WNBULATED GATE SEM CONDUCTOR DEVI CE AND METHOD FOR FABRI CATI NG SAME - The
present I nvention relates to an insul ated gate sem - conduct or devi ce
dhaving an insulated gate field effect transistor and a protecti vefb\@ﬁe%‘lﬁ

for “protecting the transistor. It also relates to a nethod of fabricating
h 5 a device. In the follomnng deefrlptlon the insulated gate field
e ‘ect transistor will be referred to'as a "MOSFET'. It is usual to form

the protective el enent as a diode in the sem conductor substrate al so

cont ai ni ng_t he MEFEATED QAN EENICONDUMTIR ITEVICEP AND| MEDH0BN FUR 1380466
55ed a device 11 WATCh a MOSFET 15 TOormed as part of

there is disclosed a device 1n

substrate with a gate el ectr oHRBRICADENGOSAMEf a sem conduct or Iayer
separated fromthe substrate Dy an rnsulatirng film Another seniconductor
l'ayer forming the protective elenment 15 is al so separated fromthe _
substrate by the insulating film However, the parts of the insulating film

separating the Suﬁ%rﬁééséx{@fﬁﬂxﬁé‘mﬂil% dfaea%ésoctg, andshag1ReAheGhLLe SARYLCe

are of the sane hi ckness, and
di scussed | fYpduckpr device, %ﬂga%ﬂfﬁqﬁﬂlii§ﬂesﬁt6ffﬂﬁédpﬁégéﬁt i nventi on

provi des an treEngidisk Gaid sqmmw&mﬁef)relwgee fb&vwagaatmg?kﬁtbed gate
field effect r form arjt_.o substr Lot ective

el enent for EJ&%?%IS h%‘ ee'ﬁtﬁ?d} % FﬁéF%PSaHE §F8E1°Fﬁén§r §kebti ve
el enent dhd a evirgat e el ect rode bei ng sem conductor |ayers integral with

each other on an ySufétt ) dwing Qﬂgh rJna ﬁeOEnEP?a%BS{;E@%enUf part

of the insula fitmse aratln con uc or layer ective
el ement frcnﬁé#ﬁéknﬁﬁﬁqﬁﬁ rhqnae enred tReagapt MPSFET' knsulatlng
film 30 separati rog tie mrwtﬁm tha @rotiectivedal emehechisodeaipge t he

substrate. P{x?fiﬁ{@bééhlé&ed&crt%q:sIssutbstra A% 2190280t 59h g tnd MosFET.

10 However, in UK Patent Spec1f1catlon No. 1380466 there is
disclosed a device in which a MOSFET is formed as part of a
substrate with a gate electrode in the form of a semiconductor
layer separated from the substrate by an insulating film.
Another semiconductor layer forming the protective element

15 is also separated from the substrate by the insﬁlating film.

However, the parts of the insulating film separating
the substrate from the gate electrode and the protective-
device are of the same thickness and this leads to problems'
which will be discussed later.

20 Therefore a first aspect of the present invention
provides an insulated gate semicenductor device having an
insulated gate f1e1d effect transistor forming part of a
substrate and a protectlve element for protectlng the gate
electrode of the transistor, the protectlve ‘element and the

25 gate electrode being semiconductor layers 1ntegra1 with
each other on an 1nsu1at1ng film on the surface of the
substrate, the part of the insulating film separating the
semiconductor layer of the protective element from the
substrate being thicker than the part of the insulating film.

30 separating the semlconductor layer of the gate electrode
from the substrate. )

Preferably, the tran51stor has a draln reglon of a



-

R he drain region, and a source region of the first conductivity type in

~ thé channel region. The protective el enment prevents dielectric breakdown of
the 5 gate insulating film- The sem conductor |ayer form ng the protective

el enept nmay have one or nore P-Njunctions formed therein, and preferably .-

~ the PN junctions are shaped in such a manner that their cross-sections >

are not exposed. 10 According to a second aspect of the present

i nvent i firdth arendwe oty coypee Tt fedhmife If &bgimt ofg aaBelcondl ated gate

sem co i.ce . d.aeludina: . Ulg? ed gate field effect

t r ansi rslfdé‘}'&il n Mﬁt}ﬁe‘-{% ,}}P%& égqu‘ r%q'ng a% uPSBrRg PRPBn a surface
of the afidthe Hfixsy rceondmn:anmg ﬁMHemlhia\hhw caahneit rpsnpnanurhe second part
t hi cker é&EHhéiVéféiéﬁeﬂﬁﬂﬁnedﬁﬂié(HEEFE&HrEEBQ&%E Sﬁhca?dﬂﬁéor llayers on

t he nsul ating film the sem conductor |ayer on t I nner part of the 20

|nsuzﬂqqﬁff¥qﬁﬂﬁﬁﬁ¥ﬂflﬁkkﬂed relative to the transistor such that it forns
a galte el ectmaemmmwmm ﬂo&‘)tﬂJhd gOItfh'éhprbI&belﬁiﬁrepéﬂ.ﬁméﬁtt he

I nSul.a o) ol Gl V. evi gce _far. tectin e gate

el ectrocfgpcﬂa‘Hwn eiggrfg?“s lptfg un&:"olgi""'e SFmERy E‘Fﬁg POI’%H%I on of the
transi gnafenablyiche BN cnnmm@m(rs )i aper thpeﬁ anssuohdacmadnerl vity type

into t hhatiRd i reddibertidls Ard h.%tseeeepsgeauctor layer on the thinner
parf.of the insulating filmas a mask, the substrate being of a first

contflict i vi t PISRFALAD ramsf%d EARPEGE qfeé}?‘@nPFﬁsﬁaFt ingenthensubstrat e
form neherd dis prgHided athdthod GfCifapraeatinyg’ bhy idkulBeedi gate

conductj vi.t intp-t.he cha . region, using a part of the
sem cor?c?ﬁ'gtéé?n'#(g‘&e?r %vt’ﬁ’g tlﬁ’lcﬁ‘r‘llg‘nﬁart of the insulating filmas a nmask,

forming an insulated gate field effect transistor in

i rst conductivity type, a channel region of a second conductivity type
n

a substrate, _ _
15 forming an ihsulating_film on a surface of the substrate,
the insulating.film having'a first part and a second-part
thicker than the first'part,_and o
forming integral semlconductor layers on the insulating
f11m, the semiconductor layer on the thinner part of the
20 insulating film being located relative to the transistor
such that it forms a gate electrode, the semiconductor'layer
on the thicker'paft of the insulating film forming a
protective device for protecting the gate electrode of the
tranéistor. ' | : |
25 ' prefefably, the formation of the transistor includes:
introducing an impurity of & second conductivity type
into the substrate using a'part of the semiéonductor layer
on the thinner part of the insulating film as a mask, the
| substrate being of a first conductivity'type, to'form a
30 channel region in parts of the substrate forming a drain
region; and = |
- introducing an 1mpur1ty of ‘the flrst conductivity type
into the channel region, using a part of the semlconductor
layer on the thinner part of the 1nsu1at1ng film as a mask,
35 to form a source region in the channel region.
Embodiments of the inVention'will now be describedin
detail, by way of example, with reference to the accompanyihg



“35. to forma source region in the channel region. Enbodi ments of the

I nvention wll now be described in detail, by way of exanple, with éi§>'

reference to the acconpanyi ng -3- dranwings, in which: Fig. 1is a
“sectional view of the princi pal portions of an N channel vertical MOSFET

being a first enbodi ment of the present invention; 5 Fig. 2 is an

eqﬁlvalent circuit diagramof the N chahrrel vertlcal MOSFET of Fig. 1' Fig.
3 is a plan view of the sem conductor chip and shows the di sposi tion of the
protective el enent i.;s.a plan view of the chip as a whole and shows
10 the dispo ﬁqqﬁﬁiﬁ'gﬂb 38" odes when the seniconductor device is

conpl eted; Fig. 5 F:sg.a kdx mrzéct&imm]ofvﬂdve ofoither petintipad portagas whi ch

serves as the,p t#ﬁﬁr@% a!lg MASFET Hiin @”Lr ?lesigsemﬁ%i&

characterlstlc curve ective el emen s a sc enat
perspective WRkhedPrasant twerm:m.on bet ween t he prot ective el enent. and

the gate elsectrodeq tiﬂqmléﬁuﬁﬂer&aéz&c%*it%@a&?ﬁh' Ea{:hwﬁws and
show a preferred 20 abrlcaH:o ﬁroces e vertical MOSFE

accor dance wiHPRMR! SreRqa fis a partial sectlonal view
of a protective elmh;a.nt3 fiadra c;ﬂlad\ii)evamﬁ h:ere fsemicontiuetopethig; ahdg. 10

ti 11" anot nerSon (Y (41 BRI GHRE hel'haidcRive GERERET L0 Ve VY e
and shows an exanFigof4 a’-ﬁr@drﬂl%t“fkﬁﬁ'(ﬂ‘f tﬂi’@ Shdpeasi acwhptaeand shgws12
is a partial m_ctam%sﬂm aﬂdt&m&le@m&rs %@ﬁphﬁeoéeﬁlesﬂaﬁbeakl on of
the protect|%§ 1ce 1é ‘completed;"
Fig. 5 is a sectional view of the polycrystalllne Si
layer which serves as the protectlve element;
Fig. 6 is the current vs. voltage charactéristic curve
15 of the protective element; | - '
Fig. 7 is a schematic perspective view and shows the
relation between the protective element and the gate
electrode of the MOSFET; ’
. Fig. 8a to 8h are sectional views and show a preferred’
20 fabrication process of the vertical MOSFET in accordance
with the present invention; |
Fig. 9 is a partial sect1ona1 view of a protective
element fabricated by another fabrication method;
Fig. 10 is a partial sectional view and shows a
25 protective element formed by still another fabrication method;
' Fig. 11 is a schematic perspective view and shows an
example of a modification of the protective element;
Fig. 12 is a partial sectional view and shows another
example of a modification of the protective element; '
30 Fig. 13 is a schematic"perspective view and shows still
~another example of a modification of the protective element; and
Fig. 14 is an equivalent circuit diagram of the N-
- channel vertical MOSFET corresponding to Fig. 13.
Pigure 1 is a sectional view of an N-channel vertical
35 MOSFET being a first embodiment of the present invention.
In the drawing, the direction indicated by arrow A
represents the central portion of a semiconductor'pellet



30 Fig. 13 is a schematic perspective view and shows still another
exappl e of a nodification of the protective elenent; and Fig. 14 is an
'e@.\%l ent circuit diagramof the N channel vertical MOSFET correspondi ng &
t ry. 13. Figure 1 is a sectional view of an N-channel vertical, 35 MOSFET

being a first enbodi nent of the Rpesent invention. In the draw ng, the o
direction indicated by arrow A represents the central portion of a St

. sem conductor pel | et - 3a - where principal portions of a vertical

MOSFET Ridrdiionls @rowt vertheali MOSFEPnaredfosked by arrow B

\r/glro': ?iiﬂrt %Bglq%?‘pe” &%@*ﬁ grﬁ'&’@ %"rgﬁgggﬁs?'?g%gggﬁgu&(oggfkﬁﬁI i l:(r)]n; hFayer
2 is fai mw&hﬁilpeﬁlpﬁemaa poraioN ofetheosdmicondustosi | i con)
Z”?Etnf:f“ xR ahe vl MORERT RMRE ShoptadPd T, Ss‘g‘ni"?,d“?,f)“slaﬁ?é
sel det |me|qpnfmmmm d&¥ tsdildcom) Nayexnidcafdfermed| apepne maifhe P wel |

regiong a%% ol ar ¥ déh@b@xdﬂc%‘ﬂrnquﬁr %ma&ea@néeakteétanﬂ i sol ated from
oné anot err], reg{ ons 300_.and 310.are an.the P well

S
r egi on§'h3(§ 2ha semi ughar fubfhrats dnaady &t s&f“éEPPgBEtTB 9 consi sting
of a palayey 3 FdrictEarenis dhdudrain regdonopfsaheaMDsa‘Ewol yBrystal line

siicondiside e, B weld, 1401005 <3 Ad w3y ¥e3aeal hkghte efikerr] redion

respect to thé gate electrode_9 inside the
[ er¥q rmgummmml@yemb 5 The P Wellcgegdonssdpyd@radlt he source

regi on foud'®n the drawing are independent of and isolated from

one another. _
N reg:.ohs 300 and 310 are shallower than the P well
regions 30 and 31, and self-aligned with a gate electrode
15 .9 consisting of a polycrys'ta'lline semiconductor '



* MOSFET.. A source electrode S consisting of a netal such as alum numis :
connected to the [err] region 5 and to the [err] regions 300 and 310 via '
t'hrough-hol es of an inter-layer insulating filmsuch as a 10

*phosphosilicate-.glass film10. The surfaces of the [err] regions 300 and

310 form an ‘N channel | ayer whith connects 4 e N semi conductor |layer (drain. -
region) 2 to the [err] region (source region) 5 by a voltage applied to its

te 15 | ect t éi&& I T
193n§arrent al I)e/ ggrr{)osed o?d%&léﬁgeérﬂon ucj{% ‘%ﬁﬁti‘c%% ﬁ(?ﬁﬁﬁ g‘r‘ra] regi ons
300, 310, the [errYelkgregions 3Q and SimNespeactd "Pﬂ-IYm 74BnYN tﬁESQﬁFe

el ectrod?h9 T[lﬁ fsweélfdmed)rﬁedmaa &fi&.éﬂ‘ It cltntaothe gatger to
i nprove the withs [ and ,vol
Jzﬁct i ons bet ween ?gg H%?ngi %r&ieagﬁ‘ fséﬁ&s[ 9§g| oﬁhéﬁo and

bet weetn th|e5[e_r|_[]] Remregiond serves L 'ﬁ)!:émcperekioag?dnthe‘g . th t
respectively eﬁ@sp# req qg,au%g) rs tha
det ermi ne t he channel Ten th é | St g3%£i£h£§§g§§8§§u$e§ .
areé formed with a FRERAR C h€ c ength. For.
It_hlksI reggon tthe cand ntb i theé !por:tegjibni 300 anido B4 Onwd A mduEhthpllgst I OB S
i kely 0 G roken ‘down by a
| ow vol tage. To pr%ﬁqﬂﬁtﬁajiﬁ&%nﬁ%%m s@gﬁogg BO and 31, which
are deeper 1Gan t eheaphqsildpatie; Ldoda 4R 00.are provided to nmitigate the
electric field concentrati %ymﬁd&g’:ﬂf 'ﬁiel (-2 ,-3?10” BOOt aA4 840t he P-N

~junction. 5 A P,cont act ion I S sel vel rmed. in dethe P well
Thi s [e#? c%t%c&'&ﬂ]b o\t/me ts%h ﬁb

regi on 3.
semiconductor layer (drain region) 2 to the N* region

(source region) 5 by a voltage applied to its gate
15 electrode 9. In other words, the vertical MOSFET
is fundamentally composed of the N~ semiconductor
layer 2, the p* regions 300, 310, the . region 5,
the gate insulating film 7 and the gate electrode 9.
o The P well regions: 30 and 31 are formed :I.n
20 order to improve the withstand voltage (drain
withstand voltage) of the P-N junctions between the
N~ semiconductor layer 2 and the P* region 300 and
between the N~ semiconductor layer 2 and the P*
region 310, respectively. The P' regions 300, 310
25 are one of the factors that determine the channel
length (distance between the drain and source) and
are formed with a reduced thickness so as to reduce
the channel length. For this reason, the cylindfical
: portion of the. above—nentioned P=-N Junction is likely
30 to cause electric field concentration and be broken
down by a low voltage. To prevent this breakdown,
the P well regions 30 and 31, which are deeper than
the P* regions 300 and 310, are provided to mitigate
the electric field concentration upon the cylindrical

35 ‘portion of the P-N Junction.



'S|,mJItaneoust with the formation of the [err] regions 300 and 310. The

so el ectrode S is connected to 5 this P contact region 4. The source
'elde is formed so as to extend beyond the P well region 3 on the left «
de—a

- Sl nd to i nprove the withstand voltage of the P-N Junctionh between the
[err] semiconductor layer 2 and the P well region 3. Afield insulating ..~

5.

~film10 (field [err] film 6 is fornmed on.the surface of the P well >
region 3 and a pO'MPEV%bﬁhhh%eri ﬁbﬁondﬂﬁtQélé§€iV€1ySférmedmiﬁsidéNDn)

| ayer 8 t e as t e p ote Lve urface of
the fiel dq?hﬁ'sgl R ge 28 E#eﬁ?g#?rmﬁw dr aw ng,
t his pol y@iynﬂauatneousivl m&n thperoﬁmstionrocedtherel regdons t h gate

el ect rodeea%q m ?qbycrﬁtlégbé F P&W&St uc%aél&&ng t&lf ction as the

protectiv const em con g@ |ons a, 8b and a P
seni cfbndudihi-ts ?orﬁ"mas& F‘ﬁSéPBerd Fhe\seurce ele d@r48 seni conductor

porti Onz Faraed %o. ﬂEhQOPeNthﬂaCbbyaﬁddeﬁégpdwmVF@?iélheB [dﬁrll bet h
sem condugtor on rLi et ween t he
[err] sem%na%g to 8198 gb?ﬂﬂﬂq'ﬁe #ﬁ%ﬁﬁﬁﬁ‘gtﬁ?f 8c toget her
formthe thet Pl \zjunerhdonnbe&itesnetné N'N[jsﬁ:tconducton 1a1ye;|aye t he :
pol ycryst gl RfeS el neg2bn! SYGfASriei&B*ﬁs

2 : %ﬁg di Odﬁ bThe P
semcon uctor _portion rted into Ing with boron
i mpurt® y Wifdeld, S10or F%ﬁygﬁog emeélenametﬁur ﬁ%%rﬂﬁc?lm &ion 4 are

formed by vbll negtonn3 kadber pam?mmu seifbéondigpbaw can be ef f ect ed

ey and | hESLyAryBtat1dhet §RTEbEn) 1Eyafn BB R GhpE WS EY, T 001

hand, theprotective e&nuenﬂ:oiSpGomedsosathquenface ebrithe (fteldio the N
type by d@.&swa%ing\'\’ﬁhm%" | ABUthhYb¥88ehNE1ERF1Y 16t Othé SOUT Ce Tegion)

15 drawing, this polycrystalline silicon layer 8 is formed
continuous with gate electrode 9. The polycrystalline
semiconductor layer 8 to function as the protective
element consists of N* semiconductor portions 8a, 8b
.and a P semiconductor portion 8c interposed between

20 these n* semiconductor portions 8a and 8b. The P-N
Junctions deﬁned ‘oetween the N* semiconductor portion
8a and the P semiconductor portion 8c and between the
N* semiconductor portion 8b and the P semiconductor
portion 8c together form the protective element of the

25 MOSFET. That is to say, the polycrystalline semiconductor
layer 8 forms a back-to-back diode. The P semiconductor
portion 8c is converted into P type by doping with
boron ilpurity when the pt regions 300, 310 and the
P’ contact region 4 are formed by doping with the boron

30 impurity. This doping can be effected by ion implantation,

' for example. The ion implentation energy is about 75

KeV and the ion dose is about 8x10 13 stoms/cm in this
case. On the other hand, the N semiconductor portions
8a and 8b are converted into the N type by doping

35 with a P impurity when the N* region (source region)




"6 5 is forned by doping with P inpurity. The doping can be done by ion
I'npl.antation. The ion inplantation energy is about 40 keV and the ion
i s about 1.4x1016 atonms/cn? in this case. The source el ectrode 5 Sis
‘connected to the [err] semi conductor portign_8a via a through-hole of the
phosphosilicate glass film10. The gate electrode G.is connected to the
["err] sem conductor portion 8b through a through-hole of the

phosphosi | i cat e Sghgsformed by. dopingawith| Roimpurity. s The deping can
netallic materi o dofle By 2bHMEpTantatiensanthepord Aniglarftitijon el ectrode

.S. On the other hand he drain, gl ecirode e of a tallic materi al
such as al uni nuﬁ?‘ﬁ?@f%é?e?g?gkfﬁgriﬁ%o h@‘%ifqp qedggs & [err]
~semiconduct or sdhéxnot'e atoms/cm® in this\ncase. edlhe sturcel elegtroder i ng
el ectrode fo t ( ' | A sitic
channel fo?ﬁ%d §gi?hgggﬁggggé S?pgﬁﬁ ?grr -ggﬁyﬁgﬁggtﬁgﬁagﬁkgga%?ﬁgThis
[err] region 508 ¥hroughghele, of bae pihoshhesilicate ghasds fidm (R [err]
[ﬁg_i on S. t20 _ :I'_he Batecglestrbde SGais Céomeedted oto vtliecm_*doest not affaﬁ_t ]
€ characteri st ' S egi i S.a,pQrti iC
lines are scri b§8&§88§fl§gggyofﬁgg§%%\k§%n%w véf%%@% Sglth%y of .
sem conduct or pphospbosilicatenglessafilnniQ. t HEhe igate Mlectnode & ilsg film .
be conpl et r 0 186 haterPhT i i by ' idaimtaAl €
soribing. Y | BERGL S %?%?ﬁ%?ﬁd“?ﬁsffgh-“ﬁ?‘- 848 B 40 O sarls®
‘renmoved wit hout ¥BYcR8a ﬁgs?ﬁﬁcﬁuﬁl:%ﬁ"g%‘? ?a%?i R ithe Qer h%?g'p_ nt
enbpgi ment takearhhpseneqegpeeentpwe of na metakl i miterial Much ws the
scribe region i i el iqt t urce
cont act portion.g%g%}‘gmgl wgafeg?%%n%oﬁ%\ﬁ%t e Q@eﬁi@kness
as the [err] coﬂtaéﬂﬂiégﬂgﬁcﬁoanﬁuP% atechs ons 300, 310 is forned inside

the [err] 5!?“' conduct or phaN®r régiéR 50 and a gudrd [PingEXsitivde GRC
di mensi :o no ea%rlnaxeahannel stopper (means for réstricting the
perasitic channel formed on the surface of the N~
. semiconductor layer 2). This N* region 50 is formed
simultaneously with the formation of the N' region 5.

. 20 The P’ region 40 is a scribe region which does not
affect the characteristics of the MOSFET. The scribe
region is a portion in which lines are scribed to divide«:
the semiconductor wafer into a plurality of
semiconductor pellets. It is necessary that the field .

25 insulating film be completely removed from the surface
‘of the scribe region to facilitate scribing. It is
further preferred that this field insulating film be
removed without increasing the number of fabrication
steps. The present embodiment takes this requirement

30 into consideration. Namely, the scribe region in this
~ embodiment is masked in the same step as the. source
contact portion. Accordingly, a p*t region 40 having the
same thickness as the P’ contact region 4 and P’ regions
300, 310 is formed inside the N~ semiconductor layer 2.

35 - In this embodiment, the dimension of each layer




- ié(br each film is as follows: [err] sem conductor |ayer 2
: Sific resistivity [err] 35 [err] thick, P well regions 3, 30, 31
[err] deep, [err] regions 40, 300, 310, [err] contact region

.. 5 [err] thick, [err] regions 5 50 1 pmthick, field
'insulatingfiImG 1.2[ m 1. 5[7e|’"r] t hick, 10 gate insulating ;
film?7 t hi ol ycrystalline sem conductor | ayer 8,
gate el ect‘%ﬂeeﬁch ‘&1‘&8 % {#]83' %hosphom licate glass film10 0.5 pm
thick, 15 N semiconduetor: dthys' 2ate el ecﬁpe@ddi& rgaé,saimiﬁg el ectrode
R 4.0 [err] thick. The Al wnln Figure 1
has an equivalent circuit shown in Figure 2. In thIS d avm ng,
represents apbgekltpe dsof et | oni ng 406 i @efepqt ecti ve eI ement This
backst o- back d| ode PD consi sts of the pol yCcrys Illne sem conductor |ayer 8

shown'in Fi gpt erigj_a'ﬂm &0 pd300} i3m0 NP back-t o-back di ode PD consists of. the
[err] sen cocomtact pegiomn 8b 25 and th&® Iiansehhiwaductor portion 8c of

Figure 1 while diode [err] formed by the P seniconductor portion 8c and the
[err] senicoducegtonsrBi 0 8a of Figure 1. 1TW@ Mtlve el ement shown in

Figure 1 r_the, pol stal | [ne sem conductor, 8c) and the
gate el ectroﬁi M #1&%51 conduct o‘\')2 %&Peﬂ‘g d on the
surfape of a_s P tey.100 as sh In this
| drawi ng, @ﬁg?;’g&g%#% @Hr'g shovvn f or ned %Q’;I"’gﬂh?ﬁ ? ke a honeyconb H
nside the PoiyErjseiPLIfY saRilathdttor
' layer 8, gate electrode 9 0.45 pm thick,
phosphosilicate glass £ilm 10 0.5 pm thick,

15 ‘source electrode S, gate
electrode G, guard ring . _
A electrode GR " #.,0 pm thick.

The vertical MDSFET shown in Figure 1 has an equivalent
circuit shown in Figure 2. In this drawing, PD
represents a ‘back~to-back diode functioning as the
protective element, This back-to-back diode FD
consists of the polycrystalline semiconductor layer

8 shown in Figure 1. The cuode D, in the back-to-back

diode FD consists of the N* semiconductor portion 8b

25 and the P semiconductor portion 8c of Figure 1 vhile
diode 02 1s formed by the P semiconductor portion 8c
and the N* semiconductor portion 8a of Figure 1.

_ The protective element shown in Figure 1, or the
polycrystalline semiconductor layer 8 (8a, 8b, 8¢)

30 and the gate electrode (polycrystalline semiconductor)
layer 9 are formed on the surface of a semiconductor
pellet 100 as shown in Figure 3. In this drawing,
the gate electrode 9 is shown formed in a mesh like
a honeycomb H inside the entire frame represented by

35 dotted lines. The polycrystalline semiconductor layer 8

20




dotted lines. The polycrystalline sem conductor |ayer 8 -8- is fornedg
around the sem conductor pellet 100 enconpassing this gate el ectrode 9. TIre
Jgate, source and guard ring electrodes G S and GR are forned on the
surface of the sem conductor pellet 5 100 on mhlch t he above nenti oned
polycrystalllne sen - conductor |ayer_ 2band the gate electrode 9 are

f &med, as shown in Figure 4. Synbols and SP in Firgure 4 represent
respective bonding pad extensions of the gate el ectrode and the saurce

~el ectrode, t0j W Shndd IEfodHE thb GUMRGRIhctbt ip811@¢E 100" dakbmhbh¥sing0

pol ycrystal li ne -sem conductor |ayer 1s forned i nmedi ately bel ow't hese
bondi ng pads s gaty eleqtrodr i Hus fromFigure 3. The protective el enent

wi |l now be expl aiTiegl qattél,etsbdrou tahm‘r &f v e ad.rigo d-ile@itrreﬂeﬁ er)ds6ana5

Figure 5 is enl ar C of t r tiv I

(pgl ycryst aI & E%r&%ﬁ%ﬁc‘%’b%} e%cesr?og\;\%hl%n é %f%t?ﬁ Pﬁfl%e&r awi ng,
the withst &ndl 6®| emgehigth eche aﬁowmenenmmdecelmrDstaslldmeesemned by the
p semi conduc! ghndidOM dfer P ddileHd\ At BldotreRedy W il Y (doping

quantity of B |npur|ty) or formng t |s P sem conduct or rtion 8c is

i nportant. THRS fERPWhi Ry HEAHS der SEibgls Gy ﬁ"ﬁ’ SPpdn HP§ecér ried out

Fy t]he |2 gveﬂtﬁéﬁr@éeﬁﬁ&ﬁwﬁve Bt iy . padh &k tiens ilomeU bift Yhéogates ﬁel OWd
err t he €, S I’ | e W t hst an

vol t age of ea%ﬁé‘g&?%ie %{ i}gée/s %&J@%%ele&r s m%?l)eg'&'g‘%%t w@@%gngﬁet hrough

phenonmenoA0 rmmcteté brEakidemrowe thendakd ldbr.emo Mp’grysggﬂﬂnuently The

Wi thstand vol {&Qf-SlateEdr laydle A Aliinddl: uﬂ%ai%eégl m&owp%egae

machi ni ng accuracy and |ts variance I's great. Acc n% his 1npurity
dose quanitithonding pads GP and SP as 1s obvious from 1gure 3.

The protective element will now be explained in

detail with reference to Flgures 5 and 6.

15 Figure 5 is an enlarged sectional view of the
protective element {(polycrystalline semiconductor layer
8) shown in Figure 1. In this drawing, the withstand |
voltage of each of the diodes D1 and Dz_is determined
by the P semiconductor portion 8c, so that the quantity

- 20 of the impurity.(doping guantity of B impurity) for

forming this P semiconductor portion 8c is important.
The following points were clarified in experiments
carried out by the inventors of the present invention.

13 atoms/cmz,

25 the diodes Dl' D2 have a large series resistance and
the withstand voltage of each of these diodes D,., D,
is determined by the punch-through phenomenon. Hence,
the breakdown withstand current drops significantly.
The withstand voltage of each of the diodes Dl; D,

30 depends upon the machining accuracy and its variance
is great. Accordingly this impurity dose quanitity
(below 1013 atoms/cm?) is not practical. . On the’
other hand, if the impurity dose is above 1013

- When the impurity dose is below 10

atoms/cmz, not only is the withstand voltage of each



S
¢l'ow 1013 atons/cnR) is not practical. On the other hand, if the
urity dose is above 1015 2 [err] not only is the withstand voltage of
each 9 diode |owered but the | eakage current al so i ncreases. Hence, this:
~.value is not practical either. For the above nentioned reasorns, the nost
preferred range of the |npur|ty.ste Is from 1013 to [err] atons/ 5 cnk. .~

. The inpurity concentration of the P seniconductor portion 8c obtained by aw"

i mpurity dose within this 17 19 - 3 range was found to be 10 to
10 atdimﬂe:rmowere'mlkmt he ileakhdgee currenits @dsoi dncyeasesgr eement with

t hat thetd% {D%ﬂfés du&acgg,r%&l@‘alt %‘ithT are 10 forned.

Accor di sem con ortion 8c can be forned sinultaneously
with the [erEC}r rehg @@@@%M rqaﬁ@i"@enf‘&lel FosﬂihPrleﬁﬁﬁF-’Pfly dose for

| ESLQ’eEt e 98 g R T 20 10 koian PokEomkgTE (1 TPUL LY
s/ cm n s . enbodi men e
nput i t§Mm d'osé‘%é’%?%’i"fylf SRRSO og{ %&n% S&M: 889%&‘8?‘8?" portion 8c
aamd 1. gboérﬂ:%bn wmmia:ined oyt fﬂ}l&mp&m\;ﬁqoma m;!;o.mmms 8a and 8b, as
escri be ye t t t bet th
electrozEFé‘%q” t eee b%fdlrt@lf? athegLaC s O e e I

rode G IS case were neasured as shown in
Fig. 6,impumity fAnsel kshauhstantiadlyr dn Roreemeat \#ithithadt i on F was

symet figed R i Fod {hd MY Shdl i 19 HORNR MOSHET lae.eorl gin as the

centre, 25 and the mnthstand vol t age Thuy he protective
el ebntformedi s AGRRIAIRGRY s dths & é%"l’;‘f'°“d“°%°r portitn 8

can be formed simultaneously with the pt reglons
300 and 310. Inc1denta11y, the impurity dose for
-forming the N semiconductor portions 8a, 8b was
1015 2 19
15 atoms/cm ) . or more. _ = _
In thzs embodiment, the impurity dose was
8 x 1013 2
and 1.4 x 10
portions 8a and 8b, as described above. When the
20 current-voltage chatacteristics between the electrode
S and the electrode G in this case were measured, as

atoms/cm (impurity concentration 2.5 x 10

atoms/cm
16

in the P semiconductor portion 8c

2

atoms/cm” in the N semiconductor

shown in Fig. 6, it was'found that the waveform in
the forward direction F was symmetric to that in the
reverse direction R about the origin.as the centre,
25 and the withstand voltage was + 18V. Thus, the
protective element in this embodiment sufficiently
.protects the MOSFET.
As can be seen clearly from Figures 1, 3 and 5,
the protective element is not formed inside the
30 semiconductor substrate but on the insulating film.
Accordingly, reliability of the vertical MOSFET in
this embodiment is higher since no thyrister operation.
occurs.
Furthermore, this embodlment prov1des the
35 following effects:
(1) As can be understood more clearly from Figure 7,
the protective element and the gate electrode of the
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“protects the MOSFET. As can be seen clearly fromFigures 1, 3 and 5, the@
protective element is not formed inside the 30 seni conductor substrate but :
" on,the insulating film Accordingly, reliability of the vertical MOSFET in
“thi s enbodi ment .is higher since no thyrister operation occurs. Furthernore,
t hi s-enbodi- ment provides the 35 follow ng 4 f-ects: (1) As can be understood
nmpre clearly fromFigure 7, ‘the protective elenent and the gate el ectrode
of 'the -10- MOSFET in thls enbodi ment are forned integrally with each

~other by the pMOSEEYsinl this MMtazre | forared A&tmni@,wwitpeeachc
means for conngehbRdbyene 6 tsgﬂm\ﬁa&g. eh9elr 0de are

~elimnated and the sem con ctor c | p,area I s ?ﬁase Ai
H° ve

al so be seen f#ﬁﬁ? ¥y speri ‘N"!Rﬂﬂﬂlf(ﬂ?s
- ring-li ke shapelenchthboctMSgswstemnfoddﬁuwmmﬂea antl ¢xposed.

Hence, rada h t ect| e e can be

10 prev nt edgbﬁg‘fgﬁd%{) %@ ﬁééeffé:%&{ %%selgﬁ% Fﬁé HEQL

pol ycrystal | nEGSQMOMtB*mMeTS the Ryfrymetions i qsandt Jpgare| m

E{ i el fl)l nsult ﬁt t&ﬁn ImGA fI f : raﬂdpémmtf ][l‘i'o@%t %eb{t&ﬁ%:ﬁbrgﬁhé' I'm
err so tha n u nce of e fie e e to rain .

vol t age upon t 'én ﬁ)?%%t aﬁﬁr % Fﬁ& resul ting

protective eI eoharactemwl.dzeloﬁbﬂm prfotduﬂ:iprmteicﬂnemt ehnnbat wer e forned

on a thingg uf‘a Imsuch as the gate insulating film it 20 would
}er

be infl uenced voTtage (dra| n voltage) applied to the [err]
~ seni conduct or 'Bxe|m teative element consisting of the

polycrystalline semiconductor layers is formed on the
insulating film (field insulating film 6) which is |
thicker than the gate insulating film (8102) so that the

15 influence of the field effect due to the drain voltage
upon the protective element can be eliminated. Hence, the
resulting protective element is mere reliable, |

1f the protective element were formed on a thin

- - insulating film such as the gate insulating film, it

20 would be influenced by the voltage (drain voltage)

: applied to the N* semiconductor layer 2. In other words,
the protective element itself would operate as a reverse
MOSFET and lose its function of protecting the gate
insulating film of the MOSFET. In accordance with this

25 embodiment, however, the influence of the field eﬁect
due to the drain voltage can be reduced because the
proteetive element is fomed on the thick field
:l.nsulating film.

(3) A sufficiently thick insulating film (field

30 insulating film 6) thicker than the gate insulating film
is formed between the end portion of the protective
element consisting of the polycrystalline semiconductoxf
layers (P semiconductor portion T shown in Figure 1) and
the P~ semicénductor layer. Hence, the insulating film

35 itself does not undergo dielectric breakdown. |




protective elenent itself would operate as a reverse MOSFET and | ose

function of protecting the gate insulating filmof the MOSFET. In
.accordance with this 25 enbodi ment, however, the influence of the field
effect due to the drain voltage can_bﬁ reduced because the protective
"element is formed on the thick field |nsulat|ng film (3) A suff|C|entIy«

thick ins(4pti ndBéddusd fddgslt;uhe?(p wg]_r]_sqlegtilomj |sh@,,§]2 %ﬂ et l@?n t h:l gﬁéﬁ?’
| at en 0 ctive '

I(:(r;?lgl gt: %%&% _%@/ma '{a“ltvve tsb&eﬁ" 3y8;§° §E conduct or

portion TRahdhe |drﬂ:ilgwhclgradej D formedr bmd:mecortdert mathayer. Hence, the :

(4 plm sy Xy °‘*fa‘*ﬁ“fﬂ Lo ng FeBISAnduB B RUpsthRRE 1T o

capazl t arfedR VFEQSW gate el ectrode G and the dr ain electrode D forned
on the other mailf siffs@ weldcregioh? T vete hbe pPBvEdadychor substrate | 5

ar asi 1| AUERE Rendibs ¢ %@%"Mre 3% BBHPER  FoRo G and he

drain el gatediatnodes S and fthe dmdnuleibcrtyo&el D &cnodstthegat e

| at n regi on 3
l:gﬁu alrﬂad%‘&%e Ietrodgbgthﬁggls su ?#a?f‘fm paraS|t|c
- capa tagfpeq?& aP nghe Prwvel &nﬁesﬁengit e insulating film

7 bet vveercdnmc;idet'd mm:eeaeaeblteodeaso theper ﬂdesﬁbstmemwe 15

Thi s P il BEelesy (il caite) KirphsT the) ERRTH Fuptpating) " el

re
region 3% é@m’r dbec gatendnsulakinge £3lmt ﬂebétwbdnethecgatlue to
electrode G and the drain electrode D. Hence, the

15 electric characteristics of the MOSFET are improved by
the existence of this P well region 3.

(5) In addition, the provision of the P vell region 3,
 further reduces the influence of the field effect due to
the drain woltage upon the protective element.

20 The vertical MOSFET described in the above-mentioned
embodiment can be fabricated in accordance with the
following fabrication method with reference to Figures
8a through 8h. |

. (a) An N~ type Si layer 2 is formed by ep:l.taxial growth

25 on an N* type si substrate 1 (see Figure 8a). '

() An oxide film (810,) 6 is formed by thermal
oxidation of the surface and selective etching is effected
to leave the field portion. Using the oxide film (field
oxide £ilm) 6 as a mask, boron ions are deeply implanted

30 to form the P well regions 3, 30. After ion implantation,
thermal oxide films (8102) 6a and 6b are formed on the
surface of the P well regions 30, 3 for the expansion
diffusion treatment (see Figure 8b). :

(c) The oxide £ilms 6, 6a are selectively removed

35 1in order to expose part of the N~ type Si layer 2




g the drain voltage upon the protective el ement. 20 The verti cal @

MOSFET described in the above-nentioned enbodi nent can be fabricated in

: aocordance with the following fabrication method with reference to Figures
*Ba t hrough 8h. a) An [err] type Si layer 2 is formed by epitaxial

gro’\m‘h 25 ‘on an [err] type Si “subst r'at@/

falm ([err]) 6 is fornmed by thermal oxidation of the surface and selective

et CQ' n? : %egf ecafid partcorethocPfwell miax]nrsoldsnwmidleme @‘ﬁ’f' m (f Ihel (Fi)
oxi de fi as ogQn ep ormthe
wel | regions 3, gifig%f ?&?‘B gﬁ t#poﬁgn?éﬁg% %’érﬁé oxXl| dg‘%%ﬁ’ %Fm?rr]) 6a
and 6b are forneexddet £31mubbaon theiPcwellaregianid s Fpledtiye

aro sel ect ?LLTES?‘% Vg 4EeLbrh e BT Sbtifadtiredtin wil }f‘"ﬁﬁ*ﬂ Skide TS O
layer 2 3 12- aﬁgﬂagt °Bftpﬂe373 éﬁg}%@&?vﬁﬁ tyelyat e oxi de
‘filmis to be foremdvedt tbh!omnmtﬂ'ﬁ&‘egmme]l atopper)t heP wel |

region 3 is sele e toforma[err] contact region while the
oxide 5 fil chéb\é b%ﬁﬁggo be Si layer 2 is sel ectlvely renoved to form

an [err] region 6€ﬂanne1m§ﬂo 9 films7gufe and 7‘((91‘0 ome# O%i de filns
7 7a and 7b ar ether sﬁﬁraaehhsrswéaeﬁﬁogédtpenﬂm gions 3, 30

i1 7 sefPes hsaPRcPyalh MYEE 7 P ThOTHE: oRdation @”reé@-& Y oxde

vapor - deposi t ed Bd)theonllyfaxﬁéeoﬁlme‘?oaemmasrsﬂ& gatﬂ&m 7b to form-
a poI ycrystal linesim of &e mgmvx/m chis then selectively renoved to form
(e) ~ Si is vapor-deposited on the surfaces of the -
. oxide films 6, 7, 7a and 7b to form a polycrystalline
15 . 81 layer, vhich is then selectively removed to form
: the polycrystalline Si layer 8 serving as the gate
electrode 9 and protective element (see Figure 8e).
(£) Using the polycrystalline Si layers 8 and 9 as
a mask, boron. mplantat.ton and expans.ton diffusion are
20  then carried out to form the P* region 300 which is -
" thimner than the well region and is to serve as the
channel portion of the MOSFET. In this case, boron
is also introduced into the polycrystalline Si layers
8 and 9 and they are converted into the P type. Boron
25 . is also implanted into the P well region 3 through
the thin oxide film 7a, thereby forming the P* contact
region 4 (see Figure 8f). Incidentally, a photoresist
film PF should be deposited on the thin oxide film 7b
lest boron be implanted into the N~ Si layer 2 below
30 ~ the thin oxide film 7o, .
(g) ' The oxide films 7, 7b are selectively renoved §
using a photoresist film 11 and the polycrystalline a
Si layer 9 as a mask to expose the P* region 300
and the N~ Si layer 2. Phosphorous is ion-implanted
35 into the surfaces of the P* region 300 and the thus

1™ (see Figure 8a). (b) An oxi de - |



tective elenment (see Figure 8e). (f) Usi ng the polycrystalline Si

ayers 8 and 9 as a mask, boron inplantation and expansion diffusion are 20 4
-then carried out to formthe [err] {igr on 300 which i-s thinnér than the
well region and is to serve as tHhe annel portion of the MOSFET. In this ~
case, boron is also introduced into the polycrystalline Si |ayers 8 and 9 =

d

T2 L P O 2 ] ot i 0
rm

T i & e

e 7, bt Endedts oY s cased, 2 'dip%'ré?. 48 w18 11 and ihe

pol §crystmti‘¢du®dlkyhn mmmmmﬁ ﬂ.hgei:-sra], Pegi on 300 and the

[err] Si f ?ﬁnﬁ&xﬁﬁzdﬁ}' gh%d ah? g the surfaces of
th 300 : - expos dSPer ° Iayer 2, and
exgarrgrrz)] ilffélrm'?g‘&%m F‘m turer 4gi on 5 (see

Fi gure 8gjbtainédy s Imrtiets pﬂum&sa,swué‘drb 1dau5berdrfoSI on

he. pol yoruE st”*#ﬁé# @ﬁrp%ers Wﬁ%%f’r@?ﬁf%ﬁr‘i@é otor |

@? polycrystalline Si |layer 8 serving as the gate el ectrode 9 and

por <gons ayer 2. Thus, a pr ot ective el enent "having an NPN structure
i s obtai ng4l) Wﬂ_ti%tet as¥)’ ]10r ggr Y ? fk@g the channel
st opper |s S rrult ous orrrei %@. tﬁgg Ee?r5 g Iayer 2. (h)
PSG (phosPh '@H q,{ 1"3'§p tBesyurface of the

[err] Si PSGetilin 40 iérd:hen contact photo-etched. After
evaporation of aluminum, the aluminum layer is pattern .
15 etched to form the source electrode S, the gate electrode
: G and the guard ring electrode GR (see Figure 8h).
- The vertical MOSFET having the protective element
is completed in the abovementioned manner.
S The method for fabricating the MOSFET of - the
20 present invention described above provides the advantage
in that no specific extra fabrication step is necessary
to form the protective element.
In the abovementioned fabrication method, it is
desirable to form thin oxide films on the surfaces of
25 the polycrystalline Si layers 8 and 9 by oxidizing their
surfaces before depositing the PSG f£ilm 10, Figure 9
is an enlarged sectional view of a protective element
having such a thin oxide film. As the thin oxide film
(S:I.O2 £ilm) 13 covers the P-N :junctions ‘T1 and J’z of the
30 protective element and their end portions, leakage current
and degradation of the withstand voltage and electrical
characteristics of the protective element can be prevented.
Though the abovementioned method has been described
with reference to the case in which the entire surface of
35  the polycrystalline Si layer 8 is doped with boron.




>PSG film 10 is then contact photo-etched. After evaporation of alumnum :
the glumnumlayer is pattern 15 etched to formthe source electrode S, @
. the gate electrode G and the guard ring electrode GR (see Figure 8h). The
“tverti cal MOSFET-having the protective elenent is conpleted in the
abgyvenentioned manner. The nethed for fabricating the MOSFET of the 20
Rresent invention described above provi destd e advant age in that no

o enent . In i he ALBULEERSPURLE vith the | CAFARKIAR O (the: cHEBRRLLI o 1o for m

thin oxide fil nepoptibe ¢(eéé Fiqueé 80r) )} lvoron way Healintrodtcelayers 8

51's an’ enl ar gedPaethp cROTVHEEFR IS ) SR My ¥iRE 0 0 ch L
~oxide film As tnbotqrqsbatomum_lfm_(qmrﬂl;e feunfaces ofodes the P-N junctions

Sl Sk sy ormr s e atng 1

characteristics t haCh PRAEELS raducing honan. fo, form ugh t he

abovenenti oned nséibcondacter peition Bl WiTHis efethod helpst ko case in

1 chLhe et qivh! 25 % domscobdify O Mooty P s S/ © 15 coved

portion (see Fi ganéficiontly nlow resistance, roduced to the pol ycrystalline

Si layer 84fy formng sERERHIES L mddifMdetivhs 6T THe droteotive S

polycrystalline Si Ig*gr 8 ascshgwn i n Fi.gure 10 and tggxn\r%fitgl ally

I nt roduci ng bor of*+¢%B rmtﬂ% e t pﬁ?ﬁq%ﬁ: ; Bet hod hel ps
* to give the [errwilkrmeowrbecdescribedons 8a and 8b a sufficiently |ow

kesi stance. Modification Example 1 | |

The opposition length of the P-N junction is

15 preferably elongated in order to obtain current )
capacitance when the protective element breaks down.
To accomplish this object, the P-N Junctions J.', J‘2
in the polycrystalline Si layer are folded in a
sinuous or concertina fashion as shown in Figure 11.

20  This arrangement enlarges the opposing area of the P-N
Junctions, stabilizes the diode withstand voltage and
improves the gate protecting effect. The opposing line
of the P-N Junction can be folded not only in the case
of the ring-like junction section but also in the case

25 of an open Junction section such as a straight line
section,

Modification Example 2
In the foregoing description of the embodiment,

. the protective element using the polycrystalline Si

30 layer forms two P-N junction diodes with reference
to an example in which a P=-N-P Junction is formed.

However, the present invention is not particularly
~limited to this structure. For example, the n*

| semiconductor portions 8a, 8d, 8b and the P semiconductor

35  portions 8¢, 8e are alternately formed on the
polycrystalline Si layer 8, which is formed on the




1% ' Exanpl es of nodifications of the protective elenent in
*ac dance with the present invention wll now be described. Mdification
Exanpl e 1 The opposition length of the P-N junction is 15 pr ef er ably
el ongated in order to obtain current capacitance when the protective _
“el ement breaks down.. To acconpl i sh‘tﬁ5s"obj ect, the P-N junctions [err] in—
- the polycrystalline Si layer are folded in a sinuous or concertina fashi Onwe
aﬁ Sgon/n u&sﬁnﬁﬂtmglﬁlb.il%, b'y’hsslaetmyrmp g &N gamd thhe ongSl ng ar eahof
the P-N j LLizes i proves the
gate prot gi’ 31:2’1” ég %ggﬁﬁé\&%{w%a%f#%%%%%n be fol ded
not only Nn t+=h® e-aNe efPtheNnaWuW?Mt&Me‘kmm 1R.s0 in the case

25 of a ngli gn [
Modi f | cat ?o aﬁgl ik 4 piﬁﬁb ?ﬂiﬁgmzﬁdgﬁﬁéﬁg%tﬁfﬁi% odi nent, the

prot &t i vBayiBge Hsmg t Me poTygr‘ys?aH’ g@nd the gate, s wo P-N
{cunct hon ¢lledtrodet bfr ther MOSPET) and cRigmre 14 Ldiah eqnﬂ.w&lllanmngt i on Ihs
or me sgpt imted to this
structure. ‘i’%@&&gﬁg@&ﬁ EE Fé‘rr é*e‘%fc%%vu or ptc}drz%ﬂons e? 8d, 8b and the
P sem coneﬁ»mntSQf theoNt | onB ﬁcN ge Bre § tuRe. forned on the

pol ycrystal | i ng3 i &W&rgﬁoﬂﬂgcbmb&diﬁéﬁ@d d>éh1 hen:h an ¥ dhamedl i Ng film

ol cndft naerryoal HiReRE. b Ry, fa L LR gure

12. Fi gur&olsuch a ptrupturevandleanodlsmebgrapmlied/ebeleriknt 5 having an .
[err]- Bnanh8i’ VertiBal MESFET. S'INCENE Ccddé dF'% PPichannel :
vertical MOSFET, all the conductivity types of the .
foregoing embodiments become the opposite but the basic
15  structure remains the same as that of the N channel
vertical MOSFET. '




“el ectrode of the MOSFET, and Figure 14 is an equivaTEnt\eii£4%$T;ﬂjﬁﬂan()eggb
t he MOSFET having the protective el enent of the N °

structqte. Al'l the foregoi ng enbodi nents deal mnth ﬁ?

*verti.cal MOSFET-but the present invention is not /l” m

structure and can al so be applied to a P channel vertfc ’7 the

agse of a P channel vertical MOSFET, 3l 6t me conductivity types df t

foregO|ng enbodi ments becone the opposite but the basic 15 structure

“remai ns the sggakggéthat of the N channel wvertical MOSFET. - 16 -

CLAI MS: 1. ul ated gate semiconductor device having an insul at ed
gate field effect transistor forming . part of a substrate and a protective

cf ement for Aot ect 01619808 Shee! becohabbeol [EpLES dfavidp if ot ect] ve

element and thé 5_gate electro eLng sem conduct ayers |ntegral with
each ot her onlﬁﬁ“ﬂﬁ§GPaHPﬁ§ fFPﬁFoﬁffﬁﬁtsﬁF?%iesEWrtfﬁF@&HﬁnH%ﬁ of e part
of the insul atsubetfraltm aﬁﬂaaaprageébevseeléﬁéﬂﬂcmf proEcOing hﬂu@rgawt ive

el t f t t th t t of th I

£l Tl Sopar BIBGSYBRE' BivehE, ElabBLEKEE . 6P RG-SRt ive ol et WA .
.substrate. 52. gateAedewmtedacbemdgngemaconénqtox Iﬁ&ﬂ!ﬁrnmtﬁgnﬁinw1thanductor
| ayer of the gﬁﬂhe‘ékh‘éﬁ Shegﬁn%ngﬂfaﬁi‘ﬁ OFi r@npﬁﬁ\eléﬁﬁéé’é‘%ég

t her ei n. n I nsul ate conduct or devi ce accor %to
claim?2 mhereFHb?ﬁéaﬁgm thecPprsk Bf FBﬁc%P%ﬂ%aEﬁnQh%1¥@wﬁﬁﬁﬁﬁﬂﬁﬁ h&er of
the protecti Veeﬁh&%ﬂhc&bﬁ‘ 3agpedof Nthecproteetiee éhanertiefrom the

f g{g?ﬁssictgoggu 5¢rate %Xgoseghlcger than €hge¥$§€ SE ¢ é“{ﬁéuf£é¥96'%nﬁ

10 separating the semiconductor layer of the gate electrode
from the substrate. )

2. A device according to claim 1, wherein the semi-
conductor layer of the protectlve element has one or more
P-N junctions formed therein.

15 3. An insuiated'gate semiconductor device'eccording
to claim 2 wherein the P-N junction or junctions of the
semiconductor layer of the protective element are shaped
in such a manner that their cross-sections are not
exposed. ' ' '

20_ 4. A device according to any one of claims 1 to 3,
wherein the transistor has a drain region of a flrst
conductivity type, a channel region of a second conductxv;ty
type in the drain region, and a source region of the first
conductivity type in the channel region.

25 5. An insulated gate semiconductor device according to
claim 4, wherein another region of the second conductivity
type is formed in the semiconductor substrate immediately
below the semiconductor layer of the protective element
and is electrically connected to the source region of

30 the transistor. '



-wherein the transistor has a drain region of a first conductivity type, a
nel region of a second conductivity type in the drain.region, .and a
ce region of the first conductivity type in th 25 5. ,
AT insul ated gate seniconductar device according t gi W’I mﬂ} ﬂ'h
anot her region of the second conductivity type is f _
-sem conductor substrate i nmedi ately bel ow t he sen1conductor | ayer of the .

protectlve el enent and is electrically conmected to the source region of 30
the tra@si st kn insulated Ggate skmiatmdtmmi' alevel cee rsubEtandtianl 1gevi ce

g, 1it hefef JEEELTLAS iR Yotlidhd ose%%%eatsc’ﬂrﬂ’%%#éé“ityrﬁféd 1

or Fig.in2Figs.Flgeo APmitidd Hi Qﬁé‘&-ac%nﬁ'mﬁh&?%ﬁdﬂ%g?s . A
met hod pbq ie{)éac 'ﬁggarn nosl Bigd U8} & FligeoNdur leiia davigee thec! udi ng:
formng an 1 nsul a gate field effect transistor in a substrate, 10

forn1ﬁga§ﬁ°m3§%Yh¥9H%r?Y+m5%n a surface of the substrate, the insulating
filmbhaving a first part and a second part t hi cker than the first part,

2 corfucs o R 9ERbaSF  ESEHELElnd B G0 i MR SABLA®

Iocateddeeieeluacludim@-tranS|stor such that it forms a gate el ectrode, the

sem conduct or g5 A% ehg oantbﬁs&mﬁéé&r%mtfﬁm hee f el @t d i SidrmifPr N ng a
protective device for protecting the gate elfectrode of the transistor. 20

8. A2nBtR8ETatRording to claim 7, wherein the formation of the |
tranpostor ingoreeng aﬂtmslul:aﬂgn@nfirmwn ty sfrfaceamdheonduct i vi ty type

'substrate, the insulating film hav1ng a first part and a
second part thicker than the first part, and
formlng integral semiconductor layers on the insulating
£ilm, the semlconductor layer on the thlnner part of the
15 insulating film being located relatlve to the transistor
. such that it forms a gate electrode, the semiconductor layer
on the thicker part of the insulating film forming a
protéctiﬁe device for protecting the gate electrode of the
transistor. | |

20 8. A method accordlng to c1a1m 7, whereln the formatlon
of the transistor 1nc1udes~ '
introducing an impurity of a second conduct1v1ty type
into the substrate using a part of the semiconductor layer
on the thinner part of the insulating film as a mask, the
25 substrate being of a first conductivity type, to form a
channel région in pafts of the substrate forming a drain
region; and
introducing an 1mpur1ty of the first conductivity type
into the channel region, using a part of the semiconductor
30 layer on the thinner part of the insulating film as a mask,
to form a source region in the channel region. '

9. A method according to claim 8, whereln the dose of

1mpur1ty of the second conduct1v1ty type is between 1013

atoms/cm and 10 atoms/cmz.



‘into the substrate using a part of the semni conductor Iayer on the thi nner@
‘part of the insulating filmas a mask, the 25 sub: irst
conductivity type, to forma channel region in parts of the substrate

form ng a drain region; and introducing an inpurit

conduetivity type into the channel region, using aﬂlﬂ“”“ﬂﬂ“'k@"

sl conduct or 30 | ayer on the thinnér }Qar‘t of the inmsufFat¥ng fislmas a

mask, to forma source region in the channel region. 9. A et hod

accordl ng to aim@8, erein th dos I mpurity of the gecon

conduct i vi ty 4spe &"ﬁg}\ﬂgg g to’ an¥5 ne o caﬁlﬂfso?ns rand 10
atons/cm . hehkfein ak rimtﬂurdtqco&rdthngoroaaﬁy.rshecohduban.wtty typé,
wherein an i ngur, D r u Vi e vely

i ntroduced in oét%eeés?:felr‘n;éc1 ug?gf#ﬁc%?egagg t%h!e FE EXB&U&# F?%f ‘%

i nsul ating fithg Qtucrkﬁnnmrﬂ efsthe dnsupatipngnédiilma. tmformpahele@atof
-fabricating yhd TEIN ahfifetdde sem - conductor device substantially as any
one herein described with reference to the acconpanying draw ngs.

11. A method of fabricating an insulated gate semi-
conductor device substantially as any one herein described
with reference to the accompanying drawings.




