and
25 the output terminal of the relay. In order to facilitate the recognition of
several advantages of the present invention, there are introduced terms,
“primary drain-source capacitance” and “secondary drain-source

capacitance”. The primary drain-source capacitance is utilized to



and the source, in addition to mnimzing the source-drain capacitance.
When the source or drain is electrically connected to the supporting

plate, the silicon substrate is preferably formed with a cavity or recess 5
extending in correspondence to the drain region or well region in order

to further reduce the drain-source capacitance by the intervention of the
cavity or recess between the source or drakrB +egion and the supporting

pl at e. In a further version, there is fornmed an electrically

i nsulator stud 10 which extends fromthe buried oxide Iayer t hrough a

Cayer i sucridigt the caphErafte sufaBliERy Welofed Bobl irtin oFing 1! "
shape around %ﬁ@oﬁtlﬂ er E@ﬁween dﬁﬁﬁ%?iﬁﬂndrs%ﬁc@} ﬁo%llesuerranged to

extend over the i1nsufator stud a peri pher zone of the drain

el ectrode beigegondasy drain-soyurce citdnéd® is for amadditbonalrcapaocitantet he
annul ar shape. The conbi nati on t he i nsul at or stud and drain

el ectrode cardﬁdleped\thrquglethmbunhd okide ﬂramjmvertlcalqmph(ﬂwmrﬂn@ vvh| | e
assuring sufficient djnmensions for the drain ele

silicon sbst§olree Fagiaibim e supporiing Bbt%&ﬁpt:%@mwe potential of thﬁs of
opp05| te cond CT.I M#ﬁe V\@ ¢h devel o a _de tio # Ee 20a at the P-N
interface the £ aﬂ%sﬁﬁglﬂf’n W0 0 NgR/ate é Same

addi ti onal cgl%h{lﬁf'%?tﬂ@'sﬁﬁrées added in series capative connectl on
with the sec drain-source capacitance of the buried oxide |ayer,

thereby reducing Th% sﬁl&@bﬁ'lhy&f Rada PR raleas e [cat&d laterall lyo outwafdlyr el ay
of the present invention may further include a dielectric 2 | ayer on a

bot t om of theofile well region madeclepiriculleisolated filommtheedrainiregion bylthger in
order to further reduce the secondary drain-source capacitance.

In a furtHer weHsieghonf dhis prafemed torgleetriasdly c@nm@tdbﬂmmm@hm@e
integrate the t

L d t
‘g - ot SR e EInly 301 B SYPBOTaRE DI, | HEisthg RPrtpharabn

aterally i sornearoutid g Mel) toiibERen b Eé@‘ant?h?%*?@é pBfontlel S Felioea”in °

the wel| 'regi @dih tegion, therlly Shimiihitthe ANhRAABRAI PAIH 6F deollioRitfg thi ch

surround respectivery the frrst an seco acti Ve zones an ne first

and second cheaplitaince thr@xglemm boriedtditidetl Bpembiiwderotieperipheral konki r st
and second source regions to confronti ?tg boundaries of the first and

second actd veandths silicon Sulwm;eu \@nh,erwmer, e additenalnpathraonld eddens are
di ffused respectively V\hr e fi rst and second active,zone so as to
be i sol at ed {¢aRACHEEIein pasatle vegh SeRANdary girain-seiice: Capigitasesnd drain

eaions. i n antehARERY developek BEmaen thy Pl of U pRlleRdif Bra e [ cast

t I t
Py whi ch bing plate Bl $R10 ﬁl?@?%%@%ﬁ%ﬂsréﬁ%nne R S
through di el eghdulsy Eaageliﬁréﬁel Soithedeéd BEpaditdiceBstwiReOiHe dRiree adld t he two

LDMOSFETs, respective comon source el ectrode is provided to

bri dge over tdraifi rst and second source regions and is electrically
connected thereto, e.silicon substrate carrying the silicon |ayer

t hrough the buri egpé duéom,a@éepargtor ringfrdiglecricimatesial gaay |bt¢gf ingj t h

t he out put term nal s be 20 electr onnect ed .r espect to the
irst and sechtpaiobae! 23ng e strfound fasely ip8 AR SOCh AT o

ol i d-otate i &) %ﬁﬁﬁff& oG thy v reliof AR BRI G pBRE. | Thus,
capaci tance. jtjs poss1ble to prevent an unduly high capacitance from developing
25 between the well region and the peripheral zone, thereby minimizing the
overall drain-source capacitance when the drain and the peripheral zone
are electrically connected to the supporting plate.

Further, at least one separated land of the second conductive type



In this structure of realizing the two LDMOSFETs comonly in 25 the single
silicon |ayer, the supporting plate may be electrically isol ated from

t he conmon source as well as fromthe first and second drains, and t he
output termnals are fornmed separately fromthe supporting plate for

el ectrically connection with the first and second drains.

These and still other objects and advantagebus features of the pr esent
i nvention will beconme nore apparent fromthe foll ow ng descri ption of
t he enmbodi nents when taking in conjunction with the attached draw ngs.
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a solid-state'r e present 1 nv mati c

vi ew il lustrajyagedaelationr therdficsngefeast ot ofithe @dlurce electrytRcand e Of
t he above relady in accordance with a first enbodi nent of 10 the present

i nvention; gat€lelectBode eateradst owdr therseipasateddand dn aspaved3@latiGhOSFET
utilized in the relay of the first enbqdi nent; FIG, 4 illustrates a
pl anar ar r angbeesto somthe coggspenrdingreneof tag seurcsrand the mljm of

FIG 3; 15 FIG. . 5 illustrates a planar arrangengent o% at.egbigr?l n, and

source 5 olmBifiggRadiRr Witing: cannechon o s EPmpemgRtay-cix egenioseer
Corhent ] o %W@Eﬁﬁ@%?&%ﬁ%@fcﬁ&ﬁﬂw {e i HR R B ﬁeﬁg 20
20 Uonberey epafitel o, it is pdsible fio/redct Ah'ddini6fal bipacitsfte on of A7

il lustrates aephftiieg firomahggrenisioh ofthe padoand eorrdspondingdy oniniafize the
SO - MOSFET of FIG 7; 25 FIG 9 illustrates a planar arrangenent of gate,

drain, and sdhecerall sourcerdrdins ongdte-dini chpaicitande. t her eof for the above

SA - MOSFET; FIG 10 js a,partial vertical section_of an SO - LDMOSFET
utilized 1% Altematweiy, at lgast one separatedaland otI the first condpgtive

h | [ d it h i nbqgdi t of th t
vention: " (90BBaY e gt Ptk within S8 eHIh roBDR R eirEna hE D) dePthatf e,
drain regi onsy@fsiticon'1ertd alf QR callyisGlatdd relation from the source

region. At least one of the source electrode and the gate electrode

extends over the separator region in a spaced relation thereto from the

15 corresponding one of the source and the channel to form a wiring pad for
wiring connection to a complementary circuit element for the purpose of
minimizing the in order to minimize the overall source-drain or gate-
drain capacitance in the manner as discussed in the above.

When the drain region is configured to surround the well region

20 and the supporting plate is utilized to electrically interconnect the
sources of the two LDMOSFETS, it is preferred to connect a peripheral
zone outwardly of the drain region electrically to the supporting plate.
Thus, the peripheral zone outwardly of the drain region can develop no
additional capacitance through the corresponding portion of the buried

25 oxide layer, thereby minimizing the source-drain capacitance. Also in
this structure, a dielectric separator ring may be utilized to surround
closely the drain region. The separator ring is formed in the silicon

layer to isolate the drain region from the peripheral zone of the silicon



5 FIG 12 illustrates a planar arrangenent of gate, drain, and source

el ectrodes and indivi dual pads thereof for the above SO - MOSFET,; FI G
13 is a partial vertical section of an SO - LDMOSFET utilized in t he

relay in accordance with a fourth enbodi mrent of the present 10 invention;
FIG 14 illustrates a planar arrangenent of well, source, drain regions of
the SO - MOSFET of FIG 13; FIG 15 illu%trates a planar arrangenent of
gate, drain, and source el ectrodes and individual pads thereof for the
above SO - MOSFET; 15 DESCRI PTI ON OF THE EMBODI MENT

As shown in I Q- : i i .

b ohoun 11 Thfendn hoBpkb 819 A i SloIbARIPUFSRY RAURRH B drain

Sem conduct oranfd fedsdeircecin ddanfdbtPniihimiZiA A6 setrédidesin Gfpdesiareen 20
output termnals 2 which are adapted to be connected across a |l oad to be
operated by the rWlhen theDbéMicETor driain 3 elictdcaliy wehneetedr tef thier arpporting
sinply as FETs) are driven to turn on and off by a control _unit 3 which

gi ves an el eqlate;dhe stlécoy substnateds girpferablyaformed with greavityreereeassr ol
unit 3 is conposeq. of, a light emtting. dipde 4 connected to,give off a 25
li ght upo® ccﬁ%ﬁﬁ’égﬁ%ﬂbﬁ? éPPlil‘igﬁlﬁe togthg; ‘%&F% regiog %Wﬁﬁ\kﬂgé‘g? anoxdes 5
whi ch gener at.e hot owol t @ ¢ ol tage upon recej vi ical signal
fromthe I gtto SiedeiBa She difins Sll AAROERARLE LY IB InfteiRop A,
devel op an opgrAty %@er nPaw it a6 t he
operating vol tage}, ?gr%éaﬁsés 0 %ﬁghléﬁgl Vi dggp%é?gglq&ﬁéhggﬁ?r%g pégt?it%S IS
provided in tglatd.ormof a single chip 8 which is nounted together with
chips of FETs on a supporting plate 9 of an electrical Ii/ conducti ve

mat eri al, as showm afufther versién, there is $ormed anzlettricadly imsut@Ens studr e
connected to each other through . the_ supporting plate 9, while gates G
of the twd Fewbicly exteadsdrom the busied exide)layes shraughva eentereriethe dipinof t he
control unit 3. .Dr%\i ns D ?f t he tg}) FE{ ar. co[}nect ed r sBecti vely to
out put t er mi FERLOB 10 BrRigst on thedop suriace FINEOBUAYET 11 ﬁ%ceib dpanger

Al ternatively, T ' f I it y be
nmounted res pe%st %%fé/a%nﬂé &railg ﬁggig)?l eﬁ]rs]%ﬁ) %girlﬁa%gs(ﬁgp %{%gﬁﬁqtﬁfelgts&\%&FE@egﬁd
the chip of tfygoeréd drain ele@fi‘oﬂe@s%ﬁhrﬁ%é&t@hﬁ%vd? the Théslagor Sudy
housi ng together with the associ at ed supporting plate or plates.

Ref er ri ng nowvith &pe&fph8ralrebng, of tiey drais el¢virodabeimsslestritaldyn cohnébted
LDMOSFET provided in an SO (Silicon-On-Insulator) structure which

conpri seslsa dol theadraimyegionoof thevannular shape | Thercamnbiiatomof el a

silicon substrate 30. The silicon |layer 10 is of first conductive type,
typically N tIFBBﬁ}tﬂr m‘{:ﬁn‘i dyain e EB‘PEFI opn e@th%ealyer@éﬁaeégﬁgiaem-%uwpe,
i.e., P-type ] Wi 4 t.end areund, the peri ry.of, the silicon
ayer 20 10 “ArbianlR PP aRIRE BETHER: HIREREIORI R b arpiiEe Bkielf

| ayer to haveThk %i r Liag it lol } ayer 20.
Diffused in f’%‘g&?gg@éﬁ??gg%‘é{)e?ﬁt% e&ﬁv\gﬁlggg |o¥1 ?Lrlsbﬁgcgﬁggﬁﬁge region 12
of N-type  stidtunis €Rbppasite Rohlactive typés whitlodedeloda epkeidmkyicre
source of FET and to define a | oop-shaped channel "13 between the source
regi on 120andatadbe BrN omter facei thgrebetweeper i Dive rgsudfingidepletion dayengives. A

drain region 14 _ . . .y . . . .
g an additional capacitance which is added in series capative connection

with the secondary drain-source capacitance of the buried oxide layer,
thereby reducing the overall drain-source capacitance.
The relay of the present invention may further include a dielectric
25 layer on a bottom of the silicon substrate opposite of said buried oxide
layer in order to further reduce the secondary drain-source capacitance.
In a further version of the present invention, it is contemplated to

integrate the two LDMOSFET in a single device structure. In this



of NNtype is diffused centrally in the top surface of the silicon layer 10
within a confine of the well region 11 in a laterally spaced rel ation
therefromto define the drain of FET. Extending centrally through the

-12 - silicon layer 10 and through the drain region 14 i's an

I nsul ator stud 15 which is formed by LOCOS (Local Oxidation of
Silicon) technique to have its top progecting above the top surface of
the silicon layer 10 and have its bottom.integrating into the buried
oxi de layer 20. 5 The top surface of the silicon layer 10 is

51Tt e VS o e ol 547 e
o R B FRYER Gen  mi h R H e
spaced rel at ?%?géﬁ%%f @g&@oﬂ&fabﬂ‘%e%%e 9 Iﬁgigugse?‘zirf the @Rl £ i§ﬁ@§‘%¢t ed to

the gate ele sour ce electr penetrate rough the

field oxide |payeof st 8nd 8866nd source REPibh WHIChAHrrsRY S8spebfivedy (e
(0]

region 12 and the well region 11 on t of the silicon layer” 10, while
t he drai nsel duist edd sééopdraetivat zendshamdidbfine first aadsiecondrchamnels 10 over
the insulator stud 15 to . contact with an annulus 15 of the drain region

ar ound ]E he i lmgmrgml@g withan fﬂa@ well zegignsifrom the frst and SQCI@@dlsSﬂHI‘@@ §| ect r ode
ano y SYEI ; .

oo e R SRR SR LA ssord Ve it o
e 54 i o i PRRNEINE IR 410 bRed PRl REHAR K Sl ad i pratively ™S

The gate el eq{fiRAPIHE3AEst 1 88bhd 268V@kbre ¥Y d?{cﬂb% i§f<i§1 fee&p g‘?nl% galeré

t
shaped gate | ayer 41 to have an extension on whic
formed fap wothegbgaheartll @agion.t hBirsband seoodd kigail eleeniodes drbglaced r ol
unit 3. Turning back to FIG 3, the silicon substrate 30 is
conposed of aegpectivalypm thepfirstsandisecnrl deain regions/inean elentrisal at um 32
pl aced on the s.uppce):iti, ng . pl athe 9t rog&gh a diel ectrif | ayer, 35 which
may be an oxicg@nectingy; gtigship tharawidbpe %1qa§beﬁe|g§§@p.¢qﬁr%%n with the
silicon substyabe 3By contictda 36 MRS bebShAThe I)ess Whith! @Y acdle UPRer
a cavity 33 ' ' ' T [ L er

We?'lhésﬁxfsf’ﬁgg%ﬁgfm&rb}faﬂkﬂsf &%@Fﬁlggl}é ?Eghscﬁgle%ﬂlg% &K 0

20 to extend in an opposed ation to ap ( I con layer
rangi ng fisomaikledefine firkeah@Reddnd @atdiof tHeetwd SIDMOSFENYs, rBspdtively.

region 11. 5 In the above structure, a primary drain-source
capaci tance iA commoavsshnpecléctrade & pratidpditb bredgeowet tiee first andour ce
region 14 and the wel | region 11. However, because of the bottom of the

wel | regi on second spyreeregions aagis\elogtricallyeconneaiad shexesol aylhe sidicosr

than through stibstrate carrying the silicon layer through the buried oxide layer is
mounted on the supporting frame with the output terminals being

20 electrically connected respectively to the first and second drains. Thus,
the two LDMOSFETs can be realized in the single device structure and
can be easily assembled into the solid-state relay, while retaining to
minimize drain-source capacitance.

In this structure of realizing the two LDMOSFETSs commonly in

25 the single silicon layer, the supporting plate may be electricalfy isolated

from the common source as well as from the first and second drains, and

the output terminals are formed separately from the supporting plate for

electrically connection with the first and second drains.



portion of the silicon layer 10 having intrinsically |arge specific 10
capaci tance than the oxide |layer 20, the primary drain-source

capaci tance developed in the primary vertical path is nmuch reduced.

As a result of the supporting plate 9 is utilized to be electrically
connected to the source, there devel ops a secondary drai n-source
capacitance in a vertical path fromthe draign region 14 or drain el ectrode
15 44 to the supporting plate 9 through correspondi ng portions of the

buri ed oxi de layer 20, the silicon substrate 30, and the dielectric

| ayer 35. Al t hough the cqndary. capacjtance is smaller th t he
primary capac?ﬁ&g%éna\ﬂtﬂgoq?rt ePﬁ@?‘i/@&YmgSPuﬁ%atHﬂ?q @gab‘ii de | ayer
20 of S iS4 G: [ ' ;e is

connect ed | n SRR BRA R piots AERREACRbLPRERAREL ° e

paral | el sum glscfiftion of AP REBHIfRentd WHEH Bidng ih dojRAids Atk tne educe
the secondary capacli tance as nuch as possi bfe. The secondary

capaci tance cgtbadired drawigsced by the provisions of the insulator stud 15,
the dielectric |ayer 35, the P-N junction in the silicon substrate 30,

and the cavity 33 in the 25 silicon substrate 30. Firstly, the insul ator
stud 15 can reduce an ective area of the drain region 14

eff
responsi bl e fBRﬂE«&WR&PTI@N OF T@@@M\ylﬁﬁﬁci tance with the o
fggpggg' N9 PLALE s B GirGuif BR4ral? of a solid stdeé r&l¥y OF H"Sedeht ifVerdtic; @' "9

-14- by . i . i i .
vertical | nY iR Kotk RIOF IR BB B A A AP E el brbichL
will add a  cofifittionsPoftheibove télagdfl S coRdsitld WHhCAFRS ¥R bodiRRat ofn

with the capaci tance of the buried oxide |layer to thereby |ower the
secondar y10 5 thepgeseanireventtom,dl y, the P-N junction forned in the silicon
substrate 30, i.e. between the upper and |ower stratunms 31 and 32 will
devel op a  FHepBds iagpartia) aertipalcsectionobHps SOLLIMMQSKEd wiliped dnithect ed
in a series rel %i&m Wi th the capacitance of the buried oxide |ayer 20,
| owering t he relay of thedipsy e MmeBhce. Further, the cavity 33 at the

D o Gon SRS sl R WA el LB o Gt e I PR
capaci tance ofhel $OI-MOYFETESF PrG;dS; | ayer 20 to [ower the secondary
capaci tance. Accordingly, the overall drain-source capacitance can be

nuch reduged FIG! B4llebttates a plariar afarigeament ofipats degin, andesdigtveen the
output termnals 2 of the 15 relay. It should be noted in this connection

t hat al t houghelehtrogesangli indévidual pads tkeieod fbathe aboue SBI-MOSFEHEE] ectri c
| ayer 35, the PN-junction in the silicon substrate 30, and the cavity
33 in the silicon substrate 30 are preferred to reduce the secondary

capaci ance, LRG BUeRaeda Ve bSirating g Gt al Memisiiea: pLflRarcal
f f . . | . ., . i o
2 col - ot at PR RSIorR Y tHe HARRErdIRg i REordanpe with g el shhtigdii ™ °°

present izwvensf the preseht éivégidh;of two MOSFETs T is mounted on a
separate supporting plate 9A of electrically conductive 25 nmaterial and

has its gate EHanéas adgpartiah viertiealcsection ofiam ISQ@RLDMIOSFET unlizeddndhea
separate frane 7. gﬁl n of each FET is electrically connected to each
supporting plfﬁl%yg the sgeendembedimantput terninal s 2A as an integral

part thereof "FIG. 8 illustrates a planar arrangement of well, source, drain regions of
the SOI-MOSFET of FIG. 7;
25 FIG. 9 illustrates a planar arrangement of gate, drain, and source
electrodes and individual pads thereof for the above SOI-MOSFET;

FIG. 10 is a partial vertical section of an SOI-LDMOSFET utilized in
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As shown in FIGS. 7 and 8, FET is also of the SO structure having an
N-type silicon |ayer 10A, a buried oxide |ayer 20A, and a silicon

substrate 30A. A P-type well region 11A of a closed | oop configuration
is diffused in the silicon |layer 10A over the full depth 5 thereof so as to
| eave therearound a peripheral isolated zangy 16. A P- type source
region 12A of the like closed | oop configuration is diffused - in the top
surface of the well region 11A to define the source of FET as wel | as
to define a channel 13A between the s e regjon 12 a confronting
i nner peri phéﬁ?rékaYtWQ@rﬂan%Wf‘l dCA mEng oAt ep@;eserrgg, on 14A is
di ffused cent.rall in the top surface of the si I i con | ayer 10A within a
confine of tHBY '1¥? ’regl on 11A to define the drain of FET. Ext endi ng

i mredi ately lap]%n e r
ring 17 of sﬁllﬁégﬁl gg(‘llgc}%iggﬁnélghgﬂ t e%%&%@%gﬂgt&? elé\%-am re"g‘ithii,g)tg?tom
reachi ng thethgrs@nmgsmg'r@fqugzom The separator ring 17 15 projects
above the silicon layer 10A and ner ges into a field oxide |ayer 40A
covering the Rléh Klillasteates a planar arcamgensgrrofigate, drainf anddonxcele

| ayer 40A includes a gate | ayer 41A of doped polysilicon extending in a

cl osed | oop ®lectrodes andnndmdgal pad%tlsqmeﬁﬁorr theagboye SRI-MOSKHED

define the gate of FET. The gate layer 41A is electrically connected to 20
a gate el ectrode 43A. Drain el ectrode 44A and source el ectrode 42A are

Lonmeat i on"s EIGAF I A DAL Vpfidd) Stk St ST HMOSKET Gifibed® |

connection respe rarn region a portion

the source T qibq8lal’ih a6sbrdaficuSkith Hehih éﬁﬁodfﬁferﬁwfrtﬁe pegéiy ode 42A
and the gate el ectrode 43A extend laterally over the separator ring 25 17
to defi neoi ndhvedtieh; pads 52A and 53A of square configuration for

Wi ring connection to the associated circuit elenents, as shown in FIG 9.

A like squar d*"@oﬂ"éillbuﬂsaﬂ%mphnae:aﬂmﬂ&mmﬁ aofhwelly aourcs, elrainorsgions ofor

L %
\-M r1|6ng connechl (gbf Bﬂ%@i!m ,nat he peri pheral zone 16 is
drain to be FISE Gt ffsraten s plaiy AERRE-A, ok BB, dreikd SRR d0ete " o

this a”ange'EBét{%Hé?fzﬁH h&ﬁuﬁu&%%&&s h?éi%bf?&ﬁtlfé’éﬁ@%’?,@ﬁ' MJO "ﬁ .
peripheral zone cause any capacltance |c i s added
in parallgl with the primary drain- source capacitance and also with

t he secondary capacitance fornmed in a vertical path fromthe bottom of

the well region 11A and tBES{ERHbTIG)thF THE 8MBODIMENA s sense, the

overall drain- source capaC|tance can
As shown in FIG. 1, a sohd-state relay of the present invention

comprises a pair of LDMOSFETs (Lateral Double-diffused Metal Oxide
Semiconductor Field Effect Transistors) T connected in series between

20 output terminals 2 which are adapted to be connected across a load to be
operated by the relay. LDMOSFETSs (hereinafter sometimes referred to
simply as FETs) are driven to turn on and off by a control unit 3 which
gives an electrical energy upon receipt of an input signal. The control
unit 3 is composed of a light emitting diode 4 connected to give off a-

25 light upon conduction between input terminals 1, a photovoltaic cells 5
which generate a photovoltaic voltage upon receiving an optical signal
from the light emitting diode 4, and a driver 6 connected in circuit to

develop an operating voltage from the photovoltaic voltage and apply the



10 rnuch reduced even with the presence of the peripheral zone 16. In
addition, the separator ring 17 can prolong a horizontal path fromthe
wel |l region 11A to the peripheral zone 16, thereby reducing a

capaci tance therebetween and therefore serving to mnimze the overall

dr ai n-sour ce capacitance. 15 Also in this enbodi nent, the silicon
substrate 30A is conposed of an N-type-dpper stratum 31A and a P-type
| ower stratum 32A pl aced on t he supporting plate 9A through a
dielectric | ayer 35A. The upper stratum 31A includes a cavity 33A of

annul ar confi i ] ) . Peh he f .. ay:
interface w t_ﬁﬂéﬁtgng}‘r’{)g%g%;?%E%bfﬁ{%g#dlgmﬂ%enmoﬁﬁﬁgﬁt? }sn an
opposed rel at priyieddnRBetfofm Of a singlelhipi8 Which iuRiuntedte & Reith he
wel | region 11A and the separator ring 17. The cavity 33A, the P-N

interface bet ckips ¢ EETsran asappditing plate 9 32An electridallyasondective! ectri c
| ayer 35A function to reduce the overall drai n-source capacitance in
t he sane mannsratedak,asi ioven inBIG.2%f erence 25 to the first enbodi nent.
FIGS. 10 to 12 illustrat t her cture of SO -] DMOSEET .in

accor danceb wi th aSOMWFE ertoie F51S iearsﬂéwwtﬁ%ﬁ%% Rtherthrepgh

;:oﬁf7 i g;ur ati onh:ifls&flSIS &iﬁ’%ﬁfﬁ&ﬁz:@‘%@%ﬁg‘%ﬁﬂﬁ*ﬁ@ﬁ ?{?B%@H(%@IXL | ayer

10B, buried oxhfifected d édxﬁéflg%gdiggfﬁeétréhé?dfctﬁc?%ﬁl%ﬁt §PB-Dﬁaiﬁstl?!%? wel |

region 11B of a cl ose ntiguration | used I1n the silicon

| ayer 10B ovethd two FET¢ble d@ﬁﬁ&tbﬂ%g@éctmlgaotaltba@v;amilmlﬂrfbmféda .
peri pheral isolated zone 16B. A P-type source region 12B of the |ike

cl osed | oop i sephrhtalyddoimthe suppdréingoplateiff achltefnathwelypthe tvegiFET4 1B t o
define a channel 13B bet ween t he source region 12B and a confronting
i nner per ipheyd dhe chip 801 the contrelyurit 31mRy bemeunted respeativalyiom 148 is

di ff d [y, i h gL . 10B wi t hi
O boe o il Bag et 0o 855 S B4 W i Y B Bt "0
16B i fa P i s f f th

165 are 2 gl Brd ALty  metObg}ef) AR Achuble GRine (1o

di ametri cal | yagunresed suppaah ?mﬁgor phaesop surface of the silicon
| ayer 10B is covered by a fi eg oxi de” | ayer 40A 15 provided with a gate

| ayer 41B of dope®Referning noveno WG Fanédddthenecis shown hecrobsusselioddE in a
spaced relation therefromand is electrically connected to a gate

el ect r ode 133BLDWIDSFETeprovided 41 Bna$@] € Silicen-On-Inswlaton) deruct@reawhidlor med

to penetrate through the_ field oxide | ayer,K 40B for, electrical

;:ﬁnﬁecti on r egﬁ_a’é’&’g'%\?élays‘\l&clﬂ‘? Wé?ﬂa?r?‘%’é‘iﬂﬁﬁ@?_ﬁ%ﬁﬁd’faﬁ% %élraﬁ%dhl :)ri ggi ng
e source re £€Qi.0 Qurce..el ect r ode

428 and ¢ he gaiieon Shphils 316 " The eiEbR Tl 0 G0 o first SOHERGRL FTRE T o

18 to define i}‘}ﬂ&ﬁl\z}' N& b&'iﬂ%ﬁim%é?ﬁéﬂﬂ PPBf fhe aecon&BHltﬁ‘Hﬁctive type,

configuration for ri ng” connection to assocl ated circul

el enents, as gbQhtype 4 Siffiged o bxtendsaronnd thrdbdriifhdry sfther silicvndlyer
formed on the drain electrode 44B for wiring connection to the outpu

terminal .20 10. Thewsdl regionikl extendisitbatfnll deptherf theeriticondapen8B i s

Slr :ic;r ![ gaLLykgﬁye gft% n(%%ér%ds&r aéehl(?easctljl%?g E:ftlels ggrigldaé;idg%a;gxg %E)h erD%,%ﬁElshedt ihne
the top surface of the well region 11 is a source region 12 of N-type
which extends in the form of a closed loop to define the source of FET
and to define a loop-shaped channel 13 between the source region 12 and

25 a confronting inner periphery of the well region 11. A drain region 14

of N-type is diffused centrally in the top surface of the silicon layer 10
within a confine of the well region 11 in a laterally spaced relation

therefrom to define the drain of FET. Extending centrally through the



- 18 - the sane electrical potential as the drain for.reducing .the

overal |l drain- source capacitance for the sane reason as explained in
t he second enbodi ment. Wth the provision of the | &ngShedBadmeeoReptaba
pads 52B and 53B for the source and gate el ectrodes Jlkach
| and adds 5 its own capacitance resulting fromthe P-N j ' )‘Ju{he
peri pher al zone 16B in series connectiofpwi th a capacitance

field oxide | ayer 40B caused by the pad, thereby reducing the

capaci tance devel oped bet ween each pad to the peripheral zone 16B.

O herwi se, the, capacitance of the field oxide I,ayer,40li§ woul d _be al one

connected in sthicop Jayen 19 aﬂildt }'?th ﬁh%@ﬁ%meélﬁﬁﬁ%%sé‘ oy studilS gat e
f;%? :é:g? %;”E:cé%akqg 2%?1{0%”%w&%ﬁi%g%f@aﬁﬁae@ﬁ%@ﬁégéiﬁé‘r@elaﬁ%t ype
pl ane and m?&%&eﬁg Z%éér?%eec ti‘f@ %‘??t eE) S‘?#g?% ?’f-sﬂl§ ?ggcndl{s]b%’se?%q éﬂgo B.

The recess 34, RRVRE Bottdd ihiprafing ififo tKEbatiedRHdE aypér 40B rangi ng
| aterally outwardly mthe wel regl on 11B and to the | ands 18B, thus

form ng ascapati VEheltopwuirfdvet oftre silieon layes dfrscoveredndtiea Fieldnekidee
well regions 11B as well as the pads 52B and 53B.. The resulting
capaci t ances layer 6 5102t40ihavinga igate layar 4hef dopedipalysiligons agr ai n- sour ce

1T T RIS KA 0 S SHad bl WAL
cavact Lance. i afofluThATh bl i Biirode 4 YRR POT L 0
I nstead of pre%%féﬂ&@%vbi‘?hé %Hixliﬁ%lg}% E%tg*%a%bh'&%iéﬁﬂﬁéreﬁ% tb e:fﬁmezﬁue

equal |y possible to provide N-type wthin the we regi on

11B in a jeat egzklof FET @ik ¢ondoted td thegabe efdtfsde 4491 Thelgddcer
reduci ng the drain-source and gate-drain capacitance resulting fromthe

provi si on of elbetrpddstX penetnates dhroughathe figld oxlide layetet) to reach a
- 19 - . It should be noted that, although the abgve illustrated
enbodi nent  porgioncbridging pyet the souics tegion A 2.and the wellbregian ddgpatop

sur ounded by LBS siliontebet ) B ind G b NoRE AN AL R e RS 2,
o 1y eon | aYerugiiBAATBUORG o Xug bt G4 185 BBp® i in gt

connect edyst O Gf fhek@ra3HRELIdH AbUNPHR insuldtBftbET15W tAs SHEwSOIH FRG! 89i on.
Al so, a |ike separator ring nay be formed around the drain region to

el ectrical |y thedoatree ehecttode 42riswfanclosedloopdordigiaatiohenad hapizentdlO
Referring to FIGS. 13 to 15, there is shown a solid-state relay in
accor dance wiplang apelistproyided witha sspuare pagrs fon wiringrmonmnectioneto the r el ay

conpri ses a pair of, LDI\{DSF Ts jntegrated into a sipgle device of, .
i Iosupportmg,p ate 9. = The ﬁxgam electrode 44 s Po%med &ereon with a like

square pad 54 for wiring connection to the corresponding output terminal

20 2. The gate electrode 43 is extends laterally outwardly from the loop-
shaped gate layer 41 to have an extension on which a like pad 53 is
formed for wiring connection to the corresponding element of the control
unit 3.

Turning back to FIG. 3, the silicon substrate 30 is composed of a

25  N-type upper stratum 31 and a P-type lower stratum 32 placed on the
supporting plate 9 through a dielectric layer 35 which may be an oxide,
nitride, or non-doped silicon layer integral with the silicon substrate 30

or a separately formed dielectric layer. The upper stratum 31 includes

THIS SHEET HAS BEEN
REPLACED
e




the SO structure conposed of a N-type silicon layer 100, a buried oxide 15
| ayer 200, and a silicon substrate 300. The single device is nounted on

a supporting plate 9 of an electrically conductive material with a
dielectric |ayer 350 interposed therebetween. A P-type well region 111

is diffused in the silicon |layer 100 over the full depth thereof in such a
manner as to formtherein a laterally isolagygd pair of first and second 20
active zones 101 and 102 of elliptical configuration. Fornmnmed

respectively around the first and second active zones 101 and 102 are N

L2 Lo qur RIS R A R S0, 1
Lo et ne SN haRe s SEod SR AR PR ARGE: 1)

of . cl osed | oopnpihf iffointhe @alin &egi&mb%m@mﬁéxe%éﬁf&eﬁy%@iheswnce

regions and the 1nwardly opposed peripheries of the Tirst and second

active zones oarld.102. First and second N-type drain regions 141

-20 - and 142 are diffused in the top surface of silicon |ayer 100
respectivedy n the aboNe structures mopymash diran-sourceoeapacdtangads 102 in a

| ateral |y spaged relajion to the well region 111 to define individual
draine of Ferdevelopediing atatel suh Retveen the dra spirceSeelamidandihe f or med

our od oxi de Weirfeib oo HRMTH, bREAIE St bt bflof AiheifiraiblTL, ™

drai n regions : : i Edifglf rface of
the silicon | géé%cisoglr?gﬂgééépetg@aﬁ? Eédasﬂdeﬁ lézyer ra%lflré}ela—#%er 0 ESi Q2 400
having a pai r peftion oftheBilicse dyerdE) Ravieinriadically lagge spédifiy doped

polysilicon, a gate el ectrode 431, a source electrode 421, and a drain
el ect r ode1@t41caffdnitdnicesthanrthesmddadayert 20) theeprimary drain-aodre¢12 ext end
respectively over the first and second channels 131 and 132 in a spaced

rel ati on theréapasitanseqdgveaieped dnithepyimany verticad path gsmuch reguceds e
I t to th { I trod 31.. The,. 15 de 421
Dot rat es thr ougis feesisPR s SHBBPHPEE oldls 9 b Wubed 56 v elgglially on ¢ he
il | irdgi t ' ' 121 and
155t hrough 1 ROTeqtel i thE Bifte diere LEDLIOBA SAURr] WafilSouree 10T S0C
of the sourcegapicitdite!ifiCa Fofttcal PihifroSi thRNGra$R¢651dn 14 of'drhih EleREiddede

441 and 442 penetrate through the silicon |ayer 100 over 20 the insulator
studs 1511mnd445a the suppoating\plate Qtiwdughodorrbspdndiag portions ofsthedndtied ai n
regions 141 and, 142 around the insulator studs. As shown in FIG 15,
the gate el ecokisieelayer 205 the silichnisubstrate 3hambthef dielegtricrgyer 35connect i on
ed.circuit e} enment, e.,.the control .unit, as shown in

w th the assogi at J.e.,

FlG 1 The 1Ardioughithesesandsry capasisencsissmalier than thePHMETS  pr ovi ded
respectively w . 4 42 for wkrin nectd on out put
termnals of %&g{e@;‘% (?\ﬁz?}gg%&?%éxtg?\é%\}%%‘g?ﬁl%%pgﬁgr%dggayer 207y, th a
single pad 52¢mhprg cﬁﬁ@%a?ﬁ@ﬁﬁﬁ&é,%ets%cbﬁﬂ le?ééitd}&eﬁls%n%cted in The
source is not necessarily Connected to the supporting plate 9.

20 parallel with the primary capacitance to increase the parallel sum of the
capacitance. Therefore, it is required to reduce the secondary
capacitance as much as possible. The secondary capacitance can be
reduced by the provisions of the insulator stud 15, the dielectric layer 35,
the P-N junction in the silicon substrate 30, and the cavity 33 in the

25  silicon substrate 30. Firstly, the insulator stud 15 can reduce an
effective area of the drain region 14 responsible for developing the

secondary capacitance with the supporting plate 9, while assuring

sufficient dimensions for providing the pad 54 on the drain electrode 44,



-21 - In the above structure, the well region_111 extenrds-the-

full depth of the silicon layer 100 to formthe two isolated active
zone 101 and 102 on the buried oxide [ayer 200, enabijighel: s Beok Replabadn
of the two FETs in a single SO structure, in additio he
dr ai n-source capacitance 5 because of the reduced area of Jiﬂﬂnﬂmumgiﬁn
111 laterally confronting the drain reddon 141, 142 a of
the | ower specific capaci tance of the buried oxide |ayer 200 than the
silicon |layer 100. Despite that the buried oxide |ayer 200 has

t he | ow specigi i j Canptiot ol ' [ VEs y

capaci t ance I{)%é‘%lt)guﬁegh%%&“élg en 1 gcﬁ%&?&tgh Fg%&ékﬁe@ﬁ%@ﬂ%@t ed to

the supporti 'jb@_tlp.' alsec8ndiahe inteﬁ@ﬁﬁ@ﬁadﬁ’tlﬁacﬁ%%dtﬁBQbeﬁ356WHI q88%

substantially in vertical '‘paths from the drain regions 141 and 142 to

t he supporti egpptisdecOwhichigldtbd in serieswapativexiodmectiparwithGhend i s added

in parallel capative connection wth the primary drain-source

capaci t ance ¢epatitprce ofithe buried oxidedayprta therehy dowier gpheisecondamhe dr ai n
er t.hel t he

elhntar Scogaereions 2 i B oot BHied B SulEpR Sthtme o
U0 ] aced on 30ni el BROBBER (B urbeFaRd il itums 31 SRR Rl de Rifp 'S0
20 Eagreggégl%lgga%ﬁgﬁﬁfa? déé% . gat ?@%&ﬁﬁg@t&ﬁ@c&ﬁﬁéag&%m edridde

silicon subs as an iguratron 1n a horizontal
pl ane so as felatidtewith Ry caputitince st thel haded bxyds 1ah} ZMUodesiny tleach
of the first and second source regions 121, 122 and including the first
and second disecondany capacitahcel4 X urther,the eavity 33! ot thelimi¢pfaga betiveens
dielectric layer 350 give individual capacitances which are_added in
series cdfat itf;@b@mdeemd@nlawerﬂﬂtaml thessilicop suhstratp 30 eamaddsa t he

buri ed oxide Iaéer for.reducing the total seconQﬁrg drain:sourCf

capaci t ance, SCRBPUBYCTHISHIITS ﬁgp?‘i%‘ée §oBRSFion With the capacitance T the e
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noted in thi Slﬁig%%g%i{cfe{)% tﬁ%ﬁohe sél}lp)tpl)lo%ragf%?:%lh%lpg? 89%%‘6?%""" Agtgoﬁﬁ?)ﬂlg,

el ectrical |y theeveraldl draRisdliieSaipaciande cifll be Afudh Ritudeditd tikrdieh

FET, while assuring a greatly reduced drain-source capacitance. Il 5 such
modi fi cat i onmirimize the ontpubsipatitance Betweeh thequtpet téreinelse? ofsther
cavity, and even the dielectric | ayer 350 may_be el m nated. .
Further, 15t irelag t hitrshowdd henreted infthiseopnection thatvalthough the promwisiens

the sbcondar PaBtiEaulaer OabRche AIElatBrdRLpRaS: MIcobbR IasLiA BB 10
Tnsulatof st SR SAPST T e uly o el a0 Rer ¢ ),

the inter Ve“?r@fér?éd & eedih & ﬁ’ﬁ §é&dd%}‘grd§§§1-9%f’&eéhgé%§5aﬁ6§%ﬂtﬂHégeRJr@t e9

and the silicon substrate 30 ypi cal own I n Fl he provision of
cavity 33 or theowesalddrainpoarlel %:Emfcﬁlwﬁcéﬁtﬂa &rerall @rinlddurc@énd the 15
provision of the stratuns 31 and 32 of opposed type as the silicon

subst r at 030 chpaeitance han bisateduead shiffipiant]yuwitticon anyyef teiseyfestures. i n
FIG 3).

FIG. 6 illustrates a solid-state relay in accordance with a second
embodiment of the present invention in which each of two MOSFETs T
is mounted on a separate supporting plate 9A of electrically conductive

25 material and has its gate connected to a like control unit chip 3A
mounted on a separate frame 7. Drain of each FET is electrically
connected to each supporting plate 9A formed with an output terminals

2A as an integral part thereof.

THIS SHEET HAS BEEN
REPLACED




CLAI MS: 1. A solid-state relay having a pair of output termnals for
connection with a load to be controlled, said solid-state rel ay

conpri si ng: a control neans (3) which gives an electrical energy upon
recei pt of an input signal; a pair of LDMOSFETs (Lateral

Doubl e-di ffused Metal Oxide Seniconductor Field Effect Transi stors), said
LDMOSFETs havi ng i ndi vi dual gates connect edt&omonly to receive said

el ectrical energy to be driven thereby, having individual sources connected
to each ot her, and havi ng i ndi vi dual drains connected to said output

termnals (2), SRV #h FIGS. 7 and'B, 'F¥2Pls Q138 SUROSOI @ﬁ'dé't@xteehéﬁn A

9B) of electri cal y conductive material “mounting thereon said

each of said ddDNSGfpelsitivopr lagiend0A, a buriaduide daydrad@A, éﬁdaﬂ%onlOB 100)
of a first conductive type having tOﬁ and bottom surfaces; a drain
i

region (14; Isthstra@30M1, AlR2ypefweHiregiorel1Ar of a@&mﬂd:loape_ type diffused
LOVOSFET, T contigugafion :éfﬁs[@b%%”théis«ﬁcqq 9%&&5%%%&%@%&%3& i ve
e 5 el £ B8l kaBREE Shat L) ATpl o7
L 8 o A A S TR
of said well jnegleqtopiifacd 6 tHOWelLidgi6h 101A $6idefivel the®durt &g FETF aiksd
source region defining said source of The LDMOSFET,;
well as to define a channel 13A between the source region 12A and a
- confronting inner periphery of the well region 11A. An N-type drain
10 region 14A is diffused centrally in the top surface of the silicon layer
10A within a confine of the well region 11A to define the drain of FET.
Extending immediately around of the well region 11A is a dielectric
separator ring 17 of silicon oxide formed by the LOCOS method to have
its bottom reaching the buried oxide layer 20A. The separator ring 17
15 projects above the silicon layer 10A and merges into a field oxide layer
40A covering the top surface of the silicon layer 10A. The field oxide
layer 40A includes a gate layer 41A of doped polysilicon extending in a
closed loop over the channe] 13A in a spaced relation therefrom to
define the gate of FET. The gate layer 41A is electrically connected to
20 a gate electrode 43A. Drain electrode 44A and source electrode 42A
are formed to penetrate through the field oxide layer 40A for electrical
connection respectively with the drain region 14A and a portion bridging
the source region 12A and the well region 11A. The source electrode
42A and the gate electrode 43A extend laterally over the separator ring
25 17 to define individual pads 52A and 53A of square configuration for
wiring connection to the associated circuit elements, as shown in FIG. 9.
A like square pad 54A is formed centrally on the drain electrode 44A for

wiring connection to the output terminal.



-24 - a drain electrode (44; 44A, 44B; 441, 442) being placed on
said drain region and electrically connected thereto; a gate

el ectrode (43; 431,432) electrically connected to a gate layer (41; 41A
41B; 411, 412) of an electrically conductive material which is placed over

said channel through a dielectric layer to define said gate; and a
source el ectrode (42; 42A; 42B; 421) being-pbaced over said source region
and electrically connected thereto; wherein each of said LDMOSFET is

of an SO (Silicon-On-lInsulator) structure which conprises a silicon
substrate (30; 30A; 30B, 300), a buried oxide |ayer (20; 20A 20B; 200)
formed on said silicon substrate, and said silicon |layer (10; 10A; 10B;

100) formed on sy dhizembodimetle thayriplesthllzoht 1608 eledtzicallyechpnéded
nounted on said supporting pl ate (9), and wherein said well region extends

the full deptto tife sppbrting plate ﬂmy@gethw)mtbthmdeam todhre hephmﬂ'teeshmgal nst
sai d buried oxide_|ayer; erein one of said source reglon (12; 121,
122) and sai delﬁcbmalrwe@ﬁla@m thmam 14¥With ghisrarsangepgntk the

141, *142) Bt PRI Byer AUR Earesion afé*é@zﬁ”esrlﬁﬁataaﬁogﬁﬁfém%&a 21 on.

one of sai d QP SepASRARE WG S! Ba0A s CHIHR b ery Hinl” ™
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other of said drain €lectrode and said source ct wherein an

i nsul at or st udeftical pth fréam2thechdteommsof theweHi négmm llele\ anddhe Isapporting;
200) through said inner region to project on the top surface of said

si li con | ayer plate 8A .t o Indhposenseaithe owerall dejnespure gapaoitaneg cghdyge ar ound

\smﬁla?e: ety BOW reduesdien vith thesptesenee pfithe peripbaral 7onsl Gt orlnst -
wiha Per! Phgiflod 98 S%BS.?%H? 5B E7 AnSHoI08E A Foriforitaf Bhid B8 e

connected to
well region 11A to the peripheral zone 16, thereby reducing a

capacitance therebetween and therefore serving to minimize the overall
drain-source capacitance.

15 Also in this embodiment, the silicon substrate 30A is composed of
an N-type upper stratum 31A and a P-type lower stratum 32A placed on
the supporting plate 9A through a dielectric layer 35A. The upper
stratum 31A includes a cavity 33A of annular configuration in a
horizontal plane which is formed at an interface with the buried oxide "

20 layer 20A to extend horizontally in an opposed relation to a portion of
the silicon layer 10A covering the well region 11A and the separator ring
17. The cavity 33A, the P-N interface between the stratums 31A and
32A, as well as the dielectric layer 35A function to reduce the overall
drain-source capacitance in the same manner as explained with reference

25 to the first embodiment.

FIGS. 10 to 12 illustrate another structure of SOI-LDMOSFET in

accordance with a third embodiment of the present invention. FET of



t he annul ar shape; and wherein said inner electrode includes an inner
bondi ng pad (54; 541, 542) for wring connection to a circuit of said

rel ay, said inner bonding pad being |located at |least partially in opposed
relation to said insulator stud (15; 151, 152). 2. A solid-state rel ay
having a pair of output termnals for connection with a |load to be
controll ed, said solid-state relay conprisifqpg-. a control neans (3)
whi ch gives an electrical energy upon receipt of an input signal; a
pai r of LDMOSFETs (Lateral Double-diffused Metal Oxi de Sem conductor Field

ELE}SEQ ?2“ ﬁ@%f&réd%i&&%%@%ﬂﬁfiﬁégéﬁ?%%Eﬂﬁﬁ%a&aﬁffég%&%%iﬁ; g
connect ed t o SEnIBES. Sond sofifiissys RrngBlliiedly pget 108, bfid SR,
supporti ng pl piyer GRYB, £d &'sHboh SEbYYACOIMCT IAP-IRSE M rdBR'T T ofdher eon

sai d LDMOSFETS; conpri’si ng:

silicon | ayer cloked lobpRordfigwrationsis dicfududtih\the isylico tayerd 0B pv@Rdh&ot t om
surf aces, a drain region (14A; 14B) of said the first

conduct i ves t yfidl diepthu thetreof sotes to leave thereapoynd agqsripliershisvlated zane | ayer
to define said drain of the LDMOSFET;

-26 - 16B. A P-Aype souregyregiopit2® of thy like ¢losed doep iv diffusedint ype
Gai d arain'r cgiotep surface of the el :Egn 1B 0 s shaSRSFSBIDatRieR 1
conducti ve e ShSilioh 90 s conpopBhBEL peERER SELRERAIE °,
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10 surface of the silicon layer 10B within a confine of the well region 11B.
Locally diffused in the peripheral zone 16B are a pair of P-type land 18
which extend the full depth of the silicon layer 10B and arranged in a
horizontal plate to be diametrically opposed to each other. The top
surface of the silicon layer 10B is covered by a field oxide layer 40A
15 provided with a gate layer 41B of doped polysilicon which extends over
the channel 13B in a spaced relation therefrom and is electrically
connected to a gate electrode 43B. Drain electrode 44B and source
electrode 42B are formed to penetrate through the field oxide layer 40B
for electrical connection respectively with the drain region 14B and a
20 portion bridging the source region 12B and the well region 11B. The
source electrode 42B and the gate electrode 43B extends laterally over
the P-type lands 18 to define thereat individual pads 52B and 53B of
square configuration for wiring connection to the associated circuit
elements, as shown in FIG. 12. A like square pad 54B is centrally
25 formed on the drain electrode 44B for wiring connection to the output
terminal.
Also in this embodiment, the peripheral zone 16B is electrically

connected to the supporting plate 9B together with the drain to be kept at



a drain electrode (44A;, 44B) being placed on said drain region and

electrically connected thereto; a gate el ectrode (43A;, 43B)
el ectrically connected to a gate |layer (41A; 41B) of an
electrically conductive material which is placed over said channel

through a dielectric layer to define said gate; and a source
el ectrode (42A; 42B) being placed over saidigource regi on and

el ectrically connected thereto; wherein each of said LDMOSFET is of

aanOI (Silicon-On-Insul ﬁt or)dstructulre whi ch conpri sfes a silicon |

30 30B ' 20A; 20B '
i1 con subsiiheameiFrthl Bt s Bl dpib ROt rictne HERV AL RAG ., oo
oxi de |ayer, sabd caghgﬁﬁﬂﬁT@é{ﬂé&&@%&@@ﬁ@kﬁ@ﬁ@gept@e 3668 SRAting plate

(9A), and wherein regron exte sald silicon

l'ayer to haveembbaimefi. abWitﬁ%e?ﬁ@kz[ﬁbniﬁtﬁelluﬁd§ds%ldwﬂﬁay 4ds 52B
wherein said well region (1l1A Is configured to surround said drain

region (14AandBBB fortthe sourcaﬁaﬂdegateaeéedredés 42B dmd/ 48Bi, eathrlard addsh a
peripheral zone (16; 16B) |ocat ed out war dI of _said well region gllA 11B)
and i sol atfed its oMW eapacitance resylting fnom N junction with the peripheral

R B T B b e
17

20 9P Late, aleataanty L bl Befds R HE hoBaf e phggite (17 ©

separator 1 i ngtdpdcificadt bR doithio TRFIDLSE %li&ibhﬁBer Otttwise, 5ol ate Sai d

wel |l region fromsaid pe | phera sald silicon |ayer. 4. The
solid-state reipacitshcessf therfield @xmealayemomwmm batalbaesonpeetad irsai d

SOHree 10 parallel with the inevitable drain-source and drain-gate capacitance to
eventually increase the overall drain-source and gate-drain capacitance.
The silicon substrate 30B is of N-type formed with a recess 34
which is of an annular-shape in a horizontal plane and which extends the
full depth of the silicon substrate 30B. The recess 34 covers a portion
15  of the silicon layer 10B ranging laterally outwardly m the well region
11B and to the lands 18B, thus forming a capative element between the
supporting plate 9B and the well regions 11B as well as the pads 52B
and S3B. The resulting capacitances are connected in series with the
inevitable drain-source and gate-drain capacitance including those
20 caused by the provision of the pads, thereby reducing the overall drain-
source and gate-drain capacitance. A like dielectric layer 35B is
provided on the supporting plate 9B for the same purpose as discussed in
the previous embodiment.
Instead of providing the lands 18 in the silicon layer 10B, it is
25 equally possible to provide like lands of N-type within the well region
11B in a laterally isolated relation from the source region 12B for
reducing the drain-source and gate-drain capacitance resulting from the

provision of the pads for the source and gate electrodes.



el ectrode (42A) and said gate el ectrode (43A) extends l|laterally over said
upper portion of said separator ring (17) from above said well region.

5. The solid-state relay as set forth in claim2, wherein at |east one
separated |l and (18) of the second conductive type is diffused in said
silicon layer (10B) laterally outwardly of said well region (11B) in a
spaced relation fromsaid well region, at gast one of said source

el ectrode (42B) and said gate el ectrode (43B) extends over said at | east
one separator land (18) in a spaced relation thereto fromthe

wiri ﬁ%pSQS: (225, T Bhpula beciptadanet A D T A sAEs e GheHan: %
6. T i dy: ; i i |
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fromsaid source région, a eas ne o i

-28-  sourcdiled el sstdonrid foamddarneradlyei thedsilievhdager andrsusriuhdetbar at or
region in a spaced relation thereto fromthe corresponding one of said

source and saiyladikendedintregibsi.i nkn thisenedification,iapepphiefad zonerareundon wi t h
conplenentary_ciycuit el enent. g The solid-state relay as,set forth in
r

claim2, whertBefiraHeregiongs elegtyl cennected fo aduke suppording plategi on
surroundi ng tthe theri}ﬁf sal d_source_regj ) an]céiksai d drain re@i ort&i S
el ectrical |y O8RS K the SOULCE TREIOM: i né 59 & WG FERAAUPLING QY B quct i ve
material so t | (o) W | at : t A nti al
as the one offa’?é‘.eé‘s %\y/el E@%i (?)Itr?llﬁlage oglat?)dagréﬁér;ﬁngs{agﬁe fife @aﬁi&ggﬁg-state
relay havi ng fpofpfte périphérilizonel m nal s for connection with a load to be
controlled, said solid-state relay conprising:

10

Referring to FIGS. 13 to 15, there is shown a solid-state relay in
accordance with a fourth embodiment of the present invention. The
relay comprises a pair of LDMOSFETs integrated into a single device of
the SOI structure composed of a N-type silicon layer 100, a buried oxide

15 layer 200, and a silicon substrate 300. The single device is mounted on
a supporting plate 9 of an electrically conductive material with a
dielectric layer 350 interposed therebetween. A P-type well region 111
is diffused in the silicon layer 100 over the full depth thereof in such a
manner as to form therein a laterally isolated pair of first and second

20 active zones 101 and 102 of elliptical configuration. Formed
respectively around the first and second active zones 101 and 102 are N-
type first and second source regions 121 and 122 which are of closed
loop configuration and diffused in the top surface of the well region 111
to define individual sources of FETs. The first and second source

25 regions 121 and 122 also defines first and second channel 131 and 132
of closed loop within the well region between the individual source
regions and the inwardly opposed peripheries of the first and second

active zones 101 and 102. First and second N-type drain regions 141



a control neans which gives an electrical energy upon receipt of an input
si gnal ; a pair of LDMOSFETs (Lateral Double-diffused Metal Oxide

Sem conductor Field Effect Transistors), said LDMOSFETs havi ng i ndi vi dual
gates connected conmonly to receive said electrical energy to be driven

t her eby, having individual source connected to each other, and having

I ndi vi dual drains connected to said output_ggLrm nals, respectively;

at | east one supporting plate of electrically .conductive material nounting
t hereon said LDMOSFETS; each of said LDMOSFET conpri sing:

o Grain reg ARdPA2 e difused pathe e sutage GhgibcanRyEnHop RetmR Ly o
surface within ﬂ{e f’%tdarfd sé&?rpd é@ﬁg% ztoglggﬁ%in Q.\gg 2% Téc}@ré)lfl ts@‘f?ced

L DMOSFET; a secon rve type
diffused in SQHish to the well ré%bﬁrﬁi Yo gﬁﬁeqna%ahaparémeraﬁamsdral n

reglon a source region o first conductive type

di ffused w t IFipsts@idl se€dnd insulator stidgilsn dnl U§2iape formbdbyetheeKOMOSNY
bet ween sai d source region and a confronti ng edge of said well

regi on al éng tebhnique upfojeet abowathe silldonolayen @0, from the burlsduaxldeur ce
regi on defini ng sai dégource of the L rain

el ectrode beilayen2@0dhropeh she canters ot dhe g‘ﬁsmadépeemi idrain gﬁglons 141
connected th a gate electrode electrically connected

ere .
to a gate | afé}& 8?2 afPSPEEEVE Y al | y conductive material which is
pl aced over said ‘f‘ﬂ@%ﬁ'sﬁﬁ[&“@f'ﬂﬂe ﬂh%bﬁ ggéﬁlbﬁﬁgrcover with b &g’ | ne said

gate and source ectro Iace over sal source

regi on and el 169kt vf 400 @mg: i ohfiret Aid d AR Riveredgh of
sai d LDIVDSFET(ﬁ?gec}?ﬁkgnMSgloz oll(:)lgn- QPasulf;t gﬁ st??ﬁ:(%nure :y?r

conpri sesica sind 42 cﬁiﬂxspefchpelysal1bmmgate<eléetﬂoaipe43l ax sewrcerelsatrddesi | i con
substrate, 421, and a drain electrode 441. The first and second gate layers 411
and 412 extend respectively over the first and second channels 131 and
132 in a spaced relation therefrom to define the individual gates of FET
and are commonly connected to the gate electrode 431. The source
15 electrode 421 penetrates through the field oxide layer 400 to reach a
portion on the silicon layer 100 bridging over the first and source regions
121 and 122 through the well region 111 formed therebetween for
interconnection of the sources of the two FETs. The first and second
drain electrode 441 and 442 penetrate through the silicon layer 100 over
20 the insulator studs 151 and 152 to contact with annuli of the first and
second drain regions 141 and 142 around the insulator studs. As shown
in FIG. 15, the gate electrode 431 is provided with a pad 531 for wiring
connection with the associated circuit element, i.e., the control unit as
shown in FIG. 1. The first and second drain electrodes 441 and 442 are
25 provided respectively with pads 541 and 542 for wiring connection to
output terminals of the relay. The source electrode 421 is provided
with a single pad 521 for wiring connection to the supporting plate 9.

The source is not necessarily connected to the supporting plate 9.



and said silicon layer fornmed on said buried oxide |ayer, said silicon
substrate being nounted on said supporting plate, and wherein said well
region extends the full depth of said silicon |layer to have a bottom
abutted agai nst said buried oxide |ayer; wherein said drain region is
configured to surround said source region; and wherein said silicon

| ayer is formed with a peripheral zone | ocaged outwardly of said drain
region in an electrically isolated relation thereto, said peripheral zone
and said source region being electrically connected commonly to said
supporting plate.

"307° 97 Prne” s Bn the ebave steictyreshe avelf svainn HLpxioRds oA LATP Bt
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to be electri ﬂfh'sbﬁri'bﬁ%ﬁaéQaﬁé”ie%@ﬂ,réﬁﬂblingpﬁﬁ foratfehh b?‘{i% 28 FET8Ynas set

forth in claim8, wherein a dielectric separator ring surrounds

closely sai d gingle SGDsteoctuse] th sddition 1 reducing che drdiarsmdcercapacitagee i con
|l ayer to isolate said drain region fromsaid peripheral zone of said
silicon | ayer becauskiof ttreereghiced-areaof the well zegiost 11 blaterally ebnfionting
wherei n said sour,ce region 2) .Ls electrically_.connected tq said
supporting pl eed@;p.regloqégli;ri@hg@ﬂi glseibgcause phhe lower spefifie i n clai m
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wi dth covering sai§edifd that 8 Bliried oxide layer 200 has the low specific
inductive capacitance, it will give a secondary capacitance particularly

10 when the source is electrically connected to the supporting plate 9. The
secondary capacitance is developed substantially in vertical paths from
the drain regions 141 and 142 to the supporting plate 9 through the
buried oxide layer 200 and is added in parallel capative connection with
the primary drain-source capacitance developed substantially in the

15 lateral path from the drain regions to the well region. In order to
nevertheless cancel the secondary capacitance as much as possible, the
N-type silicon substrate 300 is formed with a pair of laterally spaced
recesses 341 and 342 and is placed on the supporting plate 9 through the
dielectric layer 350.

20 Each of the recesses 341 and 342 extend the full depth of the
silicon substrate 300 and has an elliptical configuration in a horizontal
plane so as to cover a portion of the silicon layer 100 bounded by each
of the first and second source regions 121, 122 and including the first
and second drain regions 141, 142. The recesses 341 and 342 and the

25 dielectric layer 350 give individual capacitances which are added in
series capative connection with the drain-source capacitance of the
buried oxide layer for reducing the total secondary drain-source

capacitance, thereby minimizing the overall drain-source capacitance



13. The solid-state relay as set forth in claim1l, wherein said silicon
substrate (30B) is forned to have a recess (34) of which bottomis defined
by said buried oxide layer and has a width covering said drain region.

14. A solid-state relay having a pair of output termnals for connection

with a load to be controlled, said solid-state relay conprising: a
control neans (3) which gives an el ectricalgegenergy upon recei pt of an input
si gnal ;. -31 - a pair

of LDMOSFETs (Lateral Double-diffused Metal Oxide Sem conductor Field

Ef fect Transistors),.said LDMOSFETs havi ng i ndividual gates connected
commonly to argithe QURYYL CRRACIECCgy to be driven thereby, having

connect ed t o sai dtSHOBIN oedrotefianIRfDsohnRiiort BiseB¥ iproRink e o&id o
suppor ti ng_Plial Gebftlcdlly Reltdd 3 Yhé SHINES A ERLA #rBin A6 GacH Ner eon

sai d LDMOSFE L conpri si ng:

a silicon | apRET( Whileléduritg 8 greasy reduekd Biaia-dotiree bapaditahed. ard bottom
surf aces; a drain region (14; 141, 142) of said the first

conducti vé twpehdhbtlifeatiom, the silicon substrateowsomld ao¢ refluireitie setésses drayer
to define said drain of the LDMOSFET,; .a.well region (11,
111) of a seE8NitYsandrven the disleciricrlayen 350 may beseliminated. | ayer in
a laterally spac i urce

fegion (12 121, HuBfenit fwiliRdhesonaeet pAe preentinyetiontorombine
sat . vel | ¢ SRR SLEple iy el iR R ehiee o ¢
U1 20001 o sppentaPeobceanih expaciant s loped o ik oo <
bei ng pl aved oxidedagerdr aThosegpecifanfeatures include the provision of the

insulator stud 15 through the drain region 14 (typically shown in FIG. 3),

the intervention of the dielectric layer 35 between the supporting plate 9

and the silicon substrate 30 (typically shown in FIG. 3), the provision of

cavity 33 or recess 34 (typically shown in FIGS. 3 and 10), and the

15 provision of the stratums 31 and 32 of opposed type as the silicon

substrate 30 forming therebetween the P-N junction (typically shown in
FIG. 3).



el ectrically connected thereto; a gate el ectrode (43;

431, 432) electrically connected to a gate |ayer (41, 411, 412) of
an electrically conductive naterial which is placed over said

channel through a dielectric layer to define said gate; and

| FAVENDED SHEET R o
a source electrode (42; 421) being placed o2&Fr said source regi on and
el ectrically connected thereto; wherei n each of saigls $HelyiBeFiBetn Replanéd

an SO (Silicon-On-Insulator) structure which conprises i
substrate (30 ried oxide |ayer (20) fornmed on said qm
n@Lfgﬂ\gg i

substrate, a Silicon layer (10) formed on said bur mmﬂg '!U!lj

said silicon substrate being nounted on said supporting plate (9), and
wherein said well region extends the full depth of said silicon [ayer (10)

to have a bot 10/ s¥liddsede agRiybiving £ palrisf estpuxiteignigie for connectibier ei n

said source region (12; 121, 122) iIs electrically connected to said
supporting plwith & dpad tmbe controlddsrsaid selidestatepreday icomprising: (9) i s forned

separately fromsaid output termdnal (2). 15. The, solid-state relay as
set forth &n clai oPniygldpeans §3:3 w%&laghvwe@? GEPC(@%& SHEMISY WRON EeeRIPE| cal |y

connected to Sﬁi d.SUﬁfO-I’ti g plate (9A; 9B). 16. The solid state rel ay
as set forth PheRM3PH €D %herein said silicon substrate (30A) is fornmed

A0, eausy (SRt IMOSHETS e gnbastithid s g o
- Semiconductor Field Effect Transistors), said LDMOSFETSs having
individual gates connected commonly to receive said electrical energy to
10 be driven thereby, having individual source connected to each other, and
having individual drains connected to said output temﬁnals (2),
respectively;

at least one supporting plate (9; 9A; 9B) of electrically conductive

material mounting thereon said LDMOSFETs;
15 each of said LDMOSFET comprising:

a silicon layer (10; 10A; 10B, 100) of a first conductive type
having top and bottom surfaces,

a drain region (14; 14A; 14B; 141, 142) of said the first conductive
type diffused in the top surface of said silicon layer to define said drain

20 of the LDMOSFET;

a well region (11; 11A; 11B; 111) of a second conductive type
diffused in said silicon layer in a laterally spaced relation from said drain
region;

a source region (12; 12A; 12B; 121, 122) of the first conductive

25 type diffused within said well region to define a channel extending
between said source region and a confronting edge of said well region
along the top surface of said silicon layer, said source region defining

said source of the LDMOSFET;

e

s vt e ik
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17. The solid-state relay as set forth in claim15, wherein said silicon
substrate (300) is forned to have a recess (341, 342) of -whi€h-bottomis__
defined by said buried oxide layer (200) and has a w dth ering said
source region (121, 122). nﬁps\ﬁeethasgseenReplaced

-33- 18. The solid-state relay as set forth in claim15, Humﬂlm#ﬂl
supporting plate (9A) is formed to have sapd.output term

i ntegral part thereof 19. The solid-state relay as set forth in claiml1,
wherein said insulator stud (15; 151, 152) extends from said buried oxide

| 20; 200) th h f ' ' ' 141, 142) t

oraject on the tof GaM sl (44l 44K: Aol ) S8 Plordfesedouisadd ) arai n
' ' lL.ak; | g drai I d di

over sai d i natiBRic AR eSS ittt Rl L0 e ol ectrode

bei ng el ectrical | #ABrReCLiRgds ClectAballg et &a dard heyctTaut a ghave;

wherein said drain el ectrode extends oVer said I nsulfator 'stud Wt

peri pheral zo#4tB,; dfl 154i12) dfaimelecadtalbyleohduogvelnesateriat sVhighdepiacédd to
said drain region of the annular shape; and wherein said drain
el ect r ode & ncoversaidrchannel theouging dielectide layeri togdeftne saisk gate; anda circuit

of 521 0 rel oy, saLd oner bondng, pofh Re R 05,  icRRESed el oL on (°
ther el Sa1 ShACHRRURShA ol A0l RERAG £, 0211 O 5emsondueto
o dogiete o) o chmagixhansh i clol gV MOBIER iy sy ever, (95
sai d buried ogSilikona@erInsulator) structure which comprises a silicon substrate (30;
10 30A; 30B, 300), a buried oxide layer (20; 20A; 20B; 200) formed on said

silicon substrate, and said silicon layer (10; 10A; 10B; 100) formed on

said buried oxidé layer, said silicon substrate being mounted on said

supporting plate, and wherein said well region extends the full depth of

said silicon layer to have a bottom abutted against said buried oxide

15 layer.

2. The solid-state relay as set forth in claim 1, wherein one of said
source region and said drain region is configured to surround the other of
20  said source region and said drain region within a plane of said silicon

layer.

3. The solid-state relay as set forth in claim 2, wherein said source

25 region is configured to surround said drain region.

4. The solid-state relay as set forth in claim 3, wherein said silicon-

U -



- 34 - 22. A solid-state relay having a pair of output terminal s for
connection with a load to be controlled, said solid-state re a)éeenkeplaced

conpri si ng: a control neans which gives an electr
recei pt of an input signal; a pair of LDMOSFETs (L m
Doubl e-di ffused Metal Oxide Sem conductor Field Effect sai d

LDMOSFETs havi ng i ndividual gates connected2sommonly to recelve sald
el ectrical energy to be driven thereby, having individual source connected
to each other and havi ng i ndividual drains connected to said out put

LTeotrcal 1y fa&%ﬁ&%ﬁfw';éémh agporiphial zone (1PEDRB)JAfaftdRuiiegly of
each of sai ?y%@?;v. ke fdﬂg d&glgﬁd from s Pdﬁfilh%@ldﬁ"ﬁ? d&@@éu Pé%l%n I st

conducti ve om sur

(141, 142) of sfaigbriplterhl Z6he @AANAd Idf8int b@g‘ioﬂ'ﬁeﬁﬁlg @%dtﬂchﬂg dd?ﬂlected
surface of said silicon layer to define said drain of the

a well regi oncémhibnlgﬁtoasad@mp@omngliﬂatwe type diffused in sai d SI licon
| ayer in a | aterally spaced relation fromsaid drain region,;

a source r®gion (121) of the first conductive type diffused within sai d
wel | region to define a channel extendi ng between said source
region and a confronting edge of said well region along the top

our co of -t he>Louid- S8t sBE e 0] sBF KA sh SN 3, breipy S Febtdbfe B
on Said drai n(PLbR AO:SHESkiER) bimounds cloSAUNSS kit RAfgho said

35 - a gate electro ectrlcaly conn to a gate
layer (411, 43¢p arﬁfoxﬂﬂn% being foghedtihisasd klicomiyer ity dsolate said well Ch i's

pl aced over said channel through a
10 region from a peripheral zone of said silicon layer, said peripheral zone
and said drain region being electrically connected commonly to said

supporting plate.

15 6. The solid-state relay as set forth in claim 5, wherein at least one of
said source electrode and said gate electrode extends laterally over said

upper portion of said separator ring (17) from above said well region.

20 7. The solid-state relay as set forth in claim 4, wherein at least one
separated land (18) of the second conductive type is diffused in said
silicon layer laterally outwardly of said well region in a spaced relation
from said well region, at least one of said source electrode and said gate
electrode extends over said at least one separator land in a spaced

25 relation thereto from the corresponding one of said source and said
channel to define thereat a wiring pad (SZB; 53B) for connection with
complementary circuit element.

gL 1]
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dielectric layer to define said gate; and a source el ectrode (421)
bei ng placed over said source region and electrically ~ connected ..
t her et o; wherein each of said LDMOSFET is of an SO
(Silicon-On-Insulator) structure which conprises a sili.gon,suhstratge:
(300), a buried oxide |ayer (200) fornmed on said sili coﬁ“sréhe 3 B 8liEptaced
said silicon layer (100) forned on said bure@d oxide | aye []l! E ﬂ“ﬂ:m
substrate bei ng nounted on said supporting plate (9), and

region extends the full depth of said silicon |ayer to have a bottom
abutted agai nst said buried oxide |ayer; wherein said well region
(111) is formed in said silicon |layer (100) over the full depth thereof in

such a mannerg as =3 ' t g i nd
second acti ve&zorr{te}fs?e %@qu{#gi‘?w;’r %su%%tﬁrﬁichyglﬁpg{l ?’ gﬁ‘xe iéilrns% P%nn&dusgc%ﬁd
source regi onge first bontaetivertypeds Wffused Reithin/ Sdid well Toxibn'®) exted thie
(111), and wherein a“pair of first and second drain regions (141,
142) are fornfidl deptipof saidesificon lagerlin anstlectritatlgcisothted trelatiorofiesn ( 101,
102) to realize both of said LDMOSFETs in a single device structure in
whi ch sai o f i said semce tegion, ab least onegdhsaid spures eleztroder andisaid.gale

Eﬁﬂr‘l‘éﬂhéi K“lg: celeetrpe Sxtands é&eﬁﬁ%ﬁ‘qﬁ%ﬁl d{egié;n G pehed Felatien e e
an”acy acent PR HinePedfting bbé e A STHER P HiGRLS RER e '
e Ot redth YR Aad 10f Lo dton SRR RIS RAT SFVL elemet  sea

re pectively within said well region (111) so as to be laterally spaced
fromeach other and defining first and second channels (131, 132) each
ext endi ngibet ween each of said first and second source regions (121, 122)
to a confronting edge of each correspondi ng one of said first and second
active zones 3 orlde selidwtaterelay as set fonth 1niclaize 2, vhesein theopne ofisaid  r st

and second

n
|

source region and said drain region surrounding the other of said source
region and said drain region is electrically connected to said supporting
plate of an electrical conductive material so that said supporting plate
15 has the same electrical potential as the one of said well region and said

drain region.

10. The solid-state relay as set forth in claim 2, wherein said drain

20 region is configured to surround said well region.

11. The solid-state relay as set forth in claim 10, wherein said silicon
layer is formed with a peripheral zone (16; 16B) located outwardly of
25 said drain region, said peripheral zone and said source region being

electrically connected commonly to said supporting plate.
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source regions (121, 122) defining first and second sources of the two—-
LDMOSFETs, respectively; said first and second drain reglons (141
142) belng di ffused respectively within said first and seco

so as to be isolated fromeach other by said well reg| "
drains of the two LDMOSFETs, respectively; first a

el ectrodes (441, 442) placed respectively oggsaid first i
regions (141, 142) in an electrical connecting reIatlonshlp theremnth

at | east one gate el ectrode (431) being electrically connected to first and
second gate Iayers (411, 412) which are placed over sajid firs nd second
channel s (1311 132T 3#@%‘8@@/&@)’@5@9@&“&@ fé@tmﬂ&,mbeteén@a@@f edrig

comon sour ce PR Sﬁﬁig?@ﬁfsuﬁtﬁﬁésﬁﬂ%%‘éasa?ﬁm Fegiof: S adfrtiog e
regions (121 Bl th SEPHIICSR Infef i IRABRIA USh D egion froffh

first drain bel Ive W ate( and

source to mi'p% iﬂl’l‘ér@lnﬁfol?é of 3hill sibdeRHaTer, é‘éﬁ'ﬂ gé eﬁ'alSWQn&rsﬁid‘sbﬁrce
cooperative with said second gate (412) and sai d second source to make the
ot her LDMOBFETegimobeing electrically connected commonly to said supporting glat3.7 -
said silicon substrate (300) which carries said silicon layer (100) through
said buried oxide |layer (200) being nmounted on said supporting frane (9)
with said output termnals being electrically connected respectively to
said first and second drains. 23. The solid-state relay as set forth in

Card 1irst and %ocbht Sol-KE8 1Y P Boledy inCo BbLL SRRk MALE VBlnge,
The sol | ot ot SE s UEREIGIRTEGR qtedl 10 30 bEpBOMAE DIV Ore of ai d

source elygctrode (42B) and said gate el ectrode (43B) extends | ateral ly
from above said well

14. The solid-state relay as set forth in claim 13, wherein said silicon
substrate (30) is formed to have a cavity (33) which extends at the
interface with said buried oxide layer and has a width covering said

15 drain region.

15. The solid-state relay as set forth in claim 13, wherein said silicon
substrate (30B) is formed to have a recess (34) of which bottom is
20 defined by said buried oxide layer and has a width covering said drain

region.

16. The solid-state relay as set forth in claim 7, wherein said

25  supporting plate is formed separately from said output terminal.

.....

17. The solid-state relay as set forth in claim 1, wherein sa1d dra;i

g



region (11B) to above a land (18) which is of a different conductive type
than said peripheral region (11B) and diffused in satd -si+ti-con-l-ayer—-
(10B). 25. A solid-state relay having a pair of output terminals for
connection with a load to be controlled, said solid- stk n Replaced
conpri si ng: a control neans (3) which gives an eI(, & I Hmmgy upon
recei pt of an input signal; a pair of98DMOSFETSs
Doubl e-di ffused Metal Oxide Sem conductor Field Effect Transistors), said
LDMOSFETs havi ng i ndi vi dual gates connected conmonly to receive said
el ectrical ener e .grdwven there havi i,ndi vidual sources cannected
to each ot herr,egg%at(ﬂé&; 433%’&. ‘?}Fﬁﬁ"aﬁalm'r 8?%3@%&8&?& S‘f‘Bpg'ifrbg Bﬁ"ftﬁL@Q\’
term nal s (2)9B)respecti vel y; each of said LDMOSFET conpri si ng:
38 - ) a silicon layer (10; 100) of a first conductive type
having top and bottom surfaces; a drain region (14,
141, 142) of said the first conductive type diffused in the top
surface of said silicon |layer to define said drain of the LDMOSFET,
a well regi onléll; 111) ~of a second conductive type diffused in said

5 .

silicon (Eheesolid, state selayas setsfoatiein claim 1 dnwheseinssaid siligon
i on; ' 12; Wl f the fi
LE%‘JQP ve tyPibstEae agg@ﬁ%ﬁﬁe&z&itﬁr‘a Saay {330 Whish oends gk thee o d
13; .131...132): ' . i .
oo e gt e ST PRGBS\ s b S SABFc69HED "2,

silicon | ayersaig%io?l sQurce region defining said source of the LDMOSFET;
a drain el ectrode 54; 441, 442) being placed on said drain region and

el ectrically connected thereto; a gate el ectrode (43;
431,432) electrically connected to a gate |ayer (41, 411, 412) of
an electrical ly conductive material which is placed over said

19. The solid-state relay as set forth in claim 17, wherein said silicon
substrate (300) is formed to have a recess (341, 342) of which bottom is
defined by said buried oxide layer (200) and has a width covering said
source region (121, 122).

15
20. The solid-state relay as set forth in claim 17, wherein said
supporting plate (9A) is formed to have said output terminal (2A) as an
integral part thereof.

20

21. The solid-state relay as set forth in claim 1, wherein an insulator
stud (15; 151, 152) extends from said buried oxide layer (20; 200)
through a center of said drain region (14; 141, 142) to project on the top
25  surface of said silicon layer so as to expose said drain region in an
annular shape around said stud, said drain electrode extending over said
insulator stud with a peripheral portion of the drain electrode being

electrically connected to said drain region of the annular shape.
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channel through a dielectric layer to define said gate; and

a source electrode (42; 421) being placed over said source region and

el ectrically connected thereto; wher ei n each of.sai.d LDMOSEET i s_of
an SO (Silicon-On-Insulator) structure which conprises a silicon
substrate (30), a buried oxide layer (20) formed on sé'ihdS@eﬂHasaébnReplaced

substrate, and said silicon |ayer (10) formge._on said

wherein said well region extends the full depth of sai rﬂHm (10)
to have a bottom abutted agai nst said buried oxide |ayer,;
39 wherein one of said source region (12; 121, 122) and said drain
region (14; 141, 142) defines an outer region surrounding, within a plane
of said silicon layer, an inner region (14; 141, 142) defined by the other
of said source region and said drain region, said outer region being
associ ated W 4 arrlfw&alid%'t@&tfeﬁgfaé 4&0 f(ﬁﬁﬁ iR RdhilY 19Whebir$aid sificahn

el ectrode and said source el ectrdde, and sai d | nner region being associ at ed
with an i nnegulssteate (30¢ 304/, cotdpriseshipair obgemicondietor stratiarng (81a82;

el ectrode and said source el ectrode; wherein an insulator stud (15;
151, 152) @xt 3hAs 32AnoE apposite condvstive typgier (20; 200) t hrough sai d
inner region to project on the top surface of said silicon |layer so as to
expose said inner region in an annul ar shape around said insul ator stud,
wherein said inner electrode (44; 442) extends over said insulator stud
with a peripheral zone of said inner electrode being electrically

connected to &g défé{wlﬁéllé{l%é@r}eﬁy ab 6t ﬂ%lﬁﬂ?ﬁ%&fé}ﬁm a dlele‘@ﬁ%e' n

said inner electr es an ‘l nner

connection tolayegi(BSYB5AS3 5By B|5(D)Eisafbrn$e’ﬂ dnlanlﬂ@tltoﬂhodﬂﬂtlfegmm%ntﬁibwmwcat ed
in opposed relation to said i nsul ator st ud (15; 151, 152). 26. The

sol i d- st ate reppgysits ofsaid bnriedioxidedayer2, wherein said silicon substrate

24. The solid-state relay as set forth in claim 1, wherein said well
region (111) is formed in said silicon layer over the full depth thereof in

15 such a manner as to form therein a laterally isolated pair of first and
second active zones (101,102) around which a pair of first and second
source regions (121,122) are formed respectively in said wéll region, and
wherein a pair of first and second drain regions are formed respectively
in said first and second active zones to realize both of said LDMOSFETs

20 in a single device structure,

said first and second source regions (121,122) being diffused

respectively within said well region (111) so as to be laterally spaced
from each other and defining first and second channels (131, 132) each
extending between each of said first and second source regions to a

25 confronting edge of each corresponding one of said first and second
active zones along the top surface of said silicon layer, said first and
second source regions defining first and second sources of the two

LDMOSFETs, respectively;
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conprises a pair of sem conductor stratuns of opposite conductive type.

27. The solid-state relay as set forth in claim2, whierein a diel ectrlc
| ayer is formed on a bottomof the silicon subst r at qmg%et%aggeem{epsr

buri ed oxide | ayer.
The solid-state relay as set forth in claimS8, wherel clmiu
substrate conprises a pair of sem conductoggstratuns

conductive type. 29. The solid-state relay as set forth in clal m 8,
wherein a dielectric layer is forned on a bottomof the silicon substrate

f d buj d [ I I I
foPth in olaim zzsaxdﬁr%?qﬁi %qp?{q%mrxegm&%ﬁci4'@3&%ﬁﬁé@ﬁ§ 8di roor
duct t t at
el ay as set FOPERIVR PRSI fitaf BRGYELONE kDS mome s00ps 1B dS0leled "
bottom of theggin kGeR &H&sw 3hafd WAPRGIBnAUnSR definé tRE deaindcot Mwo
LDMOSFETs, respectively;

28.

5 first and second drain electrodes (441, 442) placed respectively on
said first and second drain regions in an electrical connecting
relationship therewith;

at least one gate electrode (431) being electrically connected to
first and second gate layers (411, 412) which are placed over said first
10 and second channels respectively through dielectric layers and define
first and second gates of said two LDMOSFETSs, respectively;
a common source electrode (421) bridging over said first and
second source regions and being electrically connected thereto;
said first drain (141) being cooperative with said first gate (411)
15 and said first source (121) to make the one of said LDMOSFETSs, while
said second drain (142) is cooperative with said second gate (412) and
said second source (122) to make the other LDMOSFET, and
said silicon substrate which carries said silicon layer through said
buried oxide layer being mounted on said supporting frame with said
20 output terminals being electrically connected respectively to said first

and second drains.

25. The solid-state relay as set forth in claim 24, wherein said silicon
25 substrate is electrically isolated from said first and second sources and
said first and second drains, said output terminals being formed

separately from said supporting plate.
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